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Foreword
David Waltner-Toews

In the midst of the wreckage wrought by decades of reckless economic develop-
ment and pandemics viewed as enemy armies, Craig Stephen and his co-authors 
show us how to creatively reorganize ourselves for a more convivial future.

For many decades, those working in public health, environmental manage-
ment, and veterinary public health have been warning the rest of us about the 
collapse of ecosystems, the extinction of species, climate catastrophes, and the 
coming, apparently inevitable, waves of diseases of people, animals, and plants 
that will sweep the globe. The literature and practitioner communities and plat-
forms are replete with jeremiads, slogans, and calls to think and work across 
disciplinary boundaries, to rise above our expertise. In 2020, many have been 
wringing their hands, too deeply despairing to even whisper a “told you so.”

Animals, Health, and Society: Health Promotion, Harm Reduction, and 
Health Equity in a One Health World is feminist narrative therapy for our dys-
functional human family, acknowledging our troubled past, but now saying: okay, 
we’ve survived, so where do we go from here? In this book, Craig Stephen and 
his colleagues grab us firmly by the shoulders, turn us around, and shift our gaze 
from the disheartening chaos around us, and energize us to take on the tasks of 
building a more convivial multi-species future.

With just the right mix of theory and practice, and drawing on tools and prac-
tices from health promotion, harm reduction, health equity, and Indigenous tradi-
tions, these authors would have us consider not just human health, but the fate of 
urban rats and invasive monkeys, unloveable lampreys, plastic waste, and climate 
change.

As Dr. Stephen says in the Preface, “This book strives to broaden the con-
tinuum of care we offer in One Health and allied fields by encouraging health-
focused approaches that emphasize building capacities, skills, and resources 
needed to cope with the Anthropocene in advance of harms.”

Animals, Health, and Society: Health Promotion, Harm Reduction, and 
Health Equity in a One Health World is the perfect book for this moment in 
time – one of those rare moments when we have an opportunity to collectively 
and collaboratively reframe destruction into creative destruction and reorganiza-
tion. Where some see only ends, these authors would have us consider beginnings. 
This book should be required reading for any aspiring physicians, veterinarians, 
natural resource managers, and public health workers.
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Preface
 
The purpose of this book is to encourage us to borrow, adapt, and modify per­
spectives, methods, and tools across different health sectors to empower people 
to make choices that concurrently benefit the health of animals, societies, and 
ecosystems. 

This collection of chapters provided by a diverse group of authors hopes to 
inspire people to see win-win-win solutions when confronting health challenges 
in a One Health world. Decisions usually have winners and losers. Too often in 
the past and in the present, those with power and with a voice win, while others 
like other species and future generations lose. The global forces shaping societ­
ies and ecosystems no longer allow us the luxury of having an unbalanced tally 
sheet of winners and losers. Concurrently, promoting and protecting the health of 
ourselves, each other, and our fellow travellers on Earth now must be a priority. 
Reacting to harms as they emerge is no longer a viable or sustainable option in 
the Anthropocene. The harms are coming too fast, are spread too far over space 
and time, and are compounding, preventing human and animal communities to 
keep up and continue to thrive in a time of unprecedented change. Many books on 
animal health, One Health, and ecosystems health have taken a deficits approach, 
focusing on adverse outcomes like diseases and hazards like pathogens or pollut­
ants. This book strives to broaden the continuum of care we offer in One Health 
and allied fields by encouraging health-focused approaches that emphasize build­
ing capacities, skills, and resources needed to cope with the Anthropocene in 
advance of harms. 

This book is organized in three parts. 

PART 1 – MAKING THE CASE FOR HEALTH 
AND RECIPROCAL CARE 

Chapters 1–4 make the case for an expanded focus for health promotion and harm 
reduction on reciprocal care wherein we work collaboratively to create the cir­
cumstances that allow us to make decisions that encourage care of ourselves, 
our societies, and Nature so that we move towards win-win-win actions. These 
chapters introduce the ideas of health, health promotion, and reciprocal care from 
an interspecies and intergenerational perspective. 

PART 2 – CORE CONCEPTS 

Chapters 5–13 introduce tools, skills, perspectives, and approaches that can help 
expand ideas of harm reduction and health promotion beyond their usual sphere 
of influence in human health into a wider world of reciprocal care across spe­
cies and generations. These chapters introduce foundational ideas that can help 
researchers, practitioners, and managers design, implement and advocate for 
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projects, policies, and programs to comprehensively promote resilience by con­
currently and collaboratively tending to the determinants of health and resilience, 
for each other, our communities, animals, and our shared environments. 

PART 3 – ACTIONS AND APPLICATIONS 

Chapters 14–23 offer case studies of the application of the core concepts and 
foundational ideas presented in earlier chapters. They demonstrate how these 
ideas can be helpful in practice and show their relevance across species, context, 
and generations. By showing the feasibility and utility of a health promotion and 
harm reduction in a One Health world, these chapters aim to inspire people to 
creatively adapt and share ideas, successes, and techniques across the spectrum 
of public health, conservation, and animal health to generate shared benefits that 
promote and sustain health across species and time. 
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1 The Call to Action

Craig Stephen
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The guiding premise of this book is that health is the product of our relationships 
with each other and the world around us. This is not new. Hippocrates wrote 
over 2,000 years ago about the web of social and environmental connections that 
influence health and well-being. Long-held aboriginal perspectives of health and 
wellness are founded on the interdependence of the land, culture, self, and com-
munity (Hill, 2009). Aldo Leopold, one of the most widely read Western envi-
ronmentalists of the 1900s, saw the health of the land connected to the health of 
human and non-human communities. The unprecedented rate and global reach 
of social and ecological changes occurring today are reinvigorating a worldview 
of connectedness wherein health is the outcome of the interplay of animals, envi-
ronments, and societies.

We are living in the Anthropocene which is the name for the current geo-
logical age when people have the dominant influence on climate and the envi-
ronment. The Anthropocene is characterized by the Great Acceleration which 
refers to the rapid and sometimes exponential growth of human impacts, starting 
in the 1950s characterized by increased carbon pollution, consumption, human 
population growth, habitat loss, species extinction, and more. The exponential 
growth of the human population along with ever-increasing global movements 
of people, goods, and biota are creating landscapes that generate new and some-
times unforeseen health risks shared by people, animals, and environments. In 
2017, the United Nations Department of Economic and Social Affairs projected 
a human population of 8.6 billion in 2030, 9.8 billion in 2050, and 11.2 billion 
in 2100 (UN, 2017). This anticipated rate of population growth, along with a 
growing middle class, will put extraordinary strains on the ecological services 
provided by our biotic and abiotic environments, which in turn will diminish 
the resources needed for healthy and sustainable biodiversity. The authors of 
the 2014 5th Intergovernmental Panel on Climate Change assessment report 
were very confident that global warming will lead to very high risks of severe, 
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widespread, and irreversible impacts on individuals, ecosystems, and commu­
nities by the end of the 21st century. The United Nations Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services concluded 
in 2018 that we were losing species 1,000 times faster than the natural rate of 
extinction. The 2016 Living Planet Index linked these losses to human-induced 
factors: habitat degradation, invasive species, climate change, pollution, unsus­
tainable freshwater use, and species overexploitation. Accelerating environmen­
tal and human behavioural changes have been creating new ecological niches 
that drive microbial evolution and epidemiological shifts that have fostered the 
emergence of new infectious diseases, like the COVID-19 pandemic of 2020. 
Persistent poverty, food insecurity, and urbanization remain major challenges to 
achieving sustainable development. Many international initiatives are rising to 
address these shared challenges through multisectoral action plans and strategies 
(Table 1.1). Success in these plans will require people capable of working across 
boundaries and able to inspire collaborative actions in the animal, environment, 
social, and health sectors. 

This book asks: What actions can we take at the animal-society interface to 
foster reciprocal care of the health of ourselves our communities and the life with 
which we share Earth? The socio-ecological model of health is instrumental in 
answering this question. The origins of the socio-ecological model can be found 
in the Lalonde report (1974), “A New Perspective on the Health of Canadians,” 
which concluded that lifestyle and the environment contributed to our health as 
much or more than health care and biology. It was followed in 1986 by the Ottawa 
Charter for Health Promotion which repositioned health as a positive aspiration 
to pursue rather than the result of negative consequences avoided. It extended 
the reach of health management beyond the health care system to the upstream 
social and ecological factors that provide the opportunities and capacities to live 
a healthy life. The prevailing public health perspective for understanding what 
makes a population healthy or not is based on the interactions and contribu­
tions of abiotic, biotic, and social elements that determine health outcomes. The 
population health perspective focuses on the state and interactions among the 
many contributing factors that influence health rather than measuring health as 
a physiological state. A similar conception of health began appearing in the ani­
mal health literature in the 2010s (e.g. Wittrock et al., 2019; Hanisch et al., 2012) 
(Figure 1.1). 

Population welfare, whether human or otherwise, is coherence between a spe­
cies’ adapted capacities and expectations and the realities of its current social 
and biophysical environments (Stephen and Wade, 2018). Health management is 
being reframed as a collaborative enterprise that continually creates and improves 
physical and social environments that provide the raw material for people and 
non-human communities to mutually support each other’s health. 

The socio-ecological model of health sees health as a series of intercon­
nected, co-dependent, and interacting factors – in other words, as a system 
(Diez Roux, 2011). This creates challenges to those wishing to study health. 
The fact that ecosystems are ever-changing and human systems undergo 
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TABLE 1.1 
Examples of International Agreements Dependent on Co-Management, 
Cooperation, and Reciprocal Care of Social, Animal, and Environmental 
Health 

Agreement 
Global Health Security 
Agenda (2014) 

Convention on Biological 
Diversity. Strategic Plan for 
Biodiversity (2011–2020) 

United Nations Sustainable 
Development Goals (2015) 

United Nations Framework 
Convention on Climate 
Change – 2016 Paris 
Agreement 

United Nations Conference 
on Environment and 
Development – Agenda 21 
(1992) 

Purpose 
Help create a world safe and 
secure from infectious 
disease threats 

Conserve and sustain the fair 
and equitable use of 
biological diversity 

Peace and prosperity for 
people and the planet, now 
and into the future 

Preventing dangerous 
anthropogenic interference 
with the Earth’s climate 
system by strengthening the 
global response in the 
context of sustainable 
development and poverty 
reduction 

Rethink economic 
development and find ways 
to halt the destruction of 
irreplaceable natural 
resources and pollution of 
the planet 

Focus 
Multisectoral “action packages” to 
build capacity to prevent, detect, 
and respond to infectious 
diseases and thereby contain 
threats at their source 

Strategies to promote living 
in harmony with nature by 
(i) initiating action to address the 
underlying causes of biodiversity 
loss; (ii) ensuring that biodiversity 
concerns are mainstreamed 
throughout government and 
society; (iii) acting to decrease the 
direct pressures on biodiversity; 
(iv) protecting access to ecosystem 
services, especially for the poor 
who most directly depend on them 

End poverty and other deprivations 
by working together with 
strategies to improve health and 
education, reduce inequality, and 
spur economic growth – all while 
tackling climate change and 
working to preserve oceans and 
forests 

Peaking and reducing greenhouse 
gas emissions, protecting carbon 
sinks found in biodiversity, 
strengthening resilience, and 
reducing vulnerability to climate 
change, with a view to 
contributing to sustainable 
development 

Rights and responsibilities of 
nations in environmental 
protection and sustainable 
development. Balancing natural 
resource use with preserving the 
environment and ensuring 
natural resources for future 
generations 
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FIGURE 1.1 Illustrative determinants of health model for fish and wildlife. Categories 
of determinants are in the circles, with illustrative contributing determinants within each 
circle. The size, shape, interaction, and contributions of each determinant will vary with 
species, ecosystem, and social context. (Adapted from Wittrock et al., 2019.) 

ongoing transformations makes socio-ecological systems inherently unknow­
able, unpredictable, and not well suited to research seeking a mechanistic truth 
in a reductionist fashion. Health gains made in the 19th and 20th centuries came 
largely from advances in knowledge on individual drivers of death and diseases. 
Discrete disciplines emerged and grew to further our understanding of health 
and diseases by analysing their distinct components. Humanity can be proud of 
the increases in longevity and quality of life experienced by an ever-increasing 
proportion of people; of advances in animal health, welfare, and productivity 
that increase access to safe and nutritious food; and in reductions in poverty 
and suffering that has come with improving living standards. Improvements in 
human well-being have unfortunately and too often come at the expense of wild 
and domesticated biodiversity and environments. The Millennium Ecosystem 
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Assessment (2005) showed how human changes to ecosystems have resulted 
in a substantial and largely irreversible loss in the diversity of life on Earth, 
which in turn is diminishing the essential ecological services upon which we 
depend. Biodiversity and ecosystems have responded in kind. New emerging 
infections, lost income opportunities due to pests and invasive species, and the 
climate’s responses to carbon pollution are examples of how nature has reacted 
by inadvertently producing new threats to humanity, biodiversity, and living 
systems. Our responses to these emerging threats are too often too late. The 
focus on clinical care in human health and on eliminating hazards from animals 
and environments after they emerge put us in a constant state of reaction and 
recovery rather than investing in the protection of the assets we need to stay 
healthy. It is increasingly being recognized that focusing health care services 
on reducing diseases and prolonging life through clinically oriented services 
is insufficient to protect well-being and ensure health of subsequent genera­
tions and all species. 

The good news is that there is a way forward. The solutions to modern health 
problems require us to embrace health as a product of interacting and interdepen­
dent animal, human, and environmental systems. Governments, businesses, and 
communities are recognizing the advantages of integrated, proactive approaches 
that focus on protecting the social and environmental services that lay at the 
heart of healthy people, animals, and systems. Several new forms of collabora­
tion emerged towards the end of the 20th century and began nudging researchers 
and practitioners back towards seeing health as a positive socio-ecological phe­
nomenon that should be viewed as a whole and not reduced to its parts. Whether 
termed EcoHealth, One Health, Planetary Health, or something else, the last two 
decades saw a rapid expansion in the number of people and programs dedicated to 
promoting health equity across populations, species, and generations. 

SYSTEMS THINKING AND HEALTH 

Systems thinking began in the 19th century but flourished in the later part of the 
20th century in fields as varied as biology, physics, psychology, management, 
and computer science. All were looking for new ways to find a common under­
standing about complex issues. Rather than reducing an issue to its parts, sys­
tems thinking explores interconnections and relationships between the parts to 
better anticipate the system’s behaviour and work more efficiently and proactively 
towards shared goals. Systems thinking is used to better understand how a system 
works, including how new phenomena can emerge that are more than the sum of 
their parts. Systems thinking encourages us to expand the boundaries of what is 
being studied as well as the set of people involved in generating that knowledge. 

The call for systems thinking in health sciences came from the frustration that 
evidence derived from highly controlled trials was artificial and failed to repre­
sent the large numbers and variety of variables and circumstances that influence 
efforts to modify population health outcomes (Green, 2006). Past failure of sin­
gle discipline programs to inspire actions against emerging infectious diseases, 
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for example, fostered the need for multisectoral, systems-based methods (Burns 
and Stephen, 2015). The inadequacy of wildlife health management decisions to 
protect wildlife health has been linked to failures to appreciate the unpredict­
ability of complex systems or to incorporate ethical and cultural dimensions of 
decisions (Stephen, 2016). Conservation biologists turned to systems thinking 
to inspire cross‐scale efforts that include the many perspectives and stakehold­
ers needed to support cross‐cultural conservation efforts that lead to effective, 
acceptable, and adaptive co-management (Berkes, 2004). Government agen­
cies responsible for Pacific salmon management in Canada, for example, have 
been encourage to wed social sciences with cumulative impact assessments to 
generate the necessary research findings to manage salmon health as a prod­
uct of socio-ecological interactions rather than investing exclusively in detect­
ing hazards that cannot practically be managed in free-ranging marine species 
(Stephen, 2016). The inadequacy of fragmented and mechanistic science leading 
to sustainability pointed sustainable development researchers towards systems 
thinking (Hjorth and Bagheri, 2006). Mechanistic and fragmented public policy 
has been identified as an impediment to effective food security programs (Ashe 
and Sonnino, 2013). New systems research and policy approaches are needed at 
the animal-health-society nexus: approaches that recognize that context matters 
and that there is not a single truth out there that can be seen, understood, and 
controlled in a rational manner. 

THE PROBLEM OF TOO MANY PROBLEMS 

Health, as it is experienced by people and animals in their daily lives, is influenced 
by numerous interacting factors. Food sustainability, emerging diseases, habitat 
alteration, pollution, climate change, social conflict, and other determinants of 
health happen concurrently rather than in isolation. Many health challenges faced 
by people intersect those challenging animals and vice versa. It seems reason­
able, therefore, to propose that an interdisciplinary approach to a single problem 
is insufficient to protect health in a sustainable way. Population health research 
and management needs to evolve from an interdisciplinary approach to single 
problems to one that is “interprobleminary” – an approach that examines the 
interactions and implications of multiple problems occurring simultaneously in a 
place or population. 

In a world of concurrent problems, unique solutions for each problem are 
neither feasible nor effective (Fried et al., 2012). The actions needed to keep 
populations healthy are found in interacting determinants of health in a shared 
social and physical space. If we remain fixated on discovering the “scientific 
laws of health” to predict the next problem rather than building resilience 
against the next inevitable unknown problem, we will get farther behind. The 
goal of an interprobleminary approach is not to build more and more complex 
models to predict the next hazard, but rather to build robustness against nega­
tive events that occur and be able to exploit positive ones. Achieving success 
will require researchers and practitioners to act as information brokers who 
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can connect specialized pools of knowledge. The socio-ecological approach 
asks us to think of problems in terms of the places and spaces shared by people 
and animals in which everyday health occurs and focus on the conditions that 
influence their capacity to cope with the multiple interacting problems. The 
looming challenges of climate change, depletion of ecological services, and 
exponentially growing human population suggest that achieving animal, envi­
ronmental, and human health by separate science, policies, and actions will be 
impossible. 

ANIMALS, HEALTH, AND SOCIETY 

Ours is an animal society. Most of the world’s poor still depend on subsistence 
agriculture and fisheries to meet their daily nutritional and income needs. Animal 
protein fuels the diets of the growing middle class and wealthy. Animals play 
a major role in aboriginal cultures, income in rural and remote communities, 
our mental health, and scientific innovations. Conversely, there are few animals 
that can escape mankind’s influence. Our dietary preferences, natural resource 
management, and attitudes to animal welfare and rights greatly influence how 
animals can access the resources they need to be healthy. Anthropogenic factors 
weigh heavily in the list of major threats to fish and wildlife. The decisions we 
make for housing and husbandry of our pets and agricultural animals determine 
their fate. Which species we protect is dictated by sociopolitical considerations, 
resource limitations, and social values. Popularity too often plays an illogical but 
heavily weighted role in how we decide to protect animal health (Kirkwood and 
Sainsbury, 1996). Conservationists unavoidably grapple with conflicting social 
and economic issues that impede actions to secure critical resources that meet the 
evolved needs and social expectations for wildlife. 

The contributions of animals to our well-being can be illustrated by examin­
ing the implications of sick wildlife. Wildlife diseases can affect individuals (e.g. 
influence survival or fitness), economies (e.g. impact agricultural trade), com­
munities (e.g. increase social conflict), psychologies (e.g. create fear of natural 
places), ecosystems (e.g. altering functions as species decline), and politics (e.g. 
create policy priorities and spending conflicts) (Stephen et al., 2018). Wildlife acts 
as sentinels of public health threats (Kuiken et al., 2005) and supports people’s 
mental health and sense of community (Berto, 2014). Aboriginal communities 
derive an enormous cultural meaning from wildlife, and many rural and remote 
communities rely on wildlife for sustenance and food security (Stephen and 
Duncan, 2017). Fishing, hunting, guiding, and tourism, both recreationally and 
commercially, are huge industries upon which many people rely for income (POC, 
2015). Wildlife provides ecosystem services with health and economic implica­
tions, such as in the case of bats whose massive consumption of insect pests saves 
the agriculture and forestry industries billions of dollars in pesticides (Boyles et 
al., 2011), in turn, reducing workers and communities exposure to toxic pesti­
cides. The inseparable links between these varying harms and benefits and the 
array of factors that determine and modify these links, coupled with tremendous 
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BOX 1.1 AN EXAMPLE OF SOCIO-ECOLOGICAL 

THINKING IN HEALTH ACTION
 

CASE STUDY: VACCINE EFFECTIVENESS THROUGH A 
HEALTH IN SOCIO-ECOLOGICAL SYSTEMS (HSES) LENS 

Zinsstag et al. (2011) use the term HSES to describe the perspective of 
animal and human health as quantitative and qualitative products of socio­
ecological systems in which there is no distinction between the social and 
ecological. The authors illustrated the utility of this concept by applying it 
to the design and assessment of a vaccine program under real-world con­
ditions. A vaccine’s effectiveness can be influenced by biological efficacy 
of the vaccine (which can be influenced by how well the diseases ecology 
in the field matches conditions under which the vaccine was developed), 
the immune status of the vaccine recipient (which can be influenced by 
host nutritional status, genetics, or concurrent diseases), the availability 
and affordability of the vaccine, personal beliefs in vaccination, equitable 
access to the health care system delivering the vaccine (which in turn can 
be influenced by gender, race, or species), and the accuracy of diagnoses 
leading to vaccination (which is a product of the equality and accessibility 
of the health care system). An interdisciplinary, interprobleminary systems 
view is needed to see the critical boundaries and connections influencing 
vaccine program effectiveness. 

challenges in eliminating the drivers of harm, suggest multi-level intervention, 
ranging from influencing policy to targeted biomedical interventions, are needed. 

Despite the many co-dependencies between human and animal health, most 
policy and scholarship acts as if human and animal determinants of health oper­
ated independently. What, where, and how we choose to look at a problem shapes 
our opportunities to see critical connections that influence options for action (e.g. 
Box 1.1). Our ability to find a common ground and connections between disci­
plines, species, and stakeholders can often be the factor that determines if we 
can find common ground for collaborative action that spans interests (Best et al., 
2003). An uncritical acceptance of boundaries can marginalize one interest (e.g. 
wildlife conservation) to benefit another (e.g. zoonotic disease control). 

IS THERE A RIGHT WAY TO DO THIS? 

Socio-ecological systems are too complex to ever be fully known or understood 
(Checkland, 2005). It is futile to try to know all the facets of a health-producing 
system. What then is the goal of socio-ecological systems research or action at the 
animal, health, and society interface? 
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One Health, health promotion, global health, conservation medicine, EcoHealth, 
and related fields can be classified as multisectoral, socio-ecological, systems-
based, collaborative (MSSC) approaches. This group of related approaches is 
linked by a goal of integrating knowledge from multiple sectors, species, and/ 
or disciplines in a collaborative fashion to restore, protect, or improve health. 
Despite their growing use and profile, they have relatively limited evidence to use 
to select the types of problems for which they may be most useful. There remain 
significant challenges of bridging different disciplines and perspectives. Some of 
these challenges are linked to collaboration, while others are concerned with how 
to integrate, weigh, and assess different types of information to develop a holistic 
view of health. And yet the profile of MSSC approaches, their acceptance, and 
application continue to grow. 

MSSC work is of mixed pedigree. It relies on multiple disciplines and methods 
with many underlying theories rather than being its own disciplines with its own 
theoretical foundation. Unlike physics or chemistry, there are no general laws 
that determine how various determinants of health combine to create healthy cir­
cumstances, populations, or individuals. The relative weight of each subdiscipline 
within an MSSC project varies based on the problem, the funder, and the team. 
This results in a variety of conceptual understandings and applications, which in 
turn makes it almost impossible to generate enough evidence that is comparable 
and transferable between studies and settings. Thus, it is hard to find definitions 
of the scope of practice for each MSSC approach that are universally accepted 
among their practitioners. 

Each type of MSSC approach has a different “brand” (Table 1.2). The prob­
lems they work on and their approaches to finding improvements vary. Less 
complex systems with well-defined and confined problems that can be easily 
identified can often be solved by using a more reductionist approach. Usually a 
few people are involved, and there is agreement on what defines the problem and 
how to improve the situation. The goal for action for less complex problems tends 
to favour identifying the main problem and the best solution (Naaldenberg et al., 
2009). As more people, species, parts, interactions, and connections increase, 
the origin of problems gets harder to identify and there can be multiple entry 
points to find a solution. The values and perspectives of the increasing number 
of actors in these more complicated and complex problems start to vary, leading 
to different opinions on the nature of the problem and its solution. There is rarely 
one main problem in more complex systems, nor is there one easy fix. The goal 
in these situations is not to find the single solution but rather to find collective 
actions that can make progressive improvements towards a more sustainable and 
equitably healthy system. 

The proposed value of MSSC work is twofold. Firstly, simultaneous enquiry 
about different aspects of a problem may better reflect how that problem is mani­
fest in a “real-world” setting and thus recommendations arising from investiga­
tions may be better suited to identify the implications of actions in response to the 
problem. Secondly, by engaging people whose actions influence (or can be influ­
enced by) the problem, the time between discovery and knowledge mobilization 
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TABLE 1.2
Examples of Multisectoral, Socio-Ecological, Systems-Based Collaborative 
(MSSC) Approaches Working at the Animal, Human, and Environmental 
Health Interface

Approach Description
Veterinary Public Health Applies veterinary science to protect and improve the physical, 

mental, and social well-being of people

One Health Promotes multiple sectors to work together to design and implement 
programs, policies, legislation, and research to achieve optimal 
health outcomes recognizing the interconnection between people, 
animals, and their shared environment

Conservation Medicine Combines health and ecology to understand the ecological context 
of health and remediate ecological health problems. It recognizes 
the role of health in biodiversity conservation and the 
functioning of ecosystems as well as the effects of changing 
species diversity or abundance on disease maintenance and 
transmission

Environmental Health Protects against environmental factors that may adversely impact 
health or the ecological balances essential to long-term human 
health and environmental quality

Health Promotion Enables people to increase control over, and to improve, their health 
by focusing beyond individual behaviour towards a wide range of 
social and environmental interventions

Ecosystem Health Examines and manages the relationships between biophysical 
changes and the social structure and economic sustainability of 
human communities in terms of their influence on ecosystem 
vigour, organization, and resilience

EcoHealth Aims for sustainable human and animal health and well-being 
through healthier ecosystems by connecting ideas of environmental 
and social determinants of health with those of ecology and 
systems thinking in an action-research framework

Global Health Promotes worldwide improvement of health for all and protection 
against global threats that disregard national borders through 
collaborative transnational research and action

Planetary Health Aims for the highest attainable standard of human health, well-
being, and equity worldwide through attention to the human 
systems that shape the future of civilization and the state of the 
natural systems on which it depends

�Many of these approaches lack definitive definitions. The descriptions herein provide a sense of the 
focus of each approach.
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may shorten. Although there is no clear consensus on what defines an MSSC 
approach, their pragmatic, problem-solving focus may be the lens through which 
to identify when MSSC methods can be useful. 

Pragmatic research is action-oriented and serves to inspire change under 
real-world conditions (Stephen et al., 2016). The goal of pragmatic research is to 
nominate effective interventions under realistic conditions rather than discover 
mechanisms of causation. It is more concerned with clarifying meaning by trac­
ing out practical consequences than on insisting on finding the antecedent factors 
that explain why a phenomenon occurred (Glasgow, 2013). An MSSC practitioner 
considers if her/his approach to a problem can produce evidence deemed credible, 
believable, and evocative by the targeted knowledge users. Pragmatism’s commit­
ment to uncertainty acknowledges that causal relationships are transient and hard 
to identify in a changing world, allowing researchers to be flexible and open to 
emerging phenomena (Feilzer, 2010). Pragmatic researchers focus on the problem 
rather than the methods and use whichever methods allow them to understand and 
act to improve the problem. 

MSSC approaches share some features (Burns and Stephen, 2015). They see 
health as a cumulative effect of interactions between individuals with systems. 
They are applied in the setting where results will be used under conditions expe­
rienced by the populations of concern. They have an action-oriented ethic. MSSC 
approaches strive to inspire effective, ethical, and sustainable actions to address 
problems important to people in the affected settings. Paying attention to settings, 
circumstances, and context is, therefore, paramount. MSSC practitioners must 
negotiate scientific uncertainty and conflicting values, both of which can impede 
action. There is often a strong focus on accelerating the integration of research 
with policy and practices to promote prompt problem-solving action. Sometimes 
they need to discover how new insights and innovations can break the status quo. 
Finally, they need to see health as a team sport. MSSC practitioners and research­
ers need to be adept at directing and working with teams towards shared goals. 
They serve better as the coach than the star of the team. 

WHY THIS BOOK? 

A new generation of problem solvers is needed to confront 21st-century health 
challenges shared by animals and societies. The purpose of this book is to show 
how working together, in concert with the non-human world, we can reconnect 
our health and animal health with the health of the world around us and by doing 
so transform our ailing socio-ecological systems into healthy ones. Innovative 
and disruptive approaches are needed to address shared health threats such as 
climate change, urbanization, and pollution, because business as usual is insuf­
ficient to inspire the necessary actions to protect the health of one species without 
risking the health of another. This book introduces and adapts systems thinking, 
health promotion, health equity, and harm reduction concepts for an audience 
with the interests and positions to align research, policy, and practice to protect 
and sustain the co-dependence of animals, health, and society. 
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Protecting health at the human-animal environment nexus is not a straight­
forward technical process. It requires complicated social processes that allow a 
variety of information, ideas, and decisions to come together. Disruption to the 
status quo should lead to innovations and actions that incrementally return us to 
a sustainable, healthy coexistence with our fellow creatures and environments. 
Disruption can come from rethinking the roles for health researchers and practi­
tioners as collaborative problem solvers who comfortably work across boundaries 
to develop a new and shared sense of meaning among disparate groups. The fol­
lowing chapters help us rethink our roles by reframing the historic narrative of 
people, animals, and nature as opposing forces and risks to each other to thinking 
about health as reciprocal care wherein we promote the positive contributions 
we make to each other’s health by sustaining shared determinants and drivers 
of health. The issues and examples highlighted in this book provide a tour of the 
landscape wherein the specialized generalists can contribute. These are people 
who, regardless of their job description, can work across species, sectors, and 
generations to motivate action to protect the healthy co-dependence of animals 
and societies. 

Principles, perspectives, and methods are shared and adapted in subsequent 
chapters to promote collaborative understanding of and action on upstream deter­
minants of health at the animal-society interface. The case studies found in later 
chapters help the reader gain confidence that the presented principles and prac­
tices are feasible and useful. You will find that there are few new theories or 
methods presented throughout this book. People familiar with health promotion, 
sustainable agriculture, One Health, EcoHealth, and other MSSC approaches will 
find familiar concepts in the following chapters. The authors have set out to adapt 
and apply those familiar concepts in unfamiliar settings and in doing so discover 
unexamined ways to act together to mitigate harms from, or build resilience to, 
shared challenges confronting animals, health, and society. 
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THE CHALLENGE OF DEFINING HEALTH

In 2009, the government of Canada embarked on one of its largest and most 
expensive public inquiries. The Commission of Inquiry into the Decline of Fraser 
River Sockeye Salmon aimed to explain why this iconic species returned to its 
natal river in surprisingly and alarming low numbers in one year. The final report 
of the Commission used the word health 400 times. Never once did it describe 
how to recognize a healthy salmon or a healthy population. Optimal health seems 
to be an almost universal goal. Healthy individuals, healthy communities, and 
healthy ecosystems feature prominently in government policies, community 
plans, resource management guidelines, and personal goals. But it is rare for such 
aspirations to clearly prescribe how to recognize health. We are much more adept 
at recognizing when health is absent or tracking the conditions and contributors 
to health. This chapter introduces some of the ways health is conceived for people, 
animals, or ecosystems and discusses the need to understand these differences 
before embarking on an interspecies health program.

The definition of health is the subject of long-standing debate in the philoso-
phy of medicine. The dividing line between health and diseases and the com-
binations of capacities, attributes, and attitudes that define a healthy state have 
varied over time and between cultures, disciplines, and subdisciplines. Broadly 
speaking, there are three perspectives of health (Ereshefsky, 2009). “Naturalists” 
regard health as normal and natural biological functioning. A “normative” view 
regards health as shared judgements about what we value and what an individual 
(or group) can do. The hybrid view declares something is healthy when there is no 
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detectable harm or deprivation of benefit as judged by the standards of a culture 
and when that thing can perform its normal functions. Each of these perspectives 
includes the ideas of normal and values. This makes health a subjective concept 
created and accepted by the people in a society rather than an objective, irrefut­
able biological state determined by biology alone. 

Health is a “humpty-dumpty” problem. Like the old English nursery rhyme 
of the shattered anthropomorphic egg that could not be put back together again 
by “all the King’s horses and all the King’s men,” many pieces of biomedical, 
sociological, ecological, and individual knowledge can be assembled to define 
health, but there is no guarantee that different groups of people will assemble all 
the components together in the same way. As such, there can be several true, but 
conflicting, perspectives of health held by different individuals in the same cir­
cumstances. Take for example the case of a captive whale housed in an aquarium. 
This animal may show no pathophysiological abnormality, be normal in form 
and function, be able to reproduce, and can fully exploit the resources offered 
to her. Yet she is neither able to fulfil her evolutionarily destiny nor exhibit all 
behaviours typical of her wild peers. Whereas one group may conclude that she 
is biologically healthy, other would see impediments to her ability to express nor­
mal behaviour an affront to her welfare and therefore, not healthy. In this case, 
individual animal health concerns clash with the desire to learn more about the 
species and foster public goodwill that promotes conservation of the wild cohort 
(Minteer and Collins, 2013). As another example, social conflicts and disagree­
ments over health have been one of the biggest impediments to salmon aquacul­
ture securing its social license to operate (Stephen and Wade, 2019). Proponents 
see aquaculture contributing to healthy communities and ecosystems by reducing 
exploitation of wild stocks and contributing to food security and employment. 
Opponents see the potential transmission of infectious disease to free-ranging 
wild animals, habitat alterations, and imposition on aboriginal rights for sustain­
able ocean resources combining to create an unhealthy situation. 

Patience, persistence, and flexibility are critical skills for the health promo­
tion at the junction of differing views and values of health. Interdisciplinary and 
interspecies health promoters need to be able to negotiate a common agenda for 
action, rather than impose their health definitions on partners, stakeholders, and 
rights holders. 

THERE IS NOT ONE HEALTH, THERE ARE MANY 

HealtH across cultures and time

The definition of health has been changed by, adapted to, and rooted in our 
worldviews. Some of the earliest conceptions of health failed to see a distinc­
tion between our health and the health of the world around us. Understanding 
the land and the sustainable use of its resources were essential skills for pro­
viding for families and communities for many generations. Relationships with 
nature provided key contributors to health, including basic needs like food, water, 
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shelter, riches, and happiness from deeply held cultural and spiritual connections 
with nature (Summers et al., 2012). These relationships and elements, when put 
together, are what health promotion specialists now call environmental and social 
determinants of health. 

Some Indigenous peoples see health not as physical well-being of an individual 
but as the well-being of the whole community from a whole-life perspective. The 
tradition of taking a long-term view to health aligns with dedication to sharing 
and protecting the land to preserve its benefits for future generations. The inter­
connection of land, language, and culture are the foundations of health and well­
ness for many Indigenous peoples (see Chapter 14 for a specific example). Their 
land-health connections are formed from specific localized knowledge coupled 
with layers of personal and family experience (Johnston et al., 2007). Indigenous 
ways of knowing and being generally place environmental determinants on par 
with social determinants as positive contributions to health and wellness (Scott, 
2005). Research and management that separate land use and health promotion 
are inconsistent with many Aboriginal and Indigenous people’s perspectives of 
health being the result of a complex interplay between environmental, social, and 
individual characteristics. 

The idea that health is a product of our interactions with the world around 
us can also be found in the writings of the ancient Greeks who recognized that 
good health was determined by natural rather than supernatural causes and that 
health could not be dissociated from physical and social environments (Tountas, 
2009). The need for harmony between the individual, social, and natural envi­
ronments is reflected in Hippocrates’ writing. Hippocrates advocated for physi­
cians to tailor treatments by paying attention to the characteristics of each person, 
his or her daily habits, the place he or she lived in, and the season of the year. 
Understanding the natural and built environment was essential to a proper health 
investigation. Several Asian traditions similarly view health as a harmonious 
equilibrium between internal elements, environmental conditions, and external 
sources of harm (Chan et al., 2002; Tai, 2012). Health, in these traditions, is not 
just about the condition of the body but also about the relationship between the 
complete person, his or her social environment, and the natural environment. 

The path to separating an individual’s health from his or her environment 
began in Western cultures in earnest when taboos against dissection opened new 
opportunities to understand anatomy, physiology, and pathology. With the inven­
tion of the microscope, the doors to microbiology began to open. These advances 
heralded a shift in emphasis in the health professions from keeping people healthy 
to reducing suffering and aiding in recovery from specific diseases. By the late 
18th and early 19th centuries, it was now possible to cure people of certain afflic­
tions. At the same time, public health gains started coming from interventions 
directed at people’s relationship with their world, such as what they ate and where 
and how they lived. Health as the absence of disease developed its primacy in this 
phase of Western medicine. 

The advent of statistics further shaped our view of health. The use of popula­
tion data on trends and patterns of disease helped to identify circumstances and 
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situations that predisposed to disease. Coupled with the germ theory, Western 
medicine was now adept at linking disease to specific causal factors. Statistics 
redefined what we meant as normal. No longer was normal what we usually saw 
in our daily existence, but rather where an individual fell within the range of an 
attribute with respect to the rest of the population. Volumes were published that 
began to medicalize health by classifying people as healthy or unhealthy based on 
the comparison of their clinical or sub-clinical signs of change or possession of a 
risk factor in comparison to a statistically expected normal. 

Health took on a new social meaning in the Industrial Revolution, where a 
healthy workforce was defined as one that enjoyed good conditions and working 
ability and suffered few lost workdays due to illness. Darwinism began to tie 
the meaning of life to physical survival. The idea that health allowed people to 
tolerate and resist not just biological hazards but also environmental influences 
began to emerge. Coupled with earlier success in social engineering to reduce 
diseases such as tuberculosis, these insights began to re-tie health to our rela­
tionships with the world around us (Svalastog et al., 2017). In 1948, the World 
Health Organization (WHO) declared that health was not merely the absence of 
diseases but rather a state of complete physical, mental, and social well-being. 
This definition was applauded for recognizing the coexisting physical, mental, 
and social domains of health, but it was criticized on two fronts. Firstly, the ideal 
of complete well-being in each of those domains would be hard to achieve and 
even harder to recognize. Secondly, it unintentionally medicalized society by 
expanding the scope of factors for medical practice to measure. It unintentionally 
allowed health professionals to categorize more people as unhealthy most of the 
time because they were unable to attain full satisfaction of all physical, social, and 
environmental determinants of health (Huber et al., 2011). 

The WHO’s Ottawa Charter for Health Promotion (1986) and the concept of 
salutogenesis, introduced in the 1970s–1980s, emphasized health as the capaci­
ties and resources needed to adapt to, respond to, or control life’s challenges and 
changes. The salutogenesis concept asks why an individual, group, or community 
stays well despite stressful situations and hardships (Eriksson and Lindström, 
2006). The Ottawa Charter advocated for resources, capacities, and processes 
that enable people to have the opportunity to lead a good life. The Ottawa Charter 
guided the development of health promotion and shaped modern public health 
practice. It focuses on building healthy public policy, creating supportive environ­
ments for health, strengthening community actions, developing personal skills, 
and reorienting health services to enable people to increase control over and 
improve their health by realizing aspirations, satisfying needs, and coping with 
their environments (WHO, 1986). The health of individuals, communities, and 
environments were once again connected through the concept of reciprocal care 
outlined in the Ottawa Charter. The Charter declared that the “overall guiding 
principle for the world, nations, regions and communities alike, is the need to 
encourage reciprocal maintenance – to take care of each other, our communities 
and our natural environment.” Explicit attention to the links between people and 
their environment became the basis for a socio-ecological approach to health. 

20 



21Whose Health?

Population health became a foundation of public health policy and practice 
in the 1990s. This approach assesses health status and inequities over the lifespan 
at the population level. It captures not only adverse outcomes like disease but also 
the positive dimensions of health. The concept of determinants of health is fun-
damental to the population health practice. The determinants of health are those 
individual and collective factors and conditions that enable a person or population 
to be healthy. For people, these include income and social status, employment and 
working conditions, education and literacy, childhood experiences, physical envi-
ronments, social supports and coping skills, healthy behaviours, access to health 
services, biological and genetic endowment, gender, and culture (WHO, 2020). 
Similar determinants have been found for fish and wildlife (Table 2.1).

Population health considers the entire range of determinants of health, as well 
as their interconnections, when planning population or community-level interven-
tions to promote and protect health before a disease occurs. This approach recog-
nizes health as a cumulative effect requiring a combination of health protecting 
and promoting actions. It aims to manage the root causes of health problems or 
benefits by working on the social or environmental drivers of vulnerability and 
resilience. The philosophy guiding population health is that action on root causes 
has greater potential for health gains even if the root causes are difficult to change.

With the advent of health promotion and population health, we have seemingly 
come full circle to Indigenous ways of knowing and the lessons of Hippocrates 
that saw health as a product of our interactions with the world around us. Health is 
not just about the state of an individual but also about the state of his or her envi-
ronmental, social, and economic conditions and of the community, social, and 
political processes that shape those conditions. Each of the perspectives briefly 

TABLE 2.1 
Comparing Human Determinants of Health with Those Proposed for Fish 
and Wildlife

Human Determinants of Health Fish and Wildlife Determinants of Health
Biological endowment Biological endowment

Physical environment Abiotic environment

Health services
Healthy child development
Education
Personal health practices

Human expectations and policies

Social environment
Social support and social status
Gender
Culture

Inter- and intra-specific social environment

Income and employment Access to the resources for daily living

�Source: Adapted from Wittrock et al., 2019. See Figure 1.1 for additional details.
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described above can still be found today. The prevailing Western notion of health 
is but one of many ways people describe their health, their community’s health, 
and the health of the world around them. As we expand beyond the realm of 
human health, the concept of health becomes even more diverse. 

animal HealtH

The history of animal health parallels that of human health in many ways. 
Different sociopolitical situations have been associated with differences in how 
animal health and welfare are viewed. Buddhism and Hinduism, for example, do 
not share the Judeo-Christian view that people have dominion over animals. This 
fundamental difference influences attitudes towards animal use, abuse, health, 
and wellness. With globalization and increasing affluence around the world, these 
differences seem to be changing. Chinese concepts of animal welfare, for exam­
ple, are beginning to merge with those of North America and Europe (Lu et al., 
2013). 

Our attitudes towards animal health and welfare not only vary across cultures 
but also between species. It would be rare to find a person who found it acceptable 
to hunt a deer by snagging the animal on a hook, dragging it behind a vehicle, and 
suffocating it before butchering. But that is basically what we do when we go fish­
ing. Rare would be a person who deemed his or her pet house cat to be terminally 
unhealthy because it was unable to produce offspring, but it would be a common 
practice to cull a dairy cow that was unable to conceive a calf and produce milk. 
Substantial investments are made in creating the circumstances that will help sus­
tain healthy charismatic wildlife like whales and pandas, but efforts to protect and 
promote the health of non-charismatic species, such as the lamprey discussed in 
Chapter 19, are less popular and poorly funded. Social factors influence our atti­
tudes towards animals, including (i) the extent to which we are responsible for 
harming them, (ii) the extent to which the harmed animals are under our steward­
ship, (iii) the severity of the problems that cause the harms, and (iv) the cultural and 
economic factors, including the popularity of the species (Kirkwood and Sainsbury, 
1996). Regulations, legislations, and expectations for animal health differ based on 
social uses of the species, i.e. whether they are farm animals, pets, laboratory ani­
mals, wild animals, or pests. Our views of animal health are, therefore, closely tied 
to how we regard the animal. 

Health is rarely defined in veterinary textbooks. It is largely defined as the 
absence of specific infectious diseases in national legislation and international 
agreements. Gunnarsson (2006) recognized five categories of health in the veteri­
nary literature: (i) health as normality, (ii) health as biological function, (iii) health 
as homeostasis, (iv) health as physical and psychological well-being, and (v) health 
as productivity, including reproduction. A higher proportion of textbooks written 
for non-veterinarians contained definitions of health or disease than those written 
for veterinarians. Western veterinary medicine still largely regards health as a 
dichotomous state reflected by the absence of disease or ability to produce eco­
nomically valuable products like meat or milk in profitable amounts. Companion 
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animal medicine tends to emphasize disease prevention, treatment, and recov­
ery. Herd health of animals used for agriculture or aquaculture extends the idea 
of health beyond the absence of disease to include external measures of physi­
ological or economic performance. Herd health considers not just animal deter­
minants of health but also environmental and social characteristics. Wildlife lie 
somewhere in between. Literature explicitly dealing with wildlife health almost 
exclusively deals with diseases, with a recent emphasis on infectious and para­
sitic diseases. However, when the literature is more broadly searched to include 
domains involved in wildlife management, like resilience, wildlife health is seen 
as a cumulative effect involving multiple factors that extend beyond the disease 
and pathogen focus of many wildlife health studies and legislation. Six themes 
have been identified as determinants of fish and wildlife health: (i) the biologic 
endowment of the individual and the population, (ii) the animal’s social environ­
ment, (iii) the quality and abundance of resources providing the animal’s needs 
for daily living, (iv) the abiotic environment in which the animal lives, (v) sources 
of direct mortality, and (vi) changing human expectations (Wittrock et al., 2019) 
(see Chapter 1, Figure 1.1). These parallel the determinants of health recognized 
for people (Table 2.1). Yet, legislatively, animal health is still largely defined as 
the absence of a specific subset of infectious diseases of trade, public health, or 
economic importance. 

Animal welfare and health are allied concepts. Some people similarly con­
ceive health and welfare as normal functioning and freedom from disease. Others 
conceive welfare more like the salutogenesis concept of a sense of coherence 
between the capacity to identify, benefit, and use resources to deal with stress and 
the reality of current living conditions (Stephen and Wade, 2018). This parallels 
the viewpoint that animal welfare is compromised when adaptations possessed by the 
animal make an imperfect fit to the challenges it faces in the circumstances in 
which it lives (Fraser et al., 1997). Animal welfare legislation and regulations 
generally address commonly expressed ethical concerns that animals should 
(i) lead natural lives through the development and use of their natural adaptations
and capabilities, (ii) be free from prolonged and intense fear, pain, and other neg­
ative states, and experience normal pleasures, and (iii) have satisfactory health,
growth, and normal functioning of physiological and behavioural systems (Fraser
et al., 1997). The five freedoms and the 3 Rs are well-known guiding concepts of
animal welfare (Table 2.2). 

Organizations governing experimental use of animals have often developed 
animal welfare guidelines that are damage focused and intend to reduce harm 
by minimizing stress to individuals and discouraging procedures that have last­
ing negative individual or population effects, or affect the species’ existence. 
New animal farming methods, emerging experimentation technologies, ongo­
ing exploitation of wildlife, new understanding of animal needs, and increasing 
public awareness are inspiring a growth in animal welfare laws in the European 
Union that recognize animals as sentient beings. These regulations tend to place 
priority on meeting the physical and psychological needs of animals to prevent 
unnecessary pain, suffering, or injury (Caporale et al., 2005). The UK’s 2007 
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TABLE 2.2 
The Five Freedoms and 3 Rs of Animal Welfare 

The Five Freedoms of Animal Welfare 
Freedom from hunger and thirst by ready 
access to fresh water and a diet to maintain 
full health and vigour 

Freedom from discomfort by providing an 
appropriate environment, including shelter 
and a comfortable resting area 

Freedom from pain, injury, or disease by 
prevention or rapid diagnosis and treatment 

Freedom to express normal behaviour by 
providing sufficient space, proper facilities, 
and company of the animal’s own kind 

Freedom from fear and distress by ensuring 
conditions and treatment which avoid mental 
suffering 

The 3 Rs of Laboratory Animal Welfare 
Replace – use alternatives which avoid or replace 
the use of animals in an area where animals 
would otherwise have been used 

Reduce – decrease the number of animals being 
used to answer a research question, or maximize 
the information obtained per animal without 
compromising animal welfare 

Refine – modify husbandry or experimental 
procedures to minimize pain and distress and to 
enhance animal welfare from the time of birth 
until death 

Animal Welfare Act placed a duty of care on animal owners to provide for their 
animals’ basic needs, such as adequate food and water, access to medical care, 
and an appropriate environment to live in. Such regulatory approaches to ani­
mal welfare are not found all around the world. Rapid economic changes and 
greater access to information from around the world is shifting societal aware­
ness of animal welfare issues but with varying degrees of consistency and uptake 
(Lu et al., 2013). 

Wellness and Well-Being

Like health, there is no generally accepted definition of well-being, nor is there 
an agreement on how to measure it. One definition of community well-being that 
resonates with many of the themes in this book is well-being as a state of being 
with others and the natural environment that arises where needs are met, where 
individuals and groups can act meaningfully to pursue their goals, and where they 
are satisfied with their way of life (McCrea et al., 2014). The concept of well-being 
provides a link between health and society. Health provides the raw materials for 
well-being. Wellness is the state of living that leads to health. Well-being is the 
result of health and wellness. It is the unimpaired flourishing, free of obstacles, to 
live in a way that conforms with expectations, opportunities, and abilities. Well­
being not only encompasses basic health needs such as adequate food, safety, 
and lack of disease but also considers how people think and feel about their life 

24 



Whose Health? 

situation, or the situation of the animals or environments they care for. Well-being 
implies successful biological function, positive experiences, and freedom from 
adverse conditions. As we learn more about the mental capacity and complexity 
of animals, we need to recognize their ability to feel emotions and to have needs 
and a degree of consciousness that may determine their well-being. Well-being 
may be a relevant aspiration in animal and environmental health management in 
that it reflects how people feel about the circumstances and states that provide 
the capacities and resources for animal or ecosystem health. The American con­
servationist Aldo Leopold recognized this in his conception of the land health in 
that he noted: We see a thing as being right when it tends to preserve the integrity, 
stability, and beauty of a biotic community (Leopold, 1989). 

ecosystem HealtH

Shared cultural beliefs and attitudes function as root causes of our attitude 
towards ecosystem and environmental changes (Stern et al., 1992). The over-
exploitation of ecosystem services and resources has been traced back to the 
Judeo-Christian tradition that separates mankind and nature. The bias towards 
economic growth can be traced to Protestant teachings, while humanistic values 
from the Enlightenment put human wants ahead of nature and presumed that 
humanity could solve all problems. Western materialism divorced the consumer 
from awareness of the realities of production, which further impacted ecosys­
tems. As the environmental movement gained popularity in the 1960s–1970s, 
the public grew increasingly aware that human population growth and economic 
development was depleting raw materials for our future health. A strong interest 
in measuring ecosystem health for planning, management, and public reporting 
emerged. 

Aldo Leopold’s idea of land health was an influential parent of ecosystem 
health concepts that gained prominence in the 1970s. Leopold’s idea of land 
health combined productive use, self-renewal, and stewardship of the land with 
the ability to act for conservation and environmental justice (Berkes et al., 2012). 
As the idea of ecosystem health flourished, so did the perspectives used to define 
and measure it (Lu et al., 2015). Some viewed ecosystem health as the ability of 
the ecosystem to function within acceptable limits, becoming “diseased” when 
inadequate homeostatic repair mechanisms existed. Others closely linked the 
idea of ecosystem health with sustainability or resilience. Still others viewed an 
ecosystem to be healthy if it could sustainably convert solar energy and cycle 
nutrients. The concept of ecological health is usually tacitly understood to be 
undefinable in a rigorous sense. Lancaster (2000) believed the “notion that the 
ecological health of the environment can be assessed is a ridiculous notion in 
a scientific context because there can be no objective definition of ‘health’ or 
method for defining degrees of health. Ecological health is a value judgement.” 
Ecosystems are context-specific entities because they cannot be delimited without 
a specific social, science, or policy context. Health, analogously, is not a biologi­
cal state but rather a set of capacities and expectations defined within one’s social 
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circumstances. Therefore, the idea of ecological or ecosystem health is normative 
because someone must decide what ecosystem conditions or functions are good 
(Lackey, 2001). 

There have been substantial scientific efforts towards establishing indices that 
measure ecosystem health. Most attempts have been heavily criticized. Many of 
the criticisms focus on (i) the challenge of extrapolating indices across scales, 
gradients, and species; (ii) the oversimplification and generalization of biologi­
cal processes resulting from indices; (iii) problems in calibrating and validating 
indices; and (iv) challenges in linking measures such as abundance and distribu­
tion to outcomes such as productivity (Niemi and McDonald, 2004). Principle 
challenges to identifying suitable indicators include (i) practical constraints that 
restrict monitoring to a small number of indicators that fail to adequately con­
sider the complexity of the ecosystem, (ii) vague management goals and objec­
tives clouding the choice of indicators, (iii) failure to use a defined, consistent, 
and rigorous protocol for identifying indicators (Dale and Beyeler, 2001), and 
(iv) the complexity of dynamic ecological systems complicating prediction, thus
reducing the value of indicators as forward-looking tools. Concepts linked to eco­
system health, such as resilience and well-being, have subjective, relational, and
context-specific aspects in addition to more objective measurements (Brown and
Westaway, 2011). There are, therefore, no universally accepted indicators of eco­
system health, nor is there a single definition of the concept.

LOOKING AT HUMAN-ANIMAL AND 
ENVIRONMENTAL HEALTH AS ONE 

one HealtH

One Health is in the title of this book. But just like the other concepts of health 
described above, there is no single, universally recognized definition of the term 
(see Table 1.2). One Health, as it is commonly used today, was initially conceived 
by the Wildlife Conservation Society as an integrated, holistic, and preventative 
approach to diseases at the human-animal-environment interface. What started 
as a plan to reduce overexploitation of wildlife became a framework for collab­
oration to combat emerging infectious diseases. One Health grew to focus on 
improving or supporting multidisciplinary communication and collaboration with 
a major goal of addressing key public health outcomes of integrated disease pre­
vention and surveillance, food safety, and food security. This characterization of 
One Health overlaps significantly with the scope of practice of veterinary pub­
lic health. As enthusiasm grew, One Health began to further expand its scope 
of practice to a wider array of health issues for people and animals (Table 2.3) 
(Oura et al., 2017). In 2010, the World Animal Health Organization (OIE) noted 
the importance of co-managing the relationships between animal production sys­
tems, human influence on the environment, climate change, and emerging dis­
eases. This paralleled the concept of healthy public policy that recognizes that 
health promotion goes beyond health care and therefore, health is a team activity 
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TABLE 2.3 
Three Emphases of One Health 

Emphasis Inspiration Focus 
Connecting diseases Emerging zoonotic diseases in Early efforts focused on building 

across species people emerging from animal new capacity to find bacteria and 
sources lead to efforts at preventing viruses that could jump between 
these diseases at their animal species. Efforts to control 
origins infectious diseases of animal origin 

inspired reinvestment in veterinary 
public health around the world 

Moving beyond Getting rid of the age-old zoonotic Eliminating livestock diseases to 
infections and livestock diseases was produce more affordable and 

recognized as a critical component available food to combat food 
of poverty reduction and food insecurity and malnutrition. 
security Sustaining wildlife populations to 

maintain ecological services and 
protect traditional uses of wildlife 
by indigenous populations 

Building resilience Global megatrends like climate One Health ideas were extended to 
change, urbanization, globalization, protect animal and environmental 
and landscape alterations health as a moral good and for 
concurrently threatening people, long-term human benefit 
animals, and environments 

rather than the purview of any one agency or discipline (see Chapter 10 for more 
on healthy public policy). 

The One Health emphasis on multi- and interdisciplinary approaches extended 
veterinary public health from its emphasis on biomedical interventions targeting 
single hazards to a team approach that examines multiple dimensions of a shared 
problem. This in turn opened lines of investigation and action derived from the 
socio-ecological model of health. Although public health concerns predominate 
One Health activities, the idea that there are reciprocal relationships between 
people, animals, and their shared environment affecting animal health outcomes 
is not lost. One Health initiatives are increasingly aiming for mutual benefits for 
people, agriculture, and wildlife. Some One Health activities are starting to focus 
on human and environmental determinants of fish and wildlife health in recogni­
tion that the survival and persistence of wild animals is entirely dependent on 
how we decide to exploit their populations and compete for the services provided 
by their habitats. Attention to the human dimensions of conservation is needed 
to produce robust and effective conservation policies, actions, and outcomes 
(Bennett et al., 2017). One Health is increasingly recognizing that when health 
is the subject of interest, the social dimensions of human-animal interactions are 
important (Wolf, 2015). 
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The lack of a single definition of health, or of One Health, provides a flexibility 
to work across perspectives, species, and disciplines but can complicate program 
evaluation or implementation due to a lack of shared vision of success. It can also 
lead to unanticipated effects. For example, culling rats in Vancouver, Canada, 
to reduce some zoonotic disease and mental health risks from a burgeoning rat 
population unexpectedly or even paradoxically increased the prevalence of one 
zoonotic pathogen while decreasing another (Lee et al., 2018). Similarly, culling 
bats in Uganda to remove a host of Marburg virus may have eliminated immedi­
ate human exposure risk but subsequently increased risk as bats that repopulated 
the area had a higher seroprevalence of the virus, likely due to the recolonizing 
bat’s naïve immunological status (Amman et al., 2014). 

One Health is not without critics. Protecting and improving access to the fun­
damental social and environmental determinants of health such as water security, 
biodiversity, social justice, equitable access to resources, pollution, and land use 
planning have remained beyond the scope of most One Health programs despite 
their profound impacts on human and animal health and welfare (Stephen and 
Karesh, 2014). The increased knowledge of the role of animals in human diseases 
increased political and public awareness of risk interdependencies, thus fostering 
fear of animals, which in turn can lead to calls for their exclusion or elimination 
rather than improved understanding of how people and animals can safely live 
together (Decker et al., 2009). One Health has placed more effort on traditional 
public health actions to attack hazards, most often of infectious origin, rather than 
on creating supportive environments to enable people, animals, or environments 
to lead healthy lives. 

ecosystem approacHes to HealtH

Many health issues, whether in public health, conservation, or agriculture, are 
complex and best understood by paying attention to the interdependencies of 
human health, animal health, and the health of the ecosystems in which they 
live. EcoHealth (also known as ecosystem approaches to health) was pioneered 
at the International Development Research Centre to connect ideas of environ­
mental and social determinants of health with ecology and systems thinking 
within a context of social and economic development. EcoHealth emphasizes 
the development of capacity and circumstances that enable individuals to make 
healthy choices and systems thinking to promote well-being and quality of life. 
EcoHealth is an explicit attempt to bring people into ecology, ecology into health, 
and health into community well-being. 

EcoHealth recognizes that health is the result of the complex, dynamic inter­
play between the determinants of health and the conditions of ecosystems, often 
resulting from social and economic activities of people (as illustrated throughout 
Charron, 2012). By embracing ecology and complexity, EcoHealth admits it is 
deviating from the normal biomedical and epidemiological approach to health. 
Complex systems, like socio-ecological systems, are unpredictable and not well 
suited to research seeking a mechanistic truth (Holling, 1996). The systems 
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thinking focus of EcoHealth encourages us to expand the boundaries of what is 
being studied as well as the set of people involved in generating that knowledge. 
EcoHealth tries to level the field between the external expert and the communi­
ties, shifting them from a researcher and research subject relationship to partners 
in discovering actions to make incremental improvements in health. The intent to 
solve problems, particularly those at the interface of human and natural systems, 
is shared by many EcoHealth projects. EcoHealth’s scope of practice is character­
ized by a work that “(i) is undertaken in the setting where results will be applied 
under conditions experienced by the populations of concern; (ii) strives to inspires 
effective, ethical, and sustainable actions in ‘real-world’ settings to address com­
plex problems important to people in those settings, rather than discover underly­
ing mechanisms of causation; and (iii) focuses on accelerating the integration of 
research with policy, and practices to promote action to solve problems” (Stephen 
et al., 2016). 

FINDING COMMON GROUND 

Imagine a scene. You are looking at a marsh or a chicken farm or an urban park. 
Within that same space, there are many types of health. There is the health of 
individuals, populations, and ecosystems. There is the health of the plants, pests, 
valued animals, and their human caretakers. There is health as seen by the animal 
rights activists and health as seen by the social justice advocates. All these types 
of health coexist in the same place at the same time. The art of health promo­
tion at the interface of animals, society, and environments is to find the common 
ground from which actions can be launched to promote and protect the health of 
one component of this system without harming the health of others. 

Many types of health can be seen in Figure 2.1. At the bottom left, disease, 
in the form of trauma, can be seen – a California sealion with a neck wound 
due to entanglement with marine debris. The group of sealions was both pro­
moting human community health by creating ecotourism jobs but at the same 
time reducing access to commercially and culturally important seafood species, 
thereby negatively impacting jobs as a determinant of health for others in the 
community. The eagle in the photo is vulnerable to lead poisoning, due to its habit 
of scavenging on carcasses killed by hunters using lead bullets while at the same 
time finding it harder to secure the needs for daily living due to competition for 
salmon with people and other animals and damage to their critical habitat in the 
foreshore. Human waste management and urbanization were changing the diets 
of the gulls, leading to larger population sizes and larger individual sizes of the 
gulls but with concurrent increased exposure to contaminants in their diets. The 
trees in the background were struggling with the effects of drought conditions. 
All these health effects were being influenced by anthropogenic changes in the 
local coastal ecosystem health that was affecting species distribution, habitat 
quality and connectedness, and climate change. 

Insufficient data and a limited understanding of the cross-linking relation­
ship between human, animal, and environmental health continue to challenge 
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FIGURE 2.1 There is not One Health, there are many. (Photo credit Craig Stephen.) 

attempts to find a universally applicable definition of health. But, at their core, 
health, well-being, and resilience each deal with situations, decisions, and actions 
that enable coping and even thriving in a changing world. As stated in the Ottawa 
Charter for Health Promotion, health can only be created and sustained when we 
encourage reciprocal maintenance – to take care of each other, our communities, 
and our natural environment. 

Health is not like physics where we can measure and weight different attributes 
to find universal laws and make definitive proclamations on a state of nature. 
Health is an aspiration and a cumulative effect of interdependent personal, social, 
and environmental factors that change and evolve over a life course. There will, 
therefore, never be a single obvious opening into which the person working at 
the animal-health-society interface can step in and readily see the one true tar­
get of success. Health is a social construct rather than a biologically determined 
state. In other words, the act of characterizing and describing health is a uniquely 
human activity. Health is also a wicked problem. Wicked problems are character­
ized by uncertainty, complexity, and divergent values. There is no indisputable 
point at which one can declare objectively something is healthy in a way that 
everyone will agree. There is no ultimate state of health as health goals shift as 
social expectations change. Health is strongly stakeholder dependent, and there 
can be a wide variety of opinions on how to best recognize and produce a healthy 
situation. Health does not sit conveniently within the responsibility of any one 
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organization or individual. Once we start comparing health across species and 
settings, this wicked problem gets even messier. 

A key to seeking solutions to wicked problems is through mediated dialogue 
aimed at finding common ground about goals and directions (Head, 2008). This 
requires a broad systemic perspective that looks across boundaries, incorporates 
many types of evidence, and engages a diversity of interests to co-produce goals, 
plans, and actions. The willingness and ability to have “back-and-forth” relation­
ship between context, values, and evidence form the basis for successful research 
and action at the animal-health-society nexus. Interspecies health promotion and 
harm reduction is about working across disciplines to listen and learn. Without 
understanding how to frame a health problem across species and generations so 
that it resonates with those people who need to act to protect the many types of 
health in a place, cooperative, collaborative action that protects the health of one 
species without harming the health of others cannot be achieved. 
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The World Health Organization’s (WHO) 1986 Ottawa Charter for Health 
Promotion acknowledges the inseparable links between people and their environ-
ments. Reciprocal care occurs when we take care of each other, our communities, 
and our natural environment to create and sustain social and ecological options 
to reduce vulnerability, avoid unintended consequences, and promote resilience. 
A reciprocal care approach enables humans and animals to reach their full health 
potential. It strives to ensure that efforts to protect the health of individuals in 
one species, and in one generation, do not disadvantage, threaten, or lead to the 
extinction of other species and generations. Humanity is free to pursue long-term 
social and economic development if that pursuit is sustainable and developed 
through practices which do not fracture reciprocal care by depleting ecologi-
cal services, generating great social injustices, or crossing critical thresholds for 
essential planetary processes. Reciprocal care requires us to strive for interspe-
cies and intergenerational health equity.

Health equity exists when there is fair access to the resources and opportuni-
ties needed for health. Equity is a notion rooted in the principle of justice and fair-
ness and has been enshrined in law in the Western world for over seven centuries 
(Holdsworth, 1914). While a widely embraced moral principle, equity is a com-
plex idea to coherently embody in health practice, advance in policy, and robustly 
manifest as a society. Health equity is concerned with socially produced advan-
tages or disadvantages that are not the result of natural biological differences yet 
affect the distribution of health resources and outcomes. Health equity is a term 
that has been almost exclusively used in reference to human health. However, at 

3



 

 

Animals, Health, and Society 

BOX 3.1 INEQUITY VERSUS INEQUALITY
 

Inequality and inequity sound similar but mean different things.
 

Inequality: This refers to the uneven distribution of health or health 
resources as a result of genetic or other factors or the lack of 
resources. 

Inequity: This refers to unfair, avoidable differences arising from 
poor governance, corruption, or exclusion. 

its root, equity calls for all beings to be able to access what they need not only to 
survive but also to thrive. 

The capacity to cope with the challenges of life is not distributed evenly 
between individuals, populations, species, or ecosystems. Inequalities in health 
are a fact of life. Ecological competition, the struggle between two organisms 
for the same resources within an environment, describes differences in capacity 
that ultimately advantages certain individuals or species over others, leading to 
differences in opportunities, health outcomes, and ultimately survival. Examples 
of inequalities can be seen in agriculture where some breeds of domestic ani­
mals fare better than others under modern farming conditions as well as in nature 
where, for example, some species have innate genetic traits that make them more 
adaptable to varying environmental conditions than others. Inequalities in health 
outcomes can be seen in different groups of the same species, depending on how 
they are managed. For example, the causes of death, longevity, and productiv­
ity are measurably different between subpopulations of the highly endangered 
Vancouver Island marmot. The patterns of diseases and causes of death in mar­
mots born in the wild differ from those born in captivity, which differ from those 
released to the wild after captive rearing (McAdie, 2018). The simple passing of 
time can create inequalities. The health status of an octogenarian, for example, 
will be different than that of a teenager. Variations in biological endowment, envi­
ronmental quality, and demographics will inevitably lead to health inequalities. 
Inequities, in contrast, refer to differences in health that are not only avoidable but 
also unfair and unjust (Braveman and Gruskin, 2003). Power, authority, and privi­
lege drive health inequity. As we move towards interspecies and intergenerational 
health promotion, and work in the interplay between inequalities and inequities, 
the types and influences of power, privilege, and authority become more numer­
ous and increasingly complex. 

Equity is a useful concept to invoke when thinking through the determinants 
of health for all species and generations. Intergenerational equity is a guiding 
principle of sustainable development. The United Nations (UN) Brundtland 
Commission (1983) defined sustainable development as “development that meets 
the needs of the present without compromising the ability of future generations to 
meet their own needs” (United Nations World Commission on Environment and 
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Development, 1987). Interspecies equity, the consideration of non-human animals 
and their inherent self-interests alongside humans, together with intergenerational 
equity informs approaches to equitable sustainable development (Earnshaw, 
1999). The United Nations Educational, Scientific and Cultural Organization 
(UNESCO) described interspecies equity as when people treat all creatures 
decently and protect them from cruelty and avoidable suffering (UNESCO, 
2004): a concept not far removed from animal welfare (see Chapter 2 for more 
discussion on animal welfare). A new generation of work around the 2015 UN 
Sustainable Development Goals is seeking to redress the lack of consideration of 
the important roles of animal health to sustainability through integrated human, 
animal, and environmental frameworks. Nuanced thinking on interspecies equity 
necessitates careful consideration of their shared environments and of the myriad 
ways that health is generated, protected, connected, and distributed across social 
and ecological spaces, places, and times. This chapter explores how the concept 
of health equity might be adapted to One Health and allied fields in order to foster 
reciprocal care at the junction of animals, health, and society. 

HEALTH EQUITY CORE CONCEPTS 

Equity is fairness in treatment, access, opportunity, and advancement for all. It is 
promoted by identifying and eliminating barriers to allow the full realization of 
opportunities by all groups. Health inequities arise when social, environmental, 
or ecological injustices prevent an individual, group, or population from meet­
ing their potential. Health equity is tightly allied with notions of the universal 
right to health enshrined in international law. Factors that make it difficult to 
translate this moral notion into action include the reality that ideas about equity 
and health are context-dependent, informed by social and cultural values and 
traditions, and often constrained by political practices and economic priorities 
(Braveman, 2010). “In operational terms, and for the purposes of measurement, 
equity in health can be defined as the absence of disparities in health (and in 
its key determinants) that are systematically associated with social advantage/ 
disadvantage” (Braveman and Gruskin, 2003). The idea of health equity is mostly 
used in reference to disparities in health between different people due to dif­
ferences in their access to the social determinants of health. Improving equity, 
therefore, most often involves increasing justice and fairness within the proce­
dures and processes of institutions or systems, as well as in the fair distribution 
of resources. Health equity-informed work has an explicit focus on how inequi­
ties are often institutionalized and socially sanctioned (Krieger, 2014). Tackling 
equity issues requires an understanding of the root causes of disparities within 
our social world (Jones et al., 2009; Kapila, Hines, and Searby, 2016). 

Differences in health status across human populations emerge because of 
ongoing marginalization and exploitation through discrimination based on 
categorized differences such as socio-economic status, gender, citizenship, 
geographic location, racialization, and sexuality. Discrimination is cumulative 
across the life course and is observable in the health gradient (Braveman and 
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Gruskin, 2003). Patterns of power and privilege are relational and many of the 
factors that disadvantage some groups simultaneously advantage others, for 
example, in the case of white privilege, poverty, and colonization. To success­
fully tackle human health inequalities requires working upstream to address the 
“causes of the causes of disparities and the causes that underlie the causes of the 
causes” (Greenwood and de Leeuw, 2012). Insights from research and practice 
around social inequities in human population health offer a way to think about 
determinants working across human-animal health continuums as well as to 
identify social, political, and economic factors that are impacting animal health. 
Protecting and promoting health determinants can advance equity work when 
patterns of discrimination, which may have played out across generations, are 
identified and redressed so that their impacts on current and future generations 
are stopped (Marmot et al., 2008). Table 3.1 summarizes some current health 
determinants thinking – with the recognition that this is an active and continu­
ously evolving area of scholarship. 

Our understanding of health determinants, as well as health equity, is con­
stantly deepening. One way to progress our learning is to explicitly consider the 
philosophical and theoretical assumptions that inform current thinking, evidence 
building, policy formation, and practice. For example, scholars and practitioners 
are considering ways in which health determinants thinking both benefits from 
and is limited by its origins in Western philosophical and medical traditions. 
The Western worldview is anthropocentric and frames nature as separate from 

TABLE 3.1 
Examples of Different Conceptualizations of Determinants of Health 

Conceptualization Description 
Social Determinants of Health (SDoH) Describes a range of personal, social, economic, and 

environmental factors that contribute to one’s state of 
health, such as educational attainment, employment, 
gender, and income (Marmot, 2005) 

Indigenous Determinants of Health Indicates that for Indigenous peoples in addition to being 
(IDoH) impacted by the full range of SDoH, these populations 

are also impacted by a history of colonization and that 
health and well-being require attachment and access to 
land and place and the right to cultural continuity 
(Greenwood and de Leeuw, 2012; King et al., 2009) 

Environmental Determinants of Health Draws attention to how the physical environment, such 
(EDoH) as the built and natural environment (e.g. water or air 

quality), impacts health. 

