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Preface

This book was written and assembled when the COVID-19 pandemic
prevented the authors from venturing out to work with animals and
communities to protect fish and wildlife health and when extremes of weather
and fires brought the climate change crisis into greater focus than ever before.
It was written amongst a growing sense that acting on new problems as they
emerged was a strategy that could no longer keep up with a rapidly changing
world and a growing extinction crisis. It was written to help empower people
to act.

The purpose of this book is not to describe the growing list of diseases and
harms that lead to the demise of wild population. There is a rich literature on
the etiologies and manifestations of wildlife diseases. There is, however, a
large gap in what we know causes wildlife health and what we can do to
protect it. This book aims to provide tools, perspectives, and approaches that
can help people act to protect wildlife health and narrow the gap between
knowing and doing.

This book strives to expose, explain, and show the value of moving beyond
managing wildlife health as a biomedical and technical battle against diseases,
pollutants, and pathogens to a socio-ecological, systems-based approach
intended to promote and protect the assets wild animal need to stay well in
times of unprecedented changes to their world.

Vancouver, BC, Canada Craig Stephen
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About This Book

The book begins by outlining what wildlife population health means, espe-
cially in a twenty-first century context. Part 1 focuses both on how health can
be defined as well as how population health can be practiced. Part 2 gathers
some core concepts needed to think about how to understand and manage
wildlife population health such as the challenges of applying epidemiological
methods in free-ranging animals or in establishing cause–effect relationships
and the benefits of paying attention to the human dimensions of wildlife
health. Part 3 focuses on problems that fish and wildlife health managers
will undoubtedly have to confront more frequently in the Anthropocene such
as the effects of urbanization, climate change, and emerging diseases. The
fourth part of the book adapts health promotion and harm reduction concepts
developed in human population health management for application in fish and
wildlife health management. Part 4 emphasizes what we can do to implement
an effective program of action for wildlife health protection.

A definition of wildlife was not imposed on the authors. Each author
approached wildlife health reflecting their own background and experience.
In general, the ideas and approaches discussed in this book apply to birds,
reptiles, fish, and mammals that range free and live in their natural
environments. The extent of human influence on wildlife animals varies
significantly from species to species and place to place, but the core concepts
and ideas in this book are applicable across context, circumstances, and
definitions of wildlife.
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What Is Wildlife Health?

Craig Stephen

Abstract

Health, although universally valued, does not
have a universally shared definition. How we
define a management goal, in this case health,
sets the boundaries of our actions to meet that
goal. Without a shared understanding of how
to recognize health, it can be extremely hard to
inspire cooperative action toward a shared
health goal. This chapter explores three
prevailing ways wildlife health has and can
be defined: (1) as the absence of disease;
(2) as capacity derived from interacting indi-
vidual, environmental, and social factors that
allows the individual or population to cope
with all demands of daily life; or (3) as a social
construct where individuals or population
meet our social and scientific expectations for
how they exist and persist in an environment.
Concepts of population health can overlap
with ideas of robustness and resilience. The
clarity we provide for our population health
goals will influence how society thinks about
and acts on keeping wildlife healthy in a rap-
idly changing world.

Keywords

Wildlife · Health · Population · Determinants ·
Resilience

1 Introduction

There is little doubt that human activities are
harming wild animals (Pimm et al. 2014). It is
easy to make a list of the threats and hazards
confronting wildlife. Emerging infections,
pollutants, climate change, habitat loss, and over-
exploitation are commonly on that list. It is more
difficult to list the attributes of a healthy popula-
tion. Desires for healthy individuals, healthy
populations, and healthy species feature promi-
nently in many government policies, resource
management guidelines, and social goals for
wildlife. But it is rare for such aspirations to
prescribe how to recognize health. The Commis-
sion of Inquiry into the Decline of Fraser River
Sockeye Salmon in Canada, for example, (Cohen
2012) aimed to explain why this iconic species
returned to its natal river in alarmingly low num-
bers. The Commission’s final report used the
word health 400 times. Never did it describe
how to recognize a healthy salmon or a healthy
population or provide a definition of health. Sim-
ilarly, an evaluation of policies and legislation
governing wildlife health in one Canadian prov-
ince in 2018 found, of the 40 documents mention-
ing wildlife health, 63% failed to define health

C. Stephen (*)
School of Population and Public Health, University of
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and there was no common definition across the
remaining documents (Sinclair 2020). It makes it
exceedingly difficult to manage toward the goal
of “healthy wildlife” when there is no clarity or
consistency on how to recognize when the goal
has been met.

Health is a word with multiple meanings,
which can be assessed differently by different
people in the same circumstance. Take for exam-
ple, the case of a captive elephant in a zoo. This
animal may show no clinical or subclinical patho-
physiological abnormality, be normal in form and
function, be able to reproduce, and can fully
exploit the resources offered to her. Yet she is
unable to fulfill her evolutionarily destiny or
exhibit all behaviors typical of her wild peers.
Whereas one person may conclude she is biologi-
cally healthy, another may see impediments to her
ability to express normal behaviors as an affront
to her welfare and therefore, unhealthy. Many
pieces of biomedical, sociological, ecological,
and individual knowledge can be assembled to
define health, but there is no guarantee that people
will assemble the components in the same way.

Wildlife is a valued public asset that is typi-
cally managed for the benefit of society, now and
into the future. Without a clear vision of how to
recognize when a healthy state has been achieved,
how can wildlife managers be sure they are on
target to sustain healthy wildlife as a legacy for
this and subsequent generations? The Inquiry into
the Decline of Fraser River Sockeye Salmon
noted that the lack of a health standard prevented
scientists and regulators from assessing risks to
wild salmon and taking informed preventive
actions (Cohen 2012). Similar impediments
occur for those wishing to assemble the existing
knowledge of a species or population’s health
based on available literature. A scoping literature
review covering 10 years of wildlife health
publications found that 37% of the papers had
ambiguous or missing definitions of health,
while 56% defined health only as the absence of
a set of diseases (Sinclair 2020). When different
researcher or manager uses different criteria to
establish if a population or species is healthy,
can those various sources of information be
accumulated into a shared, common

understanding? It seems unsatisfactory to have
competing or ambiguous definitions of wildlife
health lead us to the point where successful health
management is in the eye of the beholder.

There are generally three types of wildlife
health definitions. The first is that health is the
absence of diseases or etiologic agents. The sec-
ond is that health is a capacity derived from the
cumulative effect of interacting individual, envi-
ronmental, and social factors that allows the indi-
vidual or population to cope with all demands of
daily life. The third definition sees health as the
social construct where individuals or populations
meet our social and scientific expectations for
how they exist and persist in an environment.
This chapter introduces and examines the
implications of the different ways we do or do
not define health.

2 Health as the Absence
of Disease

For nearly 100 years, wildlife health has most
often been defined in literature and legislation as
the absence of diseases or the absence of specific
etiological agents like pathogens, parasites, and
sometimes pollutants. This reflects both the
origins of fish and wildlife health (which started
with a focus on parasite ecology) as well as regu-
latory preoccupations (which have been dedicated
to prevent the movement of infectious diseases
across borders). Interest in the presence and
effects of environmental toxins and contaminants
grew as environmental pollution came under reg-
ulatory and public scrutiny in the last 50 years.
Socially impactful infectious diseases like avian
cholera, anthrax, and chronic wasting disease in
charismatic and hunted species focused wildlife
regulators on infectious disease management. The
era of emerging and re-emerging infections
spawned the One Health approach in the early
2000s which heightened interest in zoonotic
infections in wildlife. All these trends reenforced
the attention of wildlife health on diseases and
etiological agents.

The disease-centric preoccupation in wildlife
health research and management is pragmatically
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reasonable because of disease-related outcomes,
like die-offs, food safety threats, and trade
barriers, demand responses from wildlife
managers. However, the definition of health as
the absence of disease lags 80 years behind mod-
ern concepts of human health, 40 years behind
herd health in domestic animals, and is inconsis-
tent with emerging concepts of wildlife health in
terms of resilience and sustainability. A definition
of wildlife health as the absence of disease can be
criticized on several fronts (Box 1 adapted from
Stephen 2014).

Box 1 Six Criticisms of Defining Wildlife
Health as the Absence of Disease

Some level of disease or infection is normal, and
parasites and pathogens are ubiquitous in wildlife
populations, therefore, freedom from disease or
infection is not a plausible standard.
Logistical challenges and lack of validated tests
often prevent the fulfillment of epidemiological
criteria for establishing freedom from specific
diseases in free-ranging populations.
The absence of disease as a standard does not
define the threshold of dysfunction, disruption, or
infection when an animal changes from being
healthy to diseased along the clinical course from
exposure to death or recovery.
An absence of disease standard does not
recognize that a population can be deemed
healthy (often based on measures of abundance,
productivity, public safety, and profitability) but
still have individual members that harbor disease-
causing agents or are diseased.
A focus on pathogens and pathology results in a
situation wherein wildlife health is defined by
what is dysfunctional and unacceptable rather
than on the positive attributes of the animals.
An absence of disease standard is inconsistent
with modern ideas of health as a coping capacity
arising from socioecological interactions and
neglects the harms that most significantly threaten
fish and wildlife populations.

Basing the definition of health on the presence
or absence of a subset of selected disease or
etiologic agents (as is often the case in animal
health regulations) does not reflect health as it is
experienced by living organisms. Any living

being is simultaneously challenged by multiple
stressors, vulnerabilities, and threats and is
benefiting from multiple assets. For example, a
deer in the winter in northern Canada could
simultaneously be under thermal stress due to
extremely cold weather, have reduced access to
food due to snow cover, be infested with
parasites, live in a region contaminated with the
prions that cause chronic wasting disease and
carry a tissue burden of cadmium. But this animal
might have good fat stores, live in a valley where
it can avoid extreme weather, have a genetic
endowment that supports a robust immune func-
tion, be in a region where hunting pressures do
not exist, and is already pregnant and able to
produce a fawn in the Spring. Its health is the
combination of all these variables. Health, as
experienced by a living organism, is a cumulative
effect.

There is a growing consensus that the unprec-
edented social and environmental changes that
are accompanying exponential human population
growth in the Anthropocene are creating
pressures that seriously impact wildlife health
(Acevedo-Whitehouse and Duffus 2009). The
United Nations’ Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem
Services concluded in 2018 that we were losing
species 1000 times faster than the natural rate of
extinction. The 2016 Living Planet Index
attributed these losses to human-induced factors
including habitat degradation, invasive species,
climate change, pollution, unsustainable freshwa-
ter use, and species overexploitation.
Accelerating environmental and human behav-
ioral changes have been creating new ecological
niches that drive microbial evolution and epide-
miological shifts that have fostered the emergence
of new infectious diseases. These multiple, con-
current challenges reveal that achieving wildlife
health by looking at one disease at a time by
separate science, policies, and actions will be
impossible. Threats to fish and wildlife
populations, such as habitat changes due to natu-
ral resource use, globalization of trade, disease,
and land-use pressures, do not merely exist in
parallel but are intertwined and cumulative. The
synergisms between environmental and social
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changes can pose some of the biggest threats to
biodiversity (Laurance and Useche 2009) and are
causing multiple and overlapping syndemics that
cannot be captured by focusing only on pathol-
ogy, pathogens, or contaminants in isolation. A
syndemic is the occurrence of two or more states
that adversely interact with each other, negatively
affecting the course of each state, enhancing vul-
nerability, and amplifying deleterious impacts
(Sharma 2017). The syndemic framework
highlights the complexity of diseases and
conditions as they are experienced in nature and
the array of factors that give rise to them. It forces
us to abandon seeing health only as the absence of
a prescribed set of diseases and seek a new model
that better reflects how life is lived. It compels us
to think of health from a broader socioecological
perspective. It highlights that an interdisciplinary
approach to a single problem is insufficient to
protect health in a sustainable way.

In a world of concurrent problems, unique
solutions for each problem are neither feasible
nor effective (Fried et al. 2012). Wildlife health
research and management need 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. While it is necessary
and important to have standards to prevent
diseases and the spread and impacts of pathogens,
parasites, and pollutants, this approach is insuffi-
cient to address the goal of promoting and
protecting wildlife health.

3 Health as Capacity to Cope

To be healthy, an individual or population needs
to have a minimal set of resources, functions, and
capabilities that operate within an environment
that enables them to cope with challenges to
meet expected endpoints (Nordenfelt 2011).
This conception of health underpins public health
and human health promotion as well as domestic
animal herd health. The population health
approach, pioneered in human health, views
health as the product of interacting social factors,

the physical environment, and individual
attributes and behaviors. These factors are
referred to as determinants of health. These
determinants interact in ways that allow a healthy
individual or population to satisfy needs, change
or cope with the environment and meet social and
scientific expectations (Stephen 2014). In this
perspective, health is the capacity provided by
the interacting individual, environmental, ecolog-
ical, and social attributes and circumstances rather
than the lack of a diseased state or a state of
deficit. The determinants of health provide wild-
life the resources they can draw from to tolerate,
persist through, and recover from disturbances,
stressors, and change. In this sense, health is
akin to ecological concepts of resilience
(as described by Falk et al. 2019).

Descriptions of wildlife health in terms of resil-
ience became more prominent in the early 2000s
(ex. Deem et al. 2001; Hanisch et al. 2012; Stephen
2014). Wittrock et al. (2019a) nominated
determinants offish andwildlife health to explicitly
link health and resilience (Fig. 1). They identified
six themes of determinants: (1) the biologic endow-
ment of the individual and population; (2) the
animal’s social environment; (3) the quality and
abundance of resources providing the animal’s
needs for daily living; (4) the abiotic environment
in which the animal lives; (5) sources of direct
mortality; and (6) changing human expectations.
Each theme is comprised of a subset of factors,
circumstances, or conditions. The specific variables
that are used to describe each factor can vary by the
unique needs of each species. For example, terres-
trial attributes will bemore immediately and signif-
icantly impactful to a zebra than a tuna. Migration
fidelity may not be relevant to nonmigratory spe-
cies but may be replaced by the capacity to move
with their natural range. Selection of the right set of
factors and variables requires knowledge of a spe-
cies ecology tailored to the circumstances of the
population being managed. How each variable is
measured is a subject for scientific inquiries that
determine the validity and reliability of indicators
for each variable. How each indicator is weighed
and the acceptable thresholds for healthy
populations will be a combination of scientific
inquiry and social expectations.
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The determinants of the health model is not
intended to be used as a measurement tool with
which a set of variables can be summed up to
declare if a population is healthy or not. Rather it
provides a framework for planning, policy devel-
opment, and research (Pourbohloul and Kieny
2011). It helps identify factors that affect a
population’s vulnerability before harms occur,
without needing to rely on the occurrence of
death or disease to signal the need for action.
This approach can not only help conceive of the
breath of factors that increase susceptibility to
disease but also direct attention to the major
drivers of population declines and extinctions
(Wittrock et al. 2019a). The determinants of
health approach help us to think of health and
welfare as 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 view 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). Understanding the ecologic,
biological, and social context of wildlife health
can be as, or sometimes more, important than
having technically sound disease information
when developing health management plans
(as illustrated in Nishi et al.’s (2006) review of
bison tuberculosis management).

Because the determinants of health approach
requires attention to a wider suite of mechanisms
to promote and protect health, it is usually beyond
the scope of one organization or discipline to
fulfill all requirements for a comprehensive
scope of activity, especially when both public
and private interests intersect. The historic focus
on pathogens and pathology in wildlife health has
impeded linking people in wildlife health
programs with those who deal with wildlife
determinants of health found in ecology,

Fig. 1 A determinants of
health model for fish and
wildlife adapted from
Wittrock et al. (2019a)
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management, and sustainability. The work of
Wittrock et al. (2019a, b) and others is helping
bridge these worlds, allowing for more strategic,
cooperative, and coordinated investment of time
and resources on combating the drivers of disease
and protecting the capacities for wildlife to cope
with the greatest challenges to their health.

4 Health as a Social Construct

When using the definition of health as the capac-
ity to access the needs for daily living, cope with
and adapt to changes and stress, and meet
expectations, one must accept that health is a
social construct because we assign the
expectations to the animals. We decide what we
expect from a healthy wild animal, including
which variables reflect health, which thresholds
define acceptability, and how we weigh and value
the different determinants of health.

A social construct is an idea that has been
created and accepted by the people in a society.
The idea that society determines if something is
healthy seems at odds with the approach to health
and disease that I was taught when trained as a
veterinarian and infectious disease epidemiologist
in the 1980—early1990s. I was taught that a
disease is a measurable, physiological problem
that is an identifiable biological state. Society
does not determine if an elk has pneumonia, or a
bat has white-nose syndrome. Rather, I was
taught that the combination of an etiological
agent and the body’s response to that agent deter-
mined the disease state. My training made it was
hard for me to understand that health is a socially
defined capacity rather than a measurable
biological state. But, when we will reflect on the
example of the elephant in the zoo described
earlier, it must be conceded that health is not an
objective biological state. People having access to
the exact same data can come up with different
conclusions with respect to health. Let us revisit
the case of the disappearing sockeye salmon. In a
regulatory sense, there are two ways that salmon
are considered healthy. For agencies concerned
with controlling the spread of diseases, the
absence of a disease model predominates. For

agencies responsible for fisheries management,
health is defined as the occurrence of enough
animals for us to kill and harvest as part of a
fishery (Wittrock et al. 2019b). There are also
cultural perspectives that consider a population
of sockeye salmon healthy if they can fulfill tra-
ditional consumptive and spiritual roles. In addi-
tion, there are ecological perspectives of salmon
as keystone species that support both terrestrial
and marine ecosystems. How people interpreted
and valued different population outcomes and
threats depends on if they viewed these wild
animals as a commodity, as a cultural legacy, as
an ecological linchpin, or as entities deserving
care and respect for their own sake. Health is
context-specific and influenced by the species,
population, stakeholder group, and expected per-
formance goals. Failure to incorporate ethical and
cultural dimensions of wildlife health issues can
lead to ineffective and unacceptable wildlife
health management decisions (Stephen 2017).

We often turn to the biological and medical
sciences to help find an objective answer to the
question, “are these animals healthy?” But sci-
ence too is affected by social norms and the
norms of the discipline. For example, it has been
proposed that universal validity of the resilience
approach presupposes a notion of ecosystems that
is based on a particular, but not universally
accepted, cultural idea of individuality and soci-
ety (Kirchhoff et al. 2010). Indigenous
worldviews of resource management in many
countries emphasize interrelationships between
people, other species, land, and spiritual domains.
Western scientific approaches have commonly
overlooked or segregated elements of indigenous
knowledge, resulting in different understandings
of nature. Scientific knowledge diverges and
evolves as data are collected that either refute or
support accepted paradigms. Heightened under-
standing can build impediments to future progress
as increased specialization and the parallel evolu-
tion of seemingly independent subdisciplines cre-
ate silos of knowledge and fixed ways of
interpreting data (Graham and Dayton 2002). Sci-
entific paradigms are part community-defining
exemplars of practice and part private,
individualized ways of thinking (Wendel 2008).
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The dividing line between health and diseases
and the combinations of capacities, attributes, and
attitudes that define a healthy state has varied over
time and between cultures, disciplines, and
subdisciplines (Walsh et al. 2013). Early Greeks
concepts of health promoted by Hippocrates as
well as some Indigenous and Asian traditions see
health not as the physical well-being of an indi-
vidual, but as the well-being of the whole com-
munity in partnership with their environments
from a whole-life perspective. The path to
separating an individual’s health from the envi-
ronment began in western cultures in earnest
when taboos against dissection opened new
opportunities to understand anatomy, physiology,
and pathology. These advances shifted the focus
of health care from keeping individuals healthy to
reducing suffering and aiding in recovery from
specific diseases. Darwinism tied the meaning of
life to physical survival. This helped expand the
idea of health as something that allowed animals
to tolerate and resist not just biological hazards,
but also environmental influences. With the
advent of epidemiology and demography, data
on trends and patterns of disease helped to iden-
tify circumstances and situations of living that
predisposed to the disease. As we began to ask
why an individual, group, or community stays
well despite stressful situations and hardships,
ideas about the determinants of health emerged.
With the advent of health promotion and popula-
tion health, we came back to Indigenous ways of
knowing and the lessons of Hippocrates that saw
health as a product of our interactions with the
world around us. This paragraph is a snapshot of
the history of western concepts of health over
millennia, but each of the perspectives briefly
described above can still be found today. Differ-
ent cultures and disciplines emphasize different
aspects of this history in their descriptions,
investigations, and management of health. None
of these perspectives are right or wrong, but it is
important to recognize which perspective some-
one holds to understand what they mean when
they say, “this is healthy”.

Our attitudes toward wildlife health also vary
across species. Social factors influence our con-
cern for, attention to, and care for animals

including (1) the extent to which we are responsi-
ble for harm to them; (2) the extent to which the
animals are under our stewardship; (3) the sever-
ity of the problems that cause harms and (4) cul-
tural and economic factors, including the
popularity of the species (Kirkwood and
Sainsbury 1996). It would be rare, for example,
to find a person who found it acceptable to hunt
deer by snagging the animal on a hook, dragging
it behind a vehicle, and suffocating it before
butchering the animal. But that is akin to what
we do when we go fishing. Different cultural
traditions 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. These fundamental
differences influence attitudes toward wildlife
use, abuse, and health.

The idea of well-being can help link health and
society. Well-being is the unimpaired flourishing,
free of obstacles, to live in a way that conforms
with expectations, opportunities, and abilities. It
is a state of being with others and the natural
environment that arises where needs are met,
where individuals and groups can act to pursue
goals, and where they are satisfied with their way
of life (McCrea et al. 2014). The determinants of
health work together to produce a state of living
that leads to health. Health, in turn, provides the
raw materials for well-being. 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 situation, or the, in the case of wildlife, how
people think and feel about the situation of the
animals or environments they care for. Well-
being implies successful biological function, pos-
itive experiences, and freedom from adverse
conditions.

5 The Population Health
Approach

The term population health can be used in two
ways. The first is to describe the health of a
particular population of animals living in an
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area. The second is to describe an approach to
health management. The population health
approach is concerned with measuring and exam-
ining systematic differences in outcomes across
populations, interactions and pathways among
determinants of health, and the influence of dif-
ferent determinants and interventions over time
and throughout the life cycle of the population
(Kindig and Stoddart 2003). It deals not only with
adverse outcomes like disease but also with the
positive determinants of health. An underlying
population health assumption is that to improve
health, a population needs access to and be able to
use its determinants of health. Efforts are directed
at root causes of good health, along a continuum
of care from helping populations recover from
harms to preventing harms from occurring to
ensuring populations can cope with hazards
before harms occur.

Population health is firmly linked to a
socioecological model which sees health as a
series of interconnected, co-dependent, and
interacting factors; in other words, as a system
(Diez Roux 2011). This creates challenges for
those wishing to study health. The fact that
ecosystems are ever-changing, and human
systems undergo ongoing transformations makes
socioecologic systems inherently unknowable,
unpredictable, and not well suited to research
seeking a mechanistic truth in a reductionist fash-
ion. Instead, the population health approach
recognizes that addressing the complex interplay
between the determinants of health requires cross-
sectoral collaborations that use multiple strategies
within multiple settings. It sees health as a cumu-
lative effect requiring a combination of health-
protecting and promoting actions. Population
health management, therefore, is a collaborative
enterprise that continually creates and improves
physical and social environments, which provide
the raw material for wildlife to be healthy and for
a healthy relationship between wildlife and
society.

The population health guiding philosophy is
that action on root causes has greater potential for
health gains even if the root causes are difficult to
change. The approach allows decision-makers to
consider and respond to risk using a broader

perspective in a consistent and comprehensive
manner. This can help prioritize risk management
and effectively deploy resources toward the most
important drivers of risks and harms as well as
facilitate increased consultation with experts, the
public, and other stakeholders, and rights holders.
The population health approach helps risk
managers to: (1) identify subpopulations for
which a health risk is a bigger concern; (2) incor-
porate a wider suite of social, biological, and
ecological information into risk assessments
where needed and appropriate; (3) consider a
wider variety of risk management options, (4) be
more alert to unanticipated impacts of risk man-
agement options; (5) make better use of multifac-
eted risk management strategies; (6) involve a
variety of partners in helping to manage risk;
and (7) consider the effectiveness of risk manage-
ment from a wider perspective (GoC 2020).

6 What Is Wildlife Population
Health

The question, “what is wildlife health” is not
merely of philosophical interest. Without under-
standing how to frame a health problem so that it
resonates with those people who need to act to
protect the health, it can be extremely hard to
inspire cooperative action toward a health goal
(Kellermanns et al. 2008). Health is not like phys-
ics where we can measure and weigh different
attributes to find universal laws and make defini-
tive proclamations on a state of nature. Health is
characterized 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.
Because of the contextual nature of health, it is
not possible to create a single index of health that
is acceptable to all (Jayasinghe 2011).

A modern definition of wildlife health should
emphasize three features: (1) health is the result of
interacting biological, social, and environmental
determinants that promote and maintain health as
a capacity to cope with change over time;
(2) health cannot be measured solely by what is
absent (i.e., lack of disease or hazards) but rather
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by characteristics of the animals and their ecosys-
tem that affect their vulnerability and resilience to
a suite of interacting social and environmental
harms; and (3) wildlife health is not a biologic
state but rather a dynamic human social construct
based on social expectations and scientific knowl-
edge (Stephen 2014). Including measurements
and management of hazards, along with measures
and management of the determinants of popula-
tion vulnerability and resilience accommodates a
management approach that works proactively to
maintain health, rather than just responding to
adverse outcomes, such as death or disease.
Stephen (2014) did not, or could not, provide
the desired level of details that a health manager
might need to design a health program. Health
management strategies must be tailored to spe-
cific situations, developed in collaboration with
stake- and right holders (Briggs 2008).
Stakeholders and end users are ultimately the
ones who will decide whether a population is
healthy. It is, therefore, critical that stakeholders,
resource users, rights holders, and decision-
makers be included in the process of defining
the goals and boundaries of health programs
(Hancock et al. 1999; Briggs 2008).

7 Summary

The authors of this book bring with them their
own experiences and expertise to their reflections
of what we can do to protect wildlife health. No
single definition of health was imposed on them.
Instead, each was asked to consider what wildlife
health managers, practitioners, and researchers
will need to know to confront twenty-first-century
challenges. The book was designed with popula-
tion health principles in mind and strives to
empower the reader with ideas and approaches
that can result in disruptive changes to improve
our ability to actively make changes for the bet-
terment of wildlife health, however, one might
define it.
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Wildlife Population Health Strategies

Craig Stephen

Abstract

The practice of wildlife population health
strives to understand why some populations
are healthier than others. It relies on four key
strategies to foster conditions conducive to
health by addressing underlying social, indi-
vidual, and environmental determinants that
constrain capacities, resources, and abilities
to achieve and sustain health gains. These
four strategies are (1) build management and
health policies that protect the determinants of
wildlife health; (2) focus on creating healthy
environments that support sustainable access
to the determinants of health; (3) strengthen
collaborative action; and (4) reorient wildlife
health from only disease management to a
providing a continuum of care. This contin-
uum of care involves maintaining health
capacity, reducing vulnerability, reducing per-
sistent harms, and promoting recovery from
realized harms. Wildlife population health
practice and research encourage intersectoral
activities that consider contextual factors and
community influences that enable or obstruct
the necessary action to achieve and sustain
healthy wild populations.

Keywords

Population health · Wildlife · Management ·
Working upstream · Continuum of care ·
Vulnerability · Harm reduction

1 Introduction

The term “population health” can refer to the
descriptive notion of producing a measurement
or declaration on the average level and distribu-
tion of health within a population. It also refers to
a complex and expanding set of perspectives,
methods, and practices vital to securing health
benefits for populations. In this book, it provides
a conceptual framework for thinking about why
some populations are healthier than others. A
population health perspective acknowledges that
veterinary medicine and biomedical sciences
explain a relatively small part of a wildlife
population’s health. It reflects a public health
tradition that began in the West in the nineteenth
century that highlights the relationships between
health, society, and environments. Chapter 1
described population health as being concerned
with measuring and examining systematic
differences in health outcomes across
populations, interactions and pathways among
determinants of health, and the influence of dif-
ferent determinants and interventions over time
and throughout the life cycle of the population
(Kindig and Stoddart 2003). Population health
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approaches have been highly influential in shap-
ing human health over the last two centuries but
have only recently begun to be applied to wildlife
health. This chapter provides more detail on the
concept of population health within a wildlife
health context.

Serious disruptions, be they environmental,
ideological, or political, spill over into human
deprivation, disease, and death (Szreter 1999).
Similar disruptions, too often at the hands of
human activity, deprive wildlife of access to
their determinants of health, affect patterns of
disease, and lead to excess suffering and prema-
ture death (Acevedo-Whitehouse and Duffus
2009; Paquet and Darimont 2010). Population
health management fosters conditions conducive
to health by addressing underlying social, indi-
vidual, and environmental determinants that con-
strain animals’ abilities to achieve and sustain
health gains. Traditional wildlife health
approaches have focused on risks to individuals
and clinical or pathological factors related to
diseases. A population health perspective sees
that the answer to, “why is this population health-
ier than another” is about more than differences in
disease status.

Population health strategies are designed to
affect whole populations of animals to promote
health as the capacity to access the needs for daily
living, cope with and adapt to changes and stress,
and meet human expectations. Information and
understandings derived from population health
research provide a rational basis for allocating
resources that balances health protection and pro-
motion with disease prevention and treatment.
Population health practitioners view health and
disease outcomes from a broad perspective and
tend to include additional considerations, such as
policy, social agendas, sustainable development,
and resource allocation. The goal is to have a
broad understanding of what ultimately causes
the problems arising from a disease (as opposed
to focusing only on the disease) and to find levers
that can be managed to prevent the next problem,
speed recovery from the current one, or mitigate
harms most effectively, efficiently, and sustain-
ably. To achieve these aims, population health
requires collaboration between the core

population sciences like epidemiology and ecol-
ogy with biomedical sciences like pathology,
physiology, and microbiology and with social
sciences concerned with human phenomena that
influence wildlife health and the collaborations
needed to manage it.

2 Risk, Determinants,
and Working Upstream

We are just beginning to understand how to fore-
cast an animals’ susceptibility to harm ahead of
time, but much uncertainty remains. We have
typically dealt with this uncertainty by calculating
the statistical probability of an individual with a
certain set of characteristics (called risk factors)
experiencing an adverse health outcome. Some
risk factors act directly (such as exposure to the
rabies virus leading rabies) while other work indi-
rectly (like climate change which affects water-
fowl ecology that alters avian influenza
transmission pathways, which leads to spillover
of the virus to poultry which then experience a
disease outbreak). These statistical associations
might reflect a true causal relationship or might
be a marker for some underlying or unknown
factor (see Chap. 6 for more on causation). For
example, age can be a statistically significant risk
factor for certain diseases, but age itself is not the
risk; instead, age reflects underlying physiologi-
cal, behavioral, or social changes associated with
age that may be leading to the disease.

Risk factors themselves have causes. These
can be found in the determinants of health. Health
determinants refer to underlying characteristics
and circumstances that ultimately shape the health
of individuals and populations (see Chap. 1).
They can be thought of as the causes of causes.
The word determinants in this usage do not mean
that a determinant ordains an outcome. Rather the
word determinant is used in the sense of the Latin
de termine meaning the end. This gives rise to the
metaphor of population health practitioners work-
ing upstream. To illustrate this metaphor, con-
sider a town where you learn that waterfowl are
being routinely found on a beach with clinically
significant amounts of oil covering their body.
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One response to this discovery is to recruit wild-
life rehabilitators who can find affected birds on
the beach, clean the birds’ plumage, and care for
them until they are fit for release. A second
response is to monitor the water and shores for
signs of oil and put in barriers to keep oil from
contacting the birds. A third response would be to
move upstream from the pond to see where the oil
is entering the water system, preventing it from
reaching the pond. Finally, one could look further
upstream to the sources of the oil and try to find
incentives or methods to prevent oil from escap-
ing at the source or to find alternatives to the use
of oil at the source. Population health
practitioners find opportunities upstream and
downstream to protect and promote health.

The causal model of Hendra virus in flying
foxes (Pteopus spp) in Australia proposed by
Plowright et al. (2011) illustrates the role of
upstream drivers in wildlife diseases. In this
model, the authors document how landscape use
and climate change policies lead to a cascade of
changes that influenced the viral ecology in a way
that led to an emerging human disease. Flying
foxes evolved to exploit rainforest pollen, nectar,
and fruits. As rainforests were converted for for-
estry and urbanization, the bats moved to peri-
urban and urban settings where their food sources
were more concentrated and consistent in
gardens. This new food source reduced the need
for bats to undertake long-distance foraging

forays or migrate. This in turn affected their
aggregation behaviors and population densities,
thus changing the setting for virus transmission.
The growing overlaps between the bats, domestic
animals, and people in urban and peri-urban
environments created new ways for the virus to
spill from the unaffected bats into horses and then
people, with fatal effects. Climate change further
impacted food availability through the effects of
drought and forest fires. A final component of this
model was the compilation of seasonal stressors
(ex. pregnancy, births, food stress) that altered
herd immunity in the bats. While it is not outside
the realm of possibility to attack this problem by
innovative vaccine technology and delivery
systems, this model shows additional upstream
avenues for intervention from urban planning, to
home garden design, to land-use practices, to
climate change policies. A population health
approach would promote a suite of interventions
along this continuum.

3 The Continuum of Care

Wildlife population health can be thought of as
having four main goals, although each blur into
and influences the other (Box 1). These goals are
the basis of a continuum of actions people can
take to manage wildlife population health.

Box 1 The Continuum of Goals and Targets for Action for Wildlife Population Health

Goal

Continuum of wildlife population health management

Maintain health Reduce vulnerability Reduce harms Promote recovery

Target Upstream determinants
of health that prevent
risks from arising and
ensure access to the
circumstances and
resources needed to
allow the population to
meet our expectations

Individual, social and
environmental
attributes that affect
exposure and
sensitivity to risks that
have arisen

Early warning of
individual, ecolgical or
social harms and
motivations and
capacities for early
interventions to
minimize and contain
the distribution and
impact of harms

Upstream and
downstream
determinants of health
that build capacity to
cope with, adapt to or
bounce back from
harms
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3.1 Maintaining Health

A population health manager maintains healthy
populations by making it easier for people to
make good choices that lead to conditions that
avoid the emergence of new risks and allow
animals to access their determinants of health.
The primary strategy of this goal is to equip people
in the position to influence wildlife determinants of
health with the knowledge, skills, attitudes, and
circumstances to make healthy choices easier. In
the human health sector, this strategy falls under the
auspices of health promotion programs. Health
outcomes like longevity or lack of disease are not
the end goals in this part of the continuum of care.
This phase of population health management helps
us understand and influence circumstances that
enable people to make decisions that keep wildlife
healthy and keep risks at a tolerable level rather
than target biomedical or technical interventions to
take animals out of a diseased state.

Aldo Leopold, considered by many to be the
father of wildlife ecology, said, “The most impor-
tant characteristic of an organism is that capacity
for internal self-renewal known as health”
(Leopold 1949). Leopold argued that an overly
medical approach is less important in promoting
health than are environmental and population
factors (as cited in Hanisch et al. 2012). Health
exists at multiple scales, from the individual to
group, population, community, and ecosystem
level, and from local to regional to global scales.
Health is affected by and affects relationships
within and across these scales. Population ecol-
ogy, community ecology, natural resource man-
agement, and allied fields have historically been
viewed outside of the realm of wildlife health, yet
it is these disciplines that most often have direct
influence and understanding of how changes in
determinants of health across multiple scales
influence the size, productivity, distribution, and
sustainability of wild populations. Promoting and
maintaining wildlife health, therefore, primarily
takes place outside of the traditional wildlife
health sectors because the animal, social and

environmental determinants of health are gener-
ally found outside of the scope of practice of most
wildlife health programs and policies. A cross-
sectoral collaborative approach is needed to link
those with the authority to manage wildlife health
with those having the knowledge and tools to
manage population vulnerability and resilience
(Stephen 2014).

Wildlife’s access to its determinants of health
is highly influenced by environmental and
resource management decisions, which, in turn,
are affected by our values, economics, and poli-
tics. Virtually everything we try to influence to
maintain wildlife health requires someone to
make a decision or to act in a certain way. Social
forces and social relationships are critical
elements of how people determine the value of
wildlife and what they are willing to do to main-
tain wild populations’ health. Those being asked
to make a choice or implement an action to main-
tain healthy wildlife populations need to actively
participate in the health promotion process. But,
the knowledge, culture, resources, skills, and pro-
cesses people bring with them to a wildlife health
situation are varied, making it challenging to
develop agreement on health goals and targets.
Wildlife population health managers need to be
pragmatic and adapt to varying expectations and
knowledge.

There are often huge gaps between the avail-
able knowledge about what keeps wildlife healthy
and actions toward achieving and maintaining
it. Simply telling people about evidence and urg-
ing them to change what they do is ineffective
(Levin 2008). Understanding the gaps between
knowing and doing requires an understanding of
what affects the choices people have, what
enables or impedes their willingness or ability to
act, and how well they can access and understand
the information available to them (see Chap. 23
for more on implementation). Moving knowledge
into action requires a relentless dedication to
understanding the user’s needs and strategies
and tools to engage, inform, and motivate them
under the circumstances they find themselves.
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3.2 Reducing Vulnerability

Being at risk to a threat is not the same as being
vulnerable to that threat. Vulnerability is a com-
plex concept. Most simply put, it is a function of
exposure to a hazard (or risk factor), sensitivity to
harms from that hazard (or risk factor), and capac-
ity to cope with and adapt to those harms. Expo-
sure is affected by landscape and management
factors that influence contact between an animal
and a hazard/risk factor and affect the type, mag-
nitude, and rate of contact. Exposure can be
reduced by affecting its frequency, intensity,
and/or duration. Sensitivity can be influenced at
the individual, population, or socioecological sys-
tem level. Sensitivity might be affected by the
characteristics of the population (such as the pres-
ence of compromised sub-populations), individ-
ual susceptibility, the presence of concurrent
stressors, and/or how human activities affect the
aforementioned. Adaptive capacity will be
influenced by biological characteristics, manage-
ment decisions, social support to undertake
actions that reduce the burden of a specific
adverse health outcome, and the underlying
health and resilience of the population (Stephen
et al. 2018). Interacting environmental and social
factors influence exposures and sensitivities, and
various biological, social, political, and economic
forces shape adaptive capacity. Vulnerability and
its determinants are, therefore, dynamic, vary by
place and problem, and are system-specific (Smit
and Wandel 2006).

Vulnerability can be reduced by targeting
liabilities that make wildlife more prone to hazard
exposure and sensitive to harms as well as build-
ing capacities to deal successfully with harms,
hazards, and risks that are encountered (McEntire
2011). Strategies to promote adaptive capacity
overlap with strategies to maintain health because
population health is the foundation for the ability
to recover from or adjust easily to stressors and
risks. Exposure is most often managed by build-
ing barriers. These might be physical barriers
(such as in the case of wildlife fences in Africa
to prevent the spread of pathogens to domestic
animals; e.g., Ferguson and Hanks 2012); they

might be administrative barriers such as
prohibitions on the trade or importation of certain
species (such as bans on salamander importation
to prevent the translocation of Batrachochytrium
salamandrivorans; e.g., Gray et al. 2015), or they
may be land use protocols (such as the need to
separate domestic sheep from wild sheep to pre-
vent the sharing of respiratory pathogens in North
America; e.g., USDA 2012). Often, immuniza-
tion is the first tool imagined when thinking of
ways to reduce wildlife sensitivity to diseases.
But there is an extremely limited number of
vaccines available for wildlife and many
challenges in effective vaccine delivery. More-
over, many of the threats to wildlife health do
not involve infectious diseases. Sensitivity can
also be modified by managing concurrent
stressors that increase the likelihood that exposure
will result in harm. For example, the high levels
of immunotoxic contaminants in marine
mammals have been implicated as a contributor
to viral disease outbreaks in marine mammals
(Ross 2002). A small, threatened population in a
genetic bottleneck that is not benefiting from
public investment in its conservation and is com-
bating other diseases would, for example, be
more sensitive to the impacts of a new disease
than a large, genetically diverse population
receiving significant public funding to protect its
determinants of health; even if both populations
have equal susceptibility to the disease.

An all-hazards approach to managing vulnera-
bility recognizes and integrates exposure, sensi-
tivity, or adaptive capacity variables that are
common across multiple hazard types, and then
supplements these common elements with
hazard-specific subcomponents to fill gaps as
required. A rapid threat assessment of chronic
wasting disease (CWD) in woodland caribou in
northern Canada, for example, concluded that the
ecology and behavior of woodland caribou may
reduce exposure and sensitivity to the causative
prions, but the multiple hazards they are already
facing may compromise population capacity to
cope with the disease if introduced to their range
(Zimmer et al. 2019). The addition of one more
stressor to the many others these caribou face
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(including habitat alteration from human land-use
activities and forest fire, predation, and climate
change (Environment Canada 2012)) may pre-
vent the caribou from coping with the additional
burden of a new disease. A similar rapid assess-
ment of the threat of snake fungal disease in
southern Canada concluded that cofactors
influencing the spread and effects of this disease
overlapped with the major challenges facing
snakes in Canada (e.g., climate, habitat loss, hab-
itat degradation) (Stephen et al. 2017). In both
cases, avenues to reduce vulnerability to disease
could be found in strategies to address other
stressors threatening the population, with some
modifications to account for the unique
characteristics of an infectious disease threat.

3.3 Reducing Harms

Standard animal disease control methods very
often cannot be acceptably, effectively, or effi-
ciently applied in free-ranging wildlife. Vaccina-
tion and mass treatment are impeded because of
the lack of available and proven effective
medications or vaccines plus problems in their
delivery. Changing social values are increasingly
excluding depopulation and selective slaughter as
options. Quarantine and isolation are not feasible
for most free-ranging animals. Wildlife health
managers are often only left with modifying
human uses and interactions with wildlife, man-
aging wildlife-domestic animal interactions, or
environmental modifications to reduce wildlife
disease harms. However, most wildlife health
management efforts have historically focussed
on biophysical harms from disease rather than
seeing harm as a socioecological phenomenon
because most interest has been on the disease
rather than illness arising from the effects of the
disease.

Illness, in a human health care setting, refers to
how the patients and those around them, perceive
the origin and significance of a health event; how
it effects the patient’s behavior or relationships
with others; the meaning they give to that experi-
ence, and the steps taken to remedy this situation
(Helman 1981). Diseases are something the

patient’s organs and body systems have. Most
cases of wildlife disease are accompanied by
social reactions (e.g., desires to eliminate
wildlife-associated disease threats to agricultural
profits or public health, regulatory requirements
to preserve a population or animal welfare
concerns about how a disease is managed).
These social reactions, more than the disease
itself, cause problems that need to be managed.
Wildlife disease could, therefore, be seen as a
social illness.

Social values and preferences affect how we
allocate resources to the protection of one species
over another (Kirkwood and Sainsbury 1996).
Wildlife health managers are often confronted
with the social illness caused by a wildlife disease
but only relatively recently the human dimensions
of wildlife disease management have been subject
to systematic inquiry and implementation (see
Chap. 19). Most attention remains on understand-
ing, tracking, and interfering with the pathologi-
cal processes of the disease rather than managing
the problems linked to the illnesses (arising from
social perceptions and impacts) from the disease.

Many wildlife health illnesses involve multi-
ple concurrent harms. Chronic wasting disease
(CWD) of cervids illustrates this point. This
invariably fatal prion disease of deer, elk, and
moose causes wasting, neurological dysfunction,
and eventual death of infected animals. It has
been deemed as a significant threat to the future
vitality of free-ranging deer and elk in North
America (WAFWA 2017). Because of its
similarities to the zoonotic bovine spongiform
encephalopathy, public health agencies advised
precaution in consuming cervids affected with or
hunted from CWD-positive areas (despite no
direct evidence of human CWD to date). These
advisories discouraged hunting and in doing so
harmed rural incomes from hunting and lowered
confidence in consuming cervids for subsistence
needs. These food safety concerns have
implications for rural food security and Indige-
nous rights to access safe and sustainable wildlife.
International trade in cervid products is impeded
by this disease. CWD therefore causes individual
animal harms, conservations harms, harms to
agricultural trade, increased social conflict,
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psychological harm through increased fear of nat-
ural resources, altered ecosystem functions, cul-
tural harms by discouraging traditional hunting,
and political conflicts linked to debates on how to
control this disease. Despite this breath of harm,
wildlife health research and many policies have
been unevenly interested with controlling or
eliminating the prion which serves as the etiologic
cause of CWD. A harm reduction approach
would not focus only on eradicating the CWD
prion from populations or environments,
(although recognizing the importance of trying
to do so) but rather would also use existing
knowledge, resources, and values to promote col-
laborative approaches that made incremental
gains to reduce ecological, population, or social
harms related to the illness.

Harm reduction is both a goal and a process.
As a goal, it wants to reduce harm to individuals,
populations, communities, species, or
environments, whether through clinical care, pre-
ventive actions, or health promotion. 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 cumula-
tive effects) (Fig. 1). Harm reduction, therefore,
targets the same factors as vulnerability manage-
ment but does so after the occurrence of the harm.

Harm reduction, as a process, focuses on
developing local relationships and collaboration
for collective actions leading to incremental
improvements in health. Many of the underlying
causes of harm cannot be quickly eliminated
because of the often-slow pace of scientific,
social, and political change. The necessary scien-
tific advances, technology, or regulations needed
to eliminate harm can take considerable time to be
achieved. Different expectations for how much
and what types of harm should be attacked can
discourage actions especially when the science
remains inconclusive. Action, too often, is
delayed due to scientific uncertainties or social
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conflicts. Harm reduction processes promote
relationships, structures, and circumstances to
make incremental gains toward safer situations
by reducing health, social, and/or ecological
harms to individuals, communities, and
ecosystems, without relying on the elimination
of the hazard. It relies on five principles (Stephen
2020):

1. It is collaborative. Individuals, agencies,
companies, and communities affected by or
affecting harm need to be involved in
cocreating harm reduction strategies tailored
to a specific situation. Multidisciplinary
pathways are sought to overcome barriers to
implementing recommendations, foster collab-
oration on shared goals, and reduce conflict to
enable actions and opportunities to prevent,
mitigate, or cope with harms. Collaboration
helps people see different aspects of the prob-
lem and, by exploring these differences, find
solutions that go beyond their own
perspectives. Successful collaborators see that
their role and responsibilities for helping to
reduce harm may extend beyond their
interests.

2. It creates a trusting environment for collective
actions. Trust is essential for collaboration and
can be built by being honest in negotiations,
communicating purposefully and regularly,
behaving in accordance with agreements, and
not taking advantage of others or events when
the opportunity is available. There needs to be
a shared goal(s) of where the group wants to
go and a hierarchy of achievable steps that,
taken one at a time, can lead to a safer and
healthier situation. Some degree of negotiation
will be needed to create a shared vision that
will help collaborators see how working
toward collective interests will meet the
interests of themselves or their organization.
Trust, commitment, and a deeper understand-
ing of the value of collective action are gained
by focussing on a series of incremental smalls
wins toward the long-term goal.

3. It is oriented to finding pragmatic solutions.
While not ruling out the long-term
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 harms rather than
emphasizing the discovery of the cause of
harm or attributing blame to others. It is
about working with what we have and who
we have today to make incremental
improvements.

4. It is local. Many forms of risk management
emphasize top-down actions. Harm reduction
emphasizes bottom-up, locally developed
planning. This reflects its focus on working
in the context in which the harms are occur-
ring. Harm reduction 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 tomorrow’s risks.
Incorporating the context in which environ-
mental, organizational, and personal factors
interact increases the likelihood of finding
shared priorities for action.

5. It is integrative. Social, ecological, and indi-
vidual harms are interrelated. Seeking consen-
sus on biological harms without accounting for
social harms can increase conflict and delay
actions. The usual approach of examining one
type of harm in isolation from another reduces
the chances of finding common pathways or
opportunities to reduce or eliminate risks and
harms. Examining them together helps to build
consensus on goals and find actions that may
have benefits across domains. Harm reduction
shifts the focus for change from technical and
biological matters alone to include social
innovations and opportunities.

3.4 Promoting Recovery

Recovery interventions focus on populations that
have already been harmed. Recovery, therefore,
must be attentive to what has happened as well as
what we hope to happen. The goal is to provide
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the circumstances and capacities needed to mini-
mize suffering, limit the impact of ongoing harm,
reduce any lasting effects, and restore ecological
and social functions. Recovery efforts should pre-
vent further deterioration and recurrence.

A critical first step in recovery is to develop a
shared vision of what constitutes success. Differ-
ent interests will have different views on what
successful recovery looks like. It may be defined
by some as a specific abundance or distribution of
a population. Others may define it as the presence
or absence of certain diseases or risk factors. Still,
others might view recovery when a population
fulfills its utilitarian role in local economies or
cultures. A shared vision provides a foundation to
connect different goals and objectives to a larger
purpose. Recovery planning provides an opportu-
nity to improve a population’s health and resil-
iency. It has the potential to inspire goals beyond
the restoration of the status quo while attending to
the harms caused by a particular situation or dis-
ease. Relationships built in the harm reduction
process can facilitate a shared understanding to
develop a common vision for what successful
recovery will look like. Population health
assessments and hazard vulnerability assessments
provide data that show the gaps between the
population’s current status and its desired state
to help develop and assess goals, priorities, and
strategies.

There is no single blueprint for local recovery
action. Short-term recovery will focus on ensur-
ing the hazardous or risky circumstances are
under control and that populations can cope with
the immediate impacts. Longer-term recovery
mirrors the first phase of maintaining health in
that it focuses on rebuilding the capacity for
populations to cope with the stressors of their
new reality and to bounce back. Given the impor-
tance and the broad range of the determinants of
health, recovery requires the efforts of and coor-
dination among a wide array of sectors and com-
munity stakeholders. Each place and problem will
dictate what approach for collaboration will work
best for that context. A population cannot be
returned to health through the efforts of any single
sector or stakeholder group without considering
how these efforts affect and are affected by those

of others. Accordingly, population health recov-
ery requires buy-in and coordination among
sectors and stakeholders, and focused, collective
planning.

In tandem with the need for a shared vision of
successful recovery is the need for agreement on
the indicators used to assess progress toward that
vision. Recovery assessments and surveillance
should provide a systematic examination of the
indicators that identify key problems and assets
that might affect recovery. Not only should these
indicators track features of the populations (e.g.,
abundance, vulnerability, seroprevalence, etc.)
but also should monitor the social, economic,
and structural forces that enable or impede recov-
ery action. Indicators should help to prioritize
subpopulations or locations that are uniquely vul-
nerable or are not receiving adequate care or
investment to ensure recovery. Recovery
indicators should track functional status,
comorbidities, and other contextual factors that
allow one to understand impacts on populations
and find avenues for effective interventions.

4 Summary

For many wildlife health problems, actions across
the population health continuum of care are
needed to achieve a meaningful degree of preven-
tion and health protection. The phrase “popula-
tion health” in this book is used to convey a way
of conceiving health that includes the whole
range of health determinants, many of which fall
outside of the usual realm of wildlife health prac-
tice. Successful population health action requires
people and institutions willing and able to learn
across disciplines and be adaptive to the unique
circumstances and context of the population(s) of
concern.

Wildlife population health requires coopera-
tion across multiple sectors and combines diverse
but complementary approaches. It relies on four
key strategies (adapted from WHO 1986):
(1) build wildlife management and health policies
that protect the determinants of health; (2) focus
on creating healthy environments that support
sustainable access to the determinants of health;
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(3) strengthen collaborative action; (4) and reori-
ent wildlife health from only disease management
to a providing a continuum of care.

Although no single program can address the
wide range of influences on population health, the
population health approach helps to orient
programs away from more isolated and categori-
cal approaches to more integrated ones. It
illustrates the need for intersectoral activities and
makes obvious the limitations put onto programs
that do not consider contextual factors and com-
munity influences that enable or obstruct the nec-
essary action to achieve and sustain healthy wild
populations.
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Population Health Core Competencies
and Scope of Practice

Craig Stephen

Abstract

Core competencies describe the knowledge,
skills, and attitudes necessary for the practice
of a discipline or an approach. Wildlife popu-
lation health practitioners need technical
knowledge but that alone is insufficient to
improve health. Skills and perspectives that
promote collaborative solutions by developing
shared visions for action in an evidence-based
and ethical manner are essential, as is the abil-
ity to see health problems in their social and
ecological context. Wildlife population health
can only be delivered by highly collaborative
interprofessional teams focussed on fulfilling
society’s interest in assuring conditions in
which wildlife can be healthy. This chapter
proposes seven core wildlife population health
competencies: (1) being a specialized general-
ist, (2) being an agent of change, (3) being an
advocate for wildlife health, (4) embracing
partnerships and collaboration, (5) using
evidence-based practice, (6) being able to
find entry points into complex problems, and
(7) leaning toward a systems approach.

Keywords

Population health · Wildlife · Core
competencies · Change · Evidence-based
practice

1 Introduction

There is a growing trend for professions and
disciplines to create lists of core competencies
required to effectively operate within a
discipline’s paradigm or scope of practice. Core
competencies are the essential knowledge, skills,
and attitudes necessary for the practice of the
discipline or to succeed in a job or task. They
are used to guide education and training to build
workforce capacity and to develop and implement
policies, practices, and research to meet the goals
and responsibilities of the discipline. This chapter
proposes wildlife population health core
competencies. In doing so, this chapter outlines
key aspects of the scope of practice of wildlife
population health.

Wildlife population health works at the edges,
intersections, and overlaps of different types of
knowledge because population health is the
cumulative effect of interacting determinants of
health and because those interactions are
interpreted through different disciplinary and per-
sonal perspectives (see Chaps. 1, 6, and 19).
Wildlife population health practice asks us to
shift from only describing and analyzing disease
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to collaboratively developing actions to protect
health. The skills and knowledge to fulfill that
task surpass those needed to detect, diagnose,
and assess diseases or to understand how diseases
or determinants result in individual or population
impacts. There is a lack of consensus or evidence
upon which to build internationally acceptable
wildlife health core competencies (Stephen et al.
2018). Although publications on core
competencies are available for wildlife manage-
ment, public health, One Health, natural resource
management, veterinary medicine, and other
allied fields, none have been systematically cre-
ated for wildlife health.

Table 1 summarizes core competencies from
five disciplines that can inform wildlife popula-
tion health competencies. There are shared
themes of competency that operate across these
disciplines. These disciplines were highlighted
because they focus on solutions-driven research
and management and, like wildlife population
health, those solutions are influenced by diverse
types of information and stakeholders. Table 1
shows that technical knowledge is insufficient to
effect change to improve health. Skills and
perspectives that promote collaborative solutions
by developing shared visions for action in an
evidence-based and ethical manner are essential.
The ideas of advocating for, leading, and
facilitating change permeate Table 1 as do the
need to be able to see the whole and to see
problems within their social and ecological con-
text. This table of competencies drives to the
conclusion that wildlife population health can
only be delivered by highly collaborative inter-
professional teams focused on fulfilling society’s
interest in assuring conditions in which wildlife
can be healthy. Foundational knowledge of the
drivers and determinants of wildlife health along
with the ability to measure and assess health
outcomes and program performances must be
accompanied by an aptitude for integration and
collaboration.

As wildlife population health encompasses
several distinct jobs or positions within a variety
of types of organizations, specific competencies
may be more or less relevant for individuals based
on their responsibilities. Individuals should

initially focus on developing competencies in
the areas most relevant to their jobs but are
encouraged to explore the breadth of
competencies to expand their ability to deliver
on the responsibilities and obligations for healthy
wild populations.

At the writing of this book, there were no
published wildlife population health core
competencies. The core competencies highlighted
in this chapter are drawn from other elements of
wildlife health that are presented in other chapters
in this book, the competencies found in Table 1,
and the author’s experience as an advocate for
and practitioner of population health. Core
competencies are usually developed through a
consultative and participatory process. This chap-
ter hopes to set a foundation for subsequent con-
sultation and collaboration to define and validate
wildlife population health competencies.

2 Core Competencies for Wildlife
Population Health

2.1 Being a Specialized Generalist

A workforce with a diverse knowledge base that
can communicate and integrate knowledge from
multiple disciplines is needed for the twenty-first
century because the increasingly complex
problems societies are facing need to be solved
by synthesizing knowledge and skills from multi-
ple areas (Zhang and Shen 2015). There has been
a drive over the last century to describe expertise
based on the depth of knowledge but the twenty-
first-century workforce must be able to work
across a breadth of knowledge. Borrowing from
ecology, we can define a specialist as someone
who thrives in a narrow set of conditions and a
generalist as someone who thrives in a wide vari-
ety of conditions and can make use of a variety of
different resources. A specialized generalist
transgresses boundaries to advance cooperation
and conversations about facts, practices, and
values between researchers, managers, decision-
makers, and society at large. Specialized
generalists focus on applied knowledge and
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Table 1 A synthesis of core competencies from fields relevant to the practice of wildlife population health

Domain of
competence

Public health
(PHAC 2019)

One Health
(Frankson et al.
2016)

Global health
(Barry et al.
2009)

Sustainable
development
(Roy et al. 2020)

Wildlife
management
(DeLany Jr
2004)

KNOWLEDGE Has key
knowledge and
critical thinking
skills related to
public health
science

Adept at
systems
thinking, can
work across
boundaries of
knowledge and
recognize
impacts
throughout a
system

Capable of
systems thinking
and critical
reflection

Strong
foundation in
wildlife
management
principles and
techniques

ASSESSMENT Collects, assesses,
and analyses
information to
support evidence-
based
recommendations
and assessments

Assesses needs
and assets that
lead to the
identification
and analysis of
the
determinants
that affect
health.
Determines the
reach,
effectiveness,
and impact of
programs and
policies

Accurately
measures,
analyses and
records
relevant
indices and
measurements

PROGRAMS Implements and
evaluates policies
and programs to
effectively choose
options and to
plan, implement
and assess
policies and
programs

Works across
boundaries,
leads and
manages
resources and
people and
understands
roles and
responsibilities

Develops
measurable
goals and
objectives in
response to
assessment of
needs and
assets.
Identifies
knowledge-
based
strategies.
Carries out
effective and
efficient, and
ethical
strategies

Able to work
within existing
laws,
regulations,
and policies

PARTNERING Forms
partnerships,
collaborations,
and advocacy to
influence and
work with others
in pursuit of a
common goal

Identifies
shared goals
and values,
establish trust,
and builds
strategic and
collaborative
teams

Works
collaboratively
across
disciplines,
sectors, and
partners to
enhance the
impact and
sustainability
of programs
and policies

Forms
collaborative,
interdisciplinary
partnerships to
craft useful
knowledge

(continued)
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Table 1 (continued)

Domain of
competence

Public health
(PHAC 2019)

One Health
(Frankson et al.
2016)

Global health
(Barry et al.
2009)

Sustainable
development
(Roy et al. 2020)

Wildlife
management
(DeLany Jr
2004)

SOCIO-CULTURAL Interacts with
diverse
knowledge,
groups, and
communicates

Has value
driven personal
attributes,
honesty, and
integrity

Develops and
delivers
programs that
are culturally
sensitive and
ethical

Defines
problems and
solutions
considering
social context
and perceptions.

Develops
personal
environmental
ethics and
philosophy
and acts as an
ethical
manager

LEADERSHIP Builds capacity,
improves
performance, and
enhances the
quality of the
working
environment

Establishes a
vision and
strategy for
change.
Diplomatically
negotiates and
resolves
conflicts to
promote
collaborative
action

Provides
strategic
direction and
opportunities
for
participation in
developing
policy,
mobilizing and
managing
resources for
health
promotion, and
building
capacity.

ADVOCACY Advocates for
policies and
services that
promote and
protect health of
individuals and
communities

Advocates for
change

Advocates with
and on behalf
of individuals
and
communities to
improve health
and build
capacity for
actions

COMMUNICATION Can exchange
ideas, opinions,
and information

Communicates
lessons learned

Effectively
communicates
ideas to diverse
audiences

Writes simple
technical
reports

CHANGE Supports and
leads teams to
make changes
that solve
problems

Enables change
and empowers
individuals and
communities to
improve health

Leverages
multiple forms
of knowledge
and systems to
promote change
that solves
problems
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innovation by combining special expertise with
collaborative capacities (Parkes 2020).

Population health science is not its own disci-
pline. It integrates knowledge, theory, and tools
from multiple disciplines to develop a broad
understanding of the multifactorial pathways
that produce health so that more effective
solutions can be found (Bachrach et al. 2015).
Transdisciplinary research and practice are appro-
priate when searching for science-based solutions
to problems in a real-world context where factual
uncertainties, values, and societal stakes affect
decisions (Wiesmann et al. 2008). Transdisci-
plinarity, therefore, is relevant to much of popu-
lation health management. Specialized generalists
are specialists who can look at problems from
different disciplinary perspectives. Figure 1
adapts a transdisciplinary model for evidence-
based practice (Satterfield et al. 2009) to intro-
duce some guiding themes for the specialized
generalist. Figure 1 shows how wildlife popula-
tion health decisions must consider contextual
factors, societal needs, evidence, and expertise.
Specialized generalists help to integrate these
factors and support decisions that will be feasible,
effective, and acceptable.

Being a specialized generalized does not mean
you need to be a master of everything, but rather
that you have a unique suite of knowledge,
attitudes, skills, tools, and processes needed to
put general principles or shared knowledge into
practice in different contexts, settings, and
circumstances (Parkes 2020). You have a
discipline-based speciality that allows you to
engage in some aspect of the wildlife health prob-
lem but also have additional skills that enable you
to explore insights from many different
perspectives and recognize patterns that point to
shared needs or coordinated actions.

2.2 Being an Agent of Change

Table 2 summarizes the attributes and assets of
effective agents of change. A change agent needs
the skill and capacity to stimulate, facilitate, and
coordinate change. Only telling people about evi-
dence and urging them to change is ineffective
(Levin 2008). The gaps between knowing what to
do to promote wildlife health and inspiring the
actions to do it can be wide and difficult to breach.
Never 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. Despite the

Fig. 1 A conceptual model that frames how the
specialized generalist assembles information and
perspectives to inform evidence-based decisions to pro-
mote and protect wildlife population health

Table 2 Change management competencies (adapted
from Higgs and Rowland (2000))

Can create the case for change and secure partnerships
and support
Can scope the breadth, depth, and sustainability of a
change strategy
Can help others develop capacity and confidence to
achieve the change goals
Can develop a vision and message that advocates and
inspires action for change
Can formulate and guide the implementation of a
credible change plan with appropriate goals, resources,
metrics, and evaluation processes
Can use multiple forms of knowledge to develop
individual, group, and organizational capabilities for
change
Has a personal, yet objective, commitment to the change
Can identify an incremental path to the change and can
link that path to the desired solutions and goals
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considerable time, efforts, and resources that have
been dedicated to understand how and why cer-
tain problems occur, comparatively little effort
has been dedicated to understand how to imple-
ment knowledge in policy or practice to protect or
improve wildlife health (see Chap. 23 on imple-
mentation). Closing the knowing-to-doing gap
requires processes, conditions, and relationships
that enable trusted access, exchange, use, and
evaluation of knowledge to support decisions
and actions.

To create change, one needs a theory of
change. A theory of change describes how and
why the desired change is expected to happen in
each context. It bridges what we know, what we
want to achieve, and the activities it will take to
get there. A theory of change helps identify the
approach that should be taken to effectively
address the causes of problems that hinder prog-
ress. Its construction requires the involvement of
knowledge creators, planners, beneficiaries, and
stakeholders to develop consensus on the shared
goals and help people to see how sharing their
knowledge contributes to long-term positive
impacts. Figure 2 is a simplified theory of change
used to advocate federal and provincial
governments for a Pan-Canadian wildlife health
program.

A well-developed theory of change shows the
connections between short-term action and long-
term goals, making explicit what we know, what
we assume, and what we can feasibly do. A

theory of change also considers impediments to
change. These can 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 support for knowl-
edge mobilization, strong forces that resist
change, and pressures of various kinds pushing
against the available evidence. The growing vol-
ume of research evidence, lack of time to read and
thoughtfully review the evidence, 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 the desired action) can further impede
change (Stephen 2020).

This competency requires pragmatic skills in
program planning and implementation because
change does not happen by theory alone.
Planning and evaluation include everything from
assessing needs, setting goals and objectives,
planning activities, securing resources for imple-
mentation, and measuring outcomes. Planning
benefits from a careful situational assessment
that examines the population of interest and
issues that may affect implementation, including
stakeholder wants, needs, and assets (Public
Health Ontario 2015). A situational assessment
helps to identify strategies and activities that are
feasible with available resources and create mean-
ingful goals and outcome objectives.

Fig. 2 An abbreviated theory of change diagram used to advocate federal and provincial governments for a
Pan-Canadian wildlife health program
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2.3 Being an Advocate

Wildlife health objectives are often contested by
some group(s) such as governments, industry,
community groups, as well as from within the
wildlife health field itself. Protracted and highly
organized opposition can impede action. An
advocate offers independent support to those
who cannot be heard (in this case wildlife) and
ensures people can make an informed decision by
laying bare what is at risk, implications of
decisions, the values in play, and the evidence
at hand.

The issue of whether wildlife health
researchers and practitioners should be advocates
is fraught with debate. On the one hand, some
people worry that if the evidence is not moved
into action by those who generate the evidence,
the evidence could be misinterpreted, misused, or
not used. On the other hand, there are fears that if
one takes an advocacy position, one’s evidence
might be taken as biased and skewed toward a
personal a priori perspective. The role of popula-
tion health advocates is not to push forward their

personal agenda but instead to strategically plan
how to mobilize knowledge to action that
addresses shared wildlife health goals. An advo-
cate is tasked with structuring an argument in
favor of wildlife health but within the reality of
the social context in which actions will be taken
and from a solid basis in evidence. There are eight
questions to keep in mind when developing an
advocacy strategy (Table 3).

An important skill for effective advocacy is
being able to tailor advocacy strategies and
messages that meet people at their stage of will-
ingness to change. People go through five steps
before adopting a new idea or innovation: (1) they
need to become aware of the new idea, (2) they
need to become motivated and able to find out
more, (3) they need to see how the change applies
to their own needs and circumstances, (4) they
decide to try (or reject) the new idea, and (5) they
need to confirm that their decision helped to meet
their goals to continue its application (Kaminski
2011). An action or change is more likely to be
adopted and spread if its advantages can be
demonstrated to those who are being asked to

Table 3 Guiding questions when developing a wildlife population health advocacy strategy (adapted from Chapman
2004)

Question Rationale

What is the shared objective of the
action you are advocating?

Advocacy strategies need to be clearly relevant to the objectives you are
trying to achieve

What are your advocacy objectives? Advocacy objectives support ways to introduce compelling facts and
perspectives or introduce different voices to enhance the authenticity or
power of an argument for the shared health objective

How can a win-win situation be
argued for?

People may not want to change on behalf of wildlife without seeing how
that change fits their values or assists them in meeting their goals.
Cooperation works better than coercion when aiming to make sustainable
change

To whom are key decision-makers
accountable?

Advocates need to understand what key decision-makers worry about, who
endorses their policies and how to access and influence them

How will you frame the issue? Framing involves making some aspects more salient to promote a particular
problem definition, causal interpretation, moral evaluation, and/or
recommendation. The goal is to establish the dominant perception of the
problem circulating among decision-makers

What is your “quick pitch” Wildlife health issues can be technical and tedious to decision-makers.
Develop the short, concise story you can tell that conveys your key message
(s) in an accessible and understandable manner

What is the best way to spread your
message?

Make sure your messages get to your target decision-makers using methods
and processes that they are familiar with and respect

Who is in your coalition for change? Using credible and accessible voices that can be called on and are willing to
speak up at strategically important times can amplify your message
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adopt it, is consistent with social norms, and can
be feasibly applied. Advocates are more likely to
prompt a change if they are connected to and
understand those they are trying to help change.
Understanding and empathizing with the change
targets help to communicate the need for and the
value of change. The advocate and their targets
need to be able to hear from, respond to, and
influence each other (Lunenburg 2010). Wildlife
population health advocates, therefore, need to
understand the people and groups they wish to
influence as much, or even more, than the wildlife
populations they serve.

Advocates can be informed by theories of
behavior change, such as the theory of planned
behavior, the transtheoretical model, and the
health belief model to uncover insights into how
to help people move from one set of actions to
another. The Knowledge-to-Action framework is
another helpful resource (Graham et al. 2006). It
was developed to help, create, and sustain
evidence-based actions. It is an explicit process
to determine what knowledge needs to be trans-
lated, how it is translated, by whom, when, and
why. This framework highlights that a critical
first step in turning knowledge into action is to
cultivate trust and relationships between knowl-
edge creators and knowledge users to establish a
common understanding of needs and processes.