Ecological Determinants of Health Involves the inextricable interdependence that human 
(EcoDoH) survival has on the existence of a healthy Earth system, 

including the valuing of resilient ecosystems and the 
health of other species (Parkes et al., 2020) 
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culture, and it prioritizes humans over animals and economic growth over ecolog­
ical resilience. The medical cosmology embodied in allopathic medical traditions 
tends to focus on illness and disease rather than on health and wellness; medical 
expertise is based on atomized rather than holistic approaches to the body, and 
the links between human and ecological health are often left unexplored. Other 
knowledge systems do not begin from these foundational assumptions as they 
are produced through different worldviews and offer frameworks for valuing 
the lives of humans, animals, and Earth, which are highly integrated. Indigenous 
approaches to health, for example, have for millennia viewed human health as 
inextricably bound to the health of family and community, the natural and the 
non-human world, and to land and water (FNHA, 2020). Human health is not of 
a priori importance; instead, a key guiding value is that human health is related 
to the health and well-being of the whole (Blackstock, 2007). Understanding the 
links between worldviews, social values and medical practices are important areas 
to reflect upon, particularly in the current context, where significant whole sys­
tem problems are increasingly impacting health. For example, global pandemics, 
many of them zoonotic, are illustrating the inextricable links between human and 
animal health; climate change illuminates human dependence on Earth, while 
environmental degradation reminds us that health is dependent upon ecosystem 
services, such as the filtration of clean air and water. Issues of power, privilege, 
racism and other forms of discrimination add additional layers that need to be 
considered to understand what forces are driving and perpetuating social and 
environmental harms to health and well-being as well as where interventions are 
best targeted. 

EQUITY AND ONE HEALTH 

While it is important to include health determinants and health equity insights 
into human health, applying equity thinking to animal health is also highly rele­
vant for a range of intersecting reasons. The extinction crisis of the Anthropocene 
is drawing attention to the inequitable treatment of animals and the degradation 
of biodiversity because of economic and human population growth. This is in 
part because of practices which subordinate the health and well-being of animals 
to humans, whether it is through direct and planned actions (such as overfishing) 
or indirect actions (such as habitat encroachment or destruction), or long-term 
processes (such as global climate change). There are diverse yet changing public 
perspectives on the idea that current practices of conceiving of animal health 
as a relational state vis-à-vis the utility value of animals for humans (such as 
for food or as companions) should be discontinued. These perspectives influence 
food choices, farming practices, and even the allocation of rights to some animals 
(Shaw, 2018). The application or adoption of these perspectives fluctuates with 
crisis events that can retract the extension of equitable treatment to animals. 

Re-evaluating human’s approach towards animals is important in the current 
extinction crisis, which represents the sixth mass extinction on the planet and is 
predicted to result in 30–50% of all species moving towards extinction by the 
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mid-century (Center for Biological Diversity, 2020). The current ratio of humans 
to mammals on the planet is deeply skewed where the numbers of domestic spe­
cies and humans on Earth vastly outnumber wild mammals. How we influence 
animal’s access to determinants of health have consequences for the animals as 
well as for people. Chapter 23, for example, highlights how modern farming prac­
tices contribute to the global antimicrobial resistance crisis. Chapter 15 on climate 
change draws our attention to how animal agricultural practices contribute to cli­
mate change, which in turn is impacting farm animal, wildlife, and human health. 
Inequitable approaches to animal health can lead to unsustainable circumstances 
that are dangerous to both human and animal health now and in the future. The 
deep social inequities which play out across human populations also influence 
animal health and well-being. In North America, one consequence of settler colo­
nialism was the systematic desecration of animals that Indigenous peoples relied 
on for food, shelter, spiritual practice, and tradition, such as the eradication of the 
plains and wood bison populations (Center for Biological Diversity, 2020). Today, 
threats to caribou and salmon are placing contemporary pressure on Indigenous 
communities in these same contexts. Colonial relationships also play out in the 
domain of conservation (Garland, 2008). 

Social determinants such as race, gender, education, and socio-economic status 
are factors which drive patterns of discrimination within the social world, which 
in turn shape human-animal interactions. For example, slaughterhouses in some 
countries employ racialized, low-income, and immigrant populations who can 
find themselves working in unsafe environments, leading to high rates of work­
place injuries (Grzywacz et al., 2007; Nibert, 2014). Over the long term, there can 
also be impacts to mental health derived from the routinized mass killing and 
processing of animals as well as from witnessing or being forced to engage in the 
cruel treatment of animals (Grzywacz et al., 2007). In another example, research 
is beginning to develop better tools for quantifying the links between animal 
abuse, child abuse, and domestic violence where perpetrators of animal abuse 
have often been found to go on to harm women and/or children (Pendergrass, 
2017; Canadian Veterinary Medical Association, 2020; Febres et al., 2014). At the 
scale of populations, in contexts of pandemics, civil unrest, and war, animal wel­
fare tends to diminish, and in regions impacted by increased social strain, such 
as economic recession, incidences of animal neglect and abuse also tend to rise. 
These are few examples of the myriad interlocking ways that human and animal 
inequities are linked and serve as an invitation for further investigation to better 
understand the many ways that human and animal health are intertwined with 
justice, fairness, and equity. 

Around the world, governance bodies are calling for more concerted action 
on tackling health inequities. Examples include the WHO’s Commission on the 
Social Determinants of Health report (2008), the mainstreaming of Gender-
Based Analysis Plus approaches to evidence building and policy formation, the 
UN Sustainable Development Goals (2015), the UN Declaration of the Rights 
of Indigenous Peoples (2007), and the recommendations of the Truth and 
Reconciliation Commission of Canada. This work now needs to be strengthened 
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by a more deeply integrated understanding of the interdependence between 
human, animal, and environmental health. Work on sustainability and equity 
offer hope and clear pathways for building more socially just, environmentally 
resilient, and fair societies. Given the political will to usher in change, this is a 
powerful time in history to be working on issues of equity, diversity, and inclusion 
in the human and animal health spheres. 

EQUITY AS AN ESSENTIAL INGREDIENT IN 
COMBATING GLOBAL CHALLENGES 

The current moment is being shaped by interacting global environmental, social, 
and species changes, such as climate change; habitat degradation and loss; overex­
ploitation of animals; global spread of invasive species, pathogens, and parasites; 
and an exponentially growing human population (Ceballos et al., 2015). Despite 
considerable attention to the problem of health inequalities since the 1980s, strik­
ing differences in health still exist. Given that inequalities are products of the 
interplay between biological and social conditions as well as economic and politi­
cal processes, they are complex phenomena to tackle with the greatest leverage 
points found where practices are unfair, unjust, and unnecessary. In other words, 
we refer to inequity as “unfair, avoidable differences arising from poor gover­
nance, corruption or cultural exclusion” (Tehrani et al., 2019), which often leads 
to unnecessary disease and death. Health differences adversely affecting socially 
disadvantaged groups are particularly unacceptable because ill health can be an 
obstacle to overcoming social disadvantage (Braveman et al., 2011). 

Social inequality and imbalances of power are at the heart of environmental 
degradation. More unequal societies tend to have more polluted and degraded envi­
ronments. Some proposed mechanisms for this relationship include the tendency for 
the wealthy to both consume more and hold more political power; the attempt for 
the less well-off to emulate the wealthy by consuming more; and the erosion of the 
necessary trust and social cohesion needed for environmental stewardship because 
of growing inequities (Cushing et al., 2015). The current extinction rate (which has 
been attributed to converging global stressors) is estimated to be 1,000 times higher 
than natural background rates (De Vos et al., 2015). These trends suggest we are 
failing to address the health promotion imperative to create supportive environ­
ments by protecting natural environments and conserving natural resources. Future 
health promoters need to ask the question: “Does the satisfaction of human health 
and wellbeing have to inevitably lead to the long-term degradation of ecosystems 
and loss of biodiversity that diminish capacity for future generations and other spe­
cies to have fair access to the resources and opportunities needed for health?” The 
emphasis on promoting human development through highly consumptive lifestyles 
seems to favour creating deprivation rather than creating and preserving oppor­
tunities found in healthy biodiversity as well as sustainable social and planetary 
processes. 

Rapidly growing demands for food, freshwater, timber, fibre, and fuel have 
resulted in a substantial and largely irreversible loss in the Earth’s biodiversity. 
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The nature, amount, and variability in biodiversity often determine the sustain-
ability of and access to ecosystem services that are key determinants of a com­
munity’s capacity to adapt to future challenges, whether they arise from novel 
pathogens, emerging non-communicable diseases, or deprivations of the needs 
for daily living (Keune et al., 2013). It is more difficult for communities to recover 
from disasters in situations where natural resources have been degraded (Miller 
et al., 2006). This is reflected in the UN Sendai Framework for Disaster Risk 
Reduction, which recommends sustainable use and management of ecosystems 
to preserve ecological relationships and functions that reduce risks and support 
resilience. When we strive to promote health without taking nature into account, 
well-being comes at the cost of diminished ecological integrity and eroded envi­
ronmental contributions to health. Our use of natural resources has resulted in 
substantial net gains in human well-being and economic development in the past 
two generations, but these gains have come at growing costs of the degradation 
of many ecosystem services and diminished access to their benefits by future 
generations. 

At the Fifth Ministerial Conference on Environment and Health in Parma, 
Italy in 2010, the Member States of the WHO European Region recognized 
that systematic processes and shared frameworks for identifying and redressing 
inequitable and interconnected impacts of social and environmental harms were 
required and that they needed to be grounded in work that addressed the under­
lying mechanisms or the causes of the causes of these harms. Given that “both 
distributive justice and procedural justice often characterize sociodemographi­
cally disadvantaged groups,” such a framework would need to account for both 
the places and populations being affected as well as the processes and procedures 
through which risks and harms are produced (Kruize et al., 2014). Relatedly, the 
conditions within which reciprocal care relationships can exist are nested within 
social relations of power through which discourses and practices produce envi­
ronmental degradation. 

Access to ecological services is affected by decisions that influence access to 
and the quality and quantity of habitat that is protected. Conservation efforts not 
only impact wildlife and ecosystem health but also human well-being and social 
justice. The 1993 Convention on Biological Diversity includes a requirement for 
protected areas to be equitably governed and managed. Conservation efforts 
can be stalled or blocked by people claiming them to be unfair for one group 
for some reason. Resentment and a sense of injustice among those inequitably 
affected by protected areas can lead to conflicts that impede conservation efforts. 
Should, for example, a sheep farmer accept restrictions on access to grazing lands 
for his or her sheep in order to avoid the transmission of diseases from farmed 
sheep to wild sheep, as in the case in western North America? How can the direct 
economic hardship felt by the shepherd be compared to the public good of wild 
sheep conservation or the community economic impacts of hunting? When local 
people are empowered and there is more equitable sharing of benefits, the likeli­
hood of effective conservation action increases for issues such as these (Pascual 
et al., 2014). A guiding principle for linking social equity and conservation is: “no 
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human should infringe on the well-being of others (including other species) any 
more than is necessary for a healthy, meaningful life” (Vucetich et al., 2018). The 
application of this principle is heavily influenced by prevailing (and sometimes 
conflicting) values and social priorities. Vucetich et al., (2018) turned to three 
questions that can help consider conservation from an equity perspective: (i) is 
there equality of opportunity; (ii) is something necessary for realizing a healthy, 
meaningful life, and (iii) are those involved being treated as they deserve given 
their ability and situation? The links between social and environmental justice are 
becoming increasingly clear as is the imperative to consider issues of interspecies 
(human and animal) and intergenerational ecosocial justice. 

TOWARDS INTERSPECIES AND 
INTERGENERATIONAL HEALTH EQUITY 

Public health leaders have been adept at advocating for investment in the social 
determinants of health, but there is less evidence of similar public health leader­
ship in protecting ecological resources and services critical to individual and com­
munity resilience (Stephen, 2020). Public health’s refocus on the environment has 
almost exclusively been on the built environment to the exclusion of the natural 
environment (Bracken et al., 2008). Too often, the environment is characterized 
as a source of public health hazards rather than of resilience. However, both the 
salutogenesis and socio-ecological perspectives see health in terms of the congru­
ence of peoples needs with the structure and quality of their environment. Similar 
perspectives exist for domestic animal and wildlife welfare (Stephen and Wade, 
2018). Despite a growing literature on the need for socio-ecological approaches to 
preparedness in the Anthropocene, too often management actions are business as 
usual. Health promotion programs that promote socio-ecological thinking need 
to consider who should be involved, whose experiences and knowledge should 
influence decision-making processes, and who defines and determines how deter­
minants of health approaches will be used to promote health across species and 
generations. 

The UN Universal Declaration of Human Rights (UN General Assembly, 
1948) asserts that “recognition of the inherent dignity and of the equal and 
inalienable rights of all members of the human family is the foundation of free­
dom, justice and peace in the world.” A question arising from this declaration 
is: “Are these rights only applicable to the current generation of the human fam­
ily?” The family of one of the chapter’s author currently spans 90 years and four 
generations. After the birth of a grandchild, the prospect of a great-grandchild 
becomes less of an abstract concept and more of a possibility. There may be 
someone in that family alive in another 90 years, and it is not unimaginable that 
a great-grandchild will be alive 120 years from now. A second question arising 
from the Universal Declaration of Human Rights is: “Are people the only mem­
bers of the human family?” The question needs to be asked within the context of 
the Western world where dichotomous constructions have imagined humans to 
be distinct from animals and society to be separate from nature. Modern science 

43 



 
 
 
 
 
 

 

 
 

 
 

  

Animals, Health, and Society 

understands that humans are also animals and share several biological and social 
characteristics that are homologous to those exhibited in other animals, even in 
relation to the use of languages, tools, and social lives. Perhaps what sets humans 
apart from other organisms are characteristics such as our ability to speak as a 
result of a permanently descended larynx; the range, refinement, and scope of our 
tool use; cognitive abilities that enable full-blown language capacity as well as 
reasoning and planning abilities; and significant adaptability to a range of envi­
ronments (Stockholm University, 2017). If we consider the human family less as 
a nuclear family and more of an extended family, one can start to imagine a dif­
ferent way of being in the world. Ancient non-Western worldviews have centrally 
integrated humans and animals into a family constellation. These cosmologies 
offer profound insight into conceptualizations and practices grounded in the prin­
ciples of reciprocal care. Fulfilling the Universal Declaration of Human Rights, 
it seems, needs us to consider who and what is part of the family and over how 
long of a time. 

Integral both to Indigenous ways of knowing and being and to Western work 
on sustainability is the notion of intergenerational justice wherein reciprocal 
care considers the needs both of current and future generations. One often cited 
articulation of this approach is the importance of cultivating relationships and 
societies wherein each decision involves a consideration of past, present, and 
future generations. Many Indigenous nations around the world are guided by 
and require decision-makers to pay attention to the knowledge and decisions of 
past generations and consider the impacts of our actions on the future genera­
tion (Tonmyr and Blackstock, 2010). Employing an intergenerational approach 
to equity requires a balance to be struck between acting now so as not to com­
promise future generations while at the same time distributing current resources 
and opportunities to ensure the well-being of all in the present generation. The 
challenge is to find ways to work together when there is a wide diversity of needs, 
interests, and knowledge amongst the members of the extended human family. As 
discussed in Chapters 6 and 9, a key to encouraging collaborative action in situa­
tions where different needs, knowledge, and values exist is to find a shared prob­
lem. Declining ecological health is a massive problem shared by people, animals, 
and ecosystems that might serve as an entry point to find win-win-win solutions 
by reducing inequitable access to the resources needed by all of the extended 
human family to thrive in a changing world. 

JUSTICE AND CITIZENSHIP IN PROMOTING INTERSPECIES 
AND INTERGENERATIONAL HEALTH EQUITY 

The UN International Covenant on Economic, Social and Cultural Rights (in force 
in 1976) confers “the right of everyone to the enjoyment of the highest attainable 
standard of physical and mental health,” but societies often fail to ensure this right 
is equitably and justly fulfilled (Gostin, 2011). Justice is concerned with equal­
izing relations between those who have power and those who do not. The current 
generation of people wield the most power in intergenerational and interspecies 
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issues. Conservation, sustainable development, global health, One Health, and 
health promotion all need to confront three issues of justice: (i) justice between 
different people of the present generation, (ii) justice between people of differ­
ent generations, and (iii) justice between humanity and other species. This leads 
to three questions a One Health practitioner should ask: Will achieving a health 
objective for one target group 

1. Influence the chances for another group to also achieve their objectives?
2. Make it easier for another group to also achieve their objectives?
3. Make it more difficult for another group to also achieve their objectives?

When considering these questions, one needs to consider both whether there is 
equitable access to the determinants of health and whether the opportunities to 
benefit from these determinants are equitable. Intragenerational and interspecies 
justice is concerned with (i) the control of access to resources and capacity across 
time and species so the benefits produced by ecosystems can be enjoyed, (ii) the 
duties to conserve ecosystems, and (iii) the expectations to compensate for the 
harms caused by ecosystem degradation. 

The unprecedented changes and threats arising in the Anthropocene require 
us to contemplate the social contract between the state and the individuals in 
health citizenship. Health citizenship combines the responsibilities of individuals 
to achieve healthy living with the responsibilities of the state to help all citizens 
achieve this goal (Spoel et al., 2014). No one person or group has an exclusive 
claim on ecosystems or the services they provide because natural ecosystems are 
not created by any person or group of people (Glotzbach and Baumgartner, 2012), 
yet every living thing depends on sustainable ecosystems – they are common 
pool resources. If we accept that current and foreseeable environmental change 
will constrain the distribution of the proceeds of economic growth as the primary 
means for achieving health equity, we need to conceive of health citizenship in 
socio-ecological terms and thus consider ecological citizenship as a core value of 
health promotion (Dobson, 2004). 

Most health promotion efforts are directed at changing people’s behaviours 
to promote healthy living within their social environments, empowering people 
to make choices and confidently take responsibility for their health (Petersen 
et al., 2010). The WHO’s Jakarta Declaration on Leading Health Promotion into 
the 21st Century (1997), however, also recommended that decision-makers firmly 
commit to their social responsibility to protect the environment and ensure 
sustainable use of the resources. Health promotion and ecological citizenship 
are, therefore, fully compatible. Ecological citizenship entails the duties and 
responsibilities to ensure that ecological footprints are sustainable and provide 
a just distribution of ecological resources to human and non-humans alike. 
It entails the ability to recognize environmental issues when they arise and 
assume responsibility for preventing and resolving problems through individual 
and collective choices. The principal task to incorporating ecological citizen­
ship into health promotion is to connect personal well-being to the ecological 
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BOX 3.2 CORE CONCEPTS INFORMING 


Social justice: All people deserve and should have access to the same rights 
and resource regardless of race, socio-economic status, gender, or other 
characteristics. 
Environmental justice: All people have the same degree of protection 
from environmental health hazards and equal access to the decision-making 
process to have a healthy environment in which to live, learn, and work 
regardless of race, socio-economic status, gender, or other characteristics. 
Ecological justice: Human beings and the rest of the natural world are pro­
vided enough protection and opportunity to allow them to live according to 
their own forms of life and live the fullness of their natural existence. 
Ecological citizenship: There are duties and responsibilities to ensure that 
ecological footprints make a sustainable impact and provide a just distribu­
tion of ecological space and components. 

services and environmental endowments that influence health. This thinking 
is reflected in the 1993 UN Convention on Biological Diversity’s objective to 
conserve biological diversity and the sustainable use of its components with the 
fair and equitable sharing of the benefits arising out of its use. Because of the 
interdependence of the human-nature community, the idea of separating social 
justice from the environment seems inappropriate. There are, however, legal, 
philosophical, and religious debates about how far the community of justice 
can or should be extended to include future generations as well as non-human 
entities. 

A first step in incorporating ecological citizenship into health promotion is 
to evolve and expand the concept of health literacy. The holistic health literacy 
described by Rask et al., (2014) includes environmental awareness and interest 
in the state of the world. As society increasingly urbanizes, the direct connec­
tions with the land, the sea, and the rest of nature are becoming more tenuous 
for a growing proportion of the population. Empowering people, organizations, 
and institutions to act for personal, intergenerational, and interspecies health in 
the 21st century goes beyond documenting and disseminating alarms about the 
un-sustainability of the current trajectory of humanity (Ansari and Stibbe, 2009). 
McMichael (as quoted by Fleming et al., 2009) noted that 

Until the public health community highlights the centrality to the overall sustain-
ability project of long-term population health, and particularly its dependence on 
maintaining Earth’s life-support systems, society will continue to miss the real 
point – namely, that ‘ecological sustainability’ is not just about maintaining the 
flows from the natural world that sustain the economic engine nor maintaining 
iconic species and iconic ecosystems. It is about maintaining the complex systems 
that support health and life. 

INTERGENERATIONAL, INTERSPECIES HEALTH EQUITY
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Health promoters will need the ability to access, understand, integrate, and use 
information about health-related ecological effects to evolve and deliver health 
literacy services that help communities and individuals become aware of and 
concerned about the environment and its associated impacts on personal, inter-
generational, and interspecies health, as well as help them gain the knowledge, 
skills, and motivations to work towards the solution of current problems and the 
prevention of new ones.

PROMOTING RECIPROCAL CARE IN HEALTH EQUITY

Identifying Vulnerabilities, Barriers, and Opportunities

A systems approach is needed to map the systemic barriers to health equity. 
Health equity impact assessment methods were developed to help consider the 
cumulative effects (positive and negative) of a specific policy, program, or project 
on vulnerable groups of people. These tools have a distinctly anthropocentric per-
spective. Identifying cumulative impacts is increasingly seen as a best practice in 
conducting environmental assessments. This approach strives to assess the incre-
mental impact of the action when added to other past, present, and reasonably 
foreseeable future actions, but it tends to have a focus on biophysical rather than 
social impacts. Integrated environmental impact assessment aims to combine 
dimensions of human determinants of health with biological and physical envi-
ronments to provide a holistic understanding of the interrelationships between 
the human and the natural environment to help identify the unintended effects of 
initiatives on human health and/or on the environment. They tend to have more 
of a focus on sustainability than on health equity. There is a large variety of 
impact assessment tools and approaches but none have satisfactorily integrated 
the concerns of equity with human, animal, and ecosystem health. One Health 
practitioners will need to borrow from and adapt the various tools to best suit the 
context of specific issues. Figure 3.1 proposes a rubric that might guide an assess-
ment of the interspecies, intergenerational health equity implications of a policy, 
intervention, or program.

Figure 3.1 considers three equity questions: (i) How will the proposed activities 
or decisions increase or decrease unnecessary, avoidable, and/or unjust impacts 
or health outcomes? (ii) How will the proposed activities or decisions increase or 
decrease the access, quality, or quantity of social or environmental resources 
or ecological services that are needed to fulfil the determinants of health for 
humans, animals, and the environment? (iii) How will the policies or practices 
needed to implement the activities or decisions systematically prevent humans or 
animals the opportunity to benefit from a determinant of health? Each of these 
questions will have both spatial dimensions (i.e. over what geographic scale does 
one consider these questions?) and temporal dimensions (i.e. are these questions 
answered in the present, over the life course of individuals, other generations, or 
all of these time periods?). These questions are asked for people, animals, and 
ecosystems that will be influenced by the decisions and activities being reviewed. 
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FIGURE 3.1 Conceptual framework to guide an interspecies, intergenerational health 
equity assessments. 

Identifying which people, animals, or ecosystems are vulnerable to changes 
due to the proposed activities will require a collaborative, interdisciplinary, and 
equity informed set of approaches to appraising the situation. The success of such 
analytical exercises will be influenced by who is involved and what knowledge 
they bring to the process, underscoring the importance of considering cultural 
safety and related equity, diversity, and inclusion guidelines. The goal is not to 
produce an exhaustive conceptualization of the issues and relationships at play 
because this is rarely possible due to the complex, dynamic nature of ecosystem 
relationships in a changing world as well as due to intersectoral and disciplinary 
challenges to integrating knowledge. Rather, the goal is to identify who or what 
might be vulnerable to socially produced advantages or disadvantages derived 
from the proposed activities, which in itself will not be a simple or straight­
forward task. Identifying the right set of variables that allow one to directly 
measure the impact of a decision on the health of all species and forecast future 
impacts involves dealing with (i) difficulties detecting changes in ecological 
drivers of vulnerability and resilience for all species within an effected ecosys­
tem, (ii) insufficient evidence and agreement on the identification of thresholds 
of impacts that are un/acceptable, (iii) the lack of methods that can integrate mul­
tiple socio-ecological scales, (iv) the effects of socio-ecological processes may 
take decades before changes can be seen, making it hard to recognize relation­
ships, and (v) institutional inertia or barriers to co-managing data, intersectoral or 
interagency relationships, and interdisciplinary knowledge production. 
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There is a clear urgency to fully address health inequity as we plan strategies 
and interventions to cope with the threats and changes acting at the interface of 
animals, health, and society. One Health actions need to be attentive to barriers 
preventing individuals and populations, be they human or animals, from access­
ing and benefiting from the conditions needed to reach their full health potential. 
Paying attention to the “causes of the causes” of poor health and how they are 
distributed across species can both help prevent unanticipated consequences and 
ensure that we create circumstances that concurrently protect and promote the 
health of people, animals, and their shared environment in a just and fair manner. 
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The World Health Organization’s (WHO) World Health Assembly declared in 
1977 that a major goal of governments around the world should be to ensure that 
all people can attain a level of health that would lead them to live a socially and 
economically productive life (WHO, 1981). This was the start of a Health for All 
movement. Health for All set out to evenly distribute resources for health and 
make essential health care accessible to everyone. Health promotion, the process 
of enabling people to increase control over and improve their health, is a cor-
nerstone of Health for All. One Health has reminded society that Health for Us 
(people) cannot be achieved without attending to the Health of Them (animals 
and ecosystems). The UN 2030 Sustainable Development Goals affirmed that 
healthy environments and healthy animals are essential for human health and 
human rights. Other sectors are also responding to the calls for healthy equity 
across people, animals, and environments. Agriculture is acting on consumer 
concerns about the inherent value of farmed animal health while attending to 
the economic health of farms and protecting human health through on-farm food 
safety and security. Processes enlarging people’s choices to lead long and healthy 
lives and enjoy decent standards of living (known as the human development 
agenda) are realizing that functional and sustainable ecosystems are needed for 
human health, wellness, and cultural well-being. The Health for All movement 
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can no longer only include people in the category of “all” if its founding goals are 
to be achieved. Health for All needs new principles and new ways of knowing and 
measuring health as an interdependent resource shared by people, animals, and 
ecosystems. This chapter introduces some core concepts of health promotion and 
explores how they may be applied in a One Health world. 

HEALTH PROMOTION GUIDING PRINCIPLES 
AND VALUES FOR AN INTERCONNECTED WORLD 

The pace of social and ecological changes, the interconnections and interdepen­
dencies of species and ecosystems, and the problems this complexity creates 
require prompt attention. In a world of concurrent interacting harms, tackling one 
disease in one species at a time is neither practical nor efficient. We cannot always 
rely on the next new problem to inspire action. Health promotion needs to focus 
on promoting health across species in advance of harm and ensure that action to 
promote the health of one species does not adversely impact the health of others 
(see Chapter 3 for more discussion on interspecies health equity). 

The concept of health is conceived and applied differently depending on the 
species, context, and culture (see Chapter 2). Promoting the health of chickens in a 
subtropical extensive farm, for example, will involve different goals, priorities, and 
partners than promoting the health of marginalized poor people in an urban inner-
city environment. Health promoters must be sensitive to the variety of health goals 
that arise from the differing opinions of what constitutes health and its determinants. 
There are, however, commonalities between how one could approach health promo­
tion in such diverse situations. Health promotion generally sees health as more than 
being physically and mentally well. It includes the ability to use skills, knowledge, 
and resources that give individuals or populations the ability to manage and even to 
change their surroundings and circumstances to feel well and live a fulfilling life. 
Health promotion builds capacity to cope with the circumstances of everyday living. 

Health promotion was founded on principles of justice, equity, empowerment, 
and self-determination (Davies, 2013). Health promotion has the dual task of 
improving health and increasing opportunities to have more control over it. It tries 
to make it easier for people to make good choices that lead to healthier condi­
tions by equipping them to make healthy choices while also creating conditions that 
make those choices easier. Promoting health means improving, advancing, support­
ing, encouraging, and placing health higher on personal and public agendas. Health 
promotion that uses a true socio-ecological perspective must mediate relationships 
between people, animals, and their environments by linking the actions individuals 
take in their own interest with outcomes that help the other domains. In doing so, it 
creates the social and environmental conditions conducive to health for all. 

Health promotion primarily takes place outside of the health care sector. Let us 
clarify that sentence. There is a difference between most of clinical care (which 
can be conceived as disease service) and health promotion. Health promotion can 
be interested in the question of why some people or animals have better access to 
and benefit from clinical care services. This might involve questions of why some 
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marginalized people fail to receive the care they require. It may involve asking 
why non-charismatic wildlife species fail to get the protective services they need 
or why people in poverty have less access to veterinary care for their animals. 
Many of the impediments to access to care, such as cultural biases, economic 
opportunities, or geographic location, fall outside of the diseases service sector. 
Broadly speaking, health promotion takes place outside of the health care clinical 
service sector because the personal, social, and environmental determinants of 
health are generally also found outside of that sector. 

Health promotion tries to understand and influence social and environmental 
capacity to be healthy rather than target biomedical or technical interventions to 
take people, animals, or environments out of a diseased state. Health promotion 
perspectives and tools fall across a spectrum ranging from understanding human 
behaviour that influences the need for, access to, and use of clinical services to 
work on the moral and political environments that influence health equity (Davies, 
2013). Regardless of where health promoters sit in this spectrum, they serve the 
needs of the population as a whole in the context of their daily lives. They seek 
opportunities to promote action to protect and sustain the root sources of health. 

Once we advocate for a model of health promotion that sees Health for All as 
an interspecies and intergenerational activity, it becomes increasingly complex to 
understand, implement, and evaluate multifaceted health promotion efforts. There 
is no guarantee that all the authors of this book share the same perspective of health 
promotion, nor do they recognize a shared set of values and principles that drive their 
actions at the animal-health-society interface. Despite these differences, there are 
shared core values, perspectives, and methods that resonate across fields, disciplines, 
and approaches that work at the human-animal-environment nexus (Table 4.1). 

A growing number of fields look at the complex of physical, social, economic, 
and environmental relationships that determine health, but they emphasize dif­
ferent aspects of those relationships. EcoHealth, for example, goes beyond health 
promotion’s “traditional” emphasis on the social determinants of health and uses 
a transdisciplinary approach to examine the ecosocial aspects of health. Global 
health research uses equity-centred, problem-focused, systems-based approaches 
to find upstream determinants that could make people more resilient to social 
and ecological factors impacting their health (Stephen and Daibes, 2010). For 
example, significant attention has been placed on women’s empowerment as a 
path to food security. This can be illustrated by a study in Bangladesh that found 
increases in women’s empowerment were positively associated with calorie avail­
ability and dietary diversity at the household level (Sraboni et al., 2014). While lit­
tle is written about health promotion in veterinary medicine, the field has adapted 
and applied some core concepts and methods familiar to health promotion in its 
efforts to promote sustainable food systems, deliver disease control programmes, 
and protect wildlife health. Conservation science applies some of the values, per­
spectives, and tools found in health promotion in order to achieve conservations 
goals. Community‐based conservation projects, for example, need to pay atten­
tion to how people, and especially poorer people, are enabled to take more control 
over their own lives and secure a better livelihood in the face of conservation 
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TABLE 4.1 
Ten Perspectives Shared by Many Allied Health Disciplines Trying to 
Promote and Protect Health of Different Species in Different Situations 

People and animals exist in multiple scales, from the individual to group, community, population, 
and ecosystem level, and from local to regional to global scales. Health is affected by and affects 
relationships within and across these scales 

The knowledge, culture, resources, skills, and processes people bring with them to a health 
promotion situation are valued. Those being asked to make a choice or implement an action need to 
actively participate in the health promotion process 

People construct their knowledge and worldviews differently based on their culture, experience, and 
expertise. There is not one truth that will work for everyone, so health promotion needs to be 
pragmatic and adaptive 

New knowledge has its own merits but without the capacity to mobilize knowledge to the people 
who can act to make the necessary changes, little will come of it 

Health outcomes like longevity or lack of disease are not the end goals. The goal is to sustainably 
allow individuals or populations to fulfil their purpose, whether social, ecological, or otherwise, and 
therefore have a good life 

Relationships between those who have power and those who do not should not result in differences 
in health that are unnecessary, avoidable, unfair, or unjust 

Health promotion is context specific. Activities and interventions need to account for local 
circumstances and conditions 

Health improvements depend on the development of an environment that is conducive to and 
supportive of healthy choices and actions 

Social forces and social relationships are critical determinants of what we value as being healthy and 
why we undertake health-promoting activities 

Health promotion directs actions towards the socio-ecological determinants of health. It requires 
co-operation across multiple sectors and combines diverse but complementary approaches 

Sources: Adapted from Gregg and O’Hara, 2007; WHO, 1984. 

actions (Berkes, 2004). Although the term health promotion may not be widely 
used outside of the human population health and public health fields, its core 
values and concepts are found wherever the goal is to help people take actions to 
protect health by proactively addressing the social and environmental obstacles to 
making and implementing healthy choices. 

EMPOWERMENT – A KEY TO HEALTH PROMOTION 

The word empowerment comes up a lot in health promotion literature. People 
are empowered when they have access to and can use their knowledge, self-
esteem, self-confidence, self-efficacy, and autonomy to act (Tengland, 2007). 
Empowerment helps people gain control over and influence events and outcomes 
important to them. In the case of this book, empowerment means gaining mastery 
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over the knowledge needed to influence circumstances that protect and promote 
the health of animals and ecosystems along with the health of people and their 
communities. Feelings of empowerment fuel action. 

The path to empowerment begins by identifying personally meaningful goals 
related to a person’s or his or her communities’ power to make and implement deci­
sions (Cattaneo and Chapman, 2010). Goals leading to empowerment cannot be 
imposed upon a person or a group. Imposing a goal, when it differs from another 
person’s, will not facilitate that person’s empowerment process. Empowerment 
requires a person to believe in his or her abilities to act when he or she has the 
power to do so (this is known as their self-efficacy). A person’s perceptions of the 
success or failure of an action will strongly influence his or her perceptions of 
self-efficacy, and thus the ability or willingness to keep acting. Once empowered, 
people can have some control or influence over the next steps to accomplish their 
goals. Helping people become empowered requires developing an understanding of 
the relevant social context, power dynamics at play, the possible means to achieve 
control over attaining goals, and the resources needed to set a course of action. 

Empowering is not without its challenges. Power dynamics play a role. For 
example, when we give an individual more power over his or her own choices, 
we may decrease the power of someone else (or some organization) to determine 
those choices. This tension can manifest itself differently across various sectors as 
well as in different cultures. Actions that empower one community in one situation 
could disempower another community in another situation. These types of tensions 
have been manifested as previous colonial powers negotiate new ways to manage 
wildlife or natural resources with Indigenous governments in co-management sys­
tems. Co-management provides direct involvement for Indigenous governments 
and organizations in wildlife management, sharing management responsibility 
between governments, users, and renewable resource boards rather than retain­
ing power in one government agency. Trying to change power dynamics can have 
unintended and negative consequences if it triggers actions from a repressive 
authority. Individuals or groups that are marginalized as power dynamics shift 
may not equitably benefit from actions intended to empower the entire community. 

Further challenges can arise by a choice to make top-down or bottom-up decisions 
on priorities and actions. What if a health promoter, for example, decides the priori­
ties for action should focus on a disease-prevention programme but the community 
members prioritize food security actions? Who decides who needs to be empowered 
and for what? While there is significant literature exploring these tensions, questions, 
and challenges, there is no one best approach to empower people or communities. 
A careful understanding of needs, power dynamics, and the local circumstances is 
essential before making any decisions on who to empower, for what, and how. 

STRATEGIES AND COMPETENCES FOR 
CROSS-SECTORAL HEALTH PROMOTION 

The WHO’s Ottawa Charter for Health Promotion (1986) set five strategies that 
are essential for successful health promotion (Table 4.2). 
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TABLE 4.2 
Five Strategies for Health Promotion Established in the Ottawa Charter 
for Health Promotion (WHO, 1986) 

Build healthy public policy 

Create supportive environments 

Strengthen community action 

Develop personal skills 

Reorient health services 

The first strategy, the healthy public policy approach, refers to the need to be 
concerned with the implications of all public policies on the social, personal, bio­
logical, and ecological influences on health (known as the determinants of health; 
see Chapter 1) and not just health policy. The aim is to shine a health light on all 
policies that can influence social and natural environments affecting health and 
the ability to make healthy choices. (See Chapter 10 for a more detailed discus­
sion of healthy public policy.) This supports the creation of situations and circum­
stances that allow people to be healthy. The Ottawa Charter recognized the need 
not only to create social circumstances for health but also the criticality of protect­
ing the natural and built environments and natural resources when constructing 
supportive health environments. Community empowerment and actions are at the 
heart of health promotion, making strengthened community action a health pro­
motion pillar. Translating community support into personal action requires people 
to develop the personal skills to exercise more control over their own health and 
over the environments where they live, work, and play. In doing so, they can create 
and access options to be healthy. The fifth strategy encouraged us to see health 
systems not as doctors, nurses, and hospitals but as a collaboration of individuals, 
community groups, professionals, institutions, and governments which connect the 
health sector with broader social, political, economic, physical, and natural envi­
ronmental components, the goal is to move beyond providing clinical and curative 
services to partnerships in the pursuit of health. Intersectoral action, interorgani­
zational partnerships, community engagement and participation, creating healthy 
settings, political commitment, funding and infrastructure, and awareness of the 
socio-environmental context are all essential for successful health promotion. 

Health promoters strategically work with others to influence behaviours, deci­
sions, and determinants of health across sectors (WHO, 1998). There have been 
and continue to be efforts to define essential health promotion skills, attitudes, 
and knowledge. Table 4.3 synthesizes some of these efforts and generalizes them 
for work across species. 

The ideals and principles of health promotion tend to be shared across jurisdic­
tions, but their emphasis and organization can differ with different target audi­
ences (Hyndman, 2009). Patrick et al., (2012), for example, emphasized the need 
for health promotion to re-engage with the interconnectedness of humans and the 
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TABLE 4.3 
Cross-Sectoral Health Promotion Competencies for Reciprocal Care 

Attitude or Perspective Domains of Thinking or Doing 
Systems thinking Understands the socio-ecological model of health and the 

determinants of health framework and can apply them to 
problem assessment and programme planning 

Integrates, assesses, and communicates complex and 
diverse evidence and types of knowledge in an 
understandable manner 

Can identify the people and settings involved in an issue as 
well as their interrelationships and current situations 

Facilitates change Can identify, engage, and work with communities and 
individuals seeking or requiring help to act or make 
health-promoting decisions 

Can develop strategic action plans that are feasible, 
acceptable, and effective in the realities encountered in 
the involved circumstances, communities, and individuals 

Supports and enables incremental change to a healthier 
situation using available knowledge and resources while 
promoting longer-term gains coming from new 
knowledge and changed situations 

Evidence-based and action-oriented Can systematically and effectively bridge the knowing-to­
doing gap in people and organizations 

Uses evidence-based approaches to planning, recognizing 
the diverse types of knowledge and perceptions of 
evidence relevant to health promotion 

Adapts to local context and Can build partnerships, alliances, and coalitions to develop 
circumstances accessible, feasible, and effective actions sensitive to and 

relevant to the local setting and local people 

Can identify locally relevant structural and social barriers 
and opportunities to equitable and just distributions of 
health determinants, resources, and services 

Can identify critical social, environmental, or behavioural 
factors that promote or compromise meeting health goals 
within a local socio-ecological system 

Sources: Adapted from Allegrante et al., 2009; Hyndman, 2009. 

natural environment and adopt ideas from the sustainability field while remain­
ing attentive to core competencies, if it aims to rise to the challenge of climate 
change. Hancock (2015) similarly recommended more emphasis on the “eco” 
side of the socio-ecological approach if population health and health promotion 
want to deal with the new planetary challenges emerging in the Anthropocene. 
Although a common language by which health promotion and its meaning can be 
communicated beyond the human health sector is still lacking, there is substantial 
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overlap in lists of competencies for One Health and EcoHealth (e.g. Charron, 2012; 
Stephen and Stemshorn, 2016) with those of health promotion. Competencies for 
partnering, collaborating, leading, systems thinking, strategic planning, commu­
nicating, evaluating, and enabling action across disciplines arise whenever people 
seek to mobilize knowledge and resources for sustainable change. 

Health promoters need leadership skills to imagine and implement strategic 
actions for developing policy, mobilizing, and managing resources for health pro­
motion, and building capacity. Advocacy with and on behalf of individuals and 
communities or other species is part of the health promoters’ purview. Being able 
to assess the needs and assets in communities and systems will help to develop 
measurable goals and objectives that are acceptable to the community as well as 
target research and interventions to develop the resources, capacity, and knowledge 
to achieve those goals. Health promoters must be able to determine the effective­
ness of actions and policies in order to enable evidence-based, culturally sensi­
tive, and ethical actions that can effectively produce the greatest improvements of 
health within the available resources. In addition to these skills, an effective health 
promoter needs to be able to work well with others. Working collaboratively across 
disciplines, sectors, and partners is essential to enhance the impact and sustain-
ability of health promotion programmes and policies (Fertman et al., 2016). 

THE SOCIO-ECOLOGICAL APPROACH 

The socio-ecological model of health was introduced in Chapter 1. It was first 
used in the 1970s to understand human development (Kilanowski, 2017). At its 
essence, the socio-ecological model recognizes that there is a nested hierarchy 
of interacting factors that determine the resources and opportunities that influ­
ence an individual’s well-being. Key messages for One Health from the socio­
ecological approach are provided in Table 4.4. The model can be thought of as 

TABLE 4.4 
The Key Messages of the Socio-Ecological Model of Health 

Key Messages 
No single factor can explain why one individual (or community, or species, or systems) is healthy 
and others are not 

There are many social, built, and natural environments with which an individual’s biological 
endowment interacts to result in healthier outcomes 

There are multiple levels of influence to shape the opportunities for healthy choices. Directing action 
at roots causes found in the outer circles of the socio-ecological model (known as upstream 
determinants) can have broad and significant influences on downstream outcomes 

The interrelations among various circles in the socio-ecological model are dynamic and 
context-specific 

The most effective approach to health promotion uses a combination of interventions at all levels of 
the model 
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FIGURE 4.1 An example of nested hierarchy to represent the socio-ecological model 
of health. The model emphasizes how relationships and forces beyond an individual level 
influence health of individuals, populations, and communities. The model represents how 
behaviours, decisions, and actions to influence health can be found beyond the level of the 
individual. 

a series of nested relationships, with an individual at the core (Figure 4.1). The 
inner core contains an individual’s attributes and interactions and relationships 
with his or her immediate surroundings. It contains the individuals’ biological 
endowment, skills, and knowledge. The social and non-human environments 
include interactions with other individuals and the needs for daily living (like 
food and water) and hazards. The third level exerts social forces that positively 
or negatively influence relationships that are subordinate in this nested hierar­
chy. Examples here include social organizations and policies. Next come the 
capacities and services that ecosystems give us, that provide the “raw materials” 
found in our relationships with our immediate world that enable social deci­
sions. Beyond this are global and planetary forces, both historic and current, 
that influence all aspects of the system, such as climate change. This model can 
be readily adapted to different circumstance and species as all types of health 
(individual, species, systems, communities) are influenced by higher and lower 
levels of organization. 
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There are many examples of socio-ecological thinking in the One Health and 
EcoHealth. Parkes and Horwitz (2009), for example, used watersheds as an inte­
grating concept to more effectively link human well-being, health promotion, and 
disease prevention with ecosystem management at the local, regional, and global 
scales. The socio-ecological model underpinned calls for systems-based public 
health approaches to a climate change (Morris, 2010). The theory and practice of 
understanding and managing human activities as a socio-ecological system were 
used extensively in the Millennium Ecosystem Assessment (Zinsstag et al., 2011). 
Identifying linkages between human, animal, and ecosystem health and strategi­
cally communicating that information can influence how people consider their 
own behaviours such that they optimize benefits across these systems (Lapinski 
et al., 2015). 

The socio-ecological model of health is most often used in reference to social 
forces influencing human health. One Health and EcoHealth more often refer to 
socio-ecological systems thinking rather than the socio-ecological model of health 
described in the UN Ottawa Charter for Health Promotion. The term socio-ecological 
system was coined in the 1970s to refer to an ecological system’s intricate links 
with and relationships with social systems. It was further developed in the 1990s 
to find ways to “match the dynamics of institutions with the dynamics of eco­
systems for mutual socio-ecological resilience and improved performance” for 
local resource management (Colding and Barthel, 2019). Agriculture, sustainable 
development, infectious disease dynamics, conservation, and veterinary services 
delivery are just a few examples where there are problems being conceived of 
and managed as socio-ecological systems. Rüegg et al. (2017) noted that “many 
health decisions are linked to dilemmas between scales, namely, individual ver­
sus social or global ecological interests. The solution lies in a continuous process 
of negotiation that includes all stakeholders and results in benefits from the inter­
action between different sectors. One Health acknowledges that people’s choices 
are made within the context of economic, social and cultural values.” Chapter 7 
provides more detail on systems thinking in a health context. 

Systems thinking can be hard and it can be messy, but there are three core 
systems concepts that can guide your thinking. First, a system is made up of 
parts, relationships, functions, and products. Understanding the relationships is as 
much or more important than knowing the parts. Second, because these relation­
ships can be complex and dynamic, and because there are feedbacks, synergies, 
and antagonisms within relationships, systems do not act in a linear predictable 
fashion. Surprises are to be expected. Third, the goal of applying a systems per­
spective is not to elucidate the intricacies of all parts, products, functions, and 
all relationships. The goal is to know them well enough to find entry points that 
allow you to start to work in the system to find the leverage points where a small 
intervention can have a meaningful impact. Systems thinking has been applied to 
many different fields from health, to computers, to biology, and more. Interested 
readers will find few challenges in locating additional books and publications on 
systems thinking, but we encourage you to start exploring systems thinking in 
EcoHealth to bridge systems science with health management. 
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ANIMALS, HEALTH, AND SOCIETY 

Rudolf Virchow, the 19th-century physician, pathologist, and biologist, is often 
quoted as saying, “between animal and human medicine there is no dividing line – 
nor should there be.” There is abundant literature on the influences of animals on 
human health and on the dependencies of animal health and ecosystems’ integ­
rity on human decisions. As seen in the diverse examples throughout this book, 
“animals are part of the fabric of life, all around the world” (Rock et al., 2009). 
Animals are sources of many determinants of human health. Lack of attention 
to the interdependence of human and animal health neglects opportunities for 
reciprocal care in health promotion. 

There is no shortage of examples in recent years exemplifying the need to work 
across the species divide to find shared solutions to shared problems through col­
lective, cross-sectoral action. Antimicrobial resistance is an archetype of the co­
benefits of a collaborative and cross-sectoral approach to a health threat. A One 
Health assessment of antimicrobial resistance would not only examine the impli­
cations for clinical care of people but also wider societal costs, impacts on animal 
health and welfare, higher costs of animal-origin food production, and reduced 
consumer confidence in food safety and international trade (Queenan et al., 2016). 
A greater understanding is required by the medical and veterinary sectors alike 
of how health-seeking behaviour – for ourselves, our families, and our animals – 
influences the pandemics of multi-drug-resistant pathogens (Queenan et al., 2016) 
(see Chapter 23 for a more detailed consideration of this issue). Romenalli et al. 
(2014) argued that a better understanding of the relationships between biodiver­
sity, health, and disease presents “major opportunities for policy development 
and can enhance our understanding of how health-focused measures influence 
biodiversity and how conservation measures affect health.” The dynamic and 
complex interdependence of people, animals, and the environment, and how they 
are collectively impacted by disasters, underscores the need for a cross-species 
health promotion approaches to disaster management (Gallagher et al., in press). 
A comprehensive, systems thinking approach that incorporates human, animal, 
and environmental considerations into each of the continuous and overlapping 
disaster management phases of mitigation, preparedness, response, and recov­
ery is essential for inclusive and multi-sectoral actions to mitigate a disaster’s 
impacts. As a final example, the similarities between obesity in people and com­
panion animals speak to the need to address shared environmental and lifestyle 
elements of this multifactorial disease (Bomberg et al., 2017). 

There are even more examples of how health of one species can promote the 
health of another. Livestock contribute to health security either directly through 
consumption or indirectly through sales. Without healthy livestock, income and 
nutritional benefits would evaporate for livestock farmers (which include many of 
the world’s poor people), hence the focus on livestock disease control for inter­
national organizations such as the World Organization for Animal Health (also 
known as the OIE). Chapter 18 illustrates the important role healthy animals 
play in poverty reduction, food security, and farm sustainability in Sri Lanka. 
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Livestock provide cash for farmers and their families, fertilizer in the form of 
manure, draft power, and they can boost sustainable crop production in mixed 
crop-livestock systems (Smith et al., 2013). Livestock production can transform 
human well-being by enhancing food and income security to pay for education, 
basic needs, and other health care. Wildlife and fish provide consumptive and 
non-consumptive economic resources for many Indigenous, rural, and remote 
communities around the world (Stephen and Duncan, 2017). They provide a sense 
of identity and purpose for a variety of natural resource workers and Aboriginal 
peoples. Recreational fishing, hunting, and other nature uses can promote exer­
cise and group membership leading to healthy lifestyles and diets. Personal and 
spiritual connections with animals can influence healthy childhood development, 
mental health, and personal coping skills. O’Bryan et al. (2018) argue that preda­
tors and scavengers have far-reaching benefits to human health through disease 
mitigation, agricultural production, and waste-disposal services, and at the same 
time they show that human decisions are the key driver to the continued existence 
of these species. 

In return for all these benefits, human actions and decisions are the primary 
modifier of the determinants of animal and ecosystem health. How we use ani­
mals, house them, shape their built or natural environments, and regulate their 
access to vital needs for living determine if some species thrive and others dis­
appear. Unfortunately, constructive, well-balanced, and informed practices and 
policies that try to co-manage animal, human, and environmental health are rare. 
Many fields and programmes talk about it but few equally invest in concurrent 
care of people, animals, and environments. The question is no longer: Should we 
act together?” but “With whom can we act, and how can we act together?” 

reciprocal care HealtH promotion teams

When there is a clear and urgent goal that transcends the needs, interests, and 
abilities of individuals, teams are necessary. The changes being witnessed in the 
Anthropocene that transcend single disciplines are shifting scientific disciplines 
away from their own unique solutions to problems. Given the complexity of health 
issues at the animal-environment-society interface, various types of partnerships 
will be essential to ensure that investigations and interventions are relevant to the 
priority population for whom they are intended, and are meaningful and appropri­
ate to the targeted communities, populations, and species. 

There is a variety of terms used to describe cooperative work of differ­
ent groups or disciplines. Descriptors using the prefix “multi” are assigned to 
situations where different professional groups or disciplines work together. 
Multidisciplinary approaches allow teams to address a problem by more than 
one perspective, but members stay rooted in their own disciplines. Building the 
circumstances and situations conducive to reciprocal care of human, animal, 
and environmental health requires a wide suite of skills, capacities, connections, 
and knowledge, and therefore, a reciprocal care health promotion team must, at 
the least, have a multidisciplinary organization and orientation. When the prefix 
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“inter” is assigned to a team, it does more than work together. It also integrates 
knowledge and methods from different disciplines, striving to transfer knowledge 
from one discipline to another in order to synthesize knowledge and methods into 
a single coherent approach. Once the term “trans” is assigned to the team, such 
as transdisciplinary, the team is looking to transcend any disciplinary approach. 
Most often it is used to describe teams that go beyond academic interdisciplinarity 
to engage directly with the production and use of knowledge outside the academic 
environment to support action-oriented work. The composition of these various 
types of teams and the processes they use to work together will, and should, vary 
with the context of the problems they address. EcoHealth and, increasingly, One 
Health are using transdisciplinary approaches to address the health of people, 
animals, and ecosystems. 

Health promotion uses interdisciplinary and transdisciplinary perspectives 
and methods. It brings together practitioners from varied disciplinary back­
grounds with the communities they serve to collectively address key determi­
nants of health in the most effective manner (Orme et al., 2007). Team members 
bring with them their own histories, values, and knowledge. Having a shared 
conceptual framework for the problem at hand is, therefore, essential for transdis­
ciplinary teams. Without a shared conceptual framework, team members might 
find themselves working on the same problem but on “different paths,” which 
could lead to disjointed outcomes and delays in research-to-action timelines (Min 
et al., 2013). There are several other challenges transdisciplinary teams confront 
such as; recognizing that a way of thinking that is appropriate in one situation 
can be inappropriate in another; unbalanced problem ownership; conflicts in the 
selection and application of methods; and even finding agreement that a transdis­
ciplinary approach is appropriate (Norris et al., 2016). It can be challenging to 
overcome disciplinary perspectives in transdisciplinary teams. Dialogue at the 
outset of team building on how various forms of knowledge and perspective will 
be shared, respected, and accommodated can help avoid future team conflict. 

HEALTH PROMOTION IN A ONE HEALTH WORLD 

A foundational concept of health promotion is, “The overall guiding principle for 
the world, nations, regions and communities alike, is the need to encourage recip­
rocal maintenance – to take care of each other, our communities and our natural 
environment” (WHO, 1986). It has been rare that coordinated and collaborative 
efforts truly seek policy and programme outcomes that concurrently take care of 
each other, our communities, and the natural environment. Too often there are 
winners and there are losers. Conservation programmes that protect wildlife but 
drive marginalized communities into poverty are not health promotion in this 
sense. Nor are programmes protecting people from emerging infections by elimi­
nating wildlife reservoirs of those infections. In the world of specialists, it is rare 
to find a person who can think across and within the relationships between our­
selves, our communities, and our natural environments. Chapter 5 provides some 
thinking on how we might get better at doing so, but elements of this trans-species 
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thinking can be found throughout many of the case studies presented in this book. 
The goal of this book is to provide some foundational concepts and case stud­
ies to encourage future practitioners of true reciprocal care who are willing to 
become “specialized generalists”: that is, those people skilled at looking across 
disciplines, values, species, and generations; able to inspire incremental improve­
ments in health that provide mutual benefits to animals, societies, individuals, 
and ecosystems. 
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INTRODUCTION

Drawing on precedents and convergence across disciplines, sectors, and cultures, 
this chapter identifies, examines, and profiles key characteristics of an integra-
tive shift in how health is protected, promoted, and planned for. A preoccupation 
with specialization is starting to be balanced with a re-emphasis on integrative 
approaches that include and are informed by Indigenous knowledges that have 
fostered this awareness for many thousands of years (Durie, 2004; McGregor, 
2004; Parkes, 2011; Redvers, 2018). This chapter examines the value of addressing 
the WHOLE (Well-being and Health Oriented to Living Systems and Equity) as 
a foundation for a healthy, equitable, and ecologically sustainable future. Whether 
the focus is on individuals, or groups, of humans, animals, or other species, any 
approach to protecting, promoting, and planning for health and well-being will 
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fall short if it is not oriented to equity as well as ecosystems (living systems) 
within our planetary home. A WHOLE perspective recognizes that without the 
living systems we depend on, health, equity, and life itself are simply not pos­
sible. A living systems view also demands attention to equity, across cultures, 
generations, species, and society and across scales from the local to the global 
(see Capra and Luisi, 2014; Wahl, 2016; Horwitz and Parkes, 2019). 

In a time when our health systems are being confronted by what can seem 
to be competing and converging imperatives ranging from climate change to 
the COVID-19 pandemic, WHOLE approaches are more necessary than ever. 
An emphasis on WHOLE systems resonates with other efforts paying attention 
to transformative, creative, collective, and integrative approaches to health in 
social and ecological context, especially those that foster regenerative rather than 
degenerative processes (Waltner-Toews, 2004; Brown, 2007; Poland and Dooris, 
2010; Fullerton, 2015; Bartlett et al., 2015; Benne and Mang, 2015; Wahl, 2016; 
Gislason et al., 2018; Ratima et al., 2019; Redvers, 2018; White, 2019). Orientation 
to WHOLE systems demands that we work together in new ways and focus our 
attention to both knowledge(s) and action(s). A WHOLE approach draws on many 
efforts to appraise health in relation to both ecological and social contexts, span­
ning, for example: ecosocial approaches; socio-ecological health; social-ecologi­
cal systems and health; ecohealth; planetary health; and One Health1 (Zinsstag et 
al., 2011; Hallström et al., 2015; Hancock et al., 2017; Buse et al., 2018; Harrison 
et al., 2019; Parkes et al., 2020). Attention to the WHOLE brings to the fore 
interrelationships between knowledge, participation, and action from the outset 
of our efforts. This requires awareness of what we hold in mind as we enter into a 
WHOLE-systems approach, and the questions we ask as we progress. 

A primary point of reference and starting point, therefore, is the need for atten­
tion to both content and process, where what we know is directly in relation to 
how we know it and will inform how responses are designed (Parkes et al., 2012; 
Cole et al., 2018). An integrative turn, in relation to concepts, content and knowl­
edge, has increased potential for impact if it is combined and “matched” with 
an overtly collaborative turn, in relation to processes, practices, and actions. A 
combined integrative and collaborative turn leads to an emphasis on asking dif­
ferent kinds of questions (see, for example, Brown, 2010; Wahl, 2016). Along 
these lines, the WHOLE acronym can also stand for “Who and How are we Open 
to Listen, and Engage/exchange?” This question extends attention beyond the act 
of integrating knowledge(s) about a specific content or topic area, towards the 
processes of interaction, exchange, and potential collaboration among knowledge 
holders (Parkes et al., 2012). This combined content and process emphasis under­
scores an active, dynamic, and oftentimes complex relationship between issues 
being observed (the objects and subjects under consideration) and the interac­
tions of the observer(s) of the issue, including those who may be working together 
to do the observing, and how this will influence what is addressed. Awareness 
of interrelationships between observations and observer(s), between knowledge 
and action, and the nuances of integration, participation, and collaboration are 
important considerations when seeking to address complex health, ecological, 
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and equity concerns (see Brown, 2010; Parkes et al., 2012; Parkes, 2015; Brown 
et al., 2019). 

An implication of the WHOLE view is the respect for, and relevance of, cross­
ing boundaries between worldviews and cultures, between knowledge and action, 
between research and policy, and between theory and practice. A focus on appli­
cation and implementation (and learning about both) should be familiar to many 
working in human health care and veterinary practice. It is also increasingly 
important when health and well-being are considered beyond individuals or single 
species, and across the range of personal, public, population, and planetary health. 

The WHOLE approach asks us to shift from describing and analyzing “prob­
lems” and “solutions” (e.g. how can I describe this problem to select the “right” 
solution?) towards strength-based orientations that privilege contextually nuanced, 
regenerative, restorative, and emergent principles and perspectives (e.g. what do 
we need to know and understand about this system in order to enhance conditions 
for thriving?). A WHOLE view also highlights axes of equity that need more atten­
tion, specifically in relation to future generations and those who have less or no 
voice within our existing knowledge generation and decision-making processes, 
including other species beyond humans (see de Groot, 1998; Masuda et al., 2008; 
Poland and Dooris, 2010; Masuda et al., 2014; and Chapter 3 for more on healthy 
equity in One Health). A WHOLE perspective prompts the question: Who or what 
is this work serving? and drives a need to respond in ways that identify, create, and 
promote co-benefits for the health of humans, animals, and other species. 

This chapter presents ideas and processes that can enhance and operational­
ize a WHOLE approach through strength-based and appreciative processes. The 
chapter begins by considering the role of the “specialist generalist” in undertaking 
or engaging with this kind of work, with attention to learning cycles (described in 
Brown, 2005, 2010) relevant to creating healthy WHOLE systems change. The rest 
of the chapter is structured around the four questions within Brown’s collective 
learning cycle, where each learning stage poses the questions: “What should be?” 
“What is?” “What could be?” and “What can be?” (Brown, 2010). The chapter 
concludes by revisiting the role of the “specialized generalist” in understanding 
and responding to contemporary health and well-being challenges while oriented 
to living systems and equity for the benefits of both people and other species. 

ADDRESSING WHOLE SYSTEMS AS A 
“SPECIALIZED GENERALIST” 

The idea of a “specialized generalist” (Kates, 1967) is a phrase that is neither new 
nor clearly defined. The idea tends to arise in relation to strengthening capac­
ity for applied knowledge and innovation, including the dynamic capabilities of 
“T-shaped professionals” and a combination of special expertise and collabora­
tive capacities needed to respond to complex 21st-century challenges, spanning 
health, environmental, design, and systems contexts (Barile and Saviano, 2013; 
Boumeester, 2014; Donofrio et al., 2018; Ashhurst, 2019; Lisefski, 2019). The idea 
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of a “specialized generalist” has particular relevance when addressing well-being 
and health oriented to both living systems and equity. This is because a WHOLE 
approach requires a generalist orientation (e.g. attention to and synthesis across 
general principles, patterns, and practices) supported by a specialized suite of 
knowledge, attitudes, and skills (including specific tools and processes), required 
to put general principles into practice in different contexts, settings, and circum­
stances. A sense of reciprocity is important for this framing: A generalist founda­
tion that enables bridging across expertise may be supported by specialization, and 
specific expertise may be complemented by capabilities in communicating and 
working across different types of knowledge. In either case, an essential feature 
of this perspective is a forward-looking, applied, and collaborative emphasis on 
design, application, implementation, and change that is considered to be equally 
important, if not more, to specific expertise, research, analysis, and prediction. 
In the language of Boyer (1990), while the specialized generalist may value and 
benefit from the “scholarship of discovery,” emphasis and value are also focused 
on the knowledge and practice advances arising from the “scholarship of teaching 
and learning,” with the “scholarship of integration,” “scholarship of application,” 
and what Woollard (2006) describes as the “scholarship of engagement.” 

The role of both understanding and working across and among different 
knowledge systems has been proposed in a variety of other health-related con­
texts. Adapting from the WHO (2000) partnership orientation of “Towards Unity 
for Health,” Woollard (2006) emphasized the value of working across the “part­
nership pentagram” of policymakers, health professionals, academic institutions, 
communities, and health administrators. In the context of emerging infectious 
diseases, Parkes et al. (2005, Figure 1) underscore the importance of applying 
transdisciplinary thinking to connecting not only across different disciplines but 
also among different types of knowledge (including communities and cultures, 
practitioners and field workers, disciplines, sectors, and units of governance). 
These efforts resonate with ongoing and expanding work that focuses on transdis­
ciplinary research as a form of knowledge generation that transcends disciplinary 
boundaries and values other knowledge systems, often in relation to complex and 
wicked problems (see, for example, Brown, 2010; Pohl, 2011; Lang et al., 2012). 

Brown’s work elaborates on the need to identify and value different kinds of 
knowledge, in ways that combine a big-picture, integrative (also holistic) general­
ist perspective with the specialized skills required to actively engage different 
knowledge cultures. Brown recognizes “Individual” (personal lived experience), 
“Community” (shared place-based lived experience), “Specialized” (academic 
disciplines and professions), “Organizational” (strategic agendas, regulations, 
policies), and “Holistic” (synthesis, metaphors, images) knowledge cultures, not­
ing that individuals are often engaged with several of these (Brown, 2010; Brown 
et al., 2019). Brown’s “collective learning cycle” (sometimes described as a “social 
learning cycle”) provides questions that were refined across multiple contexts, and 
proposed as a way to benefit from the collective knowledge that can arise working 
across these five knowledge cultures, in order to better address complex issues at 
the interface of environment, health, and community (Brown, 2007, 2010). 
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The four questions of Brown’s (2010) collective learning cycle commence 
with an aspirational and asset-based posture, considering “What should be?” 
underscoring the point that “how we begin matters.” The next part of the cycle 
is guided by objective orientation to “What is?”: grounding in the reality, con­
straints, enablers of what is happening, and the parameters that can be used to 
assess and describe this. The question “What could be?” focuses on the potential 
arising when considering how to move from the current state to the desired state 
(e.g. from “What is?” to “What should be?”) and how it could be possible to move 
ideas into practice to do so. A final pragmatic step focuses on “What can be?” and 
the practicalities arising from specific action planning associated with questions 
of who, how, when, where, and associated responsibilities. By completing this 
cycle, there is a final step to consider moving from the practicalities of “What can 
be?” to the development and revision of principles in relation to “What should 
be?” This aligns with the important question of “Now what?” (Rolfe et al., 2001) 
to inform whether and how the sense of direction needs to be adapted prior to 
embarking on the next iteration or cycle of learning. 

Brown’s collective learning cycle can guide the ongoing learning processes 
required by a “specialized generalist” informed by a WHOLE-systems per­
spective on health of animals, humans, and others. It offers guidance on how to 
proceed when addressing specific issues. The learning cycle also provides a big-
picture overview of priorities, patterns, and questions that are also seen in other 
forms of assessment and practice (Table 5.1). 

Brown’s learning cycle resonates with other cycles of learning and action in 
practice-based contexts spanning health, education, and ecosystem management. 
Table 5.1 presents the stages of some of these cycles, underscoring patterns of 
similarity across different contexts relevant to the “general” practice of a “special­
ized generalist.” The examples in Table 5.1 profile a series of similar questions and 
stages that span Brown’s collective learning cycle (2010), and they can be aligned 
to the features of the “clinical method” or the “clinical diagnostic approach” 
for humans and veterinary medicines (Shah, 2005a, 2005b; Waltner-Toews 
and Kay, 2005), professional learning, action research cycles (Zuber-Skerritt, 
2015; Fletcher, 2015), and adaptive (ecosystem) management (Allen et al., 2011; 
Williams, 2011). The examples in Table 5.1 also resonate with related learning 
and iterative cycles emphasized in Disaster Risk Reduction (Phibbs et al., 2016) 
and integration across the Sustainable Development Goals (Stafford-Smith et al., 
2017; Allen et al., 2019). Although the rows in Table 5.1 do not align exactly, the 
table is intended to depict a series of patterns, commonalities, and relationships 
that are relevant to a specialist generalist seeking to adopt a highly contextual and 
learning-oriented approach to health embedded within WHOLE systems. 

Other authors have observed the patterns in Table 5.1 and have proposed 
overall approaches that can be applied in multiple contexts such as the Adaptive 
Methodology for Ecosystem Sustainability and Health (AMESH) (Waltner-
Toews and Kay, 2005). Although the other examples in Table 5.1 do not share 
the same kind of “presenting complaint” as the “clinical diagnostic approach,” 
there are substantive overlaps in the quality of the assessment and the nature 
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TABLE 5.1
Learning Patterns Relevant to WHOLE Systems Approaches: Lessons from 
Brown’s Collective Learning Cycle (and Other Cycles of Learning)

Collective
Learning Cycle, 
Including Four 
Guiding 
Questionsa

The “Clinical 
Method” or 
Clinical 
Diagnostic 
Approachesb

Professional 
Learning and 
Action Research 
Cyclesc

Adaptive 
Management for 
Natural Resource 
Managementd

Associated 
Reflective 
Questionse

What should be? 
What is?
What could be? 
What can be?

History 
Examination 
Investigations 
Management

Plan
Act
Observe
Reflect

Set up,
Decision-Making
Monitoring 
Assessment

What?
So what?
Now what?

What should be?
(Principles, ideals)
Collective learning 
draws on 
multiple 
knowledge 
cultures1 to 
develop or revise 
this shared intent

Ideally, an 
aspiration, state, 
or capacity of 
“health” is 
negotiated 
between patient 
and clinician in 
the clinical 
encounter

Plan: This phase 
involves learning 
among 
individuals, 
groups, and 
teams informed 
by different 
contexts

“Set-up” involves 
framing in terms 
of stakeholders 
and objectives. 
Technical 
learning involves
iterative learning 
through 
decision-making, 
monitoring, and 
assessment

Consider intentions. 
Who is involved? 
Why?
Where?

Factor into 
reflective  
questions

What is?
Uses parameters, 
facts, empirical 
constraints, and 
enablers to 
determine What 
is, now?

Appraise history 
of specific issue, 
starting with the 
presenting 
complaint, and 
through related 
contextual 
features

Act: Actions are 
informed by 
planning, 
context, and 
assessment of 
current situation 
and appraisal of 
Where are we 
now?

Structured 
decision-making 
requires capacity 
to define the 
problem, identify 
objectives, 
formulate 
evaluation 
criteria, estimate 
outcomes, and 
evaluate 
trade-offs

What happened?
(description and 
self awareness: 
facts and 
reactions)

What could be?
(Potential, ideas) 
Explore 
possibilities
for taking ideas 
into practice to 
get to: What 
should be?” from 
“What is?”

Examination and 
investigations via 
physical 
examination and 
other diagnostic 
testing give more 
detail

Observe: Monitor, 
gather data

– How are we
doing?

– What evidence 
do we have?

Decision-making 
needs to be 
complemented 
by higher-order 
learning enabled 
through 
implementation 
and monitoring 
and assessment

So what?
(analysis, 
evaluation: 
interpretation and 
relationship to 
existing 
experience)
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What can be? Create Reflect on the Learning about Now what? 
(Practicalities, management process and management (synthesis, actions, 
actions) Action plans, and design learning to date choices needs to application) 
planning, taking follow-up to – How did we do? be completed
practicalities into confirm or adjust – Where to next? through 
account to diagnosis and evaluation and 
establish what plan ahead adjustment to 
can be done to inform next 
complete this iteration of the 
iteration of process 
learning 

Notes: 
a Brown (2010). In addition to the four guiding questions (What should be? What is? What could be? 

What can be?) collective learning draws on individual, community, specialized, organizational, and 
holistic knowledge. 

b	 Shah (2005a, b) describes the clinical encounter through history, examination, investigations, and 
management. Waltner-Toews (2005) focuses on health of people, animals, and ecosystems through 
presenting complaint, clinical examination, diagnosis, setting, and achieving goals. 
Zuber-Skerritt (2015) extends on the classic Action Research cycle of “Plan, Act, Observe, Reflect,” 
with connections to action learning and the important links to critical reflection, professional learn­
ing, action leadership, sustainable development, and social justice. 

d	 For Allen et al. (2010), adaptive management is a “formal iterative process of resource manage­
ment” combining structured decision-making and high-order learning. Williams et al (2009) links a 
set-up phase with iterative learning through decision-making, monitoring, and assessment. 

e Rolfe et al.’s (2001) reflective questions are What? So What? Now What? 

of the questions that are asked. Waltner-Toews (2004) is especially clear about 
the relevance of a system-informed approach to a “presenting complaint,” which 
can serve as a starting point for learning and decision-making about issues and 
challenges that may be well outside of the traditional health sector, especially in 
the context of health and ecosystem sustainability. Of utmost importance to the 
“specialized generalist,” Waltner-Toews focuses on the quality of the contextual 
appraisal, and the need to consider combined social and ecological factors when 
seeking the “history of presenting complaint.” The quality and nuance of the ini­
tial assessment can influence all subsequent learning and decisions. 

This quality of initial assessment is reflected in the other cycles presented in 
Table 5.1, whereby any appraisal, assessment, or framing of proposed actions 
and next steps needs to be done in relation to intended goals, directions, and 
objectives. The strong tendency to “start with the issue/problem” without tak­
ing time to clarify contextually relevant goals, intentions, and priorities can be 
deeply problematic because it limits our ability to attend to complex system issues 
(Brown, 2010). This is a key issue for the “specialized generalist” and others 
seeking a WHOLE-systems perspective on health. Accordingly, the following 
walk through of the four questions in Brown’s collective learning cycle com­
mences with attention to “What should be?” in the context of working together 
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for WHOLE systems, also acknowledging the overlaps and relevance of related 
approaches included in Table 5.1. 

WHAT SHOULD BE? 

A WHOLE system health issue needs to be understood in the context of some 
kind of desired future – with a view to intentions, ideals, goals, aspirations. If 
there is no sense of what kind of “health” we are working towards or aspiring to, 
it becomes challenging to assess where we are at now. Any efforts to address or 
assess health need to be informed by an individual’s or a group’s perspective on 
health, which may help understand and assess when things are progressing well, 
even thriving or, alternatively when there is a problem (see Chapter 2 for more 
discussion on defining health). 

Starting with “What should be?” (instead of “What is?”) provides a sense of 
direction or goal to work towards it. Asking “What should be?” is not intended 
to provide a moral directive but, rather, to encourage recognition of the intended 
conditions and principles that underlie a state of thriving, including those that can 
guide efforts to focus on WHOLE systems. The emphasis is not health in isolation 
but rather health in relationship with life (living systems) and in relation to others 
(equity). When viewed alongside living systems, equity applies among and between 
people, generations, and species, fostering attention to reciprocity and regenerative 
approaches (see Chapter 3 for more on interspecies and intergenerational equity). 

Others working in socio-ecological contexts for health have outlined principles 
to guide how we can understand and respond to interconnected health issues (see, 
for example, Table 5.2 adapted from Poland and Dooris, 2010; Charron, 2012a,b). 
The orientation towards principles reflects the context-specific nature of work at this 
interface, which is not well suited to definitive, checklist concepts or approaches. 
These principles reflect a distillation of patterns, recurring values, and priorities 
that have consistently emerged in the several decades of work seeking to refine and 
extend the ambitious socio-ecological orientation of the Ottawa Charter for Health 
Promotion (WHO, 1986). Table 5.2 offers a synthesis of converging principles to 
inform leadership in building a healthier more equitable and sustainable future. 

The principles in the left column in Table 5.2 are ongoing efforts to strengthen 
the decades of work with “settings” approaches to health, through a clearer focus on 
building health, equity, and sustainability (see also Capon and Dixon, 2007; Parkes 
and Horwitz, 2009; Hancock, 2011). The principles in the right column in Table 5.2 
draw on developments in ecosystem approaches to health (also known as ecohealth) 
as a field of research, education, and practice that adopts systems approaches to 
promote the health of people, animals, and ecosystems in the context of social 
and ecological interactions (Webb et al., 2010; Parkes and Horwitz, 2016; Buse et 
al., 2018). Both complementary sets of principles are relevant when considering a 
WHOLE-systems approach to “What should be?” The combined present and future 
orientation of the principles in Table 5.2 offers new ways of conceiving the role of 
the health sector, including expanding and unifying a perspective of “health for all” 
that considers equity and living systems for all species, including humans. 
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The principles and WHOLE-systems considerations presented in Tables 5.1 
and 5.2 will need to be adapted to specific contexts. A WHOLE-systems per-
spective may, for example, need to be adopted when considering “What Should 
be?” in relation to the health of non-human species, recognizing the challenge of 
identifying a goal, aspiration, or desired future for animals that are not able to 
directly share that using human language(s). This challenge of assessing health 
for those with other-than-human “voices” is explored in Chapters 2, 17, and 19. 
In many cases, expressing the desires or aspirations for animal health or welfare 
draws on a person or people whose expertise or experience to frame the heath 
needs and aspirations of “those that have no voice” (de Groot, 1998). This may 
include – for example – a pet owner, a livestock farmer, a conservation biologist, 
or a veterinarian. Although the challenge of “who speaks for health” is particular 
when considering animals, it is, arguably, equally challenging for those who are 
considering any form of health that is beyond individual or “personal health.” In 
2020, the scope of health beyond individuals (humans or animals) extends to a 
whole new lexicon and framing, working across scales and contexts, from pub-
lic health and population health through to planetary health (Buse et al., 2019; 
Redvers, 2018; Harrison et al., 2019).

The synergies across principles in Table 5.2 point to the benefits of re-learning 
old lessons about approaches that are integrative and regenerative (as compared to 
disintegrative and degenerative), with implications that span how we think about 
governance and priorities across scales and contexts. This requires a combined 

TABLE 5.2
Principles for Re-Engaging with the Socio-Ecological Context for Health 
Converging towards Health Equity for Future Populations

Principles for a Healthy and Sustainable 
Settings Approach (from Poland and Dooris, 
2010)

Principles to Inform the Application of 
Ecosystem Approaches to Health (from 
Charron, 2012a,b)a

Adopt an ecological “WHOLE system” perspective Systems thinking

Start where people are (listen to and respect lived 
experience, diverse forms of knowledge)

Participation

Practice rooted in place Sustainability

Deepen the social analysis (connect lived 
experience to that of others and to the practices, 
structures that create and sustain inequity located 
in broader context of relations of power)

Transdisciplinary research

Asset-based/appreciative inquiry approach Gender and social equity

Build resilience (for change) instead of efficiency 
(for narrow set of operating conditions)

Knowledge to action

a	 The order of Charron’s principles is adapted to highlight commonalities with Poland and Dooris 
(2010).
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recognition of both “ideas” and content (often associated with understanding “What 
is?”), as well as practice and processes (often associated with “What Could be?”). 

WHAT IS? 

Those working with Brown’s learning cycle may experience considerable pres­
sure to start with “What is?” There are, indeed, situations where this may be 
warranted, such as situations of urgency or acute crises, for example the 2020 
COVID-19 pandemic. In these cases, health-oriented professionals (includ­
ing a “specialized generalist”) may need to focus all efforts immediately on the 
demands of “What is?” (Where we are now? What is happening?) without having 
a sense of what we are aiming for, and where we want to get to. This may mean 
that a focus on the WHOLE may not be immediately relevant, or even possible. 

As an analogy, when you have a broken-leg, it is time for a specialist, who can 
fix this particular problem with a cast or surgery. In this case, “What should be?” 
is the treatment of an immediate problem, but once the urgency has passed (e.g. 
especially in preparation for a patient with a broken leg to be discharged home), 
broader, contextual factors become much more relevant, including the need for an 
overall goal, grounded in both social and ecological context, that should be con­
sidered in the next phase of learning and assessment following initial response. 
Extra time may need to be spent on questions of principles, intentions, and direc­
tion, after an initial crisis is over. In this analogy, an initial crisis of “What is?” 
needs to be followed by learning about and paying attention to the upstream driv­
ers that influence access to orthopaedic and rehabilitation services, or create set­
tings conducive to injury or, conversely that increase opportunities for healing 
and recovery. 

Brown argues that whether in situations of urgency and crisis or as part of 
intentional learning cycles, problem-oriented appraisals and analyzes of “What 
is?” will be improved and enhanced through overt, collective attention to “What 
Should be?” Having a sense of where we are heading provides a sense of where 
we wish to go, and therefore a better position to consider and interpret the patterns 
and parameters of “What is?” in terms of what we are currently experiencing or 
have experienced. This emphasis echoes related examples in Table 5.1 to plan 
before we act (Zuber-Skerritt, 2015) and to set-up and frame our decision-making 
processes (Williams, 2011) in ways that are consistent with WHOLE systems. 
In the same spirit, Box 5.1 provides a case to think through how the principles 
and concepts presented thus far can be applied in response to a presenting com­
plaint that has both personal and collective implications for a WHOLE-systems 
approach to health. 

Considering the learning cycles presented in Table 5.1, what would you suggest 
as a WHOLE-systems approach to answering this student’s questions in Box 5.1? 
The hypothetical presenting complaint in Box 5.1 likely has a familiar ring to 
those interested in the themes of this chapter. The WHOLE-systems orientation 
introduced earlier challenges us to resist the temptation to define and describe 
the problem in order to select a solution and instead adopt a strength-based 
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BOX 5.1 A CASE STUDY OF “WHAT IS?”: A PROMPT FOR 

LEARNING CYCLES AND WHOLE-SYSTEM PRINCIPLES
 

PRESENTING COMPLAINT (“WHAT IS?”) 

A 27-year-old graduate student with a clinical health background is complet­
ing their Masters research addressing a complex issue that raises ecological, 
equity, and health concerns for humans and animals in New Zealand and 
that has necessitated a mixed methods study. The student’s experience to 
date has made them feel that to have the desired impact, their future work 
will require collaborative effort across difference disciplines and knowl­
edge. The student has been looking into new approaches to understanding 
health in the context of social and environmental change and has become 
unclear about how to proceed. 

This student approaches you for guidance and direction about the 
best way to build on their background, and presents you with a series of 
questions: 

• I am thinking of doing a PhD, but should I gain practical “real­
world” experience prior to undertaking doctoral studies?

• I am really interested in understanding health in relation to both
ecosystems and equity, not one or the other. There are so many
new fields claiming to address aspects of this. I have seen eco­
health, One Health, planetary health, environmental justice, eco­
logical public health. Which of these is best?

• Some people say studying for a PhD is all about becoming a spe­
cialist about one thing, but when I was doing clinical work, I was
always more interested in and better at being a generalist – under­
standing the big picture. I want to do a PhD that gives me this big-
picture view, but how can I become a specialist in the big picture?

• If I do pursue doctoral studies, I am worried about becoming fur­
ther disconnected from my clinical and applied origins, because
I really want to be able to make a difference and contribute to a
better world. What do you recommend?

orientation that prompts questions such as “what do we need to know and under­
stand about this system in order to enhance conditions for thriving?” The intent 
is not to demonstrate the “right” answer to these questions. Rather, responding to 
the questions in Box 5.1 draws on the ideas presented above in ways that address 
the student’s questions and also point to the wider challenge of strengthening 
capacity to support WHOLE-systems perspectives on ecosystems, equity, and 
health. Several notable challenges and dilemmas raised by the example in Box 5.1 
are explored here. 
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Each of the questions in Box 5.1 presents the challenge to overcome dichoto­
mous thinking. Dichotomies in the questions above are evident in the implied tone 
of the questions that it is necessary to make a choice between clinical versus aca­
demic and applied versus theoretical knowledge, or that there is an implied either/ 
or needed when considering the fields of ecohealth or One Health, or planetary 
health. Related and false dichotomies embedded in each of the questions include 
the idea of a choice between specialization and integration, or between nature and 
society, between individual and collective work, between the ecological and the 
social, between environment and equity, between the global and the local, and to 
some extent between highly populated (urban) and less populated (rural, remote) 
regions. A key consideration here is that “What is?” (in terms of career choices, 
and strengthening capacity through training) is often presented as binary either/ 
or choice between priorities or parameters of concern, which misses opportunities 
to see the important relationships and connections between these factors (Horwitz 
and Parkes, 2019; Waltner-Toews et al., 2019). Combatting these false dichotomies 
needs to be accompanied by alternative ways of understanding and respecting com­
plementary knowledge and priorities that, at its simplest, require both/and think­
ing, engagement with paradox, and the potential of holding contradictory ideas in 
our minds at the same time. This idea is explored by multiple authors in Brown 
et al. (2019) and revisited in the “What can be” section to follow, including Box 5.2. 

The questions in Box 5.1 also underscore a related dilemma: Although many 
integrative approaches to health are being proposed, overt emphasis on both 
social and ecological context for health remains especially rare. The student 
described in Box 5.1 has interests in health (of humans and animals) in relation 
to both ecological and social context (living systems and equity). Despite the 
aspiration of socio-ecological approaches to health promotion (WHO, 1984), con­
certed efforts to take stock of combined social and ecological context for health 
remained sparse in the decades following the Ottawa Charter (Cole et al., 1999; 
Parkes et al., 2003; Hancock, 2011; Hallström et al., 2015). 

The first two decades of the 21st century have seen considerable increase of 
options for the kind of student described in Box 5.1 to consider, including the rapid 
expansion of integrative efforts that focus on health relation to environment and 
ecosystems, with particular emphasis on what can be seen as a trio of emerging (and 
sometimes competing) fields of ecohealth, One Health, and planetary health (see 
Buse et al., 2018; Oestreicher et al., 2018; Harrison et al., 2019). Yet, despite ongoing 
developments, and associated calls for a healthy, just, and ecologically sustainable 
future (Capon and Dixon, 2007), concerted attention to both the social and ecologi­
cal context for health remains an area which requires more attention in almost all 
integrative approaches. The sets of principles presented in Table 5.2 can be seen as 
an example of this, where calls for “Greening Healthy Settings” by Poland et al. 
(2019) is a direct response to the need for a more overt attention to the ecological and 
environmental perspectives, which are ironically often absent within what are often 
claimed as socio-ecological approaches (see Hancock, 2011; Hallström et al., 2015; 
Horwitz and Parkes, 2019). Similarly, although the ecological can be seen as integral 
to ecosystem approaches to health, it is possible to apply Charron’s six principles in 
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ways that attend to social context, processes, and engagement across all six princi­
ples, and yet overlook the fundamental relationship between health and ecosystems 
in a living systems sense (see Parkes and Horwitz, 2016; Horwitz and Parkes, 2019). 

Although responses to these dilemmas tend to flip-flop from one to another 
(with emphasis, for example, on social and equity issues, that override an empha­
sis on living systems; or vice versa), there is a growing return to language that 
overtly brings these considerations together in the form of ecosocial approaches 
and various forms of socio-ecological approaches, including socio-ecological sys­
tems and health (Zinsstag et al., 2011; Hancock, 2016; Horwitz and Parkes, 2019; 
Parkes et al., 2020). A conversation with the student in Box 5.1 might acknowl­
edge that the English language is especially clumsy in this regard (resulting in 
multiple syllables and hyphenated words), and that Indigenous languages often 
have a suite of words, metaphors, and terminologies that better reflect these inter­
relationships (see Panelli and Tipa, 2007; Bartlett et al., 2015; Moewaka Barnes 
et al., 2017; Redvers, 2018), and which warrant increasing respect and attention. 

Finally, the options available in response to the student’s questions in Box 
5.1 are heavily contingent on the proposed desired future or “What should be?” 
Identifying what is/are options for this student will be influenced by the student 
aspirations and intent to make a difference and contribute to a better world. 
Notions of difference and “better” could involve, for example, a shift in focus 
from understanding degenerative driving forces of change (creating cascades of 
effects and impacts that flow between ecological degradation, social inequities, 
and short-, medium-, and long-term health impacts) towards WHOLE-systems 
practices. To foster this, Brown’s collective learning cycle is overt about the need 
to shift from ideals, parameters, and content about integrative and regenerative 
perspectives (“What should be?” and “What is?”) towards a clear focus on poten­
tial processes and practicalities needed to adopt these integrative and regenerative 
approaches (“What could be?” and “What can be?”). 

WHAT COULD BE? 

In the context of WHOLE systems, the purpose of “What is?” is not to provide a 
definitive description of the situation but to create a basis to synthesize and inter­
pret the insights to create a better understanding of how to respond and move for­
ward. Brown’s collective learning cycle calls upon those learning to acknowledge 
the differences and disconnects (even dissonance) between the current situation 
(What is?) and the desired future (What should be?). Learning about the current 
situation creates new opportunities to address this, initially by designing “What 
could be?” This shift also resonates with Rolfe et al.’s (2001) reflective questions 
of “So What?” and “Now What?” (Table 5.1). 

Orienting to “What could be?” in a WHOLE-systems approach can be the 
most creative phase of the collective learning cycle. Designing for what is pos­
sible can fuel potential for transformation and change towards (and even beyond) 
the desired future and goals you have identified. When working together for 
WHOLE systems, this creates an expansive opportunity to emphasize processes 

83 



 

Animals, Health, and Society 

that focus on regeneration and life, rather than death, disease, and disability (and 
related degenerative processes). 

One way of fostering the transformative potential of “What could be?” from a 
WHOLE-systems perspective is through a focus on co-benefits: designing solu­
tions that proactively enhance health, equity, and the living systems we depend 
on. Co-benefits present a simple but transformative idea: focusing on opportuni­
ties to prioritize policy, actions, and interventions that achieve multiple benefits 
(for ecosystems, for equity, for the earth’s diverse inhabitants) and pay attention to 
the kinds of processes required to do so. In the context of synergies across health, 
biodiversity, and climate objectives, “co-benefits can only be achieved, however, 
through joined-up, collaborative, cross-sectoral and transdisciplinary working” 
(Marselle et al., 2019). 

Focusing efforts on attaining co-benefits is also in keeping with the shift from 
a problem-oriented to a strength-based approach focused on assets. This shift has 
far-reaching implications in how we think about both the integration challenge of 
WHOLE-systems approaches and the pathways to change required to get there. 
Take, for example, a focus on the cumulative environmental, community, and 
health impacts of climate change, resource development, or other drivers of social 
and ecological change. Attention to cumulative impacts responds to calls for 
attention to the “integration imperative” (Gillingham et al., 2016), by addressing 
combined health, ecosystem, and equity impacts across space, time, and multiple 
drivers of change. Yet such approaches can be at risk of limiting their emphasis 
on understanding and analyzing the problem from multiple perspectives, and not 
focusing sufficiently on actions to response to these issues (Parkes et al., 2019). 

A WHOLE-systems perspective encourages a focus on cumulative processes 
to be reframed with a focus on potential co-benefits. It turns the emphasis towards 
the possibilities created when responses are designed to achieve multiple converg­
ing positive objectives and to meet different co-benefit criteria. Co-benefits (or, 
cumulative benefits) can, therefore, be seen as a flip side to cumulative impacts, 
shifting from “disease” and “degenerative” approaches to an emphasis on pro­
moting and protecting health and regenerative approaches to equity and living 
systems. Arguments for collaborative, multilevel “harm reduction” approaches 
to animal health that “looks throughout the socio-ecological system at drivers of 
harm to find strengths, possibilities, and opportunities for solutions in the face of 
a prevailing challenges and uncertainties” has some similar features (Stephen et 
al., 2018) (see Chapters 6 and 23 for more on harm reduction). 

Examples of “What could be?” in terms of co-benefits include interventions, 
actions, and programs that are designed to have positive, regenerative impacts 
across spatial and temporal scales. This requires an ability to see the connec­
tions and co-benefits at different levels, spanning macro/global-level processes 
through to the intermediate mesoscales of landscapes and regions down to micro-
level interactions for specific communities or individuals. Co-benefit work has, 
largely, focused on health and climate goals in urban contexts, targeting built 
environments, public transportation, housing, and public health (Walpole et al., 
2009; Karlsson et al., 2020). However, calls for recognition of the interactions 
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between health and, for example, biodiversity, the natural environment and related 
Sustainable Development Goals are increasing (Sandifer et al., 2015; Fleming et 
al., 2018; Nilsson et al., 2018). Viewing co-benefits from a WHOLE-systems per-
spective can shift attention to interacting health, ecosystems, and equity-related 
benefits and challenges within mesoscale living systems such as catchments and 
watersheds (through which we see upstream-downstream dynamics and flows of 
water, energy, people, animals, etc.,) and also in other mesoscale socio-ecological 
systems such as bioregions, specific landscapes (forests, deserts), and oceanscapes.

Table 5.3 presents examples of “What Could be?” in terms of co-benefits 
for WHOLE systems, reflecting interventions and actions that operationalize 

TABLE 5.3
“What Could Be?” Examples of Co-Benefit Thinking Using  
a WHOLE-Systems Perspective

Co-Benefits That Are Good for:
Planetary Health
(e.g. climate for all 
species)

Living Systems
(e.g. catchments, 
watersheds)

Intergenerational Equity
(communities across 
generations)

Examples Macro/global Mesoscale/regional Micro/local

The health benefits of 
Indigenous protected 
areas and 
stewardship 
initiatives

Protected areas 
prevent deforestation, 
limiting carbon-
release and providing 
carbon offsets

Protection of 
landscapes and 
oceanscapes support 
intact habitat for 
native forest and 
endemic biota

Nearby Indigenous and 
other communities gain 
multiple benefits from 
social, ecological and 
economic resilience, as 
well as contact with nature

Landscape-level 
management to 
address the ecosocial 
impacts of wildfires 
on human and animal 
health

Soil, vegetation, and 
water management 
provide options for 
climate mitigation 
(carbon sequestering) 
and adaptation 
(drought)

Landscape-level soil, 
vegetation, and 
water management 
attuned to climate 
aims to increase 
biodiversity and 
habitat values

Prevention of extreme 
wildfires prevents 
morbidity and mortality 
for affected human 
communities and animals 
(wildlife and domestic)

Youth-based initiatives 
that connect climate, 
catchments, and 
community through 
regenerative 
land-based practices

Fosters both climate 
mitigation (habitat 
restoration as carbon 
offset) and 
adaptation (drought, 
flood, etc.)

Riparian planting and 
corridors of habitat 
restoration in 
waterways and 
wetlands throughout 
catchment areas

Youth and “educational” 
engagement in 
downstream communities, 
create well-being benefits, 
with links to other species

Shifting from 
extractive to 
regenerative 
economies

Reduction of carbon, 
net-zero orientation, 
emphasize mitigation 
but also include 
adaptation 
opportunities

Prevent climate 
impacts in land 
– water living
systems, including 
drought and flood

Principles, processes, and 
practices that build 
economic and political 
power across rural, 
remote, and urban 
communities
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thinking across diverse literatures that connect benefits across climate, ecosys­
tems, equity, and health (see, for example, Walpole et al., 2009; Romanelli et al., 
2015, Horwitz and Finlayson, 2011; Horwitz and Kretsch, 2015; Jenkins et al., 
2018; Vandyk et al., 2018; Marselle et al., 2019). 

The WHOLE-systems co-benefit examples presented in Table 5.3 may 
also resonate with the long-standing traditions of Indigenous knowledges that 
have emphasized these interrelationships for millennia and have also fos­
tered ongoing practices that prioritize a more holistic orientation (Panelli and 
Tipa, 2007; Moewaka Barnes et al., 2017; Jenkins et al., 2018; Ratima et al., 
2019; Redvers, 2018). Connecting different ways of knowing and traditions 
is an integral part of conceiving “What could be?” (see Bartlett et al., 2015; 
Henwood et al., 2016). 

WHAT CAN BE? 

The question “What can be?” moves us into the practical, practice-based elements 
of a WHOLE-systems approach. Working together for WHOLE systems demands 
collaborative actions, processes, and practices attentive to the question “Who and 
How are we Open to Listen, and Engage/exchange?” 

Moving from “What could be?” to “What can be?” shifts from designing 
potential options to the practical implications of doing. Given the importance of 
context, it would be disingenuous to delineate specific practical and operational 
aspects of “What can be?” for all WHOLE approaches. Even so, some overarch­
ing guidance can be offered to those aspiring towards a specialized generalist 
approach to WHOLE systems (Box 5.2). Getting to and operationalizing “What 
can be?” will benefit from ongoing attention to the questions and guidance pro­
vided in Box 5.2. 

Designing for “What could be?” in relation to WHOLE systems is likely to 
challenge the status quo. This means that practical questions (What needs to be 
done? Who is going to do what? When and how is it going to happen?) may need 
to be linked to less familiar change-oriented questions such as “Who needs to 
do what, differently?” “Who talks to whom?” “Who needs to work with/listen 
to/learn from whom?” and “Do these right people know how to do this, and 
would they be valued for doing so?” The related questions “whose day-jobs 
are going to be different because of this?” “who is benefitting from this” and 
“whether these changes do or don’t happen?” acknowledges the potentially far-
reaching structural, institutional, systemic, or societal implications and power 
dynamics of moving through associated change processes. Given the boundary-
crossing nature of WHOLE approaches, answering these kinds of questions 
rekindles the need for attention to how to strengthen individual and collective 
capacity for this kind of work, linking back to calls for cultivating indepen­
dent thinking (Brown et al., 2019) and related transformations in education and 
training as part of wider systems change that aspires towards a healthy, just, 
and regenerative future (Parkes et al., 2012; Parkes et al., 2016; Redvers, 2018; 
Walpole et al., 2019). 
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BOX 5.2 GETTING TO WHAT CAN BE?: 

GUIDANCE FOR A “SPECIALIZED GENERALIST” 


APPROACH TO WHOLE SYSTEMS
 

• How we begin matters: The quality of the questions asked when we
start influences all subsequent efforts in WHOLE-systems approaches. 

• Working and learning will happen in cycles and be iterative:
Future learning may create opportunities to deepen understand­
ing of matters missed earlier. Celebrating different, connected
phases of work recognizes the new insights possible across short,
medium-, and long-term practice.

• Context is essential: Commitment to context is critical to all
stages of a WHOLE approach to health. It requires attention to
past, present, and future influences on living systems, equity, and
their implications for health.

• Benefit from “approaches”: There will never be only one
approach to gaining a contextually informed WHOLE-systems
understanding or response to health issues for animals, humans,
or other species. Embrace the plurality and opportunities provided
by working with many approaches that share common principles
and patterns of work.

• Know when to refer and/or collaborate: Be prepared for team­
work. A “specialized generalist” needs to leverage from their own
skills to embrace working with other specialties, disciplines, or
partners to complete their work. This requires the “specialized”
skills of recognizing, respecting, and learning to work with, and
bridge across, other knowledge and approaches.

• Commit to overcoming false dichotomies: Develop and cultivate a
“both/and” orientation that counters the emphasis on either/or – a both/ 
and approach that is oriented to both living systems and equity; people 
and nature; urban and rural; crisis and recovery; individual and col­
lective; knowledge and action; health of human and other species.

• Focus on knowledge and action: Be attentive to the ways that
a primary focus on knowledge and understanding can lead to an
emphasis on describing and analyzing problems (especially the
processes of disintegration and degeneration). New and valuable
insights will arise when learning is also focused on how to fos­
ter, enhance, and amplify actions and interventions designed to be
integrative and regenerative.

• Continue to ask good questions: The quality and scope of our ques­
tions will influence our work and practice towards WHOLE systems 
more than finding solutions. Ongoing reflection on “Who and How
are we Open to Listen, and Engage/exchange?” will prompt further
questions to inform the ongoing practice and cycles of work.
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CLOSING SUMMARY 

This chapter explored the challenge of “Working Together for WHOLE Systems.” 
This work extends beyond individuals or singular perspectives to collective 
capacities for transformative change. The chapter applied Brown’s collective 
learning cycle to harness experience, capacities, and processes for change across 
individual, community, specialized, organizational, and holistic knowledge cul­
tures (Brown, 2010). While recognizing the importance of collective processes 
for emergent knowledge and actions, there is also an important role for specific 
individuals with a set of orientations that enable and encourage opportunities to 
work together within the complex terrain of WHOLE systems. This chapter under­
scored the combination of boundary-crossing perspectives required for framing, 
fostering, and advancing WHOLE-systems approaches, and the potential role of a 
“specialized generalist” to progress this work. Opportunities are created when we 
combine an integrative turn (where Well-being and Health is oriented to Living 
Systems and Equity) with a collaborative turn (that asks “Who and How are we 
Open to Listen, and Engage/exchange?”) 

In the face of crises such as the COVID-19 pandemic or climate change, there 
is value in framing and revisiting first principles along with the kinds of tools 
and processes that can ensure that our collective efforts move beyond relief and 
recovery to reimagined, regenerative futures, including those oriented to WHOLE 
systems. This chapter provided principles, questions, guidelines, and points of 
reference relevant to a new era where addressing health and well-being challenges 
can be done in a way that prioritizes both living systems and equity – for the ben­
efit of humans, other species, and our shared planetary home. 

NOTES 
1. This chapter uses decapitalized versions of ecohealth, One Health and planetary

health for several reasons. First, to differentiate these emerging fields from the trade­
marked and branded uses of One Health (e.g. One World-One HealthTM), EcoHealth
(the journal, and EcoHealth Alliance) and the Planetary Health Alliance. Second,
to encourage recognition of the ‘maturing’ of each of these fields beyond their early
origins (see Buse et al., 2018), noting that capitalization is often associated with
aspirational claims to novelty and exceptionalism with newly coined terms, that
become less relevant as fields become more well-established. In this way ecohealth,
One Health, and planetary health are treated like other academic disciplines and
fields of research, education and practice, that are generally not capitalized.
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To harm something is to damage it or make it less effective or successful than it 
was. There are many types of harms to consider (e.g. physical, financial, psycho-
logical, ecological, climatological, and others) when managing animals, health, 
and society. The socio-ecological model of health reminds us that each of these 
harms can impact the determinants of health as well as each other. Health man-
agement needs to address known and existing harms while at the same time mini-
mize the chance of future and unanticipated harms. One Health, EcoHealth, and 
allied fields have documented how managing one type of harm in one species can 
lead to harmful implications for other species, populations, or generations. This 
chapter discusses harm reduction from the perspective of reciprocal care, where 
we look after ourselves, our community, and Nature over time.

HARM REDUCTION IN A ONE HEALTH WORLD

Health promotion reduces risks, promotes healthy settings, and tends to the 
underlying determinants of health. Try as we might, we are unlikely to achieve a 
world of no risk, completely healthy settings, and a full spectrum of supportive 
determinants of health. Harms still occur. Prohibitions of harmful situations or 
eradication of hazardous agents can drive the chance of harm to zero, but in their 
absence, a series of actions are needed to reduce harms.
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The central defining feature of the harm reduction approach is its focus on 
reducing harm. This intentionally obvious description is meant to situate harm 
reduction within the spectrum of health promotion and health protection scopes 
of practice. Harm reduction does not argue against eliminating hazards or for 
accepting them but rather it aims to decrease the negative consequences of the 
hazardous circumstances in the face of uncertainty and conflicting opinions that 
prevent eradication of the hazards. Harm reduction is consistent with the precau­
tionary approach that states that lack of full certainty shall not be used as a reason 
for postponing measures to prevent harm. 

Harm reduction is both a goal and a process. It is a goal shared across many 
health and environmental sciences. Most people interested in health ultimately 
want to reduce harm to individuals, species, or environments, whether through 
clinical care, preventive actions, or health promotion. Harm reduction, as a pro­
cess, focuses on developing local relationships and collaborations for collective 
actions leading to incremental improvements in health. Reciprocal care harm 
reduction asks us to consider the interconnections of harms and how actions 
to reduce one harm influence harms in other species, circumstances, or gen­
erations. Harm reduction works to minimize harms through non-judgemental 
strategies by enhancing skills and knowledge to live safer, more sustainable, 
healthier lives. 

The paradox of promoting human well-being in an exponentially growing 
human population illustrates the need for reciprocal care harm reduction. The 
social justice ethic of public health encourages policies that leave no one behind by 
ensuring all people have equitable access to the conditions and resources needed 
to be healthy. Political, cultural, and technical advances over the past two centu­
ries have greatly reduced mortality and changed the material conditions needed 
to bring people out of poverty and improve their well-being. Linking well-being 
with material conditions resulted in the coupling of well-being to consumption. 
Increased consumption by a larger proportion of an exponentially growing human 
population tremendously expanded societies’ ecological footprint, resulting in 
unprecedented rates of ecological degradation. The World Wildlife Fund’s 2006 
Living Planet Index concluded that Earth’s regenerative capacity can no longer 
keep up with human demand. The drive to reduce harms to people by increasing 
global health equity has caused serious and, in many cases, irreversible, harms 
that threaten both current biodiversity and future generations of people, animals, 
and plants (McMichael, 2002). 

Examples of unintentional impacts of harm reduction in one sector causing 
harm in another can be found in many situations, including the global growth 
of aquaculture. People in developed countries have been encouraged to increase 
their consumption of fatty fish as part of dietary strategies to reduce the personal 
harms from cardiovascular disease. These recommendations fail to consider 
the reality that global fisheries cannot meet the seafood demands from affluent 
and developing economies. The collapse of fish stocks can have profound socio­
economic effects on coastal communities, which in turn can shift supplies of 
local protein that, in some countries, harm terrestrial wildlife (Brashares et al., 
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2004). Some countries have looked to aquaculture to reduce harm to wild fish 
stocks and coastal communities by providing local jobs and meeting the growing 
human demand for fatty fish without exploiting wild fish. The “blue revolution” 
of aquaculture has, however, been dogged by concerns about energy-intensive 
animal production, nutrient pollution, habitat destruction, water diversions that 
disrupt aquatic ecosystems, introduction of alien species, and the use of fish meals 
in feeds (Costa-Pierce, 2002). Advice to reduce personal cardiovascular disease 
risks cannot, in this example, be uncoupled from this web of inter-acting social 
and ecological harms. 

Many One Health issues involve multiple concurrent harms. Chronic wasting 
disease (CWD) of cervids illustrates this point. This invariably fatal disease of 
deer, elk, and moose causes wasting, neurological dysfunction and eventual death 
of infected animals. The Western Association of Fish and Wildlife Agencies in 
North America deemed this prion disease as a significant threat to the future 
health and vitality of free-ranging deer and elk (WAFWA, 2017). Because of its 
similarities to the zoonotic prion disease causing mad cow disease (also known as 
bovine spongiform encephalopathy), public health agencies advised precaution in 
consuming cervids known to have the disease or hunted from CWD-positive areas 
(despite no evidence of human CWD to date). These recommendations discour­
aged hunting and in doing so harmed rural hunting businesses as well as lowering 
confidence in consuming wild game for subsistence needs. The resulting food 
safety concerns had implications for rural food security and on Indigenous rights 
to access safe and sustainable wildlife. As CWD appears in both wild and farmed 
cervids, international trade in cervid products was impeded by this disease. What 
at first was framed as a disease harming individual wild animals was later seen 
to cause conservations harms, inflict harms to agricultural trade, increase social 
conflict, cause psychological harm by increasing fear of natural places, alter eco­
system functions as deer and elk populations declined in number, cause cultural 
harms by discouraging traditional hunting, and create political conflicts linked 
to debates on how to control this epidemic. A harm reduction process would not 
focus on eradicating the CWD prion from populations or environments (although 
recognizing the importance of trying to do so) but rather would rely on existing 
knowledge, resources, and values to promote collaborative approaches to make 
incremental gains to reduce ecological, population, or social harms related to the 
disease. 

Harm reduction recognizes that many critical drivers of harm cannot be elimi­
nated. Take for example Japanese encephalitis: a mosquito-borne viral disease 
that circulates between birds, humans, and pigs. A 2012 study in Nepal sought to 
control this disease in humans by working with pig farmers to reduce the preva­
lence of the disease in pigs (Dhakal et al., 2014; Metelka et al., 2015; Robertson 
et al., 2013). Because of cultural biases against pig ownership, pig farmers were 
from poor, marginalized communities. They were often unable to purchase or 
afford Japanese encephalitis vaccines for their animals. Human vaccine uptake 
was low in these communities, and mosquito control efforts were inconsistent 
due to lack of financial resources and distrust of government. Many farmers did 
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not own the land they farmed, causing them to lack infrastructure or financial 
capacity to house pigs indoors or away from people. Climate change was shift­
ing the distribution of the mosquitoes higher into the mountains, exposing a new 
cohort of pigs and people to the virus. Policies to increase food security were 
creating conditions conducive to perpetuating the infection, conditions further 
compounded by climate change. Culture, poverty, and climate change coupled 
with an endemic virus were, therefore, the ultimate drivers of Japanese encepha­
litis harms in this system, but the likelihood that any of these drivers could be 
changed fast enough and extensively enough to eliminate present-day health and 
economic harms to families were extremely low. Actions were needed in the 
interim to reduce harms. In this example, the team focused on improving ecologi­
cal and personal health literacy to increase uptake of free vaccines and inform 
agriculture and suburban planning to reduce conditions conducive to the disease 
but good for the farmers. 

Reciprocal care harm reduction operates in a landscape of interacting influ­
ences and constantly changing conditions. It must be attentive to the interspecies 
and intergeneration implications of interventions to prevent or reduce the adverse 
consequences to all members of the One Health community rather than targeting 
only the hazard and its human victims. Lessons from managing other complex 
problems suggest that cooperative approaches that provide insight into cross­
sectoral and socio-ecological systems context are critical to working in interspe­
cies health (Head and Alford, 2015). Taking a systems approach to One Health 
can provide a wider perspective to discover alternative means of solving problems 
and avoid unintended consequences. 

The upstream drivers of health found in social and ecological determinants 
can greatly influence the persistence, diversity, and magnitude of harms, yet they 
are most challenging to manage in One Health systems. The inseparable array of 
factors that determine and modify these determinants, coupled with tremendous 
challenges in eliminating hazards like pollutants, pathogens, or climate change, 
suggest that effective harm reduction requires multi-level interventions, ranging 
from influencing policy to targeted biomedical interventions. 

HARM REDUCTION AS A GOAL – HOW TO GET THERE? 

There are four general harm reduction goals: (1) prevent persistent, irreversible 
or severe harms after a harm has emerged; (2) prevent harmful consequence by 
early intervention; (3) reduce the likelihood that a harmful situation arises; and 
(4) maintain conditions that are not harmful or hazardous. Health practitioners
and investigators work to reduce harm across the continuum from a premature or
bad death, through disease and disability, to optimal well-being. Total harm faced
by a population can, in general, be reduced by reducing the total amount of harm
(which is achieved by reducing exposure or sensitivity), or by reducing the total
impact of harm (achieved by increasing capacity to cope or reducing cumulative
effects) (Figure 6.1) (Stephen et al., 2018).
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FIGURE 6.1 A taxonomy of harm reduction actions. This classification links general 
actions to harm reduction goals. Harm reduction programs require multi-level actions 
targeting more than one goal. 

goal 1: interVene in a Harmful situation to preVent

persistent, irreVersiBle, or seVere Harms

In this scenario, harms have occurred. Recovery, mitigation, and remediation are 
key words in this circumstance. The goal is to lessen the impact of an ongoing 
harm, minimize the duration of the effects, and ensure it does not lead to irrevers­
ible harm. This is the realm of treatment and rehabilitation in clinical medicine. 
The health promotion practitioner may not be involved in delivering clinical ser­
vices, but he or she could ensure equitable access to effective and appropriate 
health services to mitigate inequities in access to care. Removing socio-cultural, 
organizational, economic, geographic, and gender-related barriers to health care 
underpins equitable access to care (Evans et al., 2013). Socio-economic impedi­
ments can also deter people from accessing animal health services. For example, 
poverty limited farmer’s access to preventive veterinary services in the Nepalese 
case described earlier. Subsidized or free veterinary services in developing coun­
tries or remote areas are examples of harm reduction for livestock development. 

A challenging question, whether for people, animals, or ecosystems, is what to 
restore or recover, and how close to historical states should we aim? The question 
may seem easier for people or individual animals where we can strive to recover 
and individual back to its former state or to the norms of form and function 
expected by society. It becomes more challenging when thinking of ecosystems. 
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Take for example the 2010 oil spill in the Gulf of Mexico. Millions of barrels 
of oil that leaked into the ocean were met with millions of barrels of chemicals 
intended to disperse the oil. Political leaders vowed to restore the Gulf back to 
how it was before the spill. Unfortunately, the state of the Gulf was not pristine 
before the spill. The region had endured centuries of natural and technologically 
hazardous events. The impacts of the spill were immense, but so too were the 
challenges of pollution, habitat loss, overfishing, and climate change before the 
spill. Similar challenges can be found in recovering endangered species. What 
happens, for example, when two endangered species are engaged in a predator-
prey relationship, such as sea otters and abalone in the United States, or lions and 
giraffes in Africa, or reindeer and wolves in Europe? Managers need to assess 
the acceptability and feasibility of controlling predator pressures to the extent 
that prey species can recover without further increasing the vulnerability of the 
predator.

Trade-offs in management strategies will affect restoration or recovery goals 
(e.g. see Box 6.1). These often involve trade-offs between values (e.g. ecologi-
cal vs economic), preferences (e.g. saving charismatic species rather than cryp-
tic unattractive species), or current versus future generations (e.g. carbon taxes). 
Because socio-ecological systems provide multiple health services which influ-
ence each other, decision-makers need to consider the system-wide synergies or 
trade-offs between ecosystem services, well-being components, and values being 
affected by decisions made. Ecologic, economic, and systems dynamic models 
can be used with participatory methods to systematically examine trade-offs in 
recovery and rehabilitation efforts.

BOX 6.1  CASE STUDY: FINDING WIN-WIN SOLUTIONS 
WHEN RECOVERY AND REHABILITATION GOALS 

CONFLICT — A CASE OF INVASIVE SPECIES ACTION 
VERSUS ENDANGERED SPECIES PROTECTION

Freshwater mussels are some of the most endangered groups of animals in 
North America. The Rocky Mountain ridged mussel (Gonidea angulata) is 
a bivalve species whose Canadian range is limited to the Okanagan Valley, 
British Columbia. Its habitat is being encroached upon by the invasive 
Eurasian watermilfoil (Myriophyllum spicatum). Milfoil control is a local 
priority due its impact on the recreational and real estate value of lakeshore 
properties. Protecting the mussels was believed to require curtailment of mil-
foil control in portions of the lake, a solution unpalatable to local businesses 
and politicians. Mapping the overlaps in distributions of these two species 
helps identify adaptive management strategies by proposing evidence-based 
buffer zones and/or tailoring milfoil control activities to site-specific mussel-
milfoil overlaps (Figure 6.2). Milfoil control can help protect habitat quality 
for the mussels and, therefore, could be reframed as a shared conservation 
and invasive species goal, rather than a competitive goal.
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FIGURE 6.2 Measuring the spatial overlap of Rocky Mountain ridge mussels and 
Eurasian watermilfoil in Okanagan Lake, British Columbia, Canada, to gather evidence 
to create win-win solutions for endangered species and invasive species management. 
(Image credit Joy Wade.) 

goal 2: interVene early in a Harmful situation

Before tHe outcomes cause notaBle damage

Early warning is the key phrase for this scenario. The goal is to act quickly to 
limit the extent of harms that could occur if the harmful situation was left unat­
tended. Actions try to prevent the early signs of harms turning into disease or 
loss of function. Screening tests play a major role for this form of harm reduc­
tion in clinical medicine. Tests or examinations seek sub-clinical signs of disease 
that inspire interventions that prevent clinical effects, like blood pressure testing 
to screen for pre-clinical cardiovascular disease. To be effective, this form of 
harm reduction needs to generate signals that inspire people to act. Confidence is 
needed in the predictive value of early warning signals. Despite some challenges 
in linking early warning signs in clinical medicine with the certainty of a harm­
ful outcome, tremendous gains in combatting individual and community harms 
from many diseases have been made through health screening. Routine recording 
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of blood pressure, cholesterol, urine sugars, and cervical cytology, for example, 
have become standard part of annual physical exams as part of the battle against 
diabetes, cardiovascular disease, and cancer, respectively. 

The pace of environmental and social changes is creating a greater need for 
screening for upcoming threats and identifying the most vulnerable population 
in advance of harms. Confidence in taking preventive steps requires access to 
the right information fast enough from a trusted source. The use of animal or 
environmental signals as early warning for human diseases underlies the found­
ing premise of One Health. Much has been written about the use of animal and 
ecological indicators as early warning of pandemics and emerging diseases. Less 
has been written about how well these indicators motivate people to act in a way 
that reduces harms. The frequency with which animal and ecological early warn­
ing signs are suggestive of human disease risk exist without an associated human 
disease outbreak far outnumber the few occasions when a risk to humans does 
emerge. Despite billions of dollars spent globally to predict the next emerging 
infectious disease, we continue to be surprised by emerging threats, such as the 
coronavirus pandemics (COVID-19) of 2020 and the emergence of Zika virus 
in the Americas before that. It is no surprise that repeated proclamations of dis­
ease outbreak early warning without concomitant impacts creates future warning 
fatigue. 

There are methods to predict emerging diseases, but so far, they act as “the 
art of the possible” rather than predictive tools to direct specific risk management 
actions in specific locations and times. Significant knowledge gaps for even the 
most studied threats along with a view of causation disconnected from social and 
ecological context reduces the likelihood that we will be able to predict surpris­
ing harms with accuracy or regularity in the foreseeable future. The rate of health 
surprises is expected to accelerate in the Anthropocene and to grow beyond infec­
tious diseases to include changes in contaminant exposure, catastrophic events 
like wildfire and floods, and shifts in access to natural resources that underpin 
economic and cultural needs. While we may not predict the next surprise, we still 
need early warning systems to help anticipate vulnerable situations in order to 
prioritize limited resources. 

Surprises arise when there is a gap between what you expect and what occurs. 
Our expectations can be restricted when we limit what we listen to (so we are unre­
ceptive or insensitive to warning signals outside of our usual scope of practice); 
who we listen to (such as when priorities and overcrowded agendas discourage 
collaborations that extent beyond immediate interests), and what we believe (power 
dynamics, too much information, and wishful thinking can lead to failure to rec­
ognize and act on very early warning signals) (Stephen, 2019). Five warning sce­
narios and associated foci for early warning are presented in Table 6.1. Accessing, 
integrating, and applying information from a socio-ecological system perspective 
is needed for early warning of changes at the human-animal-environment junc­
tion. But, more importantly, early warning signals need to be adapted to the com­
munity being warned and often need to be sought from more than one agency. 
Surprise anticipation can be enhanced by improving awareness of changes in 
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TABLE 6.1 
Five Early Warning Scenarios and Their Focus for Early Warning 

Scenario Situation Focus 
Risk management Health managers are fully aware of Document how a known hazard is 

the nature of the hazard and the changing in distribution or abundance 
vulnerability of the community or and inform local risk perception to 
ecosystem modify protective and preventive 

actions accordingly 

Coping assessment There is uncertainty about how a Track changes to determinants of 
community or ecosystem can health that influence sensitivity to 
cope with known hazards harms and coping capacity 

Hazard detection Variation in community, individual, Provide reliable signals of the 
and monitoring or system vulnerability is distribution and abundance of known 

primarily driven by differences in hazards and information on the 
exposure to known hazards likelihood of exposure by examining 

changes in social or ecological 
interactions 

Signals of effect A suspected hazard is present in Link the presence of the agent/hazard 
the environment but there is with a biological effect to inform 
insufficient evidence of effect to recognition of a risk and help 
warrant risk reduction actions, or prioritize risks requiring further 
there are newly introduced or assessment or management 
previously unknown agents, the 
effects of which are unknown 

Mixed strategies The characteristics of community A mixed strategy combing attributes of 
or system vulnerability are largely the four preceding scenarios is 
unknown and effects of hazards warranted 
unanticipated 

Source: Adapted from Stephen and Duncan, 2017. 

distributions of and exposure to hazards and/or variations in population vulner­
ability or resilience to shocks (Figure 6.3) (Stephen et al., 2015). 

goal 3: reduce tHe likeliHood tHat a risky

situation Will initiate Harmful outcomes

This form of harm reduction focuses on reducing the likelihood that a harm will 
occur. Prevention is the keyword. Actions are promoted in advance of a measur­
able harm. Understanding the risks inherent in a situation allows you to prioritize 
and target actions to reduce risk as well as to examine any offsets between the 
risks and benefits of that situation. 

Risk factors are any attribute, agent, or situation that affects the likelihood 
of harm. Risk factors are not diagnostic. They give a sense of the likelihood of 
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FIGURE 6.3 The relationship between the type of surprising circumstance one could 
encounter and general responses to prepare for the next surprise. (Adapted from Stephen 
et al., 2015.) 

something occurring in populations like the ones from which risk estimates have 
been derived. Risk factors can be categorized in many ways. There are modifiable 
and non-modifiable risk factors. There are environmental, social, behavioural, 
and biological risk factors. There are individual, population, and community risk 
factors. Care must be taken in making inferences about the impacts of risk factors 
measured at one level (like an individual) on another level (like a community). 
Additional care needs to be taken in extrapolating the impacts of a risk factor in 
one species (like a cow) to another (like a deer). Risk factor analysis is contextual. 

Another distinction is the difference between perceived risk and a measured 
risk. Measured risks are the outcome of epidemiological studies that systemati­
cally compare a study group with a control group that presents the same charac­
teristics of the study group, except for the risk factor being studied. Perceived risk 
refers to individuals’ “instinctive and intuitive reactions to danger” (Slovic and 
Peters, 2006). Both types of risk are real, and both are prone to error. Measured 
risks are influenced by the limitations of study design, challenges in finding ade­
quate control groups, and problems in generalizing how multifactorial systems 
work in one context compared to another. The issue of finding enough true con­
trols becomes more challenging as we move from individuals to communities to 
ecosystems because as systems become more complex, finding identical compo­
sitions and relationships becomes more difficult. Perceived risks are influenced 
by culture, personal experience, psychological state, and social norms. They can, 
therefore, vary significantly within and between communities. Mobilizing society 
and individuals to act preventatively needs one to be attentive to perceived risks. 

Instead of concentrating solely on risk factors in isolation, greater attention 
is now paid to interacting risks. For example, obesity in pets has been linked to 
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genetic predisposition, reproductive management, and dietary/exercise manage­
ment (Bland et al., 2009). Obesity in humans has been linked to trade liberaliza­
tion, economic growth and rapid urbanization that change environments, diets, 
and lifestyles in ways that promote positive energy balance (Malik et al., 2013). 
Interventions focused on changing the diet and exercise behaviour of individuals 
without attending to the condition leading to obesogenic conditions have had little 
impact on the obesity epidemic (Dehghan et al., 2005). Harm reduction focused 
on preventing obesity requires a variety of interventions targeting attitudes, life­
styles, and environments of people or pet owners to create the circumstances that 
keep normal-weight patients from becoming obese. Comprehensive prevention 
planning is important because of the multiple, complex individual, community 
and societal and ecological factors that not only drive the origins of obesity-
related harms but also influence the ability and willingness to act in advance of 
harms. 

Pandemic planning is an example where planners need not only consider risk 
factors that influence the likelihood of a pandemic but also those that influence 
motivations to act in advance of disease outbreak (Stephen, 2019). Being aware 
of and understanding a risk does not inevitably lead to risk avoidance. Personal 
experience, risk perception, trust in authorities, and exposure to false alarms, all 
affect willingness to act. A study of Chinese chicken farmers found that farmer 
personal attributes (gender, age, education, risk perception), farm production vari­
ables (animal density, feed conversion ratios, chicken weight gain), and societal 
variables (access to services, availability of subsidies), all affected farmer bios­
ecurity decisions to reduce avian influenza risks (Huang et al., 2016). The innu­
merable reports of people violating recommendations or requirements for social 
distancing during the 2020 coronavirus (COVID-19) pandemic further demon­
strated that acceptance of logical risk reduction recommendations is not univer­
sal, even when people are provided the same facts in the same media. Knowledge 
of the presence of a pathogen may be helpful but is often insufficient to motivate 
risk reduction actions. Risk management at this stage requires attention to facts, 
knowledge, and beliefs. Chapter 9 provides details on motivating health promot­
ing and harm reduction actions. 

goal 4: create an enVironment WHere tHe underlying conditions

leading to Harmful and risky situations are unlikely to occur

Resilience, thriving, and flourishing are three words associated with this form 
of harm reduction. The goal at this stage is to equip people with the knowl­
edge, resources, and circumstances that allow them to make choices that build 
health promoting capacities in themselves, their communities, other species, or 
ecosystems (e.g. see Box 6.2). The focus is on avoiding, removing, or mitigat­
ing pressures that lead to unhealthy conditions or environments that can lead 
to harmful situations. This can be achieved either by compulsion (such as laws 
or penalties) or voluntarily (by incentives or by finding win-win situations pro­
ducing healthy co-benefits). 
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Social and economic structures along with personal choices and behaviours 
can determine decisions and actions that promote reciprocal care of human, ani­
mals, and environmental health. Addressing these factors can be a challenging 
yet effective investment in health. For example, clean indoor air laws, tobacco 
taxes, and reducing sodium from the food supply can have profound impacts on 
settings and decisions that affect cardiovascular health for a large segment of 
the human population (Weintraub et al., 2011). Modern dairy herd health has 
developed into a transdisciplinary approach, combining sociology, psychology, 
economics, behavioural science, and communication with classical veterinary 
disciplines to motivate farmers to make systems-wide decisions to protect animal 
health and productivity (Kristensen and Jakobsen, 2011). Ecosystem conservation 
without cultural considerations is not only insufficient but also risks unanticipated 
negative impacts to communities (Poe et al., 2014). Climate change adaptation is 
another proactive, health promoting form of harm reduction. It tries to create a 
sustainable future for all people and species through an integrated approach at all 
scales. It recognizes the limits of natural and human systems to adapt to climate 
change and advocates for a new future where people retain critical functions, 

BOX 6.2 CASE STUDY: MATCHING EVOLVED NEEDS WITH 

LIVING CONDITIONS TO PROMOTE ANIMAL WELFARE 


AND CREATE COMMUNITY CONSERVATION AWARENESS
 

A new phenomenon of community-based, capture-hold-release aquari­
ums is an example of the harm reduction in practice that is attentive to 
social, conservation, and animal welfare needs. These types of aquariums 
(Figure 6.4) have been growing in number in small coastal communities as 
ways to increase community connection to local marine environments by 
displaying local animals for shorter periods while avoiding negative percep­
tions about holding individual animals too long in captivity. They strive to 
have a low ecological footprint as well as promote awareness and activities 
to protect local marine environments through environmental health literacy 
and community-based action. However, their remoteness, facility design, 
and scale can sometimes prevent access to veterinary services and infra­
structure that allow medical intervention typical of larger aquariums. They 
are, therefore, heavily dependent on creating the conditions that provide the 
captive animals access to the resources needed to stay healthy. While bios­
ecurity and early triage of ill animals are instrumental health management 
tools, success is found by matching the species’ adapted capacities and the 
realities of its holding environment. This is done by the habitat design, spe­
cies composition and density, animal collection and transportation proto­
cols, regulating and monitoring public access, and feeding protocols using 
accessible local foods that all match the animals’ biology (Stephen et al., 
2019b). 
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FIGURE 6.4 A giant Pacific octopus in a coastal community capture-hold-release aquarium. 

resources, and opportunities that will allow health to continue. Strong and closely 
connected communities are better able to adapt to, withstand, or get out of harm’s 
way in a disaster, which in turn contributes to the future well-being of individuals 
and communities (Wulff et al., 2015). Policies that decrease social inequities and 
improve social cohesion can minimize and offset the drivers of change (Bunch 
et al., 2011). Working upstream in a One Health world means creating the social 
and ecological conditions that concurrently enable healthful situations for ani­
mals, society, and environments. 

Health and environmental literacy are important in this realm of harm reduc­
tion due to the reliance on affecting people’s attitudes and behaviours. Health liter­
acy supports individuals’ capacity to obtain, process, and understand information 
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and services needed to make appropriate health decisions. Environmental liter­
acy promotes awareness of and concern for the environment and provides the 
knowledge, skills, and motivations to work towards solutions of current problems 
and the prevention of new ones (McBride et al., 2013). Ecological health literacy 
promotes everyday practices that support the sustainability of both non-human 
and human communities. It integrates concepts from environmental literacy 
and health literacy to develop a range of skills and competencies that people 
need in order to seek out, comprehend, evaluate, and use information to make 
informed choices that improve quality of life and protect the environment (Finn 
and O’Fallon, 2017). Concurrently promoting actions to protect human, ani­
mal, and environmental health requires competencies not only in communicating 
complex science in an integrated and accessible manner but also in mobilizing 
information to communities and individuals that may have diverse risk percep­
tions and conflicting values. Chapter 9 describes in more detail some theory and 
methods to support people making healthy decisions for themselves or the ani­
mals or ecosystems they care for. 

HARM REDUCTION AS A PROCESS 

Scientific advances, changes in technology, or regulatory changes needed to 
eliminate hazards or harms can take considerable time to be achieved. Many 
hazards cannot be quickly eliminated because of the often slow pace of scientific, 
social, and political change. Too often harms prevail and actions are delayed due 
to challenges in securing the required new knowledge, regulations, or technology. 
The pervasive uncertainties and simplifying assumptions that can plague One 
Health create a gap between what science provides and what society demands 
in dealing with harms. Different standards and expectations for how much and 
what types of harms should be attacked can discourage actions, especially when 
the science remains inconclusive. Harm reduction, as a process, helps inspire 
collective action to make incremental improvements towards a healthy situation 
in the presence of uncertainty and conflict. It is a perspective and a set of strate­
gies that applies to all the determinants of health and not merely problematic 
risks. It involves pragmatic, multidisciplinary, approaches to remove barriers to 
the implementation of knowledge to protect health and promote sustainability 
in situations where the hazard or harmful situation cannot be eliminated in the 
near future. 

Harm reduction is most associated with public health actions against persistent 
problems such as addiction and homelessness. Adapting harm reduction to One 
Health provides new tactics to overcome entrenched perspectives and inaction 
to ensure progress on shared goals. Harm reduction works by reducing the more 
immediately harmful consequences of an activity through pragmatic, realistic 
programs feasible under current conditions. It promotes relationships, structures, 
and processes to make gains towards safer situations by incrementally reducing 
the negative health, social and ecological consequences to individuals, communi­
ties, and ecosystems, without relying on elimination of the hazard. 
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The process of harm reduction is characterized by five features: 

1. It is a collaborative process.
Harm reduction seeks multidisciplinary pathways to overcome barri­
ers to implementing recommendations, fostering collaboration on shared
goals, and reducing conflict. Social and organizational factors that influ­
ence actions and opportunities to prevent, mitigate, or cope with harms are
targeted. A diversity of players is engaged in finding solutions throughout
the chain of causation. The process does not blame or judge the partici­
pants. Collaboration involves individual who, thorough formal or informal
negotiation, find ways to act together towards a shared vision that results in
mutually beneficial interactions. Collaboration helps people see different
aspects of the problem and, by exploring these differences, find solutions
that go beyond their own perspective of the problem. Harm reduction pro­
cesses build new forms of strategic collaboration and governance that allow
actions while debate remains on the scope and mechanisms of harm.

2. It creates an enabling environment for collective actions.
There are four preconditions to collaboration and cooperation (Thomson
and Perry, 2006; Singh and Kant, 2008). Firstly, people need to have some
ownership of the problem. Rather than seeing the issue as someone else’s
problem, successful collaborators need to see their role and responsibilities
for helping to reduce harms that may extend beyond their interests. Some
degree of negotiation will be needed to create a shared vision that will help
collaborators see how working towards collective interests will meet the
interests of themselves or their organization. Secondly, the collaborators
need a shared goal of where they want to go and a hierarchy of achievable
steps that, taken one at a time, can lead to a safer and healthier situation.
Harm reduction emphasizes actions that can benefit multiple parties and
lead to progress on shared goals. Thirdly, participants need to understand
and endorse the process for making decisions and for moving what they
know into action. Fourthly, there needs to be trust. Trust can be built by
being honest in negotiations, communicating purposefully and regularly,
behaving in accordance with agreements, and not taking advantage of oth­
ers or event when the opportunity is available. Trust, commitment, and a
deeper understanding of the value of collective action are gained by focus­
ing on series of incremental small wins towards the long-term goal.

3. It is oriented to finding pragmatic solutions.
While not ruling out the longer prohibitions or elimination of hazardous
situations, gains that are feasible within the current circumstances and state
of knowledge are sought rather than relying on the creation of a preferred
future before acting. The focus is on finding strengths, possibilities, and
opportunities to reduce negative consequences rather than emphasizing dis­
covery of the proximate cause of harms or attributing blame to others. It is
about working with what we have and who we have today to make incre­
mental improvements.
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4. It is inclusive and local.
Whereas many forms of risk management emphasize top-down actions,
harm reduction emphasizes bottom-up, locally developed planning. This
reflects its focus on working with the knowledge, resources, and relation­
ships that are currently affecting the problems of concern in the context in
which they are occurring. Harm reduction recognizes that no one approach
works for everyone in all situations. It emphasizes action plans that adapt
generic recommendations to local circumstances to produce gains that can
be built on over time to lessen present harms while preparing for tomor­
rows risks. Individuals, agencies, companies, and communities affected by
or affecting harms and risks need to be involved in the co-creation of harm
reduction strategies tailored to a specific situation. Incorporating the con­
text in which environmental, organizational, and personal factors interact
increases the likelihood of finding shared priorities.

5. It is integrative.
Social, ecological, and individual harms are interrelated and examining
them together helps build consensus on goals and finds actions that may
have benefits across domains. Harm reduction promotes a range of interven­
tions but shifts the focus for change from technical and biological matters
alone to include social innovations and opportunities. Seeking consensus
on biological harms without accounting for social harms can increase con­
flict and delay actions. The usual approach of examining one type of harm
in isolation from another reduces chances of finding common pathways or
opportunities to reduce or eliminate risks and harms.

The pathway from knowledge to harm reduction action requires trust. People need 
to trust both the information provided and the information providers. To be suc­
cessful in communicating and building trust, one must recognize and respect the 
diverse and complex value systems operating at the animal-health- society interface. 
Inspiring people to act in a way that addresses a suite of harms needs to do more 
than present the facts. The mere acquisition of new information often does little to 
affect risk perceptions and willingness to act (Gerrard et al., 1999). Information 
sharing needs to be tailored to the individual characteristics of targeted audiences, 
including an assessment of their readiness for change. Blending objective informa­
tion with an understanding of people’s emotions, values, and personal experiences 
is essential when promoting ecological and interspecies harm reduction actions. 

The harm reduction process is starting to be used outside of the public health 
realm, for example, in managing monkey-human conflicts in St. Kitts and Nevis 
(see Chapter 22) and in recommendations to manage salmon aquaculture in British 
Columbia, Canada. An expert advisory panel recommended harm reduction as a 
new tactic to overcome entrenched perspectives and inaction associated with salmon 
aquaculture (Anon, 2018). To ensure progress on sustaining healthy and abundant 
wild salmon, irrespective of the diverse perspectives on salmon farming, the panel 
emphasized finding strengths, possibilities, and opportunities to reduce harms and 
the development of achievable small wins to build public trust through collaboration. 
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The Anthropocene is bringing unprecedented changes along with more far-
reaching interconnections. While significant effort is and should be directed at 
detecting and responding to harms arising from these changes and connections, 
there is room for people to create the conditions that incrementally make the 
world healthier by focusing on circumstances and actions that reduce the total 
amount and total impact of harms across the human-animal-environment inter­
face through harm reduction processes. 
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The complex intersectoral and multi-level nature of the health of humans, ani-
mals, and environments means that it is not possible to prescribe an all-embracing 
policy that ensures decisions made to protect the health of one species, or genera-
tion, do not harm another. The world is a dynamic place where recent factors such 
as globalization, big data, climate change, and others have accelerated change 
from local to global levels. Changing conditions result in new problems and new 
opportunities with which societal organizations must deal. When new problems 
arise, existing information can be insufficient. New information will be needed to 
support decisions that enable optimal solutions. Information and knowledge are 
essential components of decision-making when uncertainty is present (Yim et al., 
2004). Continuous production of new information and knowledge has become 
essential for organizations to be effective in this environment. Decision-makers 
need an expansive perspective so that decisions are less likely to have harmful 
unintended consequences, are more adaptable, and help reduce vulnerabilities 
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to emerging and persistent harms. The nature of health under global change, and 
how it may be influenced by alternative decisions, is uncertain. Managing under 
these conditions requires new collaborations to gather information and perspec­
tives to support integrated health management decisions. 

Despite an urgency for interdisciplinary work in the Anthropocene, most sur­
veillance programs remain bound to disciplinary conventions. During the last 
century, most population health programs were developed to deal with single dis­
eases that occur in a single population of a single species. These single disease-
species systems were effective for many contagious diseases that were important 
in the previous century. However, these systems were not completely success­
ful and there is growing recognition that new approaches are needed for dealing 
with more complex problems, such as cross-species disease emergence, the effect 
of climate change on human, animal and ecosystem health, and antimicrobial 
resistance (Wilson et al., 2020). Since humans, animals, and other species live 
in an interconnected world that is constantly changing, we should not be sur­
prised that health and disease constantly change and that new complex health 
problems constantly emerge. As organizations begin to operationalize new col­
laborative, cross-sectoral programs, they require a constant stream of new infor­
mation. Surveillance at the interface of animals, health, and society needs to be 
reconceived as an information system made up of a chain of subsystems, each 
with its own knowledge of an aspect of the social and ecological drivers of health 
or harm. It must be conceptualized as a connected system of human knowledge 
and wisdom distributed throughout the socio-ecological chain of interactions that 
affect vulnerability and resilience. 

HEALTH SURVEILLANCE AS AN INFORMATION SYSTEM 

Decisions are built on a pyramid of data, information, knowledge, and wisdom 
(DIKW) (Figure 7.1). The DIKW hierarchy has been used to understand the role 
of information and knowledge in risk assessment in engineering (Aven, 2013), and 
we have adapted it to health surveillance. 

Data are symbolic representations of observations of the real world. These can 
be observations of health outcomes, hazards, or other indices tracked by surveil­
lance systems. Data alone have no intrinsic value. Information is data that are 
made useful, through processing and analyzing. Knowledge adds understanding 
(or knowing) of the importance of the information created. This entails examin­
ing information within the prevailing state of knowledge. Wisdom arises when 
knowledge is considered within its social and ecological reality. Wisdom helps 
us make the best decision based on the knowledge created, given the real-world 
opportunities, constraints, perspectives, and priorities. 

DIKW systems can roughly be classed as static or dynamic. Static systems pro­
duce the largest volume and variety of DIKW used for health decision-making. 
It includes basic sciences – many applied disciplines such as pathology, epidemi­
ology, sociology, human and veterinary medicine, engineering, animal science, 
experiential knowledge and wisdom held by community stakeholders, and more. 
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These DIKWs are essential for understanding the complexity underlying health 
problems and solutions proposed to deal with them. The information and knowl-
edge produced by static systems tend to change relatively slowly and, therefore, 
do not provide timely information about rapidly changing events.

Dynamic systems continuously generate DIKW through ongoing processes 
such as surveillance and monitoring. This type of information is often relatively 
simple but is essential for identifying changing health conditions or the emer-
gence of new problems such as epidemics, as they occur. Population health sur-
veillance, whether for humans, plants, or animals, can be defined as a continuous, 
dynamic process producing information that is used to inform decisions for deal-
ing with health or disease-related problems (El Allaki et al., 2012). Surveillance 
systems create information that helps describe current health situations or helps 
forecast future health states. Since health surveillance is a continuous activity, it 
is particularly important for decisions that must be made in a constantly changing 
environment.

Health surveillance data are often collected from cases. What constitutes 
a case varies considerably, depending on the information output required. 
Cases can include laboratory-confirmed cases of a disease, health care provider 
(medical or veterinary) identification of suspect cases, patient self-reports of 
clinical symptoms, owner reports of clinical signs in animals, various surrogates 
for disease (for example counts of sales of diarrhoea medications as a surrogate 
for occurrences of diarrhoea in a population), antimicrobial-resistant bacterial 
or antimicrobial resistance genes, and many others (Antoine-Moussiaux et al., 
2019). Other descriptive data are commonly combined with case data to provide 
contextual information. These include, at a minimum, the date and geographic 
location of case occurrences but can also include other data such as age, sex, 

FIGURE 7.1  The data, information, knowledge, and wisdom (DIKW) hierarchy adapted 
to health surveillance.
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breed, production type, and socio-ecological data such as socio-economic status 
of the case or the case owner, weather, nutrition, and other data. The additional 
data help to provide an epidemiological profile of cases and context for the cases 
that is useful for forecasting the risk of future events in specific times, places, or 
groups. 

Surveillance data become information when they are processed and analyzed 
to answer specific questions. Examples include: How many cases have occurred 
in each region in the most recent period? Has the number of cases increased/ 
decreased compared to previous time periods? Are there more cases among indi­
viduals with specific characteristics (e.g. age or production type)? This informa­
tion is used to make inferences about whether the disease risk has changed and 
to make predictions about whether the risk is likely to change and among which 
regions or subpopulations. 

Surveillance knowledge is understanding the importance of the informa­
tion produced. It is required to answer the question: Does the most recent dis­
ease risk information warrant an action? Decision-makers must have access to 
additional knowledge to make decisions, most importantly an understanding 
of the potential harm that is likely to occur in a population for different dis­
ease risk estimates. Information and knowledge about the epidemiology of a 
disease, the expected spread of the disease, the vulnerability of the population, 
and the expected economic and other losses can enhance the value of surveil­
lance information. One Health decision-makers who operate programs aimed 
at benefiting the health of humans, animals, and the environment require rich 
contextual knowledge. For example, they will need to understand the complex 
linkages between the health of many species and the environment if they are 
going to effectively estimate the potential harm that an increase in disease risk 
in one (or more) species may have on all species involved. Currently, popula­
tion health is mostly domain specific, and decision-makers are educated mainly 
within the domain they work. One Health decision-makers will require skills 
and capacities to acquire, understand, and use the additional knowledge needed 
to make effective decisions. 

Wisdom is being able to use surveillance information and knowledge in the 
most appropriate way, resulting in the least harm and greatest benefit to as much 
of the population and as many of the stakeholders as possible. Wise decision-
makers must understand the significance of risk estimates and be able to design 
the most effective and appropriate actions. As we consider more species and pop­
ulations in decision-making, the limitations of single species or single disease-
focused surveillance quickly becomes apparent. 

Health surveillance is typically a technical activity focused mainly on data 
creation and analysis leading to information creation. These activities are con­
ducted by highly trained specialists who often perform their tasks with limited 
input from people outside their specialty. This specialist approach has elevated 
the importance of data and analysis, shifting emphasis away from knowledge 
and wisdom, and excluding many stakeholders who could provide valuable 
knowledge to enhance surveillance information. 
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The data information centric approach works well when health problems 
are well known, clearly defined, and the decision being made is unambiguous. 
For example, the U.S. Centers for Disease Control (CDC) defines an epidemic 
of listeriosis (caused by Listeria monocytogenes) as the occurrence of two or 
more related cases. The detection of two or more cases evokes an action (an 
outbreak investigation to find the source of food or drink contamination) (CDC, 
2020). Behind this data information system is knowledge and wisdom gained 
from experiencing past epidemics such as knowing (i) that the occurrence of 
two related cases of listeriosis in the United States is abnormal and could indi-
cate that an epidemic is ongoing in the population; and (ii) that listeriosis has a 
high case fatality ratio, making it important to respond immediately in order to 
minimize the number of people that become infected. The additional wisdom is 
understanding that the source of food or water contamination must be identified 
before the epidemic can be stopped, and therefore the best action is to conduct 
an outbreak investigation.

The importance of knowledge and wisdom, or the lack of it, is more evident 
in less well-defined situations. In the COVID-19 pandemic of 2020, the earliest 
piece of surveillance information was the identification of cases of a previously 
unseen, severe respiratory syndrome in Wuhan, China (Wang and Wang, 2020). 
At the time, knowledge of the importance of this information was uncertain, and 
as a result, some decision-makers decided not to immediately initiate a response 
(Liu et al., 2020). As the epidemic spread, it became more certain that the new 
disease was rapidly spreading and had a relatively high mortality rate. Decision-
makers decided to respond based on wisdom gained from the first severe acute 
respiratory syndrome (SARS) epidemic in 2003 (Liu et al., 2020). Even after it 
became evident from the experience in China that the epidemic was a signifi-
cant threat, decision-makers in different countries responded differently (Kluge, 
2020). In some countries, the threat was immediately recognized and responses 
were rapidly implemented. In others, the threat was not recognized as early and 
disease control actions were delayed. The variation in rapidity and type of national 
responses could be attributed to many factors, but uncertainty in information and 
differences in the knowledge and wisdom of decision-makers in different coun-
tries are likely to have played a role.