2.4 Embracing Partnerships
and Collaboration

Wildlife population health requires partnerships
with a diversity of collaborators and stakeholders
because the practice crosses disciplinary, species,
and subject boundaries. Wildlife population
health practitioners are tasked with the challenge
of engaging teams of diverse academic, commu-
nity, and government specialists and facilitating a
transdisciplinary approach among people most
often comfortable working within their own spe-
ciality or worldview. Partnerships and collabora-
tion offer powerful opportunities for joint actions
that provide sustainable benefits (Stemshorn and
Zussman 2012). Wildlife health practice must go
beyond academic interdisciplinarity to engage

directly with the production and use of knowl-
edge outside the academic environment to sup-
port action-oriented work. The scope of
partnerships will depend not just on the issues at
hand but on the willingness, freedom, and capac-
ity of key players to share roles, responsibilities,
and resources.

Mascia et al. (2003) (as quoted by Schultz
2011) said that “conservation is a human
endeavor: initiated by humans, designed by
humans, and intended to modify human behav-
ior.” Given this very human aspect of protecting
wildlife, wildlife health science would be well
served to work with social scientists, politicians,
and communities. The ability to manage construc-
tive multi-stakeholder negotiations to resolve
conflicting interests is a necessary partnership
competency. Perhaps most critical to effective
partnering is true collaborative goal setting,
shared leadership, transparent and explicit
expectations of partners that match their capacity,
and clear guidelines on responsibilities, reporting,
and information sharing (Stephen and Stemshorn
2016).

2.5 Use Evidence-Based Practice

Wildlife population health practitioners are
obliged to use the best available evidence to
inform policies and practices. Evidence-based
practice means that people use all available evi-
dence in an objective and balanced way rather
than only relying on evidence that supports their
view or distorts evidence to suit their needs. Con-
sidering the definitions of wildlife population
health espoused in Chaps. 1 and 2, being able to
gather, assess, integrate, and apply diverse data,
opinions, and values to promote coordinated
action are core competencies for evidence-based
practice. There are, however, pressures working
against an evidence-based approach; many spe-
cies are understudied, ecological and epidemio-
logical variations can limit generalizations of
lessons learned elsewhere, different people inter-
pret evidence differently based on their
disciplines and values, organized interest groups
can favor some types of information and discredit
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others, and political pressures could focus on
short-term action before evidence is assembled
(Brownson et al. 2009). Evidence-based wildlife
population health practice requires us to wed
information on the species, the harms, and the
hazards, with the social situations in which the
problem is embedded and the realities of a spe-
cific real-world environment which includes
uncertainties, conflicting values, and lack of
experience managing many wildlife health
problems.

To meet the challenges of evidence-based
practice, wildlife health practitioners must be
able to access and critically appraise evidence.
In some cases, the evidence in question may be
within the practitioner’s field, but in other
situations, partnerships or consultations with
others may be needed to assess the reliability
and validity of the evidence at hand. In many
fields, there are accepted criteria for assessing
evidence, but in others, a participatory process
may be needed to establish the criteria for accept-
able evidence. Due to prevailing unknowns, espe-
cially for understudied species or problems, an
accepted standard for biological, ecological, and
social evidence to be considered when making
decisions and how to accommodate varying
levels of reliability, validity, uncertainty, and rep-
resentativeness of the evidence may need to be
established de novo for new wildlife health
situations. This may include guiding how to deal
with uncertain or conflicting evidence and
establishing causal relationships. The lack of a
shared vision among proponents and opponents
of the evidence can doom groups to get stuck in a
“more evidence is needed” rut that creates new
facts that are scientifically interesting and impor-
tant but fail to satisfy the evidence expectations of
decision-makers and stakeholders. Groups can
get stuck in seeking evidence to support their
perspectives rather than working together to
resolve critical uncertainties that prevent action.

Evidence-based practitioners need to be able to
interpret and communicate the acquired evidence
in formats that are accessible and understandable
to target audiences (Albarqouni et al. 2018).
Before accessing and evaluating evidence, the
practitioner or researcher needs to be clear on

the questions being asked. As there are multiple
needs and perspectives surrounding wildlife
health issues, the problems bothering one group
may not be the same as another, hence, evidence
may not be tailored to all critical uncertainties
impeding action. Being able to recognize the
importance of and strategies for identifying and
prioritizing uncertainties or knowledge gaps and
finding the means to develop consensus on inves-
tigative priorities in practice are key skills. Both
qualitative and quantitative approaches will be
needed to resolve uncertainties.

2.6 Finding “Entry-Points”

Disciplinary knowledge and experience are nec-
essary for interdisciplinary problem-solving
(Zhang and Shen 2015). Disciplinary
perspectives act as “conceptual gateways” that
provide an entry point to begin to characterize a
complex problem (Yukawa 2015). Having confi-
dence in one’s own discipline can build comfort
in working with other disciplines.

It is difficult to prescribe the necessary disci-
pline(s) one must master to be proficient in multi-
to transdisciplinary fields of practice. The historic
focus on the absence of disease as the defining
feature of wildlife health gave prominence to
disease-oriented fields such as pathology, micro-
biology, toxicology, and disease ecology as
essential disciplinary foundations for wildlife
health practitioners or researchers. The expanded
notion of wildlife health articulated in chapter one
broadens the scope of foundational disciplines for
wildlife population health. Epidemiology, ecol-
ogy, critical assessment of the knowledge, and
program evaluation all can serve as good disci-
plinary entry points for wildlife population health
practitioners. Wildlife population health
practitioners need to be able to knowledgeably
speak about the health status of populations, the
quality and distribution of the determinants of
health and risk factors, strategies for health pro-
motion and disease control, as well as the factors
that influence the deployment and impact of wild-
life health services and resources. They need not
be an expert in all these factors but should have
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sufficient knowledge to critically assess informa-
tion and evidence and apply knowledge to
practice.

2.7 Leaning Toward the Systems
Thinking

Many of the most pressing wildlife health issues
are not purely technical problems. Mono-
disciplinary, linear, causal chains of reasoning
have led to great understandings about wildlife
health but have exposed only part of the informa-
tion needed to understand complex problems that
are entwined in diverse social, economic, politi-
cal, cultural, and value systems (Kreuter et al.
2004). Population health practitioners need to be
attuned to changes in science, changes in stake-
holder goals and values, and the impact of actions
intended to protect wildlife. Effective health pro-
tection and planning need to integrate the ecolog-
ical, social, and individual context to promote
sustainable action.

Systems thinking is a common core compe-
tency for solutions-oriented fields operating in the
‘real world’ such as conservation and health man-
agement. Systems thinking is used in the human
health sector to accelerate a more realistic under-
standing of what works, for whom, and under
what circumstances (de Savigny and Adam
2009). Systems thinking emphasizes interrela-
tionships rather than things that underlie complex
situations. There are three core systems thinking
concepts. First, a system is made up of parts,
relationships, functions, and products. Under-
standing their relationships is as much or more
important than knowing the parts. Second,
because there are feedbacks, synergies, and
antagonisms in a system, systems relationships
can be complex and dynamic and do not act in a
linear predictable fashion. Surprises are to be
expected. Third, the goal is not to elucidate the
intricacies of all parts, products, functions, and
relationships in a system but rather to know them
well enough to find entry points that allow you to
find places where a small intervention can have a
meaningful impact. Systems approaches should
help disentangle the dynamics that generate

wildlife health problems, incorporate and recon-
cile diverse perspectives, prompt discussion on
trade-offs, and foster the integration of evidence
and knowledge into decision-making (Mahajan
et al. 2019). Seeing the whole of an issue rather
than some of its parts also helps with other core
competencies such as finding entry points and
building partnerships. A more in-depth discussion
of systems and complexity in wildlife health is
found in Chap. 17.

3 Summary

This chapter proposes skills, knowledge, and
attitudes needed to apply population health think-
ing to wildlife health. The proposed core
competencies correspond with those for other
fields striving to find solutions under complex,
changing, and messy real-world settings. The
candidate competencies reflect the need for wild-
life population health practitioners to be transdis-
ciplinary and systems-oriented, effective in
helping disparate groups find common ground,
and able to critically assess and mobilize informa-
tion for action.

A primary limitation of this chapter is that the
competencies were developed based on analogy
and argument rather than empirical work
supporting their validity. Some readers will
undoubtedly disagree with some of the nominated
competencies, others will see gaps or deficiencies
or recommend amendments and additions. This is
because each of us will approach wildlife popula-
tion health from our own disciplinary
backgrounds and experiences. The necessary
competencies must be further developed and
validated through systematic evaluation and par-
ticipatory processes to achieve consensus.
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Epidemiological Study Design
in Free-Ranging Wildlife: Theoretical
and Practical Considerations

Todd Shury and Claire Jardine

Abstract

Epidemiologic studies have long provided evi-
dence for understanding and developing man-
agement actions related to diseases and health,
including zoonoses, for both human and
domestic animal populations. There is an
urgent need to understand interactions
between human, wildlife, and domestic animal
populations using epidemiological approaches
in order to manage emerging diseases, climate
change, and biodiversity loss. Challenges
associated with applying epidemiological
techniques to wild animal populations, includ-
ing issues associated with sample collection
and diagnostic tests, and lack of knowledge
about wildlife populations are reviewed and
practical solutions to these problems are
summarized.

Keywords

One Health · Wildlife epidemiology · Wildlife
management · Wildlife disease ·
Confounding · Biases · Validity

1 Introduction

Epidemiology is the study of disease and other
health-related events in populations and the
factors that determine their occurrence
(Thrusfield et al. 2017). Epidemiologic studies
have long provided key evidence for understand-
ing and developing management actions related
to noninfectious and infectious diseases, includ-
ing zoonoses, for both human and domestic ani-
mal populations. There is a clear need to
understand interactions between human, wildlife,
and domestic animal populations within a One
Health context due to the increasing frequency
of disease emergence over the past two decades
(Cunningham et al. 2017; Stephen 2021). How-
ever, there are several challenges, associated with
applying epidemiological techniques to wild ani-
mal populations, including issues associated with
sample collection and diagnostic tests, and lack of
knowledge about wildlife populations. Many of
the assumptions and population characteristics
needed by epidemiological methods are much
more challenging to objectively measure and
apply in wild populations compared to domestic
animals or people. Although such studies are
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challenging and no single study can generate all
the required information about a wildlife popula-
tion, it is important to remember that it is the
cumulative effort that counts, with progress
being made in incremental successive studies
over time (Stallknecht 2007). Wildlife epidemio-
logical studies and methods must embrace multi-
ple lines of evidence to triangulate toward a better
understanding and be interdisciplinary in all its
forms, including indigenous ways of knowing. In
this chapter our objectives are to: (1) describe
some of the major issues and problems experi-
enced by researchers and health professionals
when attempting to apply epidemiological
principles and methods to free-ranging wildlife
populations, and (2) help researchers and
practitioners to understand how these methods
and tools can be applied effectively in free-
ranging populations.

2 Goals and Objectives
for Epidemiological Studies
in Wildlife Populations

Epidemiological approaches can be used to
describe, understand, and ultimately inform the
health management of free-ranging wildlife
populations. Descriptive approaches are often
used initially to determine the “what” and the
“who”: which etiologic agents are involved in
causing morbidity and mortality and which demo-
graphic groups are primarily affected? Excellent
references exist for understanding patterns of dis-
ease occurrence and how to collect such data
effectively (Delahay et al. 2009; Thrusfield et al.
2017; Wobeser 2006). Once patterns of disease
and health in a population are understood, one is
often interested in then generating or testing
hypotheses about the ‘why’ and ‘how’: why are
certain parameters more, or less, involved in caus-
ing disease or health outcomes, and how can these
factors be managed? This often involves more
analytical epidemiological approaches that use
observational, retrospective, or prospective study
designs (cross-sectional, cohort, and case-control
designs).

To manage and understand health implications
and move from knowledge to action (Stephen
2021), researchers often want to implement con-
trol measures in an adaptive management frame-
work. These approaches often involve before-
after-control-impact (BACI) designs (Conner
et al. 2007; Shaffer and Buhl 2016; Rytwinski
et al. 2015), or experimental designs where dif-
ferent treatments are implemented in similar
populations (Cassidy 2015; Delahay et al. 2009).
Regardless of the approach taken, it is important
to understand the value of evidence triangulation
and the importance of putting knowledge gained
into action (Stephen 2021). Evidence from multi-
ple different pathways of study is often extremely
valuable for understanding complex ecological
phenomena. For example, using two-eyed seeing
approaches (Kutz and Tomaselli 2019), quantita-
tive and qualitative approaches can provide com-
plementary and corroborating information that
allow us to more fully understand both human
values and wildlife health determinants in a holis-
tic framework. A two-eyed seeing approach is a
collaborative, iterative, adaptive process that
bridges multiple knowledge systems including
western science and indigenous ways of knowing
to co-generate knowledge within a rigorous,
transparent, and appropriate process of knowl-
edge acquisition and verification (Kutz and
Tomaselli 2019).

3 Issues with Epidemiologic
Studies in Wildlife Populations

When attempting to understand determinants of
health in free-ranging fish and wildlife
populations, there are many barriers that create
challenges with the interpretation of surveillance
outputs and epidemiologic data. These include
lack of validated diagnostic tests, issues
associated with sample collection, and a host of
population-level issues related to determining
causation. Despite these challenges, it is still fea-
sible and quite reasonable to apply epidemiologic
methods to the study of wildlife health. One just
needs to understand the limitations beforehand
and know how these limitations can be addressed
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using proper study design. Some of the major
challenges and limitations when studying free-
ranging wildlife populations are described below
(Table 1), followed by epidemiological methods
and approaches that work best for studying free-
ranging wild populations.

Collecting biological samples for wildlife
health studies is challenging from a cost and
welfare perspective. Live-capture studies depend
on being able to capture and collect samples that
do not compromise the health of the captured
animal (Stallknecht 2007). These studies can be
very expensive and time-consuming, so many
studies rely on sampling free-ranging populations
using convenience sampling frames; those
samples that are easily acquired through existing
means such as hunting, fishing, or citizen science
efforts. This means these samples are often biased
and not representative of the populations being
sampled (Wobeser 2006). Sample sizes for stud-
ies involving wild populations are often small,
due to the high cost of capturing and sampling
remote populations, or when working with small,
endangered populations with few individuals.
Even with large populations of relatively

common species, detecting pathogens at low
prevalence requires enormous effort over long
periods of time during which, many of these
population characteristics change rapidly.

Random sampling is a core assumption for
many epidemiological study designs but it is
often very difficult or impossible to achieve in
free-ranging populations. To achieve a random
sample, one must know a population’s underlying
spatial and temporal variability to design sam-
pling strategies that ensure all animals in the
population have an equal (non-zero) probability
of being sampled. Despite evidence that a spe-
cies’ social structure can have enormous
implications on disease transmission and reser-
voir status, the social structures of many wildlife
populations are unknown, and understanding
their social network is a very expensive undertak-
ing, so it is often restricted to small, localized
populations. Population characteristics such as
age structure, sex ratio, recruitment, and home
range and connectivity are often undetermined
in wild populations, and one often has to infer
these characteristics from convenience samples.

Table 1 Common issues arising from sampling and collecting from free-ranging wildlife populations

Capture/sampling issues

• Representativeness and random sampling are extremely difficult
• Capture, sample acquisition is very costly leading to a small sample size
•Method of capture often produces another set of biases (selection bias) and influences animal behavior post-capture
• Spatial location/home range data are costly and difficult to obtain
• Wildlife capture is not considered culturally/ethically acceptable by some groups

Diagnostic test issues

• Lack of validated tests for a particular species
• Sensitivity and specificity of diagnostic tests are often unvalidated/unknown. Predictive values are not calculable

due to lack of data (e.g., prevalence)
• Strains/species of pathogens are often novel or never before detected, and therefore lack a diagnostic test
• Cross reactions with similar pathogens
• Reduced or nonexistent laboratory capacity in underdeveloped countries
• Lack of “normal” reference ranges for biochemical, hematologic tests, contaminants

Population issues

• Underlying population structure (age, sex, location, herd/flock status, social structure) is often unknown
• Interspecies interactions and cumulative effects difficult to quantify
• Reservoir status is very difficult to determine (spillover host, reservoir, non-susceptible hosts)
• Comorbidities are often not measured due to cost and challenges with diagnostic testing
• Sublethal effects or cumulative effects are very difficult to discern in wild populations
• Ecological processes work differently at different geographical scales, making generalization difficult
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Issues with diagnostic tests also impose
challenges. Validated diagnostic tests are often
not available for wild species and tests developed
for domestic species must often be deployed
(Thomas et al. 2021). Unfortunately, this means
that data on sensitivity and specificity of these
tests often do not exist, so test performance
(their positive or negative predictive values) is
often unknown before taking it into the field.
Latent class analyses and other techniques have
been used to estimate test performance when
these parameters are unknown when sampling
from multiple populations (Richomme et al.
2019; Shury et al. 2015). Many tests developed
for domestic species can cross react with similar
pathogens found in wild populations, but deter-
mining which pathogen a positive test indicates
requires additional cost and laboratory expertise
to tease apart confounding results. One example
involves Borrelia turicatae, which causes tick-
borne relapsing fever and causes cross-reactions
on a test meant to determine exposure to Borrelia
burgdorferi, the causative agent of Lyme disease
(Gettings et al. 2019).

Many countries lack the veterinary infrastruc-
ture to allow diagnostic testing in wild populations.
Many of these exist in biodiversity hotspots where
zoonotic spillover of pathogens to human
populations may be higher. International efforts
which help to establish veterinary infrastructure
such as the PREDICT program (https://p2.
predict.global/) have made major improvements
in diagnostic capacities in recent years.

Understanding the health of populations can
also be challenged by a lack of established refer-
ence ranges for parameters commonly used to
assess health in domestic animals and humans,
such as biochemical tests and hematology. Zoo-
logical institutions have been great sources of
information in this regard in the past 30 years
and there are many more established reference
ranges available now. Many studies often build
in a validation sample set from healthy animals to
determine proper reference ranges as part of the
study design. There can, however, be substantial
differences between health parameters for species
kept in captivity versus their free-ranging
counterparts (see McAdie 2018).

4 Study Designs and Approaches
for Free-Ranging Wildlife
Populations

There are two broad approaches that can be
applied to the study of wildlife health and disease:
experimental and observational studies. Experi-
mental studies are used relatively infrequently in
free-ranging wildlife because they require the
investigator to control and manipulate the expo-
sure variable of interest (discussed below). Most
wildlife health studies rely on observational stud-
ies, including descriptive and analytic studies. For
a more in-depth review of current standards for
reporting observational research refer to the
STROBE (Strengthening the Reporting of Obser-
vational Studies in Epidemiology) guidelines
(http://www.strobe-statement.org) (Sargeant
et al. 2016).

4.1 Descriptive Studies

Descriptive studies include case studies and case
series. If one is describing a new case of a disease
in a new species or location and reports this
finding, this is typically described in a case report.
If multiple animals having similar criteria and
causes are found, this is a case series. If one
goes out to look for a particular disease or pres-
ence of an etiological agent or risk factor in a
population and just intends to summarize the
data, these are typically also included as descrip-
tive studies and are very common in the wildlife
field (Kaur et al. 2008; Parra et al. 2006; Salb
et al. 2014). This type of information is very
valuable and can help to guide the efficient man-
agement of outbreaks. For example, Salb et al.
(2014) summarized anthrax outbreak data from
wild wood bison in northern Canada, utilizing
outbreak information collected over a 46-year
period, demonstrating that outbreaks had declined
over time, that outbreaks peaked in early July, and
primarily involved bulls. These types of studies
allow researchers to identify hypotheses that can
be investigated using analytic or experimental
studies.
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4.2 Analytic Studies

Analytic studies formally compare results
between groups that differ with respect to their
exposures or outcomes. Analytic or explanatory
studies are used to better understand how differ-
ent variables such as age, sex, or geographic area
affect and interact with other variables such as
disease status. They typically seek to understand
causation or how an outcome variable (disease
status) is related to other variables of interest.

4.2.1 Cross-Sectional Studies
Cross-sectional studies look across populations at
one point in time to record information about their
subjects without manipulating the study environ-
ment. They can be classified as descriptive or
analytical, depending on whether the outcome
variable is only being documented and measured
or assessed for potential associations with
exposures or risk factors. They may be concerned
with single or multiple variables of interest.
Cross-sectional studies are one of the most com-
mon epidemiological study designs used in wild-
life as no prior knowledge (e.g., health/disease
status, age, and sex) is needed about subject
animals before capture and sampling. Repeated
cross-sectional studies are studies repeated over
time using different individuals in the population.
Longitudinal studies are cross-sectional studies
that involve the same individuals repeatedly cap-
tured and sampled over time. These types of
studies are relatively easier to implement relative
to other types of epidemiological study designs,
such as cohort studies, but researchers have less
control over how animals are categorized or
grouped and it is not possible to show proof of
causal association with these studies, as one is
measuring both the outcome and a set of explana-
tory variables at the same time. As a result of
exposure and outcome being measured at the
same time, causality cannot be reliably inferred
from cross-sectional studies (see Chap. 6), unlike
with cohort and case-control designs. The out-
come being measured in cross-sectional studies
is typically prevalence of a disease or health
parameter being studied as one often does not

know the actual population structure or exactly
how individuals comprise a population of wild
animals (i.e., the denominator), making calcula-
tion of rates (incidence, rate ratio) difficult or
impossible.

4.2.2 Case-Control Study Designs
Case-control studies are a very powerful method
of studying health determinants in human and
domestic animal populations but are rarely used
in wildlife populations as some population
characteristics need to be known beforehand.
Typically, with these studies, a subset of the pop-
ulation with a particular outcome (the cases) is
compared to another subset of the population that
has not experienced the outcome (controls). No
intervention is attempted and no attempt is made
to alter the course of the disease. Most often, case-
control studies are retrospective as they look back
in time to compare how frequently the exposure
to a risk factor is present in each group to deter-
mine the relationship between the risk factor and
the disease. Prospective case-control studies are
less common and rarely possible for free-ranging
wildlife as they involve following the sample
group over time while monitoring their health
and exposures. Cases emerge when animals
develop the disease or condition under investiga-
tion as the study progresses. Challenges in
identifying cases, finding retrospective exposure
information, or prospectively following animals
over the time limit the application of these
methods.

Examples, where case-control studies have
been successful, include closely monitored
populations such as lowland gorillas (Haggblade
et al. 2019), African buffalo (le Roex et al. 2013),
and sea otters (Shockling Dent et al. 2019). This
was possible in the case of lowland gorillas
because there was a preexisting dataset of
132 “clinical interventions” available over a
20-year period, several, but not all of which
involved snaring and subsequent treatment. This
type of design was only possible in this case
because of very close monitoring of this popula-
tion with controls being clinical interventions
other than snaring. In the paper published by
Shockling Dent et al. (2019), a similar
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retrospective case-control design worked effec-
tively as there was a large necropsy database
from a closely monitored population where
findings from nasal mite-infested sea otters
(cases) could be compared with a large number
of controls who did not have the nasal mites at
necropsy, allowing researchers to determine that
older sea otters were 9.4 times more likely to be
infested with mites than younger otters.

4.3 Cohort Study Design

A cohort study selects animals based on exposure
and then studies the development of disease in the
exposed and unexposed groups of animals.
Cohort studies can be logistically difficult
because of the need to identify animals initially
free of the outcome and then follow them over
time to determine the development of the out-
come (Caswell et al. 2018). This can be particu-
larly challenging for wildlife studies.
Nonetheless, cohort studies have been used to
study wildlife disease. For example, Miller et al.
(2008) used a cohort study design to compare the
annual survival of prion infected and apparently
uninfected adult mule deer. They found that prion
infection dramatically lowered the survival of
free-ranging adult mule deer (Odocoileus
hemionus). Cohort studies are powerful because
exposure is identified before the outcome, which
confirms that the proposed cause preceded the
development of the outcome.

4.4 Experimental Designs

Experimental studies, where the investigator
manipulates the exposure variable of interest, are
of primary importance in understanding patho-
genesis, validating diagnostics, and providing a
necessary perspective for interpreting data
(Stallknecht 2007). Experimental studies are
often conducted in laboratory settings which
have limited applicability in real-world situations,
but they can also be carried out in wild settings.
There are numerous examples that experimentally
manipulate various factors using rodents (Behnke

et al. 2001; Dantzer et al. 2020; Sweeny et al.
2020), but fewer with birds, large mammals, and
other taxa. For example, several recent studies
have explored the relationship between gastroin-
testinal nematodes and bovine tuberculosis in
wild African buffalo (Beechler et al. 2017;
Ezenwa et al. 2010; Jolles and Ezenwa 2015;
Seguel et al. 2019), but these types of studies in
large mammals are relatively rare.

Despite challenges, experimental approaches
have also been successfully applied in the field.
An increasing number of studies have used
antiparasitic treatment experiments of wildlife
hosts to assess the impacts of parasites on health
and fitness (reviewed by Pedersen and Fenton
2015). For example, Newey and Thirgood
(2004) experimentally reduced parasite burdens
in mountain hares (Lepus timidus) to test the
hypothesis that parasites reduce hare fecundity.
They found that treatment with ivermectin signif-
icantly reduced the abundance of
Trichostrongylus retortaeformis and increased
the fecundity of the hares. Experimental studies
allow us to assess cause and effect in a way that is
not possible using observational studies alone
(Pedersen and Fenton 2015).

The combination of both lab and field experi-
mental studies can lead to the discovery of addi-
tional relationships that are relevant to
epidemiology (Stallknecht 2007). A great exam-
ple of this can be found in Ezenwa et al. (2010)
where experimental data was combined with lon-
gitudinal field studies to make inferences about
co-infections and population health for African
Buffalo.

4.5 Other Approaches

Although it is beyond the scope of this chapter to
delve into the world of mathematical modeling,
we wanted to highlight the role those mathemati-
cal models can play in identifying knowledge
gaps, assessing possible management strategies,
and understanding the spatial and temporal
factors of disease emergence (Alexander et al.
2012; Ryser-Degiorgis 2013). Despite
limitations, including limited data for wildlife
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populations, a broad range of modeling
approaches has been applied to support
decision-making in wildlife management
problems (McCallum 2016). For example,
modeling different vaccination strategies for
preventing brucellosis in bison in the Greater
Yellowstone Ecosystem (GYE) suggested that
vaccinating all female bison captured during
boundary operations for bison leaving the park
combined with remote darting of female bison in
the park would be the most effective alternative
(Treanor et al. 2010). Moreover, although it was
clear from the modeling that brucellosis could not
be eradicated in GYE bison populations using
vaccination, it could be useful to reduce preva-
lence over a 30+ year time period.

Molecular epidemiology has been a rapidly
expanding field in the last two decades due to
improvements in computer analysis power and
rapidly decreasing costs of whole-genome
sequencing methodologies. As a result, there
have been many advances in understanding the
global distribution and epidemiology of infec-
tious pathogens in recent years involving wildlife
populations. A thorough discussion of this field is
beyond this chapter, but interested readers are
referred to the following references as examples
of this for more information (Carlson et al. 2019;
Thompson and Ash 2016; Wong et al. 2019).

4.6 Approaches to Spatial Data

Spatial health analysis focuses on mapping
diseases, risk factors, and other health outcomes
and analyzing them in comparison to two or more
variables. Due to the importance of how wildlife
assemble and move in shared places, the
interactions of people, domestic animals, and
wildlife in spaces and the effects of landscape
features on health outcomes, spatial analysis is
growing in importance. It is beyond the scope of
this chapter to delve into this topic in detail, but
more is available in Chap. 14, as well as the
following references (White et al. 2018; Pfeiffer
and Hugh-Jones 2002; Cunningham et al. 2021;
Moustakas 2017; Baratchi et al. 2013).

5 Validity, Bias,
and Confounding

To make inferences about a study population, one
generally must take a sample of the population of
interest, measure a set of variables, and then ana-
lyze those variables to infer what the health of the
population may be or understand how the health
parameters influence an outcome of interest (typ-
ically disease prevalence or rate). The ways in
which we undertake these steps influence how
far our studies systematically (as opposed to ran-
domly) deviate our measurements or observations
from the truth. In free-ranging wildlife
populations, many biases result from our data
collection methods because logistic and financial
considerations drive us to compromise our studies
away from epidemiological study ideals and
assumptions (Table 2). Reducing the amount of,
and understanding the nature and direction of
biases, during and after data collection, allow us
to measure these inferences and understand the
validity of our data more precisely.

Bias affects the validity of a study. Validity
generally refers to how well our sample popula-
tion (generally referred to as the target popula-
tion) reflects the true nature of the overall (source)
population about which we are making
inferences. Internal validity refers to how unbi-
ased our inferences about the association between
an exposure (e.g., geographic location or home
range) and a health outcome (e.g., disease status
or serological exposure) truly are for the study
population. External validity refers to how gener-
alizable our findings about these associations are
to other populations, situations, or species. Poorly
designed studies often lead to erroneous
associations, resulting in indefensible conclusions
and poorly targeted management interventions.
Having valid measures are very important to
ensure management approaches are targeted
appropriately and can be used to ensure the effec-
tiveness of management interventions over time.

Selection bias is likely the most common and
important source of bias in most wildlife studies
and results from the target population not accu-
rately reflecting the attributes of the source
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population. Many datasets acquired from wildlife
are convenience samples (acquired when animals
are reported by the public or staff) or are acquired
through hunting, fishing, or other consumptive
means that do not offer all animals in the popula-
tion an equal likelihood of being sampled.

Confounding is a source of bias in wildlife
studies which must be recognized and controlled
for either during sampling or post hoc during data
analysis. It results from situations where one or
more variables are associated with both the expo-
sure of interest and the outcome variable. When
these confounding variables are not measured, we
can get a biased relationship between other
variables and the outcome. For example, suppose
you wanted to understand the relationship
between tuberculosis status and survival. You
logically would want to know about the outcome
variable of survival, the animals’ tuberculosis
status, and a determined number of other health-
related variables that could influence survival.
Increasing age is often associated with increasing
exposure to infectious diseases, so it is likely

associated with TB status. But age is also likely
associated with the probability of survival as the
older an animal gets the less likely it is to survive
the coming year. Age would, therefore, act as a
confounder and muddle the relationships between
survival and TB status in this example. Fortu-
nately, there are many sampling methodologies
that can account for confounding during sam-
pling, as well as many analytical methods to
control these relationships.

6 Overcoming Biases and Other
Challenges

Despite the problems identified above, there is
still value in using epidemiological approaches
to understand health in wildlife populations.
There are many strategies that can be employed,
but sources of variability or error must first be
identified so they can be dealt with. Previously
published information on the species or popula-
tion of interest from other geographic areas can

Table 2 Examples of types of biases common to studies of health and disease in free-ranging wildlife populations

Categories of
bias Definition Examples

Measurement Inaccurate measurements or misclassification of
study subjects which does not represent the true
situation

Bias may result if tests or tools used to measure
disease or health metrics are inaccurate. For
example, animals may be systematically
misclassified as diseased or not diseased if the
sensitivity and/or specificity of the test is not
100% (see examples in Lachish and Murray
2018)

Selection Subjects selected for study do not represent the
larger population

Bias may result if animals from your study
population are more or less likely to have the
disease of interest than the population as a whole.
For example, selection biases should be
considered when using samples from
opportunistically collected animals (e.g., road-
killed, hunter killed, or rehabilitated animals) to
estimate the prevalence of disease in the larger
population (see Conner et al. 2000, e.g., with
Chronic Wasting Disease)

Confounding The outcome variable is impacted by the effects of
another variable associated with both the exposure
of interest and the outcome variable

Confounding may occur if the impacts of
extraneous variables on the outcome of interest
are not considered or measured. In a recent study
commenting on the impacts of plastic pollution
on wildlife health, Roman et al. (2020), highlight
the need to explore factors other than plastic,
such as nutrition, that might influence the
response
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often give a sense of these sources. Pilot studies
using potential diagnostic tests on smaller subsets
of individuals can help to refine parameter
estimates a priori. Matching on known
confounders such as age, sex, and species can
also be used to control for confounding and
should be considered during study design and
analysis. Matching can be done through either
frequency or individual matching (thorough
explanations can be found in Dohoo et al.
(2009)).

Once potential sources of bias or error have
been identified, appropriate sampling strategies
can be devised to reduce sources of error and
bias. Identification of important covariates is an
important first step to ensure parameters that can
be measured are measured during capture or field
sampling. The preparation of causal diagrams is
an excellent way to visualize and identify poten-
tial covariates (Greenland et al. 1999; Dohoo
et al. 2009). Sampling strategies to reduce bias
involve hierarchical or probability sampling. For
cohort studies, ensuring that exposed and unex-
posed groups are essentially as similar as possible
in all important parameters of interest is important
to be able to reduce bias to the extent possible.

Stallknecht (2007) also provides several excel-
lent suggestions for both conducting and
analyzing wildlife data that include: (1) develop-
ing integrated plans (use a variety of approaches
involving both field and lab studies), (2) archive
samples (important for future studies and molec-
ular epidemiology approaches), (3) maintain
quality control (integrate different diagnostic
tools, understand data limitations), (4) interpret
data carefully (need to question results because
wildlife systems are complex), (5) don’t restrict
yourself to traditional approaches (unique
challenges require unique approaches; innovate),
and (6) don’t be intimidated (individual studies
contribute to our overall understanding). Simi-
larly, Lachish and Murray (2018) suggest several
considerations to reduce uncertainty and bias in
disease ecology studies including: (1) rigorous
identification of sources of uncertainty (use of
pilot studies, a priori information), (2) employing
rigorous sampling strategies (probability sam-
pling, hierarchical levels, control for measured
covariates), (3) statistical adjustment of parameter

estimates for observation error where possible
(mark recapture, occupancy models, simulations,
sensitivity analyses), and (4) acknowledging
remaining uncertainty (temper inferences and
conduct sensitivity analyses).

6.1 Mixed Methods
and Participatory
Epidemiological Approaches
in Wild Populations

Participatory epidemiology involves the partici-
pation of communities or human populations in
studying the wildlife health parameters of inter-
est. This is discussed in more detail in Chap. 5.
Combining different epidemiological approaches,
both quantitative and qualitative, to better under-
stand complex wildlife population systems can be
very powerful and lead to strong outcomes when
communities are directly involved in understand-
ing wildlife health. One example is the manage-
ment and control of bovine tuberculosis in the
area around Riding Mountain National Park in
Manitoba, Canada. Understanding farmer and
rancher attitudes toward elk and deer manage-
ment (Brook 2015; Brook et al. 2013; Brook
2008, 2010; Brook and McLachlan 2009; Brook
and McLachlan 2006) on their lands along with
field epidemiological investigations (Nishi et al.
2006; Shury 2015; Shury et al. 2014; Shury and
Bergeson 2011) allowed a holistic view of the
bovine tuberculosis problem in the region and
narrowed down potential solutions that would be
ultimately successful in eradicating the disease
amongst sympatric cattle and wildlife populations
over time. Similar research in northern Canada
involving local indigenous communities to under-
stand caribou and muskoxen diseases have been
very successful in building bridges between
scientists and community members and providing
key solutions to understand emerging pathogens
and parasites and how these are associated with
climate change (Forde et al. 2016; Hoberg et al.
2008; Keatts et al. 2021; Tomaselli et al. 2019).
The common denominator amongst these
examples is the importance of transdisciplinary
research leading to concrete impacts on the health
of both humans and wildlife.
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7 Conclusion

Hopefully, we have managed to demonstrate how
epidemiological approaches can provide neces-
sary tools to describe, monitor, and understand
the role of health outcomes in wild animal
populations. Although there are numerous
challenges that need to be overcome to under-
stand and manage health in wildlife populations,
one should not be intimidated to undertake such
research, as it is critically important for society as
we face major biodiversity and climate crises.
Epidemiological approaches have and will con-
tinue to provide important and much-needed data
for managing future pandemics and to prevent
and manage risks to both human and wildlife
populations in coming decades.
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Participatory Epidemiology
and Surveillance for Wildlife Health

Matilde Tomaselli

Abstract

The veterinary application of qualitative par-
ticipatory approaches, also known as partici-
patory epidemiology and participatory
surveillance, is well established for livestock
diseases, having contributed to significant
advances in disease control. These approaches
hold considerable promise for improving wild-
life health assessment; however, their applica-
tion is still in its infancy. To unlock their full
potential for wildlife health, participatory
approaches developed for livestock diseases
need to be adapted to meet the unique
challenges of working with free-ranging wild-
life and documenting reliable data. This chap-
ter offers a valuable contribution to develop
the emerging field of participatory wildlife
health surveillance by introducing concepts
and methods of participatory approaches for
livestock diseases, illustrating their value for
wildlife, and drawing lessons for their effec-
tive application to wildlife health from the
examples of the integration of local ecological
knowledge in wildlife co-management. The
chapter includes a practical framework for the
implementation of participatory wildlife health
surveillance to both harvested and
non-harvested wildlife populations and

discusses potential benefits and limitations of
this approach, including differences and
synergies with citizen science initiatives.
Readers will learn how engaging with local
knowledge holders allows for a shared under-
standing of wildlife health, the timely identifi-
cation of problems, and the development of
shared solutions that improve decision-making
around wildlife health.

Keywords

Participatory epidemiology · Participatory
surveillance · Interviews · Triangulation ·
Existing veterinary knowledge · Local
knowledge · Scientific knowledge · Local
experts · Ethnoveterinary knowledge ·
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1 Participatory Epidemiology
and Participatory Surveillance:
Origins, Concepts, Methods,
and Applications

Participatory epidemiology (PE) and participa-
tory surveillance (PS) are qualitative participatory
approaches to veterinary epidemiological
research and disease surveillance that have
respectively contributed to significant
improvements in the understanding and control
of livestock diseases in low-income countries
(Catley and Mariner 2002; Catley 2003;
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Jost et al. 2007; Mariner et al. 2011; Catley et al.
2012; Goutard et al. 2015; Allepuz et al. 2017;
Alders et al. 2020). These approaches originated
in the 1990s as the veterinary application of par-
ticipatory rural appraisal (PRA) (Catley et al.
2012), which had evolved a decade earlier from
rapid rural appraisal (RRA) as a bottom-up mul-
tidisciplinary strategy to improve rural develop-
ment through community empowerment
(Chambers 1983, 1994a, b, c, Pretty 1995).

Participatory epidemiology and PS (formerly
referred as PDS, participatory disease searching,
or surveillance) access community knowledge
systems, particularly the knowledge of livestock
owners about the diseases affecting their animals,
including clinical presentation, gross pathology,
epidemiological features of the disease, and
associated risk factors, as well as treatment
(knowledge collectively referred to as
ethnoveterinary knowledge or existing veterinary
knowledge) (Mariner and Paskin 2000). This
knowledge is gathered in the field through a com-
bination of multiple participatory appraisal
techniques and tools, ranging from semi-
structured interviews (individual and group) to
interactive scoring and visual exercises (e.g., pro-
portional piling, ranking and scoring, seasonal
calendars, Venn diagrams) and direct
observations, which allow for the generation of
both qualitative and quantitative “epidemiologi-
cal intelligence” (Mariner and Paskin 2000;
Alders et al. 2020). Techniques are applied in a
flexible way through an appraisal supported by
iterative analyses, making the assessment pro-
gressively more relevant to the local context or
situation (Jost et al. 2007). Like PRA, PE, and PS
rely on the process of “triangulation,” cross-
checking information using multiple methods
and sources, to improve data quality and reliabil-
ity (Pretty 1995; Mariner and Paskin 2000; Jost
et al. 2007; Catley et al. 2012). Triangulation is
applied both “within-method” using a number of
qualitative research methods (e.g., interviewing
multiple participants in individual and group
settings, direct observations, examination of sec-
ondary documentation, etc.) and “across-method”
coupling qualitative research methods with con-
ventional veterinary assessments and diagnostics

(i.e., clinical and pathological examinations, field
and laboratory testing) (Mariner and Paskin 2000;
Catley et al. 2012; OIE 2014; Alders et al. 2020).
In general, in PE and PS systems the overall data
gathering process is guided by the PRA key prin-
ciple of optimizing trade-offs between the cost of
learning and usefulness of information, also
referred to as “optimal ignorance” and “appropri-
ate imprecision” (Chambers 1994a).

Central to the application of PE and PS
systems is the concept of active participation of
local resource users or experts (Box 1). When PE
and PS are fully applied, the knowledge of local
stakeholders is used not only as a source of epi-
demiological data on animal health but also to
define local priorities that help improve or shape
veterinary programs and intervention measures
(Mariner and Paskin 2000; Jost et al. 2007; OIE
2014; Alders et al. 2020). Although this last form
of stakeholders’ contribution can be overlooked,
it is important to recognize that in PE and PS local
stakeholders should participate beyond providing
missing epidemiological data. Failing to do so can
hinder the effectiveness of participatory
programs, and some argue that PE and PS should
not be qualified as “participatory” without the full
meaningful participation of local stakeholders
(Catley et al. 2012; Alders et al. 2020).

Much of the early development and applica-
tion of PE and PS were associated with efforts to
eradicate rinderpest, a severe viral disease of
even-toed ungulates (i.e., artiodactyls) causing
up to 100% mortality in immunologically naive
cattle and water buffalo and considered the ani-
mal disease with the greatest impact on human
livelihoods (Mariner et al. 2012). Participatory
surveillance was essential in locating the last
foci of rinderpest in remote pastoralist areas of
East Africa where conventional surveillance had
failed to disclose disease and to guide targeted
control for eradication (Mariner and Roeder
2003). Subsequently, PS was used as a tool to
confirm the absence of clinical disease in several
countries of Africa and Asia (Roeder 2011;
Mariner et al. 2012). Building from that experi-
ence, PE and PS have since been used in both
rural and urban settings in Africa and Asia to
improve the surveillance and control of other
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livestock diseases that have an impact on people’s
well-being; examples include peste des petits
ruminants (PPR) and foot and mouth disease
(FMD) in Pakistan (Hussein et al. 2008; Anjum
et al. 2006), Rift Valley fever (RVF) in Kenya
and Tanzania (Jost et al. 2010), and highly patho-
genic avian influenza (HPAI) in Indonesia (Azhar
et al. 2010). The use of PS proved to be cost-
effective for targeted studies compared to conven-
tional surveillance, as well as sensitive and timely
for detection of different types of disease
situations, ranging from rare or emerging diseases
to prevalent but underreported diseases, the latter
of which PE can contribute to up to a tenfold
increase in case detection (Jost et al. 2007;
Mariner et al. 2011). Furthermore, the participa-
tory process has enabled local stakeholders to
have a greater role in shaping disease control
programs that align with local priorities (Jost
et al. 2007; Mariner et al. 2011; Catley et al.
2012).

Since its initial application, PE, either in the
form of surveillance or epidemiological research,
has contributed to address important knowledge
gaps about livestock diseases in marginalized
areas; prioritizing disease and guiding better con-
trol strategies; unraveling the etiology of complex
syndromes (Catley et al. 2001, 2004); and,
informing models for disease transmission
(Mariner et al. 2005, 2006a, b), including
zoonoses (Grant et al. 2016). In the past two
decades, the use of PE has increased and its
applications have broadened to include, among
others, participatory risk analysis, impact assess-
ment, veterinary public health, evaluation tools
for surveillance (including hunter-based surveil-
lance—Schulz et al. 2016), and training (Catley
et al. 2012; Allepuz et al. 2017). Despite this,
however, PE activities continue to be
implemented mainly in Africa and Asia and to
be largely centered on livestock systems (Allepuz
et al. 2017).

Box 1 Typologies of participation
Pretty (1995) noted that in rural development programs the term “participation” should not be
used without appropriate clarification and identified seven typologies of participation that range
from manipulative and passive participation at the lower end of the spectrum to self-mobilization
at the opposite end. As participatory research become more and more “fashionable” this aspect
continues to be central. In PE and PS programs, Catley et al. (2012) emphasized that critical
consideration on the level of participation achieved is often overlooked. However, this aspect is
crucial because the level of participation has a direct influence on the outcomes of programs, and
opens dilemmas about the use, and misuse, of this term (Catley et al. 2012). As PE and PS
become more popular and utilized, the discussion centered on the meaning of “participation” has
become urgent as emphasized during the Second International PENAPH conference held in
Khon Kaen (Thailand) in January, 2018.
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While PS is presented as a surveillance tool
limited to livestock diseases in the World Organi-
zation for Animal Health’s (OIE) most recent
guide for animal health surveillance (OIE 2014),
participatory approaches applied to wildlife
health are increasingly gaining attention within
the veterinary and wildlife conservation commu-
nity. For example, PE has recently been proposed
as a tool that can contribute to achieve PPR erad-
ication goals and protecting biodiversity by help-
ing to fill knowledge gaps on the epidemiology of
PPR at the wildlife-livestock interface and assess
the impact of PPR directly on wildlife
populations, while improving community
engagement for shared management decisions
(Fine et al. 2020).

To date, however, the direct application of PE
and PS to wildlife health assessment has been
largely underrepresented, with disease transmis-
sion at the wildlife-livestock and wildlife-human
interfaces being more common. For example,
while studying bovine trypanosomiasis in
Kenya, Catley et al. (2002) found that Orma
pastoralists considered contact with wild buffalo
a risk factor for FMD in their cattle, with contact
between livestock and wildlife more likely to
occur from January to mid-March in the Orma
season “bona hageiya.” Coffin et al. (2015)
explored interactions between people and wildlife
at the edge of a national park within a study
focused on anthrax (Bacillus anthracis) manage-
ment in Western Uganda. PE has been
implemented to unravel complex socioecological
interactions in the project “Lawa model,” an
EcoHealth approach that has been ongoing for
over 10 years for the control of the foodborne
carcinogenic parasitic disease opisthorchiasis
(Opisthorchis viverrini) endemic in the Lawa
Lake region of Thailand (Sirpa et al. 2017). The
interaction explored included the human–wildlife
interface, given the disease is transmitted through
the consumption of undercooked wild fish (Cyp-
rinid species). Only a few studies in the published
literature appear to specifically apply PE methods
to wildlife, in assessments that are limited to the
investigation of specific morbidity or mortality
events (e.g., Chen et al. 2012; Orotzco et al.
2020).

Reasons why the use of PE and PS for wildlife
health assessment are still in their infancy maybe
owing to the need to modify PE methods devel-
oped and applied for livestock diseases to meet
the unique challenges of working with and
documenting reliable data on free-ranging wild-
life, and to move from a disease-centered
approach to a health-centered approach. By
adapting veterinary participatory methods to the
wildlife context, capitalizing on lessons learned
from other fields of study (i.e., use of ecological
knowledge in wildlife comanagement systems),
and applying robust qualitative research methods
(see sect. 5.2), a recent pilot PS project developed
in the Canadian Arctic for muskox health assess-
ment attempted to address these issues, ultimately
highlighting the full potential of PE and PS to
strengthen wildlife health surveillance and
improve decision-making (Tomaselli 2018) (see
Box 2). This chapter summarizes the core lessons
emerging from that project with the objective of
enabling wildlife practitioners across the globe to
implement PE and PS projects for wildlife health.

Box 2 Participatory Muskox Health
Surveillance in the Canadian Arctic
This pilot project was developed to explore
the potential of the combined application of
local and scientific knowledge within a par-
ticipatory framework for improving the
understanding of wildlife health and its
continuous assessment (Tomaselli 2018).
While this program was applied in the Arc-
tic to muskoxen, and also in part to caribou,
lessons learned are valuable beyond both
the targeted species and locality of imple-
mentation. Interviews of several local
experts (Inuit hunters—men, women, and
elders—, community residents and bush
pilots) were the foundation of the system,
making possible an understanding of the
local context, gathering missing epidemio-
logical data on wildlife health, informing
the design of conventional surveillance
components, and interpreting scientific
data within context (Fig. 1). Participatory

(continued)
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epidemiology activities, adapted for wild-
life health, were critical to obtain missing
historic and contemporary data on popula-
tion demographics, body condition status,
the prevalence of diseases, causes of mor-
tality, and disease outbreaks. For example,
PE identified and characterized major
declines of muskoxen and caribou before
conventional surveys. It also suggested
possible causes of these declines, including
emerging and re-emerging diseases and
mortality outbreaks that had gone largely
undetected through conventional surveil-
lance methods (Tomaselli et al. 2018a).

Engaging with local hunters allowed for the
establishment of successful sample
collections that led to the identification of
zoonotic pathogens—Orf virus and Bru-
cella suis biovar 4—which were suspected
based on PE (Tomaselli et al. 2016, 2018a).
Samples obtained through various means
(hunters’ collections, archives, field
investigations) were then used in targeted
scientific studies to further characterize spa-
tial and temporal trends of disease in the
muskox population. The use of PE to inter-
pret sample data was key to improve confi-
dence in results and depth of knowledge as

(continued)

Fig. 1 Schematic representation of the participatory
muskox health surveillance program initiated in the Cana-
dian Arctic. The surveillance components developed
access different knowledge systems—local and scientific
knowledge—each contributing to strengthening specific
aspects of the surveillance performance (sensitivity, time-
liness, and specificity). Working in synergy, they achieved

a more reliable and accurate muskox health status assess-
ment than single surveillance components and knowledge
systems could have attained in isolation. Dashed lines
represent how the surveillance components developed
relate and influence each other within the system.
Figure modified from Tomaselli and Curry (2019)
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it provided historical context to better inter-
pret scientific data and complementary
syndromic information to offset diagnostics
limitations (Tomaselli et al. 2019). Includ-
ing local experts in the surveillance
facilitated access to epidemiological data
on wildlife health that would have been
otherwise difficult to obtain and enriched
overall data interpretation. Participatory
surveillance allowed for the effective mobi-
lization of existing local knowledge and use
in synergy with scientific knowledge,
improving reliability and accuracy of the
surveillance output, and enabling early
detection of changes (Fig. 1). Finally,
working together with local knowledge
holders had benefits beyond the acquisition
and interpretation of wildlife health data; it
promoted dialogue between parties to
improve interventions for both wildlife
comanagement and public health
(Tomaselli et al. 2018a, b). Learning from
this experience, participatory epidemiology
has also now been successfully applied to
explore narwhal and polar bear health,
highlighting the broad potential of the
application of participatory approaches for
wildlife health assessment.

2 Documenting Local Knowledge
on Wildlife Health: Integrating
Lessons from Other Fields
of Study

Since the 1990s, livestock veterinarians and vet-
erinary epidemiologists working with ecologists
and wildlife managers have been combining local
knowledge1 with data obtained through

“conventional” scientific methods to address spe-
cific questions on applied issues in their respec-
tive fields. These two applications of local
knowledge—ethnoveterinary knowledge of live-
stock owners applied to livestock disease surveil-
lance and ecological knowledge of local resource
users applied to wildlife comanagement—can be
combined to capitalize on their respective
strengths and create a novel and holistic approach
to wildlife health surveillance that ensures direct
participation of those who are most affected by
changes in wildlife health and by decision-
making on wildlife.

A detailed discussion on the use of ecological
knowledge in wildlife comanagement systems is
beyond the scope of this book chapter, however,
it is important to note that this field of study
developed in parallel to PE applied to livestock
diseases (for additional references, see Tomaselli
2018). Although local ecological knowledge has
not been mobilized as effectively as
ethnoveterinary knowledge, the range of
observations about wildlife documented in eco-
logical knowledge studies includes movements
and abundance of animals, behavior, and body
condition, morbidity and mortality, interspecies
interactions, and biotic and abiotic features of
the animals’ environments. These types of infor-
mation are all relevant for the holistic understand-
ing of wildlife health and its continuous
assessment (see Chap. 1). Experiences from this
tradition, including the barriers that remain for the
effective combined use of local knowledge with
scientific knowledge in comanagement systems,
are relevant for guiding the application of PE and
PS for wildlife health.

While the PE tradition provides the pragmatic
framework for documenting local wildlife health
knowledge (i.e., using PE tools and techniques)
and its combination with scientific knowledge
(i.e., applying “across-method” triangulation),
robust qualitative methods are needed to ensure

1 There are a multitude of names that refer to experiential-
based knowledge driven by local resource use and
practices, including general names such as local and tradi-
tional knowledge, indigenous knowledge, technical
knowledge, folk knowledge and wisdom, and more spe-
cific names that connote specific groups of people, for
example Inuit Qaujimajatuqangit or Inuit knowledge, or

that refer to specific types of knowledge, for example
ecological knowledge or veterinary knowledge, and com-
bination of all the above. This local and experiential-based
body of knowledge is herein conjointly referred as local
knowledge.

54 M. Tomaselli



data quality and reliability to avoid the informa-
tion generated being dismissed as anecdotal and
failing to be integrated into decision-making
(Kutz and Tomaselli 2019). In the literature on
local knowledge applied to wildlife
comanagement, there are examples in which
local knowledge improperly collected or
interpreted has led to its dismissal as untrustwor-
thy and requiring validation by scientific knowl-
edge (Gilchrist et al. 2005; Brook and McLachlan
2005). This can lead to conflicts. Conflicts might
also arise if the PRA principles of “optimal igno-
rance” and “appropriate imprecision” were
applied to wildlife surveillance (Chambers
1994a). These principles from the PE tradition
can be appropriate in the context of rural devel-
opment and action-oriented research but might
not be appropriate for producing rigorous
accounts for understanding and assessing wildlife
health that needs to be trusted by a variety of
stakeholders to act upon.

Although flexibility is also a strength of par-
ticipatory approaches, often it has been mistak-
enly interpreted as utilizing qualitative methods
and techniques in a loose way and with a lack of
transparency in reporting methods used (Brook
and McLachlan 2008; Tomaselli et al. 2018a).
Qualitative methods must be applied using a rig-
orous process of data collection and analyses to
produce accurate accounts (Kutz and Tomaselli
2019). This is critical for promoting the transdis-
ciplinary application of qualitative and quantita-
tive disciplines for wildlife health and avoiding
further separation between them. The use of rig-
orous methods will allow for comparability and a
combination of results across localities, which
will be important for health surveillance of wild-
life populations with large home ranges that inter-
sect multiple communities and groups of key
informants.

3 Participatory Wildlife Health
Surveillance in Practice

This section contains practical considerations that
help guide the development of PE and PS
programs on wildlife health for both harvested

and non-harvested populations. Strengths and
limitations of this approach are also discussed,
including considerations on how a participatory
framework for data collection and interpretation
can improve the performance of wildlife
surveillance.

3.1 Participatory Framework
for Data Gathering
and Interpretation

Figure 2 presents a pragmatic working framework
to guide the implementation of participatory wild-
life health surveillance programs—particularly
the data acquisition and interpretation process—
in different settings and for a variety of harvested
and non-harvested wildlife populations. Here
follows a detailed description on the process of
documenting relevant local knowledge from local
experts and its combination with scientific knowl-
edge derived from sample analyses. Different
options for accessing wildlife samples are also
discussed.

Multiple stakeholders—PE practitioners, local
communities/organizations, local key informants,
and wildlife managers—are typically involved in
participatory programs which must be designed
as team efforts requiring partnerships and mutual
understanding between parties (see Chap. 21).
Participatory epidemiology practitioners must
have a sound understanding of qualitative and
PE methods and techniques (see Participatory
Epidemiology Network for Animal and Public
Health PENAPH website, www.penaph.net),
including the ethical principles that apply when
gathering knowledge from people, and core
knowledge of wildlife health and diseases.

The prioritization of the local knowledge of
key informants is recommended using interviews
that aim to understand the local context and
gather epidemiological information in the form
of PE data on the wildlife population(s) under
study. Understanding the local context allows
practitioners to implement programs that are
locally effective by capitalizing on the
opportunities that are locality- and species-
specific (e.g., identification of all possible key
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informants, data sources, sampling opportunities,
and appropriate sampling methods to use) and
evaluating relevant biases associated with PE
data interpretation and sampling design. Addi-
tional priorities to explore and concerns to
address can also emerge while engaging local
experts. Knowledge about the local context can
help to shape intervention strategies for both pub-
lic health protection and wildlife management.
Once the local context is understood—for exam-
ple, through the use of open-ended semi-
structured individual interviews of key

informants coupled with direct observations—
then the PE data collection process can be
initiated. This is typically done using participa-
tory appraisal techniques applied in group
interviews of carefully selected key informants
(e.g., Tomaselli et al. 2018a).

Collaboration with local organizations is
essential for the development of this initial
phase including for the identification of relevant
key informants. The use of robust qualitative
methods is necessary to produce reliable
interview-based data, including defining sample

Fig. 2 Process map describing the general participatory
framework for data gathering and interpretation on wild-
life health. The main surveillance components or
activities, which refer to either the local knowledge system
(orange) or the scientific knowledge system (blue), are
indicated inside rounded rectangles; solid lines represent
the main connections among activities or explain features
within a single activity; dashed lines refer to feedback
connections within the process; green solid lines represent
the flow lines generated by the surveillance output leading
to a new starting point for the data gathering/interpretation

process; finally, green dashed feedback lines represent the
following iterations of the data gathering/interpretation
process. “Sampling feasibility” is the discriminating node
that determines whether hunter-based sampling may be
feasible or not. Light blue rounded rectangles include
surveillance activities that are subjected to the availability
of biological samples and, therefore, may not be
implementable (i.e., non-harvested wildlife). The process
flow is also schematically summarized in the top right
corner. Adapted from Tomaselli (2018)
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size until thematic saturation is reached, applying
“within-method” triangulation (e.g., individual
and group interviews), analyzing information
through thematic analysis, and co-interpreting
results with participants through feedback
sessions (Tomaselli et al. 2018a, b; Kutz and
Tomaselli 2019).

Hunter-based sampling is an effective tool to
collect biological samples from harvested wildlife
for immediate testing and archiving (OIE 2014).
Codesigning these programs with local hunters and
carefully selecting the type of samples and infor-
mation needed to meet surveillance objectives are
the keys to success. Generally, blood samples can
be easily collected and archived even in challeng-
ing settings (e.g., filter papers used for collection
and storage; see Curry et al. 2014) as well as
information on and samples from abnormal lesions
found in harvested animals. If additional samples
can be collected and archived, referring to the PE
data can help identify which tissues can be valuable
in the future. When resources become available,
archived samples can then be accessed for
implementing targeted scientific studies. Hunter-
based sampling programs are flexible surveillance
tools that can be modified over time to fulfill
evolving surveillance objectives. Any
modifications should be discussed with the hunters
participating in the program to enable its continued
codesign, which ultimately influences its
sustainability.

Interviews with key informants and hunter-
based sampling are likely to increase the reporting
of events consistent with overt disease or mortal-
ity, and the submission of abnormal tissues
requiring immediate analyses. Being prepared to
quickly implement field investigations and labo-
ratory testing is essential to increase the specific-
ity of the surveillance system and to provide
timely responses. Linking local surveillance to
existing broader (e.g., provincial, territorial, or
national) wildlife surveillance systems can help
achieve this goal. For example, in Canada, all
provinces and territories can easily and rapidly
access veterinary diagnostic expertise on wildlife
diseases through the Canadian Wildlife Health
Cooperative (see CWHC website, www.cwhc-
rcsf.ca).

Knowledge derived from interviews, field dis-
ease investigations, and hunter-based sampling
can together help to identify and prioritize
targeted scientific studies (e.g., Tomaselli et al.
2019). This feedback among surveillance
components can help to use limited available
resources more effectively. Both the local knowl-
edge and the scientific knowledge are likely to
generate further questions and priorities which
can be explored using the same approach that
combines the knowledge of key informants (i.e.,
exploring new themes) with targeted sampling
and diagnostics. The surveillance system, there-
fore, keeps evolving and has the potential to
quickly adapt to local needs.

While hunter-based sampling is not feasible
for non-harvested wildlife, PE and PS can still
be implemented. It can be more challenging to
identify individuals who have detailed knowledge
about non-harvested species, making understand-
ing the local context even more important. For
example, in some areas, fishermen can provide
detailed information on sea birds that often follow
and congregate around fishing boats, but, at some
times of the year, crop farmers can also provide
observations on seagulls that swarm their fields to
feed on worms as farmers till the soil.

Knowledge on the life history of the wildlife
populations under study can help to identify areas
where it is more likely to gather important infor-
mation for population health assessments. For
example, the Arctic is one of the ideal locations
to document data on the health of shorebirds as
this is where these seasonally migratory species
breed. Shorebirds may not be harvested but peo-
ple who spend lots of the spring and summertime
on the land (e.g., geese harvesters, people
involved in egg or berry picking, or even fishing)
are likely to observe shorebirds and can serve as
the key informants of the surveillance. Although
it is unlikely that detailed PE could be compiled
for diseases of non-harvested wildlife (i.e.,
lesions localized in internal organs), critical data
could still be gathered on population trends and
productivity, overt mortality/disease, and holistic
understanding of factors associated with popula-
tion health. Active sampling and laboratory
analyses can be promptly implemented for
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non-harvested wildlife following reports of overt
mortality/disease. Thus, a PS program on
non-harvested wildlife can provide a data-rich
output to enable evidence-based interventions.

Finally, in some cases, it may be possible to
combine elements of participatory surveillance
for harvested and non-harvested species. For
example, wildlife populations with vast home
ranges that span across multiple jurisdictions
may be harvested in some geographic areas but
protected in others (e.g., national parks, marine
protected areas). While logistically challenging to
implement, participatory surveillance efforts
coordinated across localities can provide unique
insights for better understanding wildlife popula-
tion health.

3.2 Strengths of Participatory
Approaches for Wildlife Health
Assessments

The major strengths of assessing wildlife health
through participatory approaches lie in the poten-
tial of producing more reliable and accurate
results and enabling more timely identification
of changes than is possible through the use of
conventional methods alone. This in turn allows
for implementing more effective and timely
interventions. Capitalizing on the knowledge of
local experts as a source of epidemiological intel-
ligence develops a shared understanding of wild-
life health and identifies potential problems even
prior to their overt manifestation. For example,
observations of decreased body condition of the
animals or lower number of juveniles in the pop-
ulation (or any other direct or indirect indicators
of reproductive success, including habitat degra-
dation, as appropriate to the species under study)
can predict impending population declines long
before they could be detected through scientific
studies alone. The inclusion of PE in surveillance
systems can improve not only timeliness but also
the sensitivity of events’ detection (Tomaselli
et al. 2018a). This can promote proactive man-
agement interventions rather than reactive
responses. In addition, PE can enable tracking
population health indicators in real time,

including population demographics. For
harvested wildlife that is actively managed this
can allow for timely adaptation of harvest rates in
response to changing trends, avoiding the risk of
unsustainable harvests which would be more
challenging to achieve by solely relying on scien-
tific population estimates/censuses typically
repeated at multiyear intervals.

It is important to note that increased sensitivity
and timeliness apply to those events that are rec-
ognizable and are likely to be detected, many of
which are context dependent. That is why under-
standing the local context, including how people
interact with wildlife, is an integrative part of the
PE data gathering and interpretation process
(Tomaselli et al. 2018a, b) (Fig. 2). For example,
if hunters only minimally inspect specific internal
organs of harvested wildlife (maybe because they
do not consume them) we cannot expect an
increased sensitivity or timeliness of detection of
lesions localized in those organs. Similarly, the
apparent prevalence of lesions in organs that are
not consumed/inspected can be significantly
underestimated by hunters (Tomaselli et al.
2018a, b). The ability of the interviewer(s) to
identify different disease presentations directly
also influences sensitivity and timeliness (OIE
2014). The interviewer’s own knowledge on
wildlife health and diseases is therefore key to
explore and interpret the ethnoveterinary knowl-
edge of participants in greater depth (Tomaselli
et al. 2018a).

Another major benefit of participatory systems
for wildlife health assessment is that knowledge
of local experts can guide the application of con-
ventional methods of assessment and provides
insights for results’ interpretation. While scien-
tific data are important to increase the specificity
of surveillance systems, they have limitations of
their own and it can be difficult to interpret them
in context. For example, when a pathogen is
identified through laboratory testing for the first
time in an area it does not necessarily mean it is a
new or emerging occurrence. PE data can provide
the historical context in which scientific informa-
tion can be better interpreted (e.g., Tomaselli et al.
2016, 2018a, 2019). In particular, the process of
“across-method” triangulation enables the
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synergistic use of local and scientific knowledge,
reducing overall uncertainty and increasing confi-
dence and depth of knowledge (Tomaselli et al.
2019). This process can also facilitate more effec-
tive use than possible through conventional
assessments alone of existing fragmented wildlife
health data that are often the outcome of uncoor-
dinated initiatives.

The process of engaging with local knowledge
holders has the potential to significantly improve
management (see Chap. 21). As evident from the
wildlife comanagement tradition, the effort of
combining local knowledge with scientific
knowledge can produce collaborative
partnerships between stakeholders that allow for
an improved understanding of each other’s
perspectives, building trust, resolving conflicts,
identifying shared solutions, and ultimately
enhancing overall management that benefits
both people and wildlife (Huntington et al.
2004; Kendrick and Manseau 2008; Berkes
2009; Huntington 2011).

Finally, from a practical perspective, using PE
and PS for wildlife health assessment is likely to
be more cost-effective compared to epidemiolog-
ical studies and surveillance that require extensive
field efforts to collect biological samples for test-
ing. Local ecological studies have already
demonstrated that capitalizing on activities of
resource users that are already occurring reduces
the need for undertaking expensive fieldwork
(Anadón et al. 2009).

3.3 Limitations of Participatory
Approaches for Wildlife Health
Assessments

The considerable time commitment to build and
maintain relationships and collaborations with a
variety of stakeholders and the need for project
personnel with transdisciplinary expertise are two
major limitations to the development and imple-
mentation of participatory projects on wildlife
health.

Participatory programs typically require sig-
nificant time to build successful collaborations
and the willingness of people to participate and

share their knowledge. A project leader and team
with the necessary training including qualitative
research methods, PE techniques, wildlife health
and diseases, wildlife sampling, and field disease
investigation are critical. Cultural competence,
ability to work in a team, and flexibility are
other important qualities of participatory project
practitioners.

Although these are not limitations per se, it is
critical to consider the time commitment required
to develop and maintain local collaborations,
build trust among stakeholders, and train local
PE practitioners and program coordinators. Con-
siderable efforts are required to make the system
continuously relevant and effective locally; in
particular, interviews of key informants should
be performed regularly to allow the collection of
real-time PE data on the targeted wildlife,
enabling the implementation of adaptive
management.

Although one can see these limitations also as
opportunities to create effective locally adapted
programs that can timely detect and respond to
changes in wildlife health, it is important to keep
these aspects in mind to make sure programs are
developed on a solid foundation and with an eye
toward sustainability.

4 Beyond Local Experts
for Wildlife Health
Assessments: Participatory
Epidemiology and Citizen
Science Initiatives

Collaborations between wildlife professionals
and the public have also provided opportunities
to improve wildlife surveillance through
programs that have capitalized on existing citizen
science networks (Lawson et al. 2015). For exam-
ple, in Britain, the Garden Wildlife Health plat-
form (www.gardenwildlifehealth.org) can help
the general public report incidents of sick or
dead garden wildlife, thus providing early warn-
ing signals for emerging threats. In North Amer-
ica, birdwatchers engaged in the FeederWatch
project (www.feederwatch.org) helped to identify
the emergence of house finch conjunctivitis

Participatory Epidemiology and Surveillance for Wildlife Health 59

http://www.gardenwildlifehealth.org
http://www.feederwatch.org


(Mycoplasma gallisepticum) in 1994 and have
since contributed to its monitoring. While a full
discussion on citizen science (CS) is beyond the
scope of this chapter, it is important to mention
their contribution to wildlife health and clarify the
differences that exist with PE.

Both PE and CS initiatives improve wildlife
health assessments through the engagement of
local actors, however, they are different in nature
and, thus, lead to different outcomes both in terms
of depth of knowledge generated and manage-
ment implications. Participatory epidemiology
strives for a holistic understanding of wildlife
health by including local knowledge holders in
programs that are designed with a bottom-up
approach; while CS capitalizes on the willingness
of the laypeople (often volunteers, not necessarily
local experts) to be involved in science activities
(which are generally designed with a top-down
approach) making scientific data more accessible
for analyses.

These approaches are profoundly different in
the types of knowledge systems they access and
in the power balances between actors. Such
differences are especially evident when engaging
with Indigenous peoples. This is because the
value contexts and worldviews of Indigenous
ways of knowing typically differ from those of
the scientific knowledge system, but also because
Indigenous peoples must be in control of their
knowledge (Tengö et al. 2021). However,
synergies between approaches are possible and
even advocated for (Tengö et al. 2021). While
keeping their important differences in mind, PE
and CS can be used in combination to further
support the application of multiple evidence-
based approaches for wildlife health.

5 Summary

Participatory wildlife health surveillance is a
promising new field of application of participa-
tory epidemiology that enables the systematic use
of local knowledge for historic, contemporary,
and real-time assessments of wildlife population
health. Common impediments to gathering and
interpreting field data on wildlife health

significantly limit the ability to carry out effective
wildlife surveillance (see Chap. 9). Participatory
approaches provide specific means to overcome
some of these challenges by ensuring direct par-
ticipation of local resource users and knowledge
holders while promoting the development of
programs and interventions that are relevant
locally and which can improve comanagement
systems (Tomaselli et al. 2018a).

The health of wildlife populations intersects
with the health of humans, domestic animals,
and the environment (Aguirre et al. 2002). Partic-
ipatory approaches for wildlife health
assessments are effective tools to explore health
within interrelated interfaces, enabling the appli-
cation of One Health and Eco Health principles
which are advocated for within the veterinary and
wildlife professions, yet are difficult to apply
effectively (Rostal et al. 2012; Gibbs 2014).