Recognizing the importance of emerging disease signals identified by sur-
veillance and implementing the most effective and efficient disease mitigation 
strategies requires decision-makers with considerable knowledge and wisdom. 
It is unlikely that any single individual will have the necessary knowledge and 
wisdom. Transdisciplinary teams that include experienced experts from a range 
of scientific and practical specialties as well as representatives of different parts 
of society are more likely to correctly identify signals that are important and 
develop interventions that are effective and efficient in terms of costs and negative 
effects on people, society, other species, and the environment. There are estab-
lished methods to guide these types of evaluations such as rapid risk assessment 
methods to estimate the risk of a pathogen introduction and spread and the poten-
tial harm that it could cause (WHO, 2012).
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ONE HEALTH SURVEILLANCE 

The term One Health surveillance (OHS) has recently begun to appear in the sci­
entific literature (Bordier et al., 2018). Collaborative OHS has been defined and 
characterized (Bordier et al., 2018; Berezowski et al., 2015; Stärk et al., 2015). 
OHS transgresses traditional boundaries between disciplines and sectors. It is 
the collaborative efforts between the human and animal health sectors work­
ing together to define health events, conduct systematic collection of event data, 
analysis of this data, and a timely dissemination of information and knowledge to 
guide interventions aimed at preventing or managing human and animal disease 
(Karimuribo et al., 2012; Stärk et al., 2015) defined OHS as “the systematic col­
lection, validation, analysis, interpretation of data and dissemination of informa­
tion collected on humans, animals and the environment to inform decisions for 
more effective, evidence and system-based health interventions.” 

Proposed benefits of OHS include a greater understanding of the complex 
dynamics of zoonotic diseases, saving resources by reducing duplication of infra­
structure and processes, and ultimately reducing the burden of disease in people 
and animals (Hattendorf et al., 2017). These expected benefits are derived from 
the One Health principle that collaborating across sectors (human, animal, and 
environmental) is beneficial and that more is better. In other words, more or better 
information can be created by combining data from many sources. The value of 
combining data is made even more attractive by the promise of applying big data 
methods to health data (Mamlin and Tierney, 2016). 

Methods and best practices for OHS have not been established. There is no con­
sensus about what is or is not OHS, or what OHS can reasonably expected to accom­
plish. Methodological challenges are daunting, including how to integrate data that 
are collected, stored, and analyzed using different standards, definitions, scales, 
and techniques. Health surveillance practitioners have started thinking about the 
type of surveillance that will be needed to support decision-making for One Health 
programs (Berezowski et al., 2019). However, OHS is currently in its infancy. 

AN ADAPTABLE PERSPECTIVE OF SURVEILLANCE 
STRUCTURE, OUTPUTS, AND OUTCOMES 

All health surveillance systems are complex, involving different stakeholders, 
components, infrastructure, processes, policies, and regulations. They are often 
operationalized by government organizations that have jurisdiction over many 
people and animals. In this section, we describe common elements of health sur­
veillance that exist across species. The intent is to focus on commonalities that 
might underlie the creation of surveillance systems using similar architectures 
and processes that ease data sharing and the creation of information and knowl­
edge relevant to cross-sectoral decision-makers. 

Public health surveillance is “the continuous, systematic collection, analysis 
and interpretation of health related data needed for the planning, implementation, 
and evaluation of public health practice” (WHO, 2020). Animal health surveillance 
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has similarly been defined as “the systematic, continuous or repeated, measure­
ment, collection, collation, analysis, interpretation and timely dissemination of 
animal health and welfare related data from defined populations.” These data are 
then used to describe health hazard occurrence and to contribute to the planning, 
implementation, and evaluation of risk mitigation actions (Hoinville et al., 2013). 
A One Health surveillance system can be defined as “a system in which collab­
orative efforts exist between at least two sectors (among human health, animal 
health, plant health, food safety, wildlife and environmental health) at any stage 
of the surveillance process, to produce and disseminate information with the pur­
pose of improving an aspect of human, animal or environmental health” (Bordier 
et al., 2018). 

The definitions above share a common purpose of creating information for 
health decision-making. Differences between them relate to the number of spe­
cies that should be monitored to create information, nature, number, and diversity 
of domains that should collaborate and the number of species that should benefit 
from the decisions informed by the surveillance system. They agree that health 
surveillance should be a systematic and ongoing process that creates information 
that is used for decision-making in health (El Allaki et al., 2012). Continuously 
creating information implies that these processes operate continuously or at least 
are repeated regularly. Information creation requires processes such as observa­
tion, and/or data collection, manipulation, cleaning, analysis, interpretation, and 
communication (El Allaki et al., 2012). Figure 7.2 is a visualization of a generic 

FIGURE 7.2 Attributes of a generic disease surveillance-control system. 
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TABLE 7.1 
Attributes of a Generic Health Surveillance System 

Attribute Component Description 
Activities Surveillance activities Sampling and data collection that lead to the 

production of the required information; 
processing, cleaning, analysis, and interpretation 
to create information from observations and data 
and activities to disseminate the resulting 
information 

Disease control activities Responses, interventions, and other harm-
reduction activities that have been indicated from 
wisdom resulting from surveillance information 

Tangible and Surveillance information Estimates of the current and predicted hazard risk 
measurable outputs output(s) in the population under surveillance. These 
and outcomes outputs are often very specific and are defined by 

the decision(s) that must be made to control the 
disease 

Harm reduction Result from the actions that are set in motion 
outcomes because of a surveillance information output that 

reduce the harms of concern, such as mortality or 
economic or ecological impacts 

Agents Targets of surveillance Agents upon which surveillance activities are 
directed to produce information 

Targets of control Agents upon which the control actions are 
activities directed 

Targets of harm Agents that benefit from the disease control 
reduction activity 

disease surveillance-control system based on a general theory of surveillance. 
Table 7.1 defines the attributes of the model. 

An example of an integrated disease surveillance-control program for West 
Nile Virus (WNV) in Italy will be used to illustrate the generic model (Paternoster 
et al., 2017; Calzolari et al., 2012; Angelini et al., 2010). WNV causes disease in 
humans, horses, birds, and other animals. It is transmitted by mosquitoes among 
birds, and from birds to horses and humans, who are dead-end hosts. The excep­
tion is that infected people can transmit the virus via blood and solid organ dona­
tions. The goal of this program was to mitigate the risk of WNV transmission to 
horses and humans and to reduce the risk of transmission between humans via 
blood transfusions and solid organ donations. The intended beneficiaries of the 
program (the agents of harm reduction in Table 7.1) were humans and horses living 
in the Emilia-Romagna region of Italy. WNV has a seasonal cycle in the region 
and the surveillance goal was early detection of increased risk of WNV circula­
tion in the environment (surveillance outputs Table 7.1) that will trigger harm 
reduction actions. Surveillance activities that produced information included 
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reporting and confirmation of cases of WNV in humans, horses, and birds, and 
screening of mosquito pools for the virus (Figure 7.2 surveillance targets). When 
increased risk was detected, specific preplanned actions were triggered, including 
informing the public about the risk so that people in the high risk area can reduce 
personal risk of mosquito bites and vaccinate horses; implementation of mosquito 
control activities; and testing of human blood donations for WNV (Figure 7.2 
control activities). This was a continuous process that produced information for 
decision-making, involved multiple species, and was a collaborative effort involv­
ing human, animal, and environmental health. The program was reported to be 
very successful in reducing the health risk for the targets of harm reduction (peo­
ple and horses) and demonstrated the benefit of a collaborative, multidisciplinary 
approach for dealing with a single-pathogen problem (Paternoster et al., 2017). 
From a One Health perspective, the scope of the program was relatively limited 
as it considers only two species (humans and horses), ignoring other species such 
as wild birds, whose populations have been shown to be adversely affected when 
WNV is introduced (Byas and Ebel, 2020). 

Many of the reported OHS systems have been single hazard systems with haz­
ard targets that include zoonotic diseases, antimicrobial resistance, food-borne 
pathogens, and one report of an environmental hazard (Bordier et al., 2018). Even 
though many are multisector collaborations, they were mainly designed with the 
goal of benefiting human populations. Ecosystem health and One Health have 
been promoted for dealing with health problems involving more than single haz­
ards that benefit one population. Ecosystem health aims to achieve sustainable 
health for people, animals, and ecosystems (Buse et al., 2018). Although the prac­
tice of One Health may be narrower in scope, the goals are similar (AVMA, 2008). 
The scope of practice of One Health is increasing as researchers and practitioners 
learn more about the interconnectedness between humans and non-human spe­
cies and as they respond to new threats to health resulting from climate change 
and other global changes. There is an opportunity to start thinking about new 
approaches for dealing with current and impending health risks, especially those 
associated with global changes. 

The scope of health surveillance will need to be expanded to meet the infor­
mation needs of emerging One Health and EcoHealth programs. This may be 
accomplished by increasing the number of species targeted for information pro­
duction and broader consideration of the harms and benefits from interventions. 
For example, control programs for mosquito-transmitted diseases can include 
spraying pesticides around homes and in cities to eliminate mosquitoes. This 
intervention can have harmful effects on people and the other species with 
which they live (Zikankuba et al., 2019). To represent these species and the 
ecosystem as a whole, the processes for informing disease control and health 
promotion interventions requires knowledge and wisdom from a wide range of 
people. They could include discipline specialists who have practical knowledge 
and wisdom relating to the undesired or unintended effects of interventions; 
citizens and traditional knowledge holders such as farmers and gardeners who 
have local information on critical relationships that can influence the breadth 
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of intervention impacts; and local residents who can inform decision-makers 
about prevailing values that can influence risk versus benefit determinations 
for intervention implementation decisions. In the preceding WNV example, 
surveillance targets and information production could be expanded to better 
inform current and future decisions about which type of control program would 
be most beneficial or desirable by the community. For example, surveillance 
could be expanded to produce continuous information about local pollinator 
insects and other species, as well as cases of respiratory or other syndromes 
in people that could be the result of pesticide spraying to control vector mos­
quitoes. This would allow the production of information about the non-target 
effects of WNV control programs and promote a more comprehensive view of 
the effects of interventions on the local healthscape (see Chapter 8 for more 
information on healthscapes). 

making it Happen

There are many governmental and non-governmental sources of surveillance and 
monitoring data, and information that could be used to create an integrated, real-
time picture of the changing patterns of the target disease and the effects of the 
control measures on humans, animals, and the environment. Even though these 
data are available, there are challenges to combining or collating them (Wendt 
et al., 2014). Close collaboration will be required between many of the people 
involved in surveillance at all levels from data collectors to information technol­
ogy technicians, to analysts, to epidemiologists, to policy and decision-makers 
(Bordier et al., 2019; Houe et al., 2019; Johnson et al., 2018; Bordier et al., 2018; 
Wendt et al., 2014). One Health leaders will need to support these initiatives with 
policies, funding, and especially leadership that models collaborative behaviours 
(Johnson et al., 2018). 

Many surveillance roles will need to change to meet this vision of integrated, 
cross-sectoral surveillance. For example, data collected by one surveillance 
initiative in one domain may need to be expanded to capture additional data 
needed to meet the information needs of the overall surveillance-control pro­
gram. Data cleaners and processors will need to create datasets that are standard­
ized, allowing collation of multiple datasets (Wendt et al., 2016). Disease control 
and response interventions across multiple species will need to be coordinated 
by a multi-domain, collaborative, overarching organization (Paternoster et al., 
2017). These changes will not be possible without changes in the attitudes of 
people working in disease surveillance and control in government departments 
(Antoine-Moussiaux et al., 2019; Johnson et al., 2018). Rethinking disease sur­
veillance-control in these terms is not insurmountable. Changes are occurring, 
suggesting a shift in attitudes may be taking place. For example, some govern­
ments have established One Health offices and departments with the aim of pro­
moting collaborative approaches within and outside of government (BLV/Food 
Safety and Veterinary Office, 2020; USDA-APHIS, 2020). There are examples 
of surveillance systems that integrate data from multiple sectors (Dente et al., 
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2019; Hutchison et al., 2019; Bordier et al., 2018), and tools have been developed 
to facilitate government collaborations (Errecaborde et al., 2017). 

HEALTH SURVEILLANCE IN COMPLEX DYNAMIC SITUATIONS 

The generic model of health surveillance presented above is insufficient for cap­
turing the complexity that is present in most operational disease surveillance-
control systems. The model is not well suited for capturing the characteristics and 
contextually of the relationships and collaborations that can be present in One 
Health programs, or the different types of decisions being made in a One Health 
context. It also does not capture some of the other uses for health surveillance 
information in disease control, and, of particular importance, it does not capture 
the continuous nature of surveillance information production. 

At a population level, the occurrence of new cases of most diseases is a continuous 
process. The incidence of new cases can vary considerably depending on the chang­
ing characteristics of the hazards and dynamic socio-ecological determinants of dis­
ease transmission or occurrence (in the case of non-infectious disease) (Da Costa 
et al., 2019; Homer and Hirsch, 2006). To be effective, health surveillance must cre­
ate information about changing disease conditions at a rate that is appropriate for the 
disease and the decisions that need to be made to deal with it. Making decisions for 
slowly changing processes like the obesity epidemic will require information at a 
much slower rate than fast moving processes such as the recent emergence of a novel 
coronavirus in China and its rapid intercontinental spread (Munster et al., 2020). 

The rate of occurrence of new cases of disease in a population of any spe­
cies is the result of complex processes made up of many interactions between 
many agents (humans, animals, plants, microbes, organizations, societies, gov­
ernments, etc.) and the environment. These collections of agents and the envi­
ronment are called complex adaptive systems (CAS) (see Chapter 13 for more 
information on complexity in health). CAS are ubiquitous. They are self-organized 
hierarchical structures of nested systems. For example, metabolic pathways are 
CAS nested within cells, which are CAS nested within organ systems, which are 
CAS nested within animals, which are CAS nested within farms, which are CAS 
nested within local ecosystems, and nested also within production systems, and 
so on. There are many interactions between individual actors within levels of the 
hierarchy and up and down the hierarchy. The constant interaction within and 
between the levels results in the system being in a constant state of change at all 
levels of the hierarchy. These systems are not isolated from their surroundings. 
For example, there is no physical structure that bounds the local ecosystem within 
which a farm is located. There are external inputs into the farm, such as changing 
weather conditions, and there is communication and exchange of materials over 
short and long distances. Farmers purchase animals, feed, and other commodities 
and receive visitors from locations that may be many kilometres distant from the 
farm. All of these are the channels through which information and hazards can be 
introduced onto the farm. Surveillance systems for the Anthropocene will need to 
be adaptable to these types of complex, dynamic situations. 
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FIGURE 7.3 An adaptive management system for health surveillance. 

Adaptive management provides frameworks that can be tailored to health sur­
veillance. Adaptive management is a continuous, cyclic process that has been 
extensively used to model continuous decision-making processes in business 
(Landström et al., 2018), ecology (Jokinen et al., 2018), and it has recently been 
proposed for surveillance and disease control (Miller and Pepin, 2019; Stärk et al., 
2018). Adaptive management cycles begin with a situation requiring improve­
ment. Decision-makers wanting to improve the situation design and implement 
policies and actions to change the situation. The situation is then monitored to 
evaluate the effect of the policies and actions. This is followed by a critical re­
evaluation of the situation to determine whether the desired improvement has 
been achieved (Jokinen et al., 2018). 

Figure 7.3 blends adaptive management and health surveillance concepts with 
decision-making for health management and disease control. We explain the 
model by considering a common situation such as when an endemic disease is 
present in a population at an acceptable level. If the disease increases to a certain 
level, control actions would be considered to reduce the level of disease in the 
population. We begin the description of the adaptive management cycle when sur­
veillance activities are underway to assess the status of the disease (Surveillance 
Activities in Figure 7.3). As in the generic surveillance model (Figure 7.2), sur­
veillance outputs are estimates of the current disease risk. The decision of impor­
tance (decision-making in Figure 7.3) is whether the current estimated disease 
risk (Surveillance Output in Figure 7.3) is high enough to warrant an intervention 
or not. If it remains at an acceptable level, no intervention is needed, and surveil­
lance activities continue to generate risk estimates that are continuously evalu­
ated by decision-makers. However, if the surveillance risk estimate exceeds an 
acceptable level, an intervention will be warranted, and control activities will be 
planned and implemented. In many cases, control activities are preplanned as in 
responses to known emergencies, where pre-established plans are activated when 
significant risks are identified by surveillance. 
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An example of this adaptive management model for health surveillance is the 
Kyasanur Forest Disease (KFD) control program implemented by Western Indian 
State Health Departments in the regions endemic for the disease (Shah et al., 
2018). KFD virus is a tick-borne virus that causes severe, sometimes fatal, dis-
ease in humans (case fatality ranges from 2% to 10%) and monkeys in Western 
India (Kasabi et al., 2013). There is currently no definitive treatment for the dis-
ease (Oliveira et al., 2019). Virus reservoirs include small forest-dwelling rodents, 
shrews, bats, and birds (Oliveira et al., 2019). Epidemics in humans and monkeys 
can occur when local environmental conditions support the proliferation of ticks. 
A surveillance system maintained by state health departments operates continu-
ally during the tick season. It targets humans (reports of suspect and confirmed 
clinical cases), monkeys (reports of dead monkeys by villagers), and ticks (popu-
lation density estimates), outputting information about the human risk of infec-
tion. When the surveillance system detects an increase in risk in a geographic 
region (surveillance output), a decision is made whether to implement preplanned 
disease control activities or not. These can include vaccination, tick control, pub-
lic awareness campaigns informing the public to take personal protective mea-
sures against tick bites, and avoiding dead monkeys (Gupta, 2020).

This cyclical adaptive management model is very simple; however, it can 
be generalized to most disease surveillance-control situations that have been 
reported (Häsler et al., 2011):

1. A known pathogen of importance that is not currently present in the
population and a response is required if the pathogen is introduced.

Surveillance activities will be targeted towards identifying a confirmed 
case as quickly as possible (surveillance output), and the decision will be 
to respond or not, to eliminate the pathogen from the population.

2. The emergence of a previously unknown pathogen that causes signifi-
cant harm and requires an intervention.

Surveillance activities must be quite broad to detect the emergence of 
any new disease as quickly after the occurrence of the emergence as pos-
sible (surveillance output). The decision about whether to respond may 
be quite difficult, especially in the early stages of the disease emergence, 
as little will be known about the potential harm that may be caused by 
the new pathogen.

3. The occurrence of an epidemic of an important disease that escapes the
current control activities.

The surveillance system produces a variety of information (incidence, 
geographic distribution, production types affected) that is used to 
develop a new more effective control strategy and decide about the type 
of intervention.
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4. During the time when disease control activities are ongoing.

Surveillance produces information about the changing amount of dis­
ease in the population. This information is used to evaluate the effective­
ness of control activities. In this case, the decision is whether to continue 
with the current control activities or to consider new ones. 

THE IMPLICATIONS OF COMPLEXITY 
FOR ONE HEALTH SURVEILLANCE 

One of the first models aimed at understanding the complex nature of disease 
causality was the epidemiological triad which modelled disease occurrence as 
the result of the interactions between characteristics of pathogens, hosts, and the 
environment. These models have been expanded in recognition that infectious 
and non-infectious disease occurrence is the result of the complex interactions 
between many dynamic socio-economic, behavioural, ecological, environmental, 
pathogen and other factors (by factors we mean any characteristics or descriptors 
that can be measured or counted). Identifying these factors, often called risk fac­
tors or determinants (here we use the terms interchangeably), has been a primary 
focus of epidemiology since its emergence (Galea et al., 2010). Risk factors are 
most commonly identified using studies that measure the association (positive or 
negative) between potential risk factors and the occurrence of cases of disease 
(Joffe et al., 2012). The motivation for identifying these risk factors is to use them 
to develop strategies and interventions aimed at nullifying (where the effect is 
negative) or promoting their effect (where the effective is protective or health 
promoting), thereby improving the health of individuals, groups (e.g. farms), or 
populations. Risk factor models have been integrated into the practice of human 
and veterinary medicine and can be found in the epidemiology sections of medi­
cal and veterinary textbooks. 

Since disease occurrences are known to be the result of the interaction between 
many factors, it follows that there will be some factors that increase the occur­
rence of disease, and others that decrease it. Both positive and negative risk factors 
are in constant operation at varying degrees and time scales. The constant change 
in risk factors explains much of the random variation that is seen in time series of 
counts of cases of endemic disease that is common to all surveillance data. Large 
shifts in the rate of production of endemic disease can result from changes in any 
single risk factor or a combination of multiple risk factors. Figure 7.4 is an over­
simplified illustration of the way in which risk factors influence the occurrence of 
disease cases that are counted in a surveillance system. 

The surveillance models presented up to this point are based on the currently 
accepted paradigm that the information created by surveillance activities is based 
on cases of disease or infection, in humans and other species. Case-based surveil­
lance is limited in its timeliness to creating information only after the onset of a 
disease event in a population. There is a strong motivation for producing infor­
mation about changing disease risks earlier in the chain of events leading up to a 
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FIGURE 7.4 The effect of determinants of disease case occurrence as seen via a disease 
surveillance system. 

significant health event such as rapidly spreading epidemic. Basing decisions on 
out-of-date information can result in ineffective decisions that can have devastat­
ing consequences on humans and animals (Kitching et al., 2006). Earlier infor­
mation about an impending change in the disease status of a population would be 
beneficial, as it would provide more time to design interventions to prevent or mit­
igate the harm caused by the disease. Overcoming the time constraint will require 
rethinking the way we do surveillance. In addition to producing information 
about current disease risks, surveillance could also produce information predict­
ing impending change in disease risks or population vulnerability. For example, a 
well-known risk factor for an epidemic is the proportion of the population that has 
resistance to infection with the pathogen causing the epidemic. When the propor­
tion drops below the level of herd immunity in the population, the introduction 
of the pathogen into the population can result in a sustained epidemic. The recent 
measles outbreaks in North America and Europe occurred because communities 
of parents decided to withhold vaccination of their children, to the point where 
community-based epidemics were sustained. The risk factor “reduced proportion 
of resistant children in the community” is commonly used to model epidemic 
progression. It is very simple and easy to model but fails to convey the complexity 
of the situation. A large number of interconnected risk factors for parents failing 
to vaccinate their children have been identified and grouped into the 5A’s taxon­
omy (Access, Affordability, Awareness, Acceptance, and Activation) (Bell et al., 
2020). Understanding the complexity of these interconnected risk factors is dif­
ficult. However, a surveillance system that recorded the number of people refus­
ing measles vaccination for their children would have provided some warning of 
which communities were reaching a point where an epidemic was imminent. This 
information would provide additional time for the development of interventions 
such as campaigns to inform people of the risks of not vaccinating their children. 

Predicting increased disease risk for known endemic diseases is a relatively 
common practice in humans, animals, and plant health, and ecological sciences 
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(Funk et al., 2019; Kleczkowski et al., 2019; Thompson and Brooks-Pollock, 
2019; Lee et al., 2017). It has been especially promoted for predicting changing 
vector-born disease risk because vector populations are affected by weather (tem­
perature, precipitation, and humidity) (Morin et al., 2018; Lee et al., 2017). It has 
also been reported for predicting changing risk for diseases (e.g. Ebola or obesity) 
that are affected by changing social behaviours (Funk et al., 2019; Scarpino and 
Petri, 2019; Galea et al., 2010). Epidemic prediction has been likened to weather 
forecasting (Morin et al., 2018; Moran et al., 2016). We can speculate that epi­
demic prediction will improve over time as methods and the amount and quality 
of data improve, similar to the way that weather forecasting has improved over 
time. Because of the current state of the art of epidemic prediction methods and 
the associated uncertainties with epidemic prediction, this type of surveillance is 
not likely to replace conventional surveillance in the immediate future. However, 
it could be used to provide additional information to supplement conventional 
surveillance information. 

Risk factor surveillance has been proposed for animal health surveillance 
(Rich et al., 2013), but is not widely practiced. It is more common in public health 
surveillance. The Behavioural Risk Factor Surveillance System has been used 
since 1981 in the United States to monitor a variety of risk factors for human 
disease, including immunization, preventative testing, physical activity, chronic 
conditions, mental health, obesity, tobacco use, alcohol and substance abuse, and 
health risks associated with sexual behaviour, injury, and violence (Pierannunzi 
et al., 2013). It has successfully predicted epidemics (for example diabetes) and 
has been used by most of the U.S. states to design and implement disease control 
interventions (including legislation) aimed at reducing disease risk predicted by 
the surveillance system (Mokdad, 2009). 

Both case-based and risk factor surveillance can be practiced at the same 
time. Surveillance targeting disease cases could be continued as usual, producing 
information that is used to make decisions about the current situation in the popu­
lation. Risk factor surveillance could be added and used to produce information 
predicting future changes in disease risk (Figure 7.5). This information would be 
used to make decisions about implementing prevention activities aimed at reduc­
ing the future risk of disease. 

Monitoring several individual risk factors as independent variables is not 
likely to provide a complete understanding of the processes affecting disease 
production (Joffe et al., 2012). There are at least two reasons for this. The first 
is that many risk factors do not act independently. They interact with each other 
and with other risk factors in ways that make it difficult to understand their 
behaviour without understanding the behaviour of the complex system in which 
the species under surveillance resides (Joffe et al., 2012; Galea et al., 2010). The 
second is that monitoring risk factors independently ignores interconnected­
ness of the health of humans, animals, and the environment. Understanding the 
connections between many species and the environment they reside in, as a sys­
tem, will be essential for understanding how changes in risk factors for disease 
in one species may affect the health of another species, or how interventions 
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FIGURE 7.5 Adaptive management model of surveillance that monitors disease cases 
and determinants of disease. 

aimed at reducing disease in one species may have beneficial or harmful effects 
on another. 

Even though there is a toolbox of methods that have been developed in the field 
of complexity science that could be used in One Health, the use of complex sys­
tem methods has not been widely reported in One Health research (see Chapter 13 
for more on complexity in On Health). There are studies that have identified the 
relationships between risk factors and disease in single species using complex­
ity science methods, and complexity methods in combination with participatory 
approaches have been used to select the most appropriate disease control activities 
and to develop health policy (Mumba et al., 2017). At the time of writing, we found 
no studies that used complexity science methods to select targets for One Health 
surveillance. The reasons for this are unknown. It may be that complexity science 
is not well known among One Health researchers and practitioners, or it may be 
that additional basic research is needed to support the use of complexity science 
in One Health. It may also relate to the relatively narrow scope of One Health that 
is currently being implemented. Most reported applications of One Health focus 
on zoonotic diseases. Relationships between species are included only for those 
species that act as reservoirs or vectors for human disease, and only risk factors 
that affect disease in people are considered. This narrow view is a one-way causal 
model pointing towards people. These are not full models, because they ignore 
the effects of interventions to protect human health on the health of non-human 
species, ecosystems, and the environment. Furthermore, they do not consider how 
the health of animals and the environment effects the health of humans. Complex 
system approaches have the potential to aid our understanding of all these interac­
tions and to help to develop interventions that are more likely to be considerate of 
the health of non-human species and the environment. However, complex system 
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approaches will not likely be seen as necessary until organizations responsible for 
health fully embrace One Health and develop programs that accept responsibility 
for the health of all species and the environment. 

SUMMARY 

Surveillance is a tool for creating information for decision-making. The activi­
ties and information created by health surveillance are therefore limited by the 
decisions it supports. Since most One Health programs target single diseases and 
aim to benefit only humans, OHS is currently limited to a small number of activi­
ties that produce a limited amount of information. If the decisions in One Health 
remain univariate in nature (have one outcome), there will be little or no need 
for change in the type of surveillance information produced. However, consid­
ering the impact of humanity on all species on this planet (and vice versa), it is 
imperative that health decision-makers begin to think about policy that aims to 
concurrently benefit people, non-human species, and the environment. This will 
require broadening of the scope of their responsibility and jurisdiction to include 
the health of many species. Changing health legislation and organizational struc­
tures is not an easy process. It will likely require a shift in societal values to the 
point where all species, ecosystems, and the environment are highly valued. 

One Health practice, on the other hand, aims to implement solutions to health-
related problems that provide multiple species benefits. It should be collaborative 
in nature, engaging a wide range of stakeholders, including those affected by the 
health problem in question, and those affected by proposed solutions. Solutions 
developed in this manner are more likely to be effective and sustainable than 
top-down approaches where health ministries develop policies with little or no 
engagement with stakeholders or affected communities. Because of the com­
plex, multi-stakeholder nature of One Health practice, decision-making is likely 
to require more information and knowledge than is needed for single disease-
species approaches. 
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INTRODUCTION

The World Health Organization’s Ottawa Charter for Health Promotion (WHO, 
1986) states: “Health is created and lived by people within the settings of their 
everyday life; where they learn, work, play and love.” This has been a corner-
stone in the development of a healthy settings approach to health promotion and 
public health (Kickbusch, 2003). This approach recognizes the need to develop 
strategies, programmes, and policies that contribute to total population health in a 
given setting, rather than targeting specific at-risk groups. This chapter examines 
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the healthy settings approach in a One Health world by considering how geo­
graphical contexts have been framed in research relevant to animal, the environ­
ment, and human health. 

Over the last two decades, the role of geography in understanding, predict­
ing, and shaping health and disease has grown, through the expansion of health 
geography and spatial epidemiology (Meade, 2014; Kearns and Moon, 2002). 
Locations linked with health surveillance data, for example, can help reveal 
patterns of disease relative to the underlying population. Spatial patterns can 
reveal clues about aetiology and risk factors. In health surveillance, this sort of 
analysis can lead to early detection of emergence, spillover, geographic spread, 
or evidence of co-infection and interaction among pathogens, hosts, and vectors 
(Mayer, 2000; Robertson et al., 2010). Disease data linked to other environmental 
datasets through location references can help identify spatial risk factors. This 
approach is widely used in the study of distribution of both chronic and infectious 
diseases in humans and increasingly in animals. 

Despite these successes in “spatial” approaches to health and disease, key 
challenges remain. Epidemiologically significant events can be (and often are) 
the outcome of unpredictable and seemingly random interactions. The challenges 
of making useful spatial associations begin to compound for diseases that are 
shared between species, where early risk factors interact in unpredictable ways in 
extremely complex processes. Animal and human data are collected for widely 
varying purposes, with different methods, sampling approaches, and data formats, 
which complicates developing a data acquisition and analysis strategy (Robertson 
et al., 2016). Needing to monitor interactions between multiple species, their 
environment, and human populations (all of which have different restrictions 
across political boundaries, and different surveillance methods and approaches) 
creates difficulties for spatial risk factor surveillance for emerging zoonoses. 
While spatially explicit methods are commonly used in understanding wildlife, 
spatial information alone rarely tells us much about population health overall. 
Population declines or collapses are rarely explained only by where wildlife are 
located. Integration of spatially explicit health information, encompassing wild­
life, domestic animals, humans, and the environment, remains elusive. A shift 
in thinking is now promoting One Health through a health promotion lens: to 
monitor and understand those shared dimensions that contribute positively 
to health – across generations, places, and species boundaries (see Chapter 2 for 
more on the evolution of One Health). 

We propose the idea of an “Eco-Healthscape,” which combines what we might 
traditionally consider as EcoHealth approaches to health assessment, with the 
notion of landscape approaches to health. A “landscape,” in a geographical sense, 
is defined relationally rather than as a particular spatial scale. A landscape is a 
geographical unit, which may change and fluctuate over time that incorporates 
some heterogeneity with respect to the habitat experienced by an individual 
species. A landscape definition is linked to habitat area, dispersal characteris­
tics, habitat quality/disturbances, and species interactions. Landscapes are in con­
stant interaction with the ecosystems and social systems within which they are 
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embedded. An Eco-Healthscape emerges from the complex interactions among 
constituent species and their landscapes. Moving beyond identifying threats to 
one species to a more holistic multi-species assemblage perspective means think­
ing about ecosystem functions, actors, and populations on their own intrinsic 
terms rather than in relation to the services they provide to humans. 

In this chapter, we explore how to identify, shape, and create a healthy 
Eco-Healthscape. We review spatial approaches to health and disease, followed 
by considering how recent ideas from health geography can inform the concep­
tualization and operationalization of Eco-Healthscape approaches to One Health. 
A caribou case study illustrates some of the ideas in practice, followed by a 
discussion of preliminary conclusions regarding an Eco-Healthscape approach to 
promoting health of animals, humans, and our shared environment. 

prioritizing space in ecological researcH

The idea that ecological systems can be understood without considering the 
geographic contexts and their effects within which those systems operate was 
called into question by Peter Kareiva in the journal Ecology in 1994. Further 
papers (e.g. Holmes et al., 1994) identified that spatially explicit processes were 
vital to specific ecological systems, and modelling their spatial patterns and 
dynamics was needed to understand them. Incorporating spatial dynamics into 
ecological theory helped make better predictions, create sound management strat­
egies, and understand ecological responses to disturbances. The spatial ecology 
field has grown to encompass a variety of frameworks, methods, and theoreti­
cal developments. Some of these were made possible by new technologies for 
monitoring landscapes, tracking animals through space and time, and mapping 
and monitoring disturbances, their impacts, and responses. However, by the 
mid-2000s – despite hundreds of papers describing spatial effects in ecological 
systems – it became clear that spatial ecological theory, techniques, and applica­
tions were not enough to aid in the management and conservation of declining 
and threatened wildlife populations (e.g. Mladenoff, 2005). 

Most ecological theory and the knowledge it generates relate to systems 
in the absence of humans. Humans, however, are very much a major part of 
ecological development, maintenance, and resilience (Burke and Mitchell, 2007). 
Incorporating humans into conservation and ecosystem restoration is now con­
sidered a vital aspect of successful restoration and conservation efforts. The field 
of restoration ecology grew to try to fill the gaps in applying ecological theory to 
restoring real-world systems. 

This tension between “space” (i.e. spatial properties and relationships as 
an important object of study) and “place” (i.e. spatial properties and relation­
ships as perceived and valued by people) has been going on in the geographical 
literature since at least the 1960s. On the one hand, spatial effects and properties 
can increasingly be mapped and monitored and used to create complex spatially 
explicit models of disease risk or species niches. On the other hand, understand­
ing how human values, attitudes, and behaviours coincide to shape priorities and 
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approaches to understanding animal and environmental health remains more spo­
radic and disjointed. A healthy-settings approach that leads to healthy lives for 
humans and animals needs to consider both spatial and platial factors in its defini­
tion of “settings.” 

“LANDSCAPES” AS “SETTINGS” FOR ONE HEALTH PROMOTION 

A landscape is an ecological research unit of analysis which defines a region 
containing some spatial differentiation in habitat quality or characteristics: 
often described as spatial heterogeneity (Turner, 1989; Picket and Cadenasso, 
1995). Studies of environmental relationships to human, vector-borne, zoonotic, 
and animal diseases through the lens of spatial and/or landscape epidemiology 
(so-called “landscape approaches”) have led to new frameworks, methodologies, 
and thousands of empirical studies linking disease and disease risks to features of 
the environment (Robertson, 2017). Ten key propositions of landscape approaches 
to health (based on a review of several studies) are outlined in Table 8.1 (Lambin 
et al., 2010). We have examined these propositions to consider how they can 
inform the characteristics of a healthy settings approach (Table 8.1). 

Almost all the strictly “spatial” dimensions of these propositions focus on 
static aspects of habitats: the presence or absence of landscape features; how they 
are configured in the landscape; and how their configuration influences connec­
tions and movement between patches. Other characteristics of the propositions 
relate to human-mediated processes within landscapes: how aspects of land use 
change, land ownership, and human movement and behaviour define and shape 
key aspects of infection risk. 

The propositions identified by Lambin et al. (2010), while important for identi­
fying many spatial components of disease emergence and distribution processes, 
are inadequate for defining the Eco-Healthscape. Landscape approaches typically 
focus on associations between environmental features and disease incidence 
to isolate areas of special concern (e.g. clusters or high-risk areas). Analyses 
frequently stop there, rather than identifying what actions should follow in these 
demarcated areas (e.g. see Rothman, 1990). Identifying the high-risk areas on a 
map is in many ways a stark contrast to the “total population” approach articulated 
in healthy-settings literatures. Place-based and more recent health geography 
ideas have transformed how health research conceives space and geographic con­
text. These ideas can help us understand how to use a broader articulation of 
landscapes suitable for One Health. 

In geographical studies of health and disease, the turn from a disease-ecology 
focus to a health-promotion focus has been occurring for over 25 years. Kearns 
(1993) identified place, health services, and community resources as central to a 
new “health geography.” This shift in emphasis can be seen in a methodological 
sense in the shift from space-centric to place-centric studies. Kearns and Moon 
(2002) describe this as changes in how geographic context is represented, from 
treating space as “an unproblematized activity container” to that of “alternative per­
spectives emphasizing constructed meanings and the experiential aspects of place.” 
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TABLE 8.1 
Review of the Ten General Principles Governing Landscape Epidemiology 
Described by Lambin et al. (2010) Focusing on Vector-Borne Zoonoses 

Landscape Epidemiology 
Propositions 

1. Landscape attributes may
influence the level of
transmission of an infection

2. Spatial variations in disease risk 
depend not only on the presence 
and area of critical habitats but
also on their spatial configuration 

3. Disease risk depends on the
connectivity of habitats for
vectors and hosts

4. The landscape is a proxy for
specific associations of reservoir 
hosts and vectors linked with the 
emergence of multi-host diseases 

5. To understand ecological factors
influencing spatial variations of 
disease risk, one needs to take 
into account the pathways of 
pathogen transmission between 
vectors, hosts, and the physical 
environment 

6. The emergence and distribution
of infection through time and
space is controlled by different
factors acting at multiple scales 

7. Landscape and meteorological 
factors control not just the
emergence but also the spatial 
concentration and spatial 
diffusion of infection risk

Healthscape Interpretation 
Landscape features, such as flooded 
banks, can be mapped from high-
resolution imagery and examined for 
association with disease variables 

Spatial measures of habitat 
configuration (e.g. edge density) can 
be important indicators of disease 
risk for both animals and people 

Landscapes as a site of heterogeneity 
imply different levels of connectivity 
between habitat patches. Processes 
driving habitat fragmentation and 
reducing connectivity can predict 
changes in disease risk 

Landscape-level associations that can 
be easily mapped and modelled are 
frequently proxies for specific 
interactions and processes that cannot 
easily be measured Understanding 
specific associations is vital if 
interventions are to be designed to 
mitigate risks. Place factors typically 
operate at the level of specific 
associations, not the landscape 

Pathways of transmission are defined 
to be social interactions and 
processes, whether between animals 
or between animals and humans. 
Mapping their locations is insufficient 
to understand the causal mechanisms 
driving the interactions 

Scale is a key consideration of both 
spatial and platial factors that 
influence disease emergence and 
distribution 

Healthscapes are in part defined by 
abiotic conditions that correlate with 
life history requirements for survival. 
This applies to both pathogens and 
hosts 

Spatial or Platial? 
Highly spatial 

Highly spatial 

Highly spatial, 
moderately platial 

Moderately spatial 
Moderately platial 

Weakly spatial, 
highly platial 

Highly spatial, 
highly platial 

Highly spatial 

(Continued) 
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TABLE 8.1 (Continued) 
Review of the Ten General Principles Governing Landscape Epidemiology 
Described by Lambin et al. (2010) Focusing on Vector-Borne Zoonoses 

Landscape Epidemiology 
Propositions 

8. Spatial variation in disease risk 
depends not only on land cover 
but also on land use, via the 
probability of contact between,
on one hand, human hosts and, 
on the other hand, infectious 
vectors, animal hosts, or their 
infected habitat 

9. The relationship between land 
use and the probability of contact 
between vectors and animal hosts 
and human hosts is influenced by 
land ownership 

Human behaviour is a crucial 
controlling factor of vector-human 
contacts, and of infection 

Healthscape Interpretation 
Land use is governed by an assemblage 
of human and place-based factors, 
including cultural, economic, political, 
and social practices. Land use change 
is typically cited as disease emergence 
risk factor. Land use continuity may 
play an important role in conservation 
of healthy populations 

Land ownership controls access to 
land and helps to define flows of 
people and animals on the landscape. 
As such, this can determine infection 
contact rates. Different forms of land 
ownership arrangements may 
contribute to healthful populations 

Whether people interact with pathogen 
vectors or animal reservoirs is an 
outcome of human behaviour. Animal 
health is also largely an outcome of 
human behaviour as it relates to 
change, contaminants, and other 
sources of animal morbidity/mortality 

Spatial or Platial? 
Highly spatial 
highly platial 

Moderately spatial 
Highly platial 

Weakly spatial 
Highly platial 

Kearns (1993) called for the geography of health to consider the “dynamic rela­
tionship between health and place and the impacts of both health services and the 
health of population groups on the vitality of places.” This latter consideration 
how subpopulations’ health relates to the overall “vitality” of places has important 
connotations for a healthy settings perspective. Settings are the environments of 
everyday life. Much health policy and promotion literature focuses on distinct and 
various types of settings, such as schools and hospitals, to more variable entities 
such as homes, communities, and cities. Settings can equally be seen as population-
level activity spaces, where people spend significant amounts of time engaged in 
activities of life, undergoing a variety of exposures at a multitude of scales. A set­
tings framework from health policy and programming addresses health issues in 
a holistic nature, focusing on provision of resources that address health priorities. 

The question of how to apply concepts from the “new” health geography to 
the shared health of humans and animals remains to be fully explored. Neely 
and Nading (2017) offered critical insights in their critique of global health 
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research and practice from the perspective of place-based research. They con­
sidered the social construction of place through a unique set of social relations, 
understanding, and experiences (King, 2010) within an underlying biophysi­
cal environment. Biota of all types (i.e. so-called “non-human elements”) are 
equally considered in this construction of place. Yet precisely how to operation­
alize these concepts remains challenging. Neely and Nading (2017) reviewed 
the case of an elderly Zulu woman who contracted a rare infectious disease 
in rural South Africa. The factors that convened to determine her diagnoses 
and treatment included internationally funded global health HIV programmes 
(which initially refused to treat her and presumed she was HIV positive), which 
stipulated treatment options for HIV patients, individual factors such as her age 
and socio-economic status, as well as the local geographic context character­
ized by “high numbers of immunocompromised people, rampant tuberculosis, 
crowding, and poor ventilation” within which she was embedded. Although 
used in Neely and Nading (2017) to critique the place-deaf specification of 
global health programme protocols, we see here how local and global forces 
intermix with local environment and individual factors to determine both the 
health and the health care of this person. 

The Intergovernmental Platform on Biodiversity and Ecosystem Services 
(IPBES) addressed nature/society linkages in its own conceptual framework 
(Figure 8.1). Key here is the framing of benefits of the natural world to humans 
through the lens of ecosystem services. This framing, while addressing the role 
of governance and institutions in structuring natural drivers of change, narrowly 
conceives of health in human terms. Work on animal geographies and health has 
begun to reconsider these anthropocentric concerns, though empirical work in 
this vein is challenging. 

In a compelling example, Enticott (2008) used sociological concepts of health 
to construct understandings of bovine tuberculosis biosecurity initiatives in the 
United Kingdom. They noted that “the population approach to animal health 
attempts an important transformation within farming styles,” albeit without con­
sidering the highly localized nature of farming cultures and understandings. Here, 
farmers’ own understandings of bovine tuberculosis risks and outcomes – termed 
lay epidemiology – which include some officially communicated risk factors, as 
well as luck and circumstance, were validated by (geographically) generic risk 
messaging from animal health authorities, because there are just as many other 
unknown or unmeasurable factors that relate to transmission. They note that such 
an ecological paradox emerges when there is a 

fundamental gap which exists between a person’s experience of a given reality and 
science’s explanation of that same reality (Gifford, 1986). This gap can be traced 
to a clash of spatial logics inherent within the population approach and farmers’ 
understandings of animal health. 

Thus, farmers’ own cultural understandings of disease, outcomes, risky and safe 
behaviours, and their concern for the welfare of their animals, which are locally 
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rooted in cultural geographies, needed deeper consideration and engagement in 
creating appropriate health promotion tools. These are critical variables of the 
Eco-Healthscape within which health is actively created, maintained, and some-
times reduced.

CONCEPTS FOR TRAVERSING ECO-HEALTHSCAPES

Figure 8.2 provides a conceptual model that can be adopted and specified for 
humans and animals. The factors in Figure 8.2 are either influences external to 
the individual or population or influences internal to the individual or population. 
For example, all the factors and processes outlined in Lambin et al. (2010) can be 
considered external. However, internal factors (personal connections to specific 
areas, therapeutic benefits derived from specific place assemblages, etc.) play an 
important role in health, and in creating resources for healthy environments. We 
now turn to a brief review of some key internal factors and how they might inform 
an Eco-Healthscape approach.

FIGURE 8.1  Intergovernmental Platform on Biodiversity and Ecosystem Services 
(IPBES) conceptual framework. (From Díaz et al., 2015.)
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FIGURE 8.2 Proposed conceptual model for integrating place and health for shared 
health at human-animal interface. 

tHerapeutic landscapes

One of the most important and widely adopted frameworks in understanding 
the intersection of place and health is that of therapeutic landscapes. The con­
cept was introduced to describe how and why certain environments can provide 
healing (Gesler, 1992). Therapeutic landscapes research tends to come out of 
the humanist tradition in geography, which emphasizes the lived experiences 
of individuals above identifying general mechanisms or associations. Williams 
(1998) described therapeutic landscapes as “those changing places, settings, 
situations, locales, and milieus that encompass both the physical and psycho­
logical environments associated with treatment or healing.” The concept, while 
initially focused on extraordinary spaces such as sites of ceremonial signifi­
cance, has since been expanded to consider therapeutic benefits and restorative 
nature of everyday spaces such as farms (Kaley et al., 2019) and forests (Morita 
et al., 2007). Work considering animals in therapeutic landscapes has only 
recently begun, generally within the context of health-benefits derived from 
human interaction with animals – such as “care farms” (Kaley et al., 2019) 
or companion animals (Fletcher and Platt, 2018). The therapeutic benefits 
derived from place are not intrinsic qualities of the spaces in and of themselves 
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(Gorman, 2017). Thus, the therapeutic nature of movements/mobilities has also 
recently been explored (Gatrell, 2013). 

Health benefits (i.e. not just risks) can be relationally derived and experienced 
by individuals through their interactions with specific locales. These relations 
are defined and structured by a complex assemblage of factors. How animals 
perceive and experience space remains speculative, but trying to understand 
the intersection of animal behaviour(s) and specific environments, as opposed 
to habitat categories, might shed some light on this question, especially as it 
relates to understanding animal-human relations. Typical ecological approaches 
to understanding habitat requirements and quality resort to enumerating features 
of the environment at sites where they are present (and comparing to where they 
are absent). More consideration could be given to, for example, what animals 
are doing at a specific locale, to inform that site’s importance (functionally and 
ecologically) to that animal. 

sense of place

One’s personal connection to a given setting is frequently theorized in geography 
through the construct of their so-called sense of place; that is, the sum of their emo­
tional and personal feelings towards a specific locale (Tuan, 1975). Sense of place 
is a key resource at the intersection of geography and health. As people spend time 
and interact with a place, they develop attachments to these places in complex ways. 
Knowing, interacting, and living within natural areas has been positively linked 
to sense of place development and positive health benefits (Russell et al., 2013). 
Sense of place is also linked to the concept of ecological identity (Thomashow, 
1996), which relates to conservation values, attitudes, and behaviours. Personal val­
ues can be a critical driver of political and institutional actions (Díaz et al., 2015). 
There has been increased research interest on how sense of place drives conserva­
tion and biodiversity protections (Russell et al., 2013). Although rooted in humanist 
and phenomenological traditions, sense of place has also been frequently used and 
examined in quantitative settings, often proxied with a variable representing “time 
of residence” or in some way quantifying duration of time spent in a location which 
tends to be positively correlated with sense of place sentiments (Lewicka, 2011). 

Neuroscience has also examined dimensions of place and sense of place in humans 
and animals. This research has identified “place-cells” that encode spatial informa­
tion and are instrumental in navigation and spatial memory (Moser et al., 2008). 
O’Keefe and Conway (1978) identified the hippocampus as a sort of cognitive map 
responsible for spatial cognition and memory functions. Experimental evidence in 
rats (Save et al., 1998), monkeys (Rolls, 1999), and humans (Ekstrom et al., 2003) has 
confirmed the importance of hippocampal pyramidal cells in spatial cognition and 
memory functions. Multiple types of environmental sensory input (visual, auditory, 
tactile) influence firing of place-cells (Best and Thompson, 1989). It is, therefore, 
plausible that changes or characteristics of environment may impact spatial memory. 
Jeansok et al. (2007) showed that stressful environments impaired the stability of 
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firing rates of place-cells in rats. Neuroscience research has concluded that there is 
convincing evidence that place constitutes a distinct dimension in neural processing. 
It is, therefore, plausible that the connections found to be vital between humans and 
their environments for health may also be at play in some animals. 

actiVity spaces

The spatial dimensions of place are equally challenging as the psychological and 
neurological dimensions but are fundamental in defining an Eco-Healthscape 
across species boundaries. In classic health/medical geography studies, the home 
address was often used as the unit of analysis, usually summarized at the block 
or neighbourhood levels. Health outcomes (usually expressed as rates) over these 
so-called “small areas” could then be investigated in relation to other site-specific 
spatial variables for statistical associations. Statistically significant associations 
were deemed indicative of causal relations. The implicit connection was that the 
home address was a useful proxy for the exposures experienced by residents, and 
that if these exposures had a causal link with the health condition under study, 
these would exhibit a consistent pattern across the larger study area. A surge in 
research in the 2000s investigating space/place/health sought to identify “contex­
tual” effects at the neighbourhood level through multi-level modelling. For exam­
ple, some variables such as income inequality or social capital might only relate 
to health at an aggregate scale. These effects could then be embedded within a 
spatial hierarchy of factors that relate individual, neighbourhood, and contextual 
factors to the health outcome of interest. However, in recent years, several prob­
lems have been identified with using home addresses and residential neighbour­
hoods as proxies for spatial exposure. 

Firstly, people move around at different rates to different locations, thereby 
creating different exposure profiles for people living in the same areas. This is 
exacerbated by shifts in commuting patterns and working arrangements to more 
variable and complex flows than suburb-central core commuting characteristic 
of the post-war era. The notion of spatial polygamy has been used to describe 
the “simultaneous belonging or exposure to multiple nested and non-nested; 
social and geographic; real, virtual, and fictional; and past and present contexts” 
(Matthews, 2011). These spaces vary individually but also along income, racial, 
and gendered lines (Matthews and Yang, 2013). They also interact differentially 
with health. Vallée et al. (2011), for example, found that people in deprived neigh­
bourhoods that had more localized activity spaces were linked to negative mental 
health outcomes, whereas localized activity space footprints in advantaged neigh­
bourhoods actually had a protective effect (Vallée et al., 2011). 

A second concern is that people may interact with features of their environ­
ment at vastly different rates. This becomes a concern for approaches that equate 
presence of some environmental resource with a constant rate of use of that 
resource. For example, many studies have investigated neighbourhood-level green 
space and indicators of stress, cardiovascular disease, and overall self-reported 
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well-being. These studies often fail to account for the differential use of greens-
pace among residents in the same community, which may, for example, vary sys­
tematically with age or income. Living near a park can mean you are more likely 
to be physically active, or more people that are predisposed to active lifestyles 
choose to buy homes near parks (Cummins and Fagg, 2012); these two processes 
cannot be untangled from observational spatial associations (Robertson and 
Feick, 2018). Tools for understanding animal use of space (i.e. their geographic 
context) are well developed for home range mapping via a sophisticated array of 
tracking technologies and analytical methods to identify locations of significance 
for individuals and populations (see Long and Nelson, 2013). Some of these are 
incorporating aspects of spatial memory into their conception of home ranges. 

The uncertainty in one’s true geographic context is termed the uncertain 
geographic context problem: it is not totally clear what spatial contexts apply to 
what individuals (Kwan, 2012). Ignoring this problem risks incorrect inferences 
about associations between health outcomes and environmental factors. These 
sorts of problems are compounded for more complex health issues such as 
vector-borne diseases, where the number of mobile actors in a transmission chain 
can be two, three, or more. Added to that, we typically have far less information 
about animals’ use of space and their interactions and differential experiences; 
these issues can limit the value of spatial associations in these systems (Robertson 
et al., 2017). Understanding how individuals’ activity space (physically and 
perceptively/psychologically) intersects with those both within and across species 
divides may shed light on positive and negative effects on shared health outcomes. 

CASE STUDY: BATHURST CARIBOU HERD 
POPULATION DECLINE IN NORTHERN CANADA 

Major changes in barren-ground caribou (Rangifer tarandus groenlandicus) habi­
tat around the circumpolar north are leading to significant population declines 
(Vors and Boyce, 2009). There is no singular global driver of these declines. Herds 
are experiencing a mix of local, regional, and hemispheric anthropogenic and 
climate-driven changes that can alter caribou ecology (Post and Forchhammer, 
2008; Vors and Boyce, 2009; Rickbeil et al., 2017; Zamin et al., 2017). In Canada’s 
north, barren-ground, caribou habitat has recently been subject to two principal 
drivers of change: intensification and expansion of industrial land uses; and climate 
warming and resultant changes to eco-hydrological processes (Joly et al., 2011). 

The Bathurst caribou herd (BCH) traverses a range from their calving grounds 
on Bathurst Inlet south to their winter range north of Great Slave Lake. The BCH 
is an integral part of the cultural and spiritual lives of the Tłıchǫ peoples who have 
lived with the herd for centuries. Population surveys have estimated a decline of 
over 95%, from over 470,000 animals in the 1980s to less than 10,000 in the most 
recent estimates (ENR, 2020). 

Without a single known cause for the decline, management “solutions” 
must be locally embedded within the cultural communities that interact with 
the herd and its range. The Government of Northwest Territories (GNWT) has 
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FIGURE 8.3 Proposed conceptual model applied to Bathurst caribou herd population 
decline in Northwest Territories, Canada. 

regulatory responsibility for the herd. Natural resource management decisions of 
GWNT must recognize traditional knowledge as a “valid and essential source of 
information about the natural environment and its resources” (GNWT Traditional 
Knowledge Policy, 2005). In our Eco-Healthscape model for the herd (Figure 8.3), 
it is essential to consider which actors are involved in each variable and how 
they might be engaged to achieve healthier outcomes. For instance, Tłıchǫ com­
munities in and around the winter range have long hunted and monitored the 
herd. Yet, with declines, modernization, loss of traditional ways of living, these 
“eyes on the land” need bolstering through targeted investments and resources 
to get local people involved in monitoring the herd. Such culturally integrated 
monitoring might then lead to insights that direct resource extraction and hunting 
regulations. Indigenous governments are indeed taking these steps. The Ekwǫ ̀
Nàxoède K’è: Boots on the Ground Programme developed by the Tłįchǫ govern­
ment, for example, focuses on field monitoring in the BCH summer range and 
“everything that relates to them” – focusing on four broad indicators: (1) habitat, 
(2) caribou, (3) predators, and (4) industrial development (Tłįchǫ Research and
Training Institute, 2019). Such Indigenous-led stewardship is a viable means for
conservation of ecosystem integrity and individual populations (Hunter, 2008; 
Artelle et al., 2019). 

Scientific management and monitoring, including GWNT ungulate biologists, 
data analysts, academic researchers, consultants, etc., remain essential components 
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of research and monitoring herd size, habitat quality, and developing actionable 
insights into BCH management and recovery. The GNWT traditional knowledge 
implementation programme is helping to build a community of conservation with 
indigenous communities and scientific staff. Thus, when controversial control 
measures such as a total hunting ban are proposed, as was the case in 2016, they 
are more acceptable by both scientific and indigenous communities than would 
otherwise be the case. These proactive approaches, rooted in co-management, 
relationship building, and culturally integrated health promotion, reveal promis-
ing tools for an Eco-Healthscape approach.

CONCLUSIONS

Practical Considerations in Taking an Eco-Healthscape Approach

The complexity involved in understanding and taking action that changes health 
outcomes in favour of a group of species is staggering. There will be no statisti-
cal recipe or data analytic approach that will work in every context. We have, 
however, identified several key practical considerations when considering how to 
employ space and place thinking across species boundaries.

1. Getting the scale(s) right
The geographic scale(s) of health promotion activities is critically important. 
When attempting to translate a finding about, for example, features of the
landscape (e.g. edge habitat) impacting disease risk, one must consider the
magnitude of this feature in a given locale, and how people already interact
with such features and how people’s experiences and activities relate to the
landscape configuration. If human-modified aspects of the landscape relate
to the population health, consider how to engage with local cultural com-
munities shaping those places rather than through generic messaging.

2. Isolating key variables without reducing complexity
While any given Eco-Healthscape context necessarily includes a multitude
of species and their internal and external factors, it becomes important to
isolate key variables that create conditions for health. For example, while
“climate change” may be a driver of ecosystem change and community
response(s), tracking changes in temperature may not be the most effective
means to understand or impact future health states. What data can be col-
lected or analysis performed that maximizes coverage of key processes?
In the case study above, while Indigenous-led stewardship may not reduce
threats, they will inform on key internal variables, and do so in a way that
can incentivize future actions.

3. Developing generic data synthesis tools
The most important data analytic task that will facilitate Eco-Healthscape
research is developing tools for data integration. Given that data are
frequently repurposed to look at spatial and platial associations with
health, bringing data into a common representation is critical. Often, data
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integration is akin to mapping spatial data onto specific units of analysis, 
for example census units or ecozones. Generic data representations, such 
as pixel arrays, or functions of space such as Delaunay triangulations, 
can provide consistent, reproducible tools for bringing disparate datasets 
into a common spatial fabric. Discrete global grid system is an emerging 
geographic data standard that can also serve as an intermediate data inte­
gration node (Robertson et al., 2020). Given the need to mobilize analytical 
results across different user communities, having clearly documented data 
collection, integration, and analysis procedures is important. 
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Health promotion in a One Health world it is about empowering people, orga-
nizations, and governments to make decisions that promote reciprocal care of 
ourselves, animals, and ecosystems. Health promotion and harm reduction help 
people make choices and changes that increase their capacity to manage the com-
plex of factors that influence health outcomes and create healthier environments. 
Health behaviour theories and theories of change can guide a systematic approach 
to promoting healthy change.

Our actions and choices determine if or how we translate the vision of 
reciprocal care into tangible change. Doing something about One Health 
problems, whether a zoonotic disease outbreak or food insecurity, will mean 
action, not only talk and research. There are often huge gaps between the avail-
able knowledge about healthy and sustainable living and actions towards it. 
Simply providing people with new knowledge is insufficient to promote action. 
Understanding the gaps between knowing and doing requires an understand-
ing of what affects the choices people have, what enables or impedes their 
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willingness or ability to act, and how well they can access and understand 
information available to them. 

Change is hard. The outcomes of change are often less certain than the status 
quo. It can be threatening to confront uncertainty. People resist change if they 
believe they will lose something they value, or they won’t be able to adapt to 
the change. People quickly build psychological defences against change when 
uncertainty exists or if the suggestion of change implies they are aren’t acting in 
their own best interests or in the interests of others (Cohen and Sherman, 2014). 
Cultural entrenchment, dysfunctional management, and poor leadership can cause 
organizations to resist change (Hoag et al., 2002). Change requires patience, per­
sistence, and a process. There are many models and theories of change. None are 
ideal and suited to all situations and context. Each is subject to limitations and 
questions. This chapter introduces some of the theories and frameworks that can 
guide strategies to help people, organizations, and communities make choices 
that lead to health-promoting actions for themselves, their communities, their ani­
mals, and Nature. 

INDIVIDUAL CHANGE 

Rarely is change a discrete or single event. It is a process. Not all people will be 
met at the same stage in the process of change (Bandura, 2004). Some people will 
have a high degree of motivation with a high sense of self-efficacy and positive 
expectations for a change. They can be induced or supported to change with mini­
mal guidance. Other people will have self-doubts about their ability to change 
and the benefits of their efforts. They may start the process of change but can be 
quick to give up when they run into difficulties. They need interactive support and 
guidance to maintain their momentum to change. Still others will believe that the 
desired outcomes are beyond their control. They need a great deal of guidance in 
a structured program. 

Theories can be useful in developing a systematic approach to helping people 
acquire the skills, capacities, and motivations to make decisions and take actions. 
Theories or models of change help us move beyond intuition to design and evalu­
ate interventions based on understanding human behaviour (Box 9.1). Although 
there are differences among models and theories, they are complimentary with 
significant overlap. They all generally state that what people know and think 
affects how they act, but that knowledge is necessary, yet insufficient, to produce 
change. People’s perceptions, motivations, skills, and environments are key influ­
encers of change. 

There are two broad aspects to change: thinking about it and doing it. 
Thinking about change is supported by helping people gain and understand 
information; becoming comfortable with the value, feasibility, and acceptabil­
ity of change; and helping them believe they can change. Doing is supported 
by creating or finding opportunities to perform the new action, showing the 
value or benefits of those changes, and developing the social support to motivate 
maintaining the change. 
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BOX 9.1 CONSERVATION IS ABOUT INDIVIDUAL 

DECISIONS: A CASE STUDY OF FERAL CAT CONTROL
 

Major threats to biodiversity, such as habitat loss, overexploitation, climate 
change, and pollution, are the result of a cascade of earlier decisions that 
trace back to individual choices. The everyday decisions we make that 
influence these major threats are known as “target behaviours.” Each tar­
get behaviour will be driven by a set of motivations, attitudes, knowledge, 
values, and barriers that are specific to each target audience. McLeod et 
al. (2019) applied social and behavioural sciences to design equitable and 
ethically acceptable interventions for free-roaming cat management. They 
used four principles: 

1. Focus on human behaviour to understand how different stakehold­
ers perceive and are affected by the problem, their priorities and
interests, and potential conflicts with personal interests and what
is collectively desirable.

2. Know your audience by collecting target-specific information on
the barriers that impede or enable their engagement in the desired
behaviour as well as those factors that drive action.

3. Link specific drivers and barriers to behaviour change techniques
that are feasible and acceptable to the target audience.

4. Use a science-based evaluation to determine what works and why.

McLeod et al. (2019) used these principles to work with land managers, cat 
owners, and the public to develop and adopt best practices for managing 
free-roaming cats. 

transtHeoretical model

The Transtheoretical Model tells us that people will not change until they are 
ready to do so (Prochaska and Velicer, 1997), and that there are five stages of 
change: (i) precontemplation, (ii) contemplation, (iii) preparation, (iv) action, 
and (v) maintenance or termination. Interventions need to be customized to 
match the stage at which you find the people with whom you work (Table 9.1). 
This is reflected in the principle of “meeting people where they are” found in 
harm reduction thinking (see Chapter 6 for more on harm reduction). People 
may move back and forth between stages rather than follow an inevitable 
linear progression from inaction to a permanent change. Knowing where they 
are in the process will help you match your interventions to someone’s readi­
ness for change. 

The Transtheoretical Model has been used to influence human behaviours 
linked to chronic diseases such as smoking, bad diets, and inactivity. Lessons 
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TABLE 9.1 
The Stages of Change According to the Transtheoretical Model 

Stage Defining Features 
Precontemplation People do not intend to change in the foreseeable future. They may not see the need 

for change or be aware that the current situation can lead to negative consequences. 
The pros of the current situation are perceived to outweigh the cons 

Contemplation People recognize the current situation may be problematic. They start to consider 
both the pros and the cons of change but still have mixed or contradictory 
feelings about the need to change 

Determination People believe change is for the better and start making steps towards that change 

Action People have made the change and intend on maintaining the change for the 
foreseeable future 

Maintenance People are maintaining the actions needed to keep the change going. They work 
to prevent relapsing to the earlier state 

Termination People may not want to return to the old state, but they are sure the situation will 
not reoccur, so they stop the necessary actions 

learned from overcoming such behaviours have informed strategies to discour­
age destructive environmental behaviour and inspire people to engage in pro-
environmental actions (Nisbet and Gick, 2008). The Theory of Routine Mode 
Choice Decisions (Schneider, 2013), for example, was developed to promote 
sustainable transportation choices and seems influenced by the Transtheoretical 
Model. The five steps of the Theory of Routine Mode Choice are (i) making peo­
ple aware of options and making them available, (ii) apprising people of the safety 
of the more sustainable options, (iii) making the more sustainable options con­
venient and cost-effective, (iv) making the sustainable option enjoyable, and (v) 
helping people sustain their choices. The Transtheoretical Model has been used in 
veterinary medicine to understand the decisions of animal owners or managers. 
For example, it was used to identify determinants of dairy farmers’ biosecurity 
attitudes and behaviours in Great Britain (Richens et al., 2018). That study found 
a clear dichotomy between “precontemplaters” and “maintainers,” with few farm­
ers in the three other stages of change (Table 9.1). Many farmers saw the benefits 
of using biosecurity, so a lack of awareness seemed unlikely to be the reason 
behind lack of implementation. The investigators found farmer perceptions that 
diseases were inevitable and beyond their control to be an important deterrent to 
change. The use of a theory of change in this case helped the investigators under­
stand how to guide precontemplative farmers towards change. 

HealtH Belief model

The Health Belief Model is widely used to guide human health promotion and 
disease prevention programs (Champion and Skinner, 2008). Table 9.2 presents 
some guiding question from this model to help in program design. The model 
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argues that to change, people must first perceive that the problem they are trying 
to avoid is serious and that they are susceptible to the problem. They must believe 
that the proposed change can reduce risk and that the barriers to taking the action 
are outweighed by the benefits. These barriers can be logistic, financial, social, or 
others. This model recognizes that people need a cue to action before change will 
happen. These may be internal cues (e.g. pre-clinical symptoms of a diseases) or 
external cues (e.g. media messages or prompts from a health care professional). 
The last component of the model deals with self-efficacy: a persons’ confidence in 
his or her capacity to act and make the change. Perceptions and beliefs influencing 
the various stages of this model are impacted by modifying variables such as age, 
gender, personality, socio-economic status, and knowledge. Perceived barriers and 
perceived susceptibility can be the most powerful predictors of the likelihood that 
a person will adopt a health behaviour.

The Health Belief Model has been used most extensively to understand why 
people don’t adopt disease prevention strategies, undertake screening tests for 
early disease detection, or comply with treatment recommendations. The model 
has also been used as a framework to design animal health studies as well as to 
put the results of research into context. For example, investigators in Nigeria used 
the model to design questionnaires to identify social and cognitive factors pre-
dicting the practice used by meat handlers of eating parts of the lung from cattle 
visibly infected with bovine tuberculosis in order to convince customers to buy 
meat (Hambolu et al., 2013). The model has also been used to explore motivators 

TABLE 9.2
Some Guiding Questions to Encourage Behaviour Change Derived from 
the Health Belief Model

From the Model Guiding Questions
Perceptions of 
susceptibility, seriousness, 
benefits, and barriers

•	 Who/what is at risk?
•	 Does the population at risk (or those in a position to make decisions 

on behalf of animals or ecosystems at risk) have access to accurate, 
trustworthy information presented in a manner suited to their
circumstances and characteristics?

•	 Have the benefits of the actions been explained in a manner relevant
to those being asked to change?

•	 Why do the perceived risks of change outweigh perceived benefits?
•	 What is the nature of evidence upon which these perceptions are

based?
•	 Can the barriers be feasibly overcome?

Cues to action •	 What is the best medium and method of providing cues to action to 
the target audience(s)?

•	 Who is a trusted voice that can provide cues?

Self-efficacy •	 Have people been shown how to perform the desired behaviour, or
trained or assisted in implementing the change?

•	 Is there a series of incremental steps that can encourage change?
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or disincentives to adopt environmentally friendly practices such as recycling 
(Lindsay and Strathman, 1997) and well water conservation (Morowatisharifabad 
et al., 2012). Understanding perceptions, barriers, and self-efficacy is increasingly 
important when trying to promote actions to mitigate climate change (Gifford, 
2011). There has been less uptake of this model in proactive conservation because 
it is concerned more with actions to avoid negative consequences than actions to 
promote healthy capacities and environments.

Integrated Behaviour Model

The Theory of Planned Behaviour and the Theory of Reasoned Action both 
assume the best predictor of a behaviour is an intention to act, which in turn 
is determined by attitudes towards the action, social norms, and perceived 
control over the action. An Integrated Behaviour Model draws on these two 
theories as well as well as others (Montano and Kasprzyk, 2008). This model, 
like others, recognizes that people must have the intention or motivation to 
change. They must feel positive about the change. A desire to comply with 
social pressures or norms that promote the change further motivates people 
to act. People must have the knowledge and skills to act and face few or no 
constraints to impede the action. The requested change must be pertinent or 
relevant to the person being asked to change. Finally, the change should be 
performed often enough that it becomes a habit and relies less on intentions in 
order to sustain the change.

Precaution Adoption Process Model

The Precaution Adoption Process Model lists seven distinct stages a person goes 
through from lack of awareness to adoption and/or maintenance of a behaviour 
(Weinstein and Sandman, 2002):

• Stage 1 – The person is unaware of the issue.
• Stage 2 – The person is aware of the issue but is unengaged by it.
• Stage 3 – The person faces a decision to act or not.
• Stage 4 – The decision to not act has been made.
• Stage 5 – The decision to act has been made.
• Stage 6 – This is the stage of action.
• Stage 7 – The action is maintained.

This model recognizes that people who are unaware of an issue, or are unengaged 
by it, face different barriers from those who have decided to act or not. People in 
stage 1 need basic information about the hazard and the recommended precau-
tion. Moving from stage 1 to stage 2 will be influenced by a person’s access to 
information, whether formally or informally. Moving from stage 2 to stage 3 will 
be similarly influenced but may be prompted by something that makes the threat 
and action seem personally relevant. For example, a farmer may be more likely 
to decide about biosecurity measures when a neighbouring farm is affected by 
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a disease. Or a person may be more likely to decide to do something if a friend 
or family member experiences the negative outcome he or she is trying to avoid. 
Becoming aware that others are making up their minds may also motivate a deci­
sion. Moving from stage 3 to stage 4 or stage 5 will be heavily influenced by 
a person’s beliefs about hazard likelihood and severity, personal susceptibility, 
effectiveness and difficulty of changing, social norms, and personal fears. People 
who have come to a definite position on an issue have different responses to new 
information and are more resistant to persuasion than people who have not formed 
opinions. The implications of some people saying that they have decided not to 
act are not the same as saying it is “unlikely” they will act or that they “might” 
act. People in stage 4 can be quite well informed but will tend to dispute or ignore 
information that challenges their decision not to act. Moving people from stage 5 
to stage 6 means closing the gap between an intention to act and acting. Whereas 
detailed information on “how” to change may not be as important as “why” to 
change for people in earlier stages, information on how to change is essential for 
people at this stage. Understanding the time, skills, and effort needed to change; 
knowing how to find support for change; detailed “how-to” information; and cues 
for action are needed. Finally, the transition from stage 6 to stage 7 needs ongoing 
support and re-enforcement of the value of action to habituate the change. 

SOCIAL AND ORGANIZATIONAL CHANGE 

The World Health Organization’s (WHO) Ottawa Charter for Health Promotion 
(1986) states that health is created and lived within the settings of everyday life. 
A healthy settings approach employs a “whole systems” view to integrate action 
across sectors, determinants, and risks. Changing whole socio-ecological systems 
can be a daunting task given their complex and dynamic nature. The literature on 
leading change in socio-ecological systems dictates that complex systems can­
not be changed by the top-down, command and control forms of management 
but instead needs a collaborative, inclusive and participatory action and that the 
capacity of individuals to act independently and make their own free choices is 
critical for systems change (Westley et al., 2013). The frequent disconnect between 
what we know about the biology and epidemiology of a health issue and pro­
gram success has led to a growing realization that political, social, or economic 
conditions are often the primary determinants of success of health interventions. 
Health promotion and harm reduction, therefore, need to influence change at the 
personal, interpersonal, institutional, community, systems, and policy levels to 
successfully implement and sustain change. 

organizational cHange

Lewin’s Theory of Change describes three stages of change in organizations: (i) 
people are ready to alter the status quo (unfreezing); (ii) a new state of affairs 
is created and customized to a setting through trial and error (changing); and 
(iii) new behaviours are implemented, creating a new organizational system
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(refreezing) (Kritsonis, 2005). Internal forces (such as an organization’s structure, 
leadership, strategy, and personnel) and external factors (such a public policy or 
market forces) encourage or impede movement through these changes. 

Diffusion Theory addresses how new ideas and practices spread (Dearing, 
2009). Firstly, new ideas are generated. Secondly, advocacy and screening help 
evaluate if an idea matches core beliefs of an organization and compares its 
advantages and risks. Thirdly, the idea is incrementally implemented, tested, and 
adjusted to fit the organization. Fourthly, change is implemented with ongoing 
assessment of its usefulness. Finally, the change is institutionalized. Diffusion 
Theory has been used to study the adoption of a wide range of health behav­
iours such as condom use, smoking cessation, and use of new tests and medical 
technologies. 

Kotter’s eight steps to change (as described in Appelbaum et al., 2012) 
(Table 9.3) has been used to lead change in the private and public sectors. For 
example, it was used in Canada in 2018 to lead provincial, territorial, and federal 
government ministers to adopt a new Pan-Canadian Approach to Wildlife Health 
(Stephen, 2019). It has been used by hospital managers, clinicians, and nurses to 
change clinical practices in hospital settings. It has guided the implementation 
of conservation practices. Kotter’s eight steps need to be adopted and adapted to 
meet where the organization is in its readiness for change and with the organiza­
tion’s culture. Like all theories of change, its use does not guarantee success, but 
it can help plan change management process in an explicit and systematic fashion. 

TABLE 9.3 
Steps Leading to Change 

Step Rationale 
Create a sense of urgency People will not change if they cannot see the need to do so 

Create a guiding coalition Assemble and support a group with energy and influence in the 
organization to lead the change 

Develop a vision and Tell people why the change is needed and how it will be achieved. 
strategy Change is more likely to happen if people know not just how but 

also why 

Communicate the vision Tell people, through multiple modes of communication and at every 
opportunity, about the why, what, and how of the changes 

Empower broad-based Involve other people in the change effort. Help them see the 
action advantages of change and how to achieve it rather than thinking 

about why they do not like the change and how to stop it 

Make short-term wins Seeing progress towards the larger vision and seeing that change is 
happening and having effects helps sustain involvement 

Consolidate gains and Building on successes of small changes invigorates people and helps 
produce more change them see themselves as agents of change 

Solidify the changes in the Institutionalize the changes through advocacy and re-enforcement to 
organization’s culture prevent reversion to the old and comfortable ways of doing things 
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The answers to some questions in Table 9.4 will affect whether change will be 
adopted and spread in an organization. Understanding who says what, in which 
ways, to whom, and with what effects as well as who are the formal and informal 
leaders in an organization can help tailor communications within an organization 
to disseminate the answers to these questions.

There are three essential elements needed to ensure an organization can act 
to promote health: (i) a mandate to act, (ii) a framework for action, and (iii) the 
capacity to act. It is worth remembering that it is people who change and not orga-
nizations. The concepts and theories described above for supporting individual 
change are also relevant to supporting community and organizational change.

Community Change

A community can be defined in geographical terms as a group connected by 
shared interests, as a community of collective identities, or as a group of interact-
ing organisms that live in a shared habitat. Community structures and norms con-
strain individual health behaviours. The state, the market, the social environment, 
and the local environmental conditions establish the texture of daily life. Not all 
communities are the same, so there is no one-size-fits-all approach to community 
interventions. It takes time and effort to understand a community, especially if 
you are not a member of it. But that effort will help you build trust with the com-
munity as well as understand the community’s strengths, challenges, and prevail-
ing attitudes and opinions. Time, effort, and resources can be misdirected without 
understanding the underlying reasons behind the problem and the opportunities 
and willingness to change.

Community change happens when local people work together to transform the 
conditions and outcomes that matter to them. A key to community change is find-
ing out what is important to people in the community and helping them reach their 
goals rather than organizing people to do something you think should be done. 
This principle underlies the harm reduction approach described in Chapter 6. 
Those wishing to enable community change need to understand the community 

TABLE 9.4
Critical Questions to Answer When Promoting Organizational Change
Is the proposed change better than what it is meant to replace? (the criteria for judging better may 
differ from person-to-person and organization-to-organization)

Is the proposed change compatible with the organization’s mandate, and does the organization have 
the capacity to change?

How easy will it be to implement the proposed change?

Can the change be tried and tested for being fit for the organization before it is fully implemented?

Will the change result in tangible results that are observable and easy to measure?

Source: Adapted from USDHHS, 2005.
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TABLE 9.5 
Five Stages of Community Change Described by the U.S. Centers for 
Disease Control and Prevention (USCDC, 2018) 

Stage Features 
Commitment A coalition of community members is assembled and partnerships with other 

agencies are established to give participants ownership of the process and to 
create a pool of fiscal and human resources to support change strategies 

Assessment Data and input on what the community needs are gathered in a manner that gives 
the community a voice in the process. This stage helps to organize the community 
around the issue and can significantly influence program design 

Planning The community coalition works with key partners to collectively develop a plan to 
implement the change 

Implementation Stakeholders and partners in collaboration with the community team implement 
and maintain the change by securing commitment and ownership of the actions 
needed to lead to the desired change 

Evaluation Evaluation runs throughout the entire change process. It serves to determine if you 
are implementing the right strategies and if the desired impacts are being realized 

context, be adept at inspiring and maintaining collaborative and participatory 
planning, and have the leadership skills to attract and sustain participation. 

The Centers for Disease Control and Prevention in the United States described 
five phases in the process of community change (Table 9.5) (USCDC, 2018). 

A good community action plan maps a clear course of action, including roles 
and responsibilities and specific outcome and output targets. There can be an 
unlimited number of possible deterrents and motivators for behaviour change 
within a community. The more that are included as targets for an action plan, the 
more complex and complicated it will be to achieve the plan’s goals. Working 
with community partners can help identify those actions that are feasible within 
what we know and the resources at hand that are acceptable to the community 
and are technically feasible. While it is reasonable to include recommendations 
to make fundamental changes in knowledge, governance, or regulations, few of 
such changes come to fruition in a timely manner. Threats of harms can prevail 
and action on shared goals can be delayed if actions wait until new knowledge, 
regulations, or technology can be secured. Strategic collaborations are needed in 
community action plans to promote actions to reduce the more immediate harm­
ful consequences of an activity through pragmatic, realistic, and low-threshold 
programs feasible under current conditions. 

CHANGING PUBLIC POLICY 

Policy is everywhere. A policy is simply a plan of what to do in a situation that has 
been agreed to by a group of people. There can be a household policy on screen 
time, a farm policy on milking hygiene, or a government policy on land use. Public 
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policy is what a government does or does not do about a problem that is in the 
public interest. Policies can come as laws, regulations, incentives, programs, or 
services. Something must be a collective problem rather than a purely individual 
problem for it to make it onto the government policy agenda. Health promoters 
need to be aware of the social and political context of change so that the requested 
policy change can be framed in a manner that resonates with the departments, 
agencies, and politicians who can influence the policy agenda as well as with the 
communities being served (Beland and Katapally, 2018). Framing your desired 
change in a way that addresses the strategic priorities of government and com­
munity partners will have more success than simply asking them to change policy 
to address your priorities. 

The Stages Model (Anon, 2003) describes a policy change process. It starts 
with agenda setting wherein the problem is seen to be of public interest. From 
a policymaker’s perspective, a new policy is appropriate when (i) the commu­
nity asks for it, (ii) an issue has reached crisis proportions, and/or (iii) there is a 
long-standing major issue with little progress (CCHD, 2020). To get on the pol­
icy agenda, the situation needs to be recognized as being problematic, proposed 
solutions should be available, and someone needs to engage with government to 
influence the situation. The next step is to draft the policy. At this stage, political 
power dynamics plays an influential role. Government actors see how the prob­
lems and solutions match their mandate while advocates for change try to get 
their priorities high profile. After the decision is made to implement the policy, 
success can be influenced by the type and complexity of the problem, the size 
and speed of the expected change, the human and financial resources available 
to implement the policy, and the government structures and regulations in place 
to enforce or encourage policy implementation. The Stages Model helps health 
promoters identify different steps in the public policymaking so that they can 
appropriately adapt information sharing, persuasion, and action strategies. 

Because health is influenced by factors beyond health care, the creation of 
health promoting public policy depends on the collaboration with and among 
multiple government departments to achieve health goals. Such a collaboration 
is not easy to establish or continue. There are eight key elements that can lead to 
positive partnership: (i) a shared mission aligned to the partners’ individual or 
institutional goals; (ii) a broad range of participation from diverse partners and 
a balance of human and financial resources; (iii) leadership that inspires trust, 
confidence, and inclusiveness; (iv) effective multi-way communication; (v) clear 
formal and informal roles; (vi) trust; (vii) attention to the political, economic, 
cultural, social, and organizational impacts; and (viii) evaluation for continuous 
improvement (Corbin, 2017). 

HEALTH AND ENVIRONMENTAL LITERACY 

Improving people’s access to information and their capacity to use it effectively 
is the key to empowerment (Nutbeam, 2000). Health literacy is concerned with 
helping people obtain, process, and understand health information and services 
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TABLE 9.6 
Some Influences on Different Aspects of Health or Environmental Literacy 

Literacy Aspects 
Ability to seek, find, and obtain health 
information 

Ability to comprehend the accessed 
information 

Ability to interpret, filter, judge, and 
evaluate accessed information 

Ability to communicate and use the 
information to make a decision to act 

Source: Adapted from Nutbeam, 2000. 

Influences 
• Knowing how to access information 
• Impediments and opportunities to access information 
• Timing and medium for information delivery
• Trustworthiness of information sources

• Perceived utility of the information
• Relevance of outcomes and information to the individual
• The use of plain language or jargon

• Complexity of the information
• How cause-effect relations are perceived or understood
• Ability to weigh different types of information

• Comprehension of the information and its relevance to
change 

• Knowing how to overcome impediments to action 

needed to make appropriate decisions. Environmental literacy is similarly con­
cerned with a person’s understanding, skills, and motivation to make decisions 
that consider his or her relationships with natural systems, communities, and 
future generations. Effective health and environmental literacy involve more than 
ensuring people can access and read information. They also involve develop­
ing skills and attitudes that motivate people to seek and use knowledge and 
improve their self-efficacy and confidence. Many factors influence health lit­
eracy (Table 9.6). As with all the theories and models introduced in the chapter, 
interventions to promote health or environmental literature need to be tailored to 
the personal and situational factors in the populations of interest. 

SUMMARY 

Helping people make decisions that are good for themselves, their communities, 
their animals, and their ecosystems needs a systematic approach to developing 
their health and environmental literacy and creating social environments that will 
make change acceptable, feasible, and effective. Leading positive change requires 
us to understand what motivates and empowers people to move from the status 
quo to an unknown future. This chapter has only scratched the surface of the 
plethora of theories and models that have been developed to understand the pro­
cess of change. Chapter 20 provides a case example of how these theories have 
been used to combat plastic pollution to benefit wildlife and communities in the 
Caribbean. Other case studies presented in this book implicitly or explicitly illus­
trate that to make change, we have to be more effective at helping people make 
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good choices and doing so requires more than only giving them new information 
in the hopes they will do what we think is right. 
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INTRODUCTION

Healthy public policy is one of five foundational strategies for health promotion 
(see Chapter 4). It is different than health policy. Health policy includes decisions, 
plans, and actions undertaken to achieve specific health care goals. Healthy pub-
lic policy recognizes that health is determined by more than health services. It 
pays attention to a wider range of economic, social, environmental, and political 
policies that influence environments that enable health to happen.

A general introduction to policy is needed before discussing healthy public 
policy. Policies guide actions. They can be rules, regulations, laws, principles, or 
guidelines. Governments have policies, as do companies and families. Policies 
describe what is to be done, who is to do it, how to do it, and for (or to) whom it 
is to be done. Policies can be made in response to a problem or to an opportunity. 
They set roles and responsibilities. Policies can be written (like a government 
regulation) or unwritten (like a family policy of no computer use after 9 pm). 
Public policy deals with governments’ actions towards some issue. It helps estab-
lish the ideas and values that guide decisions. Policy objectives and principles are 
the basis for ensuing strategies, actions, and decisions.

There are three tiers to public policy: (i) laws created by a governing body; 
(ii) rules, guidelines, principles, or methods created by agencies with regulatory 
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authority; and (iii) rules or practices established within an agency or organiza­
tion. Public policies are influenced by political ideologies, social values, compet­
ing interests, and evidence. Good public policy leads to measurable, efficient, 
and positive solutions to public problems in a just way. A good public policy has 
few unintended side effects, and it is acceptable to the public it serves. Many 
One Health professionals undervalue, ignore, or misunderstand policy because 
their education empathized biomedical, ecological, or other social dimensions 
of health. But policies shape what individuals, groups, and societies do and are 
therefore essential One Health tools. 

AN OVERVIEW OF HEALTHY PUBLIC POLICY 
AND HEALTH IN ALL POLICIES 

Public policies have improved population health throughout history. Laws and 
regulations governing clean water and sanitation, food safety regulations, and 
labour laws, for example, made substantial impacts on public health. Policies 
on livestock housing and husbandry have had major impacts on animal disease 
control and animal welfare. Land use policies and natural resource use poli­
cies affect many wildlife determinants of health. The concept of healthy pub­
lic policy was prominent in the World Health Organization’s (WHO) Ottawa 
Charter for Health Promotion (WHO, 1986). The Charter noted that to achieve 
its goals, health promotion had to be concerned with opportunities and obstacles 
to creating healthy environment caused by policies in non-health sectors. The 
WHO 2010 Adelaide Statement on Health in All Policies (WHO, 2010) built 
on the Ottawa Charter. The aim of Health in All Policies is to improve health 
outcomes through collaboration between health practitioners and those non­
traditional partners who influence the determinants of health. The Adelaide 
Statement noted that government objectives are best achieved when all sectors 
include health and well-being as a key component of policy development. An 
evolution of the Adelaide Statement to adapt it to a One Health context could be: 
“the fundamental aim of Health in All Policies is to improve health outcomes 
through collaboration between health practitioners and those non-traditional 
partners who have influence over vulnerability and adaptive capacity of people 
and animals inhabiting the same ecosystem.” 

Healthy public policy is by nature intersectoral because the health sec­
tor needs to collaborate to affect policy in other sectors. Healthy public policy 
requires governmental processes to coordinate policymaking across sectors 
through strategic plans that set out common goals, integrated responses, and 
shared accountability. This, in turn, requires institutionalized processes support­
ing and enabling cross-sector problem solving and redressing power imbalances. 
Careful attention to the roles and responsibilities of the various players influ­
encing health determinants and outcomes is required. The Adelaide Statement 
noted that for agencies to work collaboratively with each other, civil society and 
the private sector, attention needed to be placed on integrated leadership, man­
dates, incentives, budgetary commitments, and sustainable mechanisms. These 
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attributes and others (Table 10.1) mirror the conditions for successful One Health 
(Stephen and Stemshorn, 2016; Stephen, 2020).

Policy tools direct, manage, and shape behaviours through laws, regulations, 
strategic plans, standard-operating plans, and frameworks. The approaches 
described below summarize the U.S. Department of Disease Prevention and 
Health Promotion’s cross-sectoral policy approach to promote fruit and vegetable 
access and intake (ODPHP, 2020). Removing taxes from fruit and vegetables and 
imposing them onto foods of minimal nutritional value incentivizes consumers 
to buy more fruit or vegetable. Local government licensing regulations on food 
purveyors can influence stocking practices to make sure fruits and vegetables 
are consistently available. Requiring food sellers to post calories of food helps 
people make more informed food choices. Local food safety policies that allow 
fruits or vegetables from home gardens to be donated to food banks increase food 
accessibility. Land use policies and agriculture subsidies influence the nature of 
local farming practices. Policies that reduce permit costs for farmers’ markets 
can affect accessibility to local products. Monitoring and enforcement may be 
needed to guarantee compliance with the policy tools. This example illustrates 
how achieving policy goals (access to fruit and vegetables in this case) needs a 
mix of policy tools, often delivered by more than one level of government and/or 
more than one policy partner.

The healthy public policy and Health in All Policy approaches seem well suited 
to One Health and EcoHealth, but, to date, they have largely been used for human 
health promotion. Policy approaches for fish and wildlife tend to be restricted 
to environmental or natural resource departments, while livestock, poultry, and 
aquaculture health policies fall into agriculture or fisheries legislation. Animal 
health still largely falls under the purview of one sector. It is often the case that, 
even within one sector, the regulations and programmes intended to protect a 
species’ health are separate from other programmes within the same agency that 

TABLE 10.1
Conditions for Making the Health in All Policy Approach Work as Described 
in the Adelaide Statement on Health in All Policies (WHO, 2010)
There is a clear mandate making it imperative that the health sector systematically engages across 
government, with other sectors, with civil society and private interests to address the health and 
well-being dimensions of their activities

Cross-sector initiatives must build partnerships and trust through openness and full consultative and 
practical approaches

The interactions across sectors are systematically identified and considered

There are mechanisms to mediate across interests

There are explicit accountability, transparency, and participatory processes in place

Experimentation and innovation are encouraged to find new ways to integrate social, economic, and 
environmental goals
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influences that species’ determinants of health. Because One Health, EcoHealth, 
or kindred approaches require attention to a wider suite of mechanisms to pro­
mote and protect health, it is usually beyond the scope of one organization to 
fulfil all requirements for a comprehensive scope of activity, especially when both 
public and private interests intersect. An “all hands-on deck” perspective built 
on intersectoral partnerships is an essential attribute of effective healthy public 
policy leaders in the One Health world. 

That health is influenced by a wide suite of policies outside of health policies 
is not a uniquely human situation. Policies explicitly dealing with salmon health 
in Canada, for example, are almost exclusively concerned with a subset of infec­
tious and parasitic diseases, whereas the programs that influence the determi­
nants of salmon health, like migration fidelity, clear water, fishing pressures and 
climate change, reside in other policies (Wittrock et al., 2019). However, prin­
ciples of a healthy public policy approach for animal health or One Health are 
hard to find. This in part is due to the historic legislative and research focus on 
infectious and parasitic disease management and the usual role for private rather 
than public actors in designing and implementing domestic animal health man­
agement programmes. Despite this, principles for good One Health policies can 
be derived by integrating lessons from standard textbooks and publications on 
herd health and human population health (including Kahn et al., 2005; Wittrock 
et al., 2019; Bhattacharya and Bhatt, 2017; Ibrahim et al., 2001; Radostits et al., 
1994; FAO, 2007; FAO, 1991) (Table 10.2). These principles serve as a founda­
tion for developing and adapting healthy public policy and Health in All Policies 
for One Health. 

HEALTHY POLICY FORMULATION AND IMPLEMENTATION 

There is growing interest and debate about evidence-based policymaking. 
Evidence-based policy ideally translates into saying people use evidence to make 
policy. Two words in that last sentence cause some problems: use and evidence. 
Let us deal with evidence first. Few would argue that it would be wrong to base 
policy on irrefutable data that had been rigorously and systematically assessed 
for relevance, reliability, and effectiveness before paying the costs to implement 
the policy. But there are challenges to implementing an evidence-based approach 
to public policy. The first challenge comes with what is considered as evidence. 
In some circles, evidence is restricted to knowledge produced in accord with the 
standards of a relevant academic discipline. In other cases, evidence can be knowl­
edge, skills, and practices developed by and sustained between generations within 
a community. Others consider evidence as what they observe and document using 
their own senses. An early lesson in the debates of evidence-based policy for me 
came during an environment impact assessment wherein a community group was 
incensed about the statement that “there was no evidence that this practice killed 
wildlife.” This statement was based on a critical review of the scientific literature 
to determine if there were data to fulfil well-established postulates for causation 
that the practice resulted in the death of free-ranging wildlife. The postulates 
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TABLE 10.2 
Five Principles and Their Implications for Developing Healthy Public 
Policy in One Health 

Principle Implication 
Policies are outcome based There must be a clear definition of the preferred health 

outcomes across species, how they are measured, and 
thresholds of acceptability in order to assess programme 
effectiveness 

There must be clarity on the population(s) being considered 
and the ecological or social expectations that determine the 
appropriate outcomes 

Policies are evidence based There must be a standard acceptable to partners on the nature 
of biological, ecological, and social evidence to consider 
when making decisions and how to accommodate varying 
levels of reliability, validity, and representativeness of that 
evidence 

Health management priorities need to be identified through 
health needs assessments that consider the health of the 
interacting species influenced or influencing the issue of 
concern and input from affected communities and 
stakeholders to align organizational strategic planning and 
the management 

Policies emphasize all levels of Policies need to be attentive to how to prevent long-term harm 
prevention consistent with the or premature losses after events, harmful events resulting in 
population health model involving health impacts, risk factors leading to harmful events, and 
the determinants of health other populations from becoming at risk, as well as consider 

how the needs for prevention vary across species 

Policies require a variety of mechanisms to achieve outcomes, 
including directives, plans, and courses of action that may be 
required by law or proffered for implementation of norms 
and practices 

Policies must be adaptable to There must be a balance between standardization and 
heterogeneity resulting from customization of interventions and how policy actions will 
different ecological, biological, or vary with species and context 
social conditions 

Policies must be attentive to Policies and their associated actions should not impede the 
unanticipated or secondary health status or access to health determinants for the entire 
consequences on subsections of the population nor those populations unintentionally or 
population(s) of concern and other intentionally impacted by health management decisions 
ecological, biological, or social The evaluation of health policy includes both normative and 
attributes impacted by the policies empirical inquiries that may be applied to all its component 

considerations 
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could not be fulfilled, partly due to data speaking against the association, partly 
due to conflicting data, and partly due to data gaps. The community group, on 
the other hand, rejected this conclusion because “Billy saw it happen.” The lesson 
that different people accept different types and standards of evidence upon which 
to make policy decisions was made crystal clear in this case. 

The second concern with the statement “people use evidence to make policy” 
comes from the word use. Do decision-makers use all available evidence in an 
objective and balanced way, or do they only select evidence that supports their 
view or distort evidence with arbitrary safety factors to suit the needs? How do 
political agendas, economic motivators, or cultural values influence people’s 
willingness to use the various forms of evidence available to them, without 
prejudice or favour? Allegations of technical and political bias in the produc­
tion and use of evidence in policymaking needs to be balanced with the good 
intentions of those who seek to take ideology and politics out of the policy pro­
cess by regularly and systematically bringing research and knowledge into the 
policymaking process. The key take away message is that evidence is increas­
ingly playing a central and influential role in policymaking, but policymakers 
use other types of information besides research evidence. What is regarded as 
evidence and how it is used will depend on the nature of the policy and the 
political situation. 

Strehlenert et al. (2015) presented a four-stage process for evidence-informed 
public policy formulation and implementation. Their model mirrors the typical 
policy process. It starts with Agenda Setting. In this stage, the “problem” finds 
its way onto the formal policy agenda. A lot needs to happen before this stage 
is initiated. A problematic situation needs to be identified by a person or group. 
An understanding of why the situation is problematic and some options for what 
should be done need to be in place. There next needs to be some activities by a 
proponent for a policy change to get government engaged, helping them to see 
they need to be engaged, either alone or with other groups. Some problems will 
inevitably not make it onto the government agenda due to competing interests, 
lack of time, competition with other problems, or lack of an apparent govern­
ment role. 

Once a problem is on the government’s agenda, the next stage is Policy 
Formulation when possible actions are proposed, debated, and drafted. Policy 
goals and outcomes along with indicators by which they will be achieved and 
measured are developed at this stage. Evidence, dialogue, and advocacy not 
only help get a problem on the policy agenda but also help set realistic and reli­
able goals and indicators during the policy formulation stage. After a policy is 
adapted, a plan must be made for the next stage, Implementation. Stakeholders’ 
views, expert and professional opinions, values, traditions, pressure groups, and 
the pragmatic realities of the situation policymakers face will influence how or if 
a policy is implemented. Target audiences must be made aware of the new policy 
and outreach and support provided to ensure its uptake. Resources and partner­
ships must be secured and adapted to enable implementation under realistic and 
sometime heterogeneous settings and circumstances. 

172 



 

  
 
 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 
 
 

 
 

 
 

 
 
 

 
 
 

 

Concept of Healthy Public Policy 

The next stage of policy formulation is Maintenance. This is the stage where 
the policy tools and actions become part of normal business. Incentives, dis­
incentives, education, outreach, and other approaches are needed to main­
tain these behaviours. Chapters 9, 12, and 20 talk more about methods and 
approaches to promoting and maintaining behaviour changes. The final stage 
in policymaking is Evaluation. This is a critical but sometimes forgotten stage 
of the policymaking process. Evaluation is needed to see if the policy’s effects 
are aligned with the policy objectives and if any unanticipated or unintended 
effects arose. It should examine if the policy is still relevant and useful. The 
results of the policy evaluation should cycle back to the Agenda Setting stage 
when the evaluation finds a need to amend or discontinue a policy, starting a 
new policy cycle. 

SEEKING WIN-WIN-WIN SOLUTIONS 
FOR HEALTHY PUBLIC POLICY 

There are many examples of a policy success in one of the three domains 
of One Health that resulted in negative or unanticipated effects in the other 
(Table 10.3 provides some examples). The push for affluence as a major goal of 
human development has been one of the main drivers of the declining quality, 
quantity, and sustainable of nature (Dietz et al., 2007). Destruction of mangrove 
swamps in the global rush to develop jobs, revenue, and food from shrimp farm­
ing (Martinez-Alier, 2001) and deformities and deaths in wildlife due to agri­
cultural chemicals (Köhler and Triebskorn, 2013) are two examples that quickly 
come to mind when contemplating the many ways where good intentions in one 
sector lead to tremendous harms in another. When policymakers stay sharply 
focused on the goals and needs of their own issues, without consideration of the 
implications of a policy change for other parts of their own sector or broader 
impacts outside of their sector, unanticipated and unintended consequences can 
follow. Managers have three options when faced with conflicting goals: (i) man­
age one goal and accept the collateral damage, (ii) abandon management of their 
goal and accept its impacts, and (iii) seek a strategy that allows both goals to be 
attained (Buckley and Han, 2014). 

Fortunately, there is a growing case load of win-win and even win-win-win 
outcomes between people, animals, and ecosystems. The United Nations 2030 
Agenda for Sustainable Development produced 17 interrelated and intercon­
nected goals (Figure 10.1). These goals recognize the dependencies between 
resilient biodiversity, healthy ecosystems, and human well-being. Although the 
ideal of collaborative, concurrent, and equitable delivery on all 17 goals is yet 
to be fully realized and implemented, the creation of these goals communi­
cated the need for a reciprocal care approach to policymakers and heightened 
awareness on the necessity of coordinate action around the world. The UN’s 
Convention on Biological Diversity goals of conserving biological diversity, the 
sustainable use of its components, and the fair and equitable sharing of its bene­
fits strives to manage health of people, animals, and ecosystems as an integrated 
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TABLE 10.3 
Win-Lose Examples of Public Policy Outcomes Benefiting One Domain of 
One Health While Harming Another 

The Issue 
Waste management and 
pathogen translocation 
(Chipman et al., 2008) 

New conservation 
opportunities and impacts 
on local communities 

(Bocarejo and Ojeda, 2016) 

Recommendations in 
economically developed 
countries to eat more fatty 
fish and secondary public 
health and conservation 
impacts 

(Brunner et al., 2009) 

Early warning in response 
to an emerging infection 
and impacts on animal 
hosts 

(Wetli, 2020) 

Global fisheries and 
emerging zoonotic 
infections 

(Khan and Sesay, 2015) 

Winners 
One state imports solid waste 
from surrounding American 
states to alleviate waste 
disposal limitations in the 
region and to generate local 
revenue 

Creation of a national park in 
Columbia provided 
conservation benefit and new 
ecotourism revenue 

The low-saturated fatty acids, 
selenium, and long-chain 
omega-3 fatty acids in some 
fatty fish species provide heart 
health benefits to people 

New genetic methods allow 
rapid identification of potential 
sources of new zoonotic 
diseases, allowing prompt 
isolation measures to reduce 
public exposure 

West Africa fish stocks generate 
income and employment for 
African and European 
companies 

Losers 
Seven of the states exporting waste 
to Ohio had endemic racoon rabies 
and raccoons were translocated 
long distances in waste disposal 
vehicles, risking significant 
impacts on the local rabies 
situation in Ohio 

Peasants living in the park were 
categorized as illegal occupants 
and invaders, leading to eviction 
from the park and loss of crops 

Fatty fish are also a source of 
methylmercury and 
polychlorinated biphenyls, which 
are a health risk. Increased 
demands for fish protein put 
pressures on fish stocks and limited 
access to fish for poorer people 

The early association of pangolins 
as possible sources of the 
COVID-19 virus caused 
conservation concerns that a fearful 
public would kill this species, 
further pushing these threatened 
animals towards extinction 

Food insecurity increased as fish 
were sent to external rather than 
local markets. This drew people to 
wildlife as sources of protein, 
which increases opportunities for 
exposure to pathogens like Ebola 
virus 

whole. Chapter 19 illustrates this approach through a case study wherein local 
efforts of a small group of dedicated individuals protected the habitat of 
uncharismatic, yet endangered species, which in turn promoted better climate 
change planning for water security, new recreational opportunities, and sus­
tained habitat protection that benefited a wide suite of wild species and people. 
The explicit reference to sustainability in food guides produced by Germany, 
Brazil, Sweden, the United Kingdom, and Qatar help consumers make choices 
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FIGURE 10.1 The 17 UN sustainable development goals. (From https://www.un.org/ 
sustainabledevelopment/sustainable-development-goals/. The content of this publication 
has not been approved by the United Nations and does not reflect the views of the United 
Nations or its officials or Member States.) 

that can decrease their ecological footprint, climate impacts, and effects on bio­
diversity when they make their food choices (Lee et al., 2017). Making health 
and well-being the motivation for responding to the climate emergency has the 
potential to build social consensus for climate action that would benefit people, 
animals, ecosystems, and economies (Comeau, 2019). Urban forests and green 
spaces can help offset wildlife habitat loss while at the same time provide cool­
ing, storm water, and pollution control services to a city’s human inhabitants 
(Livesley et al., 2016). 

Despite the increasing research and social preference for win-win-win solu­
tions, they are hard to develop and harder to implement. It is rarely some­
one’s job to worry about what happens outside of the purview of their policy 
domain. Policy planning tends to deal with individual problems assigned to 
organizations with narrowly defined responsibilities. Implementing Health in 
All Policies is like implementing many, if not all, intersectoral actions (Molnar 
et al., 2016). Elements of success include increasing awareness and confidence 
that the policy actions are acceptable and feasible, developing a shared lan­
guage to facilitate communication between different sectors, recognizing and 
communicating the costs and benefits to all three of the One Health domains, 
using multiple types of evidence to give confidence in the need for and effec­
tiveness of the win-win-win approach, and using systematic and integrated 
assessments to give credibility to policies being collaboratively developed by 
diverse policy sectors. The development of a language shared between sec­
tors and embedding multiple outcomes into projects can facilitate conversa­
tions to find synergies and previously unrecognized opportunities (Kokkinen 
et al., 2019). Five guiding questions can help those leading efforts to promote 
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TABLE 10.4 
Five Guiding Questions to Help Find Win-Win-Win Solutions 
What are the main goals of the different interests and parties who are debating or can be affected by 
the different policy options? 

What are the alternatives for action for the groups dealing with the problem(s)? 

What are the relationships between the various alternatives and goals? 

Are there alternatives that when implemented collaboratively and cooperatively can result in better 
outcomes than if the alternatives were implemented in isolation? (i.e. the win-win-win alternative) 

Is the proposed win-win-win alternative feasible and acceptable given the existing circumstances? 

win-win-win solutions facilitate and direct these conversations (Table 10.4 
adapted from Nagel, 2000). When conversations fail to find solution, conflict 
management comes into play. 

UNINTENDED POLICY CONSEQUENCES 

How can one develop a policy for something previously thought to be impos­
sible or unimaginable? In some cases, we might have certainty about a threat but 
uncertainty about its impact. In other cases, we lack knowledge of the possibil­
ity of the unimagined or unintended threat. Multiply these uncertainties across 
numerous species sharing the same landscape, and the likelihood of not thinking 
about an unintended consequences seems inevitable. 

The first step in avoiding harmful unintended or unanticipated consequences 
is to be alert to their possibility. Increased understanding of the origins, impacts, 
and consequences of a policy decisions on non-policy targets requires an under­
standing of the influences of policy actions on the determinants of health of the 
non-targets actors before policies are implemented. The second step is to be open 
to the signals and clues from outside of your sector. 

There are three common scenarios wherein the relationships and attitudes 
needed for you to be aware of and open to signals outside of your sector break­
down: (i) bureaucratic conflicts and inadequate protocols make your organization 
unreceptive to warning signals outside of its usual scope of practice, leading to the 
breakdown of cross-sectoral communication; (ii) politics and overcrowded agen­
das discourage collaborative actions on determinants of vulnerability that extent 
beyond immediate interests; and (iii) insensitivity to new information, perceived 
power dynamics, cognitive overload, and wishful thinking lead to failure to rec­
ognize and act on very early warning signals (Stephen, 2019). Overconfidence 
in big science and artificial intelligence to provide warning early enough and 
convincing enough to result in action creates additional vulnerabilities when try­
ing to prepare for a surprising and rapidly changing world. Human intelligence is 
still needed to link surveillance of threats and outcomes with reconnaissance of 
population relationships and vulnerabilities to recognize situations prone to harm. 

An unanticipated event occurs when there is a gap between one’s expecta­
tions about what is plausible and what occurs. Experience shapes expectations, 
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and incompletely informed expectations produce surprises. New forms of cross-
sectoral co-learning to better anticipate threats and consequences require peo-
ple embedded within a health agency to facilitate transdisciplinary intelligence 
gathering by promoting collaboration and knowledge exchange across fields and 
between knowledge generators and knowledge users. This will allow for better 
anticipation of consequences across and among populations and species and the 
implementation of rapid responses.

No person or organization can anticipate and prepare for all unintended and 
unimaginable outcomes of a policy decision. The best way to cope with an unantic-
ipated event is to improve coping mechanisms, either in preparation for surprise or 
for a response to the surprise once it occurs (Streets and Glantz, 2000). Mounting 
evidence recognizes the role for healthy ecosystems and resilient communities 
for risk reduction, recovery, and resilience to unanticipated threats. The ecologi-
cal services provided by nature are critical for community resilience. Future One 
Health leaders will require broad cross-cultural competencies to be build collab-
orative policies between multiple actors at multiple administrative levels to allow 
different aspects of a problem to be seen and managed. By exploring these dif-
ferences, impacts and actions that go beyond traditional health perspectives may 
be found. The likelihood of innovative policy responses will increase as leaders 
diversify their professional network and in doing so increase their exposure to non-
redundant information, skills, and support (Tortoriello et al., 2015).

REALIZING RECIPROCAL CARE HEALTHY PUBLIC POLICY

Policies shape the social environments that allow and enable people to make 
win-win-win choices. But policies only shape the intention for action. They only 
make a difference if they are effectively implemented. Policies must be turned 
into actions that influence how we act and the decisions we make. If the ideals 
of One Health, EcoHealth, or related fields are to be realized, there needs to be 
a shift from making polices in isolation to a policy agenda that explicitly looks 
across sectors to find opportunities and efficiencies and avoid obstacles to action 
that build health for animals, people, and ecosystems. Rare is the case, and many 
are the challenges to having one sector win without another sector losing some-
thing. But by being attentive to the implications and opportunities for policies to 
promote actions that create benefits beyond an individual sector, less harms and 
more wins will be realized. The long-term goal of creating public policy for the 
reciprocal care of human, animal, and environmental health is dependent on sus-
tained policy advocacy for a new view of healthy public policy.
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Many examples of leadership over the centuries have drawn from the military, 
political, and business realms where a strong leader has some ability to compel 
others to act in a certain way, to work on a particular product or project, or even to 
go to war. This approach has often carried over into other areas as we seek strong 
leadership with the answers we perceive we need. Even in democracies, there is a 
tendency for political leaders to want to control the actions and messages of oth-
ers, both within and outside their political party. The power to withhold power 
and influence from others enforces conformity. The risk adverse may seek to 
avoid responsibility and then blame others, rather than finding needed solutions.

An increasing challenge is that most of our “wicked problems” for which no 
one seems to have a specific answer are incredibly complex and often occur at 
the margins or interface of different sectors, professions, and organizations. One 
Health concepts and approaches can help us to not lose focus on possible solutions 
even though they may not be predictable nor within our individual mandates or 
capabilities. One Health leadership brings collective knowledge and expertise to 
shared problems in animal and human health, the environment, and the economy. 
It requires skills in influence, not control; cooperation and collaboration, not com-
pulsion; and building coalitions across disciplines and sectors, not bureaucratic 
or academic empires. It is a successful leadership approach less familiar to most 
of us working to plan for and respond to the next pandemic, mitigate and adapt 
to climate change, or address other wicked problems. It is the combined skills, 
talents, and resources of the many partners that allow us to have an outcome such 
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as Canada’s success in the 2009 H1N1 influenza pandemic, rather than repeating 
the errors of severe acute respiratory syndrome (SARS 2003). The what and how 
of leadership matters. 

THE CASE FOR LEADERSHIP 

Leaders tend to rise to a situation. Rarely is one leadership style good in all situ­
ations. There are many academic and popular press books, articles, and news 
items on what makes someone a good leader. Winston Churchill was the right 
leader to bring Britain through World War II, but it did not take long in peacetime 
for him to be ousted. Abraham Lincoln was the right person for the demanding 
job of United States president trying to keep the Union together. Sadly, he was 
assassinated, and we will never know if that same support would have persisted in 
the period of reconstruction. Leadership styles following World War I demanded 
reparations and harsh treatment of the Axis powers, which then influenced the 
conditions that brought about World War II. Post–World War II leadership created 
different conditions such that former enemies are now allies. 

This chapter is not about the kind of leadership brought about by force, nor 
what we may think of typically in a military, bureaucratic, or corporate manage­
ment sense, even though its approaches can enhance effectiveness in those set­
tings. It is about the challenge of leadership in complex situations where others 
cannot be compelled to work together or share resources, yet where collaboration 
and sharing are necessary to achieve common ends. 

In modern democracies, in the age of the Internet, it is virtually impossible to 
control information or the message completely as censors have tried in the past. 
Different political jurisdictions and even departments within those governments 
can easily find ways to avoid or subvert involvement if they wish or see it in their 
interest to do so. They must be convinced that not only is it the right thing to do, 
but that they too can benefit, or at least not lose power, influence, or resources; and 
the information or story must be both factual and compelling when exposed to 
public scrutiny. Maturity and experience can help to discern the noise from legiti­
mate criticism, and a measure of humility to accept the importance of changing 
course or ideas if necessary. 

One of the things I tell managers is that it is more important to get it right than 
to be right; and to surround yourself with smart people willing to tell you what 
you need to hear, not what you want to hear. Then, you can seek the best ideas and 
understandings both inside and outside the organization to deal with whatever 
decisions need be made. The risk is otherwise missing or suppressing solutions, 
insecurity and poor decisions, or worse, not making intentional decisions for fear 
of error, which in itself becomes a decision as events carry on. 

WHAT DO WE MEAN BY LEADERSHIP? 

One can find many a wide variety of lists of the necessary qualities for effective 
leadership. 
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Most would include some or all of what is in Box 11.1. Most readers would 
recognize these as admirable qualities. The challenge is how to consistently 
apply them in an understandable way that others can buy into and perhaps 
emulate.

Two historic leadership examples that have relevance to One Health come 
out of experiences addressing two national crises in the United States: (i) 
Abraham Lincoln’s style of leadership which exhibited pragmatic approaches 
to dealing with complicated issues and (ii) the early 21st century concept 
of Meta-Leadership following the 9/11 attack on the World Trade Center in 
New York.

Some Lincoln Lessons

Lincoln was the president of the United States just prior to and during the 
American Civil War. He demonstrated much of what it takes to lead in a com-
plex system. He was certain when a decision needed to be made, to do so. He 
surrounded himself and kept in his cabinet those who thought differently than 
himself, including some of his political rivals, in essence “smart people willing 
to tell you what you need to hear, not just what you want to hear.” He would 
delegate to others and expect them to do their best but not without having clear 
conversations on what was needed and expected. He recognized his ultimate 
responsibility and would accept it even when the decision that was in error was 
not his. His focus was on finding a solution, and he would not throw colleagues 
under the proverbial bus. Lincoln managed to find principled compromise where 
necessary and used science and evidence as essential to decision-making. He 
was known as Honest Abe, maintaining his integrity in all things and not lying 
to avoid responsibility. He also was strategic in finding the right time to push an 
agenda, working towards a yes, rather than demanding an answer when it almost 
certainly would be a no. It allowed him to ultimately eliminate slavery, even 
though many would have hoped he did so earlier, and while that may have been 
possible, it appeared at the time to be very unlikely to be successful and risked 
further negative entrenchment.

BOX 11.1  NECESSARY QUALITIES FOR 
EFFECTIVE LEADERSHIP

Flexible Adaptive Responsive

Creative Eclectic Clear

Honest Respectful Sensible

Humble Inclusive Transparent

Concise Accountable
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meta-leadersHip: a response to crises 

Following the attack on the World Trade Center, it became apparent that some 
of the national security structures in the United States operated too often in 
silos, as key information was not shared across departments that may have 
pointed to proactive opportunities to intervene or respond quickly to the ter­
rorist attack. As a result of the 9/11 experience, the Harvard School of Public 
Health and the Kennedy School began developing Meta-Leadership as a way 
of training and working in a way more conducive to work across sectors and 
departments. While the focus was largely on national security and emergency 
preparedness and response, their principles and approach have much in com­
mon with what is needed in other, important, complicated challenges, or 
wicked problems. They focused on three dimensions: the person, the situation, 
and connectivity across both vertical dimensions of hierarchy and horizontally 
to peers and external partners. It is an approach to breaking down barriers to 
collaborative responses. 

SEVEN LESSONS FROM FAILED LEADERSHIP 

There is much to be learned from failed leadership. 

1. Loose thinking is not the same as freedom of thought. 
One Health leadership is about a well thought out reasoned position and not 
necessarily just the first thoughts that come to mind. It is about both validat­
ing and challenging ideas with others. 

2. We can spend too much time looking for certainty in decision-making. 
There is an old expression “Do not let the best be the enemy of the good.” 
By postponing a decision because we are uncomfortable making it, we risk 
the decision being made for us or events overtaking us. It is one thing to 
delay for a specific purpose, such as getting another perspective or evi­
dence; however, at a certain point, the risks of not deciding will far out­
weigh the risks of making the best decision under the circumstances. For 
example, debates during the 2009 H1 avian influenza pandemic over the 
ideal guidelines for schools continued up until it was almost time for stu­
dents to return to school, which risked putting them at greater risk due to a 
lack of prevention and care guidance. 

3. Some insist on wanting to win every battle. However, the risk is that you 
may end up losing the ultimate goal. 
It can be strategically valuable to compromise or give in on some less criti­
cal areas to gain what is essential. If one is always seen as inflexible, others 
may be unwilling to collaborate at critical times. What is most critical is 
to not lose sight of what matters most to partners, so that they too can see 
benefit in the collaboration. 

4. Some leaders are unwilling to admit mistakes, and as soon as they 
receive a promotion, they are already planning towards their next move. 
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It is important to stay in a position long enough to see “your own bombs go off,” 
to learn from them and to fix them. Moving on too quickly leaves the mistakes 
for those who follow, who then gain the learnings and may resent your poor 
decisions, as you progress to making more mistakes, but higher levels of impact. 
I believe that as soon as it is about me, rather than the organization or purpose, I 
am no longer able to lead as effectively. One should not ignore one’s own needs, 
but when making a critical choice, it is important to remember there is some­
thing more important than oneself. Otherwise it is time for someone else to lead. 

5. The rush to follow the decision sequence of “It’s an important problem, 
we must do something, this is something, let’s do this” can lead to erro­
neous decisions. 
For example, during the SARS outbreak, it was decided to set up temperature 
scanners at some airports. This hasty decision failed to take all aspects of 
the decision into account, such as the following: (i) affected individuals are 
not infectious until extremely ill, and unlikely to be mobile; (ii) there are 
many common causes of fever and taking something to suppress fever could 
bypass the screening; and (iii) individuals who develop a fever later but do not 
understand the natural history of the disease may assume that as they were 
screened; it must not be SARS and therefore may not take appropriate action. 

Much better would have been to train border services on who to refer to 
the quarantine officers, and to provide information to passengers as to what 
to do should they develop the appropriate symptoms later, as was done dur­
ing the H1 influenza pandemic in Canada. Such an approach would have 
covered a range of possibilities not just current fever with many false posi­
tives, few if any true positives and many false negatives. 

6. A particularly frustrating pattern of behaviour in organizations is, 
“we cannot solve a real problem, because there might be a small side 
effect … which then will be ours. However, if we don’t solve it, it wasn’t 
our problem in the first place.” 
Nothing is completely without risk and not taking even a calculated risk to 
improve the situation means not succeeding. For example, some govern­
ments’ failure to act on their public health responsibility of harm reduction 
in response to the opioid crisis resulted in needless premature deaths. 

7. There are those who in effect say, “We won’t do anything, but we’ll be 
damned if we let anyone else.” 
They would rarely say it that way but in effect they choose not to take on or 
at least partially address an issue; but they then expend more energy fight­
ing others from working on an issue they perceive as their mandate than it 
would have taken to actually do it. 

NINE PRACTICAL ONE HEALTH LEADERSHIP SKILLS 

1. Leading with 
In dealing with complex situations where collaboration is essential, and 
cooperation cannot be guaranteed, it is important for leaders to assume 
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a non-authoritarian style of leadership that understands their and other’s 
responsibilities, roles, and perspectives. As it is in effect a team with many 
coaches and quarterbacks (depending on the analogy you would like to 
use), open and transparent information sharing appropriate to the situa­
tion is essential. For example, in Canada’s response to the 2009 H1 influ­
enza pandemic, provincial and territorial ministers, deputy ministers, and 
senior public health officials would be advised of what the federal public 
health agency knew shortly after it was known. No one was told what to 
say in terms of public messaging, but the key issues were discussed and 
information shared such that a consensus of best advice and information 
could be made public. This illustrates the value of intelligent people with 
accurate information and a common purpose when striving for a reasonable 
consensus. 

2. Getting it right 
It is less important “to be right” than it is “to get it right.” It is impossible 
for any single individual to have all the knowledge and experience to con­
sistently make the best decisions. Even organizations may not have within 
them all the necessary skill sets. The focus must not be on one’s ability to 
be right but rather to seek out the needed expertise or other perspectives 
whether from within or outside the organization, to get it right. 

3. Framing issues 
It is helpful to be able to understandably frame issues, including the under­
lying principles on which decisions are based. For example, given the chal­
lenges in dealing with complex issues such as climate change, ecosystem 
preservation, or the determinants of health, it is easy for people to say they 
cannot do anything meaningful to make things better. What practically can 
an individual or organization do? One way I found helpful is using the acro­
nym PACEM for different possible types of action. 
•	 Partner: Finding others of similar interest to work together on those 

things we can do better together than individually. 
•	 Advocate: It is not necessarily protesting in the streets, or writing letters, 

but more so bringing evidence to bear on the debates and discussions. 
•	 Cheerlead: This may sound trite, but at times it has been felt that 

for various reasons we are criticizing ourselves more than organiz­
ing a common response to address the major issues. For example, 
in public health, the shifting terminology from health education to 
health promotion to population health became more a debate about 
how one concept is superior to the others, rather than how each has 
something to contribute to our overall understanding. 

•	 Enabling: What are the things we can do within our own organiza­
tion or programmes to make them more compatible with the princi­
ples we espouse, such as providing service accessibly in the affected 
community rather than a hospital, or ensuring our own practices 
have reduced negative environmental impact. 
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•	 Mitigation: This is addressing those things that reduce the impacts of 
the risk. For example, in northern Saskatchewan, Canada, the prob­
lems of poor water quality, sanitation, and overcrowding in housing 
meant periodic outbreaks of Hepatitis A. While working towards 
addressing these underlying risks, the use of Hepatitis A vaccine for 
children and youth in affected communities mitigated the outbreak 
by lowering the rate of Hepatitis A in children and youth to less than 
the general population. 

4. Sometimes it is critical to see for yourself 
Getting to know the communities, populations, or systems you are respon­
sible for or involved with can reveal important things otherwise missed. 
Just reading others’ reports or papers may not be enough. For example, a 
community outbreak of Giardia was most likely from what the community 
believed was safe protected spring water source that the community had 
used for decades. By visiting the site, it was clear that the spring water was 
actually surface waters coming through the side of the hill. In another case, 
a community stated that its water treatment plant was functioning normally. 
A site visit found that the filters were not working, and they mistakenly 
thought that raising the chlorine level would eliminate any risk, not know­
ing that Cryptosporidium spp. spores would be resistant to the chlorine. It is 
critical to talk to those affected to better understand what they view as the 
issues and what matters. For example, in Amazonia, the government had 
established a programme to encourage sustainable planting, and not burn­
ing, of the rainforest. Participating communities would receive additional 
funds. One community requested a paved path from the village to the river, 
which the government administrators thought odd and frivolous. However, 
when the governor asked the question of why, the community response was 
that they bathe in the river, but by the time they get back to the village they 
are dirty from the muddy paths. 

5. Building plans and relationships before a crisis 
Eisenhower would say: “Peace-time plans are of no particular value, but 
peace time planning is indispensable.” The reality is that emergencies 
by their nature are full of surprises. Thus, it is important to plan for the 
knowable possibilities and build the relationships with needed partners in 
advance, so that time is not wasted in trying to build trust amid a crisis. 
Energy can then be focused on solving the unanticipated. Understanding 
the governance and organization of your emergency response team ahead 
of time can clarify roles and responsibilities and ensure a more coordinated 
and effective response. For example, it is wise to have one team focused 
on operations and another to focus on strategic aspects of the response. 
Establishing the role of collaborating agencies and how communications 
will occur within and across response teams is an essential pre-emergency 
activity. This can help avoid miscommunication and help each partner to 
better understand the other’s situation. 
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6. Think vertically and horizontally at the same time 
Many of our most important issues or problems occur at the margins, or 
intersections that require multisectoral, multidisciplinary, and multijuris­
dictional approaches. Often, however, our assessments tend to be linear in 
trying to understand that x causes y, or we give up as the issues are beyond 
our individual control. In complex systems, such as nature and human inter­
actions, the solutions are also more complex and rarely linear, let alone 
having a single cause. Variation and connectivity are hallmarks of biology, 
whether in genetics, immunity, exposure, dose, social structure, or other 
influencing factors and differences. When trying to understand causes in 
the hope to intervene, limiting our thinking to linear solutions risks seri­
ous untoward effects or unintended consequences. More details on complex 
systems and unintended consequences can be found in Chapter 13. The 
dynamic nature of these relations requires solutions to change over time. 
For example, waste and pollution management through dilution was fea­
sible when human populations were small, but not feasible as populations 
grew and additional harms reduced the capacity of the receiving environ­
ment to cope with our wastes. 

7. Working through decisions 
There are two principles that I believe are essential in seeking the best, saf­
est, and most appropriate options whether in clinical, programme, or policy 
spheres. The first is “first do no harm.” The principle is that the essential 
obligation is to not make things worse. And while there is always the poten­
tial for unwanted side effects or adverse outcomes, the primary consider­
ation is a focus on improving health or reducing disability or their correlates 
in other sectors. The second principle is “do what is the least intrusive, most 
effective with the fewest side effects.” It is an additional ethical and practi­
cal view that interventions always have risks, but these can be minimized 
by utilizing those that are less invasive or violating. We should always aim 
for the best possible outcome and in order to do so, seek options shown or 
likely to be most effective. Respecting the concept of “first do no harm” 
requires us to seek options with the least side effects. These principles are 
particularly important in facing problems that are less than catastrophic or 
fatal, and are as important in designing an environmental, social, or eco­
nomic policy as they are in deciding on a clinical course. 

8. Working with coalitions
 
There are some key principles that help to make effective coalitions.
 
i.	 Respect 

It is difficult to influence who or what we do not respect. We need not 
like them or want to socialize with them, but we must respect who they 
are, the role they play, and that they have a perspective that we need to 
understand, even if we do not agree. I have yet to see where a harangue 
has successfully changed a person’s long-held perspective. Rather it 
may entrench their views, or at the very least cause them to disengage, 
awaiting a chance to escape the encounter. 
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ii.	 Make it practical 
Great ideals without substance or do-ability only tend to frustrate. For 
policymakers or others, there is always a long line of advocates, aca­
demics, or others happy to point out the problems, and the need for 
someone to do something. The challenge is finding practical, accept­
able, and achievable solutions that help to move us in that direction. It 
is particularly well received if they also help meet objectives that the 
decision-maker values. 

iii.	 Rule of three 
Committees, coalitions, or negotiations often bog down around things 
that different governments, disciplines, or individuals will never agree 
on. Yet given they are at the table, there are likely far more issues that 
they might agree on. As such, I try to break down issues into three cate­
gories. Those we can agree with we should just do. Those solutions that 
we may not have perfect agreement on but could live with, we also do. 
Then, those few that we will never agree on, while not ignoring them 
completely, we do not waste all our time trying to convince others of 
what is unlikely to change for jurisdictional, situational, or any number 
of reasons. The nice irony is that when we successfully tackle the first 
two categories together, it is easier at times to find some accommoda­
tion or agreement on the third. 

iv.	 “Having something to offer” 
Many good ideas flounder as they are passed from department to depart­
ment or organization to organization because no one has the authority, 
mandate, or capacity to take it all on. However, if we have something 
we can offer, or if the other organizations could contribute another part, 
sometimes that logjam can be broken. For example, wanting to have 
health and social impacts included in environmental assessments was 
seen by colleagues in environment as one more complication for which 
they did not have the expertise or capacity. However, by offering to 
collaborate and take on responsibility for that aspect of the work, the 
conversation changed. 

v.	 Coalitions and collaborations form and reform as needed 
Organizations or individuals need not agree on everything to work 
together on the things upon which they do agree. 

vi.	 Other expertise or perspective 
There is always a tendency to consult with “the usual suspects,” so we 
develop blind spots to both problems and potential. Many organiza­
tions, including governments, will work away internally to figure out 
how to address an issue, then when it is finally public get defensive 
against all the other perspectives or alternate suggestions that present. 
It is possible to explore options without tipping one’s hand or betray­
ing government secrets in order to ensure that things are considered 
more fully by the time decisions need to be made. There will be items 
that must be done in secret, but that excuse may be overextended into 
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areas that would do better with transparency. For example, the many 
advisors I had assisting with the Annual Reports on the State of Public 
Health when I was Canada’s Chief Public Health Officer (which always 
were in the context of the complex relationships of Determinants of 
Health and One Health perspectives) were initially required to not only 
sign confidentiality agreements but also to return any numbered drafts 
upon which they commented. I was eventually able to get that changed 
as the purpose of these reports to parliament were to provide the best 
understanding of the issues and possible solutions, which required 
hearing from multiple perspectives and expertise, and were not a mat­
ter of national security. One of the nice things about working in Public 
Health and on One Health or Health Determinants issues is that the 
more people know and understand what makes a difference to human 
and animal health, the environment, the economy, and what we can do 
about it, the better. 

9. Crisis communications 
There is much that has been studied and written on risk management and 
crisis communications. While there may be many nuanced differences in 
situations and the appropriate response, the five core messages below must 
always be kept in mind and articulated clearly. Too often I hear officials and 
others responsible for communicating messages miss the point by effec­
tively dismissing the fears or concerns of the public by only eating a ham­
burger to declare it safe from BSE, attending a restaurant during SARS in 
Toronto, drinking a glass of water to demonstrate safety, or simply saying 
something is safe, or the risk is low. The challenge for the hearer is what 
does that mean? How low? You may eat that one burger, but I have been 
eating that meat or drinking that water daily for weeks or months. 

There are five core messages that need to be part of crisis communication: 

• What we know 
• What we don’t know 
• What we are doing to find out 
• What we are doing to address the issue 
• What you can do to protect yourself and others 

These five core messages in and of themselves do not make up crisis communi­
cation, but they are critical to helping people understand the real nature of risk. 
No matter what else is said, and whenever possible, it is essential to offer people 
something that they can do to protect themselves and others. It was striking as 
part of the response to the 2009 H1 influenza pandemic that people took personal 
action. I am told you could identify Canadians in international airports because 
they were the ones that would cough or sneeze into a tissue or their arm rather 
than contaminating their hands. This is something I had advocated early, and it 
was reinforced in diverse settings from schools to television comedy skits. In the 
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most remote parts of the country I travelled, there were sanitizing gels in shops 
and public places. People increased the washing of hands, avoided others if ill, 
had antivirals readily available should they become ill in pregnancy, and almost 
half the population was immunized in the autumn, sufficient to stop the pandemic 
in Canada before Christmas. Thus, for the first time in history, the course of an 
influenza pandemic was fundamentally and positively altered. At the same time, 
food establishments and hospitals increased their focus on hygiene, hand wash­
ing, and cleanliness, dramatically diminishing the usual hospital-acquired infec­
tions and food-borne outbreaks. 

SUMMARY 

Dealing with the wicked problems we face in One Health requires a broad range 
of disciplines, sciences, evidence, expertise, sectors, organizations, and disci­
plines. It demands a different kind of leadership than the typical approaches and 
structures when a leader has some measure of control over those in their com­
pany, military, government, or organization. It is less about power or command 
and more about influence, persuasion, collaboration, and modelling of effective 
strategies. 

There is not as much written about this type of leadership, perhaps as it is less 
certain, and more working in the grey area of motivation. And yet much can be 
effectively accomplished, with experience and practice being reinforcing. It can 
be very satisfying to see positive change effected whether one’s personal leader­
ship in it is recognized or not, for it is a team sport. I am regularly reminded of 
the quote by Samuel Johnson paraphrased as, “It is amazing what can be accom­
plished when no one has to assume the credit.” 
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If you only rely on your knowledge, your options are already limited.

Tremendous volumes of important new knowledge that could improve the quality of 
our and animals’ lives and reduce our impacts on the planet are regularly being pro-
duced. But little will come of it without the capacity to effectively get this new knowl-
edge to the people who can act to make the necessary changes. The gaps between 
knowing and doing are well known and long-standing. This has been called the know-
ing-to-doing gap or the implementation gap. These gaps are created when there is a 
difference between the evidence for the most effective actions and their actual imple-
mentation in practice. Despite the considerable amount of money spent on research 
to understand how and why a problem occurs, comparatively little effort is dedicated 
to ensuring that research findings can be and are implemented in policy or practice.

There are many examples of ineffective or inefficient policies and practices 
that are widely used, thus wasting resources and placing additional burdens on 
overstretched services. Why this happens is not always obvious. In some cases, 
differences in organizational or individual practices come from differences in the 

12



194 Animals, Health, and Society

nature, quality, and depth of what they know. In other cases, it may be affected by 
the ability to translate the knowledge into action. Never in human history have we 
been able to produce and share so much information, making the knowing versus 
not knowing gap less pressing than the gap between knowing but not doing.

One Health professionals are challenged by the scope and scale of the prob-
lems presented to them and by the number and variety of actors with whom they 
need to interact to facilitate change. Closing the knowing-to-doing gap requires 
processes that create and support conditions and relationships to effectively 
enable access, exchange, use, and evaluation of knowledge to support decisions 
and actions. Chapter 9 explored factors that affect how individuals make deci-
sions to act. This chapter is concerned with ways to put knowledge into action for 
the purpose of changing policies and practices.

MOBILIZING, TRANSLATING, BROKERING, AND 
EXCHANGING – WHAT ARE WE DOING WITH KNOWLEDGE?

“If we keep on doing what we have been doing, we are going to keep on getting 
what we have been getting.” (Wandersman et al., 2008)

New evidence will not change outcomes unless people apply it in practice and in 
policy. Unfortunately, the transfer of evidence into practice is often unpredictable, 
slow, or haphazard. The gap between knowledge and action has been highlighted 
in a range of One Health relevant fields such as conservation, ecosystem manage-
ment, and public health. The literature on how to close the knowing-to-doing gap 
is growing and can at times be confusing. Many disciplines are producing their 
own bodies of literature on knowledge management and mobilization. Table 12.1 
defines some key terms as they are used in this chapter.

Simply telling people about evidence and urging them to change what they do 
is ineffective (Levin, 2008). Practices are socially determined by many elements 
such as norms, cultures, and habits. Knowledge takes shape and has effect in a 
wide variety of ways but is always mediated through social and political pro-
cesses (Levin, 2008). One Health knowledge-to-action strategies need to meet the 
various requirements of different, heterogeneous knowledge users.

Interdisciplinary knowledge-to-action work is difficult because different fields 
of study have different ways of approaching problems and because knowledge-
sharing networks often exist within rather than across disciplines because people 
tend to form ties to those who are like themselves in terms of socially significant 
behaviour and attitudes (Perry et al., 2018).

WHAT IS THIS THING CALLED KNOWLEDGE 
THAT WE WANT TO SHARE?

Knowledge, pragmatically speaking, results from familiarity, awareness, and under-
standing of information gained through experience or study. It is created by mak-
ing comparisons, identifying consequences, and making connections. But, as with 
many of the core concepts in this book, defining knowledge is not always pragmatic 
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or straightforward. Epistemologists study how we know things. They have been 
doing so since the times of Plato and beyond. They recognize that there is not just 
one type of knowledge (Turri, 2012). For example, there is perceptual knowledge 
we gain by using our senses. There is introspective knowledge we gain by using our 
reflective abilities. There is rational knowledge we deduce by exercising our powers 

TABLE 12.1
Knowledge-to-Action Terminology

Term (Source) Description
Knowledge dissemination
(NCCMT 2020)

The process of distributing information, adapting the content, and 
developing the means for delivery that are appropriate for the 
intended audience

Knowledge synthesis
(CIHR 2016)

Reproducible and transparent methods to contextualize and integrate 
research findings of individual studies within the larger body of 
knowledge on the topic

Knowledge exchange
(CMHA 2020)

The process of engaging researchers, policy developers, and 
decision-makers in the development and application of research 
knowledge to effect timely, relevant, and evidence-based decisions. It 
involves dynamic information sharing and exchange among all 
stakeholders, with those traditionally considered the users of 
information as active participants rather than just passive recipients of 
knowledge

Knowledge broker
(Ward et al., 2009)

People at the interface between the worlds of knowledge creation and 
knowledge use who help find, assess, and interpret evidence. They 
help information and knowledge flow back and forth between creators 
and users. They facilitate interactions and identify emerging questions

Knowledge user
(CIHR 2016)

Those who are likely to be able to use the knowledge generated to 
make informed decisions about policies, programmes, and/or 
practices

Knowledge translation
(OCCYMH, 2020)

The process of translating knowledge from one format to another so 
that the receiver can understand it. A dynamic and iterative process 
that includes the synthesis, dissemination, exchange, and ethically 
sound application of knowledge to improve outcomes, provide more 
effective services, and strengthen systems

Knowledge mobilization
(SSHRC 2020)

A range of activities relating to the production and use of knowledge, 
including knowledge synthesis, dissemination, transfer, and 
exchange. It involves the reciprocal and complementary creation, 
flow, and uptake of knowledge between knowledge creators, brokers, 
and users in such a way that may benefit users and create positive 
impacts

Evidence-informed practice
(OCCYMH, 2020)

Combines the best available research with the experience and 
judgement of practitioners to deliver measurable benefits

Evidence-based policy
(Salafsky et al., 2019)

Use available body of facts and other information indicating whether a 
belief or proposition is true or valid to identify programmes and 
policies that produce desirable outcomes



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

Animals, Health, and Society 

of reasoning. There is traditional knowledge that has been developed, sustained, 
and passed on from generation to generation within a community. None of these, 
or other types of knowledge, are better or worse than another. No single type of 
knowledge alone provides a complete picture, but taken together, they offer a more 
balanced understanding of what can be done under specific circumstances. 

Knowledge derived from rigorous peer-reviewed information is widely 
acknowledged as a foundation for evidence-informed decision-making. However, 
people’s willingness to act is affected by scientific, tacit, traditional, and personal 
forms of knowledge (see Chapter 9). The scope of information used to make a 
decision must be tailored to the context of the decision-maker. It may include the 
perspectives and values of people being affected by the decisions, the broader 
impacts on society, an assessment of the social costs and benefits of in/action, as 
well as the research findings. The traditional paradigm of professional expertise 
being the sole source of enough information to inspire actions is no longer valid. 

There is a recurring temptation to impose standards on what it means to know 
something, such as in criteria for truth in philosophy, postulates for causation in 
epidemiology, and standards of evidence in law. It becomes challenging to apply 
those standards in interdisciplinary settings where people of different intellectual 
heritages hold different standards for knowledge and truth. Much time can be spent 
having debates on whose standards are right. Agreed-upon One Health methods to 
judge, weigh, and integrate different kinds of knowledge are not yet available or are 
in the early stages of development. There are, unfortunately, too many pressing One 
Health problems in the world to delay action until these disagreements are resolved. 
One way to deal with this conundrum is to impose a shared set of standards across 
the One Health team. This might work when the differences in standards are not 
large (for example, between a microbiologist and an epidemiologist) but can be 
problematic when the differences are greater (for example, between a politician and 
a molecular biologist). One such example from the author’s own practice involved a 
multi-stakeholder meeting to recommend federal policies to reduce the ecological 
risk from transferred pathogens between wild and farmed animals while protect­
ing the economic benefits of farming to farmers and their communities. There was 
no explicit standard for weighing or assessing evidence agreed to at the outset of 
the meetings. As the process unfolded, the federal regulator increasingly turned to 
the opinions of its scientific staff, who used a different causal model and criteria 
for “good” evidence than did community members and opponents to the farming 
activities. While the groups agreed on the risks that required management, the 
lack of a shared vision on how to judge and integrate different forms of knowledge 
resulted in an acrimonious process ending without agreement on how to interpret 
the emerging and abundant scientific information and community experience avail­
able for their consideration. As such, no change in policy happened. Because beliefs 
and justifications used to accept information and transpose it into knowledge can 
be tightly connected to our sense of self, imposing a standard for knowing can be 
divisive if the fundamental differences in what it means to know something are 
large. Deft facilitation and negotiation skills are needed to navigate this gap. 

Another strategy is to find ways to accommodate multiple ways of knowing 
into knowledge mobilization planning. For example, the concept of two-eyed 
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seeing refers to learning to “see from one eye” the strengths of Indigenous knowl­
edge and ways of knowing, and from the other “eye” the strengths of Western 
knowledge and ways of knowing. The overlapping perspectives of the “two-eyed” 
approach provide a wider, deeper, and more generative field of view (Bartlett 
et al., 2012). Similarly, evidence-based medical practitioners need both a sophis­
ticated appreciation of patients’ personal knowledge and scientific knowledge 
when developing effective and acceptable clinical interventions. Effective One 
Health practitioners require broad cross-cultural competencies to be able to build 
collaborations between multiple actors at multiple administrative levels to allow 
different aspects of a problem to be seen and, by exploring these differences, 
find solutions that go beyond traditional perspectives. Cross-sectoral co-learning 
to develop shared ways of knowing requires people skilled in bridging different 
types of knowledge to facilitate transdisciplinary conversations. As we build such 
bridges, our knowledge networks expand and diversify, which, in turn, increase 
our exposure to a range of non-redundant information, thus increasing the likeli­
hood of innovative thinking (Tortoriello et al., 2015). 

Various sources of knowledge need to be part of the knowing-to-doing pro­
cess as equal players to optimize the breadth and quality of the information that 
can influence policy and practice. Take for example a project in sustainable food 
systems in post-war Sri Lanka (Stephen et al., 2013). Fish are a vital food source 
in Sri Lanka, comprising over 50% of animal protein of many people’s diets. 
Knowledge sources and expertise on fish production were poorly connected 
after the civil war, limiting the diffusion of knowledge on techniques, struc­
tures, and strategies for sustainable production to farmers in war-torn regions. 
Multi-Criteria Decision Analysis (MCDA) (see Box 12.1) was used to enhance 

BOX 12.1 AN OVERVIEW OF MULTI­
CRITERIA DECISION ANALYSIS (MCDA)
 

What is it: MCDA is a systematic approach for ranking action options 
against a range of decision criteria. The various social and scientific criteria 
can be weighted to reflect their relative importance to participants in the 
decision-making process. MCDA can combine expert judgement, stake­
holder preferences, and multiple dimensions in decision-making. 
When to use it: MCDA is a structured framework for combining expert 
judgement and stakeholder preferences. It is used in situations where a com­
bination of a wide variety of factors must be considered in ranking decision 
options, even where quantification is challenging or limited. The approach 
supports stakeholder’s engagement in identifying, scoring, and weighing 
decision criteria. 
What do you get: Depending on the specific MCDA approach used, the 
method produces a single most preferred option, ranked options, a short 
list of options for further appraisal, or a characterization of acceptable or 
unacceptable possibilities. 
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knowledge connectivity by bringing together a suite of experts ranging from Sri 
Lankan and international scientists, farmers, community members, aquaculture 
sector salespeople, and government agents. The approach involved participatory 
decision-making processes to identify preferred, yet locally feasible, production 
systems to support culture-based fisheries. The process provided an opportunity 
for community members and farmers to share their beliefs and knowledge with 
each other and with government agents to develop widely accepted action plans. 
Understanding how various ways of knowing synergize or conflict with each 
other across the wide suite of players in One Health problems is essential for 
mobilizing knowledge into action. 

GUIDING QUESTIONS AND FRAMEWORKS 
FOR CLOSING THE GAP 

A useful question to ask when developing strategies to mobilize knowledge into 
action is: “What is the knowledge resource base needed to understand the enablers 
and impediments to action?” A knowledge resource base can be constructed by 
first mapping the people who can inform and influence action. This mapping 
exercise should bring together people who hold information on the causes and 
effects of the problem of concern, the nature and influence of the social con­
text on decision-making and action, and experience of those who will affect or 
will be affected by action. It should also include customary or traditional knowl­
edge that will affect people’s acceptance of information and recommendations 
to act. This wider field of knowledge can underpin dialogue that will lead to a 
more balanced and comprehensive understanding of the problem and what must 
occur to promote action. This approach is used in Chapter 22 to better understand 
monkey-human conflicts in St. Kitts and Nevis. Bridging the knowing-to-doing 
gap requires reciprocal and iterative flows of information from both knowledge 
producers and knowledge users prior to research initiation and beyond its comple­
tion. The goal is not to only distribute knowledge but also to share it in such a way 
that it is easily accessible, useful, and used. 

Theories and frameworks can provide modifiable guides to systematically 
understand problems and suggest entry points to developing and evaluating action 
strategies. There are many theories that try to answer the question: “How does 
successful change happen?” Some view humans as goal-oriented actors who will 
follow a rational plan, while others view decisions as irrational and influenced 
by emotions and feelings. Some theories overlap, others conflict. The following 
questions, abstracted from various theories of change, can help a One Health 
team develop strategies for moving knowledge into action. 

do you HaVe a tHeory of cHange? 

A theory of change is a comprehensive description of how and why a desired 
change is expected to happen in a particular context. It aims to build a bridge 
between what we know, what we want to achieve, and the activities it will take 
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to get there. A theory of change helps identify the approach that should be taken 
to effectively address the causes of problems that hinder progress. A change the­
ory requires the involvement of knowledge creators, planners, beneficiaries, and 
stakeholders at the start to develop consensus on the shared goals by explicitly 
documenting different views and assumptions and by helping people see how 
sharing their knowledge contributes to long-term positive impacts. 