The recent COVID-19 pandemic (SARS-
CoV-2) has underscored the need for wildlife
surveillance to enable timely detection and
response to zoonotic emerging infectious diseases
(Dobson et al. 2020; Watsa and Wildlife Disease
Surveillance Focus Group 2020). Participatory
approaches hold great potential to strengthen
wildlife surveillance capacity, improving early
detection of problems, and enabling timely
interventions. They must be considered in the
array of tools available for future pandemic pre-
vention. The COVID-19 crisis has also
emphasized the need to address global ecological
challenges that can greatly increase the risk of
future zoonotic pandemics from unsustainable
wildlife practices to habitat loss and fragmenta-
tion (Dobson et al. 2020). The systematic inclu-
sion of local people and knowledge for wildlife
health promotes a platform for knowledge
exchange among stakeholders, facilitating the
development of effective solutions for more sus-
tainable patterns of local resource use which can
contribute to mitigating global challenges.

Like other fields of study in which participa-
tory research is applied, it will be important in
participatory wildlife health surveillance to focus
on the process of participation rather than the
mere application of participatory tools. Local
users participate in the surveillance not only by
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providing relevant PE data on wildlife health but
also by codesigning the system and
co-interpreting its output together with wildlife
professionals. The derived outcome is a surveil-
lance program customized to local needs that can
help to understand local issues under a holistic
lens and foster dialogue among stakeholders for
developing effective interventions. Continuing to
learn from other participatory traditions, includ-
ing advances realized in PE and PS applied to
livestock diseases, and other relevant fields of
study will be crucial for the future development
of participatory wildlife health surveillance and
the transdisciplinary application of knowledge
systems—local knowledge and scientific knowl-
edge—for wildlife health. For example, borrow-
ing from strategies applied for the biological
assessment of wild Pacific salmon, authors have
recently proposed a novel application of PE for
wildlife health within a modeling framework for
conservation status assessment using a traffic
light approach (Peacock et al. 2020).
Incorporating new methods for mobilizing
knowledge (e.g., using social platforms, mobile
applications) and creating synergies with comple-
mentary initiatives, such as citizen science (e.g.,
Tengö et al. 2021), will also contribute to further
advancements in this field.

Finally, participatory wildlife health surveil-
lance provides a renewed opportunity for
veterinarians and other wildlife health
professionals to strengthen their role in wildlife
health, leading collaborations across multiple
disciplines and stakeholders. Recognizing that
participatory epidemiology and surveillance are
rarely integrated into veterinary and wildlife
health education at present, it will be essential to
equip future generations of wildlife health
practitioners with these skills to enable them to
more effectively service wildlife health moving
forward.
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Causation in Wildlife Population Health

Craig Stephen

Abstract

Wildlife population health researchers and
practitioners routinely need to confront the
question of “what is causing this problem?”
There are many impediments to answering this
question due to the challenges in undertaking
causal research in free-ranging wildlife and in
the varying ways evidence of causation is
evaluated by different disciplines and
stakeholders. Wildlife health outcomes have
a series of antecedent events, circumstances,
and conditions that must be in place for
outcomes to occur where and when they
do. The cause of health outcomes should be
thought of as a set of minimal conditions and
events that inevitably produce the outcome.
These conditions can be explored in controlled
experiments or observational studies, neither
of which on their own provides sufficient evi-
dence to declare a causal effect exists under
natural conditions. Researchers and
practitioners can be guided by criteria for
establishing cause–effect relationships, but
ultimately, a pragmatic approach relying on
some degree of experience and opinion is
needed. Developing agreement on the question
“what caused this problem” is, therefore, part
biomedical science and part negotiation. The
pragmatic goal of casual studies in wildlife

health management is not necessary to fully
understand all component causes leading to an
outcome, but rather to develop agreement on
what constitutes sufficient reliable evidence to
produce willingness and confidence to act.

Keywords

Wildlife · Causation · Koch · Hill’s criteria ·
Evans · Component cause · Uncertainty

1 Introduction

Many of the underlying questions that motivate
wildlife health research or management are
questions of “why is this happening” and “what
can we do about it?” Answering these questions
requires some understanding of cause-and-effect
relationships. Population health practitioners
need to know about causes before they intervene
to prevent disease, reduce harm, and promote
health. Establishing wildlife health causal
relationships is fraught with limitations due to
the challenges of observing the interactions of
free-ranging wildlife with the many hazards,
determinants, and risk factors in their
environments. Generating definitive proof of
causal linkages under natural conditions is com-
plicated by the interactions of factors that can
modify responses to threats and stressors, by the
synergist, antagonist, and cumulative impacts of
concurring stressors that are varying over time
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and space, variations in the prevalence, intensity,
and frequency of exposures between populations
and ecosystems, delays between exposures and
outcomes, and the inherent unpredictability
within complex systems. This chapter explores
ways to think about causation in wildlife popula-
tion health and provides some pragmatic
suggestions to help work within the reality of
incomplete casual information.

2 What Is a Cause?

The question of “what caused that” is a basic
human question, one we must master to make
our way in the world. For this book, a pragmatic
definition of a cause is something that makes a
change in wildlife health outcomes. There
remains, however, significant philosophical and
epidemiological debate about whether we can
truly know the cause of an outcome or event.
Health research often retreats to estimating pro-
portional average contributions of risk factors and
determinants rather than making definitive
statements about causation. This is because the
“cause” of the health outcome is not a thing, but
rather an accumulation of things. Let us take, for
example, the question of what causes rabies.
Unarguably, the disease called rabies cannot
occur without the involvement of the neurotropic
rabies virus, of the Lyssavirus genus, within the
family Rhabdoviridae. But that virus cannot be
considered the cause of the disease. If I spilled a
vial full of that virus on a table, rabies would not
occur. The virus must find its way into a warm-
blooded animal, often through a bite, for rabies
disease to occur. So, one might consider the bite
as the cause. But if that bite were afflicted on an
effectively immunized host, the disease would not
occur. Thus, a susceptible host is the cause. But,
for that bite to occur, the infected and bitten hosts
must be in proximity to each other, which
requires an ecosystem that supports those hosts
and favors their interaction. However, there is not
just one type of ecosystem that allows this series
of events to occur. Therefore, there must be a
variety of suitable ecosystems which in turn
require an assemblage of conditions on Earth,

which requires a certain solar system and etcetera.
For rabies to occur, there must be an accumula-
tion of a variety of circumstances and settings at
the same time and in the same geographical
region. This simplified example reminds us that
health outcomes have a series of antecedent
events, circumstances, and conditions that must
be in place for the outcome to occur where and
when it did. It may be that no single, specific
event, condition, or characteristic is sufficient by
itself to produce the outcome but rather we should
think of a cause as a set of minimal conditions and
events that inevitably produce the outcome of
interest (Rothman and Greenland 2005).

2.1 Sufficient Component Causes

The model of “sufficient component causes”
helps us to come to grasp with a multicausal
world. Rothman and Greenland (2005) described
causation as a pie made up of many components
(think of them as slices of the pie). For the out-
come to occur, the entire pie must be present.
Figure 1 illustrates two hypothetical causal
“pies.” Both require component cause A to be
present (for our example, component cause A
could be the rabies virus). But the combination
of other host, exposure, and environmental
components (B through G) differ, even though
both pies can cause rabies. If one component of
either pie is missing, the remaining components
are not sufficient to result in the disease. In the
rabies example above, if we take away the sus-
ceptibility of the individual via immunization,
rabies will not occur even when all the other
component causes remain. There are two
implications of this model. First, the goal of wild-
life population health research is not to elaborate
every type and interactions of component causes
(i.e., every slice of the pie). Rather, the pragmatic
goal is to find the component cause(s) that when
removed or modified, renders the circumstances
insufficient to cause the disease or to alter the
health outcome. Just as a disease outbreak is the
result of a change in a rate-limiting component
cause, disease control can be accomplished by
manipulating a modifiable component cause(s).
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Second, while one slice of the pie might be nec-
essary for the outcome to occur (i.e., the rabies
virus in the preceding example), the contribution
and variety of component causes that lead to the
outcome can vary over time, place, and situation,
because the amount and distribution of the com-
ponent causes may also change. This complicates
making generalizable declarations about the
attributable contribution of a component cause
that holds true across all circumstances. For the
rabies example, the prevalence and influence of
susceptible hosts will be substantially different in
vaccinated versus unvaccinated populations, yet
rabies can still occur in both populations. The
multifactorial model of the determinants of health
described in Chap. 1 corresponds with this multi-
casual “sufficient component causes” model.

Determining the causes of injuries or diseases
in an individual is usually a more straightforward
process than determining the causes of population
health. For example, it can be obvious that the

fractured leg of an antelope was caused by the
impact of the car you witnessed collide with the
antelope. But, thinking about how to reduce the
frequency and prevalence of automobile injuries
in the antelope population requires thinking
beyond the proximate cause of the acute injury
to thinking about the social and ecological
circumstances that reduce the probability and fre-
quency of car–antelope interactions, ranging from
influencing road designs, thinking about urban–
wildlife interfaces, considering population
dynamics of people and antelope and more. How-
ever, both causation at an individual level and at a
population level is a complex accumulation of
multiple, interacting, physiological, ecological,
and social components.

2.2 Ecologic and Atomistic Fallacies

Wildlife health managers and researchers need to
be aware of the atomistic and ecological fallacies.
The atomistic fallacy refers to erroneous infer-
ence about causal relationships at the group or
population level based on relationships observed
in individuals. For example, chinook salmon sur-
veillance based on postmortem examination of
individual moribund fish captured at the water’s
surface associated plasmacytoid leukemia with
high rates of individual mortality, and therefore,
it was assumed that the disease was the cause of
high rates (i.e., >90%) of population mortality.
Subsequent investigation revealed that fish with
plasmacytoid leukemia were more likely to be
captured and tested than other moribund fish in
the population and that the disease never
accounted for more than approximately 10% of
dead fish in the population when all dead fish
were retrieved and studied (Stephen and Ribble
1995). These finding refuted the association of
plasmacytoid leukemia with high population
mortality rates.

The ecological fallacy is the reverse of the
atomistic fallacy. It occurs when association
made at the group level is used to make inferences
on causation at the individual level. One example
involves a study that demonstrated that Lyme
disease incidence is negatively correlated with

Fig. 1 The sufficient component cause model (based on
Rothman and Greenland 2005). For the outcome to occur,
all components of the sufficient cause must be present.
Both sufficient causes can result in the same outcome. In
both cases, “A” must be present and thus is a necessary
component cause. Component causes B, C, D, E, F, and G
are conditions or factors that are necessary to complete the
sufficient cause and allow the outcome to occur. For hypo-
thetical wildlife rabies outbreaks, A is the rabies virus, B is
habitat changes that increase host densities and contact, C
is susceptible hosts, D is an underfunded wildlife vaccina-
tion campaign that reduces immunization rates of suscep-
tible wildlife hosts, E is viable exposure pathways between
infected and susceptible hosts, F is dog importation
policies that allow unvaccinated animals into a country,
and G is cultural practices that enable a growing feral dog
population. This is an illustrative rather than exhaustive list
of possible component causes. Other component causes
would affect rabies outbreaks
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mammalian biodiversity, the abundance of fried
chicken restaurants, and human obesity rates
(Salkeld and Antolin 2020). While possible
casual mechanisms for these associations could
be proffered for how fried chicken consumption
and obesity might affect individual exposures and
susceptibilities, the authors showed that these
were spurious associations arose due to the data
examined being aggregated across large spatial
scales. Examination of the data at small spatial
subclusters or at the individual levels failed to
support casual associations with fried chicken
and obesity.

We can typically only measure change in dis-
ease or health at a population level in wildlife. We
don’t often get the opportunity to monitor indi-
vidual wild animal health as we do with pets, zoo
animals, or people, because we don’t have access
to them for longitudinal examinations. Too often
we only access them at the end of the casual
chain, when the animals are sick or dead, thus
making it hard to explore their past histories and
associations with potential risk factors or casual
variables. Ecological bias is particularly impor-
tant in wildlife management because exposure
factors and disease determinants can seldom be
measured at the individual animal level. For
example, even if a population or ecosystem level
study indicated more of an exposure opportunity
at an ecosystem level, it does not mean that the
individual animals with the disease were exposed
to the hazard that is elevated in the ecosystem.

2.3 Health as a Cumulative Effect

The conventional approach to risk management
has been to focus on identifying hazards,
assessing risk from each identified hazard, and
taking any necessary steps to control risk from
each hazard separately. Population health, how-
ever, is the accumulation of causes at a population
level. Disease (or the lack thereof) is a component
cause of population health. The pragmatic reasons
we think of disease as a stand-alone outcome is
because disease is relatively easier to study than
health, and we study it as a univariate outcome.
While some people explore determinants that

have a negative impact on health and others
examine determinants that have a positive impact
on health, a complete health model contains both
sets of determinants combined in one causal
health pie.

Thinking of health as the sufficient accumula-
tion of a suite of determinants or thinking of
disease as the sufficient accumulation of agents
and circumstances can help make explicit a wider
suit of wildlife health interventions and policy
options (Wittrock et al. 2019). For example,
Nuñez et al. (2020) proposed that introduction
of rabies virus from Brazil to Uruguay likely
prompted a cattle rabies outbreak, but it was
habitat fragmentation that increased vampire bat
population connectivity and environmental
temperatures that determined the distribution of
the outbreak. Controls targeting the virus were a
plausible response to the outbreak, but these
authors proposed that land-use planning that
decreased grassland habitat fragmentation would
reduce the risk of transmission to cattle and would
be especially important in the context of climatic
changes and increasing minimum temperatures in
the winter.

Causal pathways that affect wildlife exposure,
susceptibility, and resistance are structured by
constraints and possibilities of biology, shaped
by a species’ evolutionary history, its ecologic
context, individual histories, and by societal
factors that determine the decisions that influence
wildlife management. The challenge arises in
combining different information and data col-
lected at different times, means, and units of
analysis. Population-level measures of health/dis-
ease are based on individual health/disease
because we measure disease/health in individuals
and then count them to get population-level sta-
tistics. This is often not the case for determinants
of disease/health (e.g., climate, habitat connectiv-
ity) with are often measured at larger scales such
as at the population or ecosystem level. Under-
standing population-level phenomena (such as
rates of total mortality) should not be confused
with mechanisms of disease causation (which
occur within individuals) (Krieger 2008). But
the connections between and contributions of dis-
ease/health in the individual to population health
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are important to understand to identify casual
associations that can be modified to affect health
outcomes.

3 How Are Causal
Inferences Made?

Accepting the complexity and dynamics of a
multi-casual world model does not excuse us
from trying to help people answer the question,
“what caused this?” It has been said that
Leonardo Da Vinci wrote, while nature begins
with causation and ends in experience, we must
follow a contrary procedure, that is, begin with
experience and with that discover the cause
(as quoted in Ward 2009). Wildlife health
researchers have used a variety of experiential
approaches to understand causal relationships
including laboratory experiments, epidemiologi-
cal studies, theoretical models, experimental stud-
ies in artificial ecosystems and combinations of
these approaches to better understand causal
associations.

3.1 Experimental Studies

Experiments allow studying the relationship
between an exposure(s) and an effect(s) under
defined, controlled, and reproducible conditions.
Experimental studies have been invaluable for
screening and identifying etiologic agents, deter-
mining how attributes of the etiological agent
influence variations in host outcomes, finding
critical thresholds of exposure that leads to
harms, understanding pathogenesis, and in devel-
oping and validating diagnostic methods (Brand
2013; Stallknecht 2007).

The unique challenges of meeting the needs of
wildlife species in captivity (especially for large,
wide roaming, and/or highly social species) plus
growing public and political resistance against
animal experimentation constrain the number,
size, and variety of wildlife experiments that can
be conducted. This, in turn, can impede the capac-
ity for the experiment to produce reliable, valid,
and generalizable findings. A prominent criticism

of experimental studies has been their lack of
ecological realism. Such criticism has encouraged
researchers to try to mimic natural conditions
while maintaining the reproducibility and control-
lability of laboratory studies through microcosm
and mesocosm experiments. These experiments
use artificially produced, simplified ecosystems
that are used to simulate what might happen
under natural conditions, but within controlled
settings. Microcosm and mesocosm experiments
have been used to study the environmental fate of
etiologic agents (e.g., Avendaño-Herrera et al.
2006), explore how different stressors or hazards
might interact (e.g., Baudrimont and De
Montaudouin 2007), examine how pathogen
effects other ecological interactions, like preda-
tion (e.g., DeBlieux and Hoverman 2019), and
investigate how environmental conditions might
alter the impacts of etiological agents on host
outcomes (e.g., Hamilton et al. 2012).

Clinical trials are experimental studies
undertaken in natural conditions that investigate
new tests and treatments and evaluate their effects
on health outcomes. Clinical trials, especially
randomized controlled trials, try to control for
most, if not all, sources of bias by means of
randomization, subject and treatment allocation,
blinding investigators to case or control
classifications, and more. The strict expectations
for selection, allocation, and monitoring in clini-
cal trials can rarely be met for free-ranging wild-
life. For example, unbiased randomized clinical
trials are not possible unless all eligible animals in
the target population have an equal probability of
being included in the trial. Wildlife can be easily
lost to follow-up and finding controls for cases
can be impossible without access to and knowl-
edge of all members of the target populations.
The strict expectations for clinical trials can ham-
per the ability to generalize the results to
populations outside of the highly controlled
setting of the trial.

Clinical trials can be of two types; (1) trials
designed to explore if and how an intervention
works (these experiments are designed to control
for all known biases and confounders) and
(2) trials designed to test interventions in the full
spectrum of everyday population settings to
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investigate whether an intervention actually
works in real life (Patsopoulos 2011). The latter,
known as pragmatic clinical trials, do not allow
less attention to control of important biases but
they do offer a human health model that could
inform the design of wildlife clinical trials. Inter-
pretation of field trials conducted for wildlife
needs to account for the challenges in meeting
clinical trial expectations and in the inherent
difficulties of managing confounding and bias in
populations that are not directly under our control
(see Chap. 4).

3.2 Observational Studies

The experimental paradigm has been held for
centuries as the “gold standard” of evidence.
However, in his classic paper “Koch is Dead,”
Robert Hanson proposed that it is not until we
examine the interactions of hosts, agents, and
environments under the conditions in which wild-
life live can we truly understand wildlife health
and disease (Hanson 1988). Although observing
how health outcomes manifest themselves under
natural conditions should more accurately reflect
the “real world” than experimental conditions, the
inability to control the situation, find counterfac-
tual situations to provide comparators, issues in
accessing and measuring the prevalence or
impacts of determinants and risk factors, logistic
and economic limitations to sampling free-
ranging animals, and ecological variations can
all inhibit one’s ability to consistently and accu-
rately recognize cause–effects relationships in the
“real world.” Several possible explanations for an
observed association need to be considered before
one can infer cause–effect relationship from
observational studies.

An observed association may be real or due to
random error (chance), bias, or confounding.
Using optimal study sample sizes and assessing
the study results via statistical testing are the usual
ways for dealing with random errors.
Confounding is a distortion in the measure of
association between a factor and an outcome
that occurs when the primary factor of interest is
mixed up with some other factor that is associated

with the outcome. For example, when trying to
study the spatial variation in chronic wasting dis-
ease in white-tailed deer (Odocoileus
virginianus), researchers needed to account for
the effects of age and sex because age and sex
had an effect not only on the disease but also on
spatial distribution of the deer (Osnas et al. 2009).
Bias is a systematic error in a study that results in
an incorrect estimate of the association between
exposure and risk of disease. There are many
causes of bias in observational studies that derive
from how we decide to sample populations, the
way we classify animal exposure or health status,
the influence of investigator expectations for the
data, and the amount of attention placed on some
species versus others. Bias and confounding are
affected by the study design or the methods used
to obtain the study data (Dohoo 2014). The chal-
lenge with wildlife observational studies is that
many of the expectations of veterinary epidemi-
ology for study design, such as random sampling,
cannot easily be achieved in wild populations (see
Chap. 4).

3.3 Causal Criteria

Experiments, models, and field observations all
give insight into cause–effect relationship, but
each is notoriously inadequate to establish, with
full confidence, that a cause–effect relationship
exists. Criteria for identifying cause–effects
relationships have plagued philosophers since
antiquity. Many modern criteria can be traced
back to John Stuart Mill’s five canons (Ducheyne
2008) (Table 1), which reflect the way many of us
intuitively make causal conclusions. The problem
with Mill’s canons, which were developed in the
mid-1800s, is that they do not fit a multicausal
worldview. Mill’s approach assumes that we have
a list of candidate causes to consider but does not
tell us how to come up with that list. It also
assumes that among the list of factors under con-
sideration, only one factor is the unique cause of
the effect.

Around the same time as Mill, the Henle–
Koch postulates gained prominence as the stan-
dard for evaluating the causal relationship of an
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infectious agent to a clinical disease (Table 1).
These postulates work well for diseases with sin-
gle culturable agents for which there are experi-
mental models for reinfection trials but are less
well suited for multi-agent diseases, diseases with
significant delays between exposure and outcome
or for noninfectious diseases. Hanson (1988)
argued that bringing a parasite/pathogen and
host together is not enough. The circumstances
under which this is done are equally important.
What can be shown by the Henle–Koch
postulates under controlled conditions may not
reflect how the purported etiologic agent affects
hosts in the face of environmental and host varia-
tion found under natural conditions. Furthermore,
they do not account for asymptomatic infections,
the impact of immunological process on diseases,
latent infections, non-agent component causes, or
the biological spectrum of disease (Evans 1993).

Hill’s criteria were developed in the
1950–1960s and soon became the most used and
taught criteria for causation in epidemiology
(Table 2). Hill’s criteria, while being highly influ-
ential and valuable for nominating casual
variables, are like all causal criteria in that they
are fallible. Even Hill recognized that some of his
criteria may not be possible to meet even for truly
causal relationships (e.g., plausibility and coher-
ence are limited by the knowledge of the day).

Hill also acknowledged that fulfillment of all
criteria does not guarantee a casual relationship
and failure to fulfill one or more cannot be used to
rule out casual relationships. The only absolute
requirement is temporality (i.e., cause precedes
effect). In his classic paper, Evans reviewed the
aforementioned and other developments in casual
thinking in health science and built on Hill’s
criteria to develop, what he called, a unified con-
cept for criteria for causation that were applicable
to acute and chronic diseases (Table 3) (Evans
1976).

None of the authors of causal criteria believed
their criteria were definitive. Evans (1976)
warned investigators of several limitations in
studies of causation for diseases including
(1) the same pathologic or clinical state can be
produced by different etiological agents; (2) caus-
ative agents may vary in different geographic
areas, in different age groups, or with different
patterns of host susceptibility; (3) some diseases
require two or more agents or cofactors acting
together to produce disease; (4) a single agent
may produce different clinical and pathological
responses in different settings; and (5) any cause
or set of causes usually produces a biologic gra-
dient of response which may include no observ-
able or detectable reaction. Most authors writing
about the concept of causation in health science

Table 1 Two historically important criteria for causation. Mill’s Canons and the Henle–Koch postulates (Ducheyne
2008; Evans 1976)

Mill’s canons 1. Method of agreement—If two or more instances of the phenomenon under investigation have
only one circumstance in common, the circumstance in which alone all the instances agree is the
cause (or effect) of the given phenomenon
2. Method of difference—Where you have one situation that leads to an effect, and another which
does not, and the only difference is the presence of a single factor in the first situation, you can
infer this factor as the cause of the effect
3. Method of concomitant variation—If across a range of situations that lead to a certain effect,
you find a certain property of the effect varying with variation in a factor common to those
situations, then you can infer that factor as the cause
4. Method of residues—If you have a range of factors believed to be the causes of a range of
effects, and you have reason to believe that all the factors, except one factor X, are causes for all
the effects, except one, then you should infer that X is the cause of the remaining effect
5. The joint method—Applies both the method of agreement and the method of difference

Henle–Koch
postulates

1. The pathogen or parasite occurs in every case of the disease in question and under
circumstances which can account for the pathological changes and clinical course of the disease
2. It occurs in no other disease as a fortuitous and nonpathogenic agent
3. After being fully isolated from the body and repeatedly grown in pure culture, it can induce the
disease anew
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recognize that the world is a messy place and that
a single set of causal criteria will never be able to
capture all the various permutations of
determinants, risk factors, or other variables that
influence the relationship between health
outcomes and their causes. Ultimately, all causal
conclusions require some degree of judgment.
However, criteria such as Evans’ (Table 3) and
Hill’s (Table 2) provide an explicit way to struc-
ture studies and present evidence in a transparent
and explicit manner and thus, hopefully build
confidence in linking causes to their effects.

4 Pragmatism in the Face
of Causal Uncertainty
and Ambiguity

The goal of causal studies in population health is
to produce rigorous information that is relevant to
decision makers. Wildlife population health
researchers and managers must often be prag-
matic because cause–effect relationships can be
uncertain or inexact and because context, the
nature of the problem, and values influence how

Table 2 Hill’s criteria of causation (Fedak et al. 2015)

Strength of
association

Strong associations between a putative cause and effect are more likely to be casual than weak
associations

Consistency Multiple studies using a variety of locations, populations, and methods showing a consistent
association between two variables can indicate causal relations

Specificity A cause leads to a single effect rather than multiple effects
Temporality Cause must precede effect
Biological
gradient

The presence of a dose–response relationship supports a causal association between an exposure
and an effect

Plausibility The hypothesized relationship between the cause and effect is biologically possible
Coherence The proposed cause–effect relationship is coherent with what we know about the natural history

and biology of the health outcome
Experiment Evidence from experimental manipulation, particularly studies where disease risk declines

following an intervention or cessation of exposure, leads to support for causal inference
Analogy When one causal agent is known, the standards of evidence are lowered for a second causal agent

that is similar in some way

Table 3 Evan’s unified criteria for causation (Evans 1976)

Prevalence of the disease should be significantly higher in those exposed to the putative cause than in controls not so
exposed
Exposure to the putative cause should be present more commonly in those with the disease than in controls without the
disease when all risk factors are held constant
Incidence of the disease should be significantly higher in those exposed to the putative cause than in those not so
exposed as shown in prospective studies
Temporally, the disease should follow exposure to the putative agent with a distribution of incubation periods on a bell-
shaped curve
A spectrum of host responses should follow exposure to the putative agent along a logical biologic gradient from mild
to severe
A measurable host response following exposure to the putative cause should regularly appear in those lacking this
before exposure or should increase in magnitude if present before exposure
Experimental reproduction of the disease should occur in higher incidence in animals appropriately exposed to the
putative cause than in those not exposed
Elimination or modification of the putative cause should decrease the incidence of the disease
Prevention or modification of the host’s response on exposure to the putative cause should decrease or eliminate the
disease
The whole thing should make biologic and epidemiologic sense

72 C. Stephen



information and knowledge are translated into
action. The biomedical, ecological, and social
problems caused by a wildlife population health
issue can rarely be solved by using a single scien-
tific method. In practice wildlife population
health research should be considered pragmatic
research (as per Kaushik and Walsh 2019) in that
researchers focus on the consequences of their
research and on the research questions rather
than on the “single best” method. Rather than
striving to find a universal truth, pragmatic
researchers emphasize work that is convincingly
designed and interpreted, is supported by infor-
mation from within and outside their investiga-
tion, and is trusted enough to help us understand
what happened in the past or plan for what to do
in the future (Stephen et al. 2016). Pragmatic
research and practice should (1) produce good
outputs as judged by peers and knowledge
users; (2) have impacts affecting decisions
and/or change outcomes, institutions, or under-
standing; and (3) be acceptable, efficient, and
ethical (Stephen et al. 2016).

4.1 Dealing with Uncertainty

Uncertainty is expected due to variations in natu-
ral systems, lack of information or knowledge,
scientific disagreement regarding cause–effect
relationships, and/or inexperience in managing
the issue. The degree of uncertainty will increase
when considering longer time horizons and larger
geographic areas. Uncertainty or disagreements
about cause–effects relationships can trigger
doubt in the advisability of an intervention or
block actions. There are three possible uncer-
tainty scenarios: (1) there is so much uncertainty
that a confident, evidence-based, risk manage-
ment decision cannot be made without further
information; (2) there are uncertainties, but man-
agement options can plausibly reduce the risk to
acceptable levels despite these uncertainties; and
(3) the uncertainties are acceptable and within the
normal scope of management practice.

Uncertainty is not an all or nothing phenome-
non. Uncertainty has many different sources and
decision makers are not typically uncertain about

everything all at once (Bradley and Dreschler
2014). System uncertainty is related to the eco-
logical or social components, relationships, and
values in the system of interest and their effects
on the decision makers mandate and responsi-
bilities. Effect uncertainty is linked to the effects
of changes in the system on outcomes. Response
uncertainties are about which response options
are available (feasible, acceptable, and effective)
to generate desired changes and achieve the
required outcomes. A variety of taxonomies of
uncertainty have been developed in different
fields (see, e.g., Walker 1990 Han et al. 2011;
Bradley and Dreschler 2014). Figure 2 is a
non-exhaustive attempt to integrate and present
different taxonomies from a pragmatic wildlife
health perspective.

Understanding the sources and types of uncer-
tainty can help to refine and target subsequent
inquiry. It is important to understand whose
uncertainty one is addressing. The uncertainty
preventing a politician to approve legislation to
control a wildlife health problem can be different
than the uncertainties of a local natural resource
manager in permitting a wildlife health interven-
tion which in turn can be different from the public
stakeholder whose support is needed to allow a
management action to take place. Observing
uncertainty under a population health lens is not
only a biomedical science matter alone but also
requires participatory methods to understand the
context under which decisions are being made
and the needs of the decision makers.

One can make a decision in the face of uncer-
tainty. This can be done unilaterally or as a par-
ticipatory process involving those affecting and
being affected by decisions or actions taken. A
precautionary approach to this form of coping
with uncertainty ideally errs on acting in a manner
least likely to cause harm. Alternatively, a deci-
sion can be delayed until greater confidence
emerges about the implications of acting in the
presence of uncertainty, including the intended
and unintended effects. This step will require
negotiation amongst decision makers and
stakeholders to gain a shared view about which
uncertainties need to be resolved and how certain
one needs to be before acting. Critical
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uncertainties can be reduced by collecting and
analyzing missing information, mathematical
modeling to better understand the implications
of assumptions and uncertainties, and/or by
developing expert consensus through formal par-
ticipatory research processes.

4.2 Dealing with Ambiguity

Here the word ambiguity refers to something
having more than one possible meaning. Ambi-
guity can come from uncertainty as well as from
how different people assess and interpret the evi-
dence available to them. For some people, evi-
dence is restricted to knowledge produced in
accord with the standards of a relevant academic
discipline. For others, evidence can be knowl-
edge, skills, and practices developed by and
sustained between generations within a

community. Others consider evidence as some-
thing they observe and document using their own
senses. Political agendas, education, economic
motivators, or cultural values influence people’s
willingness to use the various forms of evidence
available to them. Along with taking steps to
understand uncertainty and its implications for
decisions, a wildlife health practitioner should
also develop an understanding of why the situa-
tion is problematic and for whom. Each stake-
holder and rights holder will be driven by a set
of motivations, attitudes, knowledge, values, and
barriers that shape their view of a wildlife health
problem.

Managers have three options when faced with
conflicting goals; (1) manage one goal and accept
the collateral damage; (2) abandon management
of their goal and accept its impacts; or (3) seek a
strategy that allows multiple goals to be attained
(Buckley and Han 2014). The mere acquisition of

Fig. 2 Some general sources of uncertainty commonly confronted in wildlife population health research and practice
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new information often does little to affect risk
management goals and willingness to act
(Gerrard et al. 1999), therefore, risk managers
(be they government managers, politicians,
citizens, or other decision makers) need to learn
from each other to understand the social context
before deciding which of these three options to
take. One must recognize and respect the diverse
and complex value systems operating in wildlife
health problems if one hopes to inspire people to
act in a way that addresses a suite of goals.
Blending objective information with an under-
standing of peoples’ emotions, values, and per-
sonal experiences is essential when trying to
promote a shared interpretation of a situation.
This includes reaching out to information and
knowledge sources beyond the biological and
biomedical communities that have predominated
past wildlife health research and decision-
making. Some degree of negotiation will be
needed to create a shared vision that will help
collaborators see how working toward collective
interests will meet the interests of themselves or
their organization. Collaborative assessment of
information not only helps develop a shared
understanding of the problem but also helps peo-
ple see different aspects of the problem and, by
exploring these differences, find solutions that go
beyond their own perspective of the problem.

There are four preconditions to effective col-
laboration and cooperation (Thomson and Perry
2006; Singh and Kant 2008). First, rather than
seeing the issue as someone else’s problem, suc-
cessful collaborators need to see their role and
responsibilities extend beyond their interests.
Second, collaborators need a shared goal of
where they want to go and a hierarchy of achiev-
able steps that, taken one at a time, will get them
there. Third, collaborators need to understand and
endorse a shared process for assessing available
information, making decisions, and for moving
what they know into action. Fourth, 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 others
or event when the opportunity is available.

5 Summary

Wildlife population health researchers and
practitioners routinely need to confront the ques-
tion of “what is causing this problem?” It is easy
to get lost in the plethora of philosophical debates
about the true nature of causation and be tempted
by the quest to elucidate all component causes of
a problem before acting. It is, therefore, important
to differentiate the task of developing a theory of
causation for a disease or other health outcomes
from identifying the critical causal factors that
influence if an intervention works or how the
distribution of disease manifests in a natural
setting. This chapter has provided some back-
ground information and proposed some ideas
that could be used to allow casual inquiries to be
helpful.

The first task in undertaking casual research in
wildlife health is to distinguish the cause(s) of the
problem from the cause(s) of the disease or defi-
ciency facing the population. No single account
of causation can fully capture the multiple
perspectives and needs of the diversity of
stakeholders interested in determining what is
causing a wildlife health problem. One must rec-
ognize that the combinations of factors that lead
to health outcomes in one setting or at one scale
may not be the same, even for the same disease, in
other settings or scales, that the cause of the
disease in the individual is not the same as the
cause of the distribution and impact of the
problems at a population level, and that people
will integrate and assess casual evidence in accor-
dance with their perception of the problem.
Rather than seeking a single test, experiment, or
line of evidence to reveal causal relationships, a
weight of evidence approach based on multiple
lines of evidence is more typically needed.
Clarifying what causal relationship you are exam-
ining (i.e., the cause of a pathological
response vs. the cause of population
effects vs. the cause of the social impacts) will
help build a common vision that can serve as the
foundation for selecting candidate component
causes to prioritize. Formulating criteria for
establishing causation in conjunction with those
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people your results intend to influence will not
only provide a framework with which you can
integrate and evaluate multiple forms of evidence
but also will help build trust and transparency in
any future causal claims you make.
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Investigating Wildlife Disease as a Social
Problem

Andrew Peters, Helen Masterman-Smith, and John Rafferty

Abstract

Social dimensions define whether wildlife dis-
ease is considered a problem, society’s
response to wildlife disease, and the available
solution space for wildlife health problems.
Wildlife disease can have interacting environ-
mental, human health, economic and sociocul-
tural impacts on society, but the way in which
society constructs wildlife disease as a prob-
lem is shaped by a much broader sociocultural
landscape. The sociological imagination, with
lines of historical, cultural, structural, and crit-
ical inquiry, provides a framework for
investigating the social dimensions of wildlife
health. The investigation of wildlife disease as
a social problem requires wildlife health
professionals to work in transdisciplinary
teams that include social scientists and to
meaningfully engage community stakeholders
in a process of cooperative inquiry. The devel-
opment of effective, real-world solutions to a
wildlife health problem demands comprehen-
sive knowledge of the social dimensions of
that problem, drawing on diverse social sci-
ence disciplines, and the implementation of a
translational approach to the research
endeavor.

Keywords

Wildlife health sociology · Social dimensions ·
Social determinants · Sociological
imagination · Translational science · Harm
reduction model · Cooperative inquiry ·
Community-based · Participatory

Wildlife disease is both a scientific and a social
phenomenon that often requires multipronged
solutions. Disease has undoubtedly occurred in
free-ranging animals since they first evolved
hundreds of millions of years ago, as evidenced
by the fossil record (Moodie 1917). There exist
many wildlife disease events that are not likely
associated with human activity and to which
humans feel no need to respond.

As wildlife health professionals, we tend to
internalize the process of deciding when a wild-
life disease event demands investigation or inter-
vention, and what that response is trying to
achieve. Our decisions affect governments, non-
government organizations, the public and First
Nations peoples, among others. Given the crucial
intersections between functioning ecosystems
and the health and well-being of humans and
other species (Humboldt-Dachroeden et al.
2020), our decisions must consider the social
dimensions of wildlife disease events alongside
etiological and ecological factors.

With a limited social science repertoire to draw
upon, we often rely on our own social
experiences, values, and worldviews when
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considering the social dimensions of wildlife dis-
ease events. Consciously or not, our thoughts and
actions (or social agency) are interdependent with
the social structures and cultures in which we are
situated and, as such, are inescapably value laden.
Many of us do not have the disciplinary expertise
to make highly informed and self-reflective
decisions about the social dimensions of wildlife
disease events, including whether an event
requires a solution at all and what form it
might take.

1 When Is Wildlife Disease
a Social Problem?

1.1 What Are We Really Calling
a Problem and Why?

Animals have evolved, adapted, and become
extinct for hundreds of millions of years. The
existence of all contemporary living things, our-
selves included, is contingent on that process, on
the death of other animals and on the extinction of
most animal lineages that came before us. The
extinction or death of wildlife, or even the human
species, is therefore not intrinsically a problem
from an ecological perspective. Yet, species
extinction and wildlife death are often publicly
perceived to be problematic, for example, in
terms of biodiversity loss, species justice, and
human well-being (Cafaro 2015). The conven-
tional criterion for determining if a wildlife dis-
ease event is problematic is whether it is directly
or indirectly harmful to human society—for
example, human health, social power, morality,
and ethics—in other words, when it becomes a
“social problem.”

Not all social problems are responded to
equally. Interpretations of, and solutions to, wild-
life disease events are socially constructed, mean-
ing that human perceptions of them are shaped by
social structures and cultures, including the distri-
bution and organization of social power in a given
time and place (Cherry 2018; Yearley 2002).
Influential sociologist, Peter Berger, explained
that we inherit, often unquestioningly, diverse
ways of seeing the world from the various social
groups in which we are embedded (e.g., families,

communities, professions, religions, nations,
subcultures), or as he put it: “the many little
workshops in which cliques of universe builders
hammer out their models of the cosmos” (cited in
Vera 2016). These socializing forces shape which
socially problematic wildlife disease events will
receive the necessary attention and resources.

Inequitable power structures and cultures are
important parts of the complex social worlds in
which wildlife disease events need to be under-
stood. For example, environmental justice
research demonstrates how social inequalities
cause uneven distribution of environmental
harm and exclude those most at risk of harm
from decision-making structures (Mohai et al.
2009). These dynamics were vividly
demonstrated by the socially inequitable impacts
of the COVID-19 global pandemic (Cole et al.
2020).

The culture of any given society also reflects
the contours of social inequalities. The dominant
(or hegemonic) values, ideologies, worldviews,
and customs of a society are the outcome of
power struggles between subpopulations with
competing interests (Van Krieken et al. 2006).
Hence, social groups adhere to a diverse spectrum
of norms or ideals regarding wildlife disease
events. The response of society to the death or
illness of wild animals depends on how those
species are socially constructed (Straftford et al.
2000). Many aspects of wildlife health, including
disease management activities such as culling
programs (Mysterud and Rolandsen 2018), and
even the protection of wildlife from the health
impacts of industrial or agricultural development,
or economic growth policies, for example, are
controversial social questions. The structural and
cultural factors that shape human relations with
other animals and the rest of the environment
unsettle simple answers to wildlife disease events
(Dickens 1992; Peggs 2012).

So, when is a wildlife disease event a social
problem? It is when powerful social actors
(groups and institutions) construct it as a problem
for particular parts of humanity. The basis upon
which wildlife events are assessed aligns not only
to objective facts of nature but also to subjective
value systems produced by social forces within
specific contexts. Importantly, the values that
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always underpin the social construction of wild-
life disease as a social problem are heteroge-
neous, contested, and changeable. When we
investigate a wildlife disease event and are inter-
ested in whether it is a social problem or not, we
therefore need to understand the social landscape
in which the event is situated to make sense of our
findings.

1.2 A Harm Model
for Understanding the Impacts
of Wildlife Disease on Society

Wildlife disease can impact people, individually or
collectively, directly, and indirectly. Obvious
examples include direct economic loss associated
with the emergence of disease in a commercially
important species, as seen with pilchard herpesvi-
rus (Whittington et al. 2008), human morbidity,
and death due to viral disease following spillover
from wildlife, as seen in the COVID-19 pandemic,
or the loss of ecosystem services because of

wildlife population changes due to disease, such
as insect population control following mass mor-
tality of insectivorous bats due to white nose syn-
drome (Blehert et al. 2009). Subtler examples
include sociocultural harm associated with cultur-
ally significant species, such as the culling of rein-
deer to control chronic wasting disease emergence
in Norway (Mysterud and Rolandsen 2018), the
sociopolitical effects of the late nineteenth-century
rinderpest epidemic in southern Africa (Phoofolo
1993), emotional or existential distress associated
with environmental degradation (solastalgia)
(Albrecht et al. 2007), or lost productivity because
of ineffective control programs for bovine tubercu-
losis due to spillback from wildlife reservoirs
(Tweedle and Livingston 1994).

Most wildlife disease events have more than
one potential way of impacting people, and
responses to wildlife disease can themselves
have impacts. These impacts can perhaps be best
conceptualized as interacting spheres of sociocul-
tural, human health, economic and environmental
harm (Fig. 1).
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Fig. 1 The social impacts
of wildlife disease events
are distributed across
spheres of sociocultural,
human health, economic
and environmental harm
(Peters et al. 2019)
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The social dimensions of wildlife disease
events—their construction, causes, risks, impacts,
harms, and solutions—are experienced differ-
ently across social groups, reflecting the uneven
distribution of power in which they are embed-
ded. In investigating and assessing the signifi-
cance of wildlife disease events, and in
considering the costs and benefits of any response
to those events, it is, therefore, critical to under-
stand where the event and potential response
actions are positioned in terms of harm and
impact for each stakeholder group.

1.3 Etiology and the Social Problem
Are Not One and the Same

COVID-19 is a major societal problem, with sub-
stantial health, sociocultural, and economic
impacts unevenly distributed within and across
diverse human populations (Matthewman and
Huppatz 2020). The etiology of COVID-19 is a
virus. The social problem of COVID-19 is, how-
ever, something else. The problem differs for
different groups in society. For some, the problem
of COVID-19 may be evolving, counterintuitive,
conflicting, and complex. It may be a problem of
physical illness, loss and emotional hardship,
unemployment, inequity, or loss of civil liberty.
Biomedical solutions, including public health
interventions and vaccinations, that target the eti-
ology of COVID-19 may well solve the problem
for many people, but for others, these solutions
may exacerbate their experience of the problem
(e.g., global inequity, unemployment, loss of civil
liberty), even if temporarily. While understanding
the etiology of a wildlife disease sheds light on
appropriate scientific or clinical responses, it is
only one part of developing solutions to the social
phenomenon of wildlife disease.

Hendra virus spillover from wildlife reservoirs
is considered a significant problem in eastern
Australia. The problem of Hendra is not viral
spillover from wildlife, it is the impact that it
has on human health and on horses, an economi-
cally and socioculturally important species in
Australia. This might seem like an unnecessary
delineation, but it provides context for any

response. Decades of viral and ecological
research have characterized much of the etiology
of Hendra virus spillover, including reservoir spe-
cies and the ecological phenomena that are
associated with spillover events (Field 2016).
While this knowledge can inform solution devel-
opment, any societal response to Hendra needs to
align with the actual problem. Accurate spillover
prediction is of little value without accompanying
risk reduction treatments that may include social
behavior change. The development of an effective
Hendra vaccination in horses appears to have
shifted the problem for some stakeholders from
a low likelihood of severe health and sociocul-
tural harm to one of high likelihood of low eco-
nomic harm (Manyweathers et al. 2017). These
social dimensions need to be considered and
addressed in the development of solutions.

Chytridiomycosis, a disease caused by infec-
tion with the invasive fungal pathogen Batracho-
chytrium dendrobatidis (Bd), is the cause of
significant global declines and extinction of
amphibian species (Scheele et al. 2019). The eti-
ology of chytridiomycosis tells us very little
about why, ultimately, it is constructed as a social
problem. Global chytridiomycosis could be con-
sidered a social problem because it is a cause of
biodiversity loss, which compromises the func-
tional resilience of ecosystems that are critical to
the well-being of human populations. It also
impacts social groups who experience solastalgia,
alienation from nature, ecological trauma, envi-
ronmental injustice, or racism due to the anthro-
pogenic decline or extinction of other species
(Dickens 1992; Holifield et al. 2017; Galway
et al. 2019; Panu 2020). For these social groups,
attempts to conserve amphibian species ex situ
may not be an effective response to their problem.
Others again might hold values around the wel-
fare or rights of individual wild animals and to
them in situ conservation actions might not be
relevant to their perception of the problem at all.
Importantly, there are no universal social values
legitimating one response to chytridiomycosis
over all others, rather, whether solutions are
effectively aligned with the problem is influenced
by multiple social constructions and contexts.
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2 Finding Effective Solutions
Depends on Effectively
Defining the Social Problem

2.1 The Challenge of Wildlife Health
in the Anthropocene

Challenges to the health of wildlife are increasing
predominantly because of anthropogenic factors
(Daszak et al. 2001). The broad scientific expla-
nation for the emergence of these challenges
revolves around human disruption of historically
relatively stable ecosystems. Ecological theory
describes the interconnectedness and relationship
between biological and physical components of
the world. It infers that change propagates
through ecosystems affecting those different
components, influenced by the magnitude and
distribution of change within a given ecosystem.
Human activity in the Anthropocene has brought
significant change to physical and biological
components of almost all global ecosystems. It
is hardly surprising in this context that challenges
to wildlife health are emerging and likely
accelerating in their emergence.

Likewise, the scale of many wildlife disease
events appears to be increasing. White nose syn-
drome has caused millions of deaths of bats
across North America, recent bushfires in
Australia are thought to have killed billions of
wild vertebrates alone, and chytridiomycosis has
caused unprecedented amphibian decline and
extinction associated with disease. These growing
challenges have, in general, not been met with
corresponding increases in centralized resourcing
of solutions.

How, in this context, do we find solutions for
problems relating to wildlife health? Biomedical
solutions are undoubtedly part of the picture, but
in general are highly system specific and resource
intensive. While theory and technology can be
transferred between systems (e.g., oral vaccina-
tion technology developed for rabies control can
inform vaccine development for other wildlife
infectious diseases), the different socioecological
contexts of each wildlife health problem demand
socially appropriate solutions alongside biomedi-
cal solutions.

Wildlife disease professionals might also con-
sider that decisive solutions to serious human
diseases have emanated far more often from the
social realm, than the clinic or the laboratory
(Germov 2018). Recognition of the pivotal role
of social interventions in the elimination or mini-
mization of many major human diseases led to the
adoption of the social model of health by the
World Health Organization in 1946 (Germov
2018). This model acknowledges that the absence
of disease is an inadequate measure of health and
well-being (see Chap. 1). Equally important are
the social determinants of health, that is, the ways
societies produce the more or less healthy
conditions in which people live, work, and play
(see Chap. 14). The One Health paradigm
demonstrates the intersections between humans,
ecosystems, and wildlife health. However, the
One Health scholarship is dominated by scientific
investigations, leaving our understanding of
intersecting social determinants of health under-
developed (Humboldt-Dachroeden et al. 2020).
Finally, it is important to recognize that just as
scientific data require theoretical analysis to
establish meaning of results, so too social
determinants data require theoretical interpreta-
tion from a social theory standpoint. In other
words, understanding wildlife disease as a social
problem requires attention to social data and
social theory.

2.2 Discovering the Social Problem
with Social Imagination

Wildlife health professionals at the investigatory
interface for wildlife disease events are often
confronted by an immediate problem: typically,
the observation of sick or dead animals. These are
not always the same as the social problem—the
measure by which society would consider the
event a problem.

Though most of us feel we have a reasonable
grasp on the social world in which we live, sys-
tematic understanding of the complexities of soci-
ety requires more than casual observations based
on individual experiences and personal values.
Peter Berger famously contended that “the first
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wisdom of sociology is this: things are not what
they seem” (cited in Macionis and Plummer
2005). Sociologists systematically interrogate
how societies work, including how individual or
personal experiences and behaviors (micro) are
linked to larger social forces and public practices
(meso or macro) (Macionis and Plummer 2005).

In doing so, sociologists investigate the ways
in which seemingly isolated personal matters are
patterned to produce social trends, issues, and
problems for ecosystems, humans, and other spe-
cies. For example, from an individual standpoint,
the decision to book a wildlife tourism holiday is
a personal decision. A sociological standpoint
reveals the causes and effects of millions of peo-
ple making the same personal choices. Research
indicates that people often interpret their personal
participation in wildlife tourism as a socially and
ecologically positive or benign practice overall,
partly because its sociological dimensions are
overlooked (Rizzolo 2017). For example, the
commodification of wildlife can lead to habitat-
destroying tourism infrastructure. The presence of
wildlife tourists can disrupt natural eating and
sleeping behaviors of animals. Wildlife tourism
also contributes to harmful social constructions of
human relations with other species. For example,
wildlife tourism photography and souvenir
collecting have fueled wildlife crimes (e.g., traf-
ficking, poaching, illegal hunting). Tourism
economies also affect human communities, often
pricing low-income residents out of affordable
housing. Although the social practice of wildlife
tourism is also highly variable across time and
place, many of these outcomes can escalate risks
of wildlife disease events, the solutions to which
lie as much within social structures and cultures
as within clinical science (Tablado and D’Amico
2017; Odeniran et al. 2018; Ohmer et al. 2021).

Charles Wright Mills’ seminal work, The
Sociological Imagination, outlines an approach
sociologists take to systematically understand
the social world and solve social problems
(Mills 2000). He argued that we all possess a
sociological imagination, but many of us have
not developed the analytical tools to deploy it
effectively (cited in Macionis and Plummer
2005). Sociologists commonly utilize a four-

dimensional template to analyze social problems
based on Mills’ concept of the sociological
imagination. Drawing on Germov and Poole’s
version (Germov and Poole 2007), it consists of
historical, cultural, structural, and critical lines
of inquiry into any given topic (Table 1). The
sociological imagination can be used to investi-
gate the social dimensions of a wildlife disease
event (Box 1).

Box 1 Example of the Use
of the Sociological Imagination
to Investigate the Social Dimensions of a
Wildlife Disease Event
In a hypothetical example, a link is
suspected between wildlife tourism and a
wildlife disease event. Wildlife health
professionals can usefully work alongside
social science professionals to better under-
stand the scope and causes of the problem
and to forge solutions. Applying the socio-
logical imagination approach to this topic, a
sociological investigation might begin with
the following types of questions.

Historical:

• How frequently has the wildlife disease
event occurred over time?

• Have reporting practices of wildlife dis-
ease events changed over time?

• How has the scale, type, operations,
tourism experiences, and social contexts
of the relevant wildlife tourism precinct
changed over time?

(continued)

Table 1 Lines of inquiry in the sociological imagination

Inquiry Broad definition

Historical Social changes or changes in social practices
over time

Cultural Social customs and traditions, value
systems, ideologies, worldviews

Structural Organizations and social institutions (e.g.,
governments, industry, media, family,
education system, criminal justice system,
legal system, healthcare system)

Critical Distribution of social power, who benefits
from status quo or social alternatives
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• Do changes in the disease event and the
tourism precinct coincide?

Cultural:

• Has the wildlife disease event also
occurred at relevant wildlife tourism
precincts elsewhere, including other
countries?

• Which social customs, traditions, or
values have influenced the scale, type,
operations, and tourism experience of
different precincts?

• Are dominant culture, values, and
ideologies in which the precinct is
located balanced with the interests of
wildlife, ecosystems, and humans?

• Do diverse social groups and
stakeholders have shared or competing
worldviews about the commodification
of wildlife?

• Do diverse social groups construct them-
selves as part of, or separate to, “nature”
and “the environment?”

Structural:

• Does government policy appropriately
regulate the wildlife tourism industry to
monitor or prevent wildlife disease
events?

• How effective are the legal mechanisms
for preventing wildlife disease events
within wildlife tourism context?

• Do labor processes and relations within
wildlife tourism precincts influence the
risk of a wildlife disease event or the
social construction of wildlife and
nature?

• How do media representations socially
construct wildlife tourism; do they mini-
mize or escalate risks of wildlife disease
events?

• How effective are public education
initiatives on the risks of a wildlife

disease event associated with wildlife
tourism?

• Do social inequalities (class, gender,
cultural background, etc.), within
communities dependent on the wildlife
tourism industry, influence the risks of a
wildlife disease event?

Critical:

• Who are the dominant decision makers
on wildlife tourism matters?

• Which social groups most benefit from
wildlife tourism?

• Which social groups are most harmed by
a wildlife disease event?

• Do these two social groups have shared
and/or competing interests?

• What ethical, justice, or equity
considerations are at play?

• What alternatives are possible to prevent
a recurrence of the wildlife disease
event?

2.3 Opening the Solution Space

Solving a problem typically requires an in-depth
understanding of the nature of that problem.
Investigation of wildlife disease events focusing
solely on scientific causation may open part of the
potential solution space (the diversity of potential
solutions that are available) but is both a risk and
a lost opportunity.

Any approach to determining if and what kind
of societal response to a wildlife disease event is
warranted should investigate both etiology and
the social dimensions of that event. The latter
completes the solution space and is crucial to
identifying an appropriate and effective response.
Responses that are not aligned with an under-
standing of the problem as experienced by all
relevant social groups risk unexpectedly shifting
the problem to other types of impact or harm (e.g.,
from economic or human health to social or envi-
ronmental harm) or unjustly burdening particular
social groups with solving the problem. Prior
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knowledge of the social dimensions of a wildlife
disease event facilitates the development of more
sophisticated and more inclusive solutions that
address the problem comprehensively. As
discussed earlier, the development of a Hendra
vaccination for horses not only effectively
addresses part of the problem (health risk to
horses and people) but also creates other
problems for horse owners that may render the
solution less effective than a more holistic
approach to this problem (Manyweathers et al.
2017). Similarly, solutions to “One Health”
problems (e.g., viral spillover from wildlife into
people or domestic animals) should aim to reduce
harm holistically, not merely shift the problem
from human health or economic harm to one of
environmental harm.

Considering the full social dimensions of a
problem may open opportunities to engage with
society, and decision-makers, more effectively in
the development of solutions that are appropriate
and sustainable. Understanding how wildlife dis-
ease events are a problem to different social
stakeholders permits a “net benefit” approach to
solutions, in which solutions or combinations of
solutions offer benefit to more of society, encour-
aging better adoption, sociopolitical support,
sustainability, and scalability.

3 Tools for Investigating
the Social Problem of Wildlife
Disease

3.1 Engagement of Stakeholders
as Partners in the Investigative
Process

Cooperative inquiry, in which researchers and
relevant social groups and stakeholders collabo-
rate in the creation of knowledge, contributes to
more meaningful understanding of social
dimensions by researchers, enhanced societal
ownership of solutions, and greater potential for
solutions that are contingent on social change
(Heffner et al. 2003). The social science investi-
gative toolkit includes methods for deeply
engaging stakeholders, particularly those who

may be negatively impacted by wildlife disease.
For example, Participatory Action Research
(PAR) and Community-Based Participatory
Research (CBPR) specialize in stakeholder col-
laboration and power-sharing at all stages of an
investigation, beginning with codesign
partnerships (see Chaps. 5 and 21). These
methodologies are commonly used in the fields
of environmental justice and public health
research. An important feature of these
approaches is that they often hire members of
“hard to reach” stakeholder groups as
coinvestigators, outreach officers, or other kinds
of intermediaries (Hacker 2013; Davis et al. 2020;
Cossyleon and Spitz 2021; Milich et al. 2021).

3.2 Socio-Ecological Research
Demands
a Transdisciplinary Team

The effective creation of solutions-focused
knowledge for wildlife disease events requires
diverse disciplinary and theoretical expertise.
While wildlife health professionals with biomed-
ical or ecological disciplinary expertise may be
able to contribute to components of a sociological
investigation, application of the sociological
imagination framework and deeper inquiry to
characterize the social dimensions and
determinants of wildlife health require great
familiarity with sociological tools and theory.
Social, biological, and ecological knowledge
need to be integrated to effectively address the
social problem associated with wildlife disease.
Solution-focused investigation therefore needs to
be transdisciplinary. Transdisciplinary teams go
beyond siloed multidisciplinary participation in
research by intertwining inquiry across all rele-
vant disciplines to inform the creation of holistic
knowledge regarding a problem and solutions.

Bennett et al. (2017) provide a useful overview
of the social sciences relevant to conservation, all
of which are equally relevant to many wildlife
health problems. Social science in human health
also has much overlap with wildlife health, espe-
cially in the area of risk communication (see
Chap. 25). A broad summary of relevant social
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science disciplines is provided here (Table 2),
however, it is important to recognize that each
of these fields has diverse applications and it may
be worth exploring to find whose expertise and
experience best aligns with the social dimensions
of wildlife health in the development of transdis-
ciplinary investigatory teams. Wildlife health
professionals should also consider the benefit of
including disciplinary expertise which may seem
peripheral to an investigation. For instance,
decision-making around whether a response to a
wildlife disease event occurs, and the form that
the response takes, typically is made by
authorities. These decisions usually weigh up
expert opinion, diverse social perspectives and
needs, policies and law, which can be perplexing
and confounding to the recommendations devel-
oped by wildlife health professionals. Political

scientists and experts in policy and law, who
perhaps are thought of as being unnecessary in
wildlife disease event investigations, can bring
the relevant expertise to the investigatory process
to ensure that knowledge and solutions consider
and address downstream decision-making.

Working successfully in a transdisciplinary
team requires the acceptance of different episte-
mological approaches and recognition of the
value of different methods in the creation of
social knowledge. Bennett et al. (2017) offer a
concise and practical description of categories of
methodology used in conservation social sciences
that are relevant to wildlife health.

Where the social dimensions of a particular
wildlife problem include the relationship between
society and the environment, and/or ecosystem
services, there is a need to contextualize the

Table 2 A selection of social science disciplines that may be relevant to investigating a wildlife health problem

Social science
discipline Relevance to wildlife health

Sociology Contributes to knowledge of the social dimensions of wildlife health that are shaped by social
interactions, relations, and organization. The field of environmental sociology is particularly
relevant to wildlife health

Psychology Contributes to knowledge regarding how people think, feel, and behave relating to wildlife and
wildlife health problems. The fields of environmental and behavioral psychology are particularly
relevant to wildlife health

Education Contributes to knowledge about how people learn including how systems of learning interact
with individual characteristics to affect learning. Education is instrumental to creating
knowledge of wildlife health in society and to influence behavioral change

Communication Contextualizes the environment in which communication takes place and contributes to the
development of effective communication to solve wildlife health problems. Risk communication
is a highly relevant field for wildlife health (see Chap. 25). The field of environmental
communication also has considerable overlap with aspects of wildlife health communication

Integrated
geography

Human–environment geography contributes to knowledge about the interactions between
individual people, society, and the natural environment, which is relevant to understanding the
way people perceive and are affected by wildlife health (see Chap. 14)

Anthropology Contributes to knowledge of the relationship between humans, the environment, wildlife, and
wildlife health, including over time, especially in the field of environmental anthropology

History History is a key component of understanding the social dimensions of wildlife health, explaining
the origin and form of contemporary relationships between people, the environment, wildlife,
and health

Political science Contributes to understanding relevant systems of governance and power relating to wildlife
health. This can inform both the origin of wildlife health problems, aspects of their social
dimensions, and the theory and practice of decision-making regarding wildlife health

Philosophy Contributes to understanding of the fundamental ways in which individuals and societies
experience and perceive wildlife health and wildlife health problems

Marketing Contributes to the development of strategies and mechanisms to influence societal behavior
relating to wildlife health

Policy and law Contributes to knowledge of the legislative and policy landscape in which wildlife health
problems occur, how decisions are made and to which solutions are confined
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problem in terms of broader biological and eco-
logical processes. This may require the participa-
tion of relevant biological science disciplines,
including various fields of ecology. This is ancil-
lary to investigating disease ecology to under-
stand the drivers of wildlife disease and is rather
about connecting wildlife health and disease with
its impacts on human society through the
environment.

3.3 A Translational Approach

Investigation of wildlife disease events by a trans-
disciplinary team in partnership with social
stakeholders does not in itself provide a frame-
work for creating effective, real-world solutions.
The latter remains an enormous challenge in wild-
life health. How can we structure our investiga-
tory approach to effectively solve problems,
rather than just effectively documenting the
biological and social phenomena of wildlife
health?

Human health offers a conceptually powerful
framework in “translational science” for how
research can contribute to real solutions. Transla-
tional science evolved in response to a disconnect
that appeared in the twentieth century between the
rapid growth in funding for biomedical research
and the relatively paltry return on this investment
in terms of real improvements in human health
(Butler 2008). The gradual evolution of the trans-
lational approach has left diverse interpretations
and models for its implementation but these con-
verge on some broad, practical principles for
solutions-focused research (Box 2). Peters et al.
(2019) present a translational framework that
incorporates these principles for solutions-
focused wildlife health research.

Box 2 The Principles of Translational
Research for Health
Translational approaches to health research
are diverse but broadly converge on the
following principles.

• The research program is focused on
characterization of the nature of a prob-
lem and the creation of real world, effec-
tive solutions to that problem.

• Research engages transdisciplinary
teams.

• End users and stakeholders are meaning-
fully engaged in all phases of research.

• Basic and applied research inform each
other in a bidirectional continuum that
nevertheless progresses to a final
research phase focused on real-world
deployment of solutions.

• Increased investment and focus on later
phases of research that may be less inno-
vative but more relevant to the applica-
tion of solutions.

• Solution-focused research programs
have independent governance, where
priorities are not predominantly set by
individual researchers or research teams.

4 Operationalizing Sociological
Investigation of Wildlife
Disease

It is not a cursory process to employ the principles
and tools described here in investigating the
social dimensions of wildlife health but, rather,
is best achieved through long-term relationship
building with diverse disciplinary experts, with
community and with other stakeholders. How-
ever, with good intent, goodwill, and good lead-
ership (see Chap. 22), the basis of a translational,
transdisciplinary investigative approach that
meaningfully engages relevant social
stakeholders can be established for even urgent
wildlife health challenges. The approach is scal-
able and can evolve, potentially initially involv-
ing collaboration with only a single colleague
with relevant social science expertise and with
direct, informal engagement with stakeholders
on the ground. As the problem becomes clearer,
further disciplinary expertise can be brought in
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and a more structured approach to stakeholder
participation can be implemented. Once a wildlife
health problem has emerged as a sociopolitical
priority there is a need to establish robust, inde-
pendent governance of research programs and to
implement a translational framework to best
achieve effective solutions out of the research
endeavor.
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Evidence-Based Decision-Making

Craig Stephen

Abstract

All forms of population health management
are increasingly expected to base their
decisions on evidence. But the reality is that
few people make their decisions on scientific
evidence alone. Wildlife population health
practitioners need to distill evidence from
research, context, and experience and use that
evidence to inform and improve decisions.
There are three general types of evidence
needed for health management decisions;
(1) evidence specific to the decision-making
social, biological, and ecological context;
(2) evidence extracted from other settings or
situations; and (3) evidence pertaining to the
values and expectations of the decision makers
and those affected by the decision. Evidence-
based decision-making is not merely using
formal research findings to support your posi-
tion. It is about having skills in weighing vari-
ous types of evidence, facilitating appropriate
use of evidence, combining various sources of
evidence, and providing supplementary evi-
dence appropriate to the local context. Wildlife
population health practitioners need to
embrace the reality of how decisions are
made and develop collaborative and transpar-
ent processes to ensure a shared view that is
tailored to the decision-making context on

what is known about a problem and the
implications of different action options.

Keywords

Evidence · Decision making · Wildlife ·
Health · PICOT · Standards

1 Introduction

Wildlife health management constantly requires
decisions to be made. There are basically two
parts to making a decision. First, a person must
judge the situation needs a decision. Next, that
person needs to make a choice between alterna-
tive options to fulfill the intent of the decision.
Almost every wildlife health management deci-
sion occurs in the face of gaps, uncertainties and
conflicts in knowledge, values, and expectations.
Almost every decision is distinct because of the
uniqueness of the social and ecological context of
the problem at hand. Many of the decisions are
made under pressure.

Many factors influence population health
decisions including research outputs, community
and political expectations and values, economic
information, and the local context. Population
health practitioners need to be adept at distilling
the best available evidence from research, con-
text, and experience and use that evidence to
inform and improve decisions. The weight and
influence of each factor depend on the skills,
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experience, and values of the decision maker.
How then can society be assured that decision-
making is being done in a consistent, logical, and
fair way regardless of the circumstances? This
chapter presents some core concepts,
perspectives, and approaches to evidence-based
decision-making that can help wildlife health
professionals produce more transparent, reliable,
and consistent decisions.

2 How Do We Really Make
Decisions?

Do decision makers use evidence in an objective
and balanced way or do they only select evidence
that supports their view or distort evidence to suit
the needs? How do political agendas, personal
gains, or cultural values influence people’s will-
ingness to use the evidence available to them,
without prejudice? Authors in conservation, pub-
lic health, and management have all commented
on the common failure of decisions makers to
make rational decisions using evidence-based
principles and approaches (e.g., Baba and
HakemZadeh 2012; Pullin and Knight 2003;
Brownson et al. 1999). They attribute this to the
limited, faulty, and biased decision process most
people naturally use. What people use as evidence
to generate their decisions is a function of their
experiences, education, training, and personal
judgment (Baba and HakemZadeh 2012).

Some people believe that bad decisions can be
avoided if proper information and incentives are
given. By centralizing fact-based, politically neu-
tral information that is equally and easily made
available to everyone, better decisions should be
made. Others believe that information is
inherently incomplete, that preferences and expe-
rience put limits on rationality, and that the cha-
otic and complex nature of our environments
precludes rational decision-making (Zhu 2007).
The job of the population health manager is to
negotiate these different perspectives to help peo-
ple make decisions that maximize benefits, avoid
unintended consequences, and result in fair and
effective actions.

When people have not learned what decision
to make through trial and error, they need to be
able to extract relevant information, apply general
values in specific settings, and integrate these
pieces using some sort of decision rule (Parker
and Fischhoff 2005). Most often, our decision
rules are innate and tacit rather than explicit,
transparent, and systematic. Limits in time, cog-
nitive abilities at the moment of choice, and the
decision-making environment lead people to
knowingly or unknowingly use mental shortcuts
(known as heuristics) when making a decision.
Researchers have identified four prominent
decision-making heuristics (Peters et al. 2006).
The Affect Heuristic is the rapid, automatic reac-
tion we have to the “goodness” or “badness” of a
particular situation or decision. It is affected by
our moods, personal experiences, social norms,
and personal risk tolerance. In the Representative-
ness Heuristic, we estimate the likelihood of an
event or object by comparing it to what we think
of as the typical for these types of events or
objects. In this case, people believe that two simi-
lar things or events are more closely correlated
than dissimilar things. This heuristic is used com-
monly when using pattern recognition to make a
diagnosis (i.e., this case looks like the textbook
case and therefore its treatment should be like the
textbook treatment). The Availability Heuristic
describes the tendency to use quickly and easily
remembered information to which you have more
recently been exposed when making decisions
about the future. The frequency of more vividly
and easily remembered events will be
overestimated, while the frequency of ordinary
or difficult to recall events underestimated. The
fourth heuristic, Anchoring and Adjustment,
refers to where a person starts with an initial
idea and adjusts their beliefs based off this
starting point. For example, when discussing a
budget, the decision maker may anchor her/his
initial assessment on last year’s budget and make
decisions to change (adjust) relative to the initial
anchor. These heuristics have a strong and signif-
icant influence on the assessment and judgment of
decision options (McCaughey and Bruning
2010). When heuristics are aligned with signifi-
cant experience, consensus, and evidence, they
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can guide efficient and reasonable decision-
making. When poorly aligned, they can lead to
errors in judgment (Kulkarni et al. 2019).

Population health practitioners need to
acknowledge and work with these heuristics.
The reality that these heuristics commonly affect
the use of evidence needs to be balanced with the
good intentions of those who seek to take ideol-
ogy and politics out of the decision-making by
bringing evidence into the decision-making pro-
cess. Ensuring decision makers are given infor-
mation that clarifies the similarity (or not) of one
situation to a comparator, helping set accurate and
reasonable anchors, and highlighting facts rele-
vant to the decision maker (facts that often extend
beyond scientific data) are all strategies that can
help improve decisions made by those reliant on a
heuristics approach to decision-making. Being
alert to when these heuristics are influencing
decisions can help to tactfully tailor conversations
that promote more transparent and systematic
decision-making processes.