A theory of change can help to systematically think through the nature and 
interactions of the underlying causes of a problem and identify actionable steps 
that would logically make incremental progress towards shared goals. A well-
developed theory of change helps to see the connections between short-term 
action and long-term goals, making explicit what we know, what we assume, and 
what we can feasibly do. For example, in 2017, the Canadian Wildlife Health 
Cooperative initiated a multi-stakeholder, multi-governmental effort to trans­
form how wildlife health is protected by facilitating the development of the Pan-
Canadian Approach to Wildlife Health (Stephen, 2019). The first step was to 
create a theory of change to set a “big picture” strategy that linked the desired 
change to the needs of wildlife health knowledge users. Reviews of international 
and national legislative obligations, conversations with decision-makers to iden­
tify the problems they faced and the changes they desired, and an assessment of 
what was feasible with existing resources and partnerships informed this first 
step. This was followed by scholarly work to develop the evidence base for the 
desired change. The first step outlined the need for change and considered the 
ecological, social, economic, political, and institutional processes that enabled 
or impeded change. From this first step came a clarity of purpose that led to a 
shared vision and mission. The second step was to create a logical framework to 
depict how this strategy could be implemented into programmes (Figure 12.1). 
The logical framework connected programme activities to outputs which lead 
to outcomes and the goal. This theory of change helped garner support for the 
concept by translating the concept into change. By 2018, all federal, provincial, 
and territorial ministers in charge of biodiversity and the environment endorsed 
the Pan-Canadian Approach. 

FIGURE 12.1 The logic model for change for a Pan-Canadian Approach to Wildlife 
Health used in 2018. 
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WHat Helps or preVents people from adopting neW ideas? 

The barriers to more effective movement of knowledge into action are multiple 
and well documented (Levin, 2008). They include lack of access to enough high-
quality evidence, lack of interest among potential knowledge users, low trust in 
the evidence, lack of capacity or ability to find and interpret evidence, lack of sup­
port for knowledge mobilization, strong forces that resist change, and pressures 
of various kinds pushing against the available evidence. The large and growing 
volume of research evidence, lack of time to read and thoughtfully review the 
evidence, structural barriers (e.g. financial disincentives), organizational barriers 
(e.g. lack of facilities or equipment), and peer group barriers (e.g. social norms 
that are not in line with desired action) can further widen the implementation gap. 

The characteristics of the potential adopters, organizational or systems char­
acteristics, can be enablers of barriers to change (Grol and Wensing, 2004). Some 
individuals are more apt to adopt new ideas or innovation than others. Some are 
willing to take risks and adopt new ideas quickly, while others lag and are more 
conservative or traditional in their practices. Chapter 9 discusses some key theories 
and factors that describe how individuals and organizations change. Regardless of 
their willingness to change, people go through five steps before adopting a new 
idea or innovation: (i) they need to become aware of the new idea, (ii) they need to 
become motivated and able to find out more, (iii) they need to see how the change 
applies to their own needs and circumstances, (iv) they decide to try (or reject) the 
new idea, and (v) they need to confirm that their decision helped meet their goals 
to continue its application (Kaminski, 2011). The potential adopter’s perceptions 
of a change strongly affect the rate of adoption. Differences in individuals’ ways of 
thinking and knowing, their motivations, and their beliefs in their ability to change 
will influence willingness and ability to adopt new ideas. An innovation is more 
likely to be adopted and spread if its advantages can be demonstrated to those who 
adopt it, it is consistent with social norms, and it can be feasibly applied. 

Change can be enabled or dissuaded by the capacity, services, and resources of 
an organization. Implementation is more likely to succeed when there is consen­
sus on the types and quality of evidence needed, the leadership and culture of an 
organization is more receptive and conducive to the integration of new informa­
tion into practice, and there are facilitators who can help individuals and teams 
understand what they need to change and how they need to change it in order to 
apply evidence to practice or policy (Rycroft-Malone et al., 2002). 

HoW does knoWledge spread? 

The spread of information is influenced by social networks. Social networks are 
influenced by the strengths and diversity of ties between different network mem­
bers. Social learning networks consist of the connections between people who 
change an individual’s knowledge or motivation, resulting in behaviour change 
and alteration of practices (Wu et al., 2016). A person in a network will be more 
motivated to seek information from within his or her network if he or she (i) knows 
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BOX 12.2 SOCIAL LEARNING NETWORKS AND 

SHRIMP FARMING SUSTAINABILITY IN SRI LANKA: 


A CASE EXAMPLE BASED ON Wu et al. (2016)
 

The context: How to increase the adoption of best management practices 
for disease control in smallholder shrimp farms to increase farm profitabil­
ity, food production, and sustainability in Sri Lanka. 

The findings: 

•	 Social learning networks differed based on geographic location 
and ethnicity. 

•	 About one-fifth of the farmers were isolated from the knowledge 
on best management practices being disseminated through the 
shrimp farming network. 

•	 The people whom most farmers accessed for knowledge lacked 
training in best management practices for shrimp farming. 

•	 Farmers with larger social learning networks were wealthier but 
had farms that were less ecologically sustainable. 

The recommendations: 

•	 Strategies to increase farmers’ uptake of best management prac­
tices to reduce the impact of disease included (i) encouraging 
the flow of accurate knowledge through existing farmer-to-peer 
networks, (ii) strengthening farmer-to-expert networks, and (iii) 
engaging farmers who are isolated from existing networks. 

•	 A “one size fits all” intervention would likely not succeed due to 
differential effect of wealth and ethnicity within the network. 

what others in the network might know, (ii) values what others know, (iii) can 
gain timely access to that knowledge, and (iv) perceives that seeking information 
would not be too costly (Borgatti and Cross, 2003). Understanding the structure, 
relationships, and characteristics of people within a social learning network can 
help identify key influencers and conduits to diffuse information. This requires 
a dedication to understanding your audience’s needs and ensuring you have the 
strategies and tools in place to engage, inform, and motivate them. Box 12.2 high­
lights the applications of social network thinking to post-war food sustainability 
planning in Sri Lanka, this time for shrimp farming. 

HoW do people learn? 

Helping people learn about a need for and options to change is cardinal goal of knowl­
edge mobilization activities. There is a growing dissatisfaction in contemporary 
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societies for people to uncritically accept the explanation of an authority figure as 
the sole basis for action. Most adult learners resist having information arbitrarily 
imposed on them. They are open to learning from others rather than solely from 
traditional authoritative teachers. They value role models and peer-to-peer learn­
ing, have well-established cognitive frameworks, and like to know why what they 
are learning matters (Kenner and Weinerman, 2011). It is, therefore, important to 
frame knowledge-sharing strategies in a way that allows learners to see the pur­
pose of learning. This will require an awareness of the different learning styles 
of a target audience and framing learning strategies in immediately useful ways. 

One can help in the learning process in four keys ways. Firstly, enable people to 
access the necessary information. This can include centralizing and making open 
the access to the primary information available and building capacity in critical 
assessment of evidence. Secondly, one can help knowledge users make sense of the 
available information by serving as a knowledge translator. Thirdly, one can bridge 
the knowledge users and creators, building relationships that help tailor inquiry and 
knowledge creation to the context of the targeted users. Fourthly, one can help shape 
the wider context influencing effective and efficient knowledge uptake and use. 

WHat does it take to Be an agent of cHange? 

People will either be a change agent or a change target in knowing-to-doing strate­
gies. A change agent has the skill and capacity to stimulate, facilitate, and coor­
dinate the change. There are some key features that have been associated with 
effective agents of change (Lunenburg, 2010). Most of these factors are related to 
how well the change agent is connected to and understands those he or she is trying 
to help change. Understanding and empathizing with the change targets helps com­
municate the need for and the value of change. Strong linkages to or similarity with 
the knowledge users helps increase acceptance of the knowledge mobilization mes­
sages. Respected peers can effectively be used to promote the use of research knowl­
edge to influence change. The change agents and change targets need to be able to 
hear from, respond to, and influence each other. A clear plan co-developed by the 
change agents and change targets helps increase acceptance of the recommended 
actions. All these characteristics of a change agent need to be complemented with 
people or organizations with the openness and energy to change, both of which can 
be augmented by helping them see the rewards of change. Readiness for change 
requires a resolve to implement a change and a belief in the capability to do so. 

ARE THERE FRAMEWORKS THAT CAN HELP IN 
KNOWLEDGE MOBILIZATION PLANNING? 

tHe knoWledge-to-action frameWork 

The Knowledge-to-Action Framework was developed to help create and sus­
tain evidence-based actions (Graham et al., 2006). It is an explicit process to 
determine what knowledge needs to be translated, how it is translated, by whom, 
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when, and why. It was generated through a synthesis of planned action theories 
about the process of change, largely in the health field. The Knowledge-to-Action 
Framework recognizes that every situation depends on the players involved and 
the context in which they operate. It is composed of two components: knowl-
edge creation and the action cycle. Each component involves several phases which 
influence each other (Graham et al., 2006). A critical first step is the cultivation 
of the trust and relationships between knowledge creators and knowledge users to 
establish a common understanding of needs and process.

The three stages of Knowledge Creation start with the inquiry phase, which 
is characterized by a diversity of studies of variable quality that are distributed 
throughout a variety of sources and locations. Next comes knowledge synthe-
sis, which uses reproducible methods, such as a systematic literature review or 
meta-analysis, to identify, assess, and synthesize information relevant to spe-
cific questions. The third phase of knowledge creation is the production of tools, 
such as guidelines, that are clear, concise, and user-friendly to facilitate knowl-
edge uptake and implementation. Knowledge is best co-created by researchers 
and those who need to use the knowledge, but there are tasks in the knowledge 
creation processes that may be better suited to some subgroups than others. As 
ones goes through the three stages of knowledge creation, the information being 
assembled becomes more and more tailored to local needs and circumstances.

The Action Cycle portion of the Knowledge-to-Action Framework describes 
an eight-part process that leads to knowledge implementation (Table 12.2). Each 
step can influence the other and can be influenced by the knowledge creation 
component.

PRECEDE-PROCEED as a Planning Model

The PRECEDE-PROCEED model is another framework to help plan knowl-
edge mobilization efforts. The model was created to assess needs for designing, 
implementing, and evaluating health promotion and public health programmes 

TABLE 12.2
Eight Questions Arising from the Action Cycle of the Knowledge-to-Action 
Framework Described by Graham et al. (2006)
What is the knowledge-to-action problem that needs to be addressed?

What is the nature and quality of the knowledge needed to address the problem?

What is the best way to adapt available knowledge to local needs, knowledge users, and 
circumstances?

What is currently blocking the movement of knowledge to action?

What is the best way to get the message to those who need to know in order to implement change?

Is the knowledge that has been shared being used?

Have practices or policies changed after the knowledge was shared?

Is the knowledge implementation effectively and efficiently being sustained?
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(Crosby and Noar, 2011). It can provide some guidance for developing knowledge-
to-action activities. 

PRECEDE stands for Predisposing, Reinforcing, and Enabling Constructs in 
Educational Diagnosis and Evaluation. This phase is used to plan programmes. 
It involves (i) determining the problems and needs of a given population and 
identify desired results; (ii) identifying the determinants of the identified prob­
lems and set priorities and goals; (iii) analyzing determinants that predispose, 
reinforce, and enable actions; (iv) identifying administrative and policy factors 
that influence implementation; and (v) matching appropriate interventions that 
encourage the desired and expected changes. 

PROCEED stands for Policy, Regulatory, and Organizational Constructs in 
Educational and Environmental Development. This phase is used to assess the 
effects of the knowledge-to-action activities in four steps: (i) designing an imple­
mentation assessment plan before implementing the programme, (ii) determin­
ing if the programme is following the plan and adaptively managing the plan or 
activities accordingly, (iii) evaluating if there was a change in action, and (iv) 
determining if the actions were associated with changes in the target goal. The 
process guides the planner to think logically about the desired end point and work 
backwards to achieve that goal. 

SUMMARY 

Knowledge mobilization is the push and pull of data, information, and knowl­
edge in multiple directions, between individuals and groups, for mutual benefit. 
It is not easy to effectively communicate the need to and means to change to a 
wide variety of audiences typical of One Health problems, with messages that 
are clear, simple, and relevant. Regardless of the end users of knowledge, be they 
policymakers, resource managers, health practitioners, or the public, knowledge 
mobilization requires a relentless dedication to understanding the users’ needs 
and strategies to engage, inform, and motivate them under the circumstances they 
find themselves. 

Good knowledge mobilization takes time. Rarely will one meeting, or one 
paper, be enough to change what people do. Investing in the time to build the 
relationships and understand the context for change before planning underlies 
all activities to effectively inspire change. Successful knowledge-to-action plans 
are built on ongoing collaborations that build capacity and readiness for change. 
A clear plan that outlines roles, responsibilities, and authority to support action 
and secures the partnership and resources needed to sustain change are essen­
tial. Often the “personal touch,” like face-to-face meetings, can facilitate a better 
understanding of the context for change and help tailor knowledge products to 
specific audiences and local strategic priorities. Knowledge brokers and trusted 
champions of change should be identified early and brought into the knowledge-
to-action process. A final but essential part of closing the implantation gap is 
evaluation. There is no one method to evaluate knowledge-to-action efforts, but 
systematically collecting and analyzing information to see if a programme or a 
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project is doing what it set out to do helps identify changes that need to be made 
along the way to you achieving your goals. 
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The concepts of systems, complexity, and chaos are appearing with increasing 
frequency in the health literature. Much health research and practice have, how-
ever, historically been successfully guided without evoking complexity but rather 
by applying a linear, reductionistic paradigm. That paradigm views reality as 
the sum of components that can be separated and studied as isolated entities. 
The reductionistic approach has been extremely successful in combating many 
diseases. Diseases caused by single elements, like a vitamin deficiency or a bacte-
rial infection, can be remedied by targeting that element alone, saving countless 
lives, relieving much animal suffering, and improving the well-being of many. 
The challenges of chronic diseases, however, highlighted the limitations of the 
one-to-one linear model of disease causation. Lifestyle, genetic, environmen-
tal, and social factors interact in complicated ways over varying time scales that 
make prediction of clinical outcomes of many chronic diseases challenging and 
limits the value of attacking only one component cause as a management strat-
egy. Epidemiologists began to ask if “the challenge of studying causality [can] 
be adequately addressed if emphasis continues to be placed on using tools and 
methods that are geared towards looking at … systems from a linear paradigm?” 
(Philippe and Mansi, 1998). Things get further complicated as our attention turns 
from disease to health, where health is characterized as the cumulative effect 
of capacities and resources derived from interacting individuals and social and 
environmental determinants necessary to adapt to, respond to, or control life’s 
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challenges and changes (see Chapter 2 on defining health). The potential for addi­
tive and multiplicative interactions between determinants, synergistic and antago­
nistic relationships, and varying social perceptions influencing how we weigh and 
value these interactions make it hard to accept that health is a topic well suited 
to the linear, reductionist paradigm. People working in ecosystem-based man­
agement, EcoHealth, and the sustainability and health agendas are now think­
ing in terms of systems in which the parts and whole are inevitably connected 
(Waltner-Toews and Kay, 2005). To make matters even more complicated, One 
Health now asks us to consider interactions between different types of health for 
interacting species and over multiple generations that each change over time, as 
do the hazards and harms they experience. Health, as it is experienced in real life, 
is complex and messy. 

A complex systems approach has been evoked as a response to calls for an 
alternative to the linear, reductionistic paradigm. Throughout this book, there 
are many instances where authors have referred to health and One Health prob­
lems as being complicated, complex, or wicked. It is hoped and hypothesized 
that a complex systems approach would broaden the spectrum of methods to 
design, implement, and evaluate One Health interventions. Yet concepts like 
complexity and chaos are foreign to many health scientists and “there is some 
looseness in how they have been translated from their origins in mathemat­
ics and physics, which is leading to confusion and error in their application” 
(Rickles et al., 2007). In this chapter, we introduce complex systems and how 
complexity thinking can be relevant to One Health. Our goal is to lay a foun­
dation from which interested readers can dive into the growing literature on 
complexity and health. 

WHAT IS A COMPLEX SYSTEM? 

A complex system consists of many parts interacting in a nonlinear fashion. Here, 
nonlinear means that a change in one part does not have a fixed effect on the 
whole system, rather it depends on the current state of that part and other parts 
in the system (Strogatz, 2015). Unlike simple, linear systems, a complex system 
cannot be understood by extrapolating the behaviour of the individual parts. The 
parts, and the organized structures they create, change dynamically, interdepen­
dently, and often unpredictably over time. In this section, we will describe some 
phenomena that occur in complex systems, and the implications they have on how 
we must adapt our usual linear, reductionist approaches to encompass complex 
behaviour. A more extensive glossary of concepts related to complex systems, and 
their relation to health sciences, is given by Rickles et al. (2007). 

A defining characteristic of complex systems is the notion of a feedback loop. 
This occurs when the interactions between parts results in a collective behaviour 
that feeds back into the behaviour of the individual parts, thus dampening or 
amplifying changes made to the system. In the former case, the system can dis­
play rigidity or adaptability in the face of a changing environment. In the latter 
case, small changes such as internal stochastic effects or external perturbations 
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can be amplified to have a drastic impact on the system, such as causing a sudden 
transition into another regime of stability. 

Another hallmark of complex systems is the existence of chaos. Since chaos 
is often incorrectly used synonymously with complexity, we need to clarify its 
meaning. Chaos refers to a well-defined mathematical notion in which two ini­
tial conditions that start arbitrarily close to each other diverge exponentially fast 
in time. This is colloquially known as the butterfly effect. In a chaotic system, 
the extreme sensitivity to initial conditions can make system change appear 
irregular and even random, even though the system is evolving deterministically 
according to some simple rules. Chaos appears in many mathematical models, 
even simple ones with a single variable. Chaos theory reminds us that, even in 
a completely deterministic system, it can be impossible to accurately predict its 
future state, and that apparently random behaviour need not be due to stochastic 
external effects. 

Complex systems operate on different scales over time and space, and each 
scale can exhibit entirely new properties that cannot be extrapolated from the 
behaviour on smaller scales (Anderson, 1972). This is due to the principle of emer­
gence, which arises from the intricate network of interactions between the many 
parts of a system. Disease systems, for example, can be simplified as a multi­
level nested hierarchy (Ceddia et al., 2013). The “ground-floor” level is where the 
disease occurs. Below that is the level of individual decision and relationships 
affecting the day-to-day small-scale actions and relationships that influence dis­
ease dynamics. Above is the level of collections of individuals and institutions 
that enable or dissuade actions and decisions. Above that is the biophysical level 
where ecosystem processes influence how the other constituent parts of the sys­
tem interact. The level at which one encounters (or studies) such a disease system 
will affect the perspective one has of the system. This means that when viewed 
from different perspectives or disciplines at different times and scales, the “same” 
complex system can be described differently. 

A comprehensive understanding of a health outcome requires us to look at mul­
tiple variables interacting across all levels and across different spatio-temporal 
scales. This seems an overwhelming task, one to which people are increasingly 
evoking complexity theory as help. There is, however, no single “complexity the­
ory” per se. The term complexity theory refers to several fields of study which all 
aim to (i) understand which obstacles prevent us from predicting the evolution of 
a system, such as those described above, and (ii) find ways around these obstacles 
(e.g. using mathematical or statistical methods). A complexity-based approach 
involves questions different than asking: “Does pathogen A cause disease B?” or 
“What risk factors are associated with the transmission of infection?” (Pearce and 
Merletti, 2006). Instead, it is better used to ask, “Are there circumstances where 
certain subpopulations are more vulnerable to a disease?” or “Are there situations 
where surveillance resources would be more likely to detect an emerging issue?” 
or “Which upstream intervention should we target knowing that there are many 
intervening variables between the intervention and the health outcome that could 
modify its impact?” 
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The interdependence of humans, animals, and their shared environments, the 
co-evolution of their interactions, the emergent properties of their behaviours, 
feedback loops within the system which enable or constrain further behaviours, 
the networked nature of relationships, and the different scales of socio-ecological 
systems, all point out that One Health operates in the sphere of complex systems. 
There are implications to thinking about complexity in One Health (based on 
Preise et al., 2018). Firstly, it shifts our attention from components of the system 
to the system as a whole. In a systems approach to a problem, the emphasis shifts 
from the parts that make up the system to their interrelationships (Pohl and Hadron, 
2008). This requires us to pay attention to organizational processes, connections, 
and emergent behavioural patterns of the system. This shift asks us to spend less 
time looking for causal pathways and more time characterizing relationships and 
interactions that influence patterns of system behaviour to facilitate our under­
standing of how systems transform and how emerging characteristics arise. 
Secondly, adopting this perspective requires the use of different tools and meth­
ods adept at capturing and characterizing relationships such as network analysis, 
participatory systems analysis, and transdisciplinary methods. These methods 
need to be adaptable, they should cultivate social learning, and they should favour 
synthesis over isolated analysis. The tools and methods need to be able to cap­
ture spatial and temporal dynamics, be attentive to surprises, and identify criti­
cal thresholds and tipping points. System dynamics models (Keeling and Eames, 
2005), agent-based modelling, and time-series analysis are candidate methods. 
Finally, we need to be aware that the application of our tools and methods could 
affect the system and that some boundaries for our investigations will need to be 
imposed or constructed, which in turn will influence what we measure. 

WHY THINK ABOUT COMPLEX SYSTEMS IN ONE HEALTH? 

Our current methods and tools are not well equipped to integrate information that 
span environment, animal, and social and health concerns, making it hard to “see” 
an integrative way, or to benefit from the full range of knowledge and experience 
relevant for creating healthier circumstances. Many of the models, perspectives, 
and methods used to study human-animal-environmental health systems were 
created to answer questions about the health of individuals or groups of individu­
als. Berezowski et al. discuss this challenge from a surveillance perspective in 
Chapter 7. In the literature, it is more common to find metaphors and analogies 
adapted from the natural or social sciences that justify the use of complexity and 
chaos thinking in health sciences than it is to find evaluated cases of the value of 
this thinking in One Health. 

The hope for complex systems thinking in health is that by considering 
the changing context, its key actors, and their interactions over time, we can 
more effectively understand and improve health (Rusoja et al., 2018). Better 
understanding of how multiple human and animal components interact in 
a non linear fashion to produce highly context-dependent outcomes could, 
for example, help identify situations predisposed to emerging diseases or find 
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synergies to produce more efficient use of health resources for shared human, 
animal, and environmental health benefits. Understanding how the multiple 
determinants of a problem within a human-animal-environment system relate 
with each other and with the history of that system could help identify new ways 
to deploy health intelligence resources to find vulnerable situations in advance 
of harm (see Chapter 7 for details). Yet promises such as these have largely been 
untested and unfulfilled. 

Complex systems thinking is compatible with several One Health aspirations. 
The focus on understanding boundaries of systems, exploring interrelationships, 
and seeing unique perspectives of a system from different people’s viewpoint 
could help define the scope of a One Health problem that a group wishes to 
tackle, identify common sets of indicators of success, and open group mem­
bers’ eyes to opportunities to influence systems’ outcomes in ways they may not 
have from their own vantage point. Recognizing that a complex system cannot 
be fully understood from only one perspective can reveal the need for multiple 
collaborators to learn from each other to develop acceptable and effective One 
Health actions. 

While the authors firmly believe that thinking about One Health from a sys­
tems perspective is an excellent teaching metaphor and a framework to plan One 
Health research and actions, we cannot provide the reader with published evidence 
of its utility, feasibility, and acceptability. What follows are two scenarios that 
illustrate the promise for complex systems thinking for One Health. 

scenario 1 – emerging diseases and epidemics 

The fact that the number of times the conditions conducive to epidemics exist 
without an epidemic occurring far outnumber the few occasions when one 
occurs (Stephen et al., 2004) supports the conclusion that epidemics are emer­
gent phenomena of complex adaptive systems. The long and sometimes con­
voluted causal chains between upstream and downstream animal, human, and 
environmental determinants of disease emergences and our poor success rate 
at forecasting an emerging disease with sufficient precision to inspire local 
action call out for a new way to think about how we prepare for emerging 
diseases. 

Ideally, one would like to solve a mathematical model that describes a system 
to the extent that we are able to exactly predict the state of a system in the future 
given its current state (i.e. predict precisely the combination of system attributes 
that lead to an emerging disease). The idea of studying or modelling emergence 
as a complex system phenomenon can seem an elusive if not impossible task. 
However, we need not always capture all underlying behaviours of a complex 
systems to understand the relevant characteristics. Complexity approaches may 
not provide the level of precision to provoke local biomedical interventions, but 
they have been used to “diagnose” when a system will change from one state to 
another. Instead of asking “can we predict which pathogen will emerge on which 
day, in which locations,” complex systems perspectives may help us ask “what are 
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the circumstances that tip a system from being unconducive to conducive to an 
emerging disease, epidemic or pandemic?” 

Epidemics as Critical Transitions 
Epidemics occur in complex systems involving the interactions between reser­
voirs and hosts, exposure pathways and transmission rates, and environmental 
and social factors that are inherently interrelated and unpredictable (Wilcox and 
Colwell, 2005). Yet we can use a single number (R) to describe a situation when a 
disease can spread in a population. R is the effective reproduction number, which 
is the average number of secondary infections resulting from a single infected 
case. R is affected not only by the nature of the pathogen but also by interacting 
host and environmental factors. The point R = 1 can be viewed as a transition 
point between the disease states: one where a population can sustain an epidemic 
(R > 1) and one where the epidemic is likely to die out (R < 1). In the study of 
dynamic systems, transitions between two regimes such as this are called critical 
transitions. Therefore, disease (re)emergence, epidemics, and elimination can be 
conceived as critical transitions (Drake et al., 2019). 

Critical transitions are a fundamental aspect of non linear systems, described 
by the mathematical notion of bifurcation, in which more than one steady state 
exists for a system. If system parameters are tuned in a certain way, it is said to 
be at a tipping point, wherein small perturbations to a system’s state or its param­
eters can trigger a cycle of positive feedback, causing the system to dramatically 
shift from one steady state to another. Critical transitions play an important role 
in all complex systems, including ecosystems, economics, and human biology 
(Scheffer, 2009). 

Transition Early Warning Systems 
How can we apply the immense body of understanding of critical transi­
tions to the scenario of disease emergence and epidemics? It would be of 
great benefit to epidemic and pandemic prevention programmes to be able to 
characterize and diagnose systems that are vulnerable to critical transitions. 
A systems approach to early warning would aim to detect the characteristic 
behaviour of systems near critical transitions using spatiotemporally ordered 
data (Boettiger et al., 2013; Scheffer et al., 2012). One such behaviour is known 
as critical slowing down, which describes the fact that near a tipping point, 
a system will recover more slowly from perturbations. This can be observed 
via the increase of autocorrelation and variation in time-series data of the 
relevant variable, such as the number of infected in the case of disease. A key 
advantage of early warning systems is their genericity: since they are based 
on general features of non linear dynamical systems, they do not require pre­
cise knowledge of the feedback loops that may trigger the transition. Even 
without a full understanding of the nonlinearities present in a system, there 
are diagnostics which can be used as early warning signals for such critical 
transitions (Scheffer et al., 2012). However, different early warning systems 
may be better suited to different types of transitions, so their proper use can 
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still be informed by such knowledge (Brett et al., 2017; Boettiger et al., 2013; 
Dakos et al., 2015). 

Transition early warning systems have been successfully applied in many 
fields, such as in ecology (Scheffer et al., 2015), where the critical transition 
may involve species extinction or population regime shifts (including large-scale 
experimental verification in lake ecosystems; see Carpenter et al.,2011 for exam­
ple); human health (Rikkert et al., 2016), where transitions coincide with sudden 
events (Maturana et al., 2020), such as seizures or heart attacks and long-term 
changes such as the onset of depression (van de Leemput et al., 2014); and climate 
science, where, for example, ancient abrupt climate changes were shown to be 
preceded by critical slowing down (Dakos et al., 2008). While the theory and 
application of transition early warning systems is successful in these fields, their 
presence and use in the context of emerging disease and epidemics are in their 
infancy. One important reason for this is the fundamental difference between the 
nature of disease emergence, in which the number of infected individuals grows 
continuously albeit explosively, versus more commonly studied critical transi­
tions where the transition between two states is discontinuous, or “catastrophic” 
(Drake et al., 2019). This difference means that different early warning systems 
are required; their theoretical development is just now occurring (Drake et al., 
2019; Boettiger et al., 2013; Dakos et al., 2015). Very recently, these ideas were 
applied to real-world data by Harris et al., 2020, who studied the re-emergence 
of malaria in Kenya, triggered by the slow development of parasite resistance to 
treatment, and showed that it could be detected by early warning systems several 
years prior to the transition. Crucial to the successful application of transition 
early warning systems are consistent high-quality epidemiological data, which 
are needed to reduce statistical uncertainty to a point where early warning sys­
tems are reliable enough to motivate proactive behaviour (NRC 2001). 

Adapting a transition early warning system approach would allow us to com­
plement the typical “surveillance and response” approach to disease emergence, 
where emerging diseases are detected early and rapid intervention is used to pre­
vent their spread, with the approach of “prediction and prevention,” where a sys­
tem is monitored and characterized to determine susceptibility to outbreaks, and 
preventative action is taken before emergence (NRC 2001). While yet to be real­
ized in practice, recent work is showing the theoretical possibility of analytically 
identifying critical transitions associated with disease elimination and emergence 
(e.g. O’Regan and Drake, 2013; Brett et al., 2017). Various works have moved 
these findings closer to implementation by showing that some approaches to early 
warning that use signals of critical transition were robust to imperfect epidemio­
logical data (Brett et al., 2018), increasing model complexity and dimensionality 
(Brett et al., 2020), and the inclusion of social factors (Phillips et al., 2020). 

scenario 2 – engineering resilience and fostering cHange 

One Health practitioners are often asked to identify actions to modify human, 
animal, and environmental relationships to foster resilience or promote a change 
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that reduces vulnerability even when those relationships are dynamic, complex, 
and not fully accounted for. Complex systems thinking can provide new tools to 
rise to these tasks. 

Promoting Resilience 
Two main characteristics that determine a network’s resilience are diversity and 
connectivity (Brett et al., 2017; O’Regan and Drake, 2013). A network which is 
diverse and modular (connected primarily into smaller sub-networks) is resilient 
to critical transitions, as external perturbations can be compensated for by the 
greater variety of negative feedback loops provided by the diverse composition, 
and are less likely to propagate throughout the entire system due to the modu­
larity. Such a network can gradually adapt in the face of external changes. A 
network which is highly connected and homogeneous, on the other hand, might 
initially have a rigidity that resists external perturbations. However, at a criti­
cal stress level, the components of the network may undergo a sudden collec­
tive change that propagates throughout the whole network, resulting in a critical 
transition. 

Increasing diversity and modularity can help protect a complex system against 
critical transitions. This observation has a long history in ecology and has also 
been explored in economics (Scheffer et al., 2012; Haldane and May, 2011). 
Modularity is an important factor to prevent the spread of disease. The temporal 
dynamics of modules (such as communities) have been associated with epidemic 
processes (Nadini et al., 2018). Sah et al. (2018), for example, concluded that 
“high fragmentation and high subgroup cohesion, which are both associated with 
high modularity in social networks, induce structural delay and trapping of infec­
tions that spread through [animal social] networks, reducing disease burden.” 
The effect of biodiversity is less clear. Morand and Lajaunie (2018) concluded 
that “empirical studies and often-correlative analyses show that biodiversity is 
a source of pathogens, but increases in epidemics and risks of emergence are 
associated with decreased biodiversity.” Luis et al. (2018) found that biodiver­
sity can dilute, amplify, or have no effect on zoonotic disease transmission and 
risk. Local factors, such as changes in habitat connectivity and edges, or access 
to health protection resources, can modify these relationships. General theories 
of the relationship between biodiversity and the risk of epidemic or pandemic 
diseases are awaiting. 

Diversity has, however, been noted as a hallmark of resilient systems. For 
example, increased biodiversity on farms has been associated with increased 
resilience to extreme weather events associated with climate change (Altieri 
et al., 2015). Another study found that marine protected areas were better able 
to meet their conservation goals where there was a diversity of interconnected 
incentives that arose from diverse institutional governance systems (Jones et al., 
2013). The functional redundancies that come with species biodiversity have 
been investigated as a contributor to coral reef ecosystem resilience (Micheli 
et al., 2014). 
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Network theory is being increasingly used to investigate how social diversity, 
connectivity, and modularity influence disease spread and control in human and 
animal networks (Pastor-Satorras et al., 2015). In health, it has been used to study 
disease transmission, information transmission, the influence of personal and 
social networks on health behaviour, and interorganizational structure of health 
systems. Wu et al. (2016), for example, examined how social learning networks 
influenced shrimp farmer disease control behaviour in Sri Lanka. Wittrock et al. 
(2019) used network analysis to visualize how experts conceived the interrelation­
ships of multiple determinants of fish and wildlife health. Examination of social 
networks and contacts has been used to study the spread of disease in people, 
wildlife, and livestock (e.g. Nöremark et al., 2011; Hamede et al., 2009; Latkin 
et al., 2013). 

Fostering Change 
What are we trying to do when we launch a One Health intervention? From a 
simple systems point of view, we are asking person A to apply intervention B in 
situation C. For example, there is an infectious disease outbreak that is vaccine 
preventable, so we ask farmer A to use vaccine B in his susceptible animals on 
farm C. From a complexity perspective, what we are trying to do is initiate a 
time-limited series of events that interact with the social context of the system to 
change the trajectory of a socio-ecological system to a state that is not conducive 
to a specific rate of occurrence of an infectious disease. Implementing change is 
not straightforward in an unpredictable system. 

Critical to scaling up or sustaining an intervention is understanding how the 
social and environmental characteristics and circumstances surrounding the 
implementation interact, influence, modify, facilitate, or constrain the intervention 
and its implementation (May et al., 2016). The Context and Implementation of 
Complex Interventions framework is an example of a tool that tries to reflect 
on systems attributes of the intervention with the space and context they take 
place in, in order to better understand whether and how interventions work 
(Pfadenhauer et al., 2017). Complexity thinking helped Braithwaite et al. (2018) 
identify that while change can be stimulated in many ways, a triggering mecha­
nism is needed, such as legislation or widespread stakeholder agreement; that 
feedback loops are crucial to continue change momentum; that extended sweeps 
of time are involved, typically much longer than believed at the outset; and that 
taking a systems-informed, complexity approach, having regard for existing net­
works and socio-technical characteristics, is beneficial. 

As another example, Leykum et al. (2007) showed how complex adaptive sys­
tems thinking helped plan more effective organizational interventions for type II 
diabetic management. Specifically, they found the ability of patients to modify 
practices based on forces internal and external to the clinical setting (co-evolution), 
and paying attention to interconnections affecting client communications had the 
strongest relationship with an intervention effect. 
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Implementing change in complex systems may not always have the intended 
effect. Sterman (2006) used the term “policy resistance” to refer to the “tendency 
for interventions to be defeated by the system’s response to the intervention 
itself.” For an example, consider hospital waiting times, which have been histori­
cally resistant to efforts to reduce them. One mechanism for this was given by 
Smethurst and Williams (2002), who showed that reduced waiting times may lead 
to an increase in referrals, such that the waiting times are unaffected in the end. 
In certain cases, the system’s response to an intervention can cause unintended 
negative effects. Efforts to eliminate all forest fires, for example, can cause the 
build-up of undergrowth and old or dead trees, thereby greatly increasing the risk 
of large-scale fires (Malamud et al., 1998). 

We can try to diagnose this kind of resistance to change by searching for 
patterns in observable data that are characteristic of complex systems. In the 
case of hospital waiting times, if one observes the quarter-to-quarter variations 
in waiting times, one finds that the frequency of occurrence N(x) of a variation 
of size x scales as a power law, N(x) ∼ x-a (Papadopoulos et al., 2001; Smethurst 
and Williams, 2001). This means that as is the case for earthquakes and forest 
fires (Malamud et al., 1998), the distribution is “fat-tailed” in that variations 
of significant magnitude are more likely to occur than would be the case in a 
standard bell curve having a characteristic scale, like human height. This lack of a 
characteristic scale, or “scale invariance,” is often (but not solely) associated with 
systems in the vicinity of a critical transition, at “criticality” (Gisiger, 2001). This 
is a powerful, albeit controversial (Frigg, 2003), concept that may underlie many 
complex systems because systems at criticality show an optimal balance between 
robustness and adaptability (Munoz, 2018). Because of this, implementing changes 
in such systems can have a much larger, or smaller, effect than intended, and cau­
tion must be exercised. On the other hand, it suggests that large-scale change can 
be possible with relatively small intervention efforts (Fullilove et al., 1997). The 
practical consequence for the example of hospital waiting times is that occasional 
long times may be an inevitability, and points of evaluation and change should 
rather focus on, for example, quality of care (Smethurst and Williams, 2001). 

Another example where scale invariance appears is epidemics in small, 
isolated populations of susceptible people, where outbreaks occur with dramatic 
variation of size and are separated by long periods of disease absence. Here, 
both the size and duration of epidemics can be fit to power laws as above. This 
behaviour has been found in isolated island populations (Rhodes et al., 1997), 
outbreaks of cholera (Roy et al., 2014) and dengue fever (Saba et al., 2014), and 
measles cases in populations with declining vaccine usage (Jansen et al., 2003). 
Conventional epidemiological models are unable to capture this scaling behav­
iour. In fact, these types of epidemics are better described by forest fires models, 
which are paradigmatic examples of systems at criticality (Rhodes et al., 1997). 

The apparent robustness of these scaling laws in such epidemic scenarios sug­
gests that short-term interventions like treatment and vaccination programmes 
may not be effective in controlling and preventing the epidemics due to their 
self-regulating nature. Rather, one should focus on eliminating the conditions 
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that enable the persistence of the disease. The existence of the power-law scal­
ing gives some limited predictive power: it is possible to infer the frequency of 
large outbreaks from that of small outbreaks (Rhodes et al., 1998) as is routinely 
done for earthquakes (Aki, 1981). It is also possible to estimate the distance to the 
critical transition by fitting the scaling exponent a in the power law (Jansen et al., 
2003; Roy et al., 2014). 

FUTURE PROSPECTS 

At the time of writing this chapter, the world was facing the COVID-19 pandemic. 
In response to the immense scale and impact of the pandemic, researchers from 
all fields were being drawn to the issue and were applying their own techniques for 
dealing with complex systems in efforts to understand and suppress the disease. 
Neuroscientists, for example, were applying models that have been used to map 
the brain, one of the most complex systems we know of, to the pandemic (Friston 
et al., 2020). Artificial intelligence was also being applied for the purposes of 
tracking and prediction, diagnosis and prognosis, and the development of treat­
ments and vaccines (Naudé, 2020). Interesting is the impact of social media, both 
in the rapid spread of (mis)information (the so-called infodemic) and its ability to 
help track the spread of the disease (Eysenbach, 2009; Cinelli et al., 2020). Due to 
the scale of the pandemic, enormous amounts of data are available, and attempts 
to make sense of this data were ongoing on various fronts (Latif et al., 2020). 
Indeed, entire journals were being created to collect the unprecedented amounts 
of new research. 

How the lessons learned from the massive investment to understand the COVID­
19 pandemic will influence or advance the use of complexity theory in One Health 
cannot be forecast at the time of writing this chapter, but we hope that we have 
shown a place for complexity in conceiving, communicating, planning, and 
implementing One Health research and action. This chapter has not exhaustively 
reviewed and presented all potential avenues for complex systems thinking in One 
Health. Instead, we hope that the ideas and examples presented herein motivate 
readers to learn more about how to match the way we study One Health systems 
to the ways they exist in nature as complex, messy sets of dynamic interactions. 
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So the first question; how does connection to land, water and territory influence 
health and wellness, mental, physical, spiritual and emotional, that question doesn’t 
make any sense to me personally. That’s who I am. I am the land. I am the water. 
I am the territory. Part of, parts of me and the whole of me. There’s no discon-
nect between me and whatever territory, no matter where I am on Earth. (Marie 
Oldfield, Knowledge Keeper, Vancouver Coastal, Kitasoo/Xai’xais First Nation)

INTRODUCTION

For First Nations in Canada, land reflects a connection to ancestors, a resource 
for living, a link to culture and teachings, and a gift for future generations. First 
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Nations is a term used to describe aboriginal people in Canada who are eth­
nically neither Métis nor Inuit. In this chapter, we provide an overview of the 
groundbreaking British Columbia (BC) First Nations health governance structure 
and describe how it enables a collaborative, two-eyed seeing approach (Iwama 
et al., 2009) to population health reporting that aims to privilege and elevate the 
importance of ecological health and connection to land. (The term “land” as used 
throughout this chapter includes land, water, and the animals and plants as well as 
other beings that live on this Earth.) Indigenous knowledge systems and ways of 
being in the world, which emphasize interdependence and reciprocal stewardship 
with all of our relations in the natural world, can offer solutions for advanc­
ing health promotion, equity, and sustainable development now and for future 
generations (Ratima et al., 2019). This case study explores early lessons from our 
efforts to integrate First Nations perspectives, notably connection to land, within 
a population health-reporting framework. 

CONNECTIONS BETWEEN LAND 
AND HEALTH FOR FIRST NATIONS 

In January 2020, the BC First Nations Health Authority (FNHA) and the 
Provincial Health Officer (PHO) released a First Nations Population Health and 
Wellness Agenda (PHWA) that foregrounds a framework of interconnected indi­
cators that collectively illuminate elements that nourish health and well-being. 
This includes the relationship between land and health. We quote the report here 
to ground our case and demonstrate the journey the FNHA has been on to cham­
pion First Nations philosophies and worldviews and decolonize Western health 
care systems in the province of BC: 

Land, water, and territory permeate all aspects of First Nations wellness, as they 
are sources of healing, and of mental, physical, spiritual, and emotional health 
and wellness. Land and water nourish culture, form the basis of First Nations lan­
guages, systems of governance, and identities. Lands hold stories that guide people 
how to live a good, healthy life. First Nations people draw sustenance, healing, and 
medicines from the land. Animals that co-exist on the land and in the water provide 
teachings, food, clothing, and regalia. Access to healthy lands is required to exer­
cise inherent rights as First Nations – they are stewards of the land and have sacred 
responsibilities to the land. Given that First Nations health and wellness is borne 
from a connection to the land, it is seen as a key determinant of health or “root 
of wellness.” Without jurisdiction, access, and continuity of relationship with the 
land, First Nations peoples cannot fully exercise self-determination. (First Nations 
Health Authority and the Office of the Provincial Health Officer, 2020). 

INTEGRATING “CONNECTION TO LAND” INTO BC 
FIRST NATIONS POPULATION HEALTH REPORTING 

Created by and for BC First Nations, the province-wide FNHA is the first of 
its kind in Canada. FNHA pursues a vision of “healthy, self-determining and 
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vibrant BC First Nations children, families and communities” through effective 
health system partnership and integration, as well as management and funding of 
First Nations health programmes. An important marker of FNHA success is the 
advancement of First Nations governance and self-determination and the hard-
wiring of First Nations perspectives and values into the broader health system, 
such as the importance of connection to land and the integrity of First Nations 
territories (First Nations Health Authority, 2019). 

To support efforts to change the health system through First Nations gover­
nance and self-determination, the FNHA created a First Nations leadership posi­
tion responsible for monitoring and reporting on First Nations people’s health in 
BC and tracking progress against health and wellness indicators. As a result, the 
FNHA implemented the only Chief Medical Officer (CMO) in Canada that works 
from the governance authority of First Nations (First Nations Data Governance 
Initiative, 2019). In many coastal BC First Nations cultures, the traditional role of 
the Watchmon is to watch over, protect, and guide their people through difficul­
ties and challenges. Because of its importance, the Watchmon is depicted in carv­
ings and atop poles in many communities. Inspired by these teachings, FNHA’s 
CMO holds an important role as a Watchmon who monitors and acts as a guard­
ian of the health and wellness of First Nations people province-wide. The CMO 
does so by drawing upon the richness of First Nations knowledge and teachings, 
alongside the best of mainstream population and public health approaches. The 
key roles of the CMO as Watchmon are as follows: 

•	 See and hear, by gathering information and data from various sources to 
capture the story of health and wellness of First Nations and Indigenous 
people in BC 

•	 Report, by sharing the story of health and wellness of First Nations and 
Indigenous people in BC to support improvements in health and wellness 

•	 Guide, by providing two-eyed seeing leadership to facilitate a strategic 
response to what was seen, heard, and reported 

Prior to the establishment of the FNHA, BC’s PHO held the sole responsibility 
for reporting on the health of Indigenous peoples living in BC. In 2014, following 
the establishment of FNHA’s Office of the CMO, the two organizations took on a 
shared responsibility for First Nations population health reporting. Through their 
commitment to the First Nations perspective of health and wellness (Figure 14.1), 
strength-based, wellness-focused, and two-eyed seeing approaches in their 
reporting processes, First Nations population health reporting was now able to 
create space for, and attend to, First Nations worldviews. For the first time in BC’s 
provincial health reporting history, First Nations were driving their own data and 
telling their own story in a way that reflected their governance, philosophies, 
strengths, and resilience. 

The FNHA’s CMO and the BC PHO developed a First Nations Population 
Health and Wellness Agenda, which established a suite of health and wellness indi­
cators reflective of First Nations understandings that “everything is connected” 
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 FIGURE 14.1 The First Nations Population Health and Wellness agenda. (Reprinted 
with permission from the FNHA.) 

and which supports a paradigm shift from a sickness-based to a wellness-based 
philosophy. By bringing together Indigenous knowledge and ways of knowing, 
and Western knowledge and ways of knowing, the PHWA provides an “eagle eye 
view” of the health and wellness of First Nations people living across BC. The 
development of the PHWA was an act of self-determination – as First Nations 
were controlling their health narrative in a way that reflects their strengths and 
resilience, and what is important to them. 

A key aspect of the PHWA is a focus on the foundational roots of First Nations 
wellness, in particular the importance of connection to land in achieving FNHA’s 
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vision. However, the partners were challenged to hold space and find ways to 
honour this root of wellness within their population health reporting process, 
especially in the face of highly entrenched Western views of the environment 
and land. In general, our extensive review found that existing ecologic and health 
status reports typically: 

1. Characterize the environment as a source of harm or hazard (e.g. pollut­
ants or boil water advisories); 

2. Rely on Western values of disturbance, commodification, and productiv­
ity (e.g. natural resources (Raibmon, 2018), hectares of productive old 
growth forest); or 

3. Use measurements that are highly disconnected from the ecosystems 
that support them (e.g. numbers of caribou or salmon in a given area). 

These three factors capture a fraction of the picture but none reflect First Nations 
perspectives which tend to view the environment as all-encompassing and a source 
of health and healing with connection to identity and ancestors. As described by 
the Potawatomi botanist Robin Wall Kimmerer (2013), 

In the settler mind, land was property, real estate, capital, or natural resources. But 
to our people, it was everything: identity, the connection to our ancestors, the home 
of our nonhuman kinfolk, our pharmacy, our library, the source of all that sustained 
us. It was a gift, not a commodity. 

Integrating First Nations perspectives into a public health agenda means fore-
grounding water, land, and human and non-human life as interconnected kin. 

Studies linking ecological change to human health outcomes are rare in the 
literature and insufficient to determine an ecological monitoring approach that 
is valid, understandable, and repeatable (Stephen and Wittrock, 2017). Our 
search of the literature found no Western evidence-based way to select the 
appropriate scale, frequency, or ecological variables to construct an ecological 
indicator; there is much complexity, debate, and inconsistency in how eco­
logical indicators are selected, assessed, and measured (Stephen and Wittrock, 
2017). The predominant biophysical focus of ecological approaches fails to 
consider socio-cultural elements such as the importance of spirituality and the 
impact of colonialism (Czyzewski, 2011) on ecological health and connection 
to land. 

Following this initial exploration of “Western eye” ecological health indica­
tors, the partners turned to their “First Nations eye” to re-ground. They recog­
nized the need to situate themselves as learners and seek teachings from First 
Nations Elders, knowledge keepers, and youth on the connections between land 
and health. The land itself was seen as a profound teacher. While there is a small 
growing body of literature exploring connection to land, water, and territory 
for First Nations peoples in Canada, there is still very little empirical literature 
exploring this within a BC context (Yazzie and Baldy, 2018). To examine this 
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integral connection and to support the development of the PHWA, the We Walk 
Together project was formed. 

SEEKING KNOWLEDGE TO HONOUR CONNECTION 
TO LAND IN HEALTH REPORTING 

The We Walk Together study was initiated in partnership between the FNHA, 
Office of the BC PHO, and academic partners. Its purpose was to explore the 
connection between land, water, and territory as an Indigenous determinant of 
health for BC First Nations. Gatherings were held or planned across diverse areas 
of the province. The gatherings were land-based and relied heavily on the sharing 
circle and land-based methodologies to enable First Nations Elders, Knowledge 
Keepers, and youth to share teachings and co-create their conceptions of the con­
nections between land, health, and wellness. 

Preliminary findings revealed a diversity of perspectives and worldviews among 
BC First Nations peoples, which are varied and specific to peoples and place. 
However, several overarching commonalities emerged, including a common belief 
of interrelatedness of all existence and a relationship between the spiritual and 
physical worlds. The lessons learned from the gatherings demonstrated that connec­
tion to the land is an integral component of health and well-being for individuals, 
families, and communities. This integral connection was described by participants 
as involving complex, personal relationships with land and all living and non-living 
things. The intersections between health and connection to land, along with cultural 
identity, spirituality, ancestral knowledge, and Indigenous ways of living were pro­
found. The preliminary findings tell that connection to land, water, and territory for 
First Nations in BC is complex and interconnected and can only be captured using 
Indigenous ways of knowing and being frameworks. 

FORWARD DIRECTIONS 

It became clearer that the task of describing the complexity of land and human 
health connections at multiple scales and through various systems does not fit 
neatly into the logic of wellness indicators. Several key conceptual, methodologi­
cal, and epistemological issues emerged in relation to the notions of reductionist 
indicators and wholistic First Nations understandings of land and environment. 
Careful consideration of these issues led to reflecting on the relevance of indica­
tors, which are artefacts of settler colonial systems and practices. It left us with 
the following questions: 

•	 How does our understanding and design of indicators need to transform 
to produce one that aligns with worldviews that value sustainability and 
the health of all our relations? 

•	 How is it possible to work from First Nations understandings of “every­
thing is connected,” “all my relations,” and “togetherness” and translate it 
into a Western scientific framework that works by dichotomizing concepts, 
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decontextualizing, and studying aspects of larger issues using in-depth 
Western expertise developed through siloed disciplinary approaches? 

•	 Despite the challenges, is there a role for an ecological indicator that 
signals and alerts the Watchmon to trends that can be used to catalyze 
systems change? 

Attempting to integrate a connection to land indicator within the PHWA, despite 
the tensions and challenges, has gone far beyond the previously imagined bene­
fits of sharing data. It has reinforced the continued need to elevate First Nations 
philosophies to their rightful place in understanding the world (Ratima at al., 
2019). This means meaningful representation of First Nations understandings 
in governance and decision-making processes at multiple levels, including local 
planning as well as system-wide cross-sectoral work that address the deter­
minants of health. The emphasis on “interdependence and reciprocal steward­
ship with all of our relations in the natural world” (Ratima et al., 2019) offers 
solutions not only for advancing health promotion but also for stewardship, the 
development of public health, health service agendas and interventions in poli­
tics, economics, and social life. We hope to have demonstrated how the FNHA 
is contributing to a critical intervention in a historically Western public health 
lens. “Hardwiring” of integrated land, health, and wellness perspectives will 
nourish the roots of wellness not only for First Nations but also for all British 
Columbians. 
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“… the care of the earth is our most ancient and most worthy and, after all, our most 
pleasing responsibility. To cherish what remains of it, and to foster its renewal, is 
our only legitimate hope.” (Wendell Berry, 2018, The Art of the Commonplace: The 
Agrarian Essays of Wendell Berry)

NATURE BUILDS CLIMATE RESILIENCE

In 1949, Aldo Leopold wrote that by “preserving the integrity, stability and 
beauty of the biotic community,” we support the health of ecosystems, commu-
nities, populations, and individuals (Leopold, 1949). Now, as the World Health 
Organization (WHO) and others declare climate change the greatest threat to 
global health in the 21st century (Costello et al., 2009), the biotic community is 
needed more than ever to build climate resilience. Broadly defined as the ability 
to recover from or adjust easily to change, resilience is strengthened through the 
development and maintenance of healthy populations. The determinants of health 
model (see Chapter 2) includes abiotic, biotic, and social elements that interact to 
promote health (PHAoC, 2001; AFMC, 2017). These elements transcend species 
such that improvements of animal health, which includes the environmental sys-
tems that support them, confers an important public health benefit (Stephen and 
Duncan, 2017; Wittrock et al., 2019). Through this process, Nature contributes to 
the health of all species.
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Health threats from climate change are here and are projected to increase. 
A wide range of direct and indirect health effects evolve from rising tempera­
ture, extreme weather, increased airborne pollution, access to food and clean 
water, and alterations in the distribution and abundance of pathogens. The 
health impacts are global, with disproportionate consequences for those less 
prepared to cope (USGCRP, 2016). Substantial health care costs have already 
been associated with climate change. In the United States, the direct and indi­
rect health costs of six climate-related events exceeded $14 billion (Knowlton 
et al., 2011). While much of the health literature on climate change focuses on 
humans, the effects on animal health cannot be discounted. The pathogenesis of 
climate-associated disease is presumed to transcend species; however, the topic 
has received less attention within veterinary circles. Biodiversity loss, declining 
populations, and species extinctions are attributed to climate change and pre­
dicted to increase substantially under projected climate models (Thomas et al., 
2004; Thuiller et al., 2011; Wiens, 2016). Given the interrelatedness of human 
and animal systems, health impacts from climate change in one sector will 
undoubtedly affect the other. 

Interventions to improve health in the face of climate change include both 
mitigation, actions that help to avoid the unimaginable; and adaptation, actions 
that help us manage the unavoidable. Climate change mitigation refers to human-
driven interventions to reduce emissions or enhance the sinks of greenhouse 
gases (IPCC, 2018). Mitigation efforts can be characterized as a “public good” 
whose benefits will be conferred upon many who are not directly involved in the 
action itself. Mitigation efforts that decrease pollution can have positive health 
consequences for individuals in other parts of the world or future generations 
(Landrigan et al., 2018). Climate change adaptation refers to processes that mod­
erate harm or exploit beneficial opportunities within the changing climate (IPCC, 
2018). Adaptation exists on a variety of scales, from local to global, and includes 
physical and social attributes. Examples of climate change adaptations include 
preparing health care systems to manage the increasing burden of climate-asso­
ciated illness (Bell, 2011), changes in livestock production systems to maintain 
animal productivity (Hristov et al., 2018) and wild animals altering their distri­
butions to meet their survival needs (Millar and Westfall, 2010). The protection 
and promotion of Nature and natural systems contributes to both mitigation and 
adaptation efforts and is therefore a critical component in the development of 
resilient systems. 

WHY NATURE-BASED ACTION IS NEEDED 

The term Nature refers to living and non-living things that occur naturally, rang­
ing in scope from completely natural, wild, systems to elements of the natural 
world that exist within built environments (Hartig et al., 2014). The interconnect­
edness of Nature, health, and climate make it a logical area through which health 
promotions and protection can be maximized. This idea is not new. The idea that 
one’s local built and natural environments influence health dates to Hippocrates 
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(Stephen and Ribble, 2001). There is evidence that open space that includes plants 
and animals has health benefits, and that higher species’ richness increases those 
benefits even in an urban landscape (Fuller et al., 2007). The extensive human 
health benefits of Nature include a wide range of cardiovascular, pulmonary, neu-
rological, endocrine, and emotional benefits (Twohig-Bennett and Jones, 2018). 
These benefits occur through direct and indirect pathways, including air qual-
ity, physical activity, social cohesion, and stress reduction (Figure 15.1, Hartig 
et al., 2014). While there remain gaps in knowledge regarding the type, frequency, 
and duration of exposure to Nature that confers health benefits, there is ample 
evidence of the positive effects on physical and mental health (Williams, 2017). 
Nature access as a health promotion strategy is well documented, and practices 
such as forest bathing, outdoor preschools, and urban planning projects that pro-
mote Nature are being implemented globally (Tan et al., 2013; Hartig and Khan, 
2016; Williams, 2017; Xue et al., 2017; White et al., 2019).

Human health and well-being benefits from natural systems extend far beyond 
the individual. Services that humanity derives from Nature were classified by 
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) as “nature’s contributions to people” (Díaz et al., 2015). These 
include provisioning (e.g. production of food and water), regulating (e.g. con-
trol of climate and disease), supporting (e.g. nutrient cycles and oxygen produc-
tion), and cultural (e.g. spiritual and recreational benefits) services (MEA, 2005). 
Biodiversity, the variety of species in an ecosystem, is the foundation for eco-
system functioning and one of the metrics we can use to measure these services.

Unfortunately, biodiversity is being lost at unprecedented rates (Dirzo et al., 
2014). Loss and degradation of habitat is responsible for declining biodiversity 

FIGURE 15.1  Schematic representation of pathways through which the natural environ-
ment can affect human health. (Figure by Ah Young Kim, based on Hartig et al., 2014.)
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and the dysregulation of natural system (Cardinale et al., 2012; Hooper et al., 
2012; Rosenberg et al., 2019) and health (Dirzo et al., 2014; Sandifer et al., 2015; 
Stephens and Athias, 2015). The loss of biodiversity has been deemed as great a 
threat as the threats posed by climate change. The loss of species and its cascading 
effects have long been recognized; however, declines in abundance within popu­
lations are likely to have even more immediate impactful consequences (Ceballos 
and Ehrlich, 2002; Gaston and Fuller, 2008; Dirzo et al., 2014). Increasing global 
temperatures could lead to the extinction of more than one-eighth of Earth’s 
species by the time global temperatures rise 4.3°C above pre-industrial aver­
ages (Díaz, 2019). The synergistic impacts of climate change and declines in 
biodiversity that cannot be mitigated have the potential to topple many species, 
communities, and ecosystems beyond their tipping point, resulting in potentially 
unmitigated changes to economies, agriculture, and health. 

Climate change potentiates a wide variety of health outcomes and determi­
nants, such as the built environment in which people reside. In their 2016 assess­
ment of the global burden of disease, the WHO attributed 23% of 12.6 million 
deaths globally to modifiable environmental risks (Prüss-Ustün et al., 2016). 
While the WHO report did not specifically focus on the role of Nature, it high­
lighted the urgent need to address climate and ecosystem change as the most 
challenging and significant future environmental health risks. Several infectious 
disease epidemics have been attributed to the loss of Nature and biodiversity, 
particularly the loss of appropriate animal habitat (see Ecohealth, 2019, 16:4; 
Ahmed et al., 2019). For example, in North America, the encroachment of sub­
urbia into forest edges increased the risk of human and companion animals con­
tracting Lyme disease (Ostfeld and Keesing, 2012). The destruction of rainforests 
in Indonesia triggered the emigration of fruit bats into human-inhabited areas, 
resulting in the outbreak of the Nipah virus (Epstein et al., 2006). However, the 
scope and scale of the health impacts of healthy, or unhealthy, environments are 
considerably greater than these single-agent examples. 

Biodiversity preservation is also important in agriculture. Worldwide there is 
a general decline in the varieties and breeds of plants and animals. The United 
Nations Food and Agricultural Organization (FAO) highlighted the reliance of 
food systems on biodiversity and the continual decline of biodiversity within 
the agricultural sector (FAO, 2019). This lack of diversity compromises agro­
ecosystems resilience against climate change, pests, and pathogens (Díaz, 2019). 
The United Nations Sustainable Development Goals (SDGs) are a “blueprint to 
achieve a better and more sustainable future for all” (UN, 2020) (see Chapter 
3 for more on the sustainable devcelopment goals). The interconnectedness of 
health with the other 16 SDGs highlights the strong interdependence of these 
global issues (Figure 15.2). Health and climate change mitigation is synergistic 
with other SDGs such as conserving ocean resources, clean energy and, responsi­
ble consumption and production (Díaz, 2019). Climate mitigation and adaptation 
pathways must ensure that other SDGs, such as poverty, water, and energy access, 
are not compromised in the process (IPCC, 2018). 
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FIGURE 15.2 Relationship between the 17 UN Sustainable Development Goals and 
environment-health links. (Figure by Ah Young Kim, based on Prüss-Ustün et al., 2016.) 

CAN NATURE-BASED ACTION BE DONE? 

As our landscapes become more urban and removed from Nature, we need new 
reminders, novel approaches, and networks to assure the health-affirming benefits 
of Nature are accessible and sustainable. This is especially true when climate 
insecurities are pervasive. What constitutes Nature is debated by environmental 
philosophers and ethicist, and varies by the observer (Nash, 2001; Callicott and 
Nelson, 1998). What is common is that Nature confers health benefits, whether 
the gardens of Versailles, a community vegetable plot, or the vast wilderness that 
ties ecosystems together. 

Preserving Nature can be done, even in the most urban environments. 
Singapore with a population density of 7,615 people per km2 (Xue et al., 2017) 
succeeded in increasing herbaceous cover through urban greening (Tan et al., 
2013). Singapore’s Nature is vertical green space. It is manicured, horticultural, 
and tamed. Singapore’s mission to be a “Garden City” uses native and non-native 
foliage and technology to blur the lines between city and Nature (Tan et al., 
2013). These gardens climb the exterior walls of skyscrapers to provide habitats 
as well as mitigate the effects of urban heating exacerbated by climate warming. 
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These features ranked as one of the most important elements to Singapore resi­
dents (Roth, 2007; Tan et al., 2013). Singapore’s urban development guidelines 
require not only mitigating green spaces removed by development but also expan­
sion of green spaces within in the urban ecosystem. 

The Yellowstone to Yukon (Y2Y) Initiative, a civil action supported by over 300 
organizations, is another example of purposeful greening of landscapes (Locke 
and Heuer, 2015). Y2Y is a 1.2 million km2 corridor across the Northern Rocky 
Mountains (Locke and Heuer, 2015; Y2K, 2020). The foundation for its creation 
was to protect biodiversity and the wilderness character of the land (Locke and 
Heuer, 2015) with the goal of protecting large landscapes as a solution in support 
of industry, climate change, and wildlife (Y2Y, 2020). Achieving conservation at 
such a massive scale was built on small actions, commitments that helped support 
clean air, water, and diverse plant and animal communities. A component of the 
Y2Y initiative’s success is the idea that actions taken locally are exploited to pro­
vide large-scale habitat for a diversity of species (Pearce et al., 2008). 

Between curated green space of Singapore and the wilds of the Yukon are 
many grassroots conservation efforts with missions founded on protecting Nature 
(e.g. Box 15.1). Wild areas help clean water and air, providing global climate 
change mitigation services. It takes large-scale efforts like those supported by 
Wildlife Conservation Society and World Wildlife Foundation as well as govern­
ments to protect true wilderness; also important is the support of individuals who 
advocate for Nature through their election of conservation-minded officials and 
regard of Nature as a resource for all. 

PATH FORWARD 

Incorporating the extrinsic and intrinsic benefits of Nature with the health sectors 
is a critical health protection and climate action strategy. While the hurdles are 
formidable (Rosenberg et al., 2019), conserving and sustainably using Nature can 
be achieved through “transformative changes across economic, social, political 
and technological factors” (Díaz et al., 2019). The health co-benefits of climate 
action are innumerable with simultaneous ecological benefits at the global scale: 
clean air, clean water, and the preservation of carbon sinks within habitats that 
protect biodiversity, populations, and species from the effects of climate change 
(Warren et al., 2013) and offer opportunities to build health and resilience. 

Climate change health impacts may be gradual, like increasing temperatures, 
or sudden as with extreme weather events. The extreme events have the most 
potential to cause the most damage to humans (Streets and Glantz, 2000). To min­
imize the impact of catastrophic events, we must enhance coping capacity within 
human and animal systems (Stephen et al., 2015). This capacity can be expanded, 
in part, through conservation and preservation of biodiversity and Nature. Health 
benefits of Nature transcend species; and, therefore, foster reciprocal care/inter­
dependence of health. Of importance is the need to link health professionals with 
environmental and climate advocacy groups (Barrett et al., 2015). Intersectoral 
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BOX 15.1 UMBRELLA SPECIES CONSERVATION 

FOR CLIMATE MITIGATION
 

Improving health through mitigation can begin with a single species, even 
one that is only a few inches long. The monarch butterfly protects Nature 
across the urban to rural gradient from paved to forested landscape. It is 
an umbrella species whose protection and management conserve habitat 
and other species well beyond the umbrella species itself. Natural and 
anthropogenic influences have resulted in 80% decline in the monarch 
population over the past 20 years (Rendon-Salinas, 2015). The interest in 
protectinghabitat for monarch butterflies, a species that completes its 3,200 
km migration in up to five generations, burgeoned with action at local, 
state/provincial, federal, and transnational levels. Monarchs require milk­
weed as a source of nutrition and a substrate for laying eggs. Milkweed is 
easy to grow in prairies, along road edges, and in backyard gardens. The 
advent of butterfly gardens in urban landscapes results in open spaces with 
a diverse plant and animal community. Conservation efforts encouraged 
planting milkweed and native prairie species along field and road edges to 
support monarchs and other species. Mexico protected millions of acres of 
habitat and banned logging on monarch overwintering sites. In 2015, the 
United States committed to creating a “butterfly highway” traversing North 
America, a “safe path” for migration. These efforts help protect and con­
serve thousands of additional species, and their habitats, which in turn act 
as carbon sinks and aid in the mitigation of climate change, thus supporting 
Nature and health. 

health teams need to value and employ greater input from the environmental sec­
tor (Stephen and Karesh, 2014; Barrett and Bouley, 2015; Destoumieux-Garzón 
et al., 2018). Framing climate change as a health issue can accelerate response and 
position health professionals as leaders in this battle (Watts et al., 2015). There is 
a need for more climate change mitigation and adaptation innovations as animal 
and human populations become increasingly vulnerable to climate change effects 
(Stephen and Wade, 2020). While high-functioning teams and diverse collabora­
tions are critical components, climate mitigation and adaptations can take place 
while those are developed. 

Mechanisms are in place to protect natural spaces through the hundreds of 
non-governmental organizations as well as governments that support biodiver­
sity. The use of biodiversity-friendly practices is reported to be increasing (FAO, 
2019), but loss of Nature continues to outpace protections. The ecosystems we 
share provide health protection and promotion for all species. Keeping each other 
healthy and resilient is one of the impactful ways we promote climate adaptation. 
The world can reverse this biodiversity crisis, but doing so will require proactive 
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environmental policies, the sustainable production of food and other resources 
along with a concerted effort to reduce greenhouse gas emissions. 

Aldo Leopold (1949) noted that “wild things were taken for granted until prog­
ress began to do away with them,” resulting in more than the loss of landscapes. 
Conserving Nature in the urban landscape and in the wilderness, for pleasure 
and food, affords us the beauty, services, and resilience needed to adapt to a 
climate change. It is difficult to refute the importance that Nature plays in health 
outcomes and that degradation of Nature increases pathologic conditions. While 
the influence of individuals and civil society can result in big actions, the impor­
tance of government policy on the issue of climate change and Nature protection 
cannot be underestimated. The list of how to protect Nature is overwhelming, but 
actions need not be. Simple actions – such as planting a garden, riding your bike, 
appreciating Nature – have the power to promote the protection of Nature and the 
persistence of your health but must be accompanied by advocacy and voting to 
promote government change. 
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Livestock disease management and surveillance can be very challenging but are 
even more difficult in free-ranging wildlife, due to the disparate and often remote 
nature of wildlife populations (Miller et al., 2013; Silk et al., 2019). Wildlife are gen-
erally either highly valued components of society or considered pests which must 
be eradicated. They are often publicly owned, highly mobile, and do not respect 
regional or national borders. A One Health approach has been advocated as a viable 
tactic to deal with wildlife reservoirs of disease This approach argues for includ-
ing human, animal, and environmental considerations in all social and ecological 
aspects of disease management, with the ultimate goal of improving or reducing 
threats through harm reduction (Miller and Olea-Popelka, 2013; Buttke et al., 2015). 
This is easier done in theory than in practice. There are few documented and eval-
uated examples where One Health has been successful in a wildlife context. An 
interdisciplinary One Health approach typically takes longer, is more costly, and 
more logistically challenging due to large numbers of stakeholders with conflicting 
values, which makes group decision-making more complex. We use two examples, 
one in Canada and the other in Sri Lanka, to highlight cross-cultural lessons learned 
and how critical it is to consider local socio-economic factors. We believe wildlife 
managers, conservationists, public and private landholders, and societies can apply 
these lessons for successful disease management.
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BOVINE TUBERCULOSIS IN CANADA 

Bovine tuberculosis (TB) is an insidious disease primarily of cattle, with the 
causative bacterium Mycobacterium bovis, having a substantial host range among 
many mammals, including humans. There are numerous wildlife reservoirs of 
TB worldwide which have complicated eradication or control efforts in South 
Africa, New Zealand, the United Kingdom, Spain, the United States, and Canada 
(Palmer, 2013). Canada has had a national TB eradication programme since 1923 
and has been considered free of bovine TB in its cattle herd since 1985 (Wobeser, 
2009). Following the first bovine TB-positive wild elk (Cervus canadensis) in the 
area around Riding Mountain National Park in 1992 in the province of Manitoba 
(Lees, 2004), a Manitoba Bovine Tuberculosis Task Force was created to help 
manage the disease in wildlife and cattle. The task force comprised four govern­
ment agencies: two involving wildlife (Manitoba Sustainable Development, and 
the Parks Canada Agency), and two involving agriculture (Manitoba Agriculture 
and Resource Development, and the Canadian Food Inspection Agency); plus 
two non-governmental organizations, the Manitoba Beef Producers, and the 
Manitoba Wildlife Federation. The task force’s primary goal was eradicat­
ing bovine TB from the Riding Mountain ecosystem. The primary reservoir 
species, undetermined at the beginning of the outbreak were elk, with white-
tailed deer (Odocoileus virginianus), and cattle were the spillover species likely 
unable to maintain infection on their own without ongoing re-infection (Shury 
and Bergeson, 2011; Shury, 2014). A series of town hall meetings at the begin­
ning of this process proved very confrontational and increased conflict (Brook 
and McLachlan, 2008; Brook, 2009). Vocal individuals advocated for extreme 
responses, including total park fencing, even though subsequent research showed 
that few people supported such responses (Brook, 2008). Research was initi­
ated to learn more about cattle-wildlife interactions and to better understand the 
human dimensions behind some of the frustrations voiced by local cattle pro­
ducers (Brook and McLachlan, 2008; Brook, 2009, 2010). These studies proved 
key in understanding both the wildlife-livestock interactions at a regional scale 
as well as the attitudes and beliefs of local ranchers, who proved key in helping 
eventually eradicate bovine TB from the National Park (Brook and McLachlan, 
2006). Five integrated principles for collaborative disease management were 
learned from the successful eradication of bovine TB from the greater Riding 
Mountain Ecosystem (Table 16.1). 

Adaptive management is a structured approach to intractable problems that 
involves instituting possible solutions, measuring or monitoring these actions, and 
adjusting these actions based on ongoing learning (Miller et al., 2013; Thirgood, 
2009). Options for TB management came from locally generated research 
through partnerships with universities as well as from international conferences 
and symposia. Annual management plans prioritized surveillance and monitor­
ing in both wildlife and livestock and a jointly developed, transparent budget. 
The Riding Mountain Eradication Area (RMEA) was created in 2000 as part of 
zoning efforts to compartmentalize the disease and focus surveillance efforts on 
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both livestock and wildlife (Lees et al., 2003). It also resulted in the creation of a 
wildlife laboratory to facilitate wildlife sample testing within the National Park.

A Stakeholder Advisory Committee and a Scientific Review Committee pro-
vided a forum to generate consensus for adaptive management, bringing together 
both wildlife and livestock interests with very different viewpoints and meth-
ods. The Stakeholder Advisory Committee used a professional facilitator, and 
the Science Advisory Committee was chaired by an independent scientist. These 
groups provided a mechanism for clear communication between decision-makers 
and communities. Mistrust between the National Park and local cattle producers 
was a serious obstacle at the beginning of the programme, with calls to eradicate 
the entire elk population within the park (Brook, 2009). This abated over time as 
more collaborative solutions, trust, and relationships were built within the struc-
tures of the task force.

Another effective method of communication was concurrent sociologic 
research, which resulted in numerous conversations between the primary 
researcher and local cattle producers over a cup of coffee at the farmer’s kitchen 
table (Brook and McLachlan, 2006, 2009; Brook, 2013, 2015) (Figure 16.1). This 
created not only an effective way for cattle producers’ voices to be heard, but also 
developed trust very quickly. Relationships were never perfect and other issues 
and conflicts that have occurred over decades over other issues, such as wolf con-
trol, remained (Stronen et al., 2007).

One of the most difficult aspects of the TB programme was the incorporation 
of multiple knowledge systems. Turning scientific knowledge as well as local 
ecological and traditional knowledge into effective policy decisions was very 
challenging (see Chapter 10 for more on healthy policy). Once it became clear, 
through epidemiological research, that bovine TB was restricted to one area 
in the western region of the park, management activities could focus on this 
area (Shury, 2015; Brook et al., 2013). Local ecological and scientific knowl-
edge aligned very closely to identify this area (Brook and McLachlan, 2009). 
Subsequent actions included legislation to prohibit baiting of wild ungulates 
for hunting, construction of over 150 high fence hay storage areas to prevent 

TABLE 16.1
Integrated Principles for Collaborative Socio-Ecological Management
Learned From the Successful Eradication of Bovine TB at the Wildlife-
Agriculture Interface in Manitoba, Canada

Use adaptive management

Have clear communication between decision-makers and communities

Incorporate multiple knowledge systems

Use long-term thinking

Prioritize innovation and flexibility during the planning, implementation, and evaluation phases
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FIGURE 16.1 One-on-one discussion with rancher about elk and deer interactions with 
domestic animals on their farm. (Photo credit Ryan Brook.) 

wildlife access to cattle feed, on-farm biosecurity measures, intensive live­
stock testing, and testing and removal of TB-infected wild ungulates through 
both liberal extended hunting seasons and helicopter capture of wild ungulates 
within the park. Indigenous hunters were recruited to assist with reducing ungu­
late population densities. Helicopter capture became less acceptable over time 
and eventually ceased. This adaptive management was enabled by incorporat­
ing different knowledge systems and stakeholder viewpoints. 

Long-term thinking was another critical success factor. Communicating the 
persistent nature of bovine TB to policymakers, stakeholders, and communities 
ensured that expectations were realistic. “TB fatigue” affected government staff, 
local cattle producers, as well as hunters and indigenous communities, as the 
management programme spanned a period of over 20 years. It was vitally impor­
tant that decision-makers understood that success may not be achieved within 
their four- or five-year mandate, but that progress was being made and eradi­
cation remained a valid long-term objective. Establishing trusting relationships 
between government agencies at different jurisdictional levels with very different 
mandates, and associated stakeholder groups, was important in creating a shared 
long-term vision at a landscape scale. Lack of trust is often the greatest barrier to 
successfully dealing with other wildlife reservoirs around the world. 

The last lesson from TB management in Manitoba was the importance of 
innovation and flexibility in the planning, implementation, and evaluation phases 
of the cross-sectoral, disease management programme. Several novel diagnostic 
tests were adopted early for wildlife surveillance, some which were very effec­
tive in elk and white-tailed deer (Shury et al., 2014). Understanding local opin­
ions and values through social science research was important to build bridges 
with local stakeholders and to understand what management activities would have 
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FIGURE 16.2 Hay storage fence to prevent wildlife from accessing cattle forage. (Photo 
by Todd Shury.) 

a high likelihood of acceptance. This knowledge was very important for cre­
ating on-farm risk assessments which were used to tailor unique management 
approaches. Flexibility in how resources were spent resulted in shared manage­
ment approaches, which resulted in over 150 hay storage fences being built on 
private ranches bordering the park (Gooding and Brook, 2014; Brook, 2015). 
Government agencies paid for the capital costs for these fences (Figure 16.2), 
while local landowners were responsible for operation and maintenance. This 
collaboration created a visible reminder to local cattle producers that they had a 
direct hand in managing bovine TB on their farms. 

WILDLIFE SURVEILLANCE IN SRI LANKA 

The need to be attentive to human dimensions of wildlife disease surveillance 
and control was also seen in Sri Lanka, where rabies is a zoonotic disease which 
occurs at the interface between humans, wildlife, and domestic animals (Sánchez-
Soriano et al., 2019). Zoonotic diseases such as rabies, leptospirosis, and Japanese 
encephalitis remain significant public health threats in the country. A previous 
review of Sri Lanka’s emerging infectious disease preparedness (Dissanayake 
et al., 2012) noted a national vulnerability due to lack of information on the status 
of wildlife diseases. South Asia has been identified as a hot spot for zoonotic infec­
tious disease emergence, but limited capacity has kept wildlife departments from 
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being active participants in preparedness and response efforts. Coordinating and 
integrating surveillance activities was a key challenge in controlling animal rabies 
in Sri Lanka, a country which has less developed wildlife health infrastructure 
and more limited funding than wealthier countries. Persistent challenges affect­
ing collection of high-quality wildlife health data include lack of training, lack of 
access to facilities, and lack of communication amongst government departments 
with responsibilities for livestock, wildlife, and public health (Dissanayake et al., 
2012). Logistic difficulties such as lack of instruments, materials, transport facili­
ties, diagnostic facilities, advanced technologies, and trained personnel impede 
a cross-sectoral coordinated rabies surveillance system. Further wildlife disease 
surveillance constraints arise from reliance on convenience and opportunistic 
sampling. This prevents wildlife surveillance systems from meeting expectations 
for public health or domestic animal surveillance (Stephen et al., 2019) and leads 
to conflicting expectations between sectors on what a wildlife disease surveil­
lance system should produce. 

Sri Lanka’s legislative mechanisms further complicated surveillance system 
development. The Fauna and Flora Protection Act No. 44 and its amendments, 
for example, require the collection and submission of wild animal samples 
to diagnostic laboratories to be done by staff of the Department of Wildlife 
Conservation (DWC). Transporting or keeping wild animals, their bodies, or 
parts by others are offenses under this Act. This discourages citizens or members 
of other government programmes from contributing samples for surveillance. 
Wildlife disease surveillance is a public good, but there is no encouragement of 
private citizens to submit wildlife surveillance samples. The DWC manages most 
wildlife habitats, including nature reserves, national parks, jungle corridors, and 
marine reserves, but other forests are managed by the Department of Forests. 
DWC wildlife veterinarians’ main duties are to prevent and control wild animal 
and zoonotic diseases and mitigate human-wildlife conflict. DWC veterinarians 
are minimally involved in domestic animal–related cases and public outreach. 
Even though DWC wildlife veterinarians are directly involved in handling and 
treating wildlife and post-mortem procedures, they lack laboratory investigation 
capacity. This means disease investigation must go through the Department of 
Animal Production and Health (DAPH) veterinarians whose efforts are dedi­
cated mostly to farm animals. Medical Officers of Health (MOH) and their labo­
ratory infrastructure are also involved in diagnosing zoonotic wildlife disease, 
like rabies. Governance, accountability, and legal authorities in Sri Lanka lead to 
fragmented surveillance responsibilities and constrained options for collabora­
tive rabies surveillance. 

A university-government collaboration called the Sri Lankan Wildlife Health 
Centre (SLWHC) was developed to overcome some of these challenges (Nihal 
et al., 2020). The objective of the SLWHC is to track wildlife diseases and 
build capacity to inform conservation, agriculture, and public health actions 
(Kolla, 2020). The SLWHC helps centralize the flow of surveillance sam­
ples and information by engaging a diversity of stakeholders and programme 
implementers with interests in wildlife diseases. The SLWHC brings relevant 
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government ministries responsible for domestic animals, human health, and 
wildlife management together for the first time to develop and govern a new 
wildlife diagnostics and surveillance programme. This allows for relationships 
to develop to facilitate better understanding of each other’s needs and capabili­
ties. Establishing or facilitating relationships between DWC and DAPH officers 
benefitted a collaborative surveillance system. The SLWHC initially provided 
training and capacity development to its partner agencies to develop a shared 
knowledge base across partner organizations as well as to overcome some 
rabies surveillance logistic challenges. By empowering key stakeholders and 
enhancing core capacities, it is possible to address some disease surveillance 
constraints (Halliday et al., 2012). 

Through SLWHC-sponsored research, government agencies became aware of 
workplace or regulatory changes that reduced staff willingness to be involved in 
wildlife surveillance when wildlife disease management was not their primary 
responsibility. This was an issue particularly for field workers most likely to 
encounter sick or dead wild animals. Researchers met with local communities to 
understand their concerns about rabies and other wildlife diseases. Surveillance 
systems that are useful for communities and address the needs of regulatory 
agencies are often more sustainable and can enable the development of longer-
term capacities (Malani and Laxminarayan, 2011). The SLWHC subsequently 
prioritized rabies as a targeted disease, because it was a priority shared across the 
DWC, DAPH, and MoH and local communities. Working on a shared priority can 
foster relationships needed to improve communications and trust across sectors 
dealing with wildlife health in the country. SLWHC partners explored innovative 
methods to use existing knowledge, personnel, and capacities. For example, a 
mobile phone-based surveillance system was shown to be effective for field-level 
disease investigation (Robertson et al., 2010). The Sri Lankan experience high­
lights the need to design surveillance systems with the constraints, capacities, 
priorities, and direct input of all stakeholders in mind. 

SUMMARY 

Experiences in Canada and Sri Lanka in engaging citizens and various levels of 
government for effective One Health interventions related to wildlife have dem­
onstrated some degree of success, but more can be done. Honestly engaging key 
stakeholder communities and ensuring they are involved in decision-making and 
implementation regarding highly valued ecosystem components, such as wildlife, 
is critical to success. Adopting adaptive management as a strategy for manag­
ing disease issues in wildlife in a One Health context helps ensure successful 
and long-lasting positive outcomes for all sectors of society, including wildlife, 
domestic animal, and human populations. Managing disease in wildlife popula­
tions is often portrayed as a two-sided, zero sum battle where one sector must 
lose something to allow for positive outcomes in another sector. Experience 
in dealing  with rabies  surveillance and bovine TB control demonstrates that 
this does not have to be the case. Approaches that can benefit wildlife, domestic 
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animals, and humans can be achieved if the practices outlined in this chapter 
are adopted and put in place for the long term. Strong leadership from govern­
ment agencies, non-governmental organizations, and citizens will be necessary. 
This can happen with meaningful engagement at a local level where shared solu­
tions are emphasized over drastic options which often only benefit one sector or 
group. Relationships are complicated and we should always expect a range of 
responses, but starting with those that are willing to engage and building trust 
through effective communication and knowledge sharing can result in transfor­
mative approaches that produce win-win scenarios. 
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Humans hold a wide diversity of values and beliefs stemming from different 
paths taken over millennia by different cultures across the planet. Such cultural 
and social perspectives particular to a region or a community of people need 
to be considered and incorporated in any meaningful discussion of our long 
history of association, close or distant, with animals and Nature. Respect for 
animals, people, and the environment or community in which they live is, there-
fore, a tenet of this chapter. People are part of an ecosystem, and their different 
views must be considered if that ecosystem is to be preserved or improved in 
a sustainable manner. In many situations, not all components of the ecosystem 
can be fully accommodated, and compromise is required to achieve an optimal 
balance.

Concern by individuals or communities for the welfare of animals goes back 
centuries, but animal welfare as is understood in a Euro-American context has 
become a major topic of discussion and scientific study for only the past few 
decades, starting with emphasis on laboratory and domestic animals (Walker 
et al., 2014). Studies on animal welfare were eventually extended to wild animals 
but focused mainly on captive (zoo) animals and on techniques such as chemical 
immobilization, trap and release, and radio-tagging used for wildlife manage-
ment (Walker et al., 2014; JWD Editorial Board, 2016). Relatively little work has 
addressed animal welfare as it relates to consumptive use of free-living wildlife, 
such as sport hunting, commercial hunting, trapping, and subsistence hunting by 
Indigenous people and others. Yet, the number of animals taken for these various 
purposes runs into the millions in North America alone. For example, it has been 
estimated that 10–11 million waterfowl annually in North America (Hicklin 
and Barrow, 2004) and 2.8 million white-tailed deer in 2016–2017 in the United 
States (Webb, 2018) were taken through sport hunting. What values are guiding, 
or should guide, these consumptive users to ensure respectful treatment of the 
harvested birds and mammals in the course of their activities?

17



Animals, Health, and Society 

Some studies have estimated the proportion of animals (mammals and birds) 
wounded but not retrieved during sport hunting. This proportion varied roughly 
between 10% and 48%, depending on the species hunted, the location where the 
animals were hunted, the tools used, and the hunters’ skill (Nixon et al., 2001; 
Hicklin and Barrow, 2004; Gregory, 2005). Some of these studies proposed 
Codes of Practice for hunters involved in particular hunts, with the aim “to sup­
port sportsmanship and acceptable animal welfare practices” (Gregory, 2005). 
Whereas improvement in hunters’ attitude towards animals through education 
remains the key to decreasing the suffering of hunted animals, the high propor­
tion of “struck and lost” animals in sport hunting may be a sufficient argument 
for many to disapprove of such activity when it is done simply for recreation. 
However, where can a line be drawn between wealthy hunters from urban areas 
and those in remote communities who only have to step outside their home to 
hunt and who use their quarry to supplement their dining table? The Wild Harvest 
Initiative® is an example of an effort to assess the economic, social, and ecologic 
significance of hunting and angling to modern society. Moreover, the ethics of 
eating wild meat that has been “produced” locally should be weighed against that 
of eating meat from livestock that may have been transported for long distances 
to the slaughter house, with the associated severe stress imposed on the animals. 
To hunt successfully, experienced hunters need to have a thorough knowledge of 
the life history of the target animals and the environment in which they live. With 
such knowledge can come an appreciation of the animals and their environment, 
and most of these hunters often turn out to be strong custodians of Nature. 

There are few instances of hunts of wild animals for commercial purposes 
(apart from fisheries), some of which have been tied to culling as a management 
tool for wild populations (Lewis et al., 1997; Urquhart and McKendrick, 2003). 
The Canadian commercial seal hunt, in the Gulf of St. Lawrence and off eastern 
Newfoundland and Labrador, is by far the most widely known commercial harvest 
of wild animals, based on the large number of seals that used to be taken annually 
during the industry’s peak harvest years. Trapping of fur-bearing wildlife repre­
sents another important commercial activity involving wild animals. Hunting of 
several species of wild animals by Indigenous people for their own subsistence 
continues to be of fundamental importance. Wildlife thus remains a vital resource 
for some segments of the human population. Communities and their people who 
live far from urban centres, such as many First Nations and most Inuit in Canada, 
have depended for many generations, if not millennia, on resources from the land 
and the sea. This has shaped their approach to these resources and concurrently 
their social and cultural norms, and these are bound to differ from those of other 
demographic groups that have been removed for some generations from their food 
sources. Economically, some of these hunting activities undertaken for commer­
cial purposes may represent one of the very few local sources of income in places 
that are often affected by a chronic lack of employment opportunities. 

The Canadian commercial seal hunt exemplifies well the dichotomy between 
distant communities and urbanized regions. Its history goes back a few centuries, 
when Europeans settlers in Newfoundland and on the Magdalen Islands, Québec, 
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in the Gulf of St. Lawrence, relied on abundant populations of harp seals that 
came down from the Arctic in late winter to early spring to give birth and mate. 
Originally hunted for their oil as fuel, the purpose of the hunt changed with time 
to include the pelt (primarily from young animals) and, currently, oil as a rich 
source of omega-3 fatty acids and meat for human consumption. In recent years, 
a hunt for grey seals off the Magdalen Islands has also been developed. At the 
outset, neither the seal hunt nor the trapping for fur considered animal welfare as 
an important element. In the seal hunt, animals needed to be killed quickly to be 
skinned promptly and correctly, but improper practices were apparently common 
prior to the mid-1960s, when government regulations to prevent such practices 
came into effect (Malouf, 1986). The welfare of trapped animals was also of 
little concern, based on the poor design of restraining traps that were then used. 
Pressure from animal rights groups, starting in the 1960s in relation to the seal 
hunt, challenged wildlife users to reconsider their harvesting methods. In the past 
40 years, objective studies targeting elements of animal welfare have aimed to 
improve practices during commercial harvest of wildlife (AIHTS, 1997; Daoust 
and Caraguel, 2012; NAMMCO, 2009). For both the sealing and the trapping 
industries, the message became clear that if commercial users intend to develop a 
socially acceptable industry, they need to adopt and consistently adhere to meth-
ods meeting scientifically and legally appropriate standards of animal welfare, 
such as very short, preferably immediate, time to death and very low proportion of 
animals struck and lost. Ultimately, such practices also benefit the resource users 
since they often result in products of better quality from a commercial stand-
point. Through mandatory training programs for sealers and trappers prior to the 
acquisition of their licence, the issue of animal welfare is now at least part of their 
conversation. Information to these user groups, based on objective research and 
delivered in a respectful manner, is again key to improving, if needed, their atti-
tude towards animals, but this must be supported by appropriate legislation and 
enforcement.

The views of North American Indigenous people (such as Inuit, First Nations, 
and Métis within the territorial borders of Canada) regarding animal welfare have 
also been explored, not as an isolated concept, however, but rather as an inte-
gral part of an elaborate system of human-animal relationships (see, for example, 
Nadasdy, 2005; Watts, 2013; Robinson, 2014). It is not the intent of this author, 
a Euro-American white male, to pretend to fully understand, let alone explain, 
norms and belief systems that have evolved for millennia. It is instead incum-
bent on him to give voice as much as possible to Indigenous scholars, hunters, 
and elders who have reflected on human-animal relationships. Inuit and First 
Nations peoples have for millennia been primarily, if not totally, dependent 
on animal resources for their survival, and many, particularly those living in 
northern regions, continue to depend on these resources in one form or another. 
Because of this, they have developed a very strong relationship with their natural 
environment, which still exists today. Just as there is a diversity of perspectives 
on animal welfare among Euro-Americans, there also exist different views of 
animals among Indigenous peoples. Generalization is therefore not possible, but 
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there appears to be much common ground among various Indigenous nations 
about their views of the natural world. 

At the onset, North American Indigenous peoples were “neither ecologists 
nor conservationists but hunters” (Laugrand and Oosten, 2015; Nadasdy, 2005), 
and amongst many of them hunting continues to define their relationships with 
animals. The concept of animal welfare as is understood by Euro-Americans is 
not approached in the same way. The Euro-American perception of the natu­
ral world has been greatly influenced by Judeo-Christian teachings, in which 
humans are made to be distinct from Nature, supposedly having “dominion” 
over it (Freeman, 1999; Watts, 2013; Karetak and Tester, 2017). This distinction 
between people and Nature (and its resources) has followed into secular society 
and, interestingly, has resulted in two opposite attitudes: one utilitarian, in which 
“anything that is not human is defined as an object to be used for the benefit of 
human beings” (Karetak and Tester, 2017), and the other ecocentric, in which 
“the value of nature is inherent rather than contingent on its use by humans” 
(Nadasdy, 2005). Indigenous perspectives on Nature and animals, informed by 
their own, equally valid “complex set of beliefs about the proper relationship 
between humans and their spiritually powerful animal benefactors” (Nadasdy, 
2005), do not subscribe to either of these views. Instead, “habitats and ecosys­
tems are better understood as societies … [in which n]on-human beings are active 
members”; these societies do not involve interactions among human beings only, 
and humans are not put at the centre (Watts, 2013; Karetak and Tesser, 2017; 
Todd, 2018). “Not only animals, but also plants, rocks, water, and geographic 
locations can have an identity, personality, and spirit … everything on Earth is 
connected” (Robinson, 2014). Under the Nunavut Wildlife Act, one of the guiding 
principles of Inuit Qaujimajatuqangit [“the way of knowing that encompasses the 
past, present, and future of Inuit experiences and values, principles, skills, and 
beliefs that have evolved over time” (Sudlovenick, 2019)] affirms that “People 
are stewards of the environment and must treat all of nature holistically and with 
respect, because humans, wildlife and habitat are inter-connected” (Nunavut, 
2012). In this context, so-called subsistence hunting becomes much more than 
simply collecting food from the environment. It is a means of sustaining and 
enhancing social and cultural relationships and promoting shared responsibilities 
for the well-being of a community of people (Freeman, 2018; Wenzel, 1995). 

In many Indigenous views of the world, “all living things contain spirits” (Watts, 
2013; Freeman, 1990; Karetak and Tester, 2017), yet humans’ survival depends on 
killing animals. The attitude of Indigenous peoples towards animals can therefore 
be best described as a mixture of kinship, awe, and pragmatism (Robinson, 2014). 
The concept of respect and gratitude that derives from this dependence on animals 
“is far more complex and culturally dependent than most Euro-North American 
are aware” (Nadasdy, 2005). For example, it seems to have been a common belief 
among a number of Indigenous peoples that the animals offer themselves to the 
hunters (Freeman, 1999; Robinson, 2014). In a sense, one may view this as a form 
of humility and respect in contrast to the hunter boasting that they outsmarted their 
prey (Freeman, 1999). If the animal offers itself, this must come with obligations 
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FIGURE 17.1 James Simonee, from Pond Inlet, Nunavut, Canada, watches a ringed 
seal’s breathing hole in Eclipse Sound, May 2016. (Photo credit: P-Y Daoust.) 

on the hunter’s part, and these take the form of respect for, and appropriate con­
duct towards, Nature and the animals; otherwise, animal spirits will be offended, 
and animals will not return. Respect can be shown in several ways. One that is 
of importance from the Euro-American perspective of animal welfare is to kill 
the animals quickly and thus minimize their suffering (Nunavut, 2012; Freeman, 
1999). This, however, must consider the pragmatic nature of hunting in a harsh 
northern environment and the Indigenous hunters’ own perspective. A ptarmigan 
may be killed instantly with one shot of a rifle or a shotgun. By comparison, one 
of the few methods available for Inuit to hunt ringed seals concealed under the ice 
in winter and spring requires the use of a gaff or a harpoon to catch the animal 
when it surfaces at a breathing hole (Figure 17.1), a technique which would likely 
be seen as inappropriate by many Euro-Americans. The bowhead whale hunt by 
Canadian Inuit and Alaskan Iñupiat may also be considered problematic in the 
Euro-American context. These whales cannot be killed with even the most power­
ful rifles. Instead, one or two grenades are needed, and possibly lances that target 
the unique blood supply to the brain of these animals, which derives from intercos­
tal muscles (Marshall, 2002); the latter method had been used ancestrally for more 
than 1,000 years presumably because of its relative efficiency. Even so, immediate 
death is not guaranteed, and time to death may be prolonged (NAMMCO, 2015). 
Yet, the social and cultural importance of this hunt needs to be taken into account: 
“The reintroduction of whale hunts can not only be seen as an empowerment of 
Inuit but also a means of valorizing hunting and sharing practices as core elements 
of Inuit traditions” (Laugrand and Oosten, 2015). This does not diminish the value 
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of promoting improvements in hunting methods that may decrease the time to 
death for the whales because, beyond the issue of animal welfare, this benefits 
the hunters’ safety in a type of hunt that can be very dangerous. By comparison, 
it is interesting that, in some Indigenous cultures, fish are deeply important and 
respected animals (Todd, 2018), whereas they are the group of vertebrates least 
studied by Euro-American scholars from an animal welfare perspective (Walker 
et al., 2014). 

Respect by Indigenous hunters for the animals as prey can manifest itself in 
several other ways besides aiming for a rapid death. These include minimizing 
disturbance to the animal populations that are hunted; restricting the number 
of animals that are killed to only those that are required for the needs of the 
hunters, their family, and their community; reducing to a minimum the number 
of animals struck and lost by developing hunting skills; limiting food wastage 
(although “waste” may have different meanings in different cultures); and using 
proper manners of disposing of parts of the carcasses (although the methods used 
may vary among Indigenous groups) (Freeman, 1999; Robinson, 2014). Humans 
are also responsible “to provide the conditions necessary for animals to thrive” 
(Robinson, 2014), which recognizes the importance of a healthy ecosystem for 
wild animals to live in. This very much aligns with the Euro-American concept 
of environmentalism, but it also has direct relevance to animal welfare (Paquet 
and Darimont, 2010). Overall, “[t]he rules governing the hunt, and indeed many 
of the rules governing interpersonal behaviour, are inherently conservationist by 
nature” (Freeman, 1990; Nadasdy, 2005). 

It is not assumed that these various forms of respect for wild animals and 
Nature are followed universally by all Indigenous peoples, since there are various 
degrees of contemporary adherence to the ancestral culture, just as there are 
among Euro-Americans with regard to Judeo-Christian teachings. Ultimately, 
many Euro-Americans and many Indigenous scholars, hunters, and elders will 
likely agree that “[i]t is only in our relationship with the non-human [animals] that 
we become fully human” (Robinson, 2014). 
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Income is one of the most influential determinants for human health. It shapes living 
conditions, food access, health behaviours, and social circumstances. Poverty is mul-
tidimensional. Its definition varies with time, culture, and power, but its impacts are 
clear and include unemployment, social exclusion, and high vulnerability to disasters 
and other phenomena which prevent people from being productive (Anon, 2020). 
Low income is a significant risk factor for disease incidence and severity as well as 
life expectancy (Krisberg, 2016). Raising incomes improves the health of poor indi-
viduals, helps reduce health inequalities, and increases average population health 
(Lynch et al., 2004). For these reasons, many sustainable development plans, such 
as the United Nations Sustainable Development Goals, include poverty eradication.

People who rely on livestock, nature, or fishing for their food and income – 
over one-third of the world’s population – are often the most vulnerable (Halwart 
et al., 2003). Poverty is predominantly rural in most countries. Between 80% and 
90% of very poor rural households (approximately 900 million people) partake in 
some form of agriculture (Pradere, 2014). Agriculture has been the cornerstone of 
many rural development programmes and has been viewed by some as the most 
important provider of gainful employment in rural areas. Coastal communities 
have historically relied on wild fisheries for food and income, but with the decline 
of wild populations, aquaculture is increasingly complementing the rural poor’s 
catches from traditional fisheries.

There are widely accepted links between biodiversity loss and poverty (Adams 
et al., 2004). Biodiversity offers a means of income to the poor and helps pro-
tect them from risks and shocks leading them deeper into poverty (CBD, 2010). 
Given the interdependencies between environmental conditions and human well-
being, poverty eradication goes hand-in-hand with conservation and maintaining 

18



 
 

 

 
 
 
 
 
 
 
 
 

 

Animals, Health, and Society 

healthy ecosystems. Animals can be a direct source of income, can be a means to 
store wealth, can provide food and other resources that otherwise would need to 
be purchased, and can reduce gender income disparities (FAO, 2009). Livestock, 
wildlife, and fish are central to the livelihoods of many of the world’s poorest and 
most vulnerable people. Agriculture and aquaculture development and conserva­
tion have, therefore, been used to try to bring people out of poverty. 

Shocks, surprises, and creeping changes, such as natural disasters, diseases, 
or climate change, that affect animals can make it more difficult for people to 
reliably and sustainably access the natural, financial, or social capital derived 
from animals, thereby reducing opportunities for households (Stringer, 2014). For 
example, zoonotic infections have been described as a poverty trap. A poverty 
trap is something that forces people to remain poor. Poor livestock keepers are 
especially vulnerable to zoonoses due to their close contacts with animals, their 
consumption of animal products, and limited access to health care for themselves 
and their animals. Non-zoonotic animal diseases also contribute to the poverty 
trap. When poor farmers lack the resources to access animal health services, they 
inequitably suffer the effects of animal diseases. In less developed countries, live­
stock mortality can range from 7% to 50% depending on the species, animal age, 
and country (Pradere, 2014). The death of even a single animal can have dra­
matic consequences for a vulnerable family in low-income countries. As another 
example, seal hunting in Nunavut, Canada, in 2015 represented CAD 4–6 million 
in food value each year. Income from selling seal pelts could reach up to CAD 
1 million annually, funds which in turn are used to buy the equipment and fuel 
necessary to access food from the land and the sea (Le Cercle, 2015). A EU ban 
on seal pelts caused an economic collapse of the sealing industry, which in turn 
reduced the buying capacity of Inuit communities and subsequently reduced com­
munity well-being (see Chapter 17 for further details of this hunt). 

While there is a growing literature on the contributions of livestock, aqua­
culture, and conservation to reducing poverty, questions abound about whether 
the advantages provided are always a net gain. The promise of aquaculture, for 
example, has been a mixed experience, which in part reflects the varying cir­
cumstances under which aquaculture is used and the outcomes and time frames 
selected to gauge success. Conflicts over shared resources and damage to com­
mon environments linked to some form of aquaculture (such as declines in access 
to wild aquatic food sources or pollution of fresh water) necessitates balancing 
income improvements for some with negative impacts on common resources used 
by others (Burns et al., 2014). As a conservation example, inequality between 
the local rural residents and other stakeholders in accessing benefits from the 
Wolong Nature Reserve for Giant Pandas has been noted in China (He et al., 
2008). Rural residents bore much of the cost of conservation, but most economic 
benefits went into the ecotourism sector. Rural households that benefited from 
ecotourism were located near main roads rather than households far from the 
road and closer to panda habitats. Another investigation concluded that the com­
modification of a rural village in a nature sanctuary that is part of gorilla con­
servation efforts in Uganda promoted the external control of conservation spaces 
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by international organizations which catered to foreign tourists but ultimately 
contributed to, rather than alleviated, poverty and dependency in local communi­
ties (Laudati, 2010). 

How strategies to improve animal-based income programmes are implemented 
can determine their success or failure. For example, improved animal production 
has contributed to reduced poverty in many countries, but this effect stagnates in 
countries where growth in animal production has been mainly through extensive 
agriculture (Pradere, 2014). One report from Kenya noted the failure of top-down 
oriented livestock improvement programmes, seeing instead the need for partici­
patory and community-based development activities taking farmers’ perspectives 
into account (Wollny et al., 2002). 

The benefits of animals to income are highly context specific. Efforts to pro­
mote rural incomes through animal production or services need to reflect on some 
of the core principles of health promotion seen throughout this book, such as 
being oriented to the local context, being attentive to the effects on other determi­
nants of health, paying attention to the equitable sharing of risks and benefits, and 
recognizing the complexity of human-animal-environment interactions to reduce 
the risk of unexpected effects or surprises. 

CASE STUDY – AQUACULTURE AND SUSTAINABLE 
LIVELIHOODS IN SRI LANKA 

In the early 2000s, the government of Sri Lanka was looking to aquaculture to 
foster rural poverty reduction and income stabilization. Government policies 
and farm practices needed to avoid pitfalls that had been affecting the short-to­
medium-term sustainability of this food production sector in order to gain the 
advantages of aquaculture development. Fish and shrimp diseases had been the 
prevailing sources of instability in production and farm failure in Sri Lanka, ham­
pering realization of the desired economic gains for rural communities. Animal 
disease control was, thus, a critical component of this poverty-reduction strategy. 
Supportive and effective on-farm management policies and national policies were 
needed to create an enabling environment that promoted sustainable farming and 
the resultant benefits beyond individual farms. The Sri Lankan government recog­
nized the need to redesign and strengthen their aquaculture policy and extension 
services to increase the likelihood of effective sector-wide disease control that 
would lead to sustainable human development benefits. This case study focuses 
on some insights and experiences working with the shrimp farming sector. 

Shrimp health was a sustainability pillar for the industry but there were social 
disincentives to implement disease management plans despite the recognition of 
this pervasive threat to farms (Westers et al., 2017). At the outset of this project, 
the shrimp farming sector was constrained by lack of access to health manage­
ment expertise and services, limiting the ability of farmers to effectively imple­
ment practices necessary to avoid disease and survive a production cycle. A 
collaboration between local farm societies, academia, and government set out to 
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FIGURE 18.1 A small-scale shrimp farm in Sri Lanka. (Photo by C. Stephen.) 

examine and enhance the social learning networks between farmers and between 
farmers, government, community, and academics to remedy some of the obsta­
cles impeding the application of shrimp disease control management practices. 
Social-learning-networks are connections between people who change an indi­
vidual’s knowledge or motivation, resulting in behaviour change and alteration of 
practices. Such networks are important for smallholder farmer learning (Conley 
and Christopher, 2001) (Figure 18.1). A survey of 225 farmers in the eastern and 
northwest provinces of Sri Lanka found significant gaps and breakdowns in the 
flow of information between farmers, academics, and government (Wu et al., 
2016). As they are the ultimate knowledge end users, knowledge is most critical 
for farmers, but farmers tended to have the weakest links to knowledge sources 
needed to make management decisions. These gaps created inefficiencies in the 
use of resources and capacities. The transitory nature of key knowledge brokers in 
government, lack of trust, and lack of history of farm level aquaculture extension 
services resulted in many farmers being isolated and not benefiting from others’ 
expertise and experience. 

Farmers who implemented a greater number of disease control best manage­
ment practices were significantly less likely to report disease than farmers who 
implemented fewer, and farms with disease were less likely to be sustainable 
(Westers et al., 2017). The project team set out to assess the impact of low-cost 
ways to strengthen farmers’ social learning networks. Cell phone access was 
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widespread in Sri Lanka. Sixty farmers were recruited to regularly receive short, 
culturally appropriate SMS messages on their cell phones on disease best man­
agement practices as well as alerts on changing risk factors, all of which would 
enable them to act quickly with farm interventions. Farmers communicated about 
information received by SMS most readily with other farmers, which encour­
aged farmers to act in greater cooperation with each other, attend meetings, seek 
technical support, and share information. Geographic and demographic factors 
influenced the impact of education and policy on farm sustainability outcomes, 
emphasizing the need to tailor policy and education programmes to specific areas. 

The project team also reviewed aquaculture development policy. Sustainable 
aquaculture development for rural poverty reduction was an oft-stated goal, but 
explicit links between policies, plans, decisions, and actions were few. Decision-
making had been centralized, leading to some practices and requirements that 
were insensitive to local social and ecological realities. The lack of a coordinated, 
locally informed approach resulted in (i) inconsistencies and gaps in combat­
ing disease, (ii) industry expansion happening almost de novo in new areas as 
opposed being built from past lessons, and (iii) lack of trust and acceptance of 
required management activities. Co-management, with key stakeholders working 
towards the same goals and each playing their appropriate role, was seen as a 
reasonable and necessary step in Sri Lanka’s aquaculture development to ensure 
a strategic approach to developing locally acceptable and effective plans for rural 
development (Stephen et al., 2012). 

Follow-up activities applied these lessons more widely by (i) enhancing the 
social knowledge-sharing networks to boost adoption of better practices, risk 
reduction, and value chain strengthening; (ii) adopting structures and processes 
for “co-management,” facilitated by knowledge sharing; and (iii) building capac­
ity for knowledge and technology adoption in resource-poor coastal communities 
(specifically targeting women as key participants) and interacting with private 
sector actors developing markets and with state agencies building natural resource 
management plans (DeJager et al., 2014). These were complemented with criti­
cal capacity enhancements for disease management. Participating small-scale 
shrimp farmers (those with fewer than five ponds) increased production yields 
per acre by 26% over five years. Farmers increased individual average shrimp 
weight at harvest by 14%. These improvements resulted in net incomes averaging 
382,400 LKR per acre at the end of the project compared to 111,375 LKR at the 
start. For a small farm with a single pond of 1.12 acres, this would translate into 
35,690 LKR in monthly income. The official poverty line at the time was 3,028 
LKR real total expenditure per person per month. Small-scale shrimp farming 
could now feasibly lift households out of poverty. 

SUMMARY 

Much attention in One Health has focussed on protecting human health by reduc­
ing the risk of people acquiring zoonotic infectious diseases. Endemic, non­
zoonotic, production-limiting diseases are continually present. These diseases 
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can keep poor farmers in poverty. This chapter illustrates how keeping animals 
healthy can underpin access to critical determinants of health for people, such as 
employment, income, and food security. Creating and enabling an environment in 
which captive animals can realize healthy lives can at the same time help reduce 
poverty, support sustainable food production, and promote household well-being.
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The conversations around planetary health are, for the most part, defeatist. There 
are individual stories of actions and successes, but these seem few and far between 
in popular and scientific publications. Nevertheless, we crave them. People, the 
party responsible for negative impacts on the planet, have growing feelings of 
powerlessness towards the likelihood of positive outcomes. But there are solu-
tions if we should so choose to see them and work towards them. The first step 
is to define achievable, incremental improvements that people, whether individu-
als, governments, or conservation agencies, are willing to work towards together. 
It is important to set realistic expectations for desired outcomes. Too often we 
strive for a lofty goal that cannot be achieved, and this results in disappoint-
ment. Realism is not a failure; we must accept that our actions (or inactions) have 
consequences and sometimes those consequences are irreversible, and we must 
place our efforts elsewhere. Working towards an ideal of past generations is in 
most circumstances unrealistic. Not only has the situation changed, the societal 
expectations may also have changed.

With a growing list of species at risk, it is important to be realistic. In Canada, 
for example, there are over 1,000 species of mosses, lichens, plants, and animals 
on the public registry of species at risk. These species are afforded certain protec-
tions and there are legal requirements for certain documents, including recovery 
strategies and action plans. Given this increasingly enormous and diverse list of 
species at risk, their distribution over a country as large as Canada and mul-
tiple legislative jurisdictions affecting their conservation, it is unreasonable to 
expect equal attention to all species. The highly charismatic species, such as the 
North Atlantic right whale (Eubalaena glacialis), beluga whale (Delphinapterus 
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FIGURE 19.1 Photographs of the threatened Cowichan Lake lamprey (top), and endan­
gered Morrison Creek lamprey (bottom). 

leucas), or polar bear (Ursus maritimus), receive much more investment by indi­
viduals, governments, and conservation groups than, for instance, boreal felt 
lichen (Erioderma pedicellatum), dusky dune moth (Copablepharon longipenne), 
or the Banff longnose dace (Rhinichthys cataractae smithi), of which most people 
have never heard. We must accept that as humans, the value of animals and plants 
are different, and we have favourites. Although the inherent or ecological value of 
the beluga whale may be no greater than that of the dusky dune moth, they have 
a greater social value. A particular challenge for those trying to protect less char­
ismatic species is finding motivations and methods to ensure their ability to be 
resilient in their current situation and to be able to adapt to future scenarios in the 
absence of social motivations. One way in which this can be achieved is through a 
harm reduction approach (Stephen et al., 2018). This chapter illustrates the appli­
cation of this method using a case study for two fish species listed under Canada’s 
Species at Risk Act (SARA) in British Columbia (BC): the Cowichan Lake lam­
prey (Entosphenus macrostomus) and the Morrison Creek lamprey (Lampetra 
richardsoni marifuga) (Figure 19.1). 

CONSERVATION HARM REDUCTION: CONTEXT FOR THIS CASE 

Cowichan Lake lamprey is a small [maximum length approximately 273 mm 
(Beamish 1982)], parasitic lamprey found in one watershed on Vancouver Island, 
BC, and nowhere else in the world (MacConnachie and Wade, 2016). It was first 
described in Beamish (1982) and was listed as Threatened on Schedule 1 of the 
Species at Risk Act in 2003. Its listing is largely a result of it being an extreme 
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endemic, a population of fish found only in one location. Based on what is known 
of other similar species, most of its life is spent as a filter feeding ammocoete (lar-
vae) burrowed in the sediment (Beamish and Wade, 2008). After many years (five 
or more based on other species), ammocoetes undergo metamorphosis into an 
adult, which feeds parasitically. It is estimated that it feeds for a year or year and 
a half before it spawns and dies. The precise details, including timing and habitat 
requirements, are largely unknown or estimated based on other species of lam-
prey. Cowichan Lake and the adjoining Mesachie Lake are part of a water reten-
tion system serving the Cowichan valley. There is a regulated weir which was 
installed in 1957 (Stephen and Wade, 2018) to maintain water levels in Cowichan 
Lake to meet downstream needs in the summer and early fall. The water licence 
is currently held by a local wood mill which regulates the amount of water flow-
ing into Cowichan River to meet the economic and ecological needs downstream 
of the Lake.

This species exists in a complicated multi-user watershed. At its most basic 
level, the watershed supports many tangible human priorities, including an active 
logging industry, residential and recreational use, tourism, First Nations rights to 
access anadromous salmon, small-scale businesses relying on water in both the 
Lake and the River, sewage treatment, drinking water, agriculture, and a pulp 
mill (Wade and MacConnachie, 2016). Ecologically, both Cowichan Lake and 
River are habitat for resident fishes, crustaceans, amphibians, plants, and birds. 
The Cowichan River has been traditionally and currently is an important Chinook 
salmon (Oncorhynchus tshawytscha) river. The Lakes and surrounding terrestrial 
environment are highly valued both for supporting livelihoods as well as recre-
ation. When making decisions regarding the watershed, and in this case the man-
agement of water resources, efforts are made to weigh all these needs. If those 
needs cannot be defined, they cannot be considered. This has been the case for 
Cowichan Lake lamprey. Although they are a protected species, they are poorly 
understood, largely understudied, and have low social value. They are a parasitic 
fish, which prey on highly valued recreational species and are seen to many as 
a pest, if not of no value at all. The “vampire” reputation of lampreys in general 
does the conservation of this species a great disservice. It is naïve to think the 
regulation of water in Cowichan Lake would be focused on the habitat needs of 
these lamprey rather than jobs or other highly valued species such as Chinook 
salmon. Their low social value and the general lack of knowledge of the needs of 
the species results in a situation where evidence-based arguments cannot be made 
to specify effective and acceptable conservation actions.

In recent years, applications have been approved to allow pumping of water 
from Cowichan Lake into the River when insufficient flow was available to sus-
tain ecological and economic functions downstream. Depending on the time of 
year, this type of drawdown could decrease or eliminate the available spawning 
and rearing habitat for the Cowichan Lake lamprey. This was a compromise that 
the permitting agency felt appropriate under the circumstances. As an isolated 
event, it is reasonable to assume that the current spawning generation of lamprey 
would be mostly impacted from a drawdown as other year classes are present as 
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ammocoetes that spend multiple years burrowed in the near-shore area and could 
move if conditions became unfavourable. Although a recent study with Pacific lam­
prey (E. tridentatus) ammocoetes has shown that they do not readily move under 
de-watering conditions. With a rapidly changing climate in the region, the likeli­
hood of drawdowns is no longer a rarity. With what appears to be a new norm of 
low winter precipitation and extended summer droughts, available spawning and 
early rearing habitat is being compromised by low Lake water levels even without 
the added stress of an emergency water drawdown. Various committees, groups, 
and levels of government concluded that an increase in the height of the weir to 
accommodate more water storage in the rainier winter season and greater flexibility 
in regulation throughout the year is the best way to address ecological and social 
demands for water. Only a few lakeside landowners object to this plan because they 
would lose some beachfront in the winter storage period. Although plans are mov­
ing forward to replace the current weir, to date, no group has stepped forward to 
accept the sole cost, responsibility, and liability of the operation and maintenance 
of the weir. As this weir is mutually beneficial, it would be unreasonable to presume 
that the current single operator would continue to hold the water licence. 

Morrison Creek lamprey is another example of an extreme endemic. It is found 
only in Morrison Creek and a few small tributaries flowing into it, in Courtenay, 
BC, on Vancouver Island. Morrison Creek is less than 24 km long and extends 
from rural headwaters through an urban town to the confluence with a larger 
river (Wade et al., 2015). Morrison Creek lamprey are unique in that they are 
thought to be an intermediate form between a parasitic and non-parasitic lam­
prey, and, thus, an example of an evolving species. The Morrison Creek lamprey 
population produces two distinct life history types: a freshwater non-parasitic 
lamprey, the Western Brook lamprey (L. richardsoni) and a parasitic (silver) vari­
ety (L. richardsoni marifuga) (Beamish, 1987). There are no other known living 
examples of two life history types of the same species of lamprey existing at the 
same time. 

The watershed is in the coastal Douglas fir (Pseudotsuga menziesii) biogeocli­
matic zone made up of interlinking wetlands with meadows, thick brush, beaver 
dams, and ponds (Wade et al., 2015). The area was heavily logged and is now com­
prised mostly of second growth trees in areas where urban development has not 
occurred. A great diversity of species exists in the watershed, including large mam­
mals, such as black bear (Ursus americanus) and Roosevelt elk (Cervus elaphus 
roosevelti), and less obvious residents like amphibians, signal crayfish (Pacifastacus 
lenisculus), three-spined stickleback (Gasterostreus aculeatus), as well as resident 
and anadromous salmon (Wade et al., 2015). On the surface, Morrison Creek is a 
typical, quasi-urban Canadian creek. However, something unique in this water­
shed gave rise to a most unique animal, the Morrison Creek lamprey. What these 
conditions or situations may have been or may still be are unknown and likely to 
remain unknown. Morrison Creek lamprey as a population of both parasitic and 
non-parasitic forms are currently listed as endangered under SARA. 

Apart from the required documents which must be produced as a result of list­
ing a species under the Species at Risk Act, there have been only a few studies of 
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this lamprey conducted since the 1980s when it was first described (Beamish 
et al., 2016). Most studies have attempted to be non-invasive and non-lethal as 
little is known of the potential impacts disturbance may have on the population. 
As a result, compounded in part by its cryptic nature, small size, and nocturnal 
activities, little is known of the basic biology of the animal. Morrison Creek lam-
prey reach a maximum size of approximately 142 mm (Beamish et al., 2016) and 
have not been observed feeding parasitically in the wild. Unlike the Cowichan 
Lake lamprey, which leaves substantial scars on highly valued recreational 
fish, there have been no reports of scars on fish in Morrison Creek. While this 
makes the Morrison Creek lamprey less of a threat to recreational fisheries val-
ues than the Cowichan Lake lamprey, it does not help to increase awareness for 
the animal or the need for habitat protection. Land-based activities can impact 
the aquatic habitat by altering water quality with sedimentation or pollutants, 
impacting riparian habitat, or altering run-off rates (National Recovery Team 
for Morrison Creek Lamprey, 2007). Urbanization is a primary driver of these 
threats. Urban development pressures are increasing around the creek and water 
courses have been disrupted for road construction and land development.

HARM REDUCTION AS A PATH TO MUTUALLY 
BENEFICIAL CONSERVATION

It is possible in these complex situations to take actions to reduce harm for these 
lampreys to provide the best conditions possible for their continued survival. The 
harm reduction approach is a viable method to facilitate action in the presence 
of conflicting values and scientific unknowns, a feature of utmost importance in 
these rapidly changing environments. There are six principles of harm reduction 
(modified from Stephen et al., 2018) which are applied in both these situations to 
minimize the total amount and impact of a harm (Table 19.1).

For Cowichan Lake lamprey, harm reduction principles (Table 19.1) are guid-
ing actions to build a willing coalition of people by increasing the positive reputa-
tion of the species through education actions and ensuring that Cowichan Lake 
lamprey and its habitat are considered in water management decision-making 
from the individual citizen to the federal government. A multi-pronged approach 
has been used to achieve this, including (i) targeted scientific studies to provide 
advice on the relationship between weir height and spawning area coverage and 
identification of areas used for spawning and early rearing and (ii) public dissemi-
nation of information through various methods, including scientific publications, 
public talks, signage, and a lamprey poetry book for children. Community mem-
bers, various levels of government, and scientists are now engaged and involved 
in these activities. Although the work is ongoing, attitudes towards the species are 
changing and the needs of the species are now being considered by the watershed 
board in plans to increase lake water storage.

For Morrison Creek lamprey, ensuring an ongoing secure water supply is 
essential as they do not have the buffering capacity of a lake or even a large river. 
Similar to the Cowichan Lake lamprey, a multi-pronged approach by community 
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TABLE 19.1 
Principles of Harm Reduction for Lamprey Conservation 
(Based on Stephen et al., 2018) 

Principle Element 
Focus on harms rather than Climate change and urbanization are complex and ongoing 
eliminating hazards What can be done today to help the animals cope with the negative 

consequences of these pressures? 

Pragmatism What changes are likely to happen given existing knowledge, 
partnerships, and regulations? 

Solution oriented Rather than working to discover more about the lamprey, what can 
we learn about the strengths, possibilities, and opportunities to 
reduce negative consequences now? 

Use a multi-pronged approach Are there synergistic and re-enforcing opportunities to act 
throughout the lamprey’s socio-ecological system? 

Prioritize achievable goals Are there incremental gains we can achieve that build trust, 
enthusiasm, and willingness to act within the current 
circumstances and state of knowledge? 

Partnerships How to engage a diversity of players in finding solutions 
throughout the chain of causation from hazard to harms 

members, governments, and scientists has been used to reach this goal, including 
(i) public dissemination of information primarily through signage and engage­
ment with local school children and town planning staff and (ii) targeted sci­
entific studies to monitor habitat features and functions deemed important for 
lamprey. Because of decreases in catch rates of the silver form of Morrison Creek 
lamprey from the 1980s to the 2000s, Fisheries and Oceans Canada, the regula­
tory agency, has decided to conduct less research on the population to reduce 
the potential harm from capture and handling as a result of scientific activities. 
Efforts have instead focused on ensuring habitat is adequate for their continued 
survival rather than addressing knowledge gaps. As such, two structural barriers 
to lamprey movement were identified (Wade and Beamish, 2014), which frag­
mented the Creek and prohibited upstream movement. Funding was procured and 
major restoration efforts were undertaken to eliminate these barriers in 2015. In a 
recent success, community driven efforts protected 22.6 hectares of private land 
in the headwaters of Morrison Creek. The protection of this habitat is a direct 
benefit for not only the Morrison Creek lamprey but also for ten other species at 
risk that live in this watershed. The fate of the lamprey played a significant part in 
outreach to donors to protect these lands. 

For both the Morrison Creek lamprey and Cowichan Lake lamprey, it is not 
too late to act to reduce harms and build systems resilience, even in the face of 
low social value and large deficits in knowledge. They may be uncharismatic, 
underfunded, and woefully underappreciated, but it is possible to change people’s 
attitudes to promote the conservation of both the species and their habitat. 
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INTRODUCTION

The continuous accumulation of plastic debris in marine environments world-
wide is a global threat (Van Sebille et al., 2015). An impactful example is the 
Great Pacific Garbage Patch, where approximately 80,000 tons of floating plas-
tic have accumulated in an area of 1.6 million km2 (Lebreton et al., 2018). Sea 
turtles, sea birds, and marine mammals are experiencing morbidity and mortality 
mainly from entanglement and ingestion of this persistent plastic debris (Gall and 
Thompson, 2015).

Urgent action is needed to prevent plastic reaching the oceans (Law, 2017) and 
to promote local actions that combat this global threat (MacDonald et al., 2015), 
especially in small island nations where recycling and reuse options are limited. 
A call to action informed by principles of behaviour change is needed to prompt 
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people to think and act on this marine pollution issue. Here we share a series of 
interventions to encourage people to reduce the amount of waste from disposable 
food items (plastic and Styrofoam, primarily), at an institution of higher medical 
education in the Caribbean, specifically Ross University School of Veterinary 
Medicine, showing how behaviour change theory can lead to success.

BEHAVIOUR CHANGE FRAMEWORK

A small team of faculty, staff, and students was formed to undertake a series 
of steps to promote reduced plastic pollution. We used the health belief model, 
theory of planned behaviour, and the transtheoretical model (Glanz et al., 2008) 
as our theoretical foundations (see Chapter 9 for a description of these concepts). 
We complemented them with elements from human behaviour disciplines and 
concepts, including Maslow’s hierarchical human needs framework, behavioural 
economics, conservation psychology, and positive psychology. We used guiding 
questions to (i) identify people’s attitudes and beliefs (their mindset) about the 
problem, solutions, and capacity to create change; and (ii) to identify the social 
norm that guided their mindset (Table 20.1). This information is crucial for 

TABLE 20.1
Guiding Questions to Explore a Person’s Mindset on Problems, Solutions,
and Capacity and Willingness to Act

Drivers of Mindset Guiding Questions
Attitudes
(positive, neutral, or negative 
personal evaluations)

Beliefs
(thoughts, opinions, and 
perceptions that are 
considered as truth)

(Including cognitive and 
emotional responses)

Is it severe?

Will I be affected?

Is it urgent?

Is it affecting me/us now that I need to take immediate action?

What are the costs and barriers?

Are the benefits greater or less than the costs?

Do I have enough resources to act?

Am I in control of my actions?

Will my actions matter towards the solution or are they 
irrelevant?

Can I make a difference with available resources and conditions?

Will I be capable of complying?

Norms and conditions
(expectations from others, what 
other people are doing, what 
I’m supposed to comply with)

What are most people doing about the problem?

What should I do when little is being done by others?

Do I want to comply with society/industry/organization’s 
expectations?

What are influential people doing?

Why should I comply with my superiors when they are not 
complying and are contributing to the problem?

What am I expected to do in this group situation?
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FIGURE 20.1 Strategies for matching behaviour change interventions with the mindset 
(attitudes and beliefs) of people in the different stages of change. This diagram was cre­
ated based on the transtheoretical model. 

creating and applying specific strategies that resonate with people based on their 
readiness for change (Figure 20.1). 

OUR CHALLENGES 

How to transmit an effective call to action on campus that (i) inspires people to 
take immediate action, (ii) convinces people to believe their actions (large or 
small) are impactful, and (iii) encourages people to disseminate the message fur­
ther? We identified the driving mindsets and social norms through surveys, one-
on-one conversations, and by participating in various committees and activities. 

STEPS TO PROMOTING CHANGE 

Our team found that most people were aware of the problem and generally agreed 
on the need to address it but were at an early stage of change. Their mindset 
and the social norms were generally not supportive of change. There was limited 
sense of urgency: “the problem is not affecting us right now,” there was a gen­
eral belief that the problem was not their responsibility, and their actions were 
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irrelevant because they did not have power or control over the solutions. The 
beliefs about potential solutions emphasized that the costs were much greater than 
the immediate benefits and the barriers were too great to overcome. A minority of 
people who were contemplating action or had already tried to do something were 
discouraged to resume action because of their perceived low ability to influence 
change. 

Our targeted higher education institute is multicultural: composed of residents 
of St. Kitts and Nevis, people from other islands in the Caribbean, and expats from 
North America and Europe (including students, faculty, and staff). The prevail­
ing social norm, how most people act when they are in a group, appeared to drive 
people’s behaviour regardless of their nationality. For example, students native to 
the United States and Canada readily engaged in unsustainable behaviours (i.e. 
using disposable Styrofoam containers and disposable plastic water bottles) even 
though such behaviours were increasingly discouraged in their home country. A 
complicating factor was that most people on the island did not have an intimate 
connection to the ocean. It became evident that promoting change in attitudes and 
behaviours about marine conservation and ocean pollution would be challenging 
due to the lack of relatability of islanders to the ocean. 

leading By example to promote sustainaBility Values in tHe prep scHool 

A Prep School was available for children of students, faculty, and staff of this 
higher education institute. The norm and mindset described above were strongly 
held by the school’s administrators, with an emphasis in beliefs of little to no 
control over the solutions, along with a plethora of perceived barriers. Most of 
the school activities produced a substantial amount of waste, particularly from 
disposable plastic and Styrofoam items. The school’s administrators were open to 
listening to suggestions and ideas from us; however, the implementation of these 
alternatives was not deemed possible. 

We focused on leading by example, by disseminating the positive changes 
resulting from the local event we organized for the 2016 One Health Day, specifi­
cally on how faculty, staff, and veterinary students responded to our call for action 
for making simple changes in the planning of events that would reduce the amount 
of waste. We highlighted the support from a local business located on the campus 
that agreed to start selling compostable/biodegradable food ware, an action that 
facilitated this change. During school events, we refused plastic and Styrofoam 
items, explaining our congruency with the initiatives for reducing waste in the 
institution. This strategy resonated with parents and teachers who were not ready 
for immediate action but intended to take action and prompted them to start talk­
ing about the problem and adopt some of the new behaviours being promoted. As 
we noticed increased responses to our call to action, we praised and commended 
people’s efforts and used the momentum to urge them to encourage other parents 
to act similarly. Once we had motivated people within the administrative struc­
ture, we used targeted questions that further motivated them to develop new ideas 
and lead their own initiatives. A different mindset that encouraged Prep School 
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activities to be environmentally responsible grew. Balloon use was discouraged, 
disposable plastic water bottles were no longer provided, and disposable plastic or 
Styrofoam items were no longer used at the school. Most of the decorative items 
in the school were reused in subsequent events, and parents and children were 
encouraged to bring their own containers, plates, and cups. To facilitate this pro­
cess, in any event where food was served, the school provided a small number of 
reusable plates and cups along with readily available water fountains. 

linking empoWerment of Women WitH enVironmental sustainaBility 

The institution’s parent company created a programme for the advancement of 
women in the workplace across their higher education institutions. The pro­
gramme intended to raise awareness about gender equality and promotion of 
women into leadership positions. By participating in this group, our team saw 
an opportunity to contribute to their cause while promoting our call to action 
for environmental sustainability based on the premise that gender equality is a 
common denominator for achieving sustainable environmental goals (UNDP, 
2012). 

Most of the participants from this group were local women. As a few of our 
team were expats, we first ensured that our participation was accepted and wel­
comed into this group by being active, committed, and responsible contributors 
to the group’s activities. We focused first on understanding how our goal of envi­
ronmental sustainability was compatible with this group’s goals by focusing our 
initial involvement on their goals. This strategy gained their respect and allowed 
us to meet and interact with many participants, from which we identified or cat­
egorized the members of the group based on their readiness to change (stages 1–5 
of change are shown in Figure 20.1). More importantly, we identified community 
leaders who embraced our call to action and became strong supporters. 

The next step was to suggest the possibility for the group’s following event to 
generate the least amount of waste as possible, especially from Styrofoam con­
tainers. This call to action was conveyed through a blast email to all the members 
of the group with the following message: 

I would like to propose we have a potluck as environmentally sustainable as 
possible! 

At its core, environmental sustainability is a way to live our daily lives making 
sure we create the conditions that support our lives – clean and available water, safe 
food to eat, a healthy environment – and the lives of our kids and grandkids, even 
for those that are not born yet. Let’s show the power and strength of women for 
protecting the environment. See this link from United Nations for an example of 
the power of women for environmental sustainability. 

Here are a couple of easy and simple ideas for this: 

•	 Let’s bring our own plate or container along with our own silverware and 
cups/glasses. If bringing these from home is uncomfortable, let’s borrow 
them from the kitchen. 
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•	 Let’s avoid plastic and Styrofoam items as much as possible because 
these items do not biodegrade and have the potential to end up forming 
part of the islands of garbage floating in the oceans. 

•	 Please feel free to add more suggestions. 

This message was well received and as an encouraging result, no Styrofoam con­
tainers were used. People found ways of reducing waste such as using napkins 
instead of plates and using silverware instead of disposable food ware. To main­
tain momentum, we engaged the leaders of this group and wrote a formal proposal 
to the institution’s administration requesting funds for a “green starter kit” that 
included high-quality reusable mug and glass food containers that would remind 
members of the link between simple life choices (refuse plastic and Styrofoam) 
and a sustainable future. This green starter kit was a great motivation for the cur­
rent members as well as an incentive for new members to join. The local leaders 
of the women’s empowerment group became more inclined towards the “green” 
mindset when planning events. 

using a multicultural party to reinforce 

BeHaViour cHange – tHe melting pot 

The Melting Pot is a campus-wide initiative that brings the multicultural commu­
nity to celebrate diversity and inclusion with a common and effective catalyzer, 
namely food. For the inaugural event in 2017, we encouraged the organizer (who 
is also an active member of the women empowerment group) to include a “green” 
calling in the event’s invitation with the goal of reducing waste. We provided sup­
port by showing how reusable items could replace disposable ones and identified 
locally available alternatives and options. 

The following year, the event organizer independently included the following 
sentence in the invitation: “We continue to show by example by refusing disposable 
items and encourage you to do your part for making this a green event.” We con­
ducted an exchange programme for trading disposable containers (Styrofoam plates 
and cups) for high-quality reusable food and beverage containers. We also gave out 
similar products (reusable bags, metal straws, cloth grocery bags, etc.) that served 
as triggers to remind people of the alternative available items. During this trading, 
our call to action started with the phrase: “many of us are guests in this island and 
we have to make every possible effort for making this beautiful island healthier.” 
This was briefly followed by messages on the power we all have for making small 
changes in our daily lives, which over time lead to a positive impact for environ­
mental conservation that ultimately makes us healthier. 

This message resonated very well with the local community and helped 
inspire local leaders to actively advocate and promote the message further. Two 
years after this event, we saw many people still using the “green” gifts from 
that event. The following year, we delivered a stronger call to action targeting 
influential colleagues (Dean, Campus Administrator, Research Center Directors, 
etc.) to embrace and promote reusable food ware or environmentally responsible 
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alternatives (such as compostable food ware). We have evidence that this environ­
mental call to action became an essential component of campus event planning, 
serving as an example for other campus-wide activities. 

CONCLUSIONS 

These three stories show positive outcomes and gradual changes in people’s 
attitudes and behaviours over the course of four years. We believe this success 
was due to the application of principles of behaviour change for tailoring the 
interventions. There were three essential guidelines that were applied across the 
interventions. Firstly, we motivated people on the premise that change is a pro­
cess and targeted most time and resources to the people who were contemplating 
or taking action. These individuals quickly became supporters and promoters 
of the call to action. Secondly, we got involved with the target audience and 
met them where they were in the change process. This meant having a clear 
and inspiring message (or story) that could be easily adapted to resonate with 
people at different stages of change. To reach this goal, it was imperative to listen 
actively without intervening or judging to identify a person’s mindset (cognitive 
and emotional factors) and social norms that shape their thoughts, feelings, and 
actions towards the problem, the solution, and their ability (real or perceived) to 
make a difference. Once such factors are identified, one can briefly tell the call 
to action in relatable and passionate ways for inducing positive emotional and 
rational responses. 

We encountered two main challenges to meeting people where they were. 
The first was the risk of misclassifying members of the target audience within 
the stages of change (readiness for action; Figure 20.1). When misclassification 
occurred, it resulted in frustration, resistance, and lack of interest because the 
strategies we used did not resonate with their mindset. The second challenge was 
that potential leaders – individuals who were advocates for environmental con­
servation and sustainability – tended to promote change forcefully (telling people 
what to do) instead of matching the recommended strategies based on the target 
audience’s mindset. This caused tension when these potential leaders felt unap­
preciated or restricted when their suggestions were not approved because of the 
mismatch between their proposed strategies and target audience’s mindset and 
cultural norms. 

The focus of these interventions was to promote changes in people’s mindset 
(attitudes and beliefs) rather targeting individual behaviours. Focusing on posi­
tive, influential, and persuasive messages showing our rationale (our why) proved 
to be an effective primer for change. A small number of attitudes and beliefs 
determine  a greater number of individual behaviours (Vaske and Manfredo, 
2012); therefore, this approach prevented a patronizing and ineffective approach 
of “telling people what to do.” Our current focus is in maintaining momentum 
from these interventions to continue creating the conditions for these changes to 
persist and to be further promoted by local leaders, who will potentially promote 
the call to action in their household and community. 
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THE RAT PROBLEM

Brown rats (Rattus norvegicus, henceforth referred to as rats) have coexisted 
alongside people for millennia. They are one of the most ubiquitous animal spe-
cies on the planet. Having spread around the world in association with human 
transport, rats are now found throughout every continent except Antarctica (Feng 
and Himsworth, 2014). Rats are unique among free-ranging wildlife in that 
they not only tolerate human presence, they thrive on it. Indeed, rats are so well 
adapted to utilizing human resources that they are seldom found outside of human 
habitations (Feng and Himsworth, 2014). Cities, in particular, provide optimal 
rat habitat. High human population densities provide abundant food and harbor-
age, sustaining large numbers of rats within small geographic areas (Davis, 1953; 
Feng and Himsworth, 2014). Unfortunately, rats make for unwelcome bedfellows, 
as they have been associated with several negative consequences for humans. 
Rats can damage infrastructure and contaminate and consume food stuff; they 
are a source of a number of infectious diseases (Wundram and Ruback, 1986; 
Himsworth et al., 2013; Himsworth and Feng, 2014). Given global trends towards 
urbanization and densification, urban rat-related issues are more than likely to 
increase in the future (Parsons et al., 2018).

When one considers the fact that human communities have been trying to rid 
themselves of rats since almost the dawn of civilization, it is surprizing that the 
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“rat problem” persists. Indeed, rats have proven themselves virtually impossible 
to extirpate. This may be partially due to the characteristics of the rats them­
selves. They are highly exploratory, opportunistic, and adaptable, which allows 
them to exploit a broad range of resources (Barnett, 1976; Colvin and Jackson, 
1999). However, they are also neophobic and can learn from negative experiences, 
which decreases the efficacy of traps and poisons (Barnett, 1976; Clapperton, 
2006). Finally, they reproduce at a staggering rate, therfore infestations are quick 
to become established and, after a control attempt, the infestation can quickly 
rebound to pre-control levels (Davis, 1953; Colvin and Jackson, 1999). So, is it 
any wonder that many cities seem to be plagued by rats? Or do the cities them­
selves bear some responsibility for their rat problems? 

COMMON ISSUES WITH URBAN RAT 
CONTROL AT A MUNICIPAL LEVEL 

There are three major areas in which cities tend to err in their approach to rats. 
The first is a lack of good governance or strategic planning (Colvin and Jackson, 
1999). Rat-related issues are often addressed through a hodgepodge of unrelated 
policy and programming. Thus, municipal governments may respond only to 
infestations that occur on public properties or in scenarios requiring permitting 
(i.e. demolition), while local health authorities may respond only to infestations 
in food-producing establishments or where there is a demonstrated health risk. At 
best, municipal leadership is highly fragmented, at worst it is absent altogether. 
For most of the urban landscape, people are left to fend for themselves. 

The second problem is the dearth of urban rat surveillance tools and tech­
niques, in combination with the fact that decision-makers frequently focus on 
action even in the absence of knowledge. Data collection is often neglected in 
the design and execution of municipal rat control interventions, so much so that 
there is usually not enough information to answer even the most basic questions 
like: “How many rats are there? Where do they live? Why are they there? Is 
the problem getting worse?” Without this information, it is virtually impossible 
to efficiently allocate resources, to design informed and effective policies and 
programmes, or to assess the return on investments. After all, without knowing 
what the rat problem looked like beforehand, there is no way of knowing whether 
an intervention made the problem any better. 

This leads to the third problem: the “ambulance approach” to rats. Without 
data or strategy for guidance, the most common response to rat infestations is 
to wait until they are causing a significant problem and then swoop in and try to 
trap or poison as many animals as possible. This reactionary approach is prob­
ably the least effective way to deal with rats and is rarely successful at controlling 
or eliminating infestations in the long term (Clinton, 1969; Colvin and Jackson, 
1999; Himsworth et al., 2013). Additionally, waiting for an infestation to reach a 
critical threshold before there is an intervention is neither the most efficient nor 
the most effective point at which to intervene, and this approach completely pre­
cludes any possibility of preventing infestations before they occur. We need only 
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to look to preventative medicine, our current standard of health care, to see the 
value of the idea that “an ounce of prevention is worth a pound of cure,” and that 
it is never a good idea to wait until someone needs an ambulance before dealing 
with their health problems. 

Some might argue that ecologically based rodent management (i.e. pest con­
trol techniques that incorporate an understanding of the biology and ecology of 
rodents and the environment in which they reside) is the panacea to the urban rat 
problem, and that the reason it has not been widely adopted in urban centres is a 
lack of political will (Singleton et al., 1999; Colvin and Jackson, 1999). However, 
given that no city on any axis of space, time, or politics has yet to emerge with an 
efficient or effective rat management strategy, the problem may lie deeper. The 
problem may be fundamentally one of perspective. 

SOLUTIONS ACHIEVED USING AN ECOSYSTEM LENS 

Rather than viewing the city as an artificial landscape completely under human 
control and the rat as a foreign invader of our territory, we need to see the rat 
for what it is – a wild animal that shares the urban ecosystem with us. Although 
cities are not often thought of as ecosystems, adoption of an ecosystem-based 
perspective may provide new insights and opportunities for dealing with rats and 
rat-related issues. 

Urban ecosystems are often conceptualized as complex adaptive systems 
(CAS) (Desouza and Flanery, 2013; Meerow et al., 2016). A CAS is a set of com­
ponent parts that interact to form a system that has emergent properties unique 
from the components in isolation, and that has the capacity to change over time 
(see Chapter 13 on complexity and One Health). Each component may, itself, 
be complex (Levin, 1998; Meerow et al., 2016). Indeed, the urban ecosystem has 
been described as CAS composed of intertwined socio-economic, infrastructural, 
material and energy, and governmental networks (Meerow et al., 2016). It would 
be beneficial to supplement this characterization with an additional level that 
includes biological networks (Figure 21.1) inclusive of all life forms existing in a 
city – human, wildlife, microbiota, etc. 

Once we recognize that we are managing a system, it becomes clear that lead­
ership and strategic planning are critical (Ernston et al., 2010). The very concept 
of a system is that the whole is more than the sum of its parts, which is antithetical 
to our current reductionist approach to rats. It also follows that if we are going to 
manage a system, then we must understand it. This, in turn, provides justification 
for substantive, long-term investments in collecting data on rat infestations, the 
specific conditions that support them, and the issues that they may cause (Parsons 
et al., 2018). 

The CAS approach can be used to provide solutions that better address those 
issues. Rat control interventions are often undertaken with the goal of reducing 
rat-associated public health risks – particularly the risk of pathogen transmission 
from rats to people. These interventions usually focus on trapping or poisoning 
based on the perspective that, regardless of the nature of the problem, reducing 
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FIGURE 21.1 A conceptual model of an urban ecosystem based on the framework pro­
posed by Meerow et al., 2016. 
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the number of rats will somehow make it better. However, it has been shown that, 
for certain rat-related diseases, rats are more likely to carry zoonotic pathogens 
after the intervention compared to before (Lee et al., 2018). This surprising find-
ing is predictable once rats are considered in the broader context of their own 
ecology, the ecology of the pathogens they carry, and their interactions with the 
urban environment. Specifically, urban rats have evolved to form tight family 
units with limited home ranges owing to a resource-rich environment and barriers 
to movement (e.g. rats avoid crossing roads) (Davis, 1953). For pathogens that 
are transmitted among rats through specific social interactions within the colony, 
removal of key family members through trapping and poisoning can result in 
social strife and increased opportunities for disease transmission as rats fight to 
restore social order (Lee et al., 2018).

Revisiting the rat control programme described earlier with a CAS approach 
would require us to understand how rats interact with each other, how they inter-
act with the microbiota they carry, and how both interact with urban infrastruc-
ture and resources. Using this perspective, rather than killing rats, one might 
seek to alter the environment in a manner that decreases the number of rats it can 
support (e.g. through altering waste management, repairing aging infrastructure), 
so there is a gradual decline in total rat population while maintaining social order 
(Colvin and Jackson, 1999).