3 What Is Considered Evidence
in Evidence-Based
Decision-Making?

Most people support the notion that wildlife
health management decisions should be based
on the explicit, consistent, and thoughtful use of
evidence. Few would argue that it would be
wrong to base actions on irrefutable evidence
that has been rigorously and systematically
assessed for relevance, reliability, and effective-
ness before acting. But what do we mean by
evidence? For some people, evidence is restricted
to knowledge produced in accord with the
standards of a relevant academic discipline. For
others, evidence can be knowledge, skills, and
practices developed by and sustained between
generations within a community. Still others con-
sider evidence as what they observe and docu-
ment using their own senses. How law views
evidence is not necessarily the same as an epide-
miologist which may not be the same as an exper-
imental parasitologist. A 2009 survey of over
200 human health care decisions makers found,

“In spite of almost universal support in principle
for using evidence in decision-making, there was
little consensus among participants on what evi-
dence is, what kind of evidence is most appropri-
ate and how ‘using evidence’ can best be
demonstrated” (Bowen et al. 2009). Different
people with different experiences from different
disciplines accept different types and standards of
evidence upon which to make decisions.
Chapter 6 highlighted how the evidence needed
to prove cause and effect has changed over time
and how debate remains about the relative reli-
ability and utility of different criteria of causation.

There are two main questions to ask when
setting out to use evidence-based decision-
making. First, what types of evidence need to be
considered? Second, how do I recognize good
evidence? The answer to both questions is, “it
depends.” An important first step, therefore, is to
explicitly establish the evidence needs for the
specific decision-making context. Table 1
illustrates how population health management
principles can help tailor the selection of evidence
relevant to a situation. Given the lack of
published wildlife population health management
principles, these were extracted and modified
from several sources including Wittrock et al.
(2019), Bhattacharya and Bhatt (2017), Ibrahim
et al. (2001), Radostits et al. (1994), and
FAO (1991).

Table 1 helps us to see there are three general
types of evidence needed: (1) evidence specific to
the decision-making social and ecological con-
text; (2) evidence extracted from other settings
or situations; and (3) evidence pertaining to the
values and expectations of the decision makers
and those affected by the decision. It also helps us
to see that evidence need not be restricted to peer-
reviewed scientific outputs. Information on
factors such as resource availability, political con-
text, values, community experience, and available
expertise should all be assembled, critically
assessed, and presented in an integrated fashion.

The breadth of relevant information can be
overwhelming, especially for complex problems
involving multiple populations, conflicting infor-
mation, and differing desired goals. A simple
mnemonic—PICOT—serves as a framework
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that can help focus evidence searches or
production:

P ¼ what is the Population of interest and what is
the Problem of concern.

I ¼ what actions and Interventions are of Interest.
C ¼ what are the appropriate Comparators to this

situation that can provide evidence.
O ¼ what are the desired Outcomes.
T ¼ what is the appropriate Time interval for

decision-making (Melnyk et al. 2010).

Box 1 is a case study demonstrating the
implications of inattention to PICOT.

Box 1 Inattention to the PICOT Mnemonic
Prevents Program Evaluation—an Avian
Influenza Surveillance Case Study
Case context: A national wild bird surveil-
lance program delivered by a collaboration
of multiple agencies faced funding cuts
because of perceived irrelevance to risk
management decision-making. The surveil-
lance system was designed in 2005 at the
height of interest and concern about wild
birds being the source of highly pathogenic
avian influenza viruses that put agriculture

(continued)

Table 1 Wildlife population health management principles as guidance for selecting relevant evidence for evidence-
based decision-making

Principles for policies, programs, and practices Guidance for selecting evidence for decision-making

Be outcome-based Priority outcomes need to be identified through health
needs assessments and input from affected communities to
develop a shared vision of the preferred health outcomes,
how they are measured and thresholds of acceptability to
select evidence relevant to the management goal and those
making and affected by the decisions
There must be clarity on the population(s) being
considered and the ecological or social expectations that
determine the appropriate outcomes so the evidence
selected can be tailored to that context

Be evidence-based There must be an accepted standard for the nature of
biological, ecological, and social evidence to be
considered when making decisions and how to
accommodate varying levels of reliability, validity,
uncertainty, and representativeness of the evidence
Evidence should come from both normative and empirical
inquiries as required to support all component
considerations of the decisions to be made

Emphasize all levels of prevention consistent with the
population health model involving the determinants of
health

Evidence collected should be attentive to how to prevent
problems; manage long-term harm or premature losses,
mitigate harmful events resulting in population impacts,
reduce risk factors leading to harmful events, and prevent
other populations from becoming at risk
Evidence collected must be relevant to the variety of
mechanisms to achieve outcomes including policies,
plans, collaborations, and courses of action that may be
required by law or expected by social norms

Be adaptable to heterogeneity resulting from different
ecological, biological, and social conditions

There must be a balance between standardization of
evidence used and customization of evidence to reflect the
unique circumstances of the decision-making context

Be attentive to unanticipated or secondary consequences
on subsections of the population(s) of concern and other
ecological, biological, or social attributes impacted by
health management programs

Evidence collected should consider the health status or
access to health determinants for the entire population and
those populations unintentionally or intentionally
impacted by health management decisions
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and public health at risk. Funders in 2016
began questioning how wild bird data was
helpful.

Why inattention to PICOT prevented
making the value proposition for the
program.

P (population) ¼ The funders had
vaguely asked for “wild waterfowl” to be
kept under surveillance without any guid-
ance on which populations (species or geo-
graphic locations) or if live or dead birds
were of greatest concern or if the problem
of interest was documentation of the pres-
ence of the virus or potential exposure
pathways to poultry. This led to inconsis-
tent and highly variable surveillance
approaches across the country.

I (interventions and interests) ¼ There
were no thresholds set for actions or
interventions nor any means established to
document the impact of viral detection on
risk management or risk perception, pre-
cluding evaluation of the impact of the pro-
gram on biosecurity decisions by poultry
farmers or the implementation of other
risk avoidance interventions.

C (comparators) ¼ There were no
compactors to determine if a trend in wild
bird viral isolates reflected a true change in
risk. This reduced the program to being
deemed of value largely if a highly patho-
genic strain could be detected because
highly pathogenic strains were reportable
by legislation and because the meaning of
detection of low pathogenic isolates
affected risk was unclear.

O (outcomes) ¼ While the funder
declared the outcome was to provide an
early warning, they had no threshold
established to determine if the findings
were sufficiently early, who was to be
warned, what factors they deemed were
warning variables, or what criteria could
confidently be used to declare that a situa-
tion was safe.

T (time) ¼ The time delays between
sample collection and viral strain confirma-
tion were so long that affected waterfowl
population had moved far from the collec-
tion location thus complicating conclusions
about the risk status of the collection
location.

Result: The lack of “PICOT clarity” in
the program design phase left the agency
responsible for program coordination with-
out criteria to provide evidence that the
program was working.

PICOT helps to show that more than one type
of evidence is needed for decision-making. There
is evidence derived from systematic and well-
designed research, evidence from those experi-
enced with similar circumstances, and evidence
about the local context. This evidence can be
formal, explicit, derived from research and schol-
arship and concerned with generalizability or can
be informal, implicit, and derived primarily
through experience. All these types of evidence
need to be independently observed and verified
and subject to open scrutiny (Melnyk et al. 2010).

It is important early in the decision-making
process to establish a shared vision of the criteria
for determining what constitutes best science,
how conflicting evidence should be weighed and
assessed, and the agreed-to standards of quality
required to accept or reject evidence. Answering
these questions will help to develop a shared
understanding of the quality, meaning, reliability,
or utility of the body of evidence upon which to
make decisions. Imposing your criteria for
selecting the best evidence without accounting
for the need of decision makers can doom your
efforts to fail. This is not to suggest that you
compromise to a lesser quality of evidence to
make decisions but instead, there needs to be a
process of talking to and listening to each other to
increase the likelihood that good quality evidence
that is relevant to the needs of the decision makers
is produced, thus increasing the efficiency and
effectiveness of evidence-based decision making.
Box 2 is a cautionary tale of the implications of
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failing to establish agreement on what constitutes
good evidence.

Box 2 The Pitfalls of Inattention
to Consensus on What Constitutes
Evidence—A Case Study of Wild-Farmed Fish
Conflicts
Case context: A multidisciplinary working
group involving government agencies
(from four departments), nongovernmental
agencies, and community groups was con-
vened to identify gaps, opportunities, and
obstacles to setting and meeting farmed fish
health regulations intended to prevent the
transmission of infectious disease from
farmed to wild fish.

Failure to establish rules of evidence
doomed the process to failure.

The group did not undertake an initial
process to establish agreement on the
attributes, indicators, or thresholds that
would be used to define a healthy popula-
tion. In the absence of a shared vision, it
was not possible to reach consensus on the
objectives and outcomes of regulatory
requirements that would lead to successful
fish health management. There were no
explicit criteria developed on what
constituted best science, how conflicting
evidence would be weighed and assessed,
or the standards of quality required to
accept or reject evidence. Evidence was
presented via personal experience and inter-
pretation rather than discussion or presenta-
tion of literature or data in the context of
agreements on the use of evidence by the
group. Social evidence was anecdotal and
weighted inconsistently. No rules were
developed to guide how to deal with uncer-
tain or conflicting evidence. There were
also no agreed to criteria for establishing
causal relationships. These conditions lim-
ited the ability of the group to develop a
shared understanding of the quality, mean-
ing, reliability, or utility of the body of

evidence upon which to make
recommendations.

Result: No agreement could be made on
the best practices for risk reduction largely
due to conflicting interpretations of avail-
able evidence. Disagreements on the mean-
ing of the available evidence were aired in
the media, eroding confidence in the few
items upon which the group agreed.

There are a variety of standards and
hierarchies for assessing the quality of evidence.
Most have been developed for use in decisions
about people and cannot readily be used for free-
ranging wildlife. For example, randomized clini-
cal trials have for decades been viewed as a gold
standard for making decisions about medical
interventions. The expectations for randomized
trial, however, can rarely be met in wildlife (see
Chaps. 4 and 6). Similarly, wildlife health sys-
tematic reviews and meta-analyses can face
challenges in finding enough studies of sufficient
quality to allow their comparison and integration.
Agreed standards for determining whether
research evidence is appropriate and useful for a
particular wildlife health decision and how it can
be used have yet to be developed. Wildlife popu-
lation health practitioners can still, however, sys-
tematically gather evidence from multiple sources
for verification and quality assessment.

Evidence sources should be assessed for their
validity, quality, and reliability (based on the
most appropriate criteria for the nature of evi-
dence being reviewed), whether the evidence
supports or negates a proposition or conclusion,
the size or strength of the reported effect, and the
relevance to the specific hypothesis and situation
(Salafsky et al. 2019). Baba and HakemZadeh
(2012) build on these criteria when claiming that
evidence is strong when (1) it fits the decision
context; (2) its methods of production and analy-
sis are transparent; (3) it includes more contextual
information; (4) its method of production can be
replicated; and (5) there is consensus about the
evidence.
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Often, practitioners and researchers will need
to rely on evidence triangulation. This is the pro-
cess of using more than one approach to
researching a question to increase confidence in
the findings through the confirmation using two
or more independent measures (Heale and Forbes
2013). Triangulation can result in three outcomes:
(1) the results may converge; (2) the results may
be complementary to each other; and (3) the
results may be divergent or contradictory. Con-
vergence increases validity through verification,
complementarity highlights different aspects of
the issue under study. Divergence drives you to
look for new and better explanations for the phe-
nomenon under investigation.

4 The Process of Evidence-Based
Decision-Making

Evidence-based decision-making is not merely
using formal research findings and quantitative
data to support your position. It is about having
skills in weighing various types of evidence,
facilitating appropriate use of evidence, combin-
ing various sources of evidence, and providing
supplementary evidence appropriate to the local
context (Bowen et al. 2009). Human medicine has
led the development of evidence-based decision-
making principles. Initially focused on decisions
about the care of individuals, these principles
have been expanded to public health, manage-
ment, and conservation. Evidence-based medi-
cine integrates the best research evidence with
clinical expertise and patient values. Evidence-
based medicine generally answers five questions
(Porzsolt et al. 2003; Akobeng 2005).

Question 1—What is the question? The PICOT
mnemonic can help organize the array of infor-
mation associated with a decision situation to
help formulate an answerable question to
guide the evidence search. Because the goal
is to inform a management decision as
opposed to finding the most interesting scien-
tific question, this step must be done in a
collaborative manner involving both the evi-
dence producers and evidence users.

Question 2—Where is the evidence? Evidence
produced through experience and training
needs to be complemented with evidence
available in others’ experience, the scientific
literature, textbooks, and other external source.
This step not only looks for the individual
pieces of evidence but also sees the
relationships and connections between the var-
ious pieces. Evidence searches aim to maxi-
mize the potential of retrieving information
within a timespan suited to the pressing
decision.

Question 3—How good is the evidence? Evi-
dence should be appraised for its validity,
importance, and applicability to the problem
and population of concern. This process could
validate and strengthen confidence in the deci-
sion, show that little evidence exists to support
the decision, or that the available evidence is
equivocal.

Question 4—Can the evidence be applied to the
decision circumstance? This is the step in
which an “evidence alliance” is sought. This
occurs when there is high-quality information
that fits with the values, resources, and needs
of the circumstance and leads to a clear direc-
tion to address the shared decision goal. The
population health practitioner is neither pater-
nalistic nor passive but acts more as a guide
and coach to help those making the decision
and being affected by the decision come to a
shared understanding of what the evidence can
tell them in their situations.

Question 5—Was this helpful? Evidence-based
decision-making includes looking for evi-
dence that the decision made was
implemented, helpful, equitable, effective,
acceptable, maintained, and reached the
intended knowledge users. Evaluation is an
important part of the process.

While the five questions above seem logical,
and on their surface achievable, this process of
evidence-based decision-making is not without its
critics. Proponents of evidence-based decision-
making have focussed on making information
more available, accessible, and attractive to
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decision makers. This assumed that the major
barriers to decision makers’ use of evidence are
data availability, accessibility, and user capacity.
This is, perhaps, a simplistic assumption. The
problems with evidence-based decision-making
in human health (see Straus and McAlister
2000) are amplified for wildlife. There is often a
shortage of coherent, consistent evidence. While
there is an information explosion going on, there
is a fair share of evidence that will be irrelevant to
your decision context, of poor quality, inconclu-
sive, or inconsistent with other studies. Biological
variation and the diversity of ecological and
social situations confronting decision makers
may make it hard to extrapolate available evi-
dence to a certain context. Job pressure such as
lack of time and resources, political pressures, or
the lack of evidence in novel situations might
prevent people from using evidence-based deci-
sion principles. Some people may not be trained
in evidence extraction, appraisal, integration, and
translation. All these challenges multiple when
we shift from making relatively straightforward
decisions to dealing with complex and wicked
problems.

4.1 Wicked Problems
and Decision-Making

Many wildlife health issues share characteristics
with wicked problems such as each occurrence of
a problem is unique in its own respect, the range
of causal factors can be uncertain and can be very
wide as can the suite of possible solutions, many
people and organizations are involved or affected,
problems are multifaceted, it takes time and
resources to get to root issues driving the prob-
lem, and fixing one aspect of the problem can
create new problems. In these cases, there is no
single, elegant, rational, scientific finding that will
point to the right decision to fix the problem.
Rather, we need to assume that no one has the
solution because this is a complex systems prob-
lem involving different biological and social
subproblems caused by multiple factors. In these
situations, the population health practitioner
might switch from being the one to provide the

solution, to the person who helps develop a col-
lective view of the questions that need to be asked
to allow for incremental improvements on aspects
of the problem for which there is agreement and
to promote a collective responsibility to act before
we have perfect knowledge of the situation (Grint
2010).

It is important to understand the underlying
assumptions people use when seeking solutions
to complex problems. This helps to anticipate the
consequences of the proposed solutions. Ulrich
(2005) provided some helpful questions one may
want to ask when reflecting on and discussing
specific solution to a problem (Table 2). Dialogue
among stakeholders and decision makers on these
questions can provide a broader understanding of
the proposed solution to a wildlife health
problem.

Table 2 Probing questions to promote reflection and
discussion of proposed interventions for wildlife health
problems (adapted from Ulrich 2005)

Theme Questions

Motivation What are the purpose and intended
consequences of the intervention?
Who is the beneficiary of the intervention
and whose interests are being served?
What does success look like and who
decides?

Power Who is the decision maker?
Who can make the desired changes and
control the conditions for success?
What conditions for success can/should
the decision maker not control?

Knowledge What counts as relevant knowledge?
Who is seen as a competent provider of
experience and expertise?
Where do those involved seek some
guarantee that improvement will be
achieved?

Legitimacy Who is seen as a legitimate stakeholder,
and who argues for those stakeholders
who cannot speak for themselves,
including future generations and
nonhuman nature? How is legitimacy
determined?
What different visions of “improvement”
are considered, and how are different
visions reconciled?
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5 Summary

At their core, wildlife health management
decisions are ultimately personal judgments
involving practical reasoning of multiple types
of biological and social evidence filtered through
personal experience and beliefs. Population
health practitioners can improve the quality of
decisions made by:

1. Creating a shared vision of the decision-
making goals,

2. Using processes that are aware of and inclu-
sive of the current social realities of the
decision-making situation,

3. Being attentive to how the decisions can be
implemented in practice,

4. Enabling open, collaborative, and consistent
collection, interpretation, and sharing of the
necessary types of critically assessed evidence.

This chapter argues against the unfounded
ideal that a single, or even set, of scientific studies
will ensure decisions makers make the right
choice. Instead, it advocates for population health
practitioners to embrace the reality of how
decisions are made and develop collaborative
and transparent processes to ensure a shared
view that is tailored to the decision-making con-
text on what is known about a problem and the
implications of different action options. More
importantly, it advocates for openness to what
we consider as evidence when promoting
evidence-based wildlife health management.
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Wildlife Health Surveillance
and Intelligence. Challenges
and Opportunities

Craig Stephen and John Berezowski

Abstract

Surveillance systems must be designed with a
clear purpose in mind. There are many
impediments to designing and implementing
a wildlife health surveillance and intelligence
system that successfully fulfills all the
expectations for “good” surveillance. Wildlife
health surveillance practitioners need to be
acutely aware of how the compromises and
biases that arise from the practical constraints
of limited resources and knowledge influence
what they can say about the information their
surveillance systems generate. There are grow-
ing expectations to expand the wildlife surveil-
lance from early detection of harms to quickly
minimize their impacts toward health intelli-
gence that strives to protect and promote
health by early actions in advance of harm.
Health intelligence must be developed to
ensure surveillance outcomes meet the needs
of decision makers. A series of generic
considerations and questions are provided to
guide the design of surveillance and intelli-
gence systems tailored to local needs that are
helpful in wildlife health management despite
the many challenges wildlife surveillance and
intelligence programs face.

Keywords

Surveillance · Intelligence · Information
systems · Decision support · Vulnerability ·
Wildlife

1 What Is Health Surveillance
and Intelligence?

Surveillance, in the broadest sense, simply means
to keep a close watch over something. In the
health sciences, surveillance is the systematic,
continuous collection and evaluation of pertinent
data that are promptly assessed and shared with
those who need to know to launch an effective
response (Fig. 1). Fish and wildlife health surveil-
lance should be designed with the goal of improv-
ing population health by providing timely and
reliable signals that inform decisions and actions
to protect, manage, and maintain health.

Surveillance is the primary source of timely
information about changing health and disease
risks that are used for health decision-making. It
supplements what is known from experience and
research with an understanding of the current
dynamics of health issues or situations. Its timeli-
ness makes health surveillance information a crit-
ical component of the total information,
knowledge, and wisdom needed to make effective
health decisions. Research and experiential
knowledge are essential for effective decision-
making, but they take time and do not provide
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the early warning needed to reduce the impact of
rapidly changing health conditions. In contrast,
surveillance provides continuous information
about the current and changing disease/health
situation in a population. It provides needed
time for effective responses to be designed and
implemented in a rapidly changing health
situation.

Surveillance, in principle, is simple. It should
generate information that tells health managers
where the problem is, who or what is affected, if
the problem is getting better or worse, and if
interventions are making the desired change. Sur-
veillance programs assess and characterize the
burden and distribution of health events or risks,
thus helping find priority problems, species, or
areas. Surveillance can be used to measure the
impact of interventions, identify emerging health
conditions that may have a significant impact
upon population health, identify risky settings or
circumstances that need research or management,
and evaluate the efficiency and effectiveness of
wildlife health programs. Surveillance outputs
should help decision makers target resources
effectively to tackle the root causes of problems
(Groseclose and Buckeridge 2017).

Surveillance is not a single event or an isolated
process. It is an information system. Many pieces
must be in place in this system to enable and
sustain data collection, generation, and manage-
ment, data quality monitoring, data analysis,
interpretation of analytical results, and informa-
tion sharing (Fig. 2). There must be adequate
human resources to find and collect samples, ana-
lyze those samples with appropriate technology
and methodologies, assess the resulting data to
recognize important changes, and create and com-
municate outputs that influence actions. These
human resources need to be supported with con-
sistent and accessible infrastructure that must be
created and maintained through appropriate legis-
lation and fiscal resources. The cost of a large-
scale, continuous surveillance system that targets
the entire population at risk can exceed the
resources of many wildlife health programs, thus
forcing managers to make strategic decisions on
how to best deploy their surveillance efforts.

Health intelligence is the process of creating
knowledge products resulting from collecting and
analyzing data, experience, and other learning in
a way to make them understandable and usable
for future decision-making (Jamot 2013) (Fig. 3).

Fig. 1 Basic surveillance system structure and functions
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The goal is to protect and promote health by early
actions in advance of harm. This contrasts with
the usual wildlife surveillance goal of early detec-
tion of harms to quickly minimize their effects.
The health intelligence process begins by
accessing and collecting observations of health
outcomes, threats, or other indicators of vulnera-
bility. Vulnerability is the product of the likeli-
hood of sufficient exposure to a threat, sensitivity
of a population to harm from that threat, and the
capacity of the population to resistant, cope, and
recover from those harms (Fig. 4). Analysis,

organization, and presentation of these data help
reveal information about trends or patterns in
vulnerable places, populations, or situations.
Placing this information into the context of the
prevailing state of knowledge and future
probabilities and scenarios adds understanding
of the importance of intelligence information
(also known as intelligence knowledge). Expert
understanding and judgment of the context in
which the knowledge is generated helps to pro-
vide an understanding of the significance of the
intelligence knowledge.

Fig. 2 Components of a wildlife surveillance information systems with example inputs, analyses, and outputs

Fig. 3 Timeline of the occurrence of harm in a population (shades of red) and the locations where health surveillance
and health intelligence collect data and produce information
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Decision support arises when the intelligence
considers real-world opportunities, constraints,
perspectives, and priorities for action, be these
social and/or ecological (Berezowski et al.
2020). Intelligence products, therefore, consist
of information and knowledge that have been
refined to provide an understanding that meets
the needs of decision makers. To serve this func-
tion, a health intelligence system needs to be able
to find actionable and meaningful signals of
change, provide insight into future risk and
trajectories, and characterize possible
opportunities for intervention. Intelligence, there-
fore, relies on information from multiple sources
to provide a stream of information that can be
inspected to support decisions about prevention,
surveillance, or responses (Han and Drake 2016).

Health intelligence creates knowledge by
building on surveillance of health outcomes
and/or risk factors with reconnaissance of the
populations of interest and the collection, evalua-
tion, analysis, and interpretation of social and
environmental information that are valuable for
strategic planning. Health intelligence draws from
a range of different sources (from the
determinants of health through to population
trends, to ecosystem functions, to social
capacities for management) rather than an
in-depth analysis of individual pieces of

pathological or epidemiological data. Health
intelligence aims to integrate research, routine
data, and experience to support evidence-based
decision-making (see Chap. 8) to improve health
outcomes. Intelligence outputs help decisions
makers act 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 (Berezowski et al. 2020).

The design and implementation of the intelli-
gence portion of surveillance and intelligence
systems often get less explicit attention and
investment than the surveillance arm. Often, intel-
ligence functions are done informally or implic-
itly, rather than as an explicit and regular part of a
program. This is due in part to the historic focus
of wildlife surveillance on documenting disease
and risk patterns rather than on its fundamental
role in decision support. Conversations on the
design of surveillance systems tend to be very
technically focused on the necessary set of
activities for population sampling, sample testing,
and epidemiological analysis to generate a signal.
Health intelligence requires transdisciplinary
teams that include a range of scientific and practi-
cal specialties as well as representatives of differ-
ent parts of society who can share their
knowledge to identify surveillance signals that
are important and support effective and efficient

Fig. 4 The contributors to vulnerability
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decisions in terms of effects on wildlife, society,
and the environment (Berezowski et al. 2020).
Care and attention to designing this side of the
surveillance and intelligence system warrant
equal time in system design planning.

2 Designing a Surveillance
and Intelligence System

We said earlier that surveillance, in principle, is
simple. Surveillance and intelligence systems are,
in practice, complex, involving different
purposes, stakeholders, components, infrastruc-
ture, processes, policies, and regulations that are
assembled and deployed differently depending on
the surveillance context. This section offers some
questions that can help design surveillance and
intelligence systems that are adaptable to different
settings, species, and issues. These questions pro-
vide the “simple” foundation upon which the
“complex” system can be built.

2.1 Why Are We Doing This?

Surveillance and intelligence are purpose ori-
ented. Their essential purpose is to create infor-
mation and knowledge for health decision-
making leading to action. The specific purposes
vary with the situation of concern. All elements of
system design and operations should be informed
by its purpose and objectives. They set the scope
of the system, informing issues such as who
should participate and which methods are most
appropriate. Explicit objectives provide a mecha-
nism for evaluating the successes or shortcomings
of a surveillance and intelligence system.

Different wildlife health problems require dif-
ferent surveillance purposes, objectives, informa-
tion systems, and actions. Surveillance systems
designers need to be aware of the epidemiological
situation, what decisions need information and
understanding, and what needs to be collected,
analyzed, assessed, and communicated to aid in
making those decisions (Tables 1 and 2). For
example, a system intended to establish the

Table 1 Examples of how the epidemiological situations and desired actions influence the purpose of a surveillance
system (adapted from Berezowski et al. 2020; Häsler et al. 2011)

Epidemiological situation Desired action Surveillance implications

A known etiologic agent/hazard
of importance is not currently
present in the population

Rapid response is required when the
agent/hazard is introduced to eliminate
the agent/hazard from the population or
environment

Activities are targeted to finding cases
conforming with the accepted case
definition as quickly as possible

A new pathogen is discovered
but its impacts are not known

Need to detect harms linked to this
pathogen that warrant intervention

Activities need to be broad enough to
detect any harms linked to the presence
of this new pathogen

Occurrence of an epidemic of
an important disease that
escapes the current control
activities

Insights are required on the most
effective and efficient ways to bring the
disease under control including finding
high-risk populations or places and
evidence on the effects of interventions

A variety of information (e.g.,
incidence, geographic distribution,
species affected, changes in response to
intervention) is needed to develop a new
control strategy

Disease control activities are
ongoing

Decisions need to be made about
whether to continue with the current
control activities or to consider new ones

Information about the changing amount
and distribution of disease in the
population must be produced with
enough reliability and precision to
detect if the disease is above or below
the control target

A spreading threat exists
elsewhere but has yet to be
detected in the populations of
concern

Opportunities to reduce vulnerability to
the threat must be identified to prompt
action before harms occur

Information is needed on changes in
factors that influence the exposure,
sensitivity, or adaptive capacities of the
population(s) of concern
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absence of a disease in a wildlife population to
support claims of disease freedom will use differ-
ent sampling protocols and case definitions than
will a surveillance program trying to establish if
an industrial pollutant is creating biological harms
or a system intended to find the first incursion of a
pathogen. To be effective, surveillance must cre-
ate information about changing conditions at a
rate that is appropriate for the decisions that
need to be made. Making decisions for slowly
changing processes (such as impacts of industrial
pollutants) may require information at a much
slower rate than fast-moving processes (such as
an emerging infectious disease). Without clarity
on why surveillance is being undertaken and what

decisions it intends to inform, one cannot make
decisions on priorities or methods, nor can one
communicate to partners and stakeholders the
value of the surveillance system.

Surveillance and intelligence objectives must
be tempered with practical realities and pressures.
Table 3 summarizes some considerations to make
when asking if a desired surveillance system is
possible within the existing operational
circumstances. Often, the ideal surveillance sys-
tem needs to be modified to be imperfect yet
helpful within the preexisting opportunities and
constraints to its implementation. For instance,
while the purpose of an early warning system
might be to find the index case of an outbreak in

Table 2 An introductory taxonomy of some different types of health surveillance (adapted from Hoinville 2013)

Surveillance type Purpose

General surveillance Use general tests or signals (e.g., clinical examination or gross pathology)
to detect a variety of threats or outcomes that might reveal a change in
population health warranting further investigation or a timely impact
assessment to determine if action is required
E.g., A diagnostic laboratory receiving dead wildlife from the public for
assessment

Early warning surveillance Detect early signals of changing risk using health, social, or ecological
indicators and/or disease occurrences in defined populations to increase
the likelihood of timely detection of a new or unexpected threat
E.g., virus detection in corvids as a warning for changing public health risk
from West Nile virus in North America

Hazard specific surveillance (also known
as targeted surveillance)

Focus on one or more predefined diseases or hazards and use agreed-upon
case definitions to point towards the presence or absence of a threat and/or
track their changing epidemiology over space and time among one or more
hosts
E.g. surveillance of dead waterfowl for highly pathogenic avian influenza

Syndromic surveillance Uses health-related information that might precede a formal diagnosis to
indicate a possible change in population health that deserves further
investigation. This is not usually focused on a particular hazard so it can be
used to detect a variety of diseases or etiologies including new (emerging)
diseases
E.g., surveillance for dead bats outside of a hibernaculum

Risk factor–based surveillance Surveillance that targets: (1) populations exposed to factors that may
predispose it to disease or other impacts; (2) subpopulations where host
risk factors, the disease or hazards are most likely to be found; or
(3) populations where the consequences of disease or exposure to the risk
factor could be severe
E.g., Peri-agricultural wild rodent surveillance to detect spill-over of
antimicrobial resistance from domestic animals into the environment

Sentinel surveillance Collection of information from the same selected sites or groups of
animals that act as a proxy for the larger population to estimate patterns of
disease occurrence in the larger population
E.g., surveillance for deformities in groundfish in chemically
contaminated environments to detect biological impacts of industrial
pollutants
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time to respond, the information chain from case
detection to sample submission to testing,
analyzing, and reporting may be too slow, given
a mismatch between the epidemiology of the dis-
ease, dynamics of the population and resources
available. For example, the earliest warning for
highly pathogenic avian influenza in migratory
waterfowl might be 6 weeks due to delays in
samples reaching testing laboratories,
requirements for samples to be confirmed by a
reference lab, and concerns about communicating
results in a manner that does not influence inter-
national trade. Within that 6-week window, the
affected subpopulation might have moved many
hundreds of kilometers away from their sample
collection site and be unavailable for further test-
ing or interventions (given that some waterfowl

can fly on average 80 km/h and often benefit from
50 km/h tailwinds over their 8 h/day flights)
(Miller et al. 2005). While true early warning
may not be achievable, this system can still reveal
important seasonal trends, heighten poultry
farmer biosecurity concerns, and reveal much
about the ecology of the pathogen. As another
example, formula to estimate sample sizes to
establish freedom from the disease usually need
information on the size of the population and the
sensitivity and specificity of the tests used (infor-
mation often unknown for many species) as well
as assume representative sampling of the popula-
tion (a situation rarely attainable for free-ranging
wildlife). Similarly, sample sizes intended to find
rare diseases can require numbers that exceed the
human and financial resources available to collect

Table 3 Themes of operational considerations and comments on their implication for wildlife health surveillance
system design

Themes Comments

Impacts The issue under surveillance must be important enough to warrant management.
Conservation, economic, social, and public perception criteria can determine an issue’s
importance as can scientific evidence and expert opinion. Documenting importance can
help to establish the value proposition for investment in the surveillance system

Actions What decisions or actions need to be made to manage the problem? In the absence of
criteria or thresholds for action or in the presence of uncertainties about what to do,
short-term surveillance or a series of surveys can help characterize the problem, the
outcomes of which can inform risk assessments and research

Legislation Agencies or organizations conducting surveillance must have the legal authority to
work with the animals or samples being tracked, such as having the necessary permits to
handle wildlife or their products

Resources Surveillance activities will be constrained by the variety, availability, and sustainability
of expertise, infrastructure, and finances

Species status Some species may be prioritized because the surveillance outcomes can influence
decisions critical to their persistence (e.g., species at risk), to retention of their social
value (e.g., harvested food safety), or to their ecological role (e.g., keystone species)

Decision maker and
benefactors needs

The technical elements and purpose of a surveillance system will need to balance
scientifically interesting goals with the knowledge needs of decision makers and the
utility of the outputs for people being affected by the decisions

Logistics Surveillance goals might be limited by challenges in accessing animals, samples, or
other data. For example, wildlife in remote locations may not be routinely and
representatively sampled because of the costs of finding the animal and obtaining
samples over a vast landmass with a sparse human population with negligible
transportation infrastructure

Level of certainty The types of information collected and the approach to assessing surveillance data can
be influenced by the willingness of decision makers to accept uncertainty in
surveillance outputs

Public priorities Wildlife health management is highly influenced by public values and popular opinion.
For example, some wildlife capture, handling, and collection methods may be deemed
unethical or socially unacceptable. Public investment priorities can bias efforts to
charismatic or economically important species
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and test samples. Proving the true absence of
disease or developing systems to find very rare
outcomes with the same rigor and confidence as
for domestic animals may not be possible, but
ongoing watchfulness of a population with con-
sistent biases and limitations can contribute to
evidence-based arguments about the presence of
a hazard in an environment or population. These
challenges should not dissuade surveillance
developers from undertaking wildlife surveil-
lance. Rather, it serves to challenge them to
think of ways to gather ancillary information to
triangulate their surveillance data toward a com-
mon understanding and to account for the biases
and limitations created by real-world constraints
when assessing and communicating surveillance
outputs and information.

2.2 What Are We Going to Keep
Under Surveillance?

2.2.1 Case Definitions
Once the priorities, purposes, and objectives have
been established, the next step is to select the
metrics (measurable quantities associated with
the health problem under surveillance) that
allow decision makers to estimate the size of the
problem, monitor its spread, and measure the
effects of an intervention (Nsubuga et al. 2006).
Many wildlife surveillance systems track issues
that effect a range of conservation, economic
sectors, human and ecological communities, and
geographic concerns. As such, there can poten-
tially be an exceptionally large number of surveil-
lance metrics, even for a single issue.

Surveillance systems aim to identify surveil-
lance signals that are significant changes in one or
more of the metrics under surveillance. Surveil-
lance signals are important as they can indicate an
ongoing change in the health status of the popu-
lation or system under surveillance. Signals can
come in many forms, from changing death rates
to detection of increases in specific disease risk
factors to changes in disease patterns. There must
be agreement about what metrics (health
outcomes or risk factors) to monitor to generate
a signal. The metrics under observation should be

meaningful, understandable, and support the
system’s objectives. To see trends in surveillance
metrics, the metrics must be monitored consis-
tently over time.

A case definition is used to provide
standardized criteria for case reporting to increase
reporting accuracy and consistency. They were
originally developed for reporting cases of the
disease but have since been generalized to pro-
vide standards for a variety of metrics. Case
definitions aim for uniformity, simplicity, and
brevity (Wharton et al. 1990) to reduce the likeli-
hood of misclassification biases in surveillance
data. A shared case definition enhances the ability
to compare surveillance outputs over time and
between different surveillance systems. Case
definitions should be defined in precise, unambig-
uous terms that describe clearly and exactly what
is being measured. They should give a clear idea
of the data required and the population among
which the cases are being sought. A case defini-
tion can include not just information from diag-
nostic test results but also information on the
affected animals, populations, and/or situations
and risk factors.

Surveillance case definitions are not meant to
be used for clinical or pathological diagnosis.
These require additional information as well as
the experience of the diagnostician. Differences
between surveillance and clinical case definitions
can create apparent conflicts in that a surveillance
system might not consider a clinical or pathologi-
cal diagnosis to be a case for reporting purposes
or vice versa for diagnostic purposes. Clinical or
pathological diagnoses are intended to inform
case management, whereas surveillance case
definitions are intended to produce a clear and
consistent accounting of a disease (or other
problems) within a population management con-
text. Their criteria for classifying each can be
different, as they are built to suit their purpose.

Disease case definitions may include con-
firmed, clinical, or suspect classifications. None
of these classifications is better or more accurate
than others per se. Rather they serve different
purposes. A broad suspect case definition will
increase the number of signals (as well as the
number of false alarms) but will reduce the
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likelihood of missing true positive animals. This
approach can be useful if the goal is to launch
rapid emergency responses to a high-risk disease,
where the “costs” of acting before diagnostic
confirmations are less than the costs of missing
a case and losing the opportunity to intervene
early. A confirmed case can use criteria that
increase confidence in classifying a case as a
true positive and therefore reduce the number of
signals but increases the probability of having
undetected positive cases that fail to meet all the
case definition criteria (Guberti et al. 2014). This
is an important consideration if, for example, the
objective is to establish freedom from disease in a
region or there is a high cost of a false positive
(such as a trade embargo).

The biological variation in the diversity, fre-
quency, and intensity of presentation of diagnos-
tic signs across a population ensures that not all
cases will match the case definition. The positive-
and negative-predictive value of an animal or
sample that is classified as a case (as defined by
a specific case definition) influences the fre-
quency and type of case misclassifications. The
predictive value of a case definition is affected not
only by the sensitivity and specificity of the diag-
nostic test or criteria used but also by the preva-
lence of the disease (or problem or risk factor) in
the population and the number of animals sam-
pled (Martin et al. 1992). The prevalence of the
disease in the population is especially important
as the probability that an animal meeting a disease
case definition truly has the disease can change
from very low when the population prevalence is
low to very high when the population prevalence
is high. Unfortunately, well-validated and field-
tested diagnostic criteria are rare for many wild
populations as are accurate disease prevalence
estimates. This creates important gaps in knowl-
edge about the predictive value of case
definitions. Surveillance systems need to be
aware of the implications and likelihoods of
misclassification biases when analyzing and
reporting their results.

2.2.2 Target Populations
A second aspect of “what are we going to track”
refers to the animals being kept under

surveillance. Careful consideration of the sample
to be collected is critically important because
results generated from the sample can be either a
true reflection of what is happening in the popu-
lation or a false reflection of what is happening in
the population resulting from a bias in the sample.
An ideal surveillance system should be based on
unbiased (representative) samples of the entire
population of concern (target population). This
would require random sampling of the entire tar-
get population or sampling that truly represents
the distribution of subpopulations across the land-
scape. Both require accurate information about
the size and geographical distribution of all
members of the target population, which is rarely,
if ever, achievable for free-ranging fish and wild-
life. Often practical constraints necessitate the
selection of a convenience subset from the target
population to act as a surrogate for the target
population. When such non-probability sampling
of subsets is used, representativeness can only be
achieved if risk factors relevant to the issues
under surveillance can be measured and weighted
to show the relative differences in risk and pro-
portion between the sample and the target popu-
lation (OIE 2019). Such information is rarely
available for free-ranging animals. Fish and wild-
life surveillance systems, therefore, are usually
reliant on biased population samples.

Decisions need to be made about which
animals will be sampled and the biases those
decisions impart to the surveillance information
outputs. Hunted animals or animals conveniently
found dead, for example, often make up a signifi-
cant source of samples for wildlife surveillance.
Hunters’ preferences for healthy-looking animals
or animals of a specific age or sex preclude
generalizations of surveillance findings from this
sample to other sexes or ages. The use of animals
found dead as a sample source can not only
impact the quality of samples for testing purposes
but also can prevent the detection of animals that
remain asymptomatic or have health impacts
other than mortality. Relying on the public or
natural resource officers to provide samples can
bias systems away from cryptic species and
towards larger, more charismatic species.
Decisions may need to be made about whether a
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vector or intermediate host might be more infor-
mative than tracking a primary host or if environ-
mental samples for the detection of a hazard better
suit the purpose of the surveillance system.
Selecting what will be sampled and how a case
will be defined must be done within the context of
the purpose and objectives of the surveillance
program and the implications of biases or
uncertainties in the results.

2.2.3 Preemptive Signals
There are five prerequisites to inspire action:
(1) awareness that a problem exists; (2) a sense
that the problem matters; (3) understanding of the
causes; (4) the capability to intervene or influ-
ence. and (5) the political will to deal with the
problem. Disease or hazard-based outcome sur-
veillance makes significant contributions to some
of these prerequisites, but their dependence on
tracking the “bad” outcomes (e.g., death, disease,
deformity) reduces their contributions to getting
ahead of the curve. These “bad” metrics measure
outcomes resulting from a causal chain of events
that has already occurred. In other words, they
measure the outcome of past activities and there-
fore are not suitable for prediction or prevention
and preparedness planning. There are other
metrics that warrant watching to develop intelli-
gence systems that are helpful in protecting wild-
life health. Health intelligence that provides
additional information to characterize that the
problem matters (e.g., social impacts and popula-
tion ecology effects), understand what causes a
population to be more prone or likely to be
harmed, and track changing social capacity and
priorities for action expands the contributions of
surveillance to action-inspiring decisions by
expanding the metrics kept under surveillance.
Risk factor surveillance, vulnerability intelli-
gence, and population health monitoring are all
examples of approaches to expanding the knowl-
edge created by surveillance and intelligence
systems.

Risk factor surveillance tracks changes in the
determinants of disease rather than disease
outcomes or etiologic agents. Risk factor surveil-
lance has been developed for tracing preventable
or modifiable behavioral or biological risk factors

for human chronic diseases (WHO 2005). These
approaches benefit from significant knowledge of
the types and importance of risk factors that serve
as actionable signals for population health
interventions. Due to less attention on risk factor
analysis in wildlife and disconnects between sur-
veillance and management of risk factors found
beyond the host level, risk factor surveillance is
rarer for wildlife. In animal health, more empha-
sis has been placed on risk-based surveillance,
where risk assessments are used to refine the
targeting of surveillance efforts to subpopulations
or situations at a higher risk, thus increasing the
efficiency of surveillance efforts (Stärk et al.
2006). Risk-based surveillance uses information
about the probability of hazard occurrence and
the magnitude of the biological and/or economic
consequence of hazards to plan, design, and/or
interpret the results obtained from surveillance
systems.

Vulnerability intelligence is an emerging but
unexploited concept in wildlife health. It can be
used to develop a shared understanding of the
state and determinants of vulnerability and iden-
tify options for action to reduce vulnerability.
Knowledge gaps plus the reality that local
circumstances will affect the most influential
contributors to the vulnerability of a situation,
population, or place preclude prescription of a
specific, standard set of recommendations on the
best variables to monitor for assessing wildlife
health vulnerability and their associated action
thresholds. Selection of the most useful variables
to be assessed and tracked (from a management
support perspective) will be context-specific and
will require a combination of data, experience,
and judgment. Collective processes, such as
Delphi exercise, should be undertaken to seek
commonalities in understanding and perspective
amongst experts and decision makers to identify a
set of vulnerability indicators, processes for their
collection and assessment in a manner adaptable
to local situations, and to create guidance on
action thresholds. First principles of population
health (e.g., Karpati et al. 2002; Gowan et al.
2014) can be used to argue that vulnerability
intelligence must focus on the determinants of
health (see Chap. 1) rather than only on the
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presence of hazards or adverse outcomes like
death and disease. Based on emerging models of
wildlife health (e.g., Wittrock et al. 2019), it
seems reasonable to conclude that determinants
of vulnerability need to gather information on
(1) the biological endowment of the population
(e.g., diseases and stressors); (2) the animal’s
social environment (e.g., extent of competition
and demographics); (3) the quality and abundance
of the needs for daily living (e.g., food supplies
and habitat availability); (4) their abiotic environ-
ment (e.g., extremeweather variables); (5) sources
of direct mortality (e.g., harvest), and (6) changing
human expectations (e.g., social attitude and man-
agement policies).

2.3 Who Needs to Be Involved?

The answer to who needs to be involved is
affected by two questions, “who needs to know
and how will you gather, analyze and assess your
surveillance data and samples?” All health sur-
veillance systems involve different stakeholders,
components, infrastructure, processes, policies,
and regulations. Differences between surveillance
systems relate to the populations or species that
should be monitored to create information, the
nature, number, and diversity of domains that
should collaborate, and the stakeholders that will
benefit from the decisions informed by the sur-
veillance system.

Many surveillance systems rely on citizens,
natural resource workers, or other field personnel
to collect and submit samples or data routinely
and safely. In other cases, the surveillance system
might employ its own staff or others to purpo-
sively go out searching for data or samples. As the
types of surveillance and intelligence data desired
by a system expands from hazards or diseases to
information on the population and social systems
affecting wildlife management, the suite of peo-
ple who must be made aware of the surveillance
system, its purpose, its operating procedures, and
its expectations grow.

Technical experts (e.g., pathologists and
epidemiologists) are essential but not the sole
participants in the surveillance system. The flow

of data and information from source to the deci-
sion maker needs a suite of participants ranging
from citizens or resource management staff in the
field who find animals or samples, logistics per-
sonnel to get the samples to the lab,
communications staff to share results, decision
makers and policy makers who turn the intelli-
gence understanding into action and interests
groups, stakeholders and other community
members who will be affected by the
decisions and interventions launched as a result
of the surveillance outputs. Each of these groups
contributes their own inputs and processes to the
detection and assessment of surveillance signals.
Failing to engage the necessary people along this
information chain creates the potential for gaps in
the detection of surveillance signals and skews
their assessment toward a limited set of needs.
The diversity of participants who are included in
the design, implementation, and use of a surveil-
lance and intelligence system influences assess-
ment objectives, the selection and application of
acceptable and useful methods and tools, and how
outputs are translated into action.

2.4 How Will We Recognize a Signal?

The first step in signal recognition is to establish a
case definition for the metric that is meaningful,
interpretable, and understandable to those people
whose decisions or actions you intend to influ-
ence. The next step needs to find agreement on
the degree of change in the metric under surveil-
lance that would result in an actionable signal
(such as a change in the spatial distribution of
cases beyond a given boundary, the emergence
of a new problem in a population or change in the
frequency of case detection). There is no gold
standard or consensus on methods for identifying
and calculating wildlife surveillance thresholds.

The goal of surveillance is to find a change.
Therefore, the first two questions to ask are, what
type of change is important to find and how much
of a change warrants action? To answer the first
question, one must return to the purpose and
objectives of the surveillance system. The answer
to the second question can be more challenging.
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For human or livestock populations there may be
sufficiently reliable population sampling over a
long enough time to determine statistically
defined changes in the case count, prevalence, or
incidence to signal an unacceptable change. For
example, in public health, an increase of two
standard deviations in the 3-month rolling aver-
age of the number of cases of meningococcal
meningitis in a community could be used as a
signal of the need to launch an outbreak investi-
gation. Years of experience and research plus
ongoing feedback and evaluation of the surveil-
lance system give confidence in this action
threshold. Rarely is there enough information to
establish such quantitative thresholds for wildlife.
Surveillance systems intended to detect and con-
tain the introduction of a disease might use a
single case as an action threshold, whereas sur-
veillance systems supporting programs to contain
the impacts of an endemic infection might use
thresholds that allow for a certain amount of
circulating disease that produces tolerable harm.

The simplest way to establish a threshold is to
use existing literature and expert opinion to
develop consensus among decision makers
about the level of disease or hazards or risk
factors that are concerning for them. This will
require an adaptive management approach that
modifies the thresholds as experience is gained
about the reliability and utility of the current
threshold. Thresholds might also be based on
the implications of misclassification. Trade regu-
lation might also establish action thresholds.
Research and experience that show cause–effect
relationships between the amount of disease in a
population and population impacts can also pro-
vide the basis for an action threshold.

2.5 How Will We Know If
the Surveillance and Intelligence
System Is Good?

Criteria for evaluating surveillance systems were
first popularized for public health. Many of the
evaluation criteria emphasize the following
attributes: usefulness, simplicity, flexibility, data
quality, acceptability, sensitivity, predictive value

positive, representativeness, timeliness, and sta-
bility (German et al. 2001). The systems should
be both technically and economically efficient
(Hoinville et al. 2013). Technical efficiency is
driven by the sensitivity, specificity, and timeli-
ness of the system. Sensitivity is affected by the
diagnostic test or case definition sensitivity and
the coverage of the surveillance system both of
which affect the probability of finding and
correctly classifying a case and a population.
Specificity reflects the likelihood that a system
will create false alarms. This too is affected by
the case definition and test performance as well as
by thresholds set for alarms. Economic efficiency
considers the social return on investment from the
surveillance system.

Unrepresentative access to the populations at
risk, biased case ascertainment, the lack of ade-
quately validated diagnostic tests, inaccurate or
missing denominator data, lack of standard case
definitions and diagnostic protocols, regulatory
restrictions, ecological complexities, and fiscal
constraints are but some of the factors that pre-
vent the direct application of evaluation standards
from domestic animals or public health to wildlife
surveillance. Despite the growing demand for
wildlife surveillance, there is little guidance on
the necessary performance standards of wildlife
health surveillance program. The lack of perfor-
mance standards complicates attempts to show
that investments and activities are meeting the
expectations of public or private investors in
wildlife disease surveillance services (Stephen
et al. 2019).

3 Summary

There are many impediments to designing and
implementing a wildlife health surveillance and
intelligence system that fulfills all the
expectations for a health surveillance system.
Most of these expectations were developed for
human health or livestock health surveillance.
Failure to meet these expectations does not
mean wildlife health surveillance is not useful. It
does mean that wildlife health surveillance
practitioners need to be acutely aware of how
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the compromises and biases that arise from the
practical constraints of limited resources and
knowledge influence what they can say about
the information they generate. It means that the
assessment and analysis phase will benefit from
using additional information to supplement sur-
veillance findings to increase confidence in trends
described or signals made. It means that surveil-
lance systems need to be designed with a clear
purpose in mind and that the purpose must be
developed with good situational awareness of
the capacity for surveillance outcomes to meet
decisions and actions support expectations.
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Health Protection and Promotion
for Disease Management
in Free-Ranging Wildlife Populations

Colin M. Gillin

Abstract

The strategies of wildlife disease management
are built on the goals of prevention, surveil-
lance, and management of causes of disease
found in, or diseases associated with, wildlife.
However, many health protection and disease
control options are not always available,
affordable, feasible, or socially acceptable to
use in wild animals. This chapter highlights
successful actions and interventions,
challenges, and limitations related to wildlife
disease management and reviews important
disease examples that highlight these
concepts. Insights are discussed on methods
to prevent disease proactively and preemp-
tively through building population resilience
or protecting the determinants of health.

Keywords

Prevention · Control · Wildlife disease ·
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1 Introduction

To protect and promote health in free-ranging
wildlife populations, managers combine methods

based on science with strategies practiced and
proven through decades of managing disease.
The formal management of disease in wildlife
populations is more than a century in practice
(Westmore 1918; Allen 1924; O’Roke 1928).
Management tools range from field studied
interventions to laboratory methods proven in
controlled settings that are applied on free-
ranging wildlife experiencing uncontrolled
influences in natural habitats.

The tools used and outcomes of disease con-
trol in a wildlife population depend on the unique
epidemiological characteristics of the etiologic
agent, the host wildlife species, and the environ-
mental factors influencing the disease (Wobeser
2006) including human influences. Understand-
ing the dynamics and control of wildlife diseases
requires addressing issues and interactions at the
interface of population biology, animal behavior,
community ecology, epidemiology, and statistics
(Hayden 2008) as well as sociology, political
science, and human behavior (O’Brien et al.
2011). When first confronted with a new disease
problem, managers are often pressed to decide if
eradication or control is achievable and if
not, why? Often the reasons are related to
challenges in changing human behavior and
attitudes, political and special interest influences,
available funding, and the scale of the outbreak or
capacity of agencies to respond. The limited num-
ber of success stories in the control or eradication
of pathogens and the diseases they impart are
evidence of the challenges and complexity of
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wildlife disease control (Bernard et al. 2020;
Decker et al. 2006; Deem et al. 2001).

Understanding disease epidemiology to mini-
mize impacts on human, wild, and domestic ani-
mal health is important. But understanding the
relationship of human behavior and how we facil-
itate or manage the spread of disease in wildlife
will undoubtedly become a central objective to
affecting disease outcomes and their impact on
people, domestic animals, wildlife, and
ecosystems.

Much can be learned by formally and infor-
mally evaluating if health management actions
worked or missed the management objectives,
thus gaining insight into how to better respond
with new solutions and strategies to promote and
protect health in wildlife populations. This chap-
ter reviews some of the strategies and tools used
to prevent or mitigate disease in free-ranging
wildlife, discusses their utility and limitations,
and proposes new approaches that may provide
health protection and promotion in free-ranging
wildlife populations.

2 Strategies and Tools
of Free-Ranging Wildlife
Disease Management

The fundamental disease management strategies
used in wildlife populations are planning, preven-
tion, surveillance, and management. Disease pre-
vention and management rely on manipulating
the disease agent, the host, and/or the environ-
ment (Wobeser 2006).

2.1 Planning and Preparation

Effective planning and preparation are desired
objectives before a disease occurs. However, it
is often difficult to predict the type and level of
preparation required because the disease classifi-
cation, risk factors, and severity of the disease can
vary with different circumstances or diseases as
can availability of resources, funding, and public
support. When agencies are less than prepared for
disease response, managers too often employ a

reactive “crisis management” strategy typical in
many wildlife disease outbreaks (Voyles et al.
2014). This approach may involve a basic plan
to respond after a disease is detected and
established in a wildlife population (Grant et al.
2017), a strategy that may be too late to effec-
tively manage the disease.

Coordinated planning and cooperative
agreements are key to planning and securing pre-
vention strategies and funding for effective
response and increased chance of success. Wild-
life disease management is dependent on
strategies implemented by wildlife agencies with
public input and assistance, often from those who
engage in wildlife use, such as hunting (Gillin and
Fischer 2018).

2.2 Prevention

Preventing the spread and establishment of a dis-
ease to a new area or a naive population is the
single most effective and efficient action a wild-
life management agency do to can protect wildlife
population health. Prevention of disease estab-
lishment is a cost-effective action compared to
the personnel effort, resources required, and cost
of managing an established disease. Initial steps
in disease prevention involve identifying the risks
for introduction and transmission of new hazards,
mitigating specific risks via public education,
providing recommendations, and forming regu-
latory instruments to avoid disease introduction
(Fischer and Davidson 2005).

A disease that is established on the landscape
will challenge agencies both fiscally and in
acquiring support and momentum for actions
aimed at reducing disease prevalence and distri-
bution. Prevalence rates may already be high
when the disease is first detected because of the
difficulty of detection in the early stages of dis-
ease establishment and nuances in sampling
related to the slow growth rate of prevalence
(Miller and Fischer 2016). Agencies may spend
many times the annual prevention expenditures
attempting to eradicate an established and spread-
ing pathogen.
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Wobeser (2002) identified several effective
proactive management actions to prevent the
establishment of disease in wildlife populations.
These involve modifying human behavior by
altering activities that increase risk such as ban-
ning live animal translocations and
reintroductions and stopping supplemental feed-
ing and baiting of wildlife. Other actions that
reduce risk proactively include effective vaccines
to immunize populations or erecting or managing
barriers to prevent animals and their diseases
from moving into new areas (Sutmoller 2002).
Regulatory and legislative tools can be used to
restrict the movement of potentially infected
animals and animal parts, thus protecting unin-
fected populations. Carcass disposal protocols of
potentially infected carcasses can be implemented
as well as banning the use or transportation of
reproductive (e.g., semen and embryos) and other
tissues to restrict the human-associated pathways
for disease spread into new areas.

2.3 Surveillance

Surveillance is an important component of both
prevention and mitigation measures. Surveillance
in free-ranging wildlife is often conducted during
predisease emergence and implemented through
testing and sampling in a statistically meaningful
manner using validated diagnostic tests to search
for disease-causing agents and evaluate and ver-
ify the current health or disease status of a popu-
lation. It is an effective tool for the early detection
of pathogens and can be used to reduce the risk of
disease establishment after pathogen introduc-
tion. Surveillance can also be used to identify
pathogens in source populations prior to
translocations as part of restoration programs.
Chapter 9 provides details on the design and
challenges of wildlife health surveillance.

2.4 Containing Disease

Removing an introduced disease from a popula-
tion is the ideal disease management goal. How-
ever, it is rarely attainable. Controlling the course

of the disease is the next best option. Managers
have options to contain disease in space or time
and/or sustain infection rates at tolerable preva-
lence rates. Initial disease management objectives
are focused on aggressive attempts to remove
infected animals while determining the preva-
lence and distribution of the outbreak.

As a pathogen becomes more established and
spreads through the population by natural animal
movements or human activities, reducing trans-
mission or spread of the disease becomes an
objective that may be hampered by animal
movements (seasonal movements, immigration,
and emigration). Therefore, population density
reduction is a potentially effective option to
decrease contact between animals and reduce
transmission as animal movements occur. Herd
or population-level interventions more often
involve manipulation of environmental
conditions or decreasing transmission
opportunities through density reduction via har-
vest, an effective method used currently and his-
torically to reduce prevalence (Mohler 1926).
Other reasons to reduce host numbers are that
high population density can impact habitat quality
and quantity and provide conditions for rapid
pathogen transmission and geographic spread
(Gortázar et al. 2006).

Other interventions might include relocation
of rare or sensitive populations to avoid infection
or dispersal of animals (e.g., uninfected animals
hazed away from a diseased population or out-
break area) and habitat manipulations to prevent,
attract, or maintain wildlife use of an area (Friend
et al. 1999).

Disease control interventions generally
involve the use of several integrated strategies
(Gortazar et al. 2015). For example, population
reduction may be combined with arthropod vector
control to reduce transmission of vector-borne
disease. Other innovative strategies involve fertil-
ity control to reduce populations and direct con-
tact transmission or predator protection to
encourage the removal of diseased animals
(Killian et al. 2007; Wild et al. 2011). However,
the principal intervention method used by
managers on game animals has been via popula-
tion reduction.
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There is an increasing call among wildlife
managers for better prevention, detection, and
response to emerging diseases (Kuiken et al.
2005; Voyles et al. 2014) with an emphasis on
effective surveillance such that, in the event of a
disease incursion, it is discovered early, managed,
and removed from the population. To attain this
goal during a disease outbreak, access to infected
animals and having the ability to quickly remove
them from the population is a requirement.

3 Lessons Learned: Case Studies
of Wildlife Disease Control

3.1 Chronic Wasting Disease
in North America

Chronic wasting disease (CWD) (Williams and
Young 1980) is a devastating disease that
continues to spread across North American
landscapes. CWD is a transmissible spongiform
encephalopathy or prion disease affecting species
in the family Cervidae. It is a fatal, degenerative
neurological disease of deer, elk, moose, and
reindeer and likely other related species, subspe-
cies, and genetic crosses. The causative prion is
persistent and infective in the environment. At
high prevalence, CWD has been shown to nega-
tively impact cervid populations (DeVivo et al.
2017; Edmunds et al. 2016). Geographic spread
may occur through natural migration or dispersal
of cervids as well as through human movement of
infected animals or materials. CWD’s lengthy
preclinical incubation period in multiple host spe-
cies, shedding of prions in saliva, urine, and feces
of asymptomatic animals, and lengthy persistence
of prions in the environment, make the disease
especially difficult to detect early and manage in
free-ranging animals.

The strategies and management tools
implemented to prevent, detect, and manage
CWD have been exhaustive and expensive. In
2018, the Association of Fish and Wildlife
Agencies developed and adopted best manage-
ment practices (BMPs) for wildlife management
authorities as guidance on strategies and
technologies for CWD prevention, surveillance,

and management (Gillin and Mawdsley 2018).
The BMPs cover dozens of management topics
and strategies including restricting movement of
live cervids and carcasses, banning of baiting,
feeding, and urine-based lures, and using adaptive
management practices, along with validated test-
ing and other management tools to plan, prevent,
and mitigate CWD spread and limit economic
impacts.

Aggressive preventative actions taken by
states and provinces are the only effective
measures to combat this disease once detected.
Along with restricting or banning every conceiv-
able route or activity to exclude the pathogen
from entry into healthy North American cervid
populations, effective surveillance has been
shown to potentially identify the disease early
before it becomes established. In 2005, the state
of New York detected and removed what
appeared to be their index case of CWD and
successfully halted the establishment of the dis-
ease in the state. This success has not been
repeated or maintained, to date, in other states or
provinces.

Curtailing the geographic spread of CWD
requires impeding (1) natural migration—which
is an impractical and biologically unsound strat-
egy and (2) human-assisted movement of animals
or parts—which is a strategy unpopular among
farmed cervid owners or decision makers balanc-
ing political will against sound science. However,
managing to decrease CWD prevalence by reduc-
ing transmission and geographic spread through
selective population reduction has been an effec-
tive adaptive management strategy in some areas
(Miller et al. 2020).

Interjurisdictional movement of live farmed
cervids, which is allowed by many North Ameri-
can states and provincial governments, facilitated
anthropogenic disease spread (Makua et al. 2020;
Miller and Williams 2004) despite U.-
S. Department of Agriculture and Canadian
Food Inspection Agency programs to promote or
certify low-risk herds. Hunters have moved
infected carcasses and carcass parts interjurisdic-
tionally due, in part, to a lack of knowledge of the
regulations, limited law enforcement capacity,
and a lack of regulatory consistency,
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coordination, and communication between
jurisdictions. Although a dynamic array of best
practices provides direction for protecting and
promoting health in North American cervids, the
slow spread of CWD by natural animal
movements, or the rapid spread by human-
facilitated movements, present biological, social,
and policy challenges. The long-term manage-
ment of CWD will require public education and
the development of regulations to limit animal
movement by humans and keep disease preva-
lence low through harvest strategies to reduce
the likelihood of spread of CWD to new areas
via natural animal movement.

3.2 Bovine Tuberculosis: The Tale
of Two States

Bovine tuberculosis (bTB) is a cattle disease that
can infect multiple mammalian hosts, including
humans, causing morbidity often seen as thoracic
granulomas, with lung, pleura, and lymph node
abscesses in affected animals. It also leads to
severe agricultural economic losses from herd
depopulations and trade restrictions, leading to
cultural and political ramifications (O’Brien
et al. 2006).

A bTB eradication program that began in 1917
led to the last known bTB-infected cattle herd in
the state of Michigan being depopulated in 1974.
However, the following year, a bTB-positive wild
white-tailed deer was harvested by a hunter with
the infection believed to have originated from
livestock spillover (Schmitt et al. 1997). Over
the next two decades, bTB was not detected
until a hunter-harvested positive deer was
identified in 1994 in the northeastern portion of
the Lower Peninsula of Michigan. Intensive sur-
veillance found additional infected wild deer in
subsequent years and detection of bTB in domes-
tic cattle herds in the affected region soon
followed. It was concluded that deer had become
a reservoir for this domestic cattle disease.

Schmitt et al. (2002) concluded that the persis-
tence of the disease in deer was most likely due to
high deer densities and concentrating animals
with baiting and feeding to maintain high

densities for hunting purposes on private land.
These human-associated risk factors facilitated
nose-to-nose contact between infected and unin-
fected animals and are most likely responsible for
establishing self-sustaining bTB in free-ranging
Michigan deer. Beginning in the 1930s, a series
of actions contributed to disease establishment
including limited commercial and public hunting
following large land acquisitions by hunt clubs
that allowed deer densities to exceed habitat car-
rying capacity (O’Brien et al. 2006). Supplemen-
tal feeding was implemented by hunt club
landowners who also raised cattle on these same
properties. By the 1990s, supplemental feeding
was a common practice as was fencing to limit
migration. Live deer relocations also occurred
between properties for genetic enhancement.

Disease management strategies included
(1) banning baiting and feeding of deer to reduce
contact infection in counties where the disease
was found and (2) deer herd reductions through
unlimited antlerless hunting permits to decrease
densities in the endemic area. These measures
decreased bTB prevalence by half (Schmitt et al.
2002); however, eradication of the disease has not
been accomplished to date. This is partially due to
public opposition to further reductions of deer
population densities (Dorn and Mertig 2005)
and the illegal and continued use of bait on pri-
vate property (Gwizdz 2004) which concentrates
deer and increases transmission potential. Dimin-
ished cooperation and compliance by landowners
and stakeholders have limited the effectiveness of
hunting to reduce herd densities and the use of
baiting restrictions as bTB intervention tools,
although they are known to provide the greatest
potential for effective control strategies or disease
eradication (O’Brien et al. 2011). Considering
this limitation, managers felt improving hunter
cooperation and compliance and implementing
publicly acceptable control policies provided the
most effective means of controlling bTB in wild
deer and preventing spillover into cattle herds
(O’Brien et al. 2006).

The state of Minnesota also experienced a bTB
outbreak in wild deer and domestic cattle, but
circumstances led to a different and favorable
outcome. The disease had not been detected in
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the state for 35 years but reemerged in 2005 in a
beef cow in northwestern Minnesota (Carstensen
and DonCarlos 2011). Before year’s end, four
additional infected cattle herds were identified
and depopulated in the region with cattle owners
indemnified. As part of the surveillance plan, the
Minnesota Department of Natural Resource
(MNDNR) sampled 474 hunter-harvested deer
for bTB near the infected farms and found one
bTB-infected deer near the index cattle herd
(Carstensen and DonCarlos 2011). Landowners
of bTB-infected cattle farms were issued deer
shooting permits to cull deer for testing; however,
no new cases were detected. In 2006, a one-time
statewide sampling effort tested 1554 cattle herds
and 4000 harvested deer. Cases of bTB were
found in two more cattle herds and five more
deer in the region of the index herd. A bTB
Management Zone was established.

Wildlife managers implemented an aggressive
disease management campaign with the goal of
eradicating bTB in Minnesota deer (Carstensen
et al. 2011). Critical to this response was the
continued banning of recreational feeding of
wild cervids in the affected area, a practice
prohibited since 1991. Deer densities were
reduced in the bTB Core Area using government
agency-sponsored sharpshooters. The core area
focused disease management efforts on deer and
was part of a larger bTB Management Zone
delineating affected surveillance areas. Aggres-
sive deer removal continued through 2010 by
ground and aerial sharpshooting, resulting in the
detection of 14 bTB-positive deer. Hunters took
advantage of liberalized hunting seasons involv-
ing early and late season hunts and reduced-cost
permits within the bTBManagement Zone, which
also became a special deer management unit. The
MNDNR allowed landowners with farms inside
the bTB Management Area to harvest deer on
their private lands beyond the period of regular
deer harvest seasons.

Management of bTB in livestock also was
aggressive. The Minnesota State Legislature
funded a voluntary cattle buy-out program of
46 farms, effectively removing most cattle from
the bTB Management Zone. Herd owners were
indemnified for existing cattle as well as for future

calf crops. Farms that continued cattle operations
inside the zone were required to fence feed stor-
age and winter-feeding sites with state purchased
fencing to restrict wild cervid access (Carstensen
and DonCarlos 2011).

Surveillance using hunter harvest and
sharpshooters continued. The disease has not
been detected in wild deer in the state since
November 2009 (Carstensen and DonCarlos
2011). The strategies utilized to successfully
eradicate bTB in free-ranging white-tailed deer
and spillover into cattle included aggressively
reducing transmission potential among deer by
reducing deer densities, prohibiting supplemental
feeding, and mitigating risks at the cattle-wildlife
interface.

In comparing the Michigan and Minnesota
outcomes, several contributing factors limited
Michigan’s success, despite both states
implementing similar intervention strategies.
One major factor contributing to Michigan’s less
desirable outcome was the apparent establishment
of bTB in wild deer years before it was first
detected. Identifying a disease outbreak early
demonstrates why surveillance is so critical in
any wildlife disease management program. This
advantage was realized by Minnesota where
infected deer were removed before widespread
disease establishment. Infected deer were only
identified in proximity to infected farms and
shared the same strain of bTB as cattle. The
assumption that deer were likely recent spill-
over hosts was ascertained because positive deer
were not detected beyond the area near the index
farm (Carstensen and DonCarlos 2011).

Additional factors contributed to Minnesota’s
success. The affected area was much smaller than
Michigan’s and deer density was much lower
(Carstensen and DonCarlos 2011). Also, only
10% of Michigan’s affected area was public
land compared to 60% in Minnesota’s affected
area (Carstensen and DonCarlos 2011) affording
greater access for aggressive disease management
activities using agency sharpshooters and hunters.
Michigan has not been able to eliminate baiting
and feeding of deer through regulation, where
Minnesota experienced much better compliance.
Minnesota experienced positive legislative and
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agency support from many stakeholder groups
(public, animal agriculture, hunters, etc.) for
aggressive intervention strategies and made avail-
able dedicated funding for disease management
activities (Carstensen and DonCarlos 2011).

3.3 New World Screwworm in North
America

The eradication of the economically devastating
flesh-eating screwworm, a species of blowfly,
Cochliomyia hominivorax (Coquerel), from the
Florida Keys, United States in 2017, is a disease
eradication success story (Skoda et al. 2018).
Female blowflies lay eggs once during their life-
time, usually at the edge of an open wound. The
hatching larvae then feed on living tissue causing
extensive cavitated lesions in the skin and under-
lying tissues, which can lead to the death of
the host.

In North and Central America, screwworm has
been eradicated using the Sterile Insect Technique
(SIT). The United States and Panama are cooper-
ative partners in this control program designed to
prevent the spread of screwworms from infested
South American countries (Concha et al. 2020).
The program maintains a permanent barrier
through the release of millions of sterile male
and female flies at the border between Panama
and Colombia.

In 2016, the identification of new world screw-
worm fly larvae samples from infested Key deer
(Odocoileus virginianus clavium) in the Florida
Keys was followed by an immediate interagency
response to collect blowfly larvae from infested
animals to develop a sterile fly colony for release.
Approximately 188 million sterile flies were
released to mate with wild flies involved in the
outbreak, resulting in infertile eggs. A long-acting
parasite treatment was also applied prophylacti-
cally to many deer. Eradication of the parasite
was declared on March 23, 2017. The population
of approximately 1000 Key deer lost 135 infected
deer to euthanasia during the outbreak and an
estimated equal number died but were not
detected.

The success of this eradication intervention
was unique for many reasons including the
benefit of a relatively non-migratory closed pop-
ulation host of limited distribution. Also, a bene-
ficial prophylactic treatment was applied to part
of the population. Foremost, the delivery of an
ingenious intervention technique involving the
prescriptive release of modified sterile screw-
worm flies that significantly reduced the repro-
duction of new generations of screwworms
created a biological barrier that led to the local
eradication of the fly. Infected countries of South
America and several island nations (Cuba, the
Dominican Republic, Haiti, Jamaica, and
Trinidad and Tobago) continue to serve as a chal-
lenge to screwworm elimination; however, imple-
mentation of SIT programs is an effective tool to
eradicate this parasite (Whitworth 2006).

4 Additional Options for Disease
Control

Wildlife disease management has benefited from
adapting techniques and tools developed for
domestic animal disease control. Managers have
used vaccination of free-ranging wildlife
populations as a prevention practice to limit the
spread of a small number of diseases in terrestrial
wildlife when treating focal outbreaks (Slate et al.
2009). For example, vaccinating highly suscepti-
ble prairie dogs (Cynomys spp.), a critical prey
species of the endangered black-footed ferret
(Mustela nigripes), has shown promise as a con-
servation tool in endemic plague regions (Abbott
et al. 2012; Salkeld 2017). Vaccination also has
very successfully limited the spread of the rabies
virus in wildlife in defined areas (Slate et al.
2009). However, fiscal, political, and logistical
challenges can limit the effectiveness of
vaccinating or treating free-ranging animals for
reasons such as the insufficient capacity to access
a statistically appropriate proportion of the popu-
lation to attain a measurable therapeutic result at a
population scale (Schreiner et al. 2020).

Vector control strategies have been used to
limit human infections with wildlife-associated
zoonotic disease agents carried by mosquitos,
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such as West Nile and Zika viruses, and tick-
vectored diseases such as Lyme disease and ehr-
lichiosis. However, this strategy is relatively lim-
ited for broad regional application as evidenced
by vector-borne zoonotic disease persistence due
in part to land-use changes and social factors
(Kilpatrick and Randolph 2012).

Strategies involving the removal of infected
and diseased wildlife carcasses may be used to
reduce mortality rates by reducing sources for
pathogen transmission. A successful example of
this involves the removal of waterfowl carcasses
from bodies of water during avian cholera or
botulism outbreaks. This can reduce the severity
of the outbreak. However, infected birds may
survive and continue to serve as a source of
Pasteurella bacteria or botulinum toxin, and
spores from Clostridium botulinum can persist
in the environment.

Quarantine of free-ranging wildlife is another
intervention strategy that has been used in rare
circumstances (Nishi et al. 2002). Unless the
population is small and geographically isolated,
corralling or restraining wildlife at the herd or
population level for quarantine, treatment, or test-
ing is rarely feasible.

5 Limitations and Challenges

The effectiveness of disease management
strategies depends not only on the scale and
timing of interventions but also on factors that
relate to our ability to effectively respond at the
population level. White-nose syndrome (WNS),
caused by the introduced fungal pathogen,
Pseudogymnoascus destructans, has caused
widespread declines in bat populations in North
America and threatens several species with
extinction as it spreads continent-wide (Drees
et al. 2017; Warnecke et al. 2012). Few tools
exist presently to reduce WNS impacts on
affected bat populations on a regional scale
(FWS 2011), but local strategies have been
attempted including cave closures, decontamina-
tion protocols, and cave or bat treatments.

Most common ubiquitous wildlife diseases
(e.g., sylvatic plague, tularemia, toxoplasmosis,

and many other parasitic infections) have no
effective or practical disease intervention strategy
other than local prevention measures. For
emerging diseases, such as Treponeme-
Associated Hoof Disease in elk (Clegg et al.
2015), there is no effective environmental, ani-
mal, or population treatment nor disease mitiga-
tion strategy other than to limit human-associated
animal movements. For other diseases, preven-
tion and response interventions that show promise
in controlled settings cannot be economically or
logistically implemented in free-ranging animals
or they face public opposition. For example,
selective slaughter and culling to decrease animal
density by managers, hunters, or sharpshooters
has shown to be effective but increasingly may
not be socially acceptable as a long-term manage-
ment strategy and may be met by opposition from
stakeholders. For this reason, proactive efforts to
reduce risk factors, reduce population vulnerabil-
ity, and enhance population resilience need to
form the foundations of wildlife health programs.

Measures to prevent and combat disease estab-
lishment, spread, and impacts using the best prac-
tice intervention methods are expected by the
public. However, in many jurisdictions, statutes,
administrative rules, and other regulatory
instruments often oblige wildlife management
agencies to protect and sustain public use of wild-
life (Fischman 2003; Freyfogle and Goble 2019).
In such circumstances, disease control practices
cannot supersede the mandate to manage and
sustain populations for their economic and cul-
tural benefit to the general public and hunters
(O’Brien et al. 2006, 2011).

Managing any disease in wildlife likely will be
compromised if human-associated risk factors are
permitted and/or access to land and animals to
conduct management activities is impeded. Fur-
thermore, disease management efforts are only as
effective as the management agency’s planning,
available personnel and resources, and funding to
implement an effective response. Unfortunately,
funding is very often a common factor limiting
the feasibility and effectiveness of management
activities.

Management response efforts may require
coordination across jurisdictions or continents.
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Cross jurisdictional response adds to the chal-
lenge of consistent disease management and mes-
saging as responding agency management
capacity may vary between jurisdictions as can
agency funding, resources, and mandates
(Bernard and Grant 2019). The lack of a single
regulatory framework or management protocol
used to respond to emerging diseases in free-
ranging wildlife adds to the dysfunction of effec-
tive control or eradication of important diseases
(Langwig et al. 2015).

Many of the important diseases involving
wildlife have specific attributes that are conducive
to their persistence and spread. The complexity of
infection and transmission presents major
challenges for response and management when a
pathogen can infect multiple host species or main-
tain transmission opportunities using the environ-
ment as a reservoir (Turner et al. 2016). Anthrax,
botulism, highly pathogenic avian influenza, and
CWD are examples of diseases with these
characteristics. Pathogens that are quickly and
easily spread over ecosystems and landscapes
via multiple routes are also very problematic to
contain. This can occur via pathogen transport in
the animal host through natural movements, by
humans moving the host and pathogen, via a
parasitic or insect vector, or in the feces of
scavengers.

The presence of a disease in a species that is
hunted can lead to a decrease in hunter participa-
tion (Needham et al. 2004). In jurisdictions rely-
ing on hunting-associated revenues, diseases, or
efforts to control them, that reduce hunting can
directly affect wildlife program funding used to
prevent and manage disease (Vaske et al. 2004).
Ethical, fiscal, and ecological issues will all influ-
ence how disease risks are communicated and
controlled.

6 Preemptive and Proactive
Strategies

The future of managing wildlife health will
undoubtedly need to include new ways to address
disease threats. We have learned to react with
logical strategies, tested methods, aggressive

response, and persistence to prevent, manage,
and occasionally eradicate disease. Agencies are
starting to more regularly incorporate human
dimensions evaluations to understand the socio-
cultural and ecological relationships in the man-
agement of wildlife (Decker et al. 2012) and use
transparent public and media communications as
part of a comprehensive response effort (see
Chap. 25). This is a major point of importance
as public tolerance of specific management
actions can affect the success of agency control
efforts (Carstensen et al. 2011). Regardless of the
agency’s will, funding, and strategy, managing
wildlife disease is a variable undertaking with
population-level disease eradication a rare event.
Proactive strategies to prevent disease and bolster
sustainability and resiliency in wildlife
populations will require productive advances in
research, with new methodologies developed to
affect the factors that sustain health and mitigate
the factors that lead to conditions that facilitate
the emergence and/or impacts of diseases.

Research has made great strides in wildlife
disease prevention through novel discoveries in
diagnostic and surveillance technology. Many of
these methodologies have led to earlier diagnosis
and more effective response and control
strategies. Examples include new detection of
volatile organic compounds in air or animal
breath to identify disease at the molecular level
(Bayn et al. 2013). Trained detection dogs have
also been used to identify disease from airborne
molecules (Angle et al. 2016). Other remote field
detection techniques have been developed based
on organismal DNA found in the environment
(eDNA) and used as a surveillance tool for para-
site detections and other wildlife pathogens in
aquatic environments (Huver et al. 2015; Sieber
et al. 2020). Real-time quaking-induced conver-
sion (RT-QuIC) assays amplify minute amounts
of CWD prion protein (Cooper et al. 2019) to a
detectable level (Henderson et al. 2015a) to iden-
tify the protein in a variety of tissues, secretions,
and excretions from live cervids (Henderson et al.
2015b).

New methods and tools used in the prevention,
surveillance, and management of disease in free-
ranging wildlife populations will improve
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wildlife manager’s ability to plan and react more
effectively while applying adaptive management
strategies to control and eradicate pathogens from
populations. However, these tools alone will not
affect the source of the ecological instability
making diseases more prevalent or impactful
and will not build sustainability or resiliency in
wildlife populations to mitigate threats to health.
This level of planning requires additional fore-
sight and an understanding of connections
between biotic and abiotic systems, humans and
their values, and the root causes driving morbid-
ity, mortality, and pathogen transmission in wild-
life populations.

Disease prevention and management strategies
will always be required to respond to approaching
threats or established and emerging disease
outbreaks. But to provide better prevention,
managers will need to affect factors, events, or
circumstances that indirectly cascade into envi-
ronmental, ecological, and biological “dishar-
mony” and ultimately lead to the emergence of
disease in vulnerable populations of wildlife.

Protecting and promoting health in free-
ranging wildlife is a goal of management
(Wittrock et al. 2019). Population health is driven
not only biologically and ecologically but also
socially and economically (Stephen 2013, 2014).
A public health concept known as the
determinants of health (Eyles and Furgal 2002;
Cieza et al. 2006) has been applied to wildlife
populations and used in modeling the factors that
determine or influence health (Wittrock et al.
2019; see Chap. 1). This approach allows
managers to identify issues that may reduce the
resiliency of a population ahead of a disease out-
break, potentially reducing the level of control
interventions because of the population’s ability
to adapt. For example, in modeling caribou and
salmon, Wittrock et al. (2019) could identify
numerous factors influencing health that were
not limited to the occurrence of disease. The
authors used this proactive and multifactorial
modeling approach as a planning tool for poten-
tial strategies and actions. These types of preven-
tion concepts are key to building a foundation of
resiliency and sustainability in wildlife prior to
the need for reactive actions.

Another way to look ahead of outbreaks has
been proposed in relation to pandemic disease
and wildlife trafficking. Felbab-Brown (2021)
proposed reducing the human interface with wild-
life and wild habitats and focusing on the elimi-
nation of probable pathogen transmission points
where spillover from wildlife to humans can
occur. The conservation of natural habitats is an
important driver for maintaining health and resil-
iency in wildlife populations. Felbab-Brown
(2021) points out that habitat conservation may
require drastic changes in how humans encroach
upon and utilize the land for food production,
housing and communities, and recreation. This
concept is not necessarily focused on restricting
humans from outdoors or wild places but rather
works to bring people into the outdoors and in
doing so, recognize that wildlife and their
environments are worth saving. Environmental
education and conservation engagement by all
stakeholders is prevention based on a fundamen-
tal restructuring of how humans treat nature.

7 Summary

Sustainable and resilient healthy wildlife
populations in a world of increasing pressures
on wildlife and habitats from the ever-expanding
influence of humans will require mitigating the
effects of this influence through integrated
planning at the ecosystem, if not global, level.
Management decisions should incorporate the
concepts of health protection and promotion
within long-term wildlife population and habitat
strategic planning, with goals to mitigate disease
emergence and establishment proactively and
preemptively before the threat is even apparent.
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From Amazon Floods and Australian
Wildfires to Human Spills
and Explosions: What Disasters Mean
to Wildlife

Christa Gallagher and Heather Fenton

Abstract

Natural and anthropogenic disasters have been
impacting populations of people and animals
and our shared environments for ages. Natural
disasters are an important component of many
ecosystems with many species relying upon
natural fires, floods, storms, and other environ-
mental changes to complete life cycles, repro-
duce, and colonize new geographic regions.
However, in the face of global climate change
and industrialization, the frequency and sever-
ity of disasters are increasing and are
impacting global biodiversity in a manner
that justifies consideration, planning, and
response by wildlife managers to minimize
the impacts of disasters. Preparedness and
response approaches utilized in disasters are
traditionally implemented with a public health
focus. Here we propose the incorporation of
wildlife and ecosystem health and
sustainability considerations to disasters
within the entire disaster management cycle
and recommend the utilization of the One
Health approach and Incident Command Sys-
tem in conjunction with resiliency strategies to
deal with present day and emerging disasters.
Specific examples relevant to wildlife health
and biodiversity conservation in the face of

natural and anthropogenic disasters are exam-
ined in this chapter.
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1 Introduction to Disasters

Disasters have existed for millennia and continue
to plague societies and ecosystems to the present
day. Disasters can be localized events or more
widespread global phenomena. The number of
natural disasters has more than quadrupled world-
wide in the last 50 years. In 2020, there were
389 natural disasters recorded globally that killed
15,080 people and affected 98.4 million others
(Centre for Research on the Epidemiology of
Disasters (CRED) 2021). Anthropogenic
(man-made) disasters are also similarly trending
upwards over recent decades. The ongoing
COVID-19 pandemic, with its unprecedented,
catastrophic consequences had, by 2020s end,
claimed almost two million lives, resulted in
more than 80 million confirmed cases, triggered
worldwide economic crisis with trillions of
dollars lost, and caused extreme socioeconomic
disruption, with substantial worsening of poverty
and inequality in many low- and middle-income
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areas of the globe (World Bank 2020; World
Health Organization 2020). Although perhaps
too early to evaluate the effects of the COVID-
19 pandemic impacts on wildlife and conserva-
tion, some experts warn that the net impacts will
be negative, as the pandemic is expected to con-
tribute to unfavorable perceptions of certain wild-
life species (which could further threaten fragile
populations such as the Chinese pangolin (Manis
pentadactyla)), divert funding from conservation
activities, and increase wildlife harvesting,
poaching, and damage to ecosystems (Lindsey
et al. 2020; Neupane 2020). No matter the origin
of any disaster, these continuous adverse events
have created a great sense of urgency to prepare,
mitigate, respond, and build resilience to them.
Disasters are expected to increase in severity and
frequency due to planetary climate change, as
well as increased human activities including pop-
ulation growth, land-use change, urbanization,
industrialization, and social inequality (Arnold
2002). These anthropogenic drivers are
interacting and amplifying in dynamic and unan-
ticipated ways, which are predicted to have
devastating harmful effects on all populations of
humans and animals and their vital ecosystems.

According to the United Nations Office for
Disaster Risk Reduction (UNDRR), a disaster is
“a serious disruption of the functioning of a com-
munity or a society at any scale due to hazardous
events interacting with conditions of exposure,
vulnerability and capacity, leading to one or
more of the following: human, material, eco-
nomic and environmental losses and impacts . . .
The effect may test or exceed the capacity of a
community or society to cope using its own
resources” (UNDRR 2020). Disasters are largely
defined by their humanitarian statistics and events
are so-named when at least one of the following
criteria is met: ten or more people are reported
killed; 100 or more people are reported affected; a
state of emergency is declared; or there is a call
for international assistance (Centre for Research
on the Epidemiology of Disasters 2020).
Animals, including free-ranging species, are not
mentioned in the definition of a disaster or its
statistical criteria. When animals are depicted as
casualties of disasters, the focus is most often

placed on domesticated animals, companion
animals, and livestock species, while wild
animals may be disregarded or ignored except
by special interest groups. However, all types of
animals can be impacted by the profound and
overwhelming effects of these events because
they share the same vulnerabilities as humans.
Unlike domesticated animals, wildlife tends to
not be directly cared for or supported by human
interventions, although there are a number of
exceptions with food provisioning and rehabilita-
tion (Cox and Gaston 2018; Taylor-Brown et al.
2019). Any disaster could cause significant mor-
bidity and mortality of wildlife and call for human
aid and assistance to prevent severe population
losses, in addition to responding to prevailing
public sentiment. Distribution of resources may
be skewed toward reactive or immediate
responses rather than long-term measures
designed to maximize overall conservation
outcomes. The legal jurisdiction, legislation, and
responsibility for wildlife conservation and man-
agement are often shared by multiple levels of
government that can complicate a coordinated
response.

2 Profiling Disasters

Disasters have historically been characterized by
their cause, onset, frequency, and impact. Natural
hazards typically comprise the largest proportion
of disasters (about 70%) (Rondeau et al. 2020)
and include geophysical, meteorological, hydro-
logical, climatological, extraterrestrial (as with
aster�/meteoroids), or biological phenomena
(Centre for Research on the Epidemiology of
Disasters 2009). Naturally caused disasters
include hurricanes, floods, wildfires, earthquakes,
and landslides, or in the case of biological
disasters, infectious disease as seen in the
COVID-19 pandemic, which arguably has
anthropogenic components. Wildlife plays a key
role in the transmission of most emerging zoo-
notic diseases by serving as reservoirs, sources,
and conduits for the transmission of communica-
ble diseases across interfaces with other wildlife
species, livestock, the environment, and
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ultimately humans (Kruse et al. 2004). Infectious
pathogens originating in wildlife include
examples such as West Nile virus (WNv), Ebola
virus, human immunodeficiency virus (HIV),
rabies, and many others that have substantially
impacted human health, agriculture, and wildlife-
based economies (Bengis et al. 2004). Anthropo-
logical disasters, which may be intentional or
unintentional, are caused by human action, inac-
tion, or error. They are typically classified as
either technological (i.e., transportation accidents,
engineering failures such as structural collapse,
explosions, and environmental disasters
associated with a spill of a toxic substance) or
sociological disasters (i.e., war, acts of terrorism,
and civil unrest). Although the origins of disasters
are described as distinct categories, there is some-
times overlap between natural and unnatural
causes, as seen with intentionally set wildfires or
incidents of bio-and agroterrorism.

A disaster’s onset may be variable in terms of
time scale and may be described as slow and
insidious as in a drought, or conversely, a sudden
incident such as an earthquake or volcanic erup-
tion (Fig. 1). Their occurrences may fall some-
where in between these divergent time scales and
have more variable timing like what might be
expected with infectious disease or invasive

species perturbation. Disasters may be: (1) fre-
quent and expected to occur at certain intervals, as
seen with tropical storms; (2) infrequent, such as
volcanic eruptions; and (3) variable frequency, as
with incursions of infectious disease in people
and animals.

Disasters are largely described and recognized
by the severity of their impacts. Although not
historically well documented outside of specific
incidents localized to a specific region or location,
wildlife involvement in disasters represents a
growing body of literature. As the health and
well-being of wild animals are linked to their
environment, significant damage to the natural
environment can have immediate to long-lasting
impact, usually depicted as primary, secondary,
and tertiary effects (as illustrated for oil spills in
Fig. 2). The severity of impact of a major natural
disturbance and resultant population decline is
primarily dependent on the intensity (strength)
and type of disturbance, and the specific vulnera-
bility of a given species or ecosystem to that
disturbance (Iwasaki and Noda 2018). A trigger-
ing event is common to all disasters that cause
devastating damage to wild animals and their
natural environments. A full description of the
spectrum of disasters that could potentially
impact wildlife goes beyond the scope of this

Fig. 1 Time onset of
disasters affecting wildlife
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chapter. However, some key examples are
discussed along with their impacts and
implications for future management
considerations.

3 Disaster Management

Wildlife exists within complex socioecological
systems (Daszak 2005; Petrosillo et al. 2015),
implying that a systems-based approach to man-
agement would best address the complexities of
disasters that impact wildlife. The disaster man-
agement cycle is used in most disaster response
situations to organize, mobilize, prioritize, and
manage resources and responsibilities in a crisis
(Fig. 3). The four phases of the disaster manage-
ment cycle including mitigation, planning,
response, and recovery collectively aim for the
prevention or reduction in injury, losses of life,
and property, which could be reframed as direct
mortality, morbidity, and availability of adequate
habitat and food resources for wildlife. Addition-
ally, disaster management measures aim to reduce
other second- and third-order effects of adverse
events, and provide for prompt and proper assis-
tance to disaster victims and achieving the most

rapid and successful recovery possible. Although
unique actions may occur during each stage, they
are not always distinct and are considered contin-
uous. Although typically considered for humani-
tarian disasters, all four phases should be
considered for events involving and affecting
wildlife, which should be reflected in plans and
actions for optimal results. Notably, the response
phase is critical to reduce morbidity and mortality
of affected animals (as well as people considering
zoonotic risks and human–wildlife interactions in
disasters), and is highly recognized and moni-
tored by the public during a crisis (Lunney and
Moon 2012). However, the most positive
outcomes for people and animals are ones that
stem from the other three disaster management
phases that call for deliberate, advanced planning
and preparation pre-event, and continuous longer
term efforts that may contribute to restructuring
for a better future (Heath and Linnabary 2015).

Planning for potential crises should be man-
aged through an “all hazards” operational
approach which: (1) identifies the full range of
threats and risks that are most probable and likely
to cause disruption and/or damage in a given area/
region and (2) plans for threats through consider-
ation of the aspects that are common to all of the

Fig. 2 Order of effects of wildlife disasters: oil spill example
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hazards, not on a hazard-by-hazard basis (World
Health Organization 2021). This preferred
approach puts the focus on the consequence of
the hazard rather than its cause. No matter if the
hazard was fire, flooding, or man-made, each
would require personnel and resources needed
for the tactical response involved in the rescue
and medical treatment of wildlife in addition to
conservation planning that acknowledges the
potential impact of disasters on free-ranging wild-
life populations. Recent experience dictates that
emergency planners should also plan for multiple
concurrent disasters, as well as sequential
disasters (Marjanishvili 2012; Ruiter et al.
2020). For example, any disaster that occurred
globally in 2020 was compounded by the
COVID-19 pandemic, causing cascading effects
that added complexity to the existing crisis and
any response to it (Sohrabizadeh et al. 2021).

The Disaster Risk Equation summarizes key
attributes that lead to the generation of risks from
hazards (Fig. 4) (International Federation of Red

Cross and Red Crescent Societies 2020). A caveat
to recognize from this equation is that while the
hazard itself may not be reduced, or minimally so,
by human interventions vulnerability to the haz-
ard and our capacity to manage it is modifiable.
Both should be continuously addressed through
disaster management, policymaking, funding
sustainability, and individual and societal resil-
ience strategies.

4 Key Considerations
in Approaching Disasters That
Involve Wildlife

4.1 One Health Approach

The One Health approach should be considered
with disasters involving wildlife. One Health is “a
collaborative, multisectoral and transdisciplinary
approach—working at local, regional, national
and global levels—to achieve optimal health and

Fig. 3 The disaster management cycle with wildlife examples
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well-being outcomes recognizing the intercon-
nections between people, animals, plants and
their shared environment” (One Health Commis-
sion 2021). Recognizing that human, animal, and
environmental involvement is common to all
disasters necessitates the use of this approach.
Furthermore, there are dynamic complex
relationships that exist among these entities,
such that if any of these domains are negatively
affected, they could exert a detrimental effect on
the remaining domains. Conversely, positive
influences can lead to positive outcomes for all
domains. Due to this interwoven relationship, all
domains should be considered collectively and
synergistically. As applied to disasters, One
Health disaster management is a comprehensive
systems-thinking approach that incorporates
human, animal, and environment domains into
the continuous and overlapping disaster manage-
ment phases. Doing so ensures the consideration
and response to the immediate and delayed
impacts of a disaster from unique, but
interconnected perspectives. Stakeholders from
each domain will be represented, so it is inclusive,
and minimizes the more traditional “siloed”
approach, to produce more cohesive mitigation
and response to these adverse events. The rela-
tionship between relevant stakeholders will be
cemented by pre-event engagement for planning
and participation in joint training and exercises.

Importantly, no single agency or organization
holds the responsibility or has the necessary
capacity to deal with a wildlife disaster. Using
this One Health approach to a wildlife disaster
could bring together emergency management,
government regulatory agencies, wildlife health
professionals, wildlife nongovernmental
organizations (NGO), environmental experts,
academia, traditional first responders, and public
volunteers (Fig. 5). Community involvement is
crucial as embedded members are most directly
affected and have the most to lose in a crisis, in
addition to providing crucial local and traditional
knowledge. Many communities interact with
wildlife either through consumptive or noncon-
sumptive practices with the value of wildlife dif-
ficult to quantitatively measure (Chardonnet et al.
2002). However, there is increasing recognition
of the importance of wildlife in terms of sociocul-
tural well-being of Indigenous people, consump-
tion of wild game resources, and overall benefits
of nature with reference to the interconnection
between environmental and human health (Buttke
et al. 2015; Decker et al. 2016). All of these
factors have driven justification for consideration
of wildlife in disasters as important community
assets held within the public trust that should be
included in disaster preparation, response, and
planning.

Fig. 4 The disaster risk equation for human and animal populations
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4.2 Incident Command System

To make certain that the human, animal, and envi-
ronmental health needs are met symbiotically in
disasters, all managing agencies should consider
the use of an established organizational system.
One prominent example is the United States’
National Incident Management System with its
Incident Command System (ICS). Used and
recognized internationally, ICS is a “standardized
approach to the command, control, and coordina-
tion of on-scene incident management that
provides a common hierarchy within which per-
sonnel from multiple organizations can be effec-
tive” (Federal Emergency Management Agency
2018) (Fig. 6). ICS provides an authoritative struc-
ture for integrated tactical response, which directs
information and communication flow, analysis,
and implementation of response measures across
a wide variety of relevant agencies and partners.

This structure addresses the complexity across
a spectrum of emergency events that vary in size

and intensity, to reach common desired
objectives. Using this system, civil organizations,
NGOs, and the public can, through pre-event
planning, be safely incorporated into the response
to an event and utilized to the maximum extent
possible. ICS has been successfully used in all
types of disasters including natural disasters, ter-
rorist acts, and chemical spills. It has been used in
the animal realm with infectious disease and inva-
sive species events (Burgiel 2020) and repeatedly
with oil spills. The United States provides two
good examples of ICS application: (1) The U.-
S. Department of Agriculture’s Animal and Plant
Health Inspection Service has used ICS
responding to multiple invasive species
incursions (i.e., Asian longhorned beetle
[Anaplophora glabipennis], fruit fly [Rhagolletis
cerasi (Linnaeus], and the New World screw-
worm [Cochliomyia hominivorax]) and it is cen-
tral to their response framework (Veterinary
Services, U.S. Department of Agriculture 2017;
Burgiel 2020; United States Department of

Fig. 5 Schematic of
wildlife disaster
practitioners in each of the
One Health domains
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Agriculture 2020); (2) the Oiled Wildlife Care
Network (Cho 2018) uses ICS to rescue oiled
wild animal species in California. International
organizations such as Focus Wildlife (Focus
Wildlife International, Ltd. 2021) and Interna-
tional Fund for Animal Welfare (International
Fund for Animal Welfare 2021) also promote
and use the ICS framework for their work in
wildlife emergency response. Many wildlife
agencies incorporate the ICS framework for pub-
lic emergency response to events such as
wildfires and dangerous animal encounters, so
agency managers should be familiar with the pro-
cess and framework.

4.3 Broad Risk Reduction

The future approach to disasters is the adoption of
early and purposeful mitigation of these events to
improve societal and ecosystem resilience. To
accomplish this contemporary disaster manage-
ment now goes beyond traditional hazard identi-
fication (and associated risk) and aims for broader
risk reduction. Disaster risk reduction reduces
existing disaster risk from hazards and manages
residual risk, as well as prevents new risk and
impact for individuals and populations. The
United Nations endorsed the Sendai Framework
for Disaster Risk Reduction 2015–2030, and it
was adopted globally in 2015 to strengthen

economic, social, health, and environmental resil-
ience (United Nations Office for Disaster Risk
Reduction 2020). The concept of seeking to
achieve resilience in disasters is an important
one and should be integrated into wildlife
emergencies. The United Nations Office for
Disaster Risk Reduction defines resilience as:
“the ability of a system, community or society
exposed to hazards to resist, absorb, accommo-
date, adapt to, transform and recover from the
effects of a hazard in a timely and efficient man-
ner, including through the preservation and resto-
ration of its essential basic structures and
functions through risk management” (United
Nations Office for Disaster Risk Reduction
2020). This definition emphasizes the need for
societies and ecosystems to not only react to
disturbances but also respond by resisting damage
in addition to enabling rapid recovery from any
perturbation with minimal negative impact. The
practice of seeking resilient habitat and
ecosystems for wildlife would call for resolve
and cooperation from all involved stakeholders,
but it could make a huge difference for their long-
term survival and sustainability of biodiversity.
Supporting and actively promoting an “all of
society” approach that brings value and protec-
tion to wildlife and inextricable ecosystem
services is of critical importance to working
towards resiliency.

Incident 
Commander

Opera ons 
Sec on Planning Sec on Logis cs Sec on

Finance & 
Administra on 

Sec on

Command Staff
Public Informa on Officer

Safety Officer
Liaison Officer

Fig. 6 Standard Incident Command System (ICS) organizational structure (Federal Emergency Management Agency
2018)
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5 Examples of Disasters
Involving Wildlife: Response
and Management

5.1 Climate Change–Related
Disasters

Global climate change and associated extreme cli-
matic effects have the potential for significant
threats to wildlife and ecosystems (see Chap. 13).
Highlighted impacts associated with the direct
impacts of climate change–related disasters
include reduced populations, extinction, and extir-
pation of range-restricted species, as well as direct
loss of habitat (e.g., from fire and flooding). More
longer term and indirect impacts relevant to wild-
life include shifts in species distributions (e.g.,
from repeated hurricanes), changes in phenology
(timing of life-history events), introduction of
invasive species, and emergence and expansion
of zoonoses (Mawdsley et al. 2009). Biodiversity
is expected to be enormously reduced with a sixth
mass extinction event and consequent negative
changes to ecosystem functioning (Pimm 2008;
Bellard et al. 2012; Nunez et al. 2019) A number
of Arctic ungulates, for example, have experienced
large-scale population declines at least partially
associated with rain-on-snow events, winter pre-
cipitation and tidal ice surges (Berger et al. 2018).
South Pacific island countries are currently facing
climatic changes that are threatening the existence
of marine species through alterations to their
habitats and food resources. Terrestrial wildlife is
equally affected with similar habitat and food
changes, but additionally experiencing heat stress,
limitations to dry land mass, and increases in
human–wildlife conflict (Bakare et al. 2020).
Extreme climatic events, which have seen a rapid
increase in frequency, adversely affect ecosystems
by causing rapid mortality in populations and
broad alterations to ecosystem structure and func-
tion (Abernathy et al. 2019). Nomatter the climatic
modification, wildlife species will be forced to
respond to these dynamic conditions by altering
their geographic ranges, adapting to local
conditions, or going extinct (Moritz and Agudo
2013).

5.2 Fire

Fire is a necessary natural disturbance to promote
the persistence of some dependent flora and fauna
worldwide, but conversely, fire events can be a
major threat of species extinction. Trends indicate
that many parts of the world are experiencing
larger, intensified, and more frequent fire events
due to climate and human influences (dos Reis
et al. 2021). The Australian mega-fires of
2019–2020 were unprecedented in their spatial
extent (approximately 97,000 km2) and caused
severe ecosystem damage. Approximately three
billion wild animals including amphibians,
reptiles, birds, and terrestrial mammals were
killed or displaced due to over 15,000 fires that
destroyed extensive regions of native habitat
(Parrott et al. 2021). Seventy taxa had a substan-
tial proportion (>30%) of habitat impacted, of
which 21 taxa were already listed as threatened
with extinction due to existing environmental
conditions and invasive species (Ward et al.
2020). In the short term, these animals faced
starvation, predators, and exposure to the
elements in their quest to find food and shelter
in the burnt and ash-laden environment. In the
longer term, there could be large-scale ecological
disruption due to food and habitat availability and
decreased reproductive success. The fires
removed access to food, water, and shelter, par-
ticularly from invasive predators, such as feral
cats (Felis catus) and red foxes (Vulpes vulpes).
Additional long-term negative impacts to affected
species include chronic stress and exposure to ash
and debris (Alexandra and Finlayson 2020).

Numerous groups were mobilized to specifi-
cally respond to the wild animal impacts of the
Australian fires, particularly zoos and nongovern-
mental organizations. Despite recognition of mas-
sive losses, the response has been deemed a
model of an effective response to a disaster
focused entirely on wildlife welfare. Many
organizations had been previously experienced
and trained in team-based emergency response,
had triage protocols, emergency response kits,
and knowledge of emergency enclosures, which
allowed for a rapid response albeit with a
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necessary scaling up to address the magnitude of
impact of the fires (Parrott et al. 2021). Many
strong collaborative partnerships were in place
prior to the event among governments, zoos, non-
governmental organizations, and communities.
Ultimately the state government had jurisdiction
and responsibility for the response with existing
emergency governance procedures in place and
an ICS structure. At the national level, a Wildlife
and Threatened Species Expert Panel was
mobilized that identified 119 species with high
vulnerability to the fires that were prioritized as
targets for government funding for recovery
efforts. Weekly briefings were held amongst
zoo-based conservation organizations in addition
to targeted workshops held after the fires for key
personnel. Individual animals were assessed in
the field and either immediately euthanized if
severe injuries were present, or transferred to
wildlife triage units with adequate equipment
and supplies for further evaluation and care by
trained veterinarians and staff. Significant consid-
eration was placed regarding species-specific
appropriate housing and transport, as well as
infection control measures that included quaran-
tine and work-flow plans. After careful consider-
ation, targeted and nutritionally appropriate food
and water provisioning was provided for key
species, such as the brush-tailed rock wallaby
(Petrogale peniculata). Effective and clear com-
munication with the media and public were
highlighted as successes of the response with
particular attention to how the public could assist
with the response, while maintaining the ICS
framework. The tremendous international and
national support in terms of funding from
donations to NGOs and public eyes on govern-
ment agencies has been attributed to the success-
ful communication efforts that were able to obtain
resources, while still ensuring the resources were
used effectively while maintaining animal welfare
and human safety. Recovery efforts are ongoing
and include nature-focused community programs
built upon successful frameworks utilized in
trauma-affected communities. After the cata-
strophic fires, the Australian Royal Commission
into National Natural Disaster Arrangements pro-
duced a report that highlights a need to have a

coordinated and collaborative approach to dealing
with wildlife in future disasters, particularly
including environmental assets within emergency
management planning and response (Common-
wealth of Australia 2020).

5.3 Floods

Intense flooding events were observed in the
western Amazon basin during the high-water
months of February through May in the years
2011–2015. In these hydrological events,
floodwaters can cover vegetation that wildlife
depends on for food and habitat, greatly
impacting terrestrial species. In the Amazon
basin, the increased extent and duration of
flooding during the wet seasons caused a dramatic
(95%) decrease in terrestrial mammal populations
as they struggled with shrunken available habitat.
Animals were reported to have drowned and suf-
fered increased predation and competition for
food and shelter resources as they were forced
onto smaller swaths of land. Populations of arbo-
real species’ that include birds, primates, and
felids remained stable because they were presum-
ably able to escape the physical effects of the
floods. Long-term impacts of ecosystem disrup-
tion are unknown; however, there is a potential
for prolonged recovery or permanent changes to
terrestrial wildlife populations. Marine species
populations that included fish and waterfowl
increased or remained stable (Bodmer et al.
2018). Local Amazonians turn to fishing when
flooding kills off terrestrial animals, which raised
concerns regarding food security and
sustainability of harvest of aquatic and remaining
terrestrial animals, especially vulnerable species.
Wildlife managers may need to adjust harvest
limits to accommodate for extreme events that
impact game species and include wild species in
emergency response efforts (Wuczyński and
Jakubiec 2013). Additional concerns with severe
flooding in any region are “what the flooding
leaves behind” in terms of potentially pathogenic
microorganisms that have been associated with
flooding events such as Leptospira interrogans
(Smith et al. 2013) and toxins, such as mercury,
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that can accumulate in organisms at higher tro-
phic levels (e.g., large predatory fish) that are
consumed by humans in the region (Kasper
et al. 2017). The virus that causes hepatitis A, a
well-known waterborne pathogen of humans, was
detected in environmental samples from the Ama-
zon basin, presumably associated with sewage
contamination of the environment (De Paula
et al. 2007). Potential impacts of environmental
contamination of floodplains with human-
associated organisms and chemicals create an
interface with wildlife that could lead to emerging
infectious diseass outbreaks associated with soil
disturbance, such as anthrax and botulism (Shin
et al. 2010; Song et al. 2014), pathogen vectors
proliferating post-flooding, such as for mosquito-
borne Rift Valley fever (Fyumagwa et al. 2011),
exchange of antimicrobial resistance genes
among human, animal, and environmental bacte-
ria (Pérez-Valdespino et al. 2021); morbidity and
mortality in free-ranging wildlife species (Alho
and Silva 2012); and other unpredictable deleteri-
ous impacts on wildlife.

5.4 Droughts and Desertification

Droughts and desertification affect a wide range
of animal taxa and cause many natural resource
losses based on their severity that is determined
by geographical extent, duration, and intensity.
Individual animal deaths of free-ranging wildlife
species may be attributed to chronic dehydration
and starvation with intra/interspecies competition
and predation being contributing factors that
could impact larger population-level effects and
reproductive success. Land animals may be killed
crossing roadways trying to gain access to food or
water sources. Prolonged droughts may nega-
tively impact reproduction by delaying breeding
initiation, decreasing reproductive output and
juvenile survival rates, and/or forcing range shifts
and reducing survival and abundance (Cady et al.
2019). The drought experienced in Kruger
National Park in South Africa has created
conditions for the endangered southern white
rhino (Ceratotherium simum simum) that
have lead to an increased natural death rate and

decreased birth rate resulting in significant
declines in population size despite constant
poaching rates (Ferreira et al. 2019). Within the
semiarid areas of southern and eastern Africa,
periodic die-offs of large herbivores are caused
by droughts (Dudley et al. 2001) with a recent
example in Zimbabwe (2019) that killed more
than 100 African elephants (Loxodonta africana)
(African Wildlife Foundation 2020). Prolonged
changes in environmental temperature will
impact available forage and potentially drive
outbreaks of certain infectious diseases with an
environmental component to their disease ecol-
ogy, either directly, such as anthrax (Hampson
et al. 2011) or associated with aggregation of
species at limited watering holes, such as avian
cholera (Rosen 1972) or due to changes in vector
abundance, such as chikungunya emergence in
East Africa (Chretien et al. 2007). Aquatic and
semiaquatic species are highly sensitive to
prolonged droughts due to lack of habitat and
decreased opportunities for breeding (Miller
et al. 2018). Creation of marine-protected areas
with planning for impacts of disasters have been
proposed as mechanisms to promote resiliency
for marine species and ecosystems (Roberts
et al. 2017). Artificial feeding or water supple-
mentation for wildlife should be considered with
a thorough risk assessment and consideration of
unintentional consequences. Protection of ade-
quate wetland habitat in land-use planning can
help mitigate potential impacts of localized
drought conditions for migratory species and
may be more logistically feasible and economical
in the long term than attempts at individual ani-
mal treatment or supplemental nutrition and water
provision.

5.5 Man-Made Disasters

There are classic examples of anthropogenic
disasters that have greatly impacted wildlife and
their ecosystems that include periodic oil spills,
and infrequent but catastrophic nuclear
explosions. The largest accidental oil spill on
record, the Deepwater Horizon spill, occurred in
2010. An estimated four million barrels of oil
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were discharged in the Gulf of Mexico (USA)
(U.S. Environmental Protection Agency 2013),
and nearly two million gallons of chemical
dispersants were used to clean and control the
spill, representing the first time such chemicals
were used in a deep-sea environment (Barron
2012). Countless pelagic, tidal, and estuarine
organisms, including sea turtles, marine
mammals, and birds, were killed or harmed by
direct toxic impacts of the spill, and their marine
and coastal habitats destroyed. A decade later,
this oceanic disaster is still harming wildlife
(Meiners 2020).

Nuclear accidents have occurred in
Chornobyl, Ukraine in 1986 and Fukushima,
Japan in 2011. Both disasters killed multitudes
of radiosensitive wildlife species and inflicted
harmful health effects on a myriad of others.
Over three decades later, wildlife and diverse
flora in Chornobyl are still recovering but
exhibiting increased presence and abundance
(Baker and Chesser 2000). To date, there is no
scientific consensus surrounding the impacts of
long-term exposure to radiation for wildlife in this
event (Beresford and Copplestone 2011). Blood
and bone marrow abnormalities were observed in
macaques (Macaca fuscata) that inhabited the
Fukushima site, but the significance, causality,
and extent of the impact to chronic exposure to
ionizing radiation remain poorly understood for
many species (Urushihara et al. 2018; Cannon
and Kiang 2020).

5.6 COVID-19

The COVID-19 pandemic represents a stochastic
shock that, despite being a disease primarily
threatening human health, has caused great harm
to wildlife. This has been propagated mostly
through economic channels as global demand
for natural resources decreased in the economic
downturn and existing supply chains disrupted
(Rondeau et al. 2020). Regional and international
trade was further impacted through border
restrictions and closures, lockdowns, and other
related government and organizational policy
alterations. Nature and wildlife tourism were

significantly diminished or halted resulting in
conservation funding losses and backsliding of
sustainable nature conservation efforts. The
absence of active tourism and COVID illness in
conservation officers led to concerns of increased
poaching events (Rondeau et al. 2020). Overall,
these system-wide perturbations to existing
impoverished areas may bring further habitat
loss from extractive activities and harvesting of
wildlife, with heightened biodiversity loss.

6 Conclusion

The preceding examples demonstrate that while
some disasters may be anticipated to some extent,
the true scope of disaster impact, including popu-
lation size changes, species’ behavior deviations,
and habitat alterations can never be fully realized
or predicted. Disasters affecting wildlife species
and their ecosystems have devastating expansive
consequences far outside our ability to quantify,
that sometimes cause entire generations of species
to be lost, and recovery extremely prolonged or
even prevented entirely, as some fail to survive.
Consideration of buffers in terms of ensuring
available habitat, harvest limits, and other conser-
vation management actions should be included to
accommodate and mitigate the impacts of
disasters on biodiversity. As with any disaster
response, a collaborative and coordinated
approach with clear roles and responsibilities in
addition to effective and clear communication, as
well as opportunities for local and community
involvement in response, is essential to successful
disaster management. Free-ranging wildlife could
and should be included within disaster planning
and response to best ensure sustainability of ani-
mal, human, and environmental health in a holis-
tic systems approach.

Disasters have been a part of the world’s past
and present and are predicted to continue more
gravely in the future given the explosive changes
and complexities that exist today. Wildlife, like
humans, is vulnerable to the compounding results
of natural and anthropogenic disasters but remain
left out of many disaster management plans and
long-term responses to climate change adaptation
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management. We must continue to promote the
value of biodiversity and work for the protection
of ecosystems as a critical planetary need and
immense human responsibility. Planning for and
robustly responding to disasters that involve wild-
life will require will and initiative, closely
followed by effective communication and coordi-
nation among researchers, practitioners,
policymakers, wildlife managers, nongovernmen-
tal organizations, and deeply invested
communities.
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Urbanization

Claire Jardine

Abstract

Urbanization transforms the environment and
changes how humans interact with wildlife.
These changes can have dramatic impacts,
both positive and negative, on the health of
wildlife. Predicting the effect of urbanization
on wildlife health is challenging. While some
wildlife species thrive in urban areas, others
are less tolerant, and urbanization is often
associated with a loss of native species and
declines in species richness. Populations of
synanthropic species that live in urban areas
often reach very high densities as a result of
abundant, stable anthropogenic resources.
However, the health of these animals may be
negatively impacted by urbanization as a result
of increased exposure to pollution/
contaminants, poor quality food resources,
and increased exposure to some pathogens in
urban areas. Increased transmission of
pathogens to vulnerable wildlife hosts or to
humans in urban areas is of particular concern.
Increased human population densities and
changing human perceptions of wildlife in
urban areas can lead to increasing human-
wildlife conflicts that require careful manage-
ment to protect both human and wildlife
health. As urbanization increases globally,

further research is required to reveal patterns
and processes affecting urban wildlife health
throughout the world.

Keywords

Anthropogenic · Biodiversity · Human–
wildlife interactions · Synanthropic · Urban ·
Urbanization

1 Introduction

Urbanization transforms the environment,
converting formerly rural areas into urban
settlements and shifting the distribution of the
human population to urban areas (United Nations
2019). Researchers use a variety of metrics for
identifying urban areas, ranging from the type and
degree of built areas to human population density
(Moll et al. 2019). In this chapter, we use the
definition of Francis and Chadwick (2013) who
interpreted urban areas broadly as a combination
of (1) a high proportion of built environment and
(2) a relatively high human population density
within a regional context.

Over the coming decades, urbanization is
expected to increase. It is estimated that by
2050, 68% of the world’s population will be
urban, up from 55% in 2018 (United Nations
2019). The degree and rate of urbanization vary
globally, with 82% of the North American popu-
lation already living in urban areas while Africa
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has 43% of its population living in urban areas
(in 2018; United Nations 2019). It is projected
that there will be an additional 2.5 billion people
added to the world’s urban population by 2050,
with almost 90% of this growth happening in
Asia and Africa (United Nations 2019).

Some of the most notable impacts associated
with urbanization are dramatic changes in human
density, land cover, climate, and resource avail-
ability. Landscape changes combined with
increased human density in urban areas lead to
changes in contaminant and pollution exposure,
including air, noise, and light pollution. It is clear
to people living in urban areas that some wildlife
species thrive in urban environments, but urbani-
zation dramatically alters the composition of wild-
life communities to assemblages dominated by
synanthropic species that are tolerant of, and
benefit from, their close association with humans.
Some synanthropic species may achieve
abundances that are orders of magnitude greater
than the same species in nonurban areas. For
example, Smith and Engeman (2002) reported a
raccoon density of 238/km2 in an urban park, in
contrast to typical rural densities of around 10/km2

(Rosatte et al. 2010). Many species are less tolerant
of urban environments and urbanization is, there-
fore, often associated with a decline in species
richness, loss of native species, and biotic homog-
enization (McKinney 2002; McKinney 2006).

Changes in human/wildlife interactions in
urban areas combined with the transformation of
abiotic and biotic factors associated with urbani-
zation can have dramatic impacts on wildlife
population health. In this chapter, we consider
multiple factors that affect health, not just disease
(see Chap. 1). Our discussion will focus on the
impacts of urbanization on the access to
determinants of wildlife health identified by
Wittrock et al. (2019) as they apply to wildlife
living in urban areas. The determinants of interest
here are needs for daily living (habitat, resources);
abiotic environment (climate, pollution,
contaminants); biologic endowment (stress,
body condition, genetics, disease); social environ-
ment (competition, population age structure);
direct mortality pressures (predation, hunting);
and human expectations.

2 Needs for Daily Living

Access to needs for daily living, including food
and suitable habitats, are all impacted by urbani-
zation. Buildings, roads, and other infrastructure
take over previous natural or agricultural habitats
leading to native habitat loss and habitat fragmen-
tation (Liu et al. 2016). These changes in habitat
generally lead to a decrease in wildlife diversity in
urban areas (McKinney 2002) as relatively few
species can adapt to urban conditions (McKinney
2006).

Anthropogenic sources of food, including gar-
bage, bird feed, and pet food are abundant and
often available year-round, supporting high pop-
ulation densities of synanthropic species that can
take advantage of these resources (Bradley et al.
2007). For example, garbage dumps have been
associated with positive health impacts for the
wildlife exploiting them for food, including
increased body condition, enhanced reproduction,
increased abundance, and increased survival rate
(reviewed by Plaza and Lambertucci 2017). How-
ever, garbage dumps are also associated with
negative consequences for wildlife health, includ-
ing exposure to pathogens and poisons (Plaza and
Lambertucci 2017). More generally, urban food
resources may be abundant, but the value of these
resources may be reduced. Thus, urban habitat
use has been associated with potentially negative
health metrics, including increased cholesterol
(Townsend et al. 2019), increased glycated
serum protein, a marker for increased blood glu-
cose concentrations (Schulte-Hostedde et al.
2018), and changes in the microbiome (Murray
et al. 2020).

Anthropogenic resources have been associated
with both increased and decreased pathogen
infection risk depending on the nature of provi-
sioning and the particular host–pathogen interac-
tion (Becker et al. 2015). Food resources in urban
areas are often aggregated leading to increased
inter- or intraspecific contact, including fighting.
Increased or altered contact rates in urban areas
can have dramatic impacts on disease ecology in
urban areas. Wright and Gompper (2005) found
that there was an increase in the intensity and
prevalence of endoparasites in raccoons on sites
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with experimentally increased food resources and
concluded that “anthropogenic changes which
alter resource availability may have important
consequences for disease transmission in
wildlife”.

In addition to the impacts of the built environ-
ment on resource availability, the increased inten-
sity of human activity in urban areas may also be
associated with changes in behavior and activity
patterns in wildlife, which can impact their ability
to access resources. For example, Gaynor et al.
(2018) found that wild mammals consistently
increased their nighttime activity in response to
human disturbance across continents, habitats,
taxa, and human activities. Shifts in activity to
avoid humans may impact health if the animal’s
efforts lead to reduced or altered access to
resources.

3 Abiotic Environment

In addition to changes in the built environment
that impact habitat and resource availability
(discussed previously), climate and exposure to
contaminants and pollution are dramatically
altered in urban ecosystems. These components
of urban environments can impact wildlife health
directly and indirectly. Although localized urban
cool island effects can occur in some areas, urban
microclimates are typically warmer than outlying
areas (Oke 1982). In addition to a typically
warmer climate, urban areas also tend to have
reduced seasonality, with milder winters, which
may increase the survival and activity period for
arthropod pathogen vectors (Bradley et al. 2007)
or the environmental stages of some pathogens
(e.g., Leptospira) (Lau et al. 2010). Milder
winters combined with increased resource avail-
ability in urban areas may also reduce the
individual-level impacts of disease (Bradley
et al. 2007) leading to increased individual sur-
vival, but also potentially increasing
opportunities for pathogen transmission (Riley
et al. 2014b). Climate change can be expected to
exacerbate these effects (Luber and McGeehin
2008). In some parts of the world, urban areas

may be increasingly vulnerable to extreme
weather events such as droughts and heavy
rainstorms associated with climate change (Revi
et al. 2014).

Contaminant exposure represents a major
threat to wildlife populations (Wilcove and Mas-
ter 2005) (see Chap. 16). Urbanization is often
associated with increased pollution and environ-
mental contamination (Shifaw et al. 2018; Riley
et al. 2014a, b). Murray et al. (2019) found that
toxicant loads were significantly higher in urban
animals than in their nonurban conspecifics
across all wildlife taxa. Wildlife may be exposed
to pollutants in the air via inhalation (Sanderfoot
and Holloway 2017) or to contaminants, like
rodenticides, directly through malicious
poisonings, via inadvertent ingestion of
chemicals in the environment, or through second-
ary exposure via consumption of other exposed
animals (Rodríguez-Estival et al. 2019). Exposure
to contaminants can have both direct
consequences such as acute toxicity or cause sub-
lethal effects, including reproductive impairment
and decreased immune competence (reviewed by
Saaristo et al. 2018).

In addition to chemical contaminants, noise
(e.g., vehicular traffic) and light pollution
associated with urban areas may also impact
wildlife health. For example, for species that
rely on vocalizations for communication, noise
pollution may lead to impaired communication
which could have negative impacts on reproduc-
tive success (Ditchkoff et al. 2006; Halfwerk
et al. 2011). Light pollution is an important
factor in collision mortality for nocturnally
migrating birds that are attracted to, and
disoriented by, artificial lighting (Van Doren
et al. 2021). Indirect effects, such as the disrup-
tion of immune function by artificial lighting,
which has been found across a range of taxa,
have potentially negative synergistic effects in
combination with the spread of pathogens under
changed climates (Longcore and Rich et al.
2016). In addition, there may be other subtle,
widespread, and cumulative effects of nighttime
lighting on ecological communities that are not
yet recognized (Longcore and Rich 2004).
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4 Biological Endowment

The inherited or predisposed biological capacity
of wildlife to cope is made up of factors including
body condition, response to stress, genetics, and
disease (Wittrock et al. 2019). Wildlife in urban
areas is likely to encounter different stressors and
resources compared to their rural counterparts.
Differences in body condition and stress
responses have been reported for species living
in urban versus rural areas. But, in a recent meta-
analysis of wildlife health and urbanization,
Murray et al. (2019) found no consistent
differences in body condition or stress responses
associated with urbanization. The authors
concluded that changes in body condition and
stress associated with urbanization may be spe-
cies- and location-specific. Kark et al. (2007)
found that successful urban birds share a combi-
nation of life history traits, suggesting that studies
of how species traits affect their ability to adapt to
urban ecosystems will be important for under-
standing the impact of urbanization on health
outcomes (Murray et al. 2019).

Losses in genetic diversity in urban areas may
result from genetic drift associated with the
“(i) loss of natural habitat caused by fragmenta-
tion, (ii) founder effects associated with the estab-
lishment of new urban populations, and
(iii) severe bottlenecks due to direct selection
pressures from humans” (Johnson and Munshi-
South 2017). Reduced genetic diversity is
associated with reduced immune responses and
increased vulnerability to pathogens and some
cancers (Ujvari et al. 2018). It is important to
note that some urban features, including habitat
corridors, can also increase gene flow which may
increase genetic diversity within urban
populations (Johnson Munshi-South 2017), so it
is not surprising that the effects of urbanization on
the genetic structure of populations and
associated health impacts vary among species,
and as was described for body condition and
response to stress above, likely depends on
species-specific biology (Miles et al. 2019).

The occurrence and prevalence of pathogens
in, and impact of disease on, urban wildlife is also

variable. The changes in landscape and resource
availability associated with urbanization and the
resulting loss in wildlife diversity may lead to an
overall decrease in pathogen diversity (Hassell
et al. 2017). However, Murray et al. (2019)
found a higher likelihood of infection by parasites
transmitted through close contact, along with
greater parasite abundance and diversity, in
urban as compared to nonurban populations.
They suggested that this was perhaps because
some urban-adapted hosts live at higher densities
due to abundant and patchily distributed food
resources. The effects of urbanization on disease
ecology have implications for both wildlife and
public health (Bradley et al. 2007). For example,
wildlife species less adapted to urban areas,
which are susceptible to infection with pathogens
circulating in high-density hosts, may be at
increased risk of infection and there is the poten-
tial for increased transmission of certain zoonotic
pathogens in competent synanthropic wildlife
hosts (Hassell et al. 2017). In addition, reverse
zoonotic transmission from humans to wildlife
may also occur (Britton et al. 2019) and could
pose a threat to wildlife populations with
increased exposure to humans (Hassell et al.
2017).

5 Social Environment

The social environment of wildlife, including
competition, reflects how communities can
impact an individual’s capacity to cope by
influencing access to various resources (Wittrock
et al. 2019). Urbanization modifies species
interactions through the introduction of nonnative
species, changes in social behavior, and by
changes in composition of ecological
communities (Alberti et al. 2020) with sometimes
dramatic impacts on wildlife health. For example,
the introduction of non-native gray squirrels
(Sciurus carolinensis) has been associated with
dramatic declines in native red squirrel (Sciurus
vulgaris) populations in the United Kingdom
(Tompkins et al. 2003). This decline is associated
with both direct competition for resources
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between these two species and also through indi-
rect competition, via an introduced squirrel para-
myxovirus maintained in gray squirrels, but lethal
to red squirrels (Bradely et al. 2007; Tompkins
et al. 2003).

Changes in population age structure may
impact susceptibility to disease and disease trans-
mission and prevalence in populations (Cross
et al. 2009), but differences in age structure
along urbanization gradients have only rarely
been examined and there is no clear consensus
on the impact of urbanization on population age
structure (Kozlovsky et al. 2021). Kozlovsky
et al. (2021) found a higher proportion of juvenile
chickadees (Poecile atricapillus) in urban areas in
a city in Ontario, Canada while Evans et al.
(2009) found a higher proportion of adult
European blackbirds (Turdus merula) in urban
compared to nonurban environments. As
Kozlovsky et al. (2021) point out, additional stud-
ies are needed to address whether the
observations are related to differences between
European and North American species or whether
differences in age structure across urban
environments are species- and location-specific.

6 Direct Mortality Pressures

Mortality pressures affecting urban wildlife differ
from what is seen in more natural areas and
anthropogenic-related mortality generally
increases with urbanization (Rodewald and
Gehrt 2014). Some synanthropic urban species,
like rats or rock pigeons (Columba livia) may be
subject to increased mortality pressure from
humans who target these species as nuisance
animals in urban areas. Mortality may also be
higher for some bird species in urban areas related
to collisions with buildings, windows, and
vehicles (Rodewald and Gehrt 2014). Many
mammalian species are affected by traffic-related
mortality in urban areas (Ditchkoff et al. 2006).
Many smaller species, including reptiles and
amphibians, are not easily able to cross roads,
and mortality rates can reach 100% (Riley et al.
2014a, b; Aresco 2005). Larger and more mobile
urban animals, such as carnivores or ungulates,

are typically able to cross roads, but the high
density in urban areas still creates significant
mortality risk by forcing large animals to make
frequent crossings (Riley et al. 2014a, b).

Human mortality pressure for hunted species,
like deer, will likely be reduced in urban areas
where hunting is not allowed. In addition, the
density of natural predators in urban areas may
be lower compared with more rural habitats.
However, actual predatory pressures may be
greater in urban areas because of domestic
animals, such as dogs and cats (Ditchkoff et al.
2006). Cats are estimated to kill between 1.3 and
4.0 billion birds in the United States annually
(Loss et al. 2013). This mortality estimate
exceeds other direct sources of anthropogenic
mortality and suggests that mortality from cat
predation is likely to be substantial in all parts of
the world where free-ranging cats occur (Loss
et al. 2013). Although it is hard to quantify,
Loss et al. (2013) suggest that cats are likely
causing population declines for some bird species
in some regions.

7 Human Expectations

How people value and perceive wildlife can have
dramatic impacts on wildlife health. In urban
areas, species like song birds, that are valued
and enjoyed, may receive extra food resources at
backyard feeders, while other species, like rats,
are targeted and killed with poisons and traps.
Human perceptions of wildlife are influenced by
a complex interplay of factors, including where
people live (Kimmig et al. 2020). Urban residents
may be more tolerant of wildlife, because they
view wildlife as beings with rights rather than as a
food source (Patterson et al. 2003). However,
even urban residents that live in the same place
tend to have a variety of perceptions about wild-
life and these human dimensions tend to be the
dominant drivers of wildlife management in
urban areas (McCance et al. 2017) (see
Chap. 19). The rapid expansion of urban areas
worldwide is leading to an increase in the fre-
quency of human–wildlife encounters (Soulsbury
and White 2015), including encounters that may
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result in negative outcomes (Schell et al. 2021)
that may require intervention. These types of
urban wildlife issues in much of North America
can be considered wicked problems (“problems
where different values lead to different
interpretations of desirable outcomes and accept-
able means of achieving them” McCrance et al.
2017) and will require approaches that incorpo-
rate the variety of values that people have toward
urban wildlife (see Chap. 17).

8 Future Considerations

Urbanization can generate positive and negative
health effects for wildlife that may be host-, para-
site-, or region-specific, and predicting the overall
effect of urbanization on wildlife health is chal-
lenging (Murray et al. 2019). As urbanization
increases globally, it is clear that further research
is required to better understand the patterns and
processes affecting urban wildlife health through-
out the world.

It is often assumed that movement of humans
from rural to urban areas and the resulting con-
centration of populations in cities would ease the
pressure on natural habitats (Güneralp et al.
2017). In many parts of Africa, the migration
and subsequent concentration of people in urban
areas have led to reduced rural populations
(Güneralp et al. 2017). However, land speculation
has also driven loss and fragmentation of rural
rangelands close to cities and towns in some parts
of Africa (Güneralp et al. 2017). Well managed
urbanization in Africa could help African nations
effectively conserve biodiversity (Güneralp et al.
2017) and preserve wildlife health.

Although urbanization will continue to
increase, particularly in Asia and Africa (United
Nations 2019) a number of countries and cities,
particularly in developed nations, are shrinking
(United Nations 2017). Human population
declines and urban shrinkage could lead to
increased ecosystem services and positive envi-
ronmental outcomes (Haase et al. 2014), but the
ecological consequences of de-urbanization,
including impacts on zoonotic disease and wild-
life health, are not well understood (Eskew and
Olival 2018).
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Climate Change

Craig Stephen

Abstract

Climate change impacts on wildlife health are
inevitable and are happening. Climate change
directly and indirectly impacts wildlife
determinants of health in multiple, interacting
ways, across a range of scales. These impacts
will amplify existing risks and create new
risks. In response, wildlife health programs
will need to: (1) provide services to mitigate
climate change impacts; (2) reduce population
vulnerability to lessen those impacts;
(3) enhance population resilience to avoid or
cope with the impacts, and (4) attack climate
change risks at their sources. Wildlife popula-
tion health programs will need to respond to
amplified known problems and the impacts of
surprising or emerging health impacts. Wild-
life health services need to be able to respond
to surges in unexpected disasters,
emergencies, or disease outbreaks, including
having adaptable early warning surveillance of
expected health outcomes or hazards and
capacity to detect circumstances that are alter-
ing population exposure, sensitivity, and/or
capacity to adapt. Coping capacity will come
from protecting the determinants of wildlife
health so wildlife has options and capacities
to cope with new or amplified stressors and
changes. Wildlife population health programs

cannot isolate climate change response from
their responses to other threats. Wildlife is
being impacted by multiple anthropogenically
driven global crises simultaneously. Many of
these concurrent threats are linked not only in
their causes but also in their solutions.

Keywords

Climate change · Wildlife health ·
Vulnerability · Adaptation · Mitigation

1 Introduction

Climate change can result from human activity or
natural factors but since the 1950s, these changes
have been overwhelmingly driven by human
activities such as alteration of the atmospheric
composition and land use (IPCC 2013). The
Intergovernmental Panel on Climate Change
(IPCC) is the United Nations body for assessing
climate change science. Its fifth assessment report
in 2014 forecasted that, under all the assessed
greenhouse gas emissions scenarios, it was highly
likely that heatwaves and extreme weather will
occur more often, last longer, and become more
intense and frequent on land and in the oceans
(IPPC 2014). By 2021, the IPCC described cli-
mate change as being widespread, rapid, and
intensifying. The Panel proclaimed with high
confidence that climate change will contribute to
the extinction of terrestrial and marine species.
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The evidence that recent changes in climate are
resulting in widespread impacts on natural and
social systems is unequivocal. No longer are the
risks from climate change to wildlife health in
question. They are inevitable and are
happening now.

Climate change is a long-term shift in global or
regional climate patterns. The recent anthropo-
genically driven accumulation of greenhouse
gases has reduced the rate of heat loss from
Earth to space, with a subsequent warming effect
on the global climate system (GoC 2019). The
main impacts on natural systems are predomi-
nately arising from atmospheric and oceanic
warming, the diminution of snow and ice, and
the rising of sea levels. Worldwide, wildlife and
ecosystems are experiencing increased heat,
extreme weather events, declining air quality,
expanded ranges of parasites and pathogens, hab-
itat loss, wildfires, and diminished food and water
security. The effects of climate change will be
modified, amplified, or dampened by the avail-
ability and sustainability of ecosystem services
that are supported by biodiversity and socioeco-
nomic conditions (Hoegh-Guldberg et al. 2018).

2 Implications for Wildlife Health

Climate change will have direct and indirect
impacts on wildlife determinants of health in
multiple, interacting ways, across a range of
scales. These impacts will amplify existing risks
and create new risks. Vulnerability to the direct
and indirect health impacts of climate change will
vary widely by species, location, and manage-
ment system, but will ultimately be determined
by exposure to the effects of climate change and
capacity to adapt to or cope with those effects
(Yohe 2001). There are parts of the world that
are seeing more rapid and impactful climate
change, such as Arctic regions where polar ice
and snow loss are happening faster than
predicted. Other regions are suffering from more
acute and dramatic impacts such as hurricanes,
droughts, and fires. Spatial differences in ocean
chemistry at regional and local levels are translat-
ing into different rates and magnitudes of ocean

acidification in marine ecosystems. Given that
climate change is happening simultaneously
with other stressors such as overexploitation, hab-
itat fragmentation, and pollution, it is hard to
tease apart the effects of climate change from
other hazards impacting wildlife health. This
chapter can only provide an overview of some
of the changes that can be expected for global
wildlife populations because of the vast diversity
of species–climate–environment interactions that
can happen around the world.

Climate has influenced and will continue to
influence the occurrence and severity of infec-
tious and parasitic diseases. Changes in food
webs, timing of lifecycles, alterations of physio-
logical status, and weather patterns will influence
infectious and parasitic disease transmission
pathways and frequency (Gallana et al. 2013).
Most attention has focussed on vector-borne
diseases, but waterborne, windborne, and enteric
infections can also be expected to increase
(Forman et al. 2008). The relationship between
climate change and infectious diseases will not be
straightforward. Many aspects of an infectious
disease’s ecology can be climate sensitive includ-
ing the distribution and environmental survival of
pathogens and parasites and the distributions and
sensitivity of their hosts. Modifying factors such
as the global movement of invasive species and
habitat changes altering exposure pathways and
connectivity of populations will further modify
infectious diseases trends and complicate
predicting epidemiological changes in advance
of harm. Shifting climate regimes will alter biotic
communities in surprising ways, leading to new
and unanticipated opportunities for pathogens
and parasites to move between species (Williams
and Jackson 2007).

Changes in temperature, precipitation, and
weather patterns will not only alter pathogen
and parasite epidemiology but also the pathways,
persistence, and concentrations of pollutants in
the environment (Burek et al. 2008). Climate
change alterations to food webs, lipid dynamics,
ice and snowmelt, and organic carbon cycling
will affect pollutant levels, distributions, and tox-
icity in water, soil, air, plants, and animals (Noyes
et al. 2009). Flooding and melting events will
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redistribute contaminants. Changing patterns of
insect pests will affect when and how much
pesticides enter the environment and the produc-
tion, frequency, and distribution of mycotoxins
and toxic algae will increase (Griffith and Gobler
2020; Tirado et al. 2010; Van der Fels-Klerx et al.
2016). There is a multitude of well-known health
impacts of wildlife exposure to pollutants ranging
from acute effects such as oil spill exposure and
choking from plastic ingestion to endocrine and
reproductive effects, to immunosuppression.
Increasing and extreme temperatures, intense
periods of drier and wetter conditions; reduced
ocean pH and altered salinity dynamics have the
potential to enhance organism susceptibility to
chemical toxicity. In return, chemical exposures
may impair the ability of organisms to cope with
the shifting climate (Noyes and Lema 2015).
There is compelling evidence that increasing
temperatures may alter the biotransformation of
contaminants to more bioactive metabolites
(Noyes et al. 2009) and evidence of the synergis-
tic effects of contaminants with parasitic or infec-
tious diseases (e.g., Marcogliese and Pietrock
2011).

With increasing water temperature, water
quality declines, harmful algae blooms become
more frequent, water oxygen levels decrease, and
reduced feeding and growth occur, all of which
can increase the incidence of diseases in marine
and aquatic systems (Handisyde et al. 2006). Heat
stress will affect terrestrial species by causing
metabolic alterations and suppressing the immune
and endocrine system thereby enhancing disease
susceptibility (Das et al. 2016) and affecting
reproduction and survival. Impacts of extreme
heat events are expected to become more fre-
quent, severe, and widespread in the future as
witnessed by more frequent and greater number
of flying fox (Pteropus spp.) deaths with
heatwaves in Australia (Ratnayake et al. 2019).
Extreme heat has already interacted with drought
and habitat alterations to kill billions of wild
animals due to wildfires in South America,
Europe, North America, and Australia.
Typhoons, hurricanes, floods, wildfires, and
drought have animal health implications that in
turn will have public health and economic
implications, yet many countries omit animals

from their national and regional contingency
planning (Garde et al. 2013).