The rats, however, are not the only complex beings in the urban ecosystem. 
Just as the impact of humans on rats can be multifaceted and unpredictable, so 
too can the impact of rats on humans. Rats are usually considered to be a health 
risk to people only if they are found to be a source of infectious disease. However, 
it is increasingly being recognized that chronic exposure to rats can have signifi-
cant negative mental health impacts, particularly among impoverished, inner city 
residents (Wundram and Ruback, 1986; Lam et al., 2018; Byers et al., 2019). It 
has been shown that rats can elicit fear, anger, stress, worry, and exhaustion, as 
well as sleep disturbances and avoidance of activities (e.g., urban gardening) that 
could lead to rat contact (Byers et al., 2019). A CAS lens further enriches this 
understanding by identifying the fact that rat infestations are just one component 
of a constellation of negative environmental factors afflicting impoverished city 
dwellers; rats, in other words, are inextricably intertwined with a variety of social 
justice issues (Wundram and Ruback, 1986; Lam et al., 2018; Byers et al., 2019). 
For example, being forced to live with rats can be seen as a symptom or symbol 
of an individual’s lack of control over their lives and living conditions, which 
is compounded by the perceived neglect of those who may have the power to 
improve these conditions (e.g. municipal governments and slum landlords) (Byers 
et al., 2019). A more sophisticated understanding of the potential consequences 
of rat-human contact not only brings to light a significant and widespread public 
health risk that has hitherto been completely ignored, but it also highlights the 
importance of understanding the interface between rats and people.

Further to the concept of interfaces, a CAS lens would also find fault with 
our current approach to rats, which is largely focused on “things” – the rat, the 
human, the environment, etc. By contrast, a key aspect of systems thinking is the 
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understanding that the relationships between the components of a system often 
contribute more to the function of the system than the components themselves 
(Levin, 1998; Meerow et al., 2016). Thus, a CAS lens would have us direct the 
majority of our time and energy to identifying, understanding, and ultimately 
modifying these relationships or interfaces. For example, a safe, healthy, and 
controlled physical home environment is a multidimensional component of an 
individual’s mental and physical health (Cornwell, 2014; Pruss-Ustun et al., 2017). 
Rats have a propensity for invading this environment and can be extremely difficult 
to get rid of. Thus, the home environment is the place where the relationship 
between rats and people is least tenable (Wundram and Ruback, 1986; Himsworth 
et al., 2013, Lam et al., 2018). In our current rat management paradigm, private 
residences are often the areas most ignored by municipal powers; however, a CAS 
lens would show us that they are an area of particular vulnerability and should 
be prioritized for municipal intervention and assistance. Similarly, since factors 
associated with urban poverty promote rat infestations and rat-human conflict 
(Clinton, 1969; Wundram and Ruback, 1986; Himsworth et al., 2013), impover-
ished inner city areas should also receive special attention.

Finally, the CAS approach puts some completely novel tools in our toolbox for 
dealing with urban rats. Instead of focusing on responding to problems as they 
occur, the CAS lens introduces the concept of resilience (Desouza and Flanery, 
2013; Ernston et al., 2010; Meerow et al., 2016). Resilience, or the ability of a 
system and the members within in it, to function in the face of disturbances 
(Desouza and Flanery, 2013; Meerow et al., 2016), is a helpful concept, because 
it shifts the perspective from one that is reactionary and myopic (i.e. focused 
on a single issue) to one in which we can predict, prepare for, or even prevent a 
multitude of challenges. One example of resilience-based rat control would be 
a comprehensive waste management programme that prevents rats from access-
ing garbage (a common food source), thereby reducing the capacity of the urban 
environment to sustain rat infestations (Colvin and Jackson, 1999). Another would 
be the development and enforcement of more stringent bylaws that enshrine the 
right of low-income tenants to live in a healthy and rat-free environment. This 
latter strategy is particularly pertinent as a disordered living environment is a 
central contributor to a number of physical and psychological ailments (Cornwell, 
2014; Pruss-Ustun, 2017), so this one intervention could increase resilience to 
diverse array of insults. All-in-all, then, a focus on resilience introduces many 
new opportunities and approaches to managing the urban rat problem, very few 
of which have anything to do with killing rats or even with the rats themselves.

It is of note that the concept of resilience has many parallels with the public 
health concept of harm reduction (see Chapter 6 for details on harm reduction and 
Chapter 19 for an example of its use in practice). Harm reduction is mainly used 
to deal with the impact of drug use, and it refers to policies, programmes, and 
practices that aim to minimize negative health, social, and legal impacts. Similar 
to interventions rooted in resilience theory, those based on harm reduction prin-
ciples may have a broad range of predicted and unforeseen benefits. For example, 
in Vancouver, Canada, supervised injection sites are an effective harm reduction 
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tool that produce a range of health and community benefits, including reductions 
in overdose deaths, public drug use, and syringe sharing, as well as increased 
uptake of detoxification services and other community and medical resources 
(Wood et al., 2006; Marshall et al., 2011). Given that a major risk factor for rat 
exposure among impoverished inner city residents is engaging in outdoor injec-
tion drug use (McVea et al., 2018), these injection sites may also help to reduce rat 
exposure and associated harms.

OPERATIONALIZING A SYSTEMS APPROACH TO RATS

One of the challenges of a CAS approach is that it is so complex that it may be 
difficult for municipal leaders and decision-makers to operationalize. There are, 
however, several different perspectives that could be employed to overcome this 
obstacle.

For example, an understanding of the urban ecosystem and its interconnected 
networks can be used as a scaffolding on which to develop more comprehensive, 
efficient, and effective rat monitoring and mitigation programmes (Figure 21.1). 
Governance networks must be understood in order to identify stakeholder con-
cerns and objectives (i.e. why do stakeholders care about rats and what do they 
want done about them), as well as jurisdictions, resources, and tools for interven-
tion (i.e. the area or scenario being governed, availability of funding, expertise, 
and other supports; and methods to deploy, enforce, monitor, and maintain the 
intervention). Socio-cultural and socio-economic networks will need to be under-
stood in order to establish priorities (i.e. who is most at risk and/or most likely to 
benefit from an intervention) and to develop programmes with the greatest chance 
for success (i.e. what are potential barriers and opportunities for acceptance of 
and compliance with the intervention). Urban infrastructure and form networks 
must be understood to identify factors that sustain infestations and to ensure that 
rodent management is considered during urban planning and management of the 
built environment and infrastructure.

Ultimately, though, the benefit of a systems approach lies in its ability to 
change our perspective on rats and rat-related issues. Therefore, it may be more 
helpful to shift the conversation away from developing a single set of policies or 
procedures that best embody the CAS approach, to using CAS as a way of think-
ing, or a lens through which a problem can be viewed (Meerow et al., 2016). This 
will allow us to reap the benefits of this thinking regardless of the scale, scope, or 
nature of the programme in question.

TURNING THE LENS BACK ON OURSELVES

Seeing through the lens of a CAS requires a paradigm shift in our way of viewing 
our world and ourselves in it. It requires that we focus on the forest rather than the 
trees; that we become aware of relationships rather than entities. Our goal ought 
to be that we work to minimize friction that is potentially imbedded in the infi-
nite interaction zones within a CAS. Such a viewpoint shifts the emphasis away 
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from winners and losers, or oppressors versus the oppressed, to one of creating 
resilience, so that members of an ecosystem may peacefully exist alongside one 
another. 

Ultimately, adopting this lens may help humans acquire the kind of humility 
that is necessary to truly understand that we cannot control the world – even one 
as seemingly under our control as a city. However, the “adaptive” component 
of the CAS approach teaches us that through innovation, leadership, thoughtful 
action, and strategic planning, we can “trigger a transition of the system to a more 
preferable regime” (Ernston et al., 2010). We are all, and always will be, members 
of a CAS, and as such, human well-being depends on our stewardship of that 
system. With regard to rats, it will likely never be the case that rats are welcome 
into our homes; however, it is possible for us to live with them in a mutually 
healthy arrangement. 

REFERENCES 

Barnett, S.A. The Rat: A Study in Behaviour (Canberra: Australian National University 
Press, 1976): 318. 

Byers, Kaylee A., Susan M. Cox, Raymond Lam, and Chelsea G. Himsworth. ““They’re 
Always There”: Resident Experiences of Living with Rats in a Disadvantaged Urban 
Neighborhood.” BMC Public Health, 19 (2019): 853. 

Clapperton, B. Kay. “A Review of the Current Knowledge of Rodent Behavior in Relation 
to Control Devices.” Science for Conservation, 263 (2006). 

Clinton, James M. “Rats in Urban America.” Public Health Reports, 84 (1969): 1–7. 
Colvin, Bruce A., and William B. Jackson, “Urban Rodent Control Programs for the 21st 

Century,” in Ecologically Based Management of Rodent Pests, eds. G.R. Singleton, 
L.A. Hinds, H. Leirs, and Z. Zhang (Canberra: Australian Centre for International 
Agricultural Research, 1999), 243–257. 

Cornwell, Erin York. “Social Resources and Disordered Living Conditions: Evidence 
from a National Sample of Community-Residing Older Adults.” Research in Aging, 
26 (2014): 399–430. 

Davis, David E. “The Characteristics of Rat Populations.” The Quarterly Review of 
Biology, 28 (1953): 373–401. 

Desouza, Kevin C., and Trevor H. Flanery. “Designing, Planning, and Managing Resilient 
Cities: A Conceptual Framework.” Cities, 35 (2013): 89–99. 

Ernston, Henrik, Sander E. van der Leeuw, Charles L. Redman, Douglas J. Meffert, 
George Davis, Christine Alfsen, and Thomas Elmqvist. “Urban Transitions: On 
Urban Resilience and Human-Dominated Ecosystems.” Ambio, 39 (2010): 531–545. 

Feng, Alice, and Chelsea G. Himsworth. “The Secret Life of the City Rat: A Review of the 
Ecology of Urban Norway and Black Rats (Rattus norvegicus and Rattus rattus).” 
Urban Ecosystems, 17, no. 1 (2014): 149–162. 

Himsworth, Chelsea G., Alice Y.T. Feng, Kirbee Parsons, Thomas Kerr, and David M. 
Patrick. “Using Experiential Knowledge to Understand Urban Rat Ecology: A 
Survey of Canadian Pest Control Professionals.” Urban Ecosystems, 16 (2014): 
341–350. 

Himsworth, Chelsea G., Kirbee L. Parsons, Claire Jardine, and David M. Patrick. “Rats, 
Cities, People and Pathogens: A Systematic Review and Narrative Synthesis of 
Literature Regarding the Ecology of Rat-Associated Zoonoses in Urban Centres.” 
Vector Borne and Zoonotic Diseases, 13, no. 6 (2013): 349–359. 

294 



 

 

 

 
 
 
 
 

 

 

Living with Rats 

Lam, Raymond, Kaylee Byers, and Chelsea G. Himsworth. “Beyond Zoonoses: The 
Mental Health Impacts of Rat Exposure on Inner City Residents.” Journal of 
Environmental Health, 81, no. 4 (2018): 8–12. 

Lee, Michael J., Kaylee A. Byers, Christina M. Donovan, Julie J. Bidulka, Craig Stephen, 
David M. Patrick, and Chelsea G. Himsworth. “Effects on Culling on Leptospira 
interrogans Carriage by Rats.” Emerging Infectious Diseases, 24, no. 2 (2018): 
356–360. 

Levin, Simon A. “Ecosystems and the Biosphere as Complex Adaptive Systems.” 
Ecosystems, 1 (1998): 431–436. 

Marshall, Brandon D.L., M.-J. Milloy, Evan Wood, Julio Montaner, and Thomas Kerr. 
“Reduction in Overdose Mortality After the Opening of North America’s First 
Medically Supervised Safer Injecting Facility: A Retrospective Population-Based 
Study.” Lancet, 377 (2011): 1429–1437. 

McVea, David, A., Chelsea G. Himsworth, David M. Patrick, L. Robbin Lindsay, Michael 
Kosoy, and Thomas Kerr. “Exposure to Rats and Rat-Associated Leptospira and 
Bartonella Species Among People Who Use Drugs in an Impoverished, Inner-City 
Neighborhood of Vancouver, Canada.” Vector Borne and Zoonotic Diseases, 18, 
no. 2 (2018): 82–88. 

Meerow, Sara., Joshua P. Newell, and Melissa Stults. “Defining Urban Resilience: A 
Review.” Landscape and Urban Planning, 146 (2016): 38–49. 

Parsons, Michael, H., Peter B. Banks, Michael Deutsch, Robert M. Corrigan, and 
Jason Munshi-South. “Trends in Urban Rat Ecology: A Framework to Define 
the Prevailing Knowledge Gaps and Incentives for Academia, Pest Management 
Professionals and Public Health Agencies to Participate.” Journal of Urban 
Ecology, 3, no. 1 (2018): 1–8. 

Pruss-Ustun, A., J. Wolf, C. Corvalan, T. Neville, R. Bos, and M. Neira. “Diseases Due 
to Unhealthy Environments: An Updated Estimate of the Global Burden of Disease 
Attributable to Environmental Determinants of Health.” Journal of Public Health, 
39, no. 3 (2017): 464–475. 

Singleton, Grant R., Herwig Leirs, Lyn A. Hinds, and Zhibin Zhang. “Ecologically-based 
Management of Rodent Pests – Re-Evaluating our Approach to an Old Problem,” 
in Ecologically Based Management of Rodent Pests, eds. Grant R. Singleton, 
Lyn A. Hinds, Herwig Leirs, and Zhibin Zhang (Canberra: Australian Centre for 
International Agricultural Research, 1999), 17–29. 

Wood, Evan, Mark W. Tyndall, Julio S. Montaner, and Thomas Kerr. “Summary of 
Findings from the Evaluation of a Pilot Medically Supervised Safer Injecting 
Facility.” Canadian Medical Association Journal, 175, no. 11 (2006): 1399–1404. 

Wundram, Ina Jane, and R. Barry Ruback. “Urban Rats: Symbol, Symptom, and 
Symbiosis.” Human Organization, 45, no. 3 (1986): 212–219. 

295 





297

Making a Case for Harm 
Reduction in Invasive  
Species Management: 
The St. Kitts “Monkey 
Problem”

Christa Gallagher

CONTENTS

The Context........................................................................................................ 297
The “Monkey Problem”..................................................................................... 298
Enter Harm Reduction....................................................................................... 298
Can a Harm Reduction Starting Place Be Found in St. Kitts?........................... 299
Summary............................................................................................................ 302
To Where from Here?......................................................................................... 302
References.......................................................................................................... 303

THE CONTEXT

African green monkeys (Chlorocebus sabaeus) were transported to St. Kitts 
and Nevis from West Africa through the colonial slave trade in the 1600s, and 
have been part of the islands’ landscape ever since (Denham, 1987). The green 
monkeys flourished because they were highly adaptive to many habitats, had 
no natural predators, and were generally free of high-consequence diseases 
unlike their West African relatives. What likely started as 50–250 individuals 
from multiple incursions (McGuire, 1974) from Senegal or Gambia (Denham, 
1987), has grown to an estimated 40–50,000 in 2020, a number rivaling St. Kitts’ 
human population. From their arrival until modern day, these monkeys have been 
viewed as pests and agricultural crop raiders. As their population grew and range 
expanded, their impacts intensified.

St. Kitts is a small island (176 km2) within the twin-island Federation of 
St. Kitts and Nevis, located in the Lesser Antilles of the Caribbean. St. Kitts 
has a rich history of sugar cane production, a monoculture which sustained the 
island for hundreds of years until 2005, when it ceased sugar production in favour 
of tourism as the primary economy. When the sugar industry prospered, large 
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busy sugar cane plantations occupied much of the arable land and were well pro­
tected by rangers, who by gunfire noise and shooting kept the foraging monkeys 
primarily confined to the island’s interior (Dore et al., 2018). The 2005 closure of 
the sugar cane industry changed the agricultural landscape as well as the mon­
keys’ territory. Today, hundreds of small-scale farmers grow crops and raise 
livestock and poultry where sugar plantations once existed. No longer scared off 
or shot by rangers, the monkeys have encroached on human-inhabited areas on 
the island, resulting in increasing human-monkey conflicts. 

THE “MONKEY PROBLEM” 

The “monkey problem” is a widely used local term given to the negative inter­
actions of people and green monkeys. It is commonly spoken of in casual con­
versation between community members and appears in media and scientific 
publications. It describes the spectrum of social, economic, and ecological harms 
caused by the monkeys’ insidious encroachment and their notorious invasive and 
destructive behaviours. To complicate matters, these harms have not been equi­
tably experienced by all within the islands’ communities. The most prominent 
and greatest documented problem caused by the monkeys is crop raiding and the 
subsequent losses sustained by the islands’ farmers. Due to monkeys’ assaults on 
their farms, these already impoverished farmers are often unable to yield crops 
for their own use or sale, and therefore face economic losses, food insecurity, and 
threats to their livelihood. They often feel marginalized as they have been mostly 
left to their own resources to deal with this continuous and unrelenting threat. 
About 50–75% (Dore, 2018) of St. Kitts farms face damage from monkeys. This 
agricultural loss adds to the islands’ food insecurity, and monkey contact with 
agricultural products risks the transmission of zoonotic disease. 

There have been limited and irregular efforts by the local government to deal 
with the “monkey problem” as they grapple with deeply embedded conflicting 
ideas, values, and scientific uncertainties. There has yet to be consensus among 
government, researchers, farmers, or other citizens on how to minimize the neg­
ative impacts of the monkeys that would be practical, affordable, and socially 
accepted. Processes to empower people to work together towards mutually ben­
eficial results have been lacking. 

ENTER HARM REDUCTION 

Non-human primates are menaces in many Asian and African countries, yet 
no single solution for their management has emerged. It is highly unlikely that 
the St. Kitts “monkey problem” can be eradicated in the near future by socially 
acceptable, economically feasible, and scientifically proven means. A novel 
approach is needed to advance collective action towards this invasive species 
issue. Harm reduction, a subset of health promotion, may provide a process for 
progress on this complex problem where there are multiple stakeholders, includ­
ing the animals themselves, with competing values and priorities. 
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Harm reduction is designed to minimize the effects of persistent and high-
consequence harms, without eliminating the hazard at the root of the harms. It 
has its conception and evolution in the public health realm, where it is mostly 
focused on harms resulting from high-risk behaviour of addictions in marginal-
ized or underserved populations (Jalloh et al., 2017). Harm reduction aims to 
improve health-related quality of life using a dignified, humanistic, and non-
judgemental approach to decrease harms at the individual, community, and soci-
etal level (Anon, 2005; Hawk et al., 2017). It supports grassroots participatory 
efforts to engage with public and private experts and authorities. It includes 
all individuals and sectors involved with a problem to participate in working 
towards a solution. Like health promotion, it is multi-level, multidisciplinary 
and empowers people to take control of their health and lives (Inciardi and 
Harrison, 2000).

Harm reduction is a pragmatic approach to decreasing harm through practical 
solutions to health challenges. It meets people “where they are” with an existing 
problem and takes incremental steps to minimize harms like injury, disease or 
death. It works in a hierarchical manner, achieving the most immediate and real-
istic goals first (Anon, 2005). Harm reduction is known to be dynamic, allowing 
flexibility as people and problems fluctuate. Lastly, harm reduction recognizes 
that behaviours, their associated harms, and proposed solutions are highly depen-
dent on belief systems and culture within a setting, so harm reduction is greatly 
contextual in nature and must be culturally sensitive. (For more information on 
harm reduction, see Chapter 6.)

While many programmes serve to reduce harm at the human-animal interface, 
there are few examples of the application of the harm reduction approach outside 
of public health. The St. Kitts “monkey problem” has many features of a problem 
suited to harm reduction. The lack of social will and proven methods make mon-
key eradication an unlikely and socially undesirable solution. Harm reduction 
presents a novel way to collaborate towards solutions that are community based 
and community driven, but at the same time can be supported by authorities when 
mutually agreed upon and developed.

CAN A HARM REDUCTION STARTING 
PLACE BE FOUND IN ST. KITTS?

To start the harm reduction process, it is necessary to find an entry point, the point 
at which to “meet the people at the problem.” Historically, the St. Kitts “monkey 
problem” has been framed as an agricultural problem. However, the perspective 
of all stakeholders has not been taken into account when characterizing the prob-
lem, precluding opportunities to see entry points other than agriculture around 
which coalitions can be built to implement actions to incrementally reduce social 
and ecological harms. One has to first know the system and the unique and intri-
cate relationships and interconnections contained within that system in order to 
identify critical intervention points to initiate systems change. Therefore, systems 
mapping was the initial necessary step to gain working knowledge of the St. Kitts 
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human-monkey system. There is no better way to describe a system than to ask 
the people who are part of it. 

Qualitative and participatory methodologies were used to glean information 
surrounding two main themes: (i) the nature of the “monkey problem”, and (ii) pos­
sible solutions to the “monkey problem”. To get to the nature of the “monkey prob­
lem”, participants, drawn from across a spectrum of stakeholders, attended focus 
groups or participated in a semi-structured interview. Participants represented 
agriculture, government, local business, tourism, biomedical research, academia, 
and community members. Within the focus groups, participants answered ques­
tions about who were the stakeholders in the human-monkey system and what 
their relationships were to each other. They were encouraged to tell their own 
versions of the monkey story to gain as much contextual information as possible. 
Next, they were asked to categorize and prioritize individual harms caused by the 
monkeys. They were asked two questions: “Are the monkeys a problem for you?” 
and “Why, when, and where are they a problem?” 

The participants listed the harms, ranked them, and performed proportional pil­
ing of the harms, a Participatory Rural Appraisal methodology, to visually show 
a graduated emphasis of a ranked item (Mariner and Paskin, 2000). Despite the 
emphasis being placed on harms caused by monkey-human interactions, benefits 
of the monkeys were also revealed. Drawing on topographical maps was another 
method used to identify locations of stakeholder involvement and high-risk areas 
of human-animal interactions. The maps were used by the participants to point 
out areas where the monkey problem fluctuated due to seasonality or within a 
given timeline. The participants were asked about shared values, things they cared 
about that may be at risk by the harms caused by the monkeys. This question 
enabled some projection of fears participants had if the monkey problem was not 
adequately dealt with. 

Participants were next asked about possible solutions to the “monkey problem”. 
They were asked what they have personally done, if anything, to thwart the mon­
keys’ activities. What tools are available to help alleviate the problem? Who may be 
in a position to help? What would inspire you to take action on this problem? What 
is the order of harms you would like to see addressed? Very importantly, they were 
asked: What are the obstacles for action taken against harms caused by the monkeys? 
When trying to mitigate a problem with interventions, it is possible to create new 
problems, or unintended consequences. The participants were, therefore, asked if 
they could imagine any unintended consequences to the posed solutions. Additional 
probing questions were asked to gather more detailed information on a response or 
to verify information in a sort of data quality control (Mariner and Paskin, 2000). 

Through this process, a more fulsome view of the “monkey problem” was 
emerging. This monkey population was seen as a populous of non-human 
primates on a well-travelled island that could bridge primate associated diseases 
between South or Central America and the Caribbean and North America. With 
its shift towards tourism, St. Kitts and Nevis has a tremendous influx of global 
tourists who can introduce disease to this insular species or acquire and spread 
diseases from monkeys. There were, therefore, growing concerns about the role 
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of the monkeys in amplifying or maintaining emerging infectious diseases. This 
became more acute when Zika virus emerged and spread in the Americas. The 
monkeys were described as being destructive to backyard fruit trees, gardens, and 
other property, and although infrequent, they also were seen as a physical threat 
to people and their pets. Emerging information was pointing to the monkeys’ 
deleterious effect on the islands’ ecosystems and biodiversity. Although the atti-
tudes towards the monkeys seemed to favour the negative among many groups, 
there were some stakeholders that viewed this species as beneficial. Government 
and tourism operators capitalized on the iconic value of the monkeys to attract and 
entertain tourists (see Figure 22.1). Local biomedical professionals and university 
academics valued the monkeys as contributors to research. Some residents con-
sumed monkey meat and viewed them as a significant local protein source, and 
still other groups considered the existent ecological niche of this well-established 
species and advocated for their welfare and protection.

FIGURE 22.1  Local St. Kitts tourism operators known as “monkey men” charge tourists 
for a photo with the captivating juvenile African green monkeys. (Photo by C. Gallagher.)



 

  

Animals, Health, and Society 

SUMMARY 

The “monkey problem” has transcended scales of time and place, underscoring 
that the interconnections of people and animals in a closely shared environment 
are dynamic. There were multiple stakeholders with strong opposing values and 
ideas on how and what to do with the islands’ green monkey population, and it 
was causing social conflict between groups that wanted to promote and protect 
them versus groups that wanted to control or cull them. Further complicating 
the situation is the Federation’s inextricable reliance on the tourism industry, 
so the worldview of this problem from an animal welfare point was becoming 
profoundly influential. 

Both the people affected by the monkeys and the local government seemed to 
be in search of a single intervention to solve this highly variable and contentious 
problem. Like many problems at the interface of animals, societies, and environ­
ments, one intervention is unlikely to remedy all negative harms while protecting 
all benefits. The “monkey problem” is in actuality a human-monkey system prob­
lem that calls for systems-based solutions. 

TO WHERE FROM HERE? 

The systems mapping of the socio-ecological harms from the St. Kitts “monkey 
problem” provided a representation that was accessible and understandable to all 
stakeholders. It is allowing for a wider conversation on needs and opportunities 
for action, helping people see how their preferred options for action might impact 
other citizens or species. It is providing a common language for managers and 
researchers to assess what is scientifically and economically feasible with a lens 
of what people might accept or feel empowered to do. It is helping establish what 
people perceive to be important and who they believe are able to act. All of these 
understandings can help select options for feasible actions that can make incre­
mental improvements by encouraging people to change attitudes and behaviours. 
This is consistent with theories of change introduced in Chapter 9 and illustrated 
in Chapter 20. Perhaps as important, the harm reduction process we have initiated 
is helping to find common values and shared concerns about smaller problems 
around which collaborative actions can be proposed, to help build trust between 
stakeholders and ready them to work together on the more challenging aspects of 
the problem. 

The St. Kitts “monkey problem” is a good example of challenging One Health 
problems that exist all over the globe. Problems that traverse human, animal, 
and ecosystem dominions are exceedingly complex and involve multiple stake­
holders with diverging perspectives and values. There is often no clear path for­
ward for which groups seeking answers and action can reach consensus to work 
cooperatively towards solutions. To aggravate conditions, these types of problems 
are fraught with high-powered dynamics, surprises, and scientific uncertainties. 
Harm reduction is showing the potential to advance collective action in stagnant 
One Health problems like the St. Kitts “monkey problem.” Harm reduction has 
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been tested and has achieved success in the public health realm due to its ability 
to be inclusive, participatory, and pragmatic. Further research and experience 
continues to test the harm reduction model as an approach to address problems at 
the human-animal interface. 
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WHAT IS ANTIMICROBIAL RESISTANCE 
AND WHY IS IT IMPORTANT?

Antimicrobial resistance (AMR) (Box 23.1) is a complex and growing health issue 
that is threatening people and animals around the world through increased morbid-
ity and mortality. Canada (Council of Canadian Academies, 2019), the United States 
(CDC, 2019), and the United Kingdom (O’Neill, 2016) all report on and predict 
large direct and indirect economic and social costs associated with resistance, in 
addition to the health costs. Antimicrobial use (AMU) in humans (O’Neill, 2016), 
animals (Van Boeckel et al., 2015), crops (Finley et al., 2013), and elsewhere is 
widely recognized as the main driver of resistance (Pinto Ferreira, 2017).

AMR occurs when bacteria and other microorganisms can replicate in the 
presence of antimicrobials at levels that normally suppresses their growth or kills 
them. Resistance can occur due to naturally occurring characteristics of bacteria 
or can be acquired through genetic mutations or via transfer of genes (Aarestrup 
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BOX 23.1 ANTIMICROBIALS VERSUS 

ANTIBIOTICS AND ANTIMICROBIAL RESISTANCE 


VERSUS ANTIBIOTIC RESISTANCE
 

Antimicrobials refer to all compounds that kill or inhibit the growth of 
microorganisms. These microbes include viruses, bacteria, protozoa, fungi, 
and parasites. The use of any of these compounds can be selected for 
resistance. 

Antibiotics are compounds that kill or inhibit the growth of bacteria. 
In general, throughout this chapter, we have used the terms antimicro­

bial and antimicrobial resistance. However, unless otherwise stated, we are 
speaking specifically about antibiotics and antibiotic resistance. 

et al., 2008; Boerlin and Reid-Smith, 2008). Not all resistant bacteria are harmful, 
but non-pathogenic resistant bacteria can serve as reservoirs of resistance genes 
(Boerlin and Reid-Smith, 2008). While any use of antimicrobials can select for 
resistance, inappropriate use, such as using antibiotics to treat viral infections or 
selecting the wrong antimicrobial for the specific pathogen causing the illness, is 
considered the major driver (Shallcross and Davies, 2014; Castro-Sánchez et al., 
2016; Dar et al., 2016; Holmes et al., 2016). 

Antimicrobials are one of the most successful medical advances of the 20th 
century. Diseases that once annually killed thousands of people and animals and 
made even more sick were dramatically reduced with the introduction of anti­
microbials. By reducing death and preventing and controlling bacterial infec­
tions, antimicrobials allowed for development and routine implementation of 
many life-saving medical advances (e.g. cancer chemotherapy) and procedures 
to improve quality of life (e.g. joint replacements) (Shallcross and Davies, 2014; 
Laxminarayan et al., 2013). AMU in agriculture improved feed efficiency in ani­
mals and enabled food to be produced more efficiently and profitably (Durso and 
Cook, 2014; Grace, 2015). 

The benefits of widespread AMU come with a cost. As our use of and depen­
dence on antimicrobials increased, bacteria and other microbes evolved to 
become resistant, and available drugs became ineffective. AMU practices have 
prioritized short-term individual human and animal health improvements over 
long-term population, community, and ecosystem health. 

HOW DOES AMR AFFECT HUMAN, ANIMAL, 
AND ENVIRONMENTAL HEALTH? 

AMR has been recognized since the first antimicrobials were identified and used 
in medicine in the early 1900s. The predicted impacts of unrestricted use on 
human and animal morbidity and mortality have been described for decades (see 
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Fleming, 1945), but the full breadth of health and non-health consequences to 
humans, animals, nature, and society is only now starting to be characterized. 

AMR is a global health crisis (Toner et al., 2015; WHO, 2015a). Its impacts on 
health and well-being are far-reaching and hard to predict. The impacts already 
identified include increased duration of disease, increased mortality associ­
ated with infections, and increased cost of health care delivery because of the 
greater severity and duration of illness (Cassini et al., 2019; Council of Canadian 
Academies, 2019; CDC, 2019). According to WHO (2015b), over 400,000 people 
die annually of foodborne diseases and hundreds of millions get sick. If these 
common bacteria and other microorganisms become resistant, many more will 
get sick and potentially die (WHO, 2017). O’Neill (2016) predicted that 10 mil­
lion people will die annually from AMR by 2050. Additional indirect impacts 
of AMR on humans may include reduced access to life-saving treatments and 
surgeries which depend on antimicrobials to ward off secondary infections 
(Shallcross and Davies, 2014). 

Farm and companion animal health will be similarly compromised. Although 
animals are affected in a comparable manner, estimates of the impacts of AMR 
(e.g. morbidity and mortality) in animal populations are rarely available (Robinson 
et al., 2016). 

The impacts of rising levels of resistance on food production systems and inter­
ventions to reduce AMU threatens global food security (Grace, 2015; FAO, 2016). 
In Canada, Europe, and the United States, most antimicrobials (by weight) are 
used in animal agriculture (PHAC, 2018; EFSA, 2017; O’Neill, 2014). It is likely 
that agricultural AMU exceeds human use globally. The total amount (kg) of 
antimicrobials used in agriculture is expected to increase over the coming decade, 
especially in low- and middle-income countries (LMIC) (Schar et al., 2018; van 
Boeckel et al., 2015). Without access to effective antimicrobials to prevent, con­
trol, and treat infectious disease, livestock production may no longer be feasible 
using current large-scale, conventional production methods. Changing agricul­
tural production systems and methods could be costly and could potentially desta­
bilize food prices and agricultural communities. Inability of some producers to 
continue in business without the same level of access and use of antimicrobials 
may negatively affect the productivity and profitability of the agricultural sector 
and have a particularly inequitable effect on rural communities. 

Although antimicrobials are rarely used in natural environments, these areas 
are also affected by AMR. Antimicrobial residues and resistant microbes have 
been detected in rural and remote natural environments – in soils, water, and wild 
animals (Aga et al., 2018; FAO, 2018; Greig et al., 2015). These residues and resis­
tant microbes may come from run-off/spillage from farms, septic systems, hospi­
tal and lab waste discharge sites, and more. Aquaculture also presents a threat to 
antimicrobial distribution and selection of resistant organisms in the aquatic envi­
ronments. International trade in livestock and animal products as well as global 
tourism is also increasing resistant organisms’ geographic distribution. 

The health challenges presented by growing levels of AMR will not be 
distributed equally around the world. In LMIC, the issue of AMR has more 
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to do with access to appropriate diagnostics and drugs. In these regions of 
the world, physicians and veterinarians have fewer available options, and ani­
mal owners have less disposable income to afford effective and appropriate 
treatments. 

WHY IS AMR SUCH A MESSY AND COMPLEX ISSUE? 

The decision to use antimicrobials is affected by many different factors. AMU in 
humans and companion animals is driven by the clinical context, such as treat­
ing versus preventing infectious disease. It is also influenced by socio-economic 
factors, including culture, behaviour and expectations of patients/clients, lack of 
social infrastructure (e.g. more precarious employment status with no sick days), 
lack of education about the risks associated with AMR, and how AMR risks are 
perceived compared to other health threats. 

Similar factors influence farmer and veterinarian decisions to use or not to 
use antimicrobials. Farmer demand for antimicrobials is likely also affected by 
the type(s) of animals they are raising, the perceived disease threats to those 
animals, past experience with infectious disease in the herd or the flock, sea­
son, cost of production, and market value of the animal product. Current North 
American agricultural practices rely on antimicrobials to limit disease and maxi­
mize growth targets in the animals being farmed. Removal of antimicrobials will 
require a transformation of how we produce and raise livestock and/or the devel­
opment of new antimicrobial alternatives (Lhermie et al., 2019). 

The multitude of drivers that influence and are influenced by AMU and 
AMR makes AMR a very complex health challenge with multiple dependencies 
throughout the system. This makes it very hard to predict the short-, medium-, 
and long-term effects of new policies and regulations. Several teams have worked 
to describe the breadth and complexity of the AMR problem (Majowicz et al., 
2018; Department of Health, 2014), including non-disease factors such as envi­
ronmental sources, genetics, economics, food security, trade, agriculture sus­
tainability, or other indirect drivers and consequences. Comprehensive views of 
AMR as an emergent property of a complex adaptive system (Jayasinghe, 2011) 
can enable researchers to integrate social, biological, and ecological perspectives 
and provide a framework for development and implementation of effective and 
sustainable interventions that could reduce the human, animal, and environmen­
tal health burden of AMR. 

Because of the multitude of drivers of AMU and AMR, the issue has been 
framed as a wicked problem (Xiang, 2013; Hutchinson, 2017) and even as a super-
wicked problem (Littmann, 2014). Wicked problems are those that cannot be fully 
characterized nor eliminated or solved. Intervention effects are difficult to pre­
dict; all interventions will have unexpected consequences across the system and 
no intervention can be reliably transferred to a new setting. A problem becomes 
super-wicked when time is running out and where there are multiple dependen­
cies across the system. All these characteristics apply to the growing challenge 
of AMR. 
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THE NEED FOR NEW PERSPECTIVES: APPLYING 
HEALTH PROMOTION AND HARM REDUCTION 
LESSONS TO AMU AND AMR 

The World Health Organization’s (WHO) Ottawa Charter for Health Promotion 
(1986) defines health promotion as “the process of enabling people to increase 
control over, and to improve, their health” (for more information on health promo­
tion see Chapter 2). It recognizes that health is affected by a wide array of deter­
minants and the complex interactions between individual, social, economic, and 
environmental factors that shape them. Health promotion engages and empowers 
individuals, groups, communities, and institutions to increase control over the 
determinants of health and make healthier choices easier choices (WHO, 1997; 
WHO, 1986). Health promotion has tackled a wide range of issues, such as child 
and maternal health, mental health, obesity, and tobacco control. In addressing 
these complex issues, a wide range of activities have been employed. The five 
key health promotion action areas (Box 23.2) played an important role in driving 
down population-level tobacco use rates in many countries. Specific examples 
include preventing tobacco use, protecting people from second-hand smoke expo­
sure, assisting people who smoke to quit, and countering tobacco industry tactics 
(U.S. Department of Health and Human Services, 2014; Ahluwalia et al., 2019). 

When implemented together at multiple levels, these five action areas repre­
sent a comprehensive approach that, over time, alters the environment, changes 
social norms, and helps build individual and community capacity to empower 
and improve knowledge and skills to make healthier choices and reduce illness 
(U.S. Department of Health and Human Services, 2014). These changes are made 

BOX 23.2 FIVE KEY HEALTH PROMOTION 

ACTION AREAS (WHO, 1986)
 

1. Building healthy public policies 
Legislations, regulations, and tax changes coordinated across policy 
departments, not just health 

2. Creating environments that support health 
Environments encompass all the places where people (and animals) 
live, work, and play 

3. Strengthening community action to improve health 
Forming multisector inter organizational arrangements (e.g. coali­
tions) to coordinate and drive change 

4. Developing personal skills 
Equipping people with the knowledge and skills to reduce health risks 

5. Reorienting health care services 
Moving beyond treating illness and disease towards imbedding health 
promotion activities into care 
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possible through multisector coordinated actions from local to broader levels 
(Potvin and Jones, 2011). Coordination is enabled via bringing sectors together 
to learn from surveillance and monitoring, research, and practice to better under­
stand the complexities of a problem and what works for whom and under what 
conditions (WHO, 1997). This coordination requires shared vision, leadership, 
and investment across the human, animal, and environmental health sectors at 
all levels to support the cause and build trust between individuals and institutions 
(Seaton et al., 2018). 

Strategic priority areas for AMR action focus on surveillance, steward­
ship, infection prevention and control, and research and innovation (Council of 
Canadian Academies, 2019; HM Government, 2019; U.S. White House Office, 
2015; Government of Canada, 2017; WHO, 2015a). Further health promotion-
based efforts need to focus on developing multi-pronged and collaborative 
approaches that enable all individuals, including physicians, veterinarians, farm­
ers, patients, and others, to make informed decisions about AMU, advocate for 
health through associated changes in policy, and mediate dialogue between stake­
holders with different perspectives (WHO, 1986). 

Regardless of the success of current and future interventions, antimicrobials 
will continue to be used. In recognition of this use, a harm reduction approach 
offers alternative actions that can be applied to reduce AMR impacts. Historically, 
harm reduction has been used to minimize the negative health, social and legal 
impacts associated with illegal drug use, and other chronic health conditions 
(Hawk et al., 2017) (see Chapter 6 for more on harm reduction), but it could 
be applied to guide AMU with the fewest negative impacts. This will require 
research to determine the most appropriate route, dose, and duration of AMU to 
minimize AMR emergence and spread; exploration of antimicrobial alternatives 
that will prevent and control infection without contributing to resistance; as well 
as new innovations to support rapid and reliable diagnostic tests to ensure that the 
most appropriate antimicrobials are prescribed. This knowledge and availabil­
ity of tools will help physicians, veterinarians, farmers, and patients make more 
informed decisions about AMU. 

Beyond human and animal patient harm reduction, systemic and economic 
support is needed to change current health care practices, mainstream food pro­
duction practices, and on-farm management. Investments in farm infrastructure 
have been made over decades while antimicrobials have been used, and these will 
be hard and potentially costly systems to replace. Education to increase aware­
ness of prescribers, users, producers, and consumers about the threats posed by 
AMR and their contribution to the problem is needed but will not be enough. 
Further exploration of antimicrobial alternatives and alternative production and 
management practices are needed to support those industries and sectors that 
may take longer than others to shift to lower AMU. Like illegal substance use, 
dependence on AMU is not uniform across the agricultural sector. Lessons from 
harm reduction can help support industries and individuals that are struggling to 
change their AMU practices while providing incentives to help shift the industry 
to a new reality. 
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HOW TO WORK TOGETHER TO ADDRESS 
THIS GROWING HEALTH CHALLENGE 

Growing international attention and priority placed on AMR now articulate the 
need for collaborative action between multiple sectors (McEwen and Collignon, 
2018; Robinson et al., 2016). Intersectoral collaboration can be difficult but is 
possible when political will and public pressure exist, when places to meet and 
discuss are available, and when there is a shared understanding of the problem 
(Wernli et al., 2017). 

With complex health issues such as AMR, there is a need to balance critical 
outcomes needed today with solutions that are more challenging to initiate but are 
more likely to have a greater influence on the long-term outcomes. By engaging 
multiple stakeholders, we can start new conversations about roles and responsibil­
ities, with a key goal of fostering trust among the players. Transparent discussions 
will provide a launching point to begin to work together on sustainable solutions 
with shared responsibility. Traditional scientific evidence about how AMU affects 
AMR is mounting and what is now needed is a process to share knowledge, rec­
ognize and include different perspectives and motivations, develop and support 
relationships, and appreciate how the different types of evidence, generated at 
smaller points within the system, relate and drive each other across the system 
as a whole. 

CONCLUSIONS 

AMR is a wicked health emergency that requires all our knowledge, experi­
ence, and resources to address sustainably and effectively. Recommendations 
in national action plans and reports for surveillance, infection prevention and 
control, stewardship, and research and innovation can all contribute to a better 
understanding of AMR, more effective interventions, better infectious disease 
prevention, changes in farm and animal management, and control of resistant 
organism spread. However, we need to go beyond these recommendations to 
incorporate health promotion and harm reduction principles that have proven 
effective for other formidable public health challenges (e.g. tobacco control and 
substance use). The AMR emergency is an exemplar of the value to One Health 
in action of the perspectives, methods, and knowledge presented in this book. 

More and better implementation science will enable us to improve our under­
standing of how values and beliefs determine success of AMR interventions 
across the system (Wernli et al., 2020; World Bank, 2019). We will need to cre­
ate spaces for ongoing dialogue at all levels of government as well as in non-
government circles to successfully respond to AMR, to build healthier and more 
resilient populations and communities. We need to build on our shared experi­
ences and advocate for release of emergency funds to bring people and organiza­
tions together for ongoing dialogue. Resources should create structured spaces for 
exchange of ideas and discussions between individuals, communities, organiza­
tions, and countries. 
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Agent-based modelling, 210
Agriculture, 53, 62, 169, 263, 300, 306
Agriculture sustainability, 308
Agroecosystems resilience, 236
All hands-on deck perspective, 170
Allopathic medical traditions, 39
AMR, see Antimicrobial resistance
AMU, see Antimicrobial use
Ancestral knowledge, 230
Animal

abuse, 40
agriculture, 40, 307
behaviour, 144
disease control, 265
early warning signs, 102
management, 311
neglect, incidences of, 40
populations, 307
production, 26, 265
use of space, 146
welfare, 37, 106, 255, 258
welfare legislation and regulations, 23

Animal-based income programmes, 265
Animal-environment-society interface, 64
Animal health, 22–24

improvements, 306
protection, 9
surveillance, 118–119

Animal-health-society interface, 8, 30, 31, 55
Animal-society interface, 14
Animal’s social environment, 23
Annual management plans, 246
Anthropocene, 3, 39, 43, 45, 59, 64, 102, 111, 

114, 123
Anthropogenic changes, 29
Antibiotic resistance, 306
Antimicrobial residues, 307
Antimicrobial resistance (AMR), 63, 114, 121

action control, 310, 311
animal, 306–308
definition, 305–306
environmental health, 306–308
growing health challenge, 311
harm reduction lessons, 309–310
health promotion, 309–310
human, 306–308

Antimicrobials versus antibiotics, 306
Antimicrobial use (AMU), 305, 309–310
Application of ecosystem approaches to  

health, 79
Applied versus theoretical knowledge, 82
Aquaculture, 18, 96, 97, 265–267, 307
Artificial intelligence, 176, 217
Assessment of WHOLE-systems approaches, 77
Assessment stage, 162
Attachments to places, 144
Attitudes, drivers of mindset, 280
Awareness of interrelationships, 72

B

Barriers, 37, 47, 48, 157, 158
harm reduction, 109

Bathurst caribou herd (BCH) population 
decline, 146–148, 147

Bats, 9, 125
Behavioural economics, 280
Behavioural Risk Factor Surveillance System, 

128
Behaviour changes, 158, 162, 173

framework, 280–281
techniques, 155

Behaviours, influence health, 61
Beliefs, drivers of mindset, 280
Big data, 113, 118
Big picture strategy, 199
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Biodiversity, 7, 28, 41, 63, 84, 85, 96, 175, 235
loss, 236, 263
protections, 144

Biological diversity, 46, 173
Biological efficacy, vaccine, 10
Biological harms, 110
Biological networks, 289
Biologic endowment, 23
Biology of health issue, 159
Biomedical approach, 28
Biomedical interventions, 10, 27, 98, 211
Biosecurity, 106, 141, 156

decisions, 105
measures, 158

Biotic community, 25, 233
Biotic environment, 3, 4
Blue revolution, 97
Bovine tuberculosis (TB), 157, 246–249

risks and outcomes, 141
Bowhead whale hunt, 259
Brown rats, 287–288
Brown’s collective learning cycle, see 

Collective learning cycle
Building healthy public policy, 20
Build trust, 161
Built environments, 43, 84
Bureaucratic conflicts, 176
Butterfly effect, 209

C

Canadian commercial seal hunt, 256
Capture-hold-release aquariums, 106, 107
Carbon pollution, 3, 7
Cardiovascular disease, 96, 97, 145
Caribou, 40

case study, 137
ecology, 146

CAS, see Complex adaptive systems
Case-based surveillance, 126, 128
Catastrophic events, 102, 239
Cattle producers, 246, 247
Causation, 29, 109, 170
Causes of the causes mechanisms, 42, 49
Certainty in decision-making, 184
Cervus canadensis, 246
Cervus elaphus roosevelti, 274
Change, 154

agent, 202
community, 161–162
individual, 154

Health Belief Model, 156–157
Integrated Behaviour Model, 157
Precaution Adoption Process Model, 

158–159

Transtheoretical Model, 155–156
organizational, 159–161
public policy, 162–163
targets, 202

Change-oriented questions, 86
Chaos, 209
Charron’s six principles, 82–83
Chickens, health promotion, 54
Chief Medical Officer (CMO) roles, 227
Child health, 309
Chronic diseases, 128, 136, 155
Chronic health conditions, 310
Chronic wasting disease (CWD), 97
Citizenship, interspecies and intergenerational 

health equity, 37, 44–47
Civil society, 168
Classical veterinary disciplines, 106
Classic health/medical geography, 145
Clean water and sanitation, 168
Climate change, 4, 8, 9, 13, 26, 39–41, 59, 61, 

72, 84, 98, 113, 148, 155, 170, 174
adaptation, 106, 234, 236, 239
mitigation, 234, 236, 239
threat, 233

Climate impacts, 175
Climate objectives, 84
Climate resilience, 233–234
Climate warming, 146, 237
Clinical care, 7, 54, 55, 63, 96
Clinical diagnostic approaches, 75, 76–77
Clinical medicine, 99
Clinical versus academic knowledge, 82
Coalitions, 299

form and reform, 189
principle, 188–191

Coastal BC First Nations cultures, 227
Coastal communities, 96, 97, 263
Coastal ecosystem health, 29
Co-benefit thinking, WHOLE-systems, 84, 85
Co-creation of harm reduction strategies, 110
Codes of Practice for hunters, 256
Cognitive abilities, 44
Cognitive factors, 285
Cognitive overload, 176
Collaborating competencies, 60
Collaborative approach, 10, 44, 121, 122, 176, 310
Collaborative behaviours models, 122
Collaborative capacities, 73
Collaborative process, harm reduction, 109
Collaborative socio-ecological management, 247
Collective identities, 161
Collective knowledge, 74
Collective learning cycle, 73–75, 76–77, 83
Collective problem, 163
Colonialism, 229
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Colonization, 38
Co-management systems, 5, 57, 267
Co-managing data, 48
Combining data, value of, 118
Commercial hunting, 255
Commitment stage, 162
Commonalities, surveillance systems, 118
Communication, 119
Communities impact, wildlife diseases, 9
Community, 306

action plan, 162
change, 161–162
of conservation, 148
conservation awareness, 106
empowerment and actions, 58
engagement and participation, 58
members, 300
plans, 17
resilience, 177
resources, 138
stakeholders, 114
well-being, 24

Community-based action, 106
Community-based aquariums, 106
Community-based conservation projects, 55
Community-based development activities, 265
Community-based epidemics, 127
Community knowledge cultures, 74
Companion animals, 143, 307
Competencies, 108

for health promotion, 59, 59–60
Competing interests, 168
Complex adaptive systems (CAS), 123, 

289–292, 308
Complex dynamic situations, 123–126
Complex health issues, 311
Complexity

health surveillance, 126–130
for One Health surveillance, 126–130
science methods, 129
theory, 209
thinking, 215–217

Complex systems approach, 129, 159, 208–210
in One Health, 210–211

diseases and epidemics, 211–213
engineering resilience, 214–215
fostering change, 215–217

Comprehensive prevention planning, 105
Comprehensive waste management  

programme, 292
Conceive health and welfare, 23
Conceptual model, integrating place and 

health, 143
Confidence, 101–102, 164
Confidentiality agreements, 190

Conflicting data, 172
Conflicting goals, 173
Conflicting values, 108
Conflict management, 176
Conflicts, selection and application of methods, 

65
Connection to identity and ancestors, 229
Connection to land

BC First Nations population health 
reporting, 226–230

in health reporting, 230
Conservation, 42, 45, 62, 137, 144, 155, 194

and environmental justice, 25
harms, 97
medicine, 11, 12
practices, 160
programmes, 65
psychology, 280
science, 55
values, 144

Consolidate gains and produce more change, 
160

Constant change, 123, 126
Contemplation, 155, 156
Context and Implementation of Complex 

Interventions framework, 215
Context commitment, WHOLE approach, 87
Contextual information, 75, 115, 116, 145, 300
Continuous decision-making processes, 124
Continuous information creation, 119
Control actions, 124
Control programs, 121
Control strategy, 125
Convention on Biological Diversity, 42
Cooperative approaches, 98
Cooperative work, 64
Coping assessment, 103
Coping mechanisms, 177
Coral reef ecosystem resilience, 214
Core messages, crisis communication, 190
COVID-19 pandemic 2020, 4, 72, 80, 117
Cowichan Lake lamprey, 272
Crises response, 184
Crisis communications, 190
Critical questions to organizational change, 161
Critical transitions, 212–214
Cross-cultural competencies, 177
Cross-cultural conservation, 8
Cross-linking relationship, 29
Cross-sectoral co-learning, 197
Cross-sectoral communication, 176
Cross-sectoral programs, 114
Cross-sector problem solving, 168
Cross-species disease emergence, 114
Cruel treatment of animals, 40
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Cues to action, 158, 159
Cultural beliefs and attitudes, 25
Cultural biases, 55
Cultural entrenchment, 154
Cultural harms, 97
Cultural identity, 230
Culturally integrated monitoring, 147
Culture-based fisheries, 198
Cumulative effects, 47
Current control activities, 125, 126
Current disease risk, 124
Current versus future generations, 100
Cycles of learning, 76–77

and action, 75
Cyclical adaptive management model, 125

D

Dairy farmers’ biosecurity, 156
Dairy herd health, 106
Darwinism, 20
Data, 114

acquisition, 136
analysis, 119
collection, 119, 288
creation and analysis, 116
formats, 136
gaps, 172
integration, 148–149
quality control, 300
sharing, 118

Data, information, knowledge, and wisdom 
(DIKW), 114, 115

Data analytic approach, 148
Data information centric approach, 117
Decision-making processes, 43, 73, 80, 109, 

113, 118, 130, 267
Deer and elk populations, 97
Definition, health challenge, 17–18
Degradation of biodiversity, 39
Degree of negotiation, 109
Delaunay triangulations, 149
Demographic factors, 267
Densification, 287
Designing solutions, co-benefits, 84
Destructive environmental behaviour, 156
Determinants of animal health, 64
Determinants of disease, 127, 129
Determinants of ecosystem health, 64
Determinants of health, 21, 28, 36, 38, 45, 63, 

95, 108, 176, 231, 233
Determinants of vulnerability, 176
Detoxification services, 293
Dietary/exercise management, 104–105
Diffusion Theory, 160

Direct and indirect health costs, 234
Direct and planned actions, 39
Disaster, 107

management, 63
risk reduction, 75

Disciplinary approach, 65
Discrimination, 37, 39
Disease

causation, 207
control, 55, 122, 124
data, 136
mitigation, 64, 117
prevention programs, 57, 156
risk estimates, 116
surveillance system, 122, 125, 127
systems, 209

Disease-ecology focus, 138
Disease-related problems, 115
Disparities, root causes of, 37
Disposable food ware, 284
Disposable plastic, 282
Dissemination of information, 118
Diversity, 214, 284
Domestic animal(s), 251

health management programmes, 170
surveillance, 250

Domesticated biodiversity, 6
Drivers of change, caribou habitat, 146
Dynamic socio-ecological determinants, 123
Dynamic systems, 115
Dysfunctional management, 154

E

Early warning scenarios, 103
Early warning signals, 102, 176, 212
Earth’s life-support systems, 46
Earth’s regenerative capacity, 96
EcoHealth, 7, 11, 12, 14, 28–29, 55, 60, 62, 65, 

72, 81, 82, 88n1, 95, 169, 208
approaches, 136
program, 121

Eco-Healthscape, 136, 137
Ecological citizenship, 45, 46
Ecological degradation, 96
Ecological determinants, 98
Ecological Determinants of Health (EcoDoH), 

38
Ecological early warning, 102
Ecological footprint, 175
Ecological harms, 299

reduction action, 110
Ecological health literacy, 98, 108
Ecological identity, 144
Ecological justice, 46
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Ecological monitoring approach, 229
Ecological public health, 81
Ecological resilience, 39
Ecological responses to disturbances, 137
Ecological services, 35, 42
Ecological sustainability, 46
Economic barrier, 99
Economic harms, 98
Economic losses, 298
Economic opportunities, 55
Economic priorities, 37
Economies impact, wildlife diseases, 9
Ecosocial approaches, 72
Ecosystem-based management, 208
Ecosystem(s), 7, 81, 129, 177

approaches to health, 28–29
conservation, 106
degradation, 45
health, 12, 25–26, 121, 306
impact, wildlife diseases, 9
management, 62, 75, 194
restoration, 137
services, 9
solutions achieved using, 289–293
sustainability, 77

Elk, 246–248, 248
Emerging diseases, 26, 102

epidemics, 211–212
Emphases of One Health, 27
Empower broad-based action, 160
Empowerment, 163

health promotion, 54, 56–57
Endangered species protection, 100, 101
Endemic diseases, 126, 127
Environment, 129

impact assessment, 170
as source of harm/hazard, 229

Environmental and social determinants, 18–19, 
28

Environmental degradation, 39, 41, 42
Environmental Determinants of Health 

(EDoH), 38
Environmental hazard, 121
Environmental health, 12
Environmental impact assessment, 47
Environmental justice, 46, 81
Environmental literacy, 106, 107–108, 164
Environmental movement, 25
Environmental sources, 308
Environmental stewardship, 41
Environmental sustainability, 283–284
Environment-health links, 237
Epidemic prediction methods, 128
Epidemics, 115, 125, 211–212

as critical transitions, 212

Epidemiological approach, 28
Epidemiological triad, 126
Epidemiology, 116, 126
Equitable access to care, 99
Equitable access to resources, 28
Equity, 73, 74, 78, 81, 88; see also Health equity
Equity-centred approach, 55
Equity questions, 47
Eradication of hazardous agents, 95, 96
Erroneous decisions, 185
Ethical actions, 60
Evaluating competencies, 60
Evaluation stage, 162
Evidence, 168, 172

building, 38, 40
Evidence-based attitude or perspective, 59
Evidence-based policy, 170, 195
Evidence-informed decision-making, 196
Evidence-informed practice, 195
Evidence-informed public policy, 172
Exposure profiles, 145
Extrapolating indices, 26
Extreme weather events, 239

F

Facilitates change, 59
Failed leadership, 184–185
Farm, 307

management, 311
practices, 265
production variables, 105
sustainability, 63

Farmers, 266–267
personal attributes, 105

Farmer-to-expert networks, 201
Farmer-to-peer networks, 201
Feedback loops, 208, 210, 212, 215
Feral cat control, 155
“First do no harm” principle, 188
First Nations, 225–226

connection to land, 226–230
Elders, 230
governance, 227
health reporting, 230
land and health, 226
leadership, 227
peoples, 257
population health reporting, 226–230

First Nations Health Authority (FNHA), 226
First Nations Population Health & Wellness 

Agenda (PHWA), 226, 227, 228
Fish/fisheries, 9

diseases, 265
fishing, 22
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fishing pressures, 170
health model, 6
legislation, 169
population, 273
production, 197
and wildlife determinant of health, 21, 23, 27

5A’s taxonomy, 127
Food

contamination, 117
guides, 174
insecurity, 4, 153, 298
production systems, 307
safety, 26, 97
safety regulations, 168
security, 9, 18, 26, 55, 63, 64, 98, 308
security programs, 8
sustainability, 8

Food-borne diseases, 307
Food-borne outbreaks, 191
Food-borne pathogens, 121
Forest fires models, 216
Foster regenerative, 72
Framing, WHOLE-systems approaches, 77
Framing issues, leadership skills, 186
Freedoms of animal welfare, 24
Frustrating pattern of behaviour, 185
Functional redundancies, 214
Future and unanticipated harms, 95
Future warning fatigue, 102

G

Gender, 40
equality, 283

Gender-Based Analysis Plus approaches, 40
Gender-related barrier, 99
Generalist orientation, 74
General theory of surveillance, 120
Generic data

representations, 149
synthesis tools, 148–149

Generic disease surveillance-control system, 
119, 120

Generic surveillance model, 124
Genetic predisposition, 104–105
Geographical unit, 136
Geographic barrier, 99
Geographic factors, 267
Geographic scale(s), health promotion, 148
Geography, 136

of health, 140
Germ theory, 20
Global antimicrobial resistance crisis, 40
Global challenges, 41–43
Global climate change mitigation services, 238

Global food security, 307
Global growth of aquaculture, 96
Global health, 11, 12, 45

crisis, 307
equity, 96
HIV programmes, 141
research and practice, 55, 140–141

Globalization, 113
Global pandemics, 39
Goal, harm reduction, 98

outcomes cause notable damage, 101–103
prevent persistent, irreversible, or severe 

harms, 99–100
reducing likelihood, 103–105
risky situations, 105–108

Goal-oriented actors, 198
Governance networks, 293
Government collaborations, 123
Government policies, 163, 265
Grassroots conservation, 238
Grassroots participatory efforts, 299
Great Acceleration, 3
Greening Healthy Settings, 82
Green monkeys, 297, 302
Green spaces, 175, 238
“Ground-floor” level, disease systems, 209
Guiding coalition, 160
Guiding questions

to encourage behaviour change, 158
to win-win-win solutions, 176

H

H1N1 influenza pandemic 2009, 182, 184, 185, 
190–191

Habitat, 27, 138, 297
alteration, 8
categories, 144
degradation, 4, 41
design, 106
destruction, 97
loss, 3, 41, 155
protection, 275
quality or characteristics, 138
requirements, 144

Harm reduction, 13, 31, 153, 161, 292, 310
collaborative process, 109
as goal, 98

outcomes cause notable damage, 101–103
prevent persistent, irreversible, or severe 

harms, 99–100
reducing likelihood, 103–105
risky situations, 105–108

health promotion, 298–299
lamprey conservation, 272–276
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in One Health, 95–98
principles, 275, 276
as process, 108–111
programs, 99
St. Kitts “monkey problem,” 299–301

Harms, 54, 95
Hazard detection and monitoring, 103
Healing, 80, 143
Health

across cultures and time, 18–22
action, 10
agendas, 208
animal, 22–24
behaviour theories, 153
belief model, 156–157, 158, 280
benefits of Nature, 235
care services, 7
challenge, 307, 311
costs, 305
decision-making, 114, 119
decisions, 107–108
definition challenge, 17–18
determinants, 38
and diseases, 6
ecosystem, 25–26
equity, 13
events, 118
geography, 137, 138
hazard occurrence, 119
intelligence resources, 211
interventions, 159
literacy, 46, 47, 107–108, 163–164
management, 4, 95, 124
management decisions, 114
model, 6
outcomes, 145
policy, 140
priorities, 140
promotion, 11, 12, 13, 14
and regenerative approaches, 84
risks, 3, 128
sciences, 208, 210
services, 58, 138
sustainability, 77
system partnership and integration, 227
systems thinking and, 7–8
threats, 234
well-being, 24–25
wellness, 24–25

Health-benefits, 143, 144
Health equity, 35–37, 55

in combating global challenges, 41–43
core concepts, 37–39
for future populations, 79
interspecies and intergenerational, 43–44

justice and citizenship, 43–47
and One Health, 39–41
reciprocal care in, 47–49

Health for All, 53–55, 78
Health for Us, 53
Health in All Policies, 168–170
Health in socio-ecological systems (HSES), 10
Health of Them, 53
Health-producing system, 10
Health promoting public policy, 163
Health promotion, 19, 20, 29, 41, 45, 82, 96, 

135, 153, 309
action areas, 309
AMR, 309–310
AMU, 309–310
animals, health, and society, 63–65
cross-sectoral policy approach, 169
empowerment, 56–57
guiding principles and values, 54–56
in One Health, 65–66
programs, 43
scope, 96
skills, 18
socio-ecological approach, 60–62
strategies and competences, 57–60, 235

Healthscape interpretation, 139–140
Health-seeking behaviour, 63
Health surveillance, 115

adaptable perspective, 118–123
in complex dynamic situations, 123–126
complexity, 126–130
data, 136
as information system, 114–117
OHS, 118

Healthy and sustainable settings approach, 79
Healthy public policy, 26, 58, 167–168

formulation and implementation, 170–173
and Health in All Policies, 168–170
reciprocal care, 177
unintended policy consequences, 176–177
win-win-win solutions, 173–176

Healthy settings approach, 135–136, 138, 159
Healthy workforce definition, 20
Helping people, 57, 154, 156, 163, 164
Herd health, 23
Herd immunity, 127
Heterogeneous settings and circumstances, 172
High-consequence diseases, 297
High-risk behaviour, 299
Hippocrates, 3, 19
Historic leadership, 183
“History of presenting complaint,” 77
“Holistic” knowledge cultures, 74
Homeostasis, 22
Hospital-acquired infections, 191
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Hospital waiting times, 216
Hosts, 136
Human-animal and environmental health

ecosystem approaches, 28–29
One Health, 26–28

Human-animal health continuums, 38
Human-animal interactions, 27, 40, 257, 299
Human behaviours, 55, 154, 155

disciplines, 280
Human determinants of health, 21, 47
Human habitations, 287
Human health, 251
Human intelligence, 176
Humanistic approach, 299
Humanistic values, 25
Human language(s), 79
Human-mediated processes, 138
Human-monkey conflicts, 298
Human movement and behaviour, 138
Human-nature community, 46
Human population, growth of, 3, 9, 41, 96
Human well-being, 173
Hunters’ skill, 256
Hunting, 9, 97, 256
Hybrid view, health, 17

I

Idea or innovation adopting steps, 200
Illegal substance use, 310
Immunization, 128
Impact assessment tools and approaches, 47
Implementation gap, 193, 200
Implementation stage, 162
Implementing changes, 216
Income, 263

inequality, 145
security, 64

Indicators, 26
of stress, 145

Indigenous approaches to health, 39
Indigenous communities, 148
Indigenous cultures, 260
Indigenous Determinants of Health (IDoH), 

38, 230
Indigenous governments, 57
Indigenous hunters, 260
Indigenous knowledges, 71, 86, 226, 228
Indigenous languages, 83
Indigenous-led stewardship, 147, 148
Indigenous nations, 44
Indigenous people in BC, 227
Indigenous peoples, 19, 40, 256–258
Indigenous rights to access safe and sustainable 

wildlife, 97

Indigenous ways of living, 230
Individual and community resilience, 43
Individual change, 154

Health Belief Model, 156–157
Integrated Behaviour Model, 157
Precaution Adoption Process Model, 

158–159
Transtheoretical Model, 155–156

Individual decisions, 155
Individual health behaviours, 161
“Individual” knowledge cultures, 74
Industrial land uses, 146
Industrial Revolution, 20
Inequalities, health, 36
Inequity versus inequality, 36
Infections, 7

prevention, 310, 311
risk, 138

Infectious disease, 18, 74, 136, 170
occurrence, 126

Inflict harms to agricultural trade, 97
Information, 113, 114

creation, 116, 119
output, 115
sharing, 110
system, 114–117
variety, 125

Inquiry phase, 203
Institutionalized processes, 168
Instrumental health management tools, 106
Integrated assessment, 175
Integrated Behaviour Model, 157
Integrated disease

prevention, 26
surveillance-control program, 120

Integrated leadership, 168
Integrating knowledge(s), 72
Integration, 72

imperative, 84
Integrative approach, 71, 72, 82, 83
Integrative harm reduction, 110
Intentional learning cycles, 80
Interactive support, 154
Interconnected health issues, 78
Interconnectedness, 128
Interdisciplinary health promoter, 18
Interdisciplinary knowledge production, 48
Interdisciplinary knowledge-to-action, 194
Intergenerational ecosocial justice, 43
Intergenerational health equity, 35–37, 43–44

assessments, 48
Intergenerational health promotion, 36
Intergovernmental Platform on Biodiversity 

and Ecosystem Services (IPBES), 4, 
141, 142, 235
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Intermediate mesoscales of landscapes, 84
Internal cues, 157
Internal factors, 142
Internal forces, 160
Internal stochastic effects, 208
International trade, 307
Interorganizational partnerships, 58
Interpretation process, 119
Interprobleminary system, 10
Intersectoral action, 58
Intersectoral collaboration, 311
Intersectoral partnerships, 170
Interspecies ecosocial justice, 43
Interspecies equity assessments, 48
Interspecies harm reduction action, 110
Interspecies health equity, 35–37, 43–44
Interspecies health program, 17
Interspecies health promotion, 18, 31, 36
Intervention, 125
Inuit peoples, 257–259
Invasive Eurasian watermilfoil, 100, 101
Invasive species issue, 298
IPBES, see Intergovernmental Platform 

on Biodiversity and Ecosystem 
Services

Irreversible harms, 99–100
Iteration or cycle of learning, 75

J

Japanese encephalitis, 97–98, 249
Justice, 37, 44–47, 54

K

Key messages, socio-ecological approach, 60
Knowing-to-doing gap, 193, 194
Knowledge, 56, 64, 65, 74, 87, 105, 108, 113, 

114, 170
and action, 73
into action, 194
broker, 195
creation, 203
cultures, 74
dissemination, 195
exchange, 195
gaps, 102
generation, 73, 74
management, 194
mobilization, 195, 196
sharing networks, 194
synthesis, 195
translation, 195
user, 195

Knowledge Keepers, 230

Knowledge-sharing strategies, 202
Knowledge-to-action framework, 195, 202–203
Knowledge to guide interventions, 118
Kotter’s eight steps to change, 160

L

Laboratory-confirmed cases, 115
Lalonde report, 4
Lamprey conservation, 276
Land

health, 25
ownership, 138

Land-based activities, 275
Land-health connections, 19
Landscape, 138

approaches to health, 136
configuration, 148
epidemiology, 138
epidemiology propositions, 139–140

Land use, 18, 19, 28
change, 138
policies, 168, 169

Leadership, 122, 163, 181–182, 289, 294
case for, 182
lessons from failed leadership, 184–185
Lincoln lessons, 183
Meta-Leadership, 184
necessary qualities for effective, 183
One Health leadership skills, 185–191
positions, 283
skills, 60, 162

Leading competencies, 60
Learning cycle, 75
Learning-oriented approach, 75
Learning patterns, 76–77
Learning process, 202
Leopold, Aldo, 3, 25, 233, 240
Lewin’s Theory of Change, 159
Lifestyles, 105
Likelihood of harm, 103–105
Likelihood of pandemic, 105
Lincoln’s style of leadership, 183
Linear paradigm, 207, 208
Linking social equity and conservation, 42
Literacy aspect, 164
Livestock, 63, 64, 263, 264, 307

development, 99
disease control, 63
disease management, 245
farmer, 79
housing and husbandry, 168
mortality, 264
production, 234, 307

Living standards improvements, 6
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Living systems, 72–74, 78, 88
Local farming practices, 169
Local food safety policies, 169
Localized activity space, 145
Local planning, 231
Logical framework connected programme, 199
Logic model for change, 199
Logistic difficulties, 250
Longevity, 6
Long-term thinking, 248
Loose thinking, 184

M

Maintenance, stages of change, 155, 156
Manitoba Bovine Tuberculosis Task Force,  

246
Manitoba Wildlife Federation, 246
Marine environments, 279
Marine pollution, 280
Marine reserves, 250
Maslow’s hierarchical human needs 

framework, 280
Mass extinction, 39
Matching behaviour change interventions,  

281
Maternal health, 309
Measured risks, 104
Medical Officers of Health (MOH), 250, 251
“Meeting people where they are” principle, 155
Mental capacity and complexity, 25
Mental health, 40, 64, 128, 309

impacts, 291
risks, 28

Mesoscale socio-ecological systems, 85
Meta-Leadership, 184
Millennium Ecosystem Assessment, 6–7, 62
Mindsets of people, 280, 281
Mitigation, 99, 234

programmes, 293
Mixed strategies, 103
Mobile phone-based surveillance system, 251
Mobilization, knowledge, 194
Mobilizing information, 108
Mobilizing society and individuals, 104
Modularity, 214
Monarch butterfly, 238
Monitoring landscapes, 137
Monitoring programmes, 293
Monitoring risk factors, 128
Monitors disease cases, 129
Monkey

assaults, 298
meat, 301
population, 300

Monkey-human conflicts, 110, 198
“Monkey problem,” 298
Morrison Creek lamprey, 272, 274–276
Multi-Criteria Decision Analysis (MCDA), 197
Multicultural party, 284–285
Multidisciplinary approach, 121
Multidisciplinary communication, 26
Multi-drug-resistant pathogens, 63
Multifactorial systems, 104
Multilevel “harm reduction” approaches, 84
Multilevel intervention, 10
Multi-level modelling, 145
Multi-pronged approach, 275, 276, 310
Multisectoral, socio-ecological, systems based, 

collaborative (MSSC) approaches, 
11, 12, 13

Multi-sectoral actions, 63
Multi-way communication, 163
Municipal governments, 288
Municipal rat control interventions, 288–289
Mutually beneficial interactions, 109

N

National legislation, 22
National parks, 250
National policies, 265
National security structures, 184
Natural and built environment, 19
Natural disasters, 264
Natural environment affecting human health, 

235
Natural resource management, 76–77, 147
Natural resource use policies, 168
Nature, 18–19

builds climate resilience, 233–234
definition, 234
reserves, 250
society linkages, 141

Nature-based action, 234–238
Negative feedback loops, 214
Negative risk factors, 126
Neighbourhood-level green space, 145
Nested hierarchy, socio-ecological approach,  

61
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