Changes in the function and structure of
ecosystems arising from snow loss, desertifica-
tion, acidification, changes in precipitation and
temperature patterns, and drought will have pro-
found implications for wildlife’s access to their
needs for daily living and will influence other
determinants of health. Changes in the annual
cycles of plants and animals, including their
growth and migration patterns, are affecting
food webs and disease cycles. The impacts of
climate change on coral reef organisms, for exam-
ple, are affecting access to the needs for daily
living for many species depending on reef
ecosystems as well as influencing reef disease
ecology (Hoegh-Guldberg et al. 2017). Anthro-
pogenic environmental changes, including cli-
mate change, are expected to affect the
reproductive success and survival of many wild-
life species by multiple routes and in often unpre-
dictable ways (Milligan et al. 2009). For example,
associations have been found between tempera-
ture and growth, phenology, and survival for all
the life stages of sockeye salmon (Oncorhynchus
nerka), and the effects occurring in one life stage
are likely carried over to subsequent life stages
(Martins et al. 2012). Range-restricted species or
species with extremely specific habitat
requirements may be most vulnerable to changes
in their ecosystems (Parmesan 2006).

In summary, climate change impacts on
ecosystems, populations, and individuals will
influence the patterns and impacts of infectious
and noninfectious diseases. It will expose
animals to more extreme weather in both disas-
trous acute situations and throughout an
animal’s life span. It will affect the access to
the determinants of health such as food, migra-
tion fidelity, and water. Some animals will
benefit from climate change, while others will
suffer depending on their life histories, habitat
needs, and concurrent stressors. All these effects
will interact with concurrent risks and hazards in
unpredictable ways. Given all the anticipated
and unanticipated effects of climate change on
wildlife health, the challenge of developing a
useful climate change management strategy for
wildlife can seem insurmountable.
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3 Adapting Wildlife Population
Health Programs for Climate
Change

There are four general approaches to managing
climate change impacts on wildlife health
(Fig. 1). These four approaches need to consider
the climate impacts in effect now as well as to try
to forecast how to protect wildlife from what
might come. Effective climate change programs,
therefore, must not only have the best current
intelligence but also require an indication of
what the future may bring (Stephen and Duncan
2017). Little scholarly work has been dedicated to
identifying evidence-based, climate change
actions for animal health (Stephen and Wade
2020). Wildlife health management is constrained
by a lack of systematic study of the anticipated
effects of climate change on animals and how to
be best prevent, recover from or cope with those
effects. While there is not enough experience or
published evaluations to define best practices for
wildlife health climate change action, information
from other sectors can inform action and
planning.

Effective climate change adaptation requires
an understanding of the diverse ways in which
climate change impacts the populations of con-
cern and the opportunities and obstacles to act in
the population’s socio-ecological system. An
intersectoral approach is, therefore, fundamental
to action on climate change and health. Creating
teams with a common goal has been proposed as

the “first and foremost” step to achieving greater
collaboration between health professionals
(Eussen et al. 2017). By focusing on factors that
can benefit a range of species through multiple
pathways, there is greater likelihood that teams
will identify areas of commonality. Another com-
ponent of developing strong interdisciplinary
teams includes fostering both formal and informal
relationships built on trust and respect (Anholt
et al. 2012).

There is growing attention on climate change
adaptation, in part due to the acceptance that,
even with the cessation of all carbon pollution
today, its impacts will last for generations. It has
been estimated that anthropogenic climate change
will be irreversible on centennial to millennial
timescales even after a complete cessation of
CO2 emissions (Thorne et al. 2011). However,
climate change mitigation cannot be forgotten.
Climate change action is a generational event
and not limited to funding or political cycles.
Taking tangible steps to reduce further climate
change by managing activities and policies that
lead to global warming must still be a priority.
This can range from reviewing ways to reduce the
carbon footprint of a wildlife health program to
lobbying for legislative changes affecting a
nation’s greenhouse gas pollution. Wildlife health
managers must be able to investigate and commu-
nicate how the implications of climate
change affect conservation, sustainable food pro-
duction systems, public health, and community
resilience to encourage political and multi-

Fig. 1 Four general
climate change strategies
for wildlife health
management
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sectoral collaborations that will be essential for
cross-sectoral policies and actions to attack cli-
mate change at its source.

Climate change vulnerability is determined by
a population’s exposure to the impacts of climate
change and its adaptive capacity (Yohe 2001).
Building adaptive capacity is, therefore, critical
to any population’s health in the face of climate

change. Climate change adaptation capacity is the
ability of systems, institutions, and organisms to
adjust to potential damage, to take advantage of
opportunities, or to respond to the consequences
of climate change (IPCC n.d.). Table 1 adapts
some general lessons for building adaptation
capacity from public health programs (Hess
et al. 2012) into a wildlife health context.

Table 1 General guidance on building climate change adaptation capacity in wildlife population health programs
(adapted from Hess et al. 2012)

Action theme General actions Example program action

Systematically identify priority
management targets for which
you can feasibly and
appropriately act

Identify populations, problems, and/or
places with distinct climate sensitivity
through vulnerability and impact
assessments

Develop a wildlife health intelligence
system (see Chap. 9)

Seek synergies between existing
programs and climate actions to
increase program efficiency, feasibility,
and acceptance

Work with public health agencies to
use habitat protection for urban
wildlife conservation while also
reducing urban heat sinks for people

Tailor actions to the prevailing social
and ecological context

Use participatory means to understand
which actions are morally and legally
acceptable in the local community (see
Chap. 21)

Invest in proactive efforts to
cultivate and retain population
and system resilience

Protect and promote populations and
socio-ecological systems that can retain
their essential functions and structures
in the face of disturbance

Create multi-solving strategies that
protect multiple determinants of health
such as habitat protection which
provides food and physical security for
wildlife

Integrate climate action into health
promotion programs and look at
opportunities for all-hazards approaches

Identify general drivers of population
resilience (such as protecting genetic
diversity or habitat connectivity) that
will promote the capacity to cope with
pandemic threats while also reducing
climate change vulnerability

Build adaptive programs Build capacity to match actions to
changing spatial and temporal scales of
climate impacts and have programs in
place to anticipate or detect these
changes

Develop horizon scanning
competencies to provide insight into
future training and capacity
development needs

Employ a systems perspective to
program design and delivery to ensure a
breadth of perspective on possible
effects of climate and management
actions

Apply lessons from addressing wicked
problems and managing health as a
cumulative effect to wildlife health
programs (see Chap. 17)

Invest in program monitoring and
evaluation and feed back their findings
into program delivery in a timely
fashion

Develop implementation science and
program evaluation capacity (see
Chap. 23)

Learn from others Build collaborative knowledge
networks and social learning groups to
increase access to information and
innovations from within and outside of
the wildlife health sector

Provide a knowledge brokering service
that increases access and
understanding of available research on
effective climate change adaptation
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Sustainable climate adaptation planning must
recognize: (1) that there are multiple concurrent
stressors and that adaptation against one harm
can affect adaptation for another; (2) differing
values and interests will affect adaptation
outcomes; (3) local knowledge is needed for effec-
tive adaptation action; (4) adaptation actions
should not add to climate change, limit the ability
to respond or negatively impact other parts of
society, the economy, or the natural environment;
and (5) adaptation actions should be effective,
efficient, equitable, and evidence-based (Eriksen
et al. 2011; Prutsch et al. 2010). There is currently
no certainty that climate change adaptation
recommendations will be socially or environmen-
tally sustainable or how they are likely to contrib-
ute to preserving wildlife health. A 2019 review of
animal health literature revealed a critical gap in
research intended to share experiences or provide
the evidence needed to confidently select health
adaptation actions (Stephen and Wade 2020).

Climate change will impact wildlife health by
both amplifying existing health problems and

creating unanticipated threats. For amplified
problems, climate change adaptation is essentially
a matter of ensuring accessible health services
that can be deployed and/or enhanced in response
to locally changing epidemiological situations.
Responding to amplified problems will be
achieved, in part, by increasing investment to
cope with the increased frequency, distribution,
or impacts of existing climate-sensitive problems
and ensuring that resources can be adaptably
deployed to changing local conditions (Table 2).

The drivers of climate change maladaptation
will not simply be mediated by changing hazard–
climate interactions but will also be modified by
other global trends such as landscape change,
wildlife exploitation, globalization, agricultural
intensification, and urbanization. The interaction
of these concurrent forces will lead to unantici-
pated or surprising effects. Surprise preparation is
a product of finding vulnerable populations or
settings and building capacity to cope with
harms that cannot be prevented (see Chap. 24).
An all-hazards approach focuses on integrating

Table 2 Key elements of climate change management for wildlife health

For amplified preexisting health problems For unanticipated threats

Adaptable early warning surveillance and monitoring of
expected health outcomes or hazards

Health intelligence to identify and address preexisting
socioeconomic and ecological circumstances that
exacerbate climate change vulnerability

Capacity to detect circumstances that are altering
population exposure, sensitivity, and/or capacity to adapt
to known climate change hazards and risk (i.e., tracking
population vulnerability)

Proactively build capacity to cope with multiple
interacting threats and stressors before an impact occurs

Strengthen core wildlife health program capacities, and
build sustainable policies and infrastructures to manage
increased effects and changing distributions of existing or
reasonably expected threats

Adaptable wildlife health services that can respond to
surges in unexpected disasters, emergencies, or disease
outbreaks

Be attentive to how changes in known problems change
the species affected and the secondary ecological,
economic, or social impacts

Integrate wildlife health climate change adaptation into
public health, agriculture planning, and ecosystem
management

Adaptable wildlife health services that can respond to
surges in disasters, emergencies, or disease outbreaks from
known agents or hazards

Incorporate climate change literacy in wildlife health
program personnel to encourage and enable proactive
adaptive and mitigative behaviors within and outside the
wildlife health sector

Innovative leadership, partnerships, and governance that
support cross-sectoral, collaborative actions

Investigate and communicate the implications of climate
change for wildlife health affecting conservation,
sustainable food production systems, public health, and
community resilience to encourage political and multi-
sectoral collaboration
Innovative leadership, partnerships, and governance that
support cross-sectoral, collaborative actions
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capacities and capabilities to reduce vulnerability
for a full spectrum of impacts rather than focusing
on hazards in a piecemeal fashion. Coping capac-
ity comes from attention to protecting the
determinants of animal health so they have
options (e.g., habitat connectivity, genetic diver-
sity) and capacities (e.g., food security, reduced
immunocompromising stressors) to cope with
new stressors and changes. Coping capacity will
be limited by the state and availability of critical
ecosystem services and/or financial resources,
policies, and collaborations available to manage
their determinants of health. Table 2 proposes
some key elements of climate change strategy
concerned with unanticipated wildlife health
impacts.

4 Summary

The essential elements of climate change manage-
ment for effective adaptation to the future will be
unpredictable and emergent rather than predict-
able and planned (Hanlon and Carlisle 2008)
because of the unprecedent rate of social and
environmental change and the complexity of
interactions between co-occurring global threats.
Wildlife population health programs cannot iso-
late their climate change response from their
responses to other threats. Wildlife is being
impacted by multiple anthropogenically driven
global crises simultaneously. Many of these con-
current threats are linked not only in their causes
but also in their solutions. Growing experience is
pointing to the need for action on the “causes-of-
the-causes” that are shared between climate
change, the extinction crisis, habitat degradation,
and other mega-threats. If wildlife health
programs are to protect, maintain, and improve
wildlife health, they are obliged to provide a
continuum of climate change actions. This con-
tinuum goes from: (1) providing services to miti-
gate climate change impacts; (2) reducing
population vulnerability to lessen those impacts;
(3) enhancing population resilience to avoid or
cope with the impacts; and (4) attacking climate
change risks at their sources.
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Landscapes Supporting Wildlife Health

Colin Robertson

Abstract

Wildlife health is frequently considered
through bifurcated foci of either disease
(through spillover, risk factors, transmission,
and mortality) or a species-level conservation
and recovery lens (emphasizing parameters
such as critical habitat, abundance, and fecun-
dity). The intersection of these two
perspectives remains rare largely due to differ-
ent disciplinary and professional traditions.
This chapter proposes that the concept of the
landscape can serve as a unifying scale for
understanding and managing wildlife health.
We present how processes of landscape
change can influence wildlife determinants of
health and overview some common
approaches for measuring and monitoring
landscapes as they pertain to wildlife health.
Inherent to a landscape perspective is the role
of human processes and values in deciding
what locations and contingent biotic and abi-
otic components receive disproportionate
impacts from disturbance or conservation.
Through a whole-of-landscape approach, sim-
ilar to neighborhood-level analysis and
planning in human health, a greater synthesis
of the shared dimensions of health can provide

concrete tools to aid in understanding,
maintaining, and promoting wildlife health.

Keywords

Landscape · Wildlife health · Space · Place ·
Fragmentation · Wildlife health geography

1 Landscapes and Wildlife Health

Connections between environment and health are
fundamental to understand health at the popula-
tion level. As anthropogenic transformations to
the earth continue at an accelerating global rate
(Lewis and Maslin 2015), wildlife is vulnerable to
a wide variety of impacts due to habitat loss and
ecosystem change (Butchart et al. 2010). Some
primary wildlife responses observed globally
include range shifts northward and upward
(Buntgen et al. 2017; Cristofari et al. 2018),
adaptations to hunting pressure (Fariss et al.
2015) and migratory behaviors (Dollman and
Sutherland 1995), and in some cases population
decline (Flockhart et al. 2015) and/or collapse
(Powers and Jetz 2019). How do we gauge how
wildlife are responding to landscape change?
What key variables should be monitored? What
are the appropriate units for management and
mitigation? This chapter uses a focus on
“landscapes” as a central unit of analysis and
requirement for healthy wildlife, examining how
interacting landscapes can amplify, dampen, and
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transmit positive and negative impacts of land-
scape change through a broad suite of wildlife
determinants of health (see Chap. 1).

1.1 What Are Landscapes?

Landscape-level approaches to understand habitat
quality, threats, and conservation priorities
require a clear understanding of what we mean
by the word “landscape.” In short, a landscape
defines a region of spatial heterogeneity in terms
of habitat quality or characteristics (Turner 1989;
Picket and Cadenasso 1995). Spatial differentia-
tion provides variation in habitat and how this
variation is arranged and configured can have a
significant impact on population-level ecological
processes. These ideas are the cornerstones of
landscape ecology research (Turner 1989).

Landscapes vary considerably in size
depending on species, season, and other geo-
graphic and ecological factors. Landscapes are
dynamic. They fluctuate and reconfigure as
human, environmental, and ecological processes
interact. Global assessments of biodiversity
decline have found landscape change and related
habitat loss due to agriculture expansion, urbani-
zation/sprawl, deforestation, and resource extrac-
tion to be critical drivers of declines.

Landscapes are not only the geographic
expression of ecosystems but envelopes within
which the full scope of natural and human
activities take place. In a geographic sense, this
includes the processes and outcomes of human
activity, which reflects the values and cultures of
societies. At the individual level, deeply held
personal connections to landscapes play an
important role in how humans value locations
differently, which in turn shapes management
priorities, disturbance regimes, and impacts on
wildlife. These internal dimensions of human
connection to location are described in health
geography as ‘places’ as opposed to the physical
features of spaces (Kearns 1993). Places are
widely known to influence human health but
only recently have ideas of place and health
been turned to wildlife (e.g., Robertson 2020).
The way animals relate to the land they inhabit

may provide important insights into how to pre-
serve and promote wildlife health.

1.2 How to Measure and Understand
Landscapes

Specific characteristics of landscapes are some-
times called “landscape features” (often describ-
ing aspects of habitat fragmentation, land
use/landcover heterogeneity, disturbance regime
impacts). Landscape features are typically
evaluated in a species-specific study, for example,
comparing disease emergence and spread (e.g.,
Frank et al. 1998; Gardner et al. 2020), abundance
(e.g., Lewis et al. 2011), or resource selection
(e.g., Stewart et al. 2013) using location and
environmental contextual data. These models
can provide detailed insights into how individuals
move through space and interact with different
aspects of their environment. Recent tools such as
CircuitScape (Hall et al. 2021) and Marxan Con-
nect (Daigle et al. 2020) allow such insights to be
used to identify and preserve landscape connec-
tivity. Multi-species or ecosystem-wide study of
landscape features and their impacts are needed to
meet the demand for conservation strategies with
the maximum ecosystem and wildlife health
benefits. But both disease-centric and species-
centric approaches alone will fail to capture the
complexity of processes shaping wildlife health.
Considering the wider set of wildlife determinants
of health through a landscape approach may pro-
vide mechanisms for intervention and mitigation
that support wildlife health across diverse taxa.

Landscape conservation planning tools can
integrate data on multiple species, their habitat
requirements, human activity, and climate change
into a comprehensive spatial plan. The Landscape
Species Approach developed by the Wildlife
Conservation Society for example provides a
ten-step process for conservation planning cen-
tered around the designation of a suite of selected
representative Landscape Species (Sanderson
et al. 2002). Such approaches require a priori
understanding of how landscape relates to occu-
pancy and/or health. However, developing an
understanding of how multi-species assemblages
interact with landscapes is extremely complex
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and difficult to carry out. Even primary species
interactions such as predator/prey or host/parasite
dynamics are typically excluded from
assessments of landscape-level habitat quality
and fragmentation. These interactions themselves
are structured by and influence landscape patterns
within which they occur. As populations respond
to changes in land configuration due to human
activity and/or climate change, the impacts of
these interactions multiply and have the potential
to cascade through and across entire ecosystems
(Mahon et al. 2019). Thus, moving to landscape
conservation planning on landscape species nec-
essarily oversimplifies processes critical for sus-
taining and promoting wildlife health.

Cumulative effects assessment is another
approach focused on regional disturbance impacts
on wildlife (see Chap. 17). In this approach, mul-
tiple stressors are enumerated with an aim to
provide an overall synthesis of the potential
impacts to identified valued ecosystems
components (e.g., moose)—often as part of a
regulatory review process for resource extraction.
Human values are explicitly considered in terms
of what the key management values are. How-
ever, cumulative effects assessments tend to be
focused on a single target species, and often fail to
capture basic species interactions that are vital to
understand wildlife health (Mahon et al. 2019).
Thus, two of the more commonly used
approaches either consider species in isolation,
assuming their landscape health requirements
are simply additive and independent or consider
a suite of potential threats to specific species. A
wildlife determinant of health model at the land-
scape scale asks the question; how do the
determinants of health impact collective wildlife
health across the landscape?

2 Linking Determinants
of Health and Landscapes

2.1 Wildlife Determinants of Health
and the Landscape Scale

Inherent to a landscape approach to wildlife
health are the interdependencies between the var-
ious processes which either give rise to or detract

from conditions supporting healthy wildlife.
Thinking about the landscape setting as a
dynamic outcome of processes that shape the
health of wildlife provides a lens through which
to conceptualize alternate ways to understand,
manage, and protect wildlife and ecosystems
(Robertson 2020). At a practical level, we can
use determinants of health model to specify the
spatial and temporal boundaries of a landscape of
wildlife health. The geographic and temporal
expression provides an analytical frame within
which to operate.

Central to the concept of landscape is the idea
that elements within that landscape interact and
are interdependent. The effect of cascading eco-
logical changes in ecosystems, such as changes to
a top predator shape populations of prey and
related species at lower trophic levels, is well-
established in the ecological literature (Ripple
et al. 2016; Daskalov et al. 2007; Paine 1980).
However, the idea of cascading change can be
applied more broadly to interactions between
determinants of health. For example, wind ero-
sion is driven by the interaction of atmospheric
processes with terrain shape and influence that
terrain, and in turn, its hydrology and plant
communities, which in turn affect the wildlife
assemblage. Similarly, road access follows
valleys carved out by rivers which in part deter-
mine hunting areas and wildfire risk. Wildfire risk
increases with increasing temperature, extreme
weather, and previously applied fire suppression
and forest management practices, which create a
patchwork forest pattern allowing new species to
move in and interact in novel ways. This can
shape and can give rise to disease transmission
and/or pest movement which impact energy
expenditure and fecundity (Gardner et al. 2020).
That such interdependencies are played out across
a variety of spatial and temporal scales, add sig-
nificantly to the complexity of incorporating them
into wildlife health planning and assessment
(Robertson 2017).

Due to the complexities inherent in social–
ecological systems, attempts to do integrated eco-
logical modeling that incorporates detailed data
on landscape variables, biotic interactions, abiotic
physical processes, biological mechanisms, and
human values and policies have been limited to
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simulation-based approaches rather than empiri-
cal modeling. The majority of ecosystem
modeling approaches operate on multi-decadal
time scales and focus on possible outcomes
under a variety of climate change and adaptation
scenarios (Pereira et al. 2010). Ecological simula-
tion tools such as grid-based landscape simulators
(e.g., Scheller et al. 2007) or individual-level
tools such as agent-based models (e.g., Railsback
and Grimm 2011) have been used for decades to
explore the ecosystem and landscape-level
questions and scenario modeling. These tools
require either highly detailed data and parameter-
izations or highly generalized simplifying
assumptions; neither of which are conducive to
informing policy (Cartwright et al. 2016). Recent
trends in data availability, statistical modeling,
and supporting computational tools and
cyberinfrastructure may offer a new era of itera-
tive ecological forecasting which is adaptive and
tailored to decision-making questions and scales
(Dietze et al. 2018). However, even with the latest
computational modeling tools, capturing the

complexity of processes in enough detail to accu-
rately represent and predict interactions over
varied scales remains unlikely. Data for wildlife
health remains biased and unrepresentative, and
reliance on such sources with computer-based
modeling tools risks reinforcing data biases via
policy and management actions (Robertson et al.
2016).

An alternate approach to explicitly modeling
individual processes that interact to create
landscapes that support healthy wildlife is to
instead consider their vulnerability to common
drivers of change. For example, despite the
complexities and interdependencies discussed
above, a key and major threat to wildlife health
and global biodiversity is habitat loss. Land-use
changes such as converting natural forest to agri-
culture or mining have widespread impacts on the
wildlife determinants of health which in turn
influence landscape-wide processes.

Figure 1 presents four common landscape
drivers of change and their linkages with wildlife
determinants of health and wildlife responses.

Fig. 1 Examples of landscape changes and their interactions with wildlife determinants of health and wildlife responses.
(LU land use, WDOH wildlife determinants of health categories)
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Hunting season changes, such as extending the
season, can significantly increase overall harvest
in some cases (Heuseman and McDonald 2002)
and have very little impact in other cases (George
et al. 1980). In addition to direct mortality from
hunting, regulatory changes also change hunter
perceptions of access and rights to wildlife. Wild-
life responses to hunting may include adapting
behavioral responses to avoid human hunters
(Thurfjell et al. 2017). Road building, whether
for resource extraction or more general transpor-
tation, can remove habitat, increase access to
humans, and therefore the likelihood of hunting
and/or other human/wildlife interactions. For
example, Langevelde et al. (2009) found that
traffic-related mortality of badgers was signifi-
cantly higher on minor roads compared to major
roads. Roads also act as linear disturbance
features which increase edge habitat, fragmenta-
tion, and alter solar radiation regimes (Reed et al.
1996) as well as perturb movement patterns and
predator–prey dynamics (Dickie et al. 2017). The
temperature increase resulting from global cli-
mate change can cause direct mortality and heat
stress, but more commonly results in shifts in
species distributions to novel areas. Activities
associated with resource extraction are often
associated with habitat loss and changes in habitat
quality. In barren-ground caribou habitat, for
example, surface mining increased dust deposi-
tion in nearby areas, with increased metals con-
centration in lichen, a major component of
caribou diet, sampled up to 40 km away
(Watkinson et al. 2021), with potential for long-
term physiological impacts. Such changes have
transformative ecological impacts that cascade
and circulate through ecosystems and landscapes
(Cristofari et al. 2018).

3 Maintaining and Monitoring
Healthy Wildlife Landscapes

To envisage what research and practice in support
of healthy wildlife landscapes might look like we
need only consider how social determinants of
health have transformed public health. Some of
the key insights into social determinants of health

in human populations were found from the influ-
ence of contextual effects on health outcomes.
Latent variables operating at the aggregate scale
(e.g., neighborhood) such as social capital, neigh-
borhood cohesion, access to education, income
inequality, have been consistently found to have
significant predictive power in explaining health
disparities (Viner et al. 2012). The practical out-
come of this large body of research has been an
expansion of programming at the community
level to a much wider set of activities and
interventions. Such programs based on evidence
at the neighborhood scale need not even target
specific health outcomes, but rather focus on
supporting the conditions that lead to health, or
healthy settings. The same approach can be taken
for creating landscapes that support wildlife
health through the creation of healthy settings
that provide and protect wildlife determinants of
health.

Despite the complexity and interdependence
of landscape-level threats, we now have unprece-
dented sources of data to monitor changes over
vast spatial and temporal scales. Developing land-
scape monitoring tools in support of conservation
priority, regulatory enforcement, and wildlife
management can also act as indicators and moni-
toring tools for determinants of wildlife health.
Jackson et al. (2006), for example, demonstrated
how herbaceous forest edge in the northeast US
was significantly linked to Lyme disease risk,
suggesting that landscapes could be actively man-
aged to produce patterns to reduce risk (Jackson
et al. 2006). In the Amazon of South America,
deforestation and agricultural expansion are
associated with increased contact rates between
humans and wildlife and linked to cases of human
rabies (Ellwanger et al. 2020). Landscape
changes such as snowmelt, shrub expansion, con-
version of forest to agriculture, road building into
remote areas, etc. can all be detected using earth
observation data in an ongoing matter.

The target of conservation action in support of
wildlife is often species-based, largely through
the endangered species framework and legal
mechanisms (e.g., Bird and Hodges 2017). This
framework reinforces a species-specific approach
to research and habitat conservation that often pits
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proximal environmental values against each
other. A landscape-centric model could supple-
ment this view by focusing on landscape units as
decision-making entities, similar to how neigh-
borhood units have been the central organizing
tool for research and practice around community-
level social determinants of health in human
populations.

In addition to moving towards landscape
rather than species-specific research and program-
ming in support of wildlife health, research
funding and targets need to be broadened to
examine wildlife determinants of heath more con-
cretely. In the context of global biodiversity
decline and significant impacts of climate change,
there is an urgent need for greater focus on ante-
cedent drivers of landscape changes that are ripe
for intervention, adaptation, and mitigation
efforts. This comprises a compendium of drivers,
from combatting global climate change to
resisting local proposals for land-use change
from forests to agricultural to urban. The com-
pendium of drivers can be tailored to specific and
localized wildlife health concerns. New tools are
needed to visualize and communicate linkages
across landscapes and landscape features driving
wildlife health; where awareness of linkages can
more effectively compel action by communities.
Actors working at national and global scales can
focus efforts on drivers at the largest scales,
informed and illustrated by efforts on local scales.
By focusing on the understanding of the disease,
health, and population status at the landscape
scale, it is possible to influence wildlife health
and disease dynamics while also considering
other valued components of the landscape. This
can address feelings of helplessness which can
fatigue action given the scale of global change.

4 Conclusion

The deeply interdependent nature of ecosystems
is at odds with the highly specific and indepen-
dent approach to the characterization of threats
and protection of wildlife. Given decades of
research and the massive scale of current global
environmental change, there is a need for a

renewed landscape-based approach to wildlife
health. New sources of data can track and monitor
ecosystems in unprecedented detail over large
areas. As well, communities are increasingly
aware of the threats posed by biodiversity loss,
climate change, and the critical importance of
habitat protection. The recent attention brought
to wildlife and the intricate balance of humans
and wildlife brought on by the COVID-19 pan-
demic may compel action to protect and safe-
guard habitat where has been lacking in the past.
There is an immediate need to make clear the
connections between human health, animal
health, and environmental health and provide
tools, programs, and evidence in support of this
shared vision of health.
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An Emerging Disease Agenda
for Wildlife Health Management

Craig Stephen

Abstract

Wildlife has both been the victim and source
of emerging infectious diseases throughout
history. But the nature of future disease emer-
gence under global change, and how that
might be influenced by our decisions and
actions, is uncertain. The pragmatic aim of a
wildlife emerging disease program is not to
predict the next emergence but to identify the
approaches and tools that will effectively
reduce the likelihood and impact of the next
inevitable emerging disease using the given
resources, in a given region at a given time.
A hazard-by-hazard approach will be insuffi-
cient to prepare for the next emergence when
the next hazard cannot be reliably predicted.
Maintaining the status quo or reverting to his-
torical rates of emerging diseases, rather than
promoting resilience against the unexpected
will need to be re-evaluated as a management
strategy considering climate disruption and
other environmental trends are driving
emerging disease risks in surprising ways.
Despite general agreement that the interplay
of individual, environmental, ecological, and
social factors influence emerging diseases,
many wildlife health programs remain bound
to disciplinary conventions. There is a need for
a more unified set of guidelines and actions to

promote emerging disease management by
concurrently and collaboratively tending to
the determinants of health while also develop-
ing adaptive and collaborative response
programs to minimize harms during and after
a disease emerges.

Keywords

Emerging disease · Wildlife · Pragmatic · A
cycle of action · Adaptive · Drivers

1 Introduction

Things that have never happened before, happen all
the time. (Sagan 1993).

This chapter was written during the surge of cases
in the third European and North American waves
of the COVID-19 pandemic. The predominance
of that pandemic in global political, media, and
community conversations ensured that at no other
times in recent history had wildlife been so
widely associated with massive numbers of sick
and dead people along with global social disrup-
tion. That wildlife can be the source of zoonotic
infections is not new. People and domestic
animals have been afflicted by endemic wildlife
diseases such as rabies and foodborne infections
and suffered from epidemics linked to wildlife
such as the plague and tuberculosis for centuries.
Wildlife has been the etiologic source of global
pandemics such as HIV and influenzas. Wildlife
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too has suffered from epidemics and pandemics
with serious conservation consequences such as
the plague of chytridiomycosis afflicting global
frog populations, white-nose syndrome in bats in
North America, and infectious facial tumors in
Tasmanian devils in Australia. The literature on
the occurrences, impacts, and causes of emerging
diseases is massive and growing. The interested
reader will have no problem is assembling an
extensive reading list on a wide variety of
emerging diseases originating from and affecting
wildlife. This chapter does not summarize that
literature. Instead, it introduces some perspectives
and approaches that can help shape an emerging
disease agenda for wildlife health management in
a post COVID era.

2 The Emerging Disease Forecast

Before forecasting what might be, it is important
to define what is an emerging disease. The answer
to that question can vary by discipline, agency,
and experience. For this book, an emerging dis-
ease does not have to be an infectious disease. It
can be toxic, metabolic, neoplastic, infectious, or
other. An emerging disease will be considered a
new occurrence of a disease, infection, infesta-
tion, or intoxication, causing significant health,
conservation, or social impact resulting from:
(1) a change of a known etiologic agent or its
spread to a new geographic area or species; (2) a
previously unrecognized agent or disease
diagnosed for the first time; or (3) the creation
of new social or ecological circumstances leading
to a significant increase in a health impact(s) in a
given population, in a given area over a given
period. An emerging disease may be a case of real
disease emergence, emergence of knowledge, the
emergence of a disease already recognized in
some places that appears in a new area of the
world, emergence in a species formerly not con-
sidered susceptible, or an unexpected increase of
disease in a known area and a known species
(Moutou and Pastoret 2015).

One common feature of emerging diseases is
that they are hard to predict and often come to us
as a surprise. There is presently not enough

predictive power to accurately forecast disease
outcomes resulting from the environmental and
social changes we anticipate in the twenty-first
century (Whitmee et al. 2015a, b). This makes
forecasting the emerging disease future with suf-
ficient precision and reliability to plan programs
exceedingly difficult. It may be feasible to deter-
mine the general conditions that are favorable to
the emergence and spread of a disease, but it is
still not yet possible to anticipate the date, place,
population, and etiology that will combine to start
the next outbreak. The number of times the
conditions conducive to epidemics and
pandemics exist without an outbreak occurring
far outnumber the few occasions when a disease
does emerge (Stephen et al. 2004). We are, there-
fore, left with general predictions such as, the rate
of emergence of new infectious diseases is
expected to increase in unexpected ways as cli-
mate change accelerates (Zell 2004) or epidemics
will become more frequent, more complex, and
harder to prevent and contain due to rapidly
changing ecology, urbanization, climate change,
and increased travel (Bedford et al. 2019).

Emerging disease research has made great
strides in discovering threats, mapping their
consequences, and mounting responses when the
threat is known. It has been much less successful
in “getting ahead of the curve” to inspire action in
advance of impacts or to prepare for multiple,
uncertain, or unknown threats. Despite increasing
numbers and sophistication of risk factor
analyses, risk modeling, and dynamic modeling,
predicting emerging diseases is still the “art of the
possible” (Woolhouse 2011). These possibilities
can help direct research efforts towards the more
promising question and circumstances to identify
drivers of disease emergence. For example, com-
bining an understanding of the pathogenicity of
the micro-organism and the potential for the path-
ogen to spread and become established, with
knowledge of existing capacity to control it can
help direct surveillance or intervention resources
to particular places for particular threats (Ogden
et al. 2017). A variety of publications have
implicated a diversity of possible predictors of
emerging zoonotic diseases such as the amount
of forest being converted into other land uses,
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mammalian species richness, the species present
and their interactions, or a population’s contami-
nant burden (ex. Fuller et al. 2013; Hodges and
Tomcej 2016; Allen et al. 2017; Olival et al.
2017). While such information can give insights
into areas that may be more vulnerable to a dis-
ease emerging or to the effects of an emerged
disease, they are yet to be able to identify what
will emerge when and where and what can be
done to manage the threat. Management actions,
therefore, need to maintain adaptable functional-
ity in natural systems and management systems
so we can cope with expected, unexpected, and
interrelated threats by preserving the social and
environmental assets that build health and reduce
vulnerability.

3 Emerging Disease
Management Principles

3.1 Be Pragmatic

In the ideal situation, a wildlife population health
program would have the capacity to deal with
proximate and distal (or downstream and
upstream) causes and risks (see Chap. 6 on causa-
tion). This ideal is rarely experienced. The his-
toric approach to an emerging wildlife disease
that lacked a public health or agriculture implica-
tion has been to launch surveillance, monitoring,
and research on species susceptibility and disease
pathology rather than identifying management
actions that can be implemented prior to the
arrival of disease or realization of its harms
(Bernard and Grant 2019; Stephen et al. 2018).
Three reasons could explain this situation. First,
there are comparatively few tools and resources
available to detect, respond to, and contain new
diseases in wildlife and to sustain the necessary
actions to contain the spatial and temporal
impacts of an emerged disease. Second, there
are generally large uncertainties about the effec-
tiveness and unintended consequences of
intervening in a wildlife health event. This is
accompanied by a desire to delay action until
the uncertainties can be resolved. Third, regu-
latory and expertise limitations can often place

management of the social and ecological drivers
of emerging diseases outside of the scope of a
wildlife health program.

Population health practitioners will be less
frustrated in their efforts if they match the reality
of their management context and capacity with
their emerging disease management needs.
Table 1 offers a set of questions that can define
a pragmatic agenda for emerging disease
response and preparedness. A pragmatic
approach is not intended to find a way to compro-
mise on aspirations or avoid unpleasant actions,
but rather to help program planners see what can
be done “today” with the existing resources,
partnerships, and capacities. The aim is to identify
the approaches and tools that will be effective for
a disease with the given resources, in a given
region at a given time (Langwig et al. 2015).
Finding pragmatic, feasible, and acceptable
actions to address some harms and impacts
quickly is a better approach than delaying until
an ideal program to contain all harms can be
launched or a new reality can be created to
allow planners to have their ideal program.

Effective emerging disease responses require
timely action. Preemptive investment in wildlife
health capacity to adaptively respond to surges in
unexpected diseases or disease outbreaks is
needed to support timely responses. Wildlife
health managers will need to ensure there are
policies, agreements, education, and flexible fis-
cal arrangements to ensure they can mobilize
extra and adjustable human and material
resources in a fast and productive way
(Khorram-Manesh 2020). This may necessitate
recruiting, training, and coordinating people out-
side of a wildlife health program as too often
wildlife health resources and personnel are
limited.

3.2 Evolve Away from Crisis
Management

Too often a real or perceived crisis is the signal to
launch an emerging disease management action.
Systems are rarely in place to find subclinical
early warning signals, identify circumstances
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conducive to a disease emergence or detect an
outbreak before significant numbers of animals
are sick or dead (Grogan et al. 2014). Effective
epidemic responses require programs to evolve
from crisis response during discrete outbreaks to
an integrated cycle of actions deployed before,
during, and after a disease emerges (Bedford
et al. 2019). There are four components to this
cycle of action: (1) prevent or mitigate the impact
of a hazard; (2) ensure that a population, agency,
or community is prepared to act if an impact or
risk emerges; (3) provide an effective response
immediately after a hazard’s impact is detected;
and (4) help the effected populations,
communities, and systems recover from the
impacts. The importance of each component and
its implementation sequence will vary with the
situation, priorities, and resources. Actions taken
in each component might be unique, overlap, or
be the same. For example, effective surveillance

will be important for all components but physical
activities to block the spread of a hazardous agent
may only be essential for two.

Salter’s disaster management
recommendations (Salter 1998 as cited in
Crondstedt 2002) to shift away from delivering
a limited range of response services to risk man-
agement and outcome-based approach provides
some useful perspectives from which to formulate
wildlife emerging disease management principles
(Table 2). To “get ahead of the curve” emerging
disease management must be able to identify
socio-ecological changes in vulnerability of the
wildlife to the diseases and vulnerability of
societies, populations, and/or ecosystems to
cope with or manage the effects of that disease.
This necessitates a connected system of human
intelligence distributed throughout the causal
chain of emergence that can combine hazard

Table 1 Guiding question to help formulate a pragmatic and realistic plan for emerging disease prevention, response,
and recovery that account for the prevailing circumstances for wildlife population health practice

Question Details

In what phase of emergence do you
find yourself?

The needs for action depend on if you need to prevent emergence, stop an
initial outbreak, prevent spread, or aid in recovery. A comprehensive program
considers actions across all phases, but often, you will be called to initially
target one

What is the objective? What is the specific measurable outcome you are aiming for and is that
objective feasible, allowable, and acceptable in your management context?
What would success look like in the short, medium, and long term?

What do you know? What actions can be taken to make incremental improvements to prevent or
reduce harms with the existing knowledge?

Can you recognize when impacts and
changes happen?

Do you have surveillance, intelligence, or networks to detect harms and
measure the responses to your actions to assess if the actions are having the
desired effects?

Who is allowed to act? What agencies, organizations, and/or individuals have the legal and regulatory
capacity and authority to act on priority issues?

Who can act? What agencies, organizations, and/or individuals have the resources to launch
and sustain the necessary actions and interventions to meet the goals and
objectives? Can they act in the timely fashion needed to meet the goals?

With whom can I work? What agencies, organizations, and/or individuals can bring expertise,
capacities, and resources needed to meet the goals? Do you have a history or
agreements in place to facilitate collaboration and a co-management approach
to the problem? Can the affected communities be engaged in planning and
response? How could collaboration help others achieve their goals?

What are the consequences of acting
or intervening?

What are the implications for social welfare, wildlife population conservation,
ecosystem function, or economics from the proposed actions? Will these
implications be socially acceptable, equitable, legal, and ethical? What can be
done to reduce undesired consequences while still achieving the emerging
disease program goals?
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surveillance with population and environmental
reconnaissance.

Combining the necessary knowledge, exper-
tise, and resources to implement a comprehensive
emerging disease system is often beyond the
resources or capacity of a wildlife health agency
because much of the needed information and
resources reside outside of their delegated author-
ity. Partnerships are needed. Despite an urgency
for interdisciplinary work to respond to the
Anthropocene, many wildlife health programs
remain bound to disciplinary conventions. Pre-
emptive and strategic risk management is
unlikely unless someone is assigned to integrate
diverse warning signals and bring them back to a
collaboration of organizations able to deploy their
shared capacities towards shared goals. Program
impact and sustainability will decline quickly
when program activities fall victim to departmen-
talization and specialization (Stephen 2020).

3.3 Work Upstream

A hazard-by-hazard approach to risk management
is insufficient to ensure emerging disease pre-
paredness when the next hazard cannot be reli-
ably predicted. Management objectives that rely
heavily on maintaining the status quo or reverting
to historical rates of emerging diseases, rather
than promoting resilience against the unexpected,
will need to be reevaluated considering climate
disruption and other environmental trends are
driving emerging disease risks in surprising
ways. A twenty-first-century strategy for

emerging diseases requires flexible organizations
with learning networks that cut across and move
beyond traditional sectoral boundaries.

Although emerging diseases may be
surprising, they do not arise due to chance.
Changes in how people interact with animals
and the natural world affect the frequency and
severity of emerging diseases (Davidson 2016).
The drivers of emerging diseases lie in sociology
and ecology. Landscape change, wildlife exploi-
tation, globalization, agricultural intensification,
and urbanization are influencing wildlife expo-
sure to infectious and noninfectious hazards.
Mounting evidence recognizes the role of healthy
ecosystems in risk reduction, recovery, and resil-
ience, including for emerging diseases. Degrada-
tion of nature’s life support systems arising from
globalization, climate change, and other
megatrends challenges population coping capac-
ity which in turn reduces resilience to emerging
diseases and pandemics (Whitmee et al.
2015a, b). As Hanlon and Carlisle (2008)
characterized public health, so too is wildlife
health often “prisoners of the proximate” in the
sense that it prioritizes studies of relatively proxi-
mate causes of disease, at the expense of synthe-
sis from a spectrum of fields to help see the
breadth of the emerging challenge and be exposed
to other ways of conceiving solutions.

Much work has gone into reducing emerging
diseases to predictable and preventable events. A
recognized challenge of the Anthropocene is that
effective adaptation to the future will be unpre-
dictable and emergent rather than predictable and
planned (Hanlon and Carlisle 2008). Emerging

Table 2 Shifts in perspectives that can be used for designing an integrated cycle of actions to be deployed before,
during, and after a disease emerges (adapted Salter 1998 as cited by Crondstedt 2002)

Perspective shifts

From To

Manage the hazardous agent Manage population vulnerability
Rapid reaction to emergencies to
constrain impacts

Proactive plan for an integrated program of prevention, response, mitigation, and
recovery to manage risks and harms

Manage the response to the disease Manage the social, population, and ecological harms
A single agency is responsible A cross-sectoral, collaborative team is needed
Science-driven Use a multi- and interdisciplinary approach
Plan for others Plan with others
Communicate to others Communicate with others
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disease planners could learn from and adapt work
being undertaken to build resilience as part of
adaptation to surprises (see Chap. 24). Emerging
disease programs usually focus on reducing the
total amount of harm by reducing exposure and
sensitivity to hazardous agents. A surprise-
oriented approach would also address the total
impact of harm by promoting the populations’
capacity to cope with an emerging disease and
by managing how other social and ecological
outcomes influence vulnerability (Stephen et al.
2018).

4 Learning from Failure

Galaz et al.’s (2011) examination of institutional
and political leadership dimensions in ecological
crisis was adapted by Stephen (2020) as a frame-
work to categorize failures in past approaches to
emerging diseases (Table 3).

The need for adaptive policies and flexible
institutions cannot be over-emphasized, but the
challenges of incorporating them into existing
discipline-based programs should not be
underestimated. Rarely is it anyone’s job to
“pull it all together” and form the connections
and teams to acquire, assess, and act on changing
signals coming from different sectors. Over-
confidence in big science and artificial intelli-
gence to reduce risk by forecasting the next
emerging disease creates vulnerabilities when

trying to prepare wildlife health programs in a
surprising and rapidly changing world. Prepared-
ness decision-making will benefit from scoping
the problem broadly to generate a richer under-
standing of complex system dynamics, a more
accurate and comprehensive assessment of
uncertainties, and deeper insights into potential
health threats (Polaski et al. 2011).

5 Summary

This chapter began by stating that its purpose is to
help set an emerging disease agenda for wildlife
health. Sudden, rare, and harmful events, such as
an emerging disease, can focus groups to address
the policy and program failures that may be
revealed by such events and open the “window
of opportunity” for change (Birkland and
Schwaeble 2019). The COVID-19 pandemic, as
well as wildlife emerging diseases such as chronic
wasting disease, amphibian chytridiomycosis,
and bat white-nose syndrome, all have been sud-
den harmful events that we failed to foresee and
struggled to manage. Wildlife health
professionals must continuously address
emerging issues using the latest strategies and
research. However, the large gaps in implementa-
tion science and program evaluation leave little
basis from which to create an evidence-based
agenda (see Chap. 23). The ideas presented in
this chapter are largely drawn from outside of

Table 3 Why emerging disease programs fail (Stephen 2020)

Theme Why does this occur?

Individuals or organizations are unreceptive to
warning signals outside of their usual scope of practice

Cross-sectoral communication breaks down, and bureaucratic
conflicts prevent information flow. Inadequate protocols exist
to collectively assess signals external to an organization

Collaboration is discouraged Organizations have their own priorities and overcrowded
agendas that prevent them from working on issues beyond
their immediate interest. This is compounded when there is no
investment in developing partnerships to understand or
influence socio-ecological causes of emerging diseases

Failure to act on early warning signs Power dynamics can make people unwilling to accept that
others can provide action signals for them. Education and
training may limit the cognitive capacity of the individual to
see the value of a signal outside of their domain. Wishful
thinking may lead people to devalue early signals as a
warning
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the wildlife health literature. The nature of future
disease emergence under global change, how that
might be influenced by our decisions and actions,
and the effectiveness of the proposed actions
presented within this chapter are uncertain. It
will be up to the current and future wildlife health
professionals to apply and assess this or other
proposed agendas to remedy the lack of validated
examples of more effective ways to prevent, con-
tain and recover from emerging diseases.

Although there is general agreement that the
interplay among individual, environmental, eco-
logical, and social factors influence emerging
diseases, there is a disconnection between the
multiple policies, practices, and perspectives
influencing each aspect of these threats. There is
a need for a more unified set of guidelines and
actions to promote emerging disease management
by concurrently and collaboratively tending to the
determinants of health while also developing
adaptive and collaborative response programs to
minimize harms during and after a disease
emerges. Wildlife health leaders have an impor-
tant role to play in responding to environmental
degradation and loss of biodiversity that will
inevitably change the social structures and
systems that influence the emergence of new
diseases. The growing literature on the overlaps
between social and biophysical determinants of
disease outbreaks makes ecosystem stewardship
increasingly relevant to wildlife health in an era of
emerging diseases (Parkes et al. 2003).
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Pollution and Wildlife Health

Thierry M. Work

Abstract

Pollution is a pervasive and growing threat to
wildlife health. This chapter discusses two
broad groups of pollution, those whose abate-
ment could have immediate beneficial effects
including light, air, and noise pollution, and
those that will take relatively longer to address
due to their environmental persistence or their
continuing discharge. Whilst we are very good
at detecting the presence of pollutants in
tissues or the environment, making a convinc-
ing link between the presence of these
compounds and mortality events in the field
or population effects will remain a challenge
for the foreseeable future. Creative new
approaches are also being considered to miti-
gate the effects of pollution on wildlife and
ecosystems. Depending on the source of pol-
lution, the beneficial outcomes of mitigation
measures, if properly implemented, could have
immediate effects. Given the plethora of
potential adverse pollution effects,
frameworks to prioritize which threats are
most likely to cause adverse effects and
develop means to address or manage them
are an imperative. In the interim, focusing on
preserving existing habitats and reducing our
footprint by adjusting human activities to

minimize the release of pollutants into the
environment will go a long way toward pro-
moting healthy wildlife and ecosystems.

Keywords

Pollution · Contaminant · Wildlife · Impact ·
Disease · Light · Noise · Oil · Air · Pesticides ·
Drugs · Plastic · Metals · Nitrogen

1 Introduction

Pollution as defined in this chapter is “an activity
of humans, which directly or indirectly results in
the addition to water, air or soil, of matter or
energy which has a deleterious effect on living
organisms or structures it is desirable to preserve,
or which reduces the quality of water, air, or soil
for any subsequent use” (Russell 1974). More
pithily, pollution is the introduction of
contaminants into the natural environment that
cause adverse change (Merriam-Webster 2020).
Throughout their presence on earth, humans, as
the ultimate ecosystem engineers, have succeeded
in significantly altering their environment, a side
effect of which has been pollution. Some histori-
cal examples of adverse effects of pollution to
humans go as far back as the era of the Roman
Empire where awareness existed that exposure to
lead used for ship construction resulted in
illnesses in shipbuilders (Hernberg 2000). Excess
mortalities in England due to poor air quality
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from factories during the industrial revolution in
the early nineteenth century is another exam-
ple (Anderson 2009). At the same time, it became
evident that pollutants could affect wildlife as
evidenced by lead poisoning in birds from inges-
tion of lead shot, and poisoning of wildlife from
mine tailings (Rattner 2018). However, it was not
until the 1960s when there was an increase in
broader public awareness that pollutants could
have adverse effects to human health and wildlife.
Massive mercury poisoning originating from
effluents of industrial waste in Minimata, Japan
illustrated the problem in people (Harada 1995).
Contemporaneously, Rachel Carson’s book
Silent Spring seeded the popular imagination
with the concepts of environmental contamina-
tion of persistent organochlorine pesticides that
bioaccumulated in the food chain and led to
reproductive failure in a variety of wild birds.
These events led to creations of agencies and
international accords such as the Environmental
Protection Agency in the United States (Rattner
2009), and the 1972 United Nations Conference
on the Human Environment in Stockholm that
formed the basis for international community
environmental law to protect humans and
ecosystems (Sands 1991). Since that time, in cer-
tain regions like North America and Europe, the
use of organochlorines has stopped thereby lead-
ing to declines in environmental concentrations
(van den Berg et al. 2017). However, these
compounds continue to be used in many countries
to control insects that spread various infectious
diseases such as malaria that impose severe
human health burdens (van den Berg et al.
2017), and societies are faced with new threats
and challenges such as plastic (Worm et al. 2017)
and noise (Duarte et al. 2021) pollution.

Given the continued increase in human
populations, which is expected to exceed 9.5 bil-
lion by the mid-2050s (Bongaarts 2009), human
pressures on wildlife and the tolls taken by pollu-
tion are only bound to increase concomitantly.
Moreover, whilst organochlorines, acid rain, and
heavy metals historically dominated
ecotoxicologists’ attention (Rattner 2009), newer
aspects of human activity are being recognized as
having potential negative effects on wildlife.

Arguably, a chief source of pollution now affect-
ing humans and wildlife is carbon dioxide leading
to climate change, but this particular pollutant is
beyond the scope of this chapter (Crowley and
Berner 2001) (see Chap. 13). At the same time,
creative new approaches are also being consid-
ered to mitigate the effects of pollution on wildlife
and ecosystems. Depending on the source of pol-
lution, the beneficial outcomes of these mitigation
measures, if properly implemented, could have
immediate effects. Accordingly, this chapter
divides the source of pollution into two groups:
Those whose abatement would have more imme-
diate beneficial effects including light, air, and
noise pollution, and those that will take relatively
longer to address due to their nature of persisting
in the environment either due to physical
properties or their continuing discharge. The lat-
ter would include chemicals used in or waste
products from agriculture, mining,
pharmaceuticals, plastics, and other industries.

2 Sources of Pollution for Which
Mitigation Measures Would
Have Immediate Effects

2.1 Light

The term “light pollution” was originally coined
by Longcore and Rich (2004) to describe how
light might affect behaviors of wildlife that are
predominantly active at night, expected to be
about 30% of vertebrates and 60% of
invertebrates (Gaston 2019). Artificial light at
night has particularly pernicious effects on
insects. For instance, artificial lights can interfere
with mating signals for fireflies (Owens et al.
2018). Light fixtures attract various insects
making them more susceptible to predation
(Owens et al. 2020), and polarized light pollution,
where light reflects from flat shiny surfaces mim-
icking water, leads to large numbers of aquatic
insects ovipositing in unsuitable areas like
parking lots (Horváth et al. 2009). Artificial light
can also adversely affect vertebrates. Examples
include disorientation of sea turtle nestlings that
emerge from nests and are unable to migrate
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towards the ocean (Longcore and Rich 2004), and
seabirds confused by urban lighting and stranding
when returning to their nests from foraging at sea
(Rodríguez et al. 2014). Indeed, artificial light at
night will likely have some of the greatest impacts
on birds and their nocturnal migrations (La Sorte
et al. 2017). Given that going forward, light pol-
lution will be most prominent near coastal areas
where most humans live (Gallaway et al. 2010),
the effects on coastal marine nocturnal wildlife
will probably be most severe.

Most studies of the effects of light on wildlife
are correlative, and clear population effects have
yet to be identified (Schowalter et al. 2019). How-
ever, it is possible that the effects of light on
wildlife are underestimated, in part due to “diur-
nal bias” where most investigations by humans of
biological phenomena are done during the day
(Gaston 2019). There appears, however, to be
increasing recognition that light pollution can
also adversely affect humans leading to obesity,
cancer, and immune dysfunction (Navara and
Nelson 2007). Moreover, light pollution is glob-
ally estimated to increase 6% per annum, so there
will be a need to limit this, in part because of
lighting’s energy demands and contribution to
global warming (Gallaway et al. 2010). Increas-
ing awareness of this issue is reflected in various
international “dark sky” initiatives to reclaim the
night from urban light pollution (Wartmann et al.
2019). Abating light pollution would have imme-
diate benefits to wildlife, and measures to imple-
ment this include eliminating unnecessary
lighting, limiting the duration of lighting, limiting
light to where it is needed, reducing intensity, and
adjusting wavelengths to minimize effects of arti-
ficial light at night on sensitive species (Gaston
et al. 2012).

2.2 Air

Air pollution defined here includes the discharge
of man-made substances into the air that have
potential adverse environmental effects. The clas-
sic effect of air pollution on wildlife was the
melanization of peppered moths in nineteenth-
century England pursuant to severe air pollution

that led to sooty staining of surfaces. This made
melanized moths less visible to predators thereby
giving them a selective advantage; as air pollution
abated, the relative frequency of melanized moths
declined (Cook 2003). Aerial pollutants are par-
ticularly problematic because this mode of trans-
port has the potential to carry contaminants long
distances relatively rapidly compared to other
modes of dissemination such as water or biota
(Newman 1979). Mining operations are important
sources of long-distance transport of metals and
metalloids, and adverse health effects of lead and
arsenic poisoning in humans from exposure to
metal-contaminated dust from mines have been
documented (Csavina et al. 2012). Also, veteri-
nary pharmaceuticals could be spread by airborne
dust from feedlots (Sandoz et al. 2018). Long-
range transport of organochlorines by air to the
arctic from industrialized areas is thought to be
partially responsible for the exposure of arctic
wildlife to these compounds with attendant
adverse health effects (Norstrom and Muir
1994). Finally, acidification of watersheds from
acid rain, mainly through sulfate pollution has led
to forest diebacks and declines of aquatic
invertebrates. Acidification of soil can also leach
heavy metals into the environment and increase
their uptake in fish (Newman et al. 1992, Greaver
et al. 2012). Air pollution, in the form of particu-
late matter, imposes significant health burdens on
humans leading to cardiovascular diseases and
lung cancer, particularly in low- to middle-
income countries where air pollution is increasing
due to economic development (Cohen et al.
2017). Presumably, similar effects would be
seen in urban wildlife; however, to date studies
examining this possibility are lacking (see
Chap. 12). A review on measures to mitigate air
pollution originating from transportation, agricul-
tural, and industrial sectors was recently done by
Sofia et al. (2020). A vivid example of the rela-
tively rapid response to mitigation actions of air
pollution was on display during global lockdowns
imposed due to COVID19. Within 3 months of
lockdowns, Venter et al. (2020) documented
global mean declines of atmospheric nitrogen by
60% and particulate matter by 31%.

Pollution and Wildlife Health 179



2.3 Noise

Public awareness of noise as an irritant has been
with humanity historically (Coates 2005). How-
ever, the soundscape surrounding humanity has
undergone profound changes over time with a
general increase in exposure to noise with
increased populations and industrialization
(Maheshwari et al. 2012). Wildlife depends on
sound for a variety of life-sustaining activities.
For instance, birds vocalize to attract mates and
other species listen to calls of different species to
make choices about habitat, a phenomenon
known as acoustical eavesdropping. Sound is
also used by birds, mammals, and invertebrates
to locate prey. It is anticipated that increased
human generated sounds from transportation in
terrestrial ecosystems will impede animals from
effective communications, known as masking
(Barber et al. 2010). Although experimentation
with sound has shown that human noise alters
habitat use by wildlife (Shannon et al. 2016),
some animals are also able to adapt to noisier
ecosystems by vocalizing louder or at different
frequencies, for example (Lowry et al. 2013). The
issue of noise pollution in aquatic ecosystems
may be more serious, however, because noise
travels farther in water than in the air. It is becom-
ing apparent that noise may have detrimental
effects on marine wildlife. Many marine
vertebrates and invertebrates depend on sound to
locate settlement habitats, communicate, and
avoid predation. Shipping-induced noise has
increased 32 fold over the past 50 years and
along with other human activities (sonar, seismic
surveys, mining exploration) contributes signifi-
cantly to sound pollution in oceans (Duarte et al.
2021). The problem is likely to worsen with
global warming as warmer water carries sounds
further. To date, most evidence of the effects of
noise involve behavior and physiologic changes
mainly in fish and marine mammals; however
there is less evidence that noise affects fitness on
population levels, and more research is needed in
this arena (Duarte et al. 2021). Eliminating or
reducing noise that is produced as a byproduct
of activities (e.g., shipping) is likely to be a more

tractable solution for the near term, particularly if
measures align with economic incentives. For
instance, efforts to mitigate sounds from shipping
by designing quieter more efficient propellers,
dampening vibrations, and use of electric motors
could benefit shippers as a result of reduced fuel
costs (Duarte et al. 2021).

3 Sources of Pollution for Which
Mitigation Measures Would
Have Medium to Long Term
Effects

3.1 Nitrogen-Containing
Compounds

Biologically available nitrogen (e.g., NH4 and
NO3 as opposed to gaseous N2) is produced
naturally through various natural processes, such
as nitrogen fixation by plants and bacteria. Since
the invention of the Haber process to make syn-
thetic nitrogen-containing compounds, human
activity has increased biologically available nitro-
gen in the environment by 30–50% (Hernández
et al. 2016). Sources of nitrogen originating from
human activities include the use of synthetic
fertilizers, nitrogen fixation through agriculture,
fossil fuel combustion, and food/animal waste.
Half of the synthetic nitrogens used on earth
have been produced since 1985 (Howarth 2008).
In terrestrial and freshwater ecosystems, nitrogen-
containing compounds are known to be toxic to
fish, invertebrates, and amphibians, promote
eutrophication and algal blooms and promote
the growth of invasive plant species that could
displace native plants or alter prey base for native
animals (Hernández et al. 2016). In marine
ecosystems, nitrogen is a limiting element, and
given that 65% of large cities are near the coasts,
globally, eutrophication of coastal ecosystems is
only likely to increase leading to increased algal
blooms and potential wildlife mortalities (Glibert
and Burkholder 2018). A good example is the
large areas of the Gulf of Mexico known as the
dead zone that has undergone eutrophication and
hypoxia events leading to ablation of most biota
over a large geographic scale (Rabalais et al.
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2002). There is also a strong link between coastal
eutrophication and diseases of sessile corals. Sed-
imentation and light attenuation from algal
blooms leads to increased mucus production and
reduced photosynthesis of symbiotic algae
(zooxanthellae) in corals (Cooper et al. 2009).
Elevations in nitrogen-containing compounds
also can directly compromise photosynthesis in
corals and interfere with calcification (Zhao et al.
2021). In addition to the direct effects of nitrogen-
containing compounds on marine biota, there is
an emerging consensus that coastal eutrophica-
tion will lead to increased frequencies of blooms
of toxic algae which could have important
adverse health ramifications to humans (Heisler
et al. 2008), marine mammals (Broadwater et al.
2018), marine birds (Gibble and Hoover 2018),
shellfish (Basti et al. 2018), and food webs
(Burkholder et al. 2018).

Methods exist to reduce or eliminate the influx
of nitrogen-containing compounds into
ecosystems. These include the construction of
wetlands to filter out nitrogen-containing
compounds from agricultural runoff, injecting
animal waste into soil, applying fertilizers near
roots, rotating crops to help lock nitrogen-
containing compounds into the soil through fixa-
tion, and amending soil with wood pulp or
biochar to aid denitrification of soil (Bednarek
et al. 2014; Ghaly and Ramakrishnan 2015;
Shaaban et al. 2018). Improving wastewater treat-
ment infrastructure globally might aid in reducing
discharges of nitrogen-containing compounds in
the environment (Van Drecht et al. 2009).

3.2 Pesticides

Since the 1990s, pesticide use globally has been
increasing steadily but has plateaued since about
2012; however, the global cost/benefits of pesti-
cide use have declined since 2007 (Zhang 2018).
Wildlife gets exposed to pesticides mainly
through ingestion, and for birds, organochlorines,
organophosphates, and carbamates continue to
pose the greatest threats, mainly as endocrine
and reproductive disrupters for the first and
neurotoxins for the latter two (Mitra et al. 2011).

Because of the nontarget effects of older
pesticides such as organochlorines, efforts have
been made to develop classes of pesticides that
are more selective to their intended target.
Pyrethroids, a derivative of chrysanthemums, are
minimally toxic to mammals but very toxic to fish
and nontarget invertebrates (Li et al. 2017).
Neonicotinoids such as fipronil, are highly toxic
to fish whereas others such as imidacloprid are
moderately toxic to birds and mammals but not to
fish and amphibians (Gibbons et al. 2015).
Neonicotinoids are also thought to interfere with
the migration patterns of songbirds (Eng et al.
2019). Herbicides are shown to be toxic to
seagrass beds and mangroves in marine
ecosystems (Peters et al. 1997). It is also increas-
ingly recognized that in addition to direct effects,
pesticides can have indirect effects such as
decreasing food/prey availability and quantity
and loss of plant habitat for invertebrates
(Gibbons et al. 2015).

Evaluating the direct and indirect effects of
pesticides on wildlife continues to be a daunting
task complicated by the fact that there are likely
synergistic or antagonistic interactions with pesti-
cide mixtures (Köhler and Triebskorn 2013). One
proposed way to address the complexities of the
interaction between pesticides and the physiology
of organisms is the concept of adverse outcome
pathways that take into account knowledge of the
interaction of molecules with bioreceptors
(Spurgeon et al. 2020). For instance, knowing
the location of a receptor to a molecule, its effects,
and its conservation across taxa may aid in
assessing how a particular chemical might affect
communities of animals. Given the continued
threats that pesticides will pose to ecosystems,
there will need to be ongoing “pestidovigilance”
(Spurgeon et al. 2020) and continued use of eco-
logical risks assessments (Norton et al. 1992).

3.3 Pharmaceuticals

Although pharmaceuticals are not known to per-
sist in the environment, they are included here
because it is likely that pharmaceuticals will
increase in use as human populations increase,
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age, and have greater access to medical care.
There is also now better capacity to monitor the
presence of pharmaceuticals because of better
analytical techniques. Wastewater is the chief
source of pharmaceuticals that are dominated by
antimicrobials and painkillers (Hughes et al.
2013). Pharmaceuticals are considered pseudo
persistent in the environment due to their contin-
uous discharge from wastewater treatment plants.
Unlike compounds like organochlorines,
pharmaceuticals do not bioaccumulate, but
residues are found in wildlife. For example,
antibiotics and antidepressants are the dominant
residues in freshwater fish and invertebrates
(Miller et al. 2018) reflecting global discharge
statistics outlined earlier. Pharmaceuticals are
also being detected in marine ecosystems, and
their presence in those ecosystems is influenced
by the size of adjoining urban areas, type of
wastewater treatment, hydrodynamics, and prox-
imity to terrestrial animal husbandry and aquacul-
ture operations (Gaw et al. 2014). To date, the
effect of pharmaceutical exposure to wildlife is
unclear, in part because most efforts to sample for
residues have focused on water and not biota
(Miller et al. 2018). However, there are two
instances where pharmaceuticals directly harmed
wildlife. Massive declines of vultures in India as a
result of consumption of dead livestock
containing residues of the anti-inflammatory
drug Diclofenac (Oaks et al. 2004) and feminiza-
tion of fish exposed to oral contraceptives through
exposure to the water column (Jobling et al.
2006). The vulture incident led to regulatory
changes in the use and disposition of Diclofenac
to minimize hazards to birds of prey (Arnold et al.
2013). Challenges going forward will be to find
ways to assess the effects of other
pharmaceuticals in a manner that provides the
necessary data to assess whether additional man-
agement and reductions of discharges are
justified. Using current practices, extrapolating
from laboratory studies to effects in the field are
difficult because laboratory exposures often do
not reflect levels seen in the field.
Recommendations to rectify this include
standardizing sampling and analytical techniques
and more comprehensive sampling spatially and

temporally (Hughes et al. 2013; Miller et al.
2018).

3.4 Metals and Metalloids

Heavy metal poisoning has been documented in
wildlife since the nineteenth century with
examples of lead poisoning in birds due to lead
shot ingestion or exposure to mine tailings and
arsenic poisoning in deer near silver foundries.
Because lead poisoning from lead shot ingestion
was threatening populations of bald eagles in the
United States, regulations were enacted limiting
the use of lead shot for hunting in public lands
(Rattner 2009) with additional international
agreements aimed to safeguard wild birds from
lead poisoning such as the African Eurasian
Migratory Waterbird Agreement (AEWA)
(Lewis 2016). Sources of metals in the environ-
ment include natural weathering, industrial
activities (textiles, electroplating), phosphate
fertilizers, and fossil fuel combustion. Heavy
metals can also accumulate in crops such as rice.
Exposure in wildlife is via ingestion. In addition
to the lead poisoning example with eagles, other
metals or metalloids have had important adverse
effects on wildlife populations. For instance, tri-
butyltin found in ship paint led to a decline in
marine molluscs that have since recovered since
these compounds were eliminated from use
(Wells and Gagnon 2020), and selenium poison-
ing from agricultural wastewater that led to mass
mortalities of waterbirds (Ohlendorf 1989). With
increasing economic development and industrial-
ization, it is likely that heavy metal exposure, and
in some instances, poisoning of wildlife, will
continue; however, methods to monitor and
assess this are well established (Blus et al.
1987). More intriguing are ways to remediate
soils to remove heavy metals or limit their bio-
availability from the environment.
Phytoremediation, the use of plants to absorb
and remove metals from the soil, is a very
dynamic field of research (Ali et al. 2013).
There is also now a greater understanding of soil
characteristics that promote plants, fungi, and
microbes to remove heavy metals from soil
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(Gall et al. 2015). Merging these methods along
with the better understanding of genetic and
molecular mechanisms that promote metal accu-
mulation in plants might be a way forward in
minimizing environmental exposure of wildlife
to heavy metals.

3.5 Plastic

Since the 1950s, the use of plastics has increased
to the point that global plastic production annu-
ally equals the weight of all humans on earth, and
we are dumping the equivalent of one garbage
truckload of plastic into the ocean every minute
(Worm et al. 2017). Most studies looking at the
effects of plastic on wildlife have focused on
marine ecosystems with relatively fewer efforts
in freshwater systems (Blettler and Wantzen
2019) even though freshwater ecosystems (rivers
and streams) are important conduits of plastics to
the marine environment. Aside from their
unsightliness, plastics are thought to affect wild-
life through entanglement, ingestion, transfer of
contaminants, and rafting of invasive marine spe-
cies (Gall and Thompson 2015). Studies of
microplastics that seem to be pervasive in
sediments and biota are also gaining attention in
the scientific community (Matsuguma et al. 2017;
Hale et al. 2020). However, linking exposure to
plastics to measurable adverse effects of wildlife
populations remains elusive. For instance,
although a consensus is emerging that visible
plastic entanglement adversely affects marine
mammals, it is difficult to assess trends in entan-
glement due to skewed reporting, variable
research effort, and uncertainty of the severity of
plastic pollution (Jepsen and de Bruyn 2019). The
effects of plastic ingestions on wildlife are even
harder to assess. For instance, it is impossible
based on necropsy to assess whether plastic
ingestion leads to emaciation in birds or whether
underlying disease leads to the inability to excrete
plastic (Roman et al. 2020). Indeed, a recent
meta-analysis of research on the effects of plastics
on wildlife concluded that there was little evi-
dence of harm from exposure to microplastics
and that more effects were detected with

macroplastics (Bucci et al. 2020). Even
hypotheses about ingested plastics playing a role
in leaching organic contaminants into wildlife are
open to question and it is likely that ingested
plastics play a minor role if any at all in the
translocation of organic compounds (Koelmans
et al. 2016). Guidelines are available on how to
standardize studies on the effects of plastics
ingestion to gain more robust conclusions as to
their effects on wildlife (Provencher et al. 2017).
Salient questions to prioritize research in plastics
were outlined by Vegter et al. (2014). In the
longer term, addressing plastic pollution will
require reducing production, use, and waste gen-
eration (Worm et al. 2017). There are also new
research avenues looking into microbial (Shen
et al. 2019) and chemical (Gewert et al. 2015)
degradation of plastics as well as development of
biodegradable plastics (Narancic et al. 2018)
which might contribute to longer term abatement
of plastic pollution.

4 Conclusion

Diagnosis of contaminants exposure and adverse
effects that result in wildlife mortality events is a
process of systematically ruling out more obvious
causes of death using pathology and laboratory
diagnostics. A final diagnosis of contaminants is
made based on the presence of the compound,
history of plausible exposure, and absence of
other evidence causes of death. For chronic con-
taminant effects or contaminant interactions, the
process is more uncertain because of confounding
factors that become introduced through time.
Whilst we are very good at detecting the presence
of pollutants in tissues or the environment,
making a convincing link between the presence
of these compounds and mortality events in the
field or population effects will remain a challenge
for the foreseeable future. Additionally, given the
plethora of potential adverse effects pollutants
play in wildlife, an imperative will be to develop
frameworks to prioritize which threats are most
likely to cause adverse effects in wildlife such as
embryotoxicity, cancer, impaired growth, ideally
before population declines are documented.
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Developing the means to address or manage these
threats will also be important. In the interim,
focusing on preserving existing habitats and
reducing our footprint by adjusting human
activities to minimize the release of pollutants
into the environment will go a long way toward
promoting healthy wildlife and ecosystems.
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Working in a Complex, Wicked,
and Messy World of Wildlife Health

Craig Stephen

Abstract

Wildlife health management is part of a com-
plex system. The decision about the best
approach to manage a wildlife health problem
in a socially acceptable manner that considers
the impacts of actions on intended and unin-
tended targets over time is influenced by mul-
tiple interacting socioecological systems,
complicated trade-offs, and limited knowl-
edge. Looking at wildlife health issues as com-
plex and cumulative outcomes can help shift
risk assessment and management toward
assessing the total effects of interacting
stressors over several dimensions and into the
future, thus encouraging an assessment focus-
ing on impacts to resilience rather than on
specific causes of wildlife death, disease, or
disappearance. While it may be hard to find
the right answer in such situations, better
answers can be encouraged by adapting recent
thinking and approaches to looking at com-
plex, wicked, and cumulative problems.
Recognizing the wickedness of a problem
opens you up to looking at the multiple factors
and forces that comprise the problem and seek
out stakeholders and partners willing to
engage in the problem-solving process. You
cannot have a resolution of wicked problems

by treating them as scientific or technical
puzzles. They need integrated, adaptable, and
consultative approaches from the start.

Keywords

Complexity · Health · Wildlife · Wicked
problem · Intractable problem · Cumulative
effects

1 Wildlife Health Is Messy

Wildlife population health practitioners cannot
escape complex, complicated, and wicked
systems. There are physiological systems affect-
ing individual animal diseases, socioecological
systems affecting population health, governance
systems that affect how we make decisions and
work together, surveillance systems, regulatory
system, social systems affecting how we value
and treat wildlife, and ecosystems on which wild-
life depend. Each of these systems has fuzzy
boundaries that spill over and affect each other.
These messy interactions can limit our ability to
discover how to best manage a problem and avoid
unintended side effects of our actions. For exam-
ple, multiple studies have found several factors
linked to global declines in amphibian
populations, but it is increasingly clear that
interactions among local (e.g., habitat
modifications), regional (e.g., contaminants),
and global scales (e.g., climate change) with
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variations in local biotic interactions make it
exceedingly difficult to anticipate how
populations will respond to interventions or envi-
ronmental changes (Blaustein et al. 2002). Those
who grapple with managing wildlife health are
often confronted with varying interpretations of
evidence and by conflicting political, cultural, and
economic interests. Wildlife health management
is subject to the inherent variability of socio-
ecological systems and is further complicated by
trade-offs between multiple objectives, values,
and interests and limited by uncertainties and
ambiguities about what causes the problem and
the effects of interventions.

In the face of human inducted climate change,
the extinction crisis, global pandemics, and more,
people are asking if we can continue acting as if
tomorrow will be just like yesterday (Ison and
Shelley 2016). By using the same approaches
that created our twenty-first-century challenges,
are we growing less prepared for the next threat?
Are new ways of thinking and working needed to
accommodate the complexity of wildlife health
challenges and the growing urgency for better
responses? As seen throughout this book, ideas
of complexity, dynamic systems, and wicked
problems are being evoked as new frameworks
for health management. This chapter asks what
makes a problem complex or wicked and how we
should act in response to them?

2 When Does a Wildlife Health
Problem Become Complex
and Wicked?

Wildlife health problems can be simple, compli-
cated, complex, or wicked (Table 1). Wildlife
health issues and global biodiversity conserva-
tion, in general, have been called wicked or
even super wicked problems (Walzner 2017).
Wildlife health interventions are often complex
to manage because they are embedded in intricate
networks of physical, biological, ecological, tech-
nical, economic, social, political, and other
relationships. Complex problems become more
wicked when a wider range of interests make
decision-making more contentious, when the

information and concepts become more numer-
ous and interrelated, and when there is a lack of
clarity or overlaps in processes to manage the
problem (Peters and Tarpley 2019). Problems
become “super-wicked” when time is running
out, those who cause the problem also seek to
provide a solution, the central authority needed to
address it is weak or nonexistent, and policy
responses irrationally discount the future (Levin
et al. 2012).

3 Working with Complex
and Wicked Problems

By their varied nature, complex and wicked
problems have no “recipe book” of predefined
management strategies. As there is no root cause
of “wickedness,” there can be no single best
approach to tackling such problems. However,
wildlife population health experts can expect to
face at least three challenges (adapted from Levin
et al. 2012):

1. How to develop an initial agreement to do
something despite different goals and under-
standing of the problem?

2. How to make early interventions or actions
“stick” by changing people’s behaviors over
long enough time and covering sufficient
places and populations to result in a positive
change?

3. How can they show that the small changes
being made are leading to transformative
changes that address the evolving problem in
an acceptable, effective, and sustainable way?

Many One Health and population health lead-
ership skills are needed to confront these
challenges including, conflict management, lead-
ing change, building coalitions, being able to
compromise on some less critical areas to gain
what is essential, being less focused on personally
being right than focusing on finding the right
people to get the process right, thinking in
systems, and remembering that the essential obli-
gation is to not make things worse (Butler-Jones,
2020; Stephen and Stemshorn 2016).
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At the outset, it is important to recognize and
acknowledge the extent of a problem’s wicked-
ness. This opens you up to looking at the multiple
factors and forces that comprise the problem and
seek out stakeholders and partners willing to
engage in the problem-solving process. In doing
so, not only might you be able to find components
of the complex or wicked problem that might
have a simple or complicated part that can be
solved by your partners but also you will be
open to new ideas and avenues to conceive and
approach a better solution (Kreuter et al. 2004).

Another step is to develop a shared conception
of the problem. The goal is not to establish strict
analytic boundaries but instead to instigate reflec-
tion on the nature of the problems and how stan-
dard approaches may fail (Termeer et al. 2019).
Problem “wickedness” can begin when the scope
of the problem is misinterpreted or, worse,
underestimated (Woodford et al. 2016). The
wickedness of the problem is influenced by a
host of factors that need to be mapped, discussed,
and understood.

Table 1 A taxonomy of problems (based on Pearce and Merletti 2006; Glouberman and Zimmerman 2016; Anon 2018)

Problem
type Problem description Management implication

Simple There is a clear cause-and-effect relationship that
is easily identifiable and fixable using standard
processes and procedures (e.g., stop hawk
predation on backyard chicken by keeping the
chickens in an enclosure)

No special expertise is needed. If you can follow
the well-known process, you can fix the problem

Complicated There are multiple causes affecting the outcome.
Some may be easy to identify, other causes may be
hidden, and some may interact. These problems
tend to be technical in nature and benefit from
analysis, past knowledge, and dealing with similar
problems in the past. There are several steps that
you can go through to potentially solve the
problem (e.g., designing a fox rabies vaccination
campaign in a peri-urban forest)

Specialized and coordinated expertise is often
needed to see cause–effect relationships and their
interactions. Set processes and procedures are
helpful but the scale of the problem will need
them to be adapted to the unique situation. People
with the right expertise can usually design
solutions that can be implemented. More than one
right answer may be found, and trade-offs may
need to be made to select the best answer for the
situation

Complex Often only the symptoms, not the causes, are
visible. There are large elements of ambiguity and
uncertainty due to interacting simple and
complicated problems that make up the complex
problem. They are a collection of individual
problems and influences that act in ways that are
not always predictable and whose interconnections
change the context for the subparts. There are
multiple and possibly conflicting goals (e.g.,
managing wildlife-farmed animal disease
transmission on pastureland used by wild sheep
and farmed sheep).

There is no standard procedure for resolving these
problems. They can be approached from multiple,
sometimes competing, perspectives and there
may be multiple possible solutions. Multiple
perspectives and types of knowledge are needed.
Innovative approaches tailored to the situation
and systems thinking are required. Solutions may
not be transferrable between places and times
because of the changing and unique nature of
subsystems of interactions causing the problem.
There will be uncertainty about the effects of
interactions

Wicked Complex problem for which there is no agreement
on the definition of the problem because of
multiple values, perceptions, and perspectives, a
wide array of possible solutions with trade-offs
associated with each, and multiple potential
causes, jurisdictions, stakeholders, regulators, or
implications. Subproblems within the wicked
problem are linked and changing one can affect
another. There may be no final resolution, but
there can be incremental gains in reducing the
problem (e.g., eliminating emerging disease risks
associated with the wildlife trade)

There is no single correct solution. These
problems demand a participatory approach,
adaptive management, and collaborative
interorganizational work. Managing wicked
problems requires holistic/systems thinking rather
than linear thinking. Managers need to think and
work in new, flexible, creative, and innovative
ways. At their core, wicked problems are often
wicked because their social dimensions lead to
conflicts. Box 1 provides an example
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Generating ownership of the problem through
stakeholder participation and transparency is an
important step toward collaborative solutions.
Wicked wildlife health issues often involve
wider society and the media, both of which influ-
ence the problem perception. This moves prob-
lem definitions away from a purely scientific
understanding to a social construct interpreted in
political and moral terms (Osmundsen 2017).
Wicked problems are best approached through a

planned process with input from multiple sources
in an atmosphere that puts scientific inquiry on
par with the community and stakeholder’s knowl-
edge (Kreuter et al. 2004). Relationships will
need to be built to give voice to those who are
less powerful. Wildlife networks that allow for
information sharing and mutual adjustments in
understanding can help shape processes and
actions that fit with the lived-experiences of
those affecting and being affected by the problem.

Box 1 Controlling Emerging Zoonotic Disease Risk in the Wildlife Trade—A Super Wicked Problem
(Based on Stephen et al. 2021)

Legislative, public, scientific, and political interests in the wildlife trade overlap at least 4 domains:
Conservation, which strives to protect species distribution and abundance and protect ecosystem function.
Public health, which aims to prevent human exposure to zoonotic agents from wildlife. Human development
agenda that wishes to ensure the nutrition and the income derived from wildlife is sustainably available to
vulnerable communities. Law agencies wanting to control the growing and significant illegal trade of wildlife
and the associated benefits it provides to criminals and harms to communities.
Some features of the super wicked
problem

Wildlife trade management attributes

No stopping rules No safety thresholds for types, prevalence of levels of risk
factors, or pathogens deemed to be acceptable in the trade.

Solutions are not true and false, but better or
worse due to trade-offs

Banning the trade could reduce access to nutritious food and
critical income for millions of vulnerable people and drive the
demand for illegal harvest but also can help protect wild species
and reduce emerging disease risks.

Every wicked problem is unique. The trade is highly heterogenous, involving a wide variety of
species, products, and places. Risk management is highly
context specific.

Solutions depend on how the problem is
framed

The priority of different problems and preferences for solution
linked to this trade varies with the perspective from which the
trade is viewed as a conservation, public health, human
development, or crime problem or as a scientific, policy, or
human behavior issue.

Stakeholders have radically different frames
for understanding the problem.

Some citizens in the global north view this as a high-risk trade
selling unnecessary products while some impoverished
communities in the global south see this as a culturally essential
contribution to community well-being.

Data may be uncertain, missing, or
ambiguous

Much of the trade has not been monitored. There is a massive
gap in implementation science to reveal effective, acceptable,
and sustainable interventions.

Time is running out Overexploitation is a major driver of species extinction and the
wildlife trade is a significant contributor.

There is no central authority No “all-of-government” approaches have been developed. The
different aspects of this problem are regulated by different
agencies, often separately.
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The outcome may not be consensus but hope-
fully, there will be a coherent and transparent set
of opinions on the nature of the problem, why it
matters and to whom.

“Wicked problems cannot be “solved,” as
such, but they can be much better managed, and
significant improvements can be achieved” (Head
2018). Given that there are no completely right
solutions to the wicked problem and that each
problem is different, forward momentum is
supported when there is a shared idea of where
we want to go; in other words what makes a
solution better or worse. You cannot have a reso-
lution of wicked problems by treating them as
scientific or technical puzzles. Integrated, adapt-
able approaches need people engaged in a consul-
tative way from the start. This will be greatly
assisted by developing a shared vision of how
the problem is understood (Mertens 2015).
Those managing wicked problems must be adept
at understanding the context and experiences of
diverse communities involved in the problem in a
culturally appropriate way.

A key obstacle to making progress with intrac-
table problems has been the tendency to act as if
wicked problems were all the same in terms of
their “wickedness,” and therefore a “one-size-fits-
all” approach will work (Alford and Head 2017).
A problem is not either wicked or not. There will
be a spectrum of problem types with wicked
features and intensities of problems (Alford and
Head 2017). Take for example the problems of
invasive species versus the wildlife trade. The
former is wicked because there are no clear-cut
solutions, but the problem is clearly definable.
The wildlife trade suffers from being both
conceptually and technically ill-defined. Cogni-
tive and social knowledge about the wildlife trade
is unconsolidated (Arroyave et al. 2021). Actions
for the wildlife trade may therefore be more con-
tentious and easily neglected than for invasive
species due to the combination of this lack of
knowledge consolidation with high uncertainty
and a small amount of research on viable
solutions in the trade.

In the absence of a preexisting roadmap, dem-
onstration and pilot projects can help discover
what works for whom, why, and how by

exploring what is technically and ethically feasi-
ble, working out regulatory and collaboration
issues, and addressing perceived risks. These
experiments must not be limited to tackling pieces
of the problems with single objectives in
simplified environments but instead must try to
explore and balance competing objectives in
complex, whole environments. Value differences
cannot be effectively sidelined or depoliticized
using evidence and data. This means being
ready to explicitly explore trade-offs and their
implications, use multiple methods to work on
the problem, and being open to sharing failures
openly and transparently (Mason et al. 2018).

The precautionary principle has been
characterized as a wicked problem tool as it
calls for all stakeholders to act in a way that
protects population health against a backdrop of
scientific uncertainty (Kreuter et al. 2004). This is
consistent with a harm reduction approach that
asks us to seek incremental gains in well-being by
acting on shared goals despite uncertainties and
conflicts. The precautionary approach asks us to
take preventive action in the face of uncertainty,
shift the burden of proof to the proponents of a
potentially harmful activity, explore a wide range
of alternatives to avoid harms, and increase public
participation in decision-making.

4 Cumulative Health Effects

Because of the increasing significance of
systemwide risk factors such as climate change,
degradation of ecosystem services, and modifica-
tion and loss of habitats, there is a growing need
for cumulative impact assessment in wildlife
management. The need is to shift assessments
toward assessing the total effects of an environ-
mental, policy, or other change over several
dimensions and into the future, thus encouraging
an assessment focusing on impacts to resilience
rather than on specific causes of wildlife death,
disease, or disappearance (Krausman and Harris
2011). However, the lack of monitoring data, lack
of research on wildlife health as a cumulative
effect, and significant uncertainties and data
gaps on the status and interactions of these
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determinants can present great challenges to any-
one wanting to assess impacts from a cumulative
rather than unidimensional perspective.

Cumulative impact assessment is an evolving
concept for which there is no single accepted state
of global practice. Cumulative impacts
assessments are typically used to assess the social
and ecological effects of a project, such as build-
ing a dam, on valued ecosystem components,
such as a fishery. Wildlife population health
experts may be called on to assess the impacts
of a project on wildlife, the results of which will
be used by others to understand cumulative
impacts. The pressing question is often about
how the health trajectory for an animal will
change upon exposure to a new or changed set
of interacting stressors. The question becomes
more complex when trying to determine the com-
bined effect of past, present, and potential future
human activities and natural processes over long
time periods and large areas.

A cumulative effects assessment can be over-
whelming due to the potential scope of effects and
range of spaces that must be considered. Take for
example the definition of “effects” used in the
Canadian Environmental Assessment Act as any
change that a project may cause in the environ-
ment, including any change on health and socio-
economic conditions, on physical and cultural
heritage, on the current use of lands and resources
for traditional purposes by aboriginal persons, or
on any structure, site, or thing that is of historical,
archaeological, paleontological, or architectural
significance and any change to the project that
may be caused by the environment, whether any
such change occurs within or outside of Canada
(Hegmann et al. 1999). The Act further requires
assessments to study an area that is large enough
to assess effects on valued ecosystem
components, an area that is considerably larger
than a project’s “footprint”. Generic frameworks
for cumulative impact assessments have been
developed (Fig. 1) but their application and utility
will be determined by the partnerships, knowl-
edge, and resources available. A critical early step
will be to develop agreement on how diverse data
will be integrated, how threats will be
characterized and estimated over time, how

uncertainty will be handled, and which thresholds
will be used to declare the cumulative effects
harmful or undesirable.

Cumulative effects impact assessments want
to know about the incremental impact of the
action when added to other past, present, and
reasonably foreseeable future actions. Humans
impact wildlife systems in a multitude of ways,
yet the cumulative effect of multiple stressors on
wildlife population health remains grossly
understudied. While there are articles that explore
the interacting effects of multiple stressors, such
as the compounding effects of contaminants on
the effects of parasitism or infectious disease sus-
ceptibility, the wildlife health literature rarely
looks at health as a cumulative effect. Cumulative
Health Risk Assessment methods exist but are
most often used to look at the interactions of a
small number of discrete hazards (such as the
effects of being exposed to two different
pesticides at once) but rarely look at the
implications of a change of action on the suite
of determinants of health as a whole. A scoping
review of 458 wildlife health articles published
between June 1994 and June 2014, for example,
found only 7% looked at health as a multifactorial
entity (most still looking at health as the absence
of specific diseases), and none looked at health as
a cumulative effect that develops and is modified
over time (Sinclair 2020). The concept of life-
course analysis is missing in wildlife health.
Life-course health analysis is a public health
framework used to organize research from several
fields to explain how individual and population
health develops and how developmental
trajectories are determined by interactions
between biological and environmental factors
during the lifetime (Halfon and Hochstein
2002). While it well known that early exposure
to some hazards (such as endocrine disruptors)
can affect a wild animal later in its life (such as
transgenerational reproductive or development
effects), most wildlife health research looks at
proximal risks from wildlife diseases (Sinclair
2020). There is an opportunity space for wildlife
health researchers to adopt human health life-
course epidemiology methods that aim to eluci-
date biological, behavioral, and environmental
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processes that operate across an individual’s life
course, or across generations, to influence the
development of disease risk and health outcomes.

5 Summary

Health is a cumulative effect of interacting
determinants of health that exist in an
everchanging landscape of assets, threats, and
resources. Health managers need to be able to
appreciate the changing health landscape while
at the same time deal with multiple, sometimes
conflicting, expectations and, in the case of wild-
life health, large uncertainties about the root
causes of the social problems people want man-
aged, and the most effective and acceptable way
to meet management goals. This chapter only
introduces some of the ideas and approaches to
thinking about wildlife health as a complex and
often wicked problem. Those interested in pursu-
ing these ideas further will need to turn outside
the wildlife health literature and experience and
seek insights and methods from natural resource
management, conservation, and human health
spheres.

The need to look at wildlife health as a com-
plex or wicked problem is not an academic issue.
In a world of concurrent problems, seeking

unique solutions for individual problems is nei-
ther effective and feasible nor efficient (Fried
et al. 2012). We will miss opportunities to find
the “levers” to pull to keep populations healthy if
we remain focused on interdisciplinary
approaches to problems in isolation rather than
thinking about the interacting hazards,
populations, and determinants of health existing
in shared places and spaces. The goal is not to get
a more and more refined understanding of all the
components parts of the complexity of wildlife
health and the relationships between those parts
but rather to look at health problems to find ways
we can intervene in socially acceptable and scien-
tific justifiable ways to make populations better
able to deal with today’s threats and be more
resilient to tomorrows.
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Applying a Health Lens in Managing
Species at Risk Under Threat of Alien
Invasive Species

Joy Wade and Paul Grant

Abstract

Wildlife health typically focuses on the elimi-
nation of pathogens and parasites and
controlling the effects of pollutants on morbid-
ity and mortality. Alien invasive species (AIS)
also contribute to the health of wildlife
populations, both negatively and positively.
Once introduced, species have the potential
to rapidly increase in abundance and spread.
In ecosystems where there are also species at
risk, controlling AIS is further complicated.
This chapter explores the importance of man-
aging the health of an ecosystem under the
threat of AIS and how this challenge is com-
plicated when there are species at risk. Using a
case study and the application of the
determinants of health model, we provide an
example of how managing such a complex
health system can be beneficial to many spe-
cies, including humans.

Keywords
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1 Introduction

Wildlife health typically focuses on the elimina-
tion of pathogens and parasites and controlling
the effects of pollutants on morbidity and mortal-
ity. Alien invasive species (AIS) which includes
any non-native plants, animals, pathogens, or
other organisms in an ecosystem also influence
wildlife population health, both negatively and
positively. Climate change and increased global
movement of people, products, wastes, and
animals have made it easier for species to move
out of their native habitats into new ecosystems
(Seebacher and Post 2015; Seebens et al. 2018;
Smith et al. 2018). Once introduced, species have
the potential to rapidly increase in abundance and
spread, as AIS are often not restricted by natural
limiting factors such as predators, parasites, dis-
ease, or competition in new environments. In
most cases, the effects of AIS introductions are
negative on the receiving environment.

1.1 Health Impacts of Alien Invasive
Species

Depending on their proliferation and interactions,
AIS can have many different direct and indirect
impacts on their new environment or the wildlife
species within, including reducing diversity,
health, and resilience in species and ecosystems.
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These negative impacts can occur through alter-
ing food webs by predation or competing with
native species for food resources or space. An
example of this type of impact includes the intro-
duction of stoats (Mustela ermine), a mustelid
native to Eurasia and North America, to
New Zealand in the nineteenth century to control
invasive rabbits. Unintentionally, this AIS
became a significant threat to native bird
populations, including the kakapo (Strigops
habroptilus), kiwi (Apteryx spp.), and rock wren
(Salpinctes obsoletus), by predation on nests and
young (Hanley and Roberts 2019).

AIS can also be the source of pathogens or
parasitize native species, impacting their health
and resilience. The West Nile virus, for example,
is a mosquito-borne flavivirus native to Africa,
Europe, and Western Asia. This AIS was
introduced to North America in 1999 where it
has continued to expand its range across the United
States and into Canada, Mexico, and Central and
South America impacting wildlife health and caus-
ing significant and sometimes severe human
diseases including West Nile fever and encephali-
tis (Colpitts et al. 2012). The impacts of
AIS-related diseases on the health of wildlife spe-
cies can be highly variable due to variations in
environmental factors, resilience, and transmis-
sion. Within avian populations, the West Nile
virus resulted in declines in some species, but
overall impacts were less severe than initially
anticipated due to spatial and temporal variability
in transmission intensity, providing refuges to spe-
cies with a range of habitats (Kilpatrick and
Wheeler 2019).

There are also numerous examples of AIS
out-competing native species for food resources
or space, resulting in the decline of native species.
European starling (Sturnus vulgaris), for exam-
ple, which is native to Europe, Asia, and Northern
Africa, was introduced to North America, South-
ern Africa, Australia, and New Zealand, where it
is highly aggressive and outcompetes native spe-
cies for food, territory, and nest sites.

AIS can also physically alter habitats making it
unsuitable for native species, disrupt essential
ecosystem functions, and impact water quality
and quantity. The European green crab (Carcinus

maenas) is described as an ecosystem engineer
(Jones et al. 1994). Native to Europe, this AIS has
invaded new environments in North America,
South America, South Africa, Australia, and
New Zealand. In these new environments, it
directly alters habitat by removing eelgrass
(Zostera marina) or other foundation plant spe-
cies, resulting in impacted ecosystems and food
webs (Howard et al. 2019). It also has reduced
biodiversity through predation and competition
with native species for food resources and space.
Eurasian watermilfoil (Myriophyllum spicatum)
native to Europe, Asia, and North Africa is con-
sidered a highly invasive species that has been
introduced to every continent (Eiswerth et al.
2000). It outcompetes and crowds out native
plants and creates dense mats that alter habitat
and create an ecosystem with less food sources
and space for native species (Smith and Barko
1990). Eurasian watermilfoil (milfoil) can also
reduce the amount of oxygen creating further
stressors for the survival of native species
(GISD 2017).

The introduction and spread of AIS can carry
economic implications through effects which
impact the environment and human and wildlife
health (Hanley and Roberts 2019). In addition to
some of the abovementioned cases, notable
examples of these economic impacts include the
sea lamprey (Petromyzon marinus), which was
introduced to the Great Lakes in Canada in
1955, prior to a general awareness that AIS
could pose both environmental and economic
problems. In this case, sea lamprey decimated
native fish species including lake trout (Salvelinus
namaycush), whitefish (Coregoninae spp.), and
lake chub (Couesius plumbeus) populations
resulting in the collapse of lake trout and severe
losses to recreation and commercial fisheries.

Through these various pathways, AIS can neg-
atively impact and threaten many habitats and
species, including those that are already rare and
at some risk of extinction (McCune et al. 2013;
Swan et al. 2018). The current exponential loss in
biodiversity, estimated to be 1000 times higher
than the normal background extinction rate
(De Vos et al. 2015), is due in large part to
widespread habitat loss/degradation, and the
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negative impact of invasive species (McCune
et al. 2013; Swan et al. 2018). Often these impacts
are intensified by climate change and irreversible
as AIS are difficult to eradicate once established.
The resulting loss of biodiversity has broader
implications for ecosystem functioning and the
determinants of health (see Chap. 1).

Box 1 Case Study: Rocky Mountain Ridged
Mussel
Species status: The Rocky Mountain
ridged mussel (Gonidea angulata) (Fig. 1)
is a freshwater bivalve mussel species
whose Canadian range includes only in
the Okanagan Valley in British Columbia,
the northernmost limit of its patchy distri-
bution (Wade et al. 2020). Freshwater
mussels are one of the most endangered
groups of animals in North America
(Williams et al. 1993). The Committee on
the Status of Endangered Wildlife in
Canada (COSEWIC) assessed the species
as Special Concern in 2005 and reassessed
it as Endangered in 2010, concurrently
identifying AIS as the most serious poten-
tial threat. Rocky Mountain ridged mussel
is currently listed under Canada’s Species
at Risk Act (SARA) as Special Concern, as
a decision to list it as Endangered under
SARA is still pending. Species that are
listed as Threatened or Endangered under
SARA are provided specific protections.
The decision to list as Endangered is pend-
ing as there is a perceived conflict between
protection of the species and habitat and the
control of invasive milfoil for the benefits
of tourism (Wade et al. 2020).

Species biology: Rocky Mountain
ridged mussel is a burrowing species nor-
mally found in water depths less than 3 m
(COSEWIC 2003; Stanton et al. 2012). It
requires a fish to aid in reproduction. After
fertilization, the female mussel incubates
the eggs within her shell. The eggs hatch
into glochidia which are then released into
the water where they attach to the gills of a

suitable host fish (Fisheries and Oceans
Canada 2011), typically a sculpin. The
glochidia develop on the gills before they
drop off and settle into the substrate. Recent
age validation of the species indicates that
individuals are long-lived with some sur-
viving up to 50 years.

Habitat change: This case study
focuses on the Rocky Mountain ridged
mussel population in Okanagan Lake, the
largest part of the species’ distribution in
Canada. Okanagan Lake is 135 km long,
4–5 km wide, and has a maximum depth of
232 m. Since the early 1900s, a series of
dams and channelized rivers have been
built to control the water levels in the area
including in Okanagan Lake (Symonds
2000). A control dam was built in 1953 at
the terminus of Okanagan Lake before
Okanagan River empties into Skaha Lake
to the south. Because of a series of dams
throughout this water system, sockeye
salmon (Onchorhynchus nerka) and chi-
nook salmon (O. tshawytscha), which
once had plentiful returns to this area,
were unable to access upstream habitats.
These salmon populations were in decline
from other threats such as pollution and
overfishing, but access to upstream habitats
was a direct impact from the construction of
control structures. With remediation of
water control structures in recent years to
include features such as fish ladders and the
input of juvenile fish through enhancement,
salmon have been able to migrate further
and further upstream. In 2019, the dam on
Okanagan River was remediated to include
a fish ladder and water can now freely flow
between Okanagan and Skaha lakes for the
first time in almost 70 years.

AIS threats: Established AIS in
Okanagan Lake include: Eurasian
watermilfoil, tench (Tinca tinca), mysis
shrimp, brook trout (Salvelinus fontinalis),
lake trout, lake whitefish, smallmouth bass
(Microperis dolomieui), pumpkinseed

(continued)
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(Lepomis gibbosus), yellow perch (Perca
flavescens), black crappie (Pomoxis
nigromaculatus) (Naito, 2000). Species of
concern, but not yet established include
Quagga mussel (Dreissena bugensis) and
zebra mussel. Naito (2000) also included
largemouth bass (M. salmoides), walleye
(Sander vitreus) and bullhead (Ameiurus
nebulosis) of concern as they are present
directly downstream of Okanagan Lake
but not present in the lake.

2 Managing Alien Invasive
Species

Around the globe, governments and other inter-
national, national, and regional organizations are
going to great lengths to both stop new AIS
introductions and try to deal with the impacts of
current AIS. Controlling AIS is becoming
increasingly important for society. As the number
of AIS and the complexities of control increase,
so does the importance of management principles
and prioritization of control actions.

Managing AIS can be tricky, and approaches
vary widely. Most management options can be
summarized as either pre- or post-establishment
of the AIS. The most effective principle for AIS
management is to take a precautionary approach

which assumes new species introductions pose a
risk and aims to minimize or ideally prevent new
invasions. Other effective strategies include early
detection of new invaders, and rapid response to
new invaders, as well as management of
established and spreading invaders (containment,
eradication, and control). Multijurisdictional
approaches are required for effective prevention,
early detection, response, and management to
protect the health and resilience of native species
and ecosystems.

Some of the most effective approaches for
prevention involve managing the pathways by
which AIS could enter new environments and
become established. For aquatic species, these
pathways can include shipping (e.g., ballast
water discharge has introduced zebra mussel,
green crab, and spiny water flea), recreational
and commercial boating (e.g., these activities
can inadvertently help spread AIS such as milfoil
or zebra mussel), the use of live bait (e.g., this
activity has been responsible for the spread of
many species including the rusty crayfish), the
aquarium trade (e.g., aquatic species such as yel-
low floating heart was introduced as a water gar-
den species and spread to natural environments),
live food fish, unauthorized introductions and
transfers (e.g., purposefully introduction of AIS
into new environments), and canals and water
diversions (e.g., the sea lamprey spread into the
upper Great Lakes after the Welland Canal was
opened). For terrestrial species, these pathways

Fig. 1 A Rocky Mountain
ridge mussel (Gonidea
angulata) nestled in the
sediment of Okanagan
Lake, British Columbia
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can include cargo transport (e.g., increase in
global trade has resulted in an increased risk of
transporting living plants and animals that could
become established in new environments), horti-
culture (e.g., plant varieties imported that become
established and spread into natural
environments), accidental release, pet trade, and
transport of wood products.

For circumstances where AIS are already
established, Buckley and Han (2014) proposed
three options; (1) manage the impacts of the
invader and accept collateral damage; (2) abandon
management of the invader and accept its impacts
or; (3) seek a compromise that allows both goals
to be attained (Buckley and Han 2014). In the
case study described in this chapter, it is option
3 that is the most likely to be implemented to
address most AIS issues.

2.1 AIS and Rocky Mountain Ridged
Mussel Management

Managing the health of Rocky Mountain ridged
mussels is a complex and even wicked problem
(see Chap. 17) (Box 1). To exacerbate the issue,
the mussels have no social importance in the
region but are biological and scientifically valued
and contribute to ecosystem complexity. The lake
itself is a highly important tourist and leisure
destination. According to the most recent census
(2016), the region is home to more than 360,000
residents and is a very popular tourist destination
both in summer and in winter. The tourism indus-
try in the Thompson Okanagan region is worth
more than a billion dollars per year with the top
five reasons for visiting relating to outdoor
activities (beach, hiking, boating etc.; Destination
BC News 2017). Some other species in the lake
have high social value including sockeye and
chinook salmon, making them a more frequent
management priority. Consequently, the manage-
ment of this species and its habitat is contentious
and has resulted in different opinions of whether
it should be listed under Schedule 1 of the SARA.

We propose that by examining the interaction
between AIS and Rocky Mountain ridged
mussels through determinants of health model
(see Chap. 1), it may be possible to prioritize

and undertake actions before the habitat is no
longer able to support the species, regardless of
political pressures (Table 1). This model can help
elucidate ways to reduce harm to the species
while at the same time supporting the continued
use of the lake in support of tourism and eco-
nomic development. It can provide an entry
point to see the issue from not just a single species
or issue point of view, but as a system.

Rocky Mountain ridged mussels are facing
direct and indirect threats from many different
AIS, both plant and animal. Although these
effects are largely biological (e.g., direct mortal-
ity, decreased fecundity, increased predation) or
physical (e.g. reduction in habitat quality and
quantity); there are, fortunately, some critical
actions that can be taken to minimize these
harms for the direct benefit of the species as a
part of the ecosystem.

For example, milfoil is a direct threat to mussel
health (Table 1), it also negatively impacts tour-
ism creating beaches with long “weeds” that are
undesirable for swimmers and boaters. Eradica-
tion of milfoil from the lake is not possible as it is
currently well established. Its spread can however
be controlled through mechanical removal and
weed mats. Mechanical removal can harm
burrowed mussels, but if beds are protected
before milfoil can establish, this can be mitigated.
Weed mats can also be deployed over the sub-
strate to inhibit milfoil growth. Inhibiting the
spread of milfoil is good for mussel beds as well
as tourism. Although removal of milfoil from
mussel beds can be deleterious to individual
mussels, mussel beds can be protected before
milfoil establishes. There has been concern that
the removal of these plants would not be possible
if the mussel were protected under SARA legisla-
tion, but these activities are not necessarily con-
tradictory. Methods of control can be modified
depending on proximity of the milfoil to mussel
beds. Direct losses of mussels occurring through
appropriate milfoil control would be offset by
long-term habitat quality benefits because the
damage caused to the biotic and abiotic environ-
ment from milfoil is far more deleterious to the
mussel long-term. A balance can be negotiated
between local, provincial, and federal
governments to the benefit of all.
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Another example is that of invasive piscivo-
rous fish species which can prey on the interme-
diate hosts necessary for glochidia survival. There
are several alien invasive fish species established
in the lake already which are unlikely to be
eradicated (e.g., smallmouth bass, pumpkinseed,
etc.); however, the introduction of known AIS
from Skaha Lake (largemouth bass, walleye, and
bullhead) can be prevented through water man-
agement. The issue is further complicated as a
dam was built between the two lakes and has
been opened to provide angling opportunities for
sockeye salmon in Okanagan Lake. The desire to
have the return of recreational fishing
opportunities was stronger than protecting the
ecology of Okanagan Lake. Now that it is done,
however, it is possible to put in exclusion devices
at dams to prevent AIS from entering the lake.
Their exclusion will aid in the survival of the
mussel as well as many other native fish and
invertebrate species in the lake as they are aggres-
sive predators.

The determinants of the health model
(Chap. 1) provided a framework to examine this
AIS from a systems perspective and identify

critical management entry points. Most notably,
human values could be shown to work across
many determinants of health and thus were essen-
tial to consider when trying to find win-win
solutions. The complexities of managing Rocky
Mountain ridged mussels in concert with eco-
nomic development and milfoil control alone
illustrate the need to address human values (see
Chap. 19) in conservation management. Although
the removal of milfoil is beneficial to both the
mussel and the economic development, conserva-
tionists and local governments have not been able
to come to a mutually beneficial solution due
largely to the lack of a process to negotiate shared
solutions that protect and preserve both conserva-
tion and economic values. Without a resolution,
the protection of the mussel species will remain
tenuous.

3 Summary

Although there has been a big push in society to
work together in a cross-disciplinary fashion to
address complex conservation and wildlife health

Table 1 Examples of alien invasive species (AIS) impacts on the determinants of health of the Rocky Mountain ridged
mussel (RMRM)

Determinant of
health Examples of the impacts of AIS on RMRM determinants of health

Direct mortality Native RMRM is under direct threat of mortality from the reduction of habitat and water quality
from encroaching Eurasian watermilfoil (AIS), predation by AIS of obligate hosts for successful
reproduction, and habitat destruction by humans. Zebra and quagga mussels have also been
identified as the most serious threat to the species but are not currently in the lake

Human
expectations

RMRM are important culturally to local First Nations but have no commercial or recreational
value. Policy conflicts exist on habitat protection through AIS control and the implications for
more valued species and more valued recreational use of the lake

Abiotic
environment

Changes to water regulation through the opening of the dam on Okanagan River has increased
access for potential predators (sockeye salmon) and opened the waterway to AIS known to be
present immediately downstream of the lake (largemouth bass, walleye, etc.)
Increased recreational water traffic increases the potential to introduce invasive mussel species to
the lake including zebra and quagga mussels

Social
environment

Much of the social requirements of the species are unknown including population densities,
demographics, host densities for successful reproduction. It is not known what effects AIS will
have on these features

Needs for daily
living

Habitat availability and quality of food web productivity, water temperature, ecologic resilience,
and access to hosts for successful reproduction are all being impacted by invasive aquatic plants
and animals

Biological
endowment

With the introduction of new fish species and the continued proliferation of those already
introduced there are unknown effects on population age structure, potential parasites and diseases,
growth rates, and reproductive success. This has implications for the obligate fish host involved in
RMRM reproduction
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issues, the degree of success is often based on
individuals not organizational mandates. This
case study demonstrated how a health model can
be used to provide an integrated perspective to
complex wildlife management issues. It is partic-
ularly useful to remind ourselves that addressing
issues from a single hazard point of view is less
likely to have positive outcomes.

This case study has illustrated that the legal
protection of Rocky Mountain ridged mussels
and their habitat can be beneficial to both the
persistence of the species and control of AIS.
The hurdle rests with humans. Are we willing to
work together to reduce harm to the watershed or
will we remain entrenched in our different
mandates (i.e., economic development, conserva-
tion, recreational opportunities)?
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Wildlife Health Promotion Concepts



Human Dimensions of Wildlife Health
Management

Craig Stephen

Abstract

Wildlife health cannot be understood or man-
aged without understanding the people who
affect or are affected by a state of wildlife
health. Key factors that shape decisions
about wildlife health management lie outside
the domain of science and technical solutions.
Human dimensions of wildlife health refer to
how and why people value wildlife or per-
ceive wildlife health, what they want to be
done to manage health, and how they affect or
are affected by health management decisions.
Human dimensions information helps us bet-
ter understand the role of people in the origins
and control of wildlife health, the significance
of poor wildlife health on people, and how
human behaviors and values can impact man-
agement options and success. This chapter
introduces that understanding how people
perceive a wildlife health event as a risk
(or not), how they decide to act on a health
threat, and how to help people work together
toward a wildlife health goal is critical to
effective, acceptable, and sustainable man-
agement interventions.

Keywords

Human dimensions · Wildlife · Harm
reduction · Health

1 Introduction

At its most basic, wildlife health management is
influenced by three parts: (1) the prevalence of the
problem; (2) public or professional concern about
the problem; and (3) management objectives and
actions to address people’s perceptions of the
impacts of the problem (Decker et al. 2012).
Two of those three parts are focused on concern,
objectives, and actions, which are human
constructs. Chapter 2 introduced the concept of
wildlife diseases such as social illnesses. The
disease is the objective term referring to diagnos-
able abnormalities in organs or body systems,
whereas illness is a subjective term referring to
an individual’s perception of the origin and sig-
nificance of a health event. In other words, dis-
ease is a biological condition and illness is the
social meaning of the condition. In the absence of
a social meaning, such as risk to public health,
impact on economies, effect on valued ecosystem
components, or implications for perceived inher-
ent worth of an animal, there would be no moti-
vation for people to respond to wildlife disease.
Chapter 2 also introduced four pillars of wildlife
population health management: (1) building wild-
life management and health policies that protect
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the determinants of health; (2) focusing on creat-
ing healthy environments that support sustainable
access to the determinants of health;
(3) strengthening collaborative action; (4) and
reorienting wildlife health from only disease to a
providing a continuum of care. Each of these
involves getting people to do something. Wildlife
health, therefore, cannot be understood or man-
aged without understanding the people who affect
or are affected by a state of wildlife health. How-
ever, the bulk of research and response to wildlife
disease has historically medicalized the problems,
ignoring the social context of wildlife health.

The rapidly changing environmental, disease,
and economic pressures facing wildlife are
multiplying and compounding each other and
threatening the sustainability of an ever-
increasing number of species. Biomedical
interventions, while critical tools for wildlife
health management, are not designed to remedy
the situations that lead to the disease, problem, or
illness in the first place. Wildlife health has usu-
ally been viewed as a technical topic under the
domain of technical experts like veterinarians or
biologists. Plentiful experience has, however,
shown that key factors that shape decisions
about environmental risk management lie outside
the domain of science and technical solutions
(Gregory et al. 2006).

Emerging diseases are not microbiological
events. The extinction crisis is not an environ-
mental issue. Climate change is not due to the
type of fuels we use. They are the results of the
constraints we place on human decisions and
choices. Wildlife health managers need to under-
stand the ways decisions involve difficult and
sometimes controversial trade-offs between eco-
logical, health, and social objectives if they hope
to succeed in identifying feasible and socially
acceptable ways that enable collective actions to
meet wildlife health goals. The gaps in informa-
tion and problems finding the ‘one right answer’
due to the complexity of many wildlife health
issues leave room for different interpretations of
the best course of action. No longer is it possible,
or advisable, to “just let the science” lead the way.
Population health specialists must be able to

thrive at the intersection where science meets
the human dimensions of wildlife health.

2 Human Dimensions of Wildlife
Health

Scientific evidence may be the foundation of
wildlife health policies and practices but “all
wildlife management is motivated by human
values” (Decker et al. 2006). Society, not
scientists, decides what we want to protect, how
much we want to invest, and what we are willing
to lose. Human dimensions of wildlife health
refer to how and why people value wildlife or
perceive wildlife health, what they want to be
done to manage health, and how they affect or
are affected by health management decisions.
Human dimensions researchers study how values,
individual and social behaviors, institutional and
decision-making frameworks, communication,
and knowledge affect wildlife management
(Decker et al. 2006). The purpose is to better
understand the role of people in the origins and
control of wildlife health, the significance of poor
wildlife health on people, and how human
behaviors and values can impact management
options and success (Box 1).

Box 1 Three Most Important Human
Dimensions for Wildlife Health Managers
(Adapted from Leong and Decker 2020)

Understand how beliefs, attitudes, and
norms influence how people perceive
risks or benefits arising from wildlife
health status or outcomes.

Work with stakeholders and rights holders
to better understand their concerns and
values to co-design policy and effective
management response that will gain
public approval or consent.

Communicate risks and options to
empower and inspire people to reduce
human contribution to wildlife disease
or other health harms, increase

(continued)
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protective behaviors, and avoid
misunderstandings about management
intentions.

Human behaviors and choices are sometimes
the most viable targets of wildlife health
interventions or are at the root of many problems.
For example, the frequency and adequacy of
cleaning bird feeders can influence the exposure
of songbirds to pathogens such as Salmonella
spp. (Feliciano et al. 2018). The desire for wildlife
in the pet trade and food can drive the spread of
emerging zoonotic pathogens in the wildlife trade
(Smith et al. 2009). Urbanization and agriculture
shift wildlife ecology in ways that alter infectious
disease dynamics (Becker et al. 2015). Human
activities can spread wildlife pathogens such as
Ranavirus in amphibians (Price et al. 2016).
Looking beyond infectious diseases reveals even
more ways human decisions influence wildlife
health. For example, road design and traffic
speed affect automobile accidents involving wild-
life (Glista et al. 2009). Industrial practices deter-
mine the extent of wildlife exposure to
contaminants or the degree of degradation of
habitat quality or availability needed to meet
wild animals’ daily needs.

Wildlife health management and research need
to be informed and prioritized by stakeholder
needs, values, and expectations to ensure that
evidence is translated to policy and actions that
are acceptable and feasible, and therefore, likely
to be implemented (see Chap. 21). Human values
shape how we perceive wildlife health issues and
establish our tolerance of the impacts of the issue
and acceptability of management actions.
Managers should be equally reluctant to make
decisions without biological and ecological infor-
mation as when they are faced with inadequate
information about the public and other interest
groups (Vaske et al. 2009). Understanding how
stakeholders perceive a wildlife health issue is
crucial in crafting effective management
responses (Wobeser 1994).

3 Risk Perception

Population health practitioners often want to
influence people’s risk perceptions, believing
that if they had the “right” perceptions, they
would opt for behaviors that protect their health
or wildlife health. But what technical experts
perceive to be the right risk perception may not
be the same as others. The complexity, uncer-
tainty, and ambiguity of many wildlife health
issues often result in stakeholder and public risk
perceptions differing significantly from risk
estimations determined through formal risk anal-
ysis (Decker et al. 2006). “People judge a risk not
only by what they think about it but also by how
they feel about it” (Slovic and Peters 2006).

Volumes have been written about risk percep-
tion without one single best explanation. Some
generalizations can be made (Table 1), but they
are filtered and modulated by gender, age, educa-
tion, experience, and culture. People are not gen-
erally optimistic or pessimistic about risks but
instead tailor their perceptions to a specific risk
(Ferrer and Klein 2015). If the goal of risk com-
munication is to help people make health protec-
tion decisions on behalf of wildlife, risk
communication efforts must involve not just giv-
ing people data and information but also account-
ing for the audiences who hear this information.

Risk communication (see Chap. 25) has sev-
eral functions (Rickard 2021), one of which is to
alert people to a circumstance. Usually, it also
strives to direct information to people who can

Table 1 Questions influencing how people perceive a
risk (Slovic 1987)

Are the risks sufficiently balanced by benefits that arise
from the risky situation?
Is the risk imposed or voluntary?
Is there the potential for a catastrophic outcome?
Will there be effects on future generations?
Are the risks and benefits equitably distributed?
Will children be affected?
Are the risk or its impacts controllable?
Do associated outcomes produce a feeling of dread?
Is a small or large number of individuals likely to be
impacted?
Is there potential for a broad social impact?
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take or influence actions to avoid an underside
outcome. Risk communication can help put infor-
mation into an appropriate social context that
allows people to better understand how they
relate to the issue. Effective risk communication
is not only about what you say but also how you
say it. Whose voice is heard, who gets to speak at
meetings, how decisions on assessing the risk are
made, and even seating arrangements at meetings
can all affect the real and perceived fairness and
trustworthiness of the risk communication
messages. People are more likely to make
informed decisions about risk and take appropri-
ate actions when they can voice their concerns
and are given due consideration in the process.
Efforts to solve wicked problems need attention
to the messages, messengers, and audiences
involved in the risk management process
(Rickard 2021).

4 Healthy Decision-Making

Health management strives to turn knowledge
into action by targeting behaviors, situations,
and circumstances influencing vulnerability and
risk. Virtually everything we try to influence to
promote and protect wildlife health requires
someone to decide or to act in a certain way.
Perceptions, motivations, skills, and
environments are key influencers of if or how
we change our decisions or actions. There are
two broad aspects to changing: thinking about it
and doing it (Stephen 2020). Helping people find
and understand information, become comfortable
with the value, feasibility, and acceptability of
change, and believe they can change are critical
first steps in helping people think about making a
change. Creating or finding opportunities to act,
showing the value or benefits of change, and
developing the social support to motivate
maintaining the change all help people turn their
intentions into action.

Changing a behavior is not a discrete or single
event. Change requires patience and persistence.
It is a process. There are many models and
theories of change. None are ideal and suited to
all situations and contexts. The Health Belief

Model (Champion and Skinner 2008) argues
that to change, people must first perceive that
the problem they are trying to avoid is serious
and that they are susceptible to being affected by
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. The Model recognizes that people need a
cue to action before the change will happen.
These may be internal cues (e.g., their access to
a wild food source is limited) or external cues
(e.g., media messages about risks from the wild-
life trade). The last component of the Model deals
with a persons’ confidence in their 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, socioeconomic status, and
knowledge. Perceived barriers and perceived sus-
ceptibility can be the most powerful predictors of
the likelihood that a person will adopt a behavior.
Concepts from the Health Belief Model can be
used to formulate questions that can help under-
stand the human dimensions of a management
recommendation (Table 2).

The concepts and theories described earlier for
supporting individual change are also relevant to
supporting community and organizational
change. Although we often need organizational
change to enable our desired health management
action, it is people who change and not
organizations. The literature on leading change
in socioecological systems tells us that complex
systems cannot be changed by the top-down,
command, and control management. Instead, it
needs a collaborative, inclusive, and participatory
approach that allows individuals to act indepen-
dently and make their own free choices (Westley
et al. 2013). A key to community change is
finding 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. Community change
happens when local people work together to
transform the conditions and outcomes that mat-
ter to them. The Centers for Disease Control and
Prevention in the United States of America
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described five phases in the process of commu-
nity change (Table 3) (USCDC 2018).

5 Collaborative Policy
and Planning

Wildlife health depends on multiple partners,
stakeholders, and the public working together to
achieve health goals. Collaborative partnerships
are, therefore, needed to improve wildlife health
conditions and outcomes. Such collaborations are
not easy to establish or continue. Developing a
clear vision and mission is widely regarded as an
essential aspect of collaborative partnerships
(Roussos and Fawcett 2000). Seven other
elements for positive partnerships are (1) a
broad range of participation from diverse partners

and a balance of human and financial resources;
(2) leadership that inspires trust, confidence, and
inclusiveness; (3) effective multi-way communi-
cation; (4) clear formal and informal roles;
(5) trust; (6) attention to the political, economic,
cultural, social and organizational impacts; and
(7) evaluation for continuous improvement
(Corbin 2017).

Action planning has also been associated with
increases in rates of change (Roussos and Fawcett
2000). This is the process of identifying what
changes to facilitate, who will produce them and
by when, and how to gain support and minimize
opposition in the process of bringing about the
change. Effective communication, meeting facili-
tation, negotiation, and networking are needed to
avoid conflicts and increase the chance of an
agreed-to plan. The more the planned outcome

Table 2 Some guiding questions based on the Health Belief Models that can help population health practitioners
appreciate human dimensions of a proposed management action (adapted from Stephen et al. 2020)

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?
• Do the perceived risks of change outweigh perceived benefits and what is
the basis for that ‘calculation’?
• Can barriers to action be feasibly and acceptably overcome?

Cues to action • What is the preferred and trusted medium and method of the target
audience to provide cues to action?
• Who is a trusted voice that can provide cues?

Self-efficacy •Have people been shown how to perform the desired behavior or trained or
assisted in implementing the change?
• Is there a series of incremental steps that can encourage change?

Table 3 Five stages of community change described by the US Centers for Disease Control and Prevention (USCDC
2018)

Stage Features

Commitment A coalition of community members and other agencies is established to give participants ownership
of the process and create a pool of resources to support change

Assessment Information on what the community needs is gathered in a manner that gives the community a voice.
This helps to organize the community around the issue and can significantly influence program
design

Planning The coalition works with key partners to collectively develop a plan to implement the change
Implementation Stakeholders and partners collaborate with the community team to implement and maintain the

change by securing commitment and ownership of the actions
Evaluation Evaluation runs throughout the entire change process to determine if you are implementing the right

strategies and if the desired impacts are being reached
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matters to community members, influential
leaders, and stakeholders, the more likely there
will be human and financial support for progress
toward those outcomes (Roussos and Fawcett
2000).

6 Summary

Howwe value wildlife, our willingness to act, and
how we judge risks play a much bigger role in the
outcome of a health management action than does
biology or medicine. This chapter, along with
Chap. 5 (participatory epidemiology), Chap. 7
(socio-ecological field investigation), Chap. 20
(policy), Chap. 21 (engaging community, govern-
ment, and researchers in collaborative wildlife
health management), Chap. 22 (leading change
with diverse stakeholders), and Chap. 25
(describing and communicating risk to diverse
audiences), provides some insights and
approaches to dealing with the human dimensions
of wildlife health. But, together, they only scratch
the surface of human dimensions research,
methods, and concepts that are critical for wildlife
health management. If only one message is
remembered from these chapters it is that wildlife
health managers are in the business of human
belief, behavior, and values. Wildlife population
health practitioners are strongly encouraged to
form alliances and partnerships with social
scientists who are experts in understanding and
facilitating collaboration with the people who
affect and are affected by wildlife health.
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Healthy Policy for Healthy Wildlife

Bob Petrie

Abstract

Policy is a tool to put knowledge into practice.
Policies are courses or principles of action
adopted or proposed by a government, busi-
ness, or individual that balance social and
technical knowledge and turn it into action.
Wildlife management is often conducted by
government or government-appointed
agencies, therefore, policies are developed in
the public interest by government agencies.
There are, however, multiple policies outside
of wildlife agencies that influence the
determinants of wildlife health. Healthy
policies for wildlife improve the conditions
under which wildlife live (thus ensuring their
access to their determinants of health), protect
public interests in wildlife (for cultural, eco-
nomic, or ethical reasons), and/or manage risks
to people from wildlife or economic interests
(such as from zoonotic or exotic infectious
diseases). The aim is to improve health
outcomes through collaboration between wild-
life health managers and those nontraditional
partners who have influence over vulnerability
and adaptive capacity animals through innova-
tive policy. This chapter reviews the context
and processes through which policies for
healthy wildlife can be created.

Keywords

Policy · Knowledge-to-action · Wildlife ·
Healthy policy · Public interest ·
Preparedness · Decision-making

1 Introduction

The pathology, epidemiology, and environmental
elements of wildlife health all inform our under-
standing of what is happening, but do not answer
the question of what should we do about it? The
challenge in managing wildlife is often in manag-
ing people, not wildlife. Our interactions with
wildlife, their habitats, and the quality of the
environment determine their health. Ecosystems,
without human intervention, will function within
their range of natural variability, but since human
environmental disturbance is now a dominant
influence, the questions we have before us are if,
how and when to intervene, in what way do we
intervene, and how do we manage human oppor-
tunity to address wildlife health issues? This is
where the role of policy becomes relevant, since
without the tools to put knowledge into action, the
knowledge is literally and unfortunately, only
academic.
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2 Context and Governance

Wildlife management rests largely, but not exclu-
sively, within the responsibility of government
agencies, or bodies appointed by governments.
It exists within a much larger, almost overwhelm-
ing context of other social, environmental, and
economic challenges that compete for the atten-
tion and budgets of elected officials and policy
makers. Wildlife agencies exist in their own eco-
system of other government agencies with differ-
ent mandates and priorities, and with limits on
what they can do amid high public expectations.

Scientists may often think that there should be
a direct line between research outputs and action.
When discoveries or findings are made
concerning a particular disease or wildlife health
issue, or if the status of species-at-risk changes, it
is believed that action must automatically be
taken. In reality, resources are limited, and public
policy challenges are increasing and complex,
making it difficult to balance budgets, time, and
other resources between various government
responsibilities such as education, public health

care, infrastructure, and social programs to name
a few. Policymaking is a social process that is
ideally informed by, but not dictated by science
(Sienkiewicz and Mair 2020). This highlights
how important it is for wildlife health and other
natural science practitioners to understand the
various approaches by which knowledge is used
to make the arguments for, and to inform policy,
and to look for innovative ways to create and
implement policy.

2.1 What is “Policy?”

A useful enough definition of policy is “a course
or principle of action adopted or proposed by a
government, party, business, or individual”
(Oxford Languages 2021). We can think of policy
as an umbrella term for describing what we
should do. Policy can be expressed and
implemented in various forms, from the general
to the specific, including strategies, policies, laws,
plans, procedures, guidelines, and technical
standards (Table 1). For example, it is the policy

Table 1 The policy continuum ranging from more general at the top of the table to specific policy mechanisms at the
bottom

Policy form Description

Strategy a plan of action or policy designed to achieve a major or overall aim General

Specific

Policy a course or principle of action adopted or proposed by a government
Legislation overarching laws governing a particular topic
Regulation more specific rules made under legislation
Plans detailed proposals for doing or achieving an objective
Guidelines general rules, principles, or advice that may not be legally binding
Procedures a series of actions conducted in a certain order or manner
Technical standards an established norm or requirement for a repeatable technical task
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of most governments that harmful interactions
between wildlife and people should be
minimized. One approach used to accomplish
this could be to establish legislation and
regulations that prohibit feeding wild animals.
The public can be educated with guidelines on
how to interact with wildlife (or not). Govern-
ment staff can be given specific procedures that
they follow when responding to a report of a wild
animal attack or a diseased animal. If an animal
must be drugged or euthanized in response, tech-
nical standards and guidelines would exist that
ensure this is done safely and humanely, and
that biological samples are taken to look for any
disease.

Healthy wildlife policy provides leadership,
direction, preparedness, and consistency in the
management of wildlife and health issues. Good
policy outlines who is in charge, what they are
trying to accomplish, and how, such that all
parties know what is expected of them. A fre-
quent concern cited by business sectors is the
inconsistency in how government rules are some-
times applied, or differences in the implementa-
tion of programs, between jurisdictions, or
sometimes within a jurisdiction. Many business
sectors will accept policies and regulations, so
long as they are applied fairly and consistently.

2.2 Policy Roles

Whether the perspective is to conserve wildlife
for their inherent existence value, utilitarian
reasons or to manage risks to society, ultimately,
policy for healthy wildlife is in the public interest.
Wildlife health issues can affect numerous and
varying public interests. For example, diseases
are becoming a more frequent cause of declines
in wildlife abundance and extinctions, and wild-
life has been the source of numerous emerging
infectious diseases of public health, agricultural,
or conservation concern. Climate change,
resource extraction, and landscape change are
increasing, with increasing impact on wildlife
populations. Social license and public demand
for ecological goods and services require society
to have the capacity to measure, monitor,

maintain, and respond to wildlife health concerns
(Anon 2018).

Healthy policy is needed to address the spe-
cific dimensions and determinants of wildlife
health. In a general sense, policy can influence:

• Decisions affecting wildlife habitat—quantity,
quality, and distribution.

• The introduction and movement of alien spe-
cies and pathogens and the surveillance and
preparedness for and response to these.

• Harvest levels, including the utilization rights
of indigenous peoples.

• Government responses to wildlife disease and
related public health issues.

• Funding priorities for wildlife management
and research.

• The promotion or regulation of business
sectors that may influence wildlife health
(i.e., exotic pet trade, agriculture, forestry,
mining).

Regulatory policy need not always be seen as a
burden to economic development. Policy can sup-
port economic activity when the market requires
that an absence of infection or harm be
demonstrated in order to sell a product (Anon
2018). For example, the Agreement on Interna-
tional Humane Trapping Standards sets out wel-
fare thresholds for trap performance requirements
as agreed to by Canada, the European Union, and
Russia. Meeting these requirements enables trade
in fur products between these jurisdictions.

Policies affecting wildlife health may be
enacted by agencies unrelated to wildlife manage-
ment. For example, policy will determine how
wildlife habitat is managed (i.e., whether
wetlands can be filled in, how much of what
type of forest must be retained during timber
harvesting), whether specific diseases must be
reported by veterinarians and physicians, or how
governments are prepared (or not) to respond to
diseases. In gathering health intelligence, general
government policy may dictate how information
may be gathered, by whom, if and how it is
shared. For example, information management
policies dictate how the public may request access
to government data. Newer policy, for example,
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increasingly calls for government data to be
posted openly online where it is available to the
public and researchers.

Policy can inform or affect the capacity of
governments to manage wildlife health and the
manner in which they do so. Ideally, when a
policy and a course of action are decided upon,
it provides a business case for the necessary bud-
get and human resources to be assigned to meet
the objectives.

Policy also informs what specific roles and
responsibilities are assigned to which government
agencies. This has implications for determining
priorities for work, how risks are assessed and
addressed, and by whom. In many instances,
multiple policies across several regulatory
agencies can affect the same wildlife health
issue. For example, in some jurisdictions, cervid
farming is managed as an agricultural activity due
to the economic benefits it produces, while the
wild cervid herds and the consequent hunting and
conservation are managed by the wildlife agency.
This means that deliberate effort is needed to
communicate and coordinate between agencies
on the joint management of the same species,
literally depending on which side of the fence it
is on. Measures necessary to protect the wild and
farmed herds from diseases such as Chronic
Wasting Disease should be developed and
implemented jointly. As another example, in
jurisdictions that regulate wildlife in captivity,
the inclusion of exotic wildlife within those
responsibilities may vary between jurisdictions.
This means that the health and welfare of exotic
wildlife in the pet trade, or within zoos, the prob-
ability of zoonotic disease transmission to owners
or handlers or the public, or the risks associated
with the escape of potentially invasive or danger-
ous animals would be handled differently
depending on which country, province, state, or
even town and county the animals happen to
be in.

The direct responsibility for wildlife health
policy often rests with the wildlife management
agency. That is where the biologists, wildlife
managers, veterinarians, and ecologists work, so
this seems logical. However other agencies make
decisions that determine, for example, where

highways are built that increase wildlife
collisions, how and when wastewater treatment
plants are upgraded to reduce pollution, and how
agricultural operations manage livestock and
waste. These examples illustrate that: (a) there is
no one set of policies that determine the health of
wildlife and (b) wildlife policy makers must
understand and develop relationships, formally
and informally, across a breadth of government
agencies, industry groups, academic, and non-
government organizations to build awareness
and influence others in ways that promote healthy
wildlife.

3 Making Policy

Policies are usually made when there is uncer-
tainty in decision-making that needs to be
resolved, or when people are making different
decisions in similar circumstances and a common
approach is needed. This often arises because of a
new problem that has emerged or changing
circumstances for which old policies and
approaches do not suffice. In beginning to deter-
mine what should be done, it is always necessary
to accurately define the problem, as this will affect
all subsequent steps in policymaking. In the case
of wildlife health, this can be a particularly tricky
step in the process. There are many determinants
of healthy populations (see Chapter 1), and if we
define the problem too broadly, we risk ending up
with policy that provides no specific or useful
direction. However, when we look at problems
in isolation, we risk missing the connections and
interactions between issues that cumulatively or
synergistically lead to the challenge at hand.

Once the problem is defined, a decision is
made whether to intervene, and the specific
goals and objectives are outlined. This is typically
completed by wildlife professionals and approved
by senior staff within government departments.
At this stage, a risk assessment might also be
completed to determine the likelihood and the
severity of consequences if no action were
taken. Once the decision is made to proceed
with the development of a policy tool, consulta-
tion must be completed. As mentioned above,

214 B. Petrie



managing wildlife is about managing people,
their interactions, and responses to wildlife. Gov-
ernment decisions affect people, in fact they must,
to take effect. However, if decisions are made
without consulting the people that are either
affected by the decision, or who may play a key
role in determining its success, then the policy
tool runs the risk of either not receiving ultimate
government approval due to public opposition
(i.e., in the passage of a law), or of being designed
in a way that doesn’t reflect the reality of the
targeted sector or process. Consultation with
indigenous peoples is particularly important. It
will help determine whether indigenous rights
are affected by the proposed policy and serve to
gather traditional knowledge which may add
value to the design of the policy instrument. For
example, a consultation with indigenous people
concerning the joint management of a moose
harvest in a Canadian province helped build a
relationship that led to indigenous harvesters sub-
mitting biological specimens to the wildlife
agency during their harvest. These specimens
supplemented the sample collection already
underway with non-indigenous harvesters and
added to the knowledge base concerning the
health of the moose population.

Once consultation with the right stakeholders
and rights holders, the public and other govern-
ment agencies are complete, a full analysis of the
options is typically conducted and the instrument
(i.e., a new law, a policy, or procedure) is
designed. Final approval is often up to govern-
ment decision makers whether they be at the
executive levels of government agencies, or
elected leaders, depending on the significance of
the policy. In most democratic societies, the ulti-
mate authority to make major policy decisions
rests with elected officials who rely on the
professionals within their departments to analyze
issues, and present evidence, options, and
recommendations. In these situations, the process
by which scientific evidence is presented is key to
the ability to get new policies and initiatives
approved. As mentioned at the beginning of the
chapter, governments and elected officials rou-
tinely deal with an overwhelming variety of
issues that compete for time, attention, and

money. Scientific evidence that supports a course
of action is one of several kinds of information
that will influence decisions. Other factors
involved in decision-making may include the per-
sonal experiences of decision makers; informa-
tion as presented in the media; and opinions and
experiences of constituents and the public as
voiced to the decision maker, most often now as
conveyed through (and amplified by) social
media. It is arguable whether all these factors
are helpful in making informed policy decisions,
but they must realistically be acknowledged (see
Chapter 8 on evidence-based decision-making).

All of this often culminates in the briefing,
which is the meeting with executive or elected
officials in which the problem, context, evidence,
and consultation results are presented to inform
the discussion, confirm a course of action, or seek
approval. As the name implies, these are usually
not lengthy discussions about the issues (such
discussions arise from preceding efforts
completed by professional and bureaucratic
staff). It is important to follow some best practices
that will help ensure at the very least, the infor-
mation has been presented effectively in a policy
briefing, and at best, decisions are made that are
well informed. Features of effective policy
briefings are in Table 2.

Governments typically have high-level strate-
gic priorities that are intended to communicate to
the public what the government will focus on
during their term in office. Examples of these
often include health care, education, economic
development, and infrastructure. Environmental

Table 2 Key attributes of effective policy briefings
(adapted from Professional Policy Making Workshop—
Dalhousie University, School of Public Administration,
Centre for Advanced Management Education)

Clearly identifies the purpose, intended outcome, and
decision to be made
Summarizes the most important contextual information
Summarizes critical issues (opportunities, risks,
consultation results);
Acknowledges risks and trade-offs
Presents conclusions, advice, or recommendations
Concludes with a clear “ask” (a request or
recommendation for action)
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issues such as climate change are increasingly
found in these high-level priorities, but one
would not often find wildlife health among
them. When possible, it helps to demonstrate
how the wildlife health policy initiative being
proposed can support the government’s higher
level goals. For example, a program of monitor-
ing wild birds for avian influenza may also be
seen as reducing risks for the poultry farming
sector. New laws restricting the movement or
possession of exotic animals as pets can contrib-
ute to public health by reducing the probability of
zoonoses.

Once a course of action has been decided upon,
work will continue to implement the chosen policy
instrument. This may entail passing a new law by a
legislature or parliament, formal approval of a new
policy, or a technical standard created by an orga-
nization. The policy makers then need to effec-
tively communicate the new policy. Depending
on the significance of the policy change, it may
be necessary to communicate it broadly through
the media, hold specific meetings or workshops
with the affected stakeholders, or conduct training
for staff and/or stakeholders. New laws or policy
instruments should be posted online where the
people who need to know can access them.
When the policy change is a significant departure
from the status quo, it is sometimes necessary to

allow a transition period so that affected parties
have time to make the changes needed before the
new policy or law takes full effect.

4 Collaboration
and Coordination

Wildlife health involves a wide variety of govern-
ment agencies, academic interests, industry
groups, and nongovernment organizations. Indige-
nous peoples at the community, regional and
national government levels are particularly impor-
tant because of the knowledge they can contribute,
and the importance of wildlife to both their
cultures and livelihoods. Geographically, the
scale at which policy can affect wildlife health
ranges from the community level to subnational
(i.e., provincial, state), national, and even interna-
tional levels (Table 3). Policy instruments are
applied at all these levels. Working arrangements
are needed that bring the right people together to
collaborate and coordinate at the right scales.

Although wildlife does not respect borders,
policies and laws are passed by governments
with borders. Consequently, various arrangements
have evolved over time to enable governments to
work together. Internationally, agreements such as
the Convention on Biodiversity provide a forum

Table 3 Examples of policies that are found across geographic scale to influence how wildlife health is managed

global

local

Treaties and International Agreements Convention on Biodiversity
OIE—World Organization for Animal Health

National Health of Animals Act–Canada
Subnational Provincial/State Wildlife Acts
Local Municipal by-laws on exotic pets
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for nations to collectively agree on common goals
and objectives. While international agreements
such as this are difficult to enforce, they do have
a trickle-down effect on national governments and
how they set goals to adopt within their own
jurisdictions and for which there is clearer author-
ity to implement and enforce. Realistically how-
ever, the success of higher level (national/
international) goals and objectives is often depen-
dant on subnational governments to implement.

5 Summary

Policy making sits at the crossroads of informa-
tion, institutions, and interest. Whether the role of
the wildlife health professional is that of a
researcher, pathologist, veterinarian, or wildlife
biologist; whether they work in an organization

focussed on wildlife, environmental manage-
ment, public health, or agriculture, the value of
integrated and cross-disciplinary collaboration
and relationships should not be underestimated
in developing more robust, relevant policy
options that gain acceptance and most impor-
tantly, action by a diversity of partners.
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Stakeholder Engagement
for Collaborative Wildlife Health
Management

Matilde Tomaselli and Ryan W. Barry

Abstract

By presenting examples of comanagement
regimes for natural resources and lessons
learned, this chapter highlights why engaging
with multiple stakeholders—from government
representatives to resource user groups—is
essential for effective and collaborative man-
agement around wildlife health. Wildlife
professionals will learn to recognize the social
and technical skills required to effectively
develop, participate in, and maintain
comanaged programs for wildlife health. This
chapter specifically complements the wildlife
surveillance and participatory epidemiology
chapters of this book and provides practical
considerations for successful stakeholder
engagement, enabling wildlife health
practitioners around the world to better influ-
ence and achieve collaborative wildlife popu-
lation health management.

Keywords

Collaboration · Comanagement · Community-
based management · Joint decision-making ·

Joint problem solving · Participatory
management · Power sharing

1 Stakeholder Engagement
for Wildlife Health
Management

Developing an appropriate level of understanding
of wildlife health status through the continuous
collection of epidemiological data from wildlife
populations is the first step for implementing
informed wildlife health management (Mörner
et al. 2002, see Chaps. 4 and 7). However, devel-
oping robust and comprehensive data on wildlife
health, including early identification of possible
problems, alone is insufficient to support effective
and timely evidence-based decision-making.
Identifying and working together with relevant
stakeholders, including decision makers and
local resource users when present, are necessary
so that the information generated through either
monitoring or surveillance activities is success-
fully utilized to implement wildlife health actions.
Failing to recognize the integral role of stake-
holder engagement in programs for biodiversity
conservation can hinder their effectiveness and
result in suboptimal use of resources (Conallin
et al. 2017; Giakoumi et al. 2018), this is also
particularly true for wildlife health programs.

Experiences from the comanagement of natu-
ral resources have demonstrated that engaging
with local resource users, including wildlife
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harvesters, can improve management outcomes
(see next section). In the context of wildlife health
assessments, programs that adopt participatory
approaches, such as participatory epidemiology
and surveillance, are specifically designed to
engage with local stakeholders and resource
users from the outset, offering increased chances
of achieving collaborative wildlife management
(see Chap. 5). However, to ensure information
generated is successfully utilized for targeted
interventions, it is essential to also engage deci-
sion makers from the wildlife health sector and, as
appropriate to the context, also from the public
health and domestic animal health sectors. There-
fore, identifying who to engage with and how
should be tailored to the circumstances on a
project-by-project basis with consideration for
project objectives and issues that may arise, pref-
erably through the development of a specific
written plan.

Formal wildlife comanagement regimes offer
well-established frameworks and platforms for
engagement with a variety of stakeholders
which directly support wildlife management,
including governments and resource users. As
such they offer insights on the value of and
frameworks for working together with a variety
of stakeholders to improve decision-making
around wildlife health. However, wildlife health
practitioners should recognize such regimes as a
starting place only. As wildlife health intersects
with the health of humans, domestic animals, and
the environment, successful interventions around
wildlife health often require going beyond the
existing engagement structure and being inclusive
not only of decision makers from the wildlife or
natural resources sectors but also from the public
health and domestic animal health sectors as
appropriate to the operating context.

2 Wildlife Comanagement:
A Framework for Engaging
Stakeholders in Collaborative
Management

Borrowing from various definitions (i.e., Berkes
et al. 1991, IUCN 1997; The World Bank 1998;

Carlsson and Berkes 2005), comanagement can
be defined as a form of collaborative and
decentralized decision-making to manage a spe-
cific area or set of resources in which power,
responsibilities, and duties are shared between
stakeholders, including local resource users,
governments, and others (e.g., nongovernmental
organizations) as appropriate to each context.
While earlier examples of comanagement for nat-
ural resources date back to the 1970s, since the
1990s this form of collaborative decision-making
has become increasingly adopted and expected
(Plummer and Fitzgibbon 2004). Today
comanagement for natural resources—alterna-
tively referred to as collaborative management,
participatory management, or community-based
management—appears in different formats and
arrangements along a spectrum, where voices of
user groups increasingly shape management
interventions as we progressively move from
decision-making by centralized governments to
more decentralized community decision-making
models; thus expectations for stakeholder engage-
ment also progressively evolve from simple con-
sultation to joint decision-making (Berkes et al.
1991; Sen and Nielson 1996).

Formal comanagement regimes for natural
resources were developed in response to the rec-
ognition that traditional scientific top-down
approaches were inadequate to achieve effective
and sustainable interventions, which instead
required the inclusion of resource users in the
management equation. In other words, govern-
ment managers recognized that local users must
be a part of the solution to manage resources
sustainably. The recognition of the management
role of resource users stemmed from the increased
awareness that resource users’ knowledge
(or ecological knowledge) offered a different but
complementary perspective to scientific knowl-
edge (Berkes et al. 2000; Rist and Dahdouh-
Guebas 2006) and, when properly documented
and utilized, improved the holistic understanding
of natural systems, including environmental pro-
cesses and their impacts (Huntington et al.
2004a, b, see Chap. 5). Natural resource
comanagement regimes have also evolved
through increased recognition of indigenous
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rights, devolution of government responsibilities,
or negotiation of land claim agreements and simi-
lar legislative processes (Plummer and Fitzgibbon
2004).

Examples of comanagement approach applied
to different resources can be found throughout the
world, most commonly for fisheries (e.g., Sen and
Nielson 1996; Pomeroy et al. 2001; Makino and
Matsuda 2005), wildlife (e.g., Mayaka 2002;
Decker et al. 2005; Popp et al. 2019), and
protected areas (e.g., Borrini-Feyerabend 1996;
Da Silva 2004; Kepe 2008; Ross et al. 2009;
Farrier and Adams 2011). Here we offer two
examples from Canada that illustrate different
formats in which wildlife comanagement can be
operationalized: the Beverly and Qamanirjuaq
Caribou Management Board, an interjurisdic-
tional initiative to comanage caribou herds; and
the Nunavut wildlife comanagement governance
system established through the Nunavut Agree-
ment, a modern-day comprehensive land claims
agreement. While each type of framework can
offer examples of their specific challenges,
successes, and limitations, when considered
together they offer similar lessons on the impor-
tance of integrating common best practices for
stakeholder engagement into project design,
with consideration for the operating environment
(see next section).

The Beverly and Qamanirjuaq Caribou Man-
agement Board (BQCMB, www.arctic-caribou.
com) was established in 1982 as the first caribou
comanagement board in North America and has
been described as one of the most successful and
long-standing comanagement institutions in
northern Canada (Kendrick 2000). The BQCMB
consists of representatives from the government
of Canada and both local community members
and local government representatives from sev-
eral provinces and territories which harvest the
herds across their vast ranges and have associated
management responsibilities. This initiative is not
a land claims-based comanagement and has no
formal status in Canadian law but was formalized
through a specific Management Agreement that
clarified the board’s overall objective: to safe-
guard the Beverly and Qaminirjuaq barren-
ground caribou herds in the interest of the

Indigenous peoples who have traditionally relied
upon caribou. Although not without challenges,
over the years the BQCMB successfully coordi-
nated monitoring activities and established coop-
erative management of the herds for caribou
conservation, including through habitat protec-
tion (Thomas and Schaefer 1991). Bringing a
diverse group of stakeholders to the table to
comanage caribou has had many benefits but,
according to the BQCMB, “of all the strides
made throughout the board’s history, none is
more important than the improved level of trust
and respect among different Indigenous and gov-
ernment groups that these meetings have fostered.
Before, relations were uneasy as different cultures
and knowledge systems collided. But both sides
have made tremendous efforts to find common
ground, in order to conserve caribou for the use
of future generations” (BQCMB 2021a).

Unlike the BQCMB which was created
through an interjurisdictional agreement for the
management of a single shared wildlife resource,
wildlife comanagement in Canada’s newest and
most northerly territory—Nunavut—was
established through a comprehensive land claims
agreement and enacted through federal enabling
legislation. A multitude of different organizations
with distinct mandates and processes share
responsibilities for the management of wildlife
through a single regime that is applicable to all
wildlife across the vast territory of more than
2,000,000 km2. The objectives of Nunavut’s sys-
tem of wildlife management include fully
acknowledging and reflecting the primary role
of Inuit—northern Indigenous peoples—in wild-
life harvesting, serving and promoting the long-
term economic, social, and cultural interests of
Inuit harvesters, and inviting public participation
and promoting public confidence in wildlife man-
agement, particularly among Inuit. The strength
of Nunavut’s system originates in part from its
empowering of community-level Hunters and
Trappers Organizations (HTOs) which oversee
the exercising of wildlife rights by Inuit in their
respective communities, including harvesting
practices and techniques and nonquota limitations
(Government of Canada and Tungavik Federation
of Nunavut 1993). HTOs bring forward the
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experience and knowledge of individual
harvesters into their regular participation in the
formal processes of the Nunavut Wildlife Man-
agement Board (NWMB), which has primary
responsibilities for establishing, modifying, or
removing levels of total allowable harvest,
conducting harvest studies, supporting wildlife
research, approving wildlife management plans,
and other discretionary functions associated with
wildlife research, management, and conservation
(Government of Canada and Tungavik Federation
of Nunavut 1993). Nunavut’s system is constitu-
tionally protected and reflects a respect for Inuit
culture, traditions, and rights; for example, con-
sideration for the Inuit tradition of oral communi-
cation and consensus style decision-making,
requirements for operation in the Inuit language
of Inuktut, consideration for Inuit Qaujimaja-
tuqangit (Inuit knowledge), and extensive
programs for public participation are all
hallmarks of the Nunavut system.

While the BQCMB and Nunavut’s wildlife
management regime are unique to the
jurisdictions and resources they each represent,
to be effective, they and other comanagement
structures share a common need to ensure the
stakeholders they represent are actively engaged
throughout their respective functions and pro-
cesses. The BQMCB grounds the development
of its positions and recommendations on how
best to contribute to caribou protection and con-
servation through direct engagement with
resource users, traveling to caribou-range
communities to host workshops, and talk to
residents about caribou issues. The BQCMB
places significant emphasis on the development
of educational resources and tools including
posters, fact sheets, videos, youth programs, and
scholarships to “help present and future
generations understand the important environ-
mental, cultural, and economic roles that caribou
play, and especially to help them thrive in the
future” (BQCMB 2021b). Under the Nunavut
Agreement, the NWMB can choose how it should
carry out a public consultation, including which
parties should be able to make submissions and
how those submissions are to be made to it (Gov-
ernment of Canada and Tungavik Federation of

Nunavut 1993). As a matter of practice, in making
decisions about the wildlife that will affect a
community, the NWMB will consult with the
appropriate HTOs prior to making a decision,
typically in a format open to the public with
advance notice, simultaneous interpretation into
local dialects, and adequate time for discussion
and sharing of local perspectives and Inuit
Qaujimajatuqangit (Wheatley 2003). Like the
BQCMB and Nunavut’s wildlife management
regime, most comanagement structures and
initiatives benefit from the incorporation of mean-
ingful stakeholder engagement and offer insight
into best practices that can be applied to other
jurisdictions, regimes, and issues.

3 Ingredients for Success
to Develop and Maintain
Comanaged Projects
for Wildlife Health

Whether it is the creation of project-specific
committees or involvement in an ongoing
comanaged project, here are some aspects to con-
sider for effectively developing, participating in,
and maintaining comanagement initiatives
around wildlife health:

1. Understand the working context. As noted
above, comanagement may arise through dif-
ferent means (e.g., management agreement,
land claim processes, devolution of govern-
ment responsibilities, etc.) and it is important
to develop an understanding of the framework
for participation and decision-making, and the
roles and responsibilities of the respective
stakeholders. Understanding the management
framework will allow for the identification of
the most effective opportunities for engage-
ment and best use of participants’ time.
Investing time and effort into understanding
the local context is also necessary for
demonstrating respect for local cultures and
traditions, and for ensuring methods used
respect participant’s norms and beliefs.

2. Identify the right stakeholders. Consult to
determine the relevant local knowledge
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holders and scientific knowledge holders and
establish a framework for respectful acknowl-
edgment of differing viewpoints and consider-
ation and treatment of everyone’s knowledge.
Be clear about roles, responsibilities, and
demands on time to effectively manage
expectations. Recognize that some
stakeholders may not be regular participants
in a management framework. Creating a
bridge between parties working in silos may
also be necessary (e.g., public health and wild-
life management departments in government
may not commonly work together).

3. Demonstrate respect and cultural sensitivity.
Wildlife managers, resource users, and knowl-
edge holders may have very different
backgrounds, experiences, cultural outlooks,
and viewpoints. Ensure that all participants
are encouraged to actively engage, invited to
speak and share opinions, ask questions, etc. A
nonjudgmental approach should be adopted,
understanding our own biases and accepting
other viewpoints. This is particularly impor-
tant when indigenous knowledge holders are at
the table. For comanagement frameworks
originating in land claims agreements (such
as for the Nunavut wildlife management
regime referenced above) or other formats
with indigenous participants, it is critical to
understand and respect indigenous rights,
languages, and customs to build trust, establish
common ground and develop productive
working relationships.

4. Design a living plan. Work with participants to
develop a written plan that establishes the
scope of the program or initiative, with clear
identification of objectives, strengths,
weaknesses, roles, and responsibilities. Writ-
ten plans can serve as terms of reference for a
project or initiative to keep everyone focused
on the goals and their role in helping to realize
them. They should be updated on an ongoing
basis as needed to fit evolving needs of the
initiative and stakeholders, with the input of all
those involved. Monitor and evaluate the plan
as it is implemented to take stock of what is
working well and what could be improved

upon and consider whether periodic reporting
or formal audits may be helpful to achieve
continuous improvement.

5. Design a communication strategy. It may not
be enough to encourage participants to
actively engage. Instead, a more comprehen-
sive communication strategy (included in the
‘living plan’ discussed above) can be used to
guide these efforts, including such items as
consideration for interpretation/translation
needs; confirming a common understanding
of important terminology that will be used
and utilize plain language as much as possible;
and articulate planned meeting frequency,
length of review periods, notice for public
meetings, provisions for reporting back
and/or reporting publicly. Documenting
engagement efforts and communicating on a
regular schedule can prevent loss of momen-
tum when established participants exit and
new participants enter comanagement
initiatives. A strategy should help to ensure
information is presented and communicated
in formats that resonate with stakeholders and
facilitate decision-making—this may require
different ways of presenting the same informa-
tion, depending on the audience. Remember
that scientific publications are not necessarily
the right format to present information for
community members and decision makers as
they do not allow for inclusive discussion
when people other than scientists are at the
table. For example, the BQCMB utilized a
multiday workshop to enable a diverse group
of stakeholders to effectively share informa-
tion on caribou and work together for their
conservation (see BQCMB 2011).

6. Practice consensus-building. Recognize that
you may encounter conflicts with how infor-
mation and results are interpreted or under-
stood and build in the adequate opportunity
for reviewing data and results together. Be
ready to help organizations or individuals
with opposing viewpoints or conflicts to
work together, reminding participants with dif-
ferent viewpoints and backgrounds that they
are all working together toward common goals
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that can help to establish common ground and
create a positive working environment. As
conflicting views and concerns may arise or
develop throughout the process, it is also
important to create opportunities to listen to
and address stakeholders’ concerns, particu-
larly for the concerns of resource users. To
be successful, comanagement processes must
provide sufficient time for knowledge genera-
tion and joint learning amongst participants,
with truly collaborative decision-making often
only made possible through extensive deliber-
ation and negotiation (Berkes 2009).

7. Consider opportunities for capacity-building.
Whether initiatives are short term or operate
for years or decades, identifying opportunities
for education and capacity building (such as
the example of the BQCMB noted above) can
empower current and future participants, build
a positive legacy and improve future
outcomes. Some stakeholders in
comanagement initiatives may have limited
resources and experience capacity challenges
which can adversely impact their effective par-
ticipation. There is growing recognition that
research and monitoring programs that rely
on and benefit from local knowledge and par-
ticipation must consider how to give back,
leave a positive legacy, and build capacity
within the communities of interest (Hacker
et al. 2012; Diver and Higgins 2014). Capacity
building at the institutional, individual, and
community levels also contributes to develop-
ing a sense of common purpose and
empowering stakeholders to participate more
effectively in the collaborative management
process (Raik 2002).

4 Summary

Wildlife health practitioners must acknowledge
stakeholder engagement as an integral and neces-
sary component of wildlife health programs that
should be formalized through a specific plan as
early as possible to best influence decision-
making around wildlife health. While

participatory approaches to wildlife health
assessments such as participatory epidemiology
and surveillance are designed to meaningfully
engage with local stakeholders, wildlife health
practitioners must also engage with decision
makers from different government sectors,
including wildlife, domestic animal, and public
health, to make sure the participatory surveillance
process and output effectively influence
management.

Comanagement regimes of natural resources
including wildlife can serve as models for how
to bring multiple stakeholders, from government
representatives to resource user groups, together
at the decision-making table to work toward col-
laborative wildlife health management. Shared
management decisions between government and
local resource users can be achieved through
meaningful stakeholder engagement even when
the jurisdictional framework of operation does
not expressly contemplate the joint decision-
making model (as seen with the BQCMB). To
achieve this goal, wildlife health practitioners
must be equipped with social and technical skills
to be able to effectively develop, participate in,
and maintain comanaged programs for wildlife
health. This chapter provides insights on how to
do so, highlighting that to be effective stakeholder
engagement must also be customized to the
operating context. As comanagement approaches
are becoming more common throughout the
world, in part through the settlement of land
claims agreements and growing worldwide rec-
ognition of indigenous rights, it is increasingly
important that wildlife health practitioners
acquire the necessary skills to develop and
actively participate in formal multi-stakeholder
discussions to be better equipped to effectively
influence and achieve collaborative wildlife pop-
ulation health management.
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Leading Change with Diverse
Stakeholders

Catherine Machalaba and Jonathan M. Sleeman

Abstract

The shift to holistic approaches to managing
wildlife health, and the complex landscape of
partners and stakeholders, has led to a focus on
the development of leadership skills in addi-
tion to technical expertise. This chapter
introduces key elements and core skills for
successful cross-sectoral and transdisciplinary
leadership that will help wildlife health
practitioners effectively lead change toward
integrated, mutually beneficial health
outcomes for all sectors. Leading change
benefits from having good individual leader-
ship skills, including emotional intelligence or
the capacity to be aware of, control, and
express one’s emotions, and to handle inter-
personal relationships judiciously and empa-
thetically. Driving multi-sectoral change is
facilitated by wildlife health professionals
becoming champions for change and being
empowered to form and lead teams and partic-
ipate effectively on governance structures such
as interagency committees or working groups.
Finally, the four main elements in leading
change are envisioning the future state,

engaging key stakeholders and coalition build-
ing, identifying barriers and breaking down
resistance to change, and institutionalizing
change. Effective leadership can be enabled
by being open to new ideas, constantly
questioning the effectiveness of one’s
approach, and a commitment to lifelong
learning. Application of these leadership skills
and approaches can help effect change,
resulting in improved wildlife population
health.

Keywords
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1 Introduction

Maintaining the health of wildlife populations
and the habitats upon which they depend is grow-
ing in importance. There is increasing recognition
that global drivers, including landscape and cli-
mate change, are degrading the functioning of
ecosystems, resulting in poor health outcomes
for humans, animals, and the environment
(Acevedo-Whitehouse and Duffus 2009; WHO
and CBD 2015). Consequently, wildlife health is
inherently linked to health and economic
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outcomes for a range of sectors (OIE 2021). Tra-
ditionally, wildlife health professionals have
focused on technical skills and capacities to detect
and characterize hazards; however, modern
concepts of wildlife health management are
shifting from health as the absence of disease to
health as the capacity for populations and
ecosystems to maintain resiliency in the face of
anthropogenically driven changes (Stephen
2014). The shift to holistic approaches to manag-
ing wildlife health, and the complex landscape of
partners (an entity with an active role) and
stakeholders (an entity with an interest or con-
cern), has led to a focus on the development of
leadership skills in addition to technical expertise.

Despite this direct and indirect importance,
wildlife health professionals find there is often
no clear path to advocate for the authorities,
resources, and awareness required to lead change
and apply effective actions. Realizing positive
change in wildlife health requires the ability to
lead change while working with a variety of
organizations and people who may have shared,
complementary or conflicting goals, perspectives,
and expectations.

A major challenge for wildlife health, and
often environmental health more broadly, is the
lack of a dedicated lead organization at global,
national, and local levels (Karesh et al. 2020).
Mandates are typically fragmented between
authorities responsible for veterinary services,
environmental protection, agriculture, forestry,
fisheries, conservation, parks, and public health,
resulting in incomplete and inconsistent coverage
and a lack of a shared, overall wildlife health
strategy. Wildlife health falls between or across
agencies often resulting in a lack of governance
and coordination. Consequently, wildlife health
considerations often are inadvertently missed in
planning, implementation, and evaluation (Berthe
et al. 2018). This is evident whenever wildlife
health services have limited integration with live-
stock and public health, resulting in fragmented
surveillance systems, variable data sharing, and
poor representation in decision-making pro-
cesses. Effectively leading change would benefit
from engaging diverse stakeholders to find entry
points for meaningful progress, including

advocating for the value of wildlife health (see
Case Study 1) (Fathke et al. 2021).

Leadership is a core population health compe-
tency. It can serve cross-cutting functions,
whether targeted at the adoption of policies, crea-
tion of governance structures, refinements in
field-based operations, or a shift in viewpoints
or processes (Carlin et al. 2019). Leadership to
drive and sustain positive changes benefits from
both patience and persistence, and adoption of
new skills and approaches, but these efforts can
break new ground in terms of systems-building
and delivering an improved health status for wild-
life and other populations. Successful leadership
demonstrates the value of wildlife health and
makes collaboration more routine as part of wild-
life health management and delivery of public
health and veterinary services (National Research
Council 2013). This chapter introduces key
elements and core competencies for successful
cross-sectoral and transdisciplinary leadership
that can help wildlife health practitioners effec-
tively lead change toward integrated, mutually
beneficial health outcomes for all sectors.

Case Study 1: Biodiversity-Sensitive Risk
Communication
Concern over perceived or actual disease
risk from wild animals has resulted in
reports of indiscriminate killing of bats
and birds. These well-intentioned but
ill-informed responses may be counterpro-
ductive and represent an ineffective use of
resources, while also harming wild animal
populations. To preempt concerns, a locally
adapted “Living Safely with Bats” booklet
was used by nongovernmental and govern-
mental partners in community engagement
for zoonotic disease risk communication
efforts in over 13 countries (PREDICT
Consortium 2018). Similarly, questions
over disease risk to wild animals in the era
of COVID-19 resulted in the production of
materials on safe research practices for
great apes, bats, and free-ranging wildlife
generally (OIE and IUCN SSC Wildlife

(continued)
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Health Specialist Group 2020). Leadership
on resources like these can be valuable to
meet the need for publicly available infor-
mation and guidance for wildlife health
managers. Ideally, over the long-term wild-
life health considerations will be embedded
in processes and regulations to ensure reli-
able uptake and promote the coordinated,
coherent risk communication necessary for
maintaining public confidence, effecting
positive behavior change, and inter- and
intra-agency credibility.

2 Leading Self

To effectively lead others, one must effectively
lead oneself. Emotional intelligence is the capac-
ity to be aware of, control, and express one’s
emotions, and to handle interpersonal
relationships judiciously and empathetically
(Czabanowska et al. 2014). These are founda-
tional skills for effectively leading change. Key
attributes of emotional intelligence include hav-
ing a better understanding of one’s own strengths
and limits and gaining a heightened awareness
and more objectivity of other people’s compe-
tence. Gaining self-confidence in one’s self-
worth and capabilities is also important. Self-
management means developing skills and tools
to control one’s emotions, especially in response
to stressful situations. Learning and adapting
from experiences and retaining motivation
despite setbacks are critical to the personal resil-
iency needed for long-term success. Sensing
others’ emotions, understanding others, and

acting with empathy help to gain additional
perspectives, understand differences, and build
personal trust among colleagues and partners
(Table 1). Self-assessment tools such as the
Myers–Briggs Type Indicator (MBTI) can be
helpful in understanding one’s own strengths
and limits (Firth-Cozens and Mowbray 2001).
An awareness of personal strengths and
weaknesses is useful in being able to optimize
ways of working; for example, by focusing on
communication skills, participatory management
approaches, and consensus building to help con-
vey ideas, with the goal of building support (Mor-
gan 2009). Changing personality can be
successful but requires persistence and commit-
ment (Bleidorn et al. 2019).

Knowing your preferences and the preferences
of others can also help understand different
viewpoints, reach common understanding, and
generate movement toward consensus and shared
goals. Seeking feedback, such as through “360-
degree feedback” (feedback from direct reports,
colleagues, and supervisor, as well as a self-
evaluation), can help identify hidden strengths
and potential blind spots.

Core values are the essential, authentic, and
enduring guiding principles that prescribe and
drive the conduct of individuals in an organiza-
tion and help guide daily work and decision-
making (Van Rekom et al. 2006). Establishing
one’s core values (e.g., integrity, optimism,
respect, dependability, honesty) and holding one-
self accountable to these values can help ensure
one becomes a trusted leader who is able to build
trust among others, which is the foundation to the
success of any endeavor. We all have leaders we
admire and can learn from to shape our own
leadership values.

Table 1 Various skills and competencies that are helpful in leading oneself, and leading others

Leading Self Leading Others

Understanding of one’s own strengths and limits
Heightened awareness and more objectivity of other people’s competence
Self-confidence in one’s self-worth and capabilities
Self-management and controlling one’s emotions
Learning and adapting from experiences and retaining motivation
Acting with empathy

Forming and operating in teams
Conflict resolution
Decision making
Negotiation
Motivating others
Setting goals and project management
Active listening and communication
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3 Leading Others

Leading others can occur within an institution or
may involve liaising with multiple institutions.
For wildlife health and its wide relevance to
other sectors, siloed, sector-specific approaches
taken by individual institutions often create gaps
or result in duplication. Effecting change requires
practitioners to expand their work into addressing
what needs to be achieved across sectors (Berthe
et al. 2018), placing an increased emphasis on
building teams, and creating governance
structures. Rather than diminish the needs for
specialized expertise, this cultural shift requires
mutual appreciation of each sectors’ contributions
and mechanisms that make collaboration routine
in both emergencies and peacetime (see Case
Study 2).

Driving multi-sectoral change is facilitated by
wildlife health professionals becoming
champions and being empowered to form and
lead teams and participate effectively on gover-
nance structures such as inter-agency committees
or working groups. This can help build up the
sector to fully contribute to initiatives related to
population health of all species.

Case Study 2: One Health Coordination
to Advance Wildlife Health Leadership
Wildlife health leadership can leverage the
“One Health” concept that recognizes the
connections between human, animal, and
environmental health and signifies a will-
ingness and commitment to work together
to solve problems effectively and efficiently
for mutual benefit. For example, One
Health platforms have been established
that are chaired by a neutral representative,
with shared or rotating leadership to facili-
tate genuine multisectoral engagement
(Agbo et al. 2019). Such platforms have
been mobilized for national action planning
processes, surveillance and laboratory
strengthening, data sharing, policy develop-
ment, and disease-specific objectives. Some
of these bodies also involve civil society
representatives, such as media, providing a

way to amplify calls to action and build
societal support. These mechanisms may
be relevant at national, subnational,
regional, or global levels, but reinforce the
importance of having a seat at the table and
embedding wildlife health firmly into the
operationalization of One Health.

In Cameroon, a newly adopted One
Health strategy was rapidly tested in prac-
tice when an outbreak of monkeypox was
reported in chimpanzees. The strategy
allowed for mobilization of a multi-sectoral
investigation team critical for assessing
risks to wild animal and human
populations. In this case, wildlife health
expertise played a key role in the investiga-
tion, but sign-off was required by only one
authority, lessening the administrative bur-
den across government. This coordinated
approach was estimated to save 10 days in
response time and considerable resources
compared to if each sector had proceeded
independently (PREDICT Consortium
2016).

Increasingly, national and subnational
One Health platforms are being established
to facilitate genuine multisectoral engage-
ment, and wildlife health managers have an
important role to play in decision-making
and implementation (Agbo et al. 2019).

Starting partnerships with open discussions
about sectoral differences encourages equity,
transparency, and mutual benefits—three key
requirements for maintaining effective
partnerships (Sleeman et al. 2019). Transparency
builds trust through open and consistent commu-
nication that includes clear context and guidelines
for interactions, allowing for the sharing of
viewpoints, and support for the resulting
decisions. Equity ensures that each organization
and individual in a partnership, regardless of
financial or political capital, has “a seat at the
table” and that the contributions are given equal
weight to those of other partners. This is particu-
larly important for organizations in the wildlife
and environment sector, which are typically
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smaller and have less funding or political capital
than those in the animal or human health sectors.
Rubin et al. (2014) found that successful One
Health partnerships shared and acknowledged a
common threat or purpose, focused on science-
based outcomes, had clear mandates, good gover-
nance, organization-level support, rotational lead-
ership, defined roles and responsibilities, and a
foundation of trust.

Wildlife health professionals may oversee a
wide range of species and disciplines, requiring
self-reflection (introspection) to be aware of and
overcome biases, whether to aquatic or terrestrial
species, infectious or toxicological issues, or
about certain stakeholder groups (Showry and
Manasa 2014). This objectivity is important
when it comes to leading others, who may bring
a range of expertise, priorities, skills, and
competencies. Other key skills and competencies
in leading others include forming and operating
effectively in teams, conflict resolution, decision-
making, negotiation, motivating others, setting
goals and project management abilities, and
active listening and communication (Table 1).
Effective and sustainable partnerships should
have a way to measure and celebrate the success,
or at least the impacts, of implemented
interventions as illustrated in Case Study 2. Pop-
ulation health success relies on the ability of
different sectors to build effective partnerships
that are focused on mutually beneficial solutions
to shared health and environmental challenges as
illustrated in Case Study 3.

Mutual edification and understanding are also
important components of effective teams.
Countries have recently brought together the pub-
lic health, agriculture, and environmental sectors
to jointly plan and prioritize national activities
using a One Health approach. For example, the
U.S. Centers for Disease Control and Prevention
(CDC) has created a One Health Zoonotic Dis-
ease Prioritization Tool to help countries identify
zoonotic diseases of greatest national concern
using equal input from representatives of the
human, animal, and environmental sectors
(Salyer et al. 2017).

In summary, integrative leadership (leading
across sectors) and governance structures are

recognized as key components for successful
coordination (Nyatanyi et al. 2017) and help cre-
ate and maintain the cross-sectoral collaboration
needed to tackle “wicked” problems, i.e.,
problems that lack clarity due to incomplete, con-
tradictory, and changing requirements (Crosby
and Bryson 2010) (see Chap. 17).

Case Study 3: Motivating Others
Motivating others toward the success of any
initiative often requires instilling a sense of
collective purpose. For example, the
WHISPers (https://whispers.usgs.gov/
home) database, managed by the U.-
S. Geological Survey National Wildlife
Health Center, collects and displays
verified wildlife disease information from
governmental and nongovernmental
entities providing summaries on a publicly
accessible database that recognizes submit-
ting organizations. The system has been
created with stakeholder input from its ini-
tiation, through participatory methods such
as partner focus groups, ensuring the
outputs deliver on partner needs. This feed-
back loop incentivizes participation, even if
benefits are indirect, and has resulted in an
incremental increase in voluntary participa-
tion, despite the lack of mandates to report
wildlife health events.

4 Leading Change

Four main elements can guide the process of
leading change (Fig. 1): envisioning the future
state, engaging key stakeholders and coalition
building, identifying barriers and breaking down
resistance to change, and institutionalizing
change (Kotter 1996). Consideration of these
steps can help to make the process of leading
change intentional and have a solid strategy to
prepare for and overcome roadblocks.

Given the previously referenced wicked and
complex problems faced by wildlife health
professionals, application of a systems thinking
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approach to leading change may be beneficial.
Systems approaches focus on the relationships
between the parts of the whole, and the patterns
of these relationships that are caused by the
variability and interdependent nature of the indi-
vidual components (Mahajan et al. 2019; White
et al. 2020). The resulting framework allows one
to examine both the deeper structural foundation
of complex systems and understand how to influ-
ence the future behavior and outcomes of these
systems. Systems approaches have rarely been
applied in wildlife health challenges; however,
case studies in conservation planning illustrate
their value in encouraging collaboration and
focusing solutions on root causes rather than the
immediate concern (Mahajan et al. 2019). The
process helps to identify the mindsets or beliefs
that generate the current system. The process can
then be used to generate new mental models or
beliefs by promoting dialogue among all
stakeholders, gaining a deeper understanding of
the system complexities, and help create new
solutions. For example, enhancing the transparent
reporting of wildlife mortality events would not
be improved by a focus on increasing technical
knowledge, if there is, for example, a lack of
political will or organizational capacity to con-
duct such investigations. Mapping this system
would help to identify the underlying reasons
for a lack of reporting and develop the most
effective solution.

4.1 Envisioning the Future State

A primary step in leading change is a clear vision
of the future. This desired future state can be
generated from systems approaches and strategic

planning to provide a road map for how to
achieve the desired state. Visioning and strategic
thinking can help to extend desired goals into
other sectors to “mainstream” wildlife health—
whether in conservation, public health, agricul-
ture, or other sectors and processes. For example,
building wildlife health roles or technical inputs
into environmental protection plans and
regulations (e.g., National Biodiversity Strategies
and Action Plans), will help to promote new
mindsets and approaches, and accountability for
reaching shared goals. Participatory approaches
to strategic planning are vital, and coordination
opportunities may help establish trust essential to
relationship building and lead to further
opportunities for envisioning new future
possibilities. Nonprofit organizations can play a
particularly vital role in envisioning and
advocating for change, and thereby help bring
lasting change.

4.2 Engaging Stakeholders
and Coalition Building

Stakeholder analysis can help target the partners
needed to effect the change one seeks. Strategies
for getting from the current state to the future state
can benefit from a theory of change or logic
models (see Chap. 3), in which expected inputs,
outputs, and outcomes are articulated for reaching
the desired state. These can serve as valuable
roadmaps and ensure clarity in purpose and
expectations across stakeholders. Driving change
often involves diplomacy and humility to be open
to feedback and adapt approaches as necessary,
including from key constituents likely to be
impacted from the change and other stakeholders

Fig. 1 Major steps for
leading change. While
presented as a generally
linear process, some steps
may be iterative as
expectations may be
adjusted from ongoing
ground-truthing and
stakeholder engagement.
Adapted from Kotter, 1996
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whose support is needed for success. This com-
mitment to continual learning and improvement is
captured in concepts such as “Plan-do-check-
act,” whereby approaches are studied and refined
for optimization (Solaimani et al. 2019). For
twenty-first-century leaders, lessons learned
from leading change—whether from successes
or failures—are important to share with others to
allow for synergies in progress and modification/
upscaling of approaches. Lasting change for com-
plex issues can also benefit from collective
impact, i.e., agreement on the agenda and collab-
oration among multiple entities for solving com-
mon problems (Quick 2017).

4.3 Identifying Barriers
and Breaking Down Resistance
to Change

Given the fragmentation of authority for wildlife
health, the “5-whys” technique, an iterative inter-
rogative technique used to explore the cause-and-
effect relationships underlying a particular prob-
lem, can help identify the root cause(s) of barriers,
whether political will, authority, or budgetary
(Solaimani et al. 2019). This problem-solving
method successively asks the question “Why?”
to explore the underlying cause-and-effect
relationships to identify the root causes of partic-
ular problems.

Mobilizing external pressure can be a con-
structive way to elevate calls to action and foster
champions for a cause. Governmental, intergov-
ernmental, and nongovernmental stakeholder
groups or individuals may have the resources to
help effect change and lend additional credibility
but may require sensibilization about the issue
and targeted asks (Table 2).

Documenting the scale of the problem, while
sometimes time-intensive, can help demonstrate
the need for action while also establishing
baselines important for wildlife health manage-
ment. Quantifying the burden of wildlife disease
is a challenge. Putting the challenge into terms
stakeholders understand or value (whether nega-
tive from a problem, or positive from a solution)
is important for gaining political support.

Knowing the audience and what they may be
receptive to help to ensure clarity of the message
and shared understanding. For example, eco-
nomic impact is one comparable metric across
sectors that may help demonstrate return on
investment. Wildlife health professionals, there-
fore, may want to develop fruitful collaborations
with economic, epidemiological, and ecological
modelers to demonstrate cost-effectiveness of
proposed interventions. This can also help avoid
potential perceptions about competition for
resources, instead prioritizing coordination and
shared understanding of how to optimize avail-
able resources for best outcomes.

Gaps in knowledge, or in the ability to apply
knowledge, can also be a barrier to generating
change (see Chap. 23). Knowledge mobilization
is the process of creating value for stakeholders or
a value stream through the creation, assimilation,
leveraging, sharing, and application of focused
knowledge to a community (Bennet et al. 2007).
Knowledge mobilization brings knowledge, peo-
ple, and action together to create this value, and
provides a process for decision-makers to take an
evidence-based approach. Stephen et al. (2021),
in a review of evidence on managing the risk of
disease emergence in the wildlife trade, used a
knowledge mobilization approach to identify
actions to overcome impediments to implementa-
tion of interventions in the wildlife trade to reduce
emerging disease risks. In this example, identified
knowledge gaps would result in research efforts
to fill these gaps, whereas barriers to sharing and
applying knowledge would be managed through
knowledge brokering, and barriers to change
would be addressed through the study and appli-
cation of methods to enhance the use of new
interventions in routine operations or practice, or
implementation science.

4.4 Institutionalizing Change

This step focuses on implementing change. Long-
lasting change requires the appropriate enabling
environment, the necessary technical capacities,
and the functional or organizational capacity to
effectively deliver the program. This requires
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focus on the practical implementation as well as
the ways that the change can be maintained and
built into an organization or process long term
(vs. an ad hoc initiative). Attention to this step
from the beginning can help to set realistic and
meaningful targets about what success will look
like. This step is important as changes may take
time (and refinements) to yield intended results.
Institutionalizing change can help to build in the
organizational and supportive infrastructure
(training, policy, governance, budgets, reporting
requirements, etc.) for its success. This makes the
desired change less likely to be abandoned if its
value is not immediately clear or if a change in
administration brings different awareness and
priorities.

Successful leadership in wildlife population
health will likely look different depending on
the objectives, context, and ones’ own interest.
While championing and developing customized
solutions may make sense in some situations,
considerations such as reach, uptake, and
sustainment may be practical priorities. For the
latter, there may be national or international
organizations with existing infrastructure where
enhancements could be incorporated cost-
efficiently and leverage existing training,
reporting, and event response or other assistance;
this type of leadership may involve extensive
technical or advocacy efforts behind the scenes
and result in something “owned” by another
party. Lastly, the utility of patience is a practical
consideration for leading change in wildlife

Table 2 Examples of key stakeholder groups driving policy and practice that may be directly or indirectly relevant for
wildlife health, by sector and scale. Each has their own leadership structure and decision-making processes

Scale Sector

Global Animal health and
agriculture

Environment Human health Other/multi-sectoral

Global
and
regional

Food and
Agriculture
Organization of
the United Nations
(FAO)
World
Organisation for
Animal Health
(OIE)

United Nations Environment
Programme (UNEP) and
multilateral environment
agreements, e.g., Convention on
Biological Diversity,
Convention on
International Trade in
Endangered Species of Wild
Fauna and Flora, Convention on
Migratory Species, framework
convention on climate change
International Union for the
Conservation of Nature (IUCN)

World Health
Organization (WHO)
Regional technical
institutions (e.g.,
Africa CDC,
Caribbean Public
Health Agency)

Multilateral
development banks
(e.g., the World Bank,
Inter-American
Development Bank)
United Nations Office
for Disaster Risk
Reduction (UNDRR)
World Trade
Organization (WTO)
Regional associations
and trade agreements
(e.g., ASEAN, African
Union)

National Ministries of
agriculture
(livestock,
fisheries, and
veterinary
services)

Ministries of environment and
natural resources (climate,
ecosystem, water, forestry, and
wildlife services)

Ministries of health
(medical and public
health services)

National One Health
Coordination Platforms
Ministries of finance
Disaster management
agencies
Parliamentary bodies

Local Livestock
extension and
community animal
health officer
networks
Farmers and
farmer
associations
Laboratories

Rangers
Biodiversity and protected area
managers
Indigenous populations and
local communities
Ecotourism operators and
managers

Clinics
Community health
worker networks
Patients
Laboratories

District and town
leaders
Businesses
Academic and research
institutions
The public (event
reporting, passive
surveillance, consumer
preferences, behavior
change)
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health. Grounding expectations in an understand-
ing of the barriers, targeting the appropriate audi-
ence that can enact the necessary change, and
expecting that a series of “wins” are likely to be
needed for sustained progress will support realis-
tic planning and implementation. The
investments in time and energy are likely just as
important—and sometimes more impactful—
than short-term campaigns for broad changes
(see Case Studies 4 and 5).

Case Studies 4 and 5: Examples of Leading
Change
Examining system gaps

A major gap in public sector investment
planning and prioritization architecture
relates to the lack of a capacity assessment
tool for wildlife and broader environmental
health. Whereas public health and veteri-
nary services have assessment tools (the
World Health Organization’s Joint External
Evaluation and the World Organisation for
Animal Health’s Performance of Veterinary
Services), there is no parallel globally
adopted tool available to assess system
gaps for wildlife health (Machalaba et al.
2018). As a result, potential needs for
national wildlife health programs are not
reviewed systematically, or worse,
designated mandates, functions, and
resources may be completely lacking for
some or all wildlife health scopes. To
address this gap, two tools have been devel-
oped to support practical exercises at the
country level to identify deficits and major
priority needs. The Country Assessment for
Environmental Health Services, drafted by
EcoHealth Alliance as an extension of the
World Bank One Health Operational
Framework, is intended to support
countries in baseline capacity assessment
and identification of key gaps as well as
provide orientation and further reading.
The Needs Assessment for National

Wildlife Health Programs, developed by
the U.S. Geological Survey National Wild-
life Health Center, provides a pathway for
assessing the current state of the national
wildlife health program, helps define the
future desired state, and identifies the pro-
grammatic gaps and needs in functions and
capabilities. The needs assessment has been
applied with partners in the Republic of
Korea, Republic of Rwanda, and the King-
dom of Thailand.

Emergency movement of diagnostic
samples to reference laboratories

Over a 3-year process, leaders of the
International Union for the Conservation
of Nature (IUCN) Species Survival Com-
mission Wildlife Health Specialist Group
worked to address the issue of delays in
the movement of emergency diagnostic
samples from species of conservation con-
cern to international reference laboratories.
The lack of access to comprehensive labo-
ratory services is a major constraint for
timely diagnosis of wildlife disease events
in many countries, but standard regulations
under the Convention on International
Trade in Endangered Species of Wild
Fauna and Flora (CITES) (intended to
reduce endangerment threat from trade)
can inadvertently hinder international
movement of samples. Major delays have
been observed, even during wildlife mass
mortality events (Karesh et al. 2016). This
issue reinforces the equity challenge for
wildlife health given that human and
domestic animal health emergency sample
movement to reference laboratories is
expedited as a central component of event
investigation. Through awareness raising
and coordination with the CITES Secretar-
iat and delegates, simplified procedures
were approved at the 18th Conference of
the Parties in 2019. The approved

(continued)
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procedures make recognition of the impor-
tance of emergency diagnostic samples
from fauna and flora more explicit and pro-
vide a dedicated pathway for rapid move-
ment. While there are still regulatory,
political, and implementation barriers that
affect consistency in the process, this exam-
ple demonstrates how wildlife health lead-
ership can be targeted to strengthen the
effectiveness of global processes, including
in the context of scope that unintentionally
affects wildlife health.

5 Conclusions

Protecting and promoting wildlife health in the
twenty-first century can benefit from effective
leadership and technical expertise. Leadership
skills offer opportunities to drive positive impacts
and address challenges in this field in meaningful
ways. Thus, wildlife health professionals may
choose to embrace leadership opportunities. To
date, academic articulation of leadership is poorly
translated into day-to-day situations, and prior
research found that publications vary widely in
how they report on successes, challenges, and
outcomes of collaboration, making comparability
challenging (Baum et al. 2017; Errecaborde et al.
2019).

Collaborating with diverse stakeholders
benefits from developing and championing
approaches which in some cases may arrive at
solutions that are not perfect but allow for neces-
sary buy-in and progress. These realities also
reinforce the importance of diverse stakeholders
contributing to success, including addressing the
full range of expected and unexpected implemen-
tation needs. In general, effective leadership will
be supported by being open to new ideas, con-
stantly questioning the effectiveness of one’s
approach, and a commitment to lifelong learning.
Application of leadership skills can effect the
change needed to implement these approaches to
wildlife population health.
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Bridging the Knowing-to-Doing Gap
in Wildlife Population Health

Craig Stephen

Abstract

It is easier to know that something must be
done that it is to effectively get it done. Simply
having good evidence is not enough to ensure
that decisions are made to effectively act to
improve population health. Bridging the
knowing-to-doing gap requires a collaborative
approach between knowledge producers and
knowledge users to identify the right questions
to ask that will produce credible and trustwor-
thy evidence that can be feasibly, acceptabil-
ity, and sustainability implemented under the
social and ecological condition of its intended
application. Inattention to the individual, orga-
nizational, and systemic barriers and enablers
to implementing knowledge will affect the
impact of new evidence on shaping manage-
ment decisions, regardless of how good the
evidence. Systematic program evaluations are
needed to understand both the processes and
knowledge that are needed to help people
translate evidence into action. Ongoing moni-
toring and evaluation support adaptive man-
agement that allows us to continually learn
while doing rather than waiting for certainty
before acting. The growing pressures on wild-
life and ever-growing competition for manage-
ment resources demand a learning-based
approach to wildlife health management.

Keywords

Evaluation · Implementation · Knowing-to-
doing gap · Adaptive management · Wildlife

1 Introduction

The challenges that wildlife face today differ
from the past because the scale of human influ-
ence has increased, the most significant threats
are global in nature, and problems are aggregating
and compounding with each other. This is being
manifested in emerging diseases, changing
patterns of endemic disease, new exposures to a
growing array of toxins, and altered access to the
needs for daily living. There is growing political
and scientific urgency to find new ways to man-
age wildlife health that account for the complex
interactions that affect health outcomes (see
Chap. 1). Wildlife health research is increasingly
expected to advance knowledge that will eventu-
ally be translated into improved population health
management decisions. It is often clear that some-
thing must be done, but less clear on how to get
it done.

It is a quite different task to accumulate evi-
dence on the presence of disease, its spread, and
the harms it causes than on effective ways to
prevent and mitigate those harms under real-
world conditions. The effectiveness, acceptabil-
ity, and sustainability of management
interventions are sensitive to the circumstances
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in which the interventions are conceived, devel-
oped, implemented, and evaluated. Population
health managers need to be able to discern what
works for whom, in what circumstances, in what
respects, and how it can be done in an effective
and efficient manner to successfully translate their
aspirations for an intervention into real change.

Researchers in the past, and to a large extent
still, are rewarded for making a scientific break-
through. But the severity and pace of adverse
changes affecting wildlife are driving society to
increasingly expect researchers to produce
follow-through. The gap between knowing what
to do and making the desired changes happen is
known as the implementation gap (or the
knowing-to-doing gap). This gap can be very
wide in wildlife health (Stephen et al. 2018;
Stephen and Wade 2020; Stephen 2021). The
wildlife health knowledge base is comprised
largely of research oriented toward “knowing”
rather than “doing.” Research aimed at under-
standing how to apply knowledge is scant. Simi-
lar conclusions have been reached in wildlife
conservation, invasive species management, and
public health (McAteer et al. 2019; Braunisch
et al. 2012; Esler et al. 2010).

2 What Helps Turn Knowledge
into Action?

It was once assumed that policymaking and
decision-making were linear-rational processes,
moving directly from problem identification to
problem solution, and that we could simply
close the implementation gap by increasing data
availability and accessibility. It is now well
understood that this linear conceptualization
does not reflect the real world (Gluckman et al.
2021). The situation is much more complex. A
wide variety of individual and organizational
factors affect the translation of research into
action (Bowen et al. 2009). Workload, type of
evidence presented, alignment with organiza-
tional agendas, politicized decision-making, lead-
ership support, involvement of knowledge users
in the process, agreement on what types of knowl-
edge is needed, resource availability, trust in the

knowledge producers and more can all affect the
flow of knowledge into action. New scientific
discoveries cannot improve population health if
we also do not know how to apply these
discoveries in effective, acceptable, and feasible
ways or understand how changes in the ecologi-
cal, epidemiological, and social contexts affect
our ability to translate a discovery into actions.
Translating knowledge into action is, therefore,
not a single activity but instead a process dealing
with both how knowledge is generated and the
decision-making context and processes within
which it is applied.

Figure 1 outlines a series of questions to ask
when looking for obstacles or opportunities on
the path from knowledge production to its imple-
mentation for evidence-based actions. To start
down this path, it is important to ask, “what
types of knowledge do we need to implement?”
As discussed in more detail in Chap. 8, simply
giving people larger amounts of increasingly pre-
cise scientific information will not, on its own,
lead to more effective outcomes in the “real
world.” Successful implementation of knowledge
into practice has as much to do with the context
where the new knowledge has been introduced
and how it was introduced as it has to do with the
quality of the evidence (Kitson et al. 1998). Lack
of experience being impacted by a problem, lack
of trust in authorities, and exposure to false
alarms reduce willingness to act on new informa-
tion (Stephen 2020). Failure to act on new knowl-
edge can also be caused by (1) cross-sectoral
communication breakdown, bureaucratic
conflicts, and inadequate protocols that make
organizations unreceptive to information
generated outside of their usual scope of practice;
(2) priorities and overcrowded agendas that dis-
courage bringing in new information; and
(3) insensitivity to new information, and per-
ceived power dynamics that lead to failure to
recognize the value of new knowledge.
Evidence-based decisions need various types of
evidence that are appropriately used and are rele-
vant to the local context (Bowen et al. 2009).
Understanding the relationship between
interventions and contexts is critical to under-
standing implementation success, how
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interventions achieve impact, why their impacts
vary, and whether interventions can be sustained
(Craig et al. 2018).

If the appropriate breadth and depth of knowl-
edge are available but knowledge is not being
implemented, one needs to look at individual,
organizational, and systemic factors that are
barriers to action. A program evaluation process
(see Sect. 3) can help identify barriers to action in
the face of sufficient information. Sometimes, it is
not economically or technically feasible to imple-
ment an action. In other cases, the social costs or
unintended consequences of an action may be
unacceptable. The actions might be logical but
contravene social conventions, ethics, or laws.
In other cases, the knowledge may not be timely,
trusted, believable, or developed via a process
that considers the values and perspectives of all
relevant actors (Cook et al. 2013). Innovations in
governance, regulations, technology, community
engagement, or collaboration may be needed to
overcome barriers at this stage of the knowledge-
to-action pathway.

While having new knowledge is not sufficient
to make a change, the absence of information to
support and inspire decisions will be an impedi-
ment to action. Research that effectively and effi-
ciently leads to action is usually borne of
collaboration between the knowledge producers
and knowledge users. Knowledge users have
unique expertise, including knowledge of the

context and the potential for implementation,
that can help knowledge producers understand
what information the users need to build confi-
dence and capacity to act, and in so doing, help
shape new research that is more likely to be
implemented. Knowledge producers bring meth-
odological and content expertise to the collabora-
tion that can help the knowledge users see how
new information can affect their decisions and
help users apply their knowledge appropriately
and credibly because of their understanding of
how it was generated.

Once the evidence is in place and the context is
understood, the next step to bridging the
knowing-to-doing gap is facilitating knowledge
use. Knowledge brokering is the active process of
facilitating access and use of new evidence by
building knowledge and skills, shifting the cul-
ture to evidence-based decision-making and
developing infrastructure and mechanisms that
support it (Dobbins et al. 2018). The focus of a
knowledge broker is on the interactive process
between the producers and users of knowledge
so that they can coproduce feasible and research-
informed intervention options (Van Kammen
et al. 2006). Gluckman et al. (2021) provide ten
recommendations for effective knowledge
brokering (Table 1).

Knowledge producers and knowledge users
need to be engaged for the entire process, from
identifying the research question to applying the

Fig. 1 A set of guiding questions to help bridge the knowing-to-doing gap including illustrative issues causing potential
obstacles to translating knowledge into action
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knowledge. The interactions between researchers
and knowledge users will vary in intensity and
level of engagement depending on the nature of
the research results and on the needs of the
knowledge user, but these interactions are the
key to closing the implementation gap as they
build understanding, relevance, credibility, and
trust. The bridge over the knowing-to-doing gap
is not one-way. Table 2 provides some tips and
topics to keep in mind when planning on how to
close the knowing-to-doing gap.

3 Program Evaluation

There are many reasons why it is hard to prove
wildlife health interventions work. The lack of

systematic evaluation of intervention impacts is
perhaps the most important. Study design
limitations (e.g., researchers use no control, use
historical controls, rely on ecological design
[in the epidemiological sense]), assumptions that
lack of negative events is proof of effectiveness,
lack of sufficient time to follow-up to establish
medium-to-long-term benefits, using surrogates
of risk or benefits rather than directly measuring
the impacts on health outcomes, using socially
irrelevant end-points, and/or unaccounted
confounding variables can also limit the reliabil-
ity of proclamations that interventions “worked.”
To make things even more challenging, responses
to interventions tackling twenty-first-century
health threats are often unpredictable and emer-
gent rather than predictable and planned because

Table 1 Core principles of effective knowledge brokering (based on Gluckman et al. 2021)

Principle Details and guiding questions

Consider the demand side Has anyone asked for help in acquiring new evidence? Are the knowledge
users receptive to receiving unsolicited new knowledge? Is the new
information too early or too late in the decision-making process? Can a
knowledge broker help show the need, place, and timing for presenting
new evidence?

Recognize the purpose and evidence
needs

Why is someone asking for new information? Are people looking to
understand an issue, identify options for action or evaluate impacts? By
when is the information needed?

Get the right question Do researchers and knowledge users agree on what needs to be known to
support decision-making? Will the questions being asked help “unfreeze”
inaction or help people confidently decide? Is the question being asked
answerable given the state of science and the available disciplines,
resources, and timelines to answer the question?

Assess the evidence base What types of social and natural science knowledge are needed? What are
the availability, quality, and quantity of existing evidence?

Assess the evidence gaps Is the available evidence sufficient to make a particular claim despite
prevailing unknowns and uncertainties? What is the critical knowledge gap
preventing actions or decisions and to whom are they critical?

Communicate the uncertainties, limits,
and reliability of evidence

Does the evidence suit the decision-making context? Were the means to
produce the evidence reliable and of acceptable quality? What are the
implications of the uncertainties?

Identify the gap between available
knowledge and conclusions

Is there sufficient knowledge to make a confident conclusion? How do the
expectations and timelines for certainty differ for the decision-makers and
knowledge producers?

Evaluate the level of consensus How will the involved parties agree on how to agree if there is no
consensus on what the evidence is telling us?

Communicate the trade-offs and
nonscientific implications

What are the implications of unintended spillover effects or trade-offs of
decisions or actions? How does this affect the types of knowledge and
certainties needed?

Present the evidence in a useful and
understandable way

Are the format, media, and language being used to present the information
tailored to the knowledge users? Can users access the evidence and know
how it can be used? Is the knowledge source trusted?
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of the unprecedented rate of social and environ-
mental change and the complexity of interactions
between co-occurring threats (Hanlon and
Carlisle 2008). Despite these challenges, if we
do not systematically evaluate the effectiveness,
efficiency, feasibility, acceptability, and
sustainability of intervention under the conditions
in which they are needed, we will be unable to
make evidence-based management
recommendations. Instead, we will have to rely
on analogy, inference, and limited personal expe-
rience to make recommendations.

At its core, a program (or intervention) evalu-
ation simply asks why a program is or isn’t
meeting its objectives through the originally
intended process. Program evaluations are not
meant to simply declare if interventions were
good or bad. They are learning exercises that
systematically investigate the merit, worth, or
significance of a program or intervention to
improve program effectiveness and inform
decisions about the future of the program devel-
opment. To serve this purpose, program
evaluations need to measure more that standard
wildlife health outcomes such as morbidity, mor-
tality, or infection rates. They also need to look at
the operations of a program, how resources were

used, which activities took place and by whom,
how variations in context varied adherence to
protocols, and how other health and social
outcomes changed.

Program evaluations are systemic processes
that adhere to four standards (Table 3). Before
starting an evaluation, make sure you fully under-
stand the program or intervention being evaluated
and who or what will be affected by the
interventions/programs. You should then ask
(1) what will be evaluated, (2) what criteria will
be used to judge success or failure, (3) what types
of evidence will be used to measure those criteria,
(4) what will be the threshold of evidence that will
indicate success or failure, and (5) how will
judgments be made about how to integrate or
interpret different measured outcomes? Answer-
ing these questions may take negotiation and
compromises as not all stakeholders will view
success the same way. A politician, subsistence
hunter, wildlife manager, and an anti-hunting lob-
byist may all be concerned about duck conserva-
tion, but they might not all judge success the same
way. A strong foundational knowledge of the
intent of the intervention can help clarify the
goals, populations, strategies, activities, outputs,
and outcomes that need to be considered in the

Table 2 Tips and topics to help accelerate the mobilization of knowledge into action. Adapted for wildlife health from
the Promoting Action on Research Implementation in Health Service framework (Kitson et al. 1998)

Evidence Context Facilitation

Evidence and information provided
must be credible, relevant, and trusted

The balance between risks and
benefits, losses, and gain from the
status quo versus a new action must
be understood

The process for moving knowledge
into action must be strategically and
cooperatively planned by knowledge
users and knowledge producers

A wide suite of knowledge is needed
including research evidence, local
information and experience,
prevailing values, and capacity for
change

Individual, organizational, and
systemic enablers and barriers to
implementing knowledge must be
managed

Criteria for establishing if an
intervention works must be
negotiated

Table 3 Standards for program evaluation

Standard Guiding question

Utility Do the stakeholders find the evaluation processes and outputs valuable in meeting their needs?
Feasibility Is the evaluation affordable, do-able, and acceptable to participants and stakeholders?
Propriety Was the evaluation fair, ethical, legal, and appropriate to the cultural context?
Accuracy Will the methods and means of evaluation produce adequate and unbiased information about the program

or intervention being evaluated?
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evaluation. This must be accompanied with an
understanding of the interests and expectations
of people affected by the interventions and a
process to engage them in developing the evalua-
tion questions. Just like in efforts to bridge the
knowing-to-doing gap, program evaluations
should involve stakeholders in the planning, exe-
cution, and interpretation of the evaluation.

Evaluations should assess both the impacts or
outcomes that resulted and the processes used to
implement the programs. Six questions can help
guide an evaluation (Spiegelman 2016; Glascow
et al. 2019).

1. Who is willing to participate in an initiative,
intervention, or program, and reasons why or
why not?

2. To what extent can the intervention be effec-
tively integrated within real-world systems?

3. What are the efficacy (doing things in an opti-
mal way) and effectiveness (producing the
desired results) of an intervention in terms of
intended and unintended outcomes and their
variability across subgroups?

4. Have the processes of the program been
evaluated to see if they work and can be
improved?

5. How do the impacts on conservation or social
outcomes vary with the circumstances under
which interventions are applied?

6. Can the program or policy become
institutionalized or part of the routine practices
and policies?

4 Adaptive Management

Adaptive management is type of learning-based
decision making “intended to increase the ability
to fashion timely responses in the face of new
information and in a setting of varied stakeholder
objectives and preferences” (NRC 2004). It is
based on the simple premise that there will always
be uncertainty and unpredictability in the
response of complex social–ecological systems
to interventions, but management decisions must
still be made, so whenever possible, we should
incorporate learning into management (Allen

et al. 2011). It is critical for managing biological
systems in the presence of uncertainty (Westgate
et al. 2013).

Adaptive management combines management
actions concurrently with monitoring to charac-
terize the full extent of a problem, anticipate the
possible consequences of responses throughout
the system being managed, evaluate impacts of
interventions, and incorporate lessons learned
into future decisions (Ebi 2011). It aims to reduce
uncertainty and close the knowing-to-doing gap
while managing a problem.

Adaptive management is an approach to
learning-by-doing wherein information generated
from trying an intervention is used to inform how
to modify the intervention to achieve desired
outcomes. Learning through management can be
achieved in three main ways: (1) interventions
can be tried concurrently, evaluating one against
another; (2) interventions can be tried in a step-
wise fashion wherein one intervention is tried and
if it fails a different intervention is launched and
monitored; and (3) the same intervention is
modified as monitoring and evaluation of its pro-
cesses and effects are assessed while management
is underway (Allen et al. 2011).

Adaptive management can foster resilience
and flexibility to cope with an uncertain future
by helping managers learn by doing. It does not
work in all situations, needs resources and exper-
tise to allow appropriate monitoring and assess-
ment, needs clear stopping rules that must be
acted upon if adverse impacts are detected, and
needs the engagement of stakeholders to frame
assessments that can recognize an agreed-to
vision for success. Adaptive management’s
value is that it prevents us from avoiding action
in the face of unknowns and, by learning as we
go, continually moves actions to safer and more
successful interventions.

5 Summary

The case for implementation science and program
evaluation in wildlife health is clear: As manage-
ment systems work under increasingly dynamic
and resource-constrained conditions, and the
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pressures on wildlife become more widespread,
regular, and intense, evidence-based strategies are
essential to ensure that research investments are
rapidly, reliably, and effectively translated to
improve wildlife health. Wildlife population
health practitioners need to access and understand
the evidence available to them to make changes as
well as know how the social and ecological
contexts for change create obstacles and
opportunities to bridge the knowing-to-doing
gap in a timely manner.
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Preparing for the Unexpected

Craig Stephen

Abstract

The twenty-first century will be characterized
by more frequent and more impactful
surprises. Adopting a surprise-oriented
approach will require concurrent shifts in per-
spective that support a systems-based
approach to protecting assets to be resilient to
surprise while building the necessary situa-
tional awareness and intelligence through
partnerships for early warning. A surprise-
oriented wildlife health program will need a
multifaceted approach that aims to (1) identify
and address preexisting social, ecological, and
health circumstances that are conducive to dis-
ease or threat emergence and increase vulnera-
bility to their effects; (2) proactively build
capacity for individuals and populations to
cope with multiple interacting threats and
stressors to build resilience against the addi-
tional pressure of an unexpected health threat;
(3) develop capacity to adaptively respond to
surges in unexpected problems; and (4) inte-
grate surprise activities into routine health
management. As it will not be possible to be
ready for all unexpected events, collaborative,
multi-solving solutions that look across a spec-
trum of potential threats to find root causes of
vulnerability and resilience may be an effec-
tive strategy for Anthropocene preparedness.

Keywords

Surprise · Preparedness · Complex systems ·
Emerging · Multi-solving · Situational
awareness · Vulnerability · Resilience ·
Wildlife health

1 Introduction

The challenges that face wildlife health managers
today differ from the past. The scale of human
influence has increased, the most significant
threats are global in nature, and problems are
aggregating and compounding with each other.
Actions to reduce unexpected wildlife health
risks will need to address threats that change
over time, locations, species, and pathogens,
with high degrees of uncertainty as to the rate
and magnitude of changes in response to
interventions.

Natural and human-induced hazards have
become more prevalent and are expected to
cause increasing impacts into the foreseeable
future (Anon 2017). The rapid pace of change
and its associated prediction of more frequent,
impactful, and unpredictable wildlife diseases
are requiring governments to reevaluate their
strategies to prevent, mitigate, and recover from
these diseases that can affect conservation,
economies, and public health. The COVID-19
pandemic was a stark reminder that we cannot
predict how the future will unfold. But so too
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were global amphibian chytridiomycosis, mas-
sive wildlife losses due to Australian wildfires,
and the North American epidemic of white-nose
syndrome in bats. While eminently
understandable with hindsight, we often lack the
foresight to anticipate such events in time to cur-
tail or prevent their impacts and spread. Many
surprises are rarely a “bolt out of the blue,” but
rather are events whose warning signals were not
tracked, recognized, or appropriately interpreted.
Other surprises, such as chronic wasting disease
or deformities due to environmental pollutants,
were inconceivable before we knew about their
presence, persistence, and effects.

Wildlife health workers now operate in a
globalized, interconnected, and rapidly changing
world replete with “foreseeable unexpected
events.” They are foreseeable in that our
experiences and research reveal the possibility
of new emerging diseases, health impacts of cli-
mate change, changing pollution dynamics, and
more. They are unexpected because we can rarely
predict their timing, location, and impacts with
accuracy. Therefore, 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).

Despite promises for scientific and technolog-
ical means to improve our ability to predict
impending threats, wildlife health managers
need to be prepared for surprise because there is
presently not enough predictive power to accu-
rately forecast disease outcomes resulting from
the environmental and social changes anticipate
in the twenty-first century (Whitmee et al. 2015).
When we do not prepare for surprise or wait too
long to implement measures to deal with it, the
social and ecological costs can be remarkably
high. Although predicting future shocks in com-
plex dynamic wildlife health systems may cur-
rently be rarely possible, being attentive to what
might happen helps manager identify
vulnerabilities in advance of harm and consider
opportunities to make populations more resilient
and thus better able to ward off future surprises.

2 The Origins of Surprise:
A Complex Systems
Perspective

There is something “comfortable” about planning
population health programs by seeing events and
the contexts in which they occur as being clearly
compartmentalized and seeing cause–effect
relationships as stable and linear. But the health
and ecological sciences have long recognized that
health and resilience are products of complex,
dynamic, social, and ecological interactions (see
Chap. 1) and that surprise is an expected feature
of complex, dynamic systems (Stephen et al.
2020).

Much wildlife health research historically
assumed that reality is the sum of components
parts that can be separated and studied as isolated
entities. This reductionistic approach has been
extremely successful in combating diseases
caused by single elements that can be remedied
by targeting that element alone (e.g., using
antibiotics to treat an infection or using rabies
mass vaccination for outbreak control). Chronic
diseases challenged this reductionist thinking.
Genetic, environmental, and social factors were
seen to interact in complicated ways over varying
time scales to make a chronic disease, like cancer,
less likely to be prevented or controlled by
attacking only one element. The potential interac-
tion of immunotoxic effects of persistent organic
pollutants and marine morbillivirus (Duignan
et al. 2014) or the complicated interaction of
food web dynamics, habitat change, and Lyme
disease in wildlife reservoir hosts (Wood and
Lafferty 2013) illustrate how diseases rarely are
unidimensional, isolated outcomes. Things got
further complicated as our attention turned from
disease to health, where health is characterized as
the cumulative effect of capacities and resources
derived from interacting individual, social, and
environmental determinants necessary to adapt
to, respond to, or control life’s challenges and
changes. The potential for additive and multipli-
cative interactions and synergistic and
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antagonistic relationships between determinants
make it hard to accept that health is the product
of simple, linear interactions. 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 outcomes are multi-scale phenomena
affected by relationships and interactions at
small, individual, population, social, and ecosys-
tem scales and by the influences and feedbacks
across and between these various scales which
change over time (Fig. 1). The scale at which
one studies a health or 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” health phenomenon can be described dif-
ferently. A comprehensive understanding of a
health outcome requires us to look at multiple
variables interacting across all levels and across

different spatiotemporal scales. This seems an
overwhelming task; one to which people are
increasingly evoking complexity theory as help.

Complex dynamic systems are built up from
large numbers of mutually interacting subunits
whose repeated interactions and feedbacks result
in collective behavior that in return affect the
individual parts of the system. Unlike simple
linear systems, a complex system cannot be
understood by extrapolating the behavior of the
individual parts. In complex systems, one level of
organization can determine the level above it, and
that level then determines the features of the level
above it. The subunits of each level have multiple
and changing ways they can interact within and
between levels. The long and sometimes convo-
luted causal chains between upstream and down-
stream animal, human, and environmental
determinants of wildlife health create intricate
networks of interactions between the many parts
of a system making it hard to foresee new
relationships or emerging outcomes. The

 influence how the other constituent parts
   of the system interact

 Influence the interactions of hazards and
   health determinants with individual
   pathophysiology

 influence disease manifestations and
   capacities to cope in individual animals

 affect determinants of population
   exposures,sensitivities, resistance and
   resiliene

 collections of individuals and institutions
   that enable or dissuade actions and
   decisions influencing risk factors and
   determinants of health

Ecosystem

Social system

Population dynamics

Individual attributes

Small scale

Fig. 1 A simplified wildlife disease model in which outcomes are embedded in an interacting hierarchy of multiple
scales of influences, interactions, and relationships

Preparing for the Unexpected 249



manifestation of a health outcome is not only
scale dependent but also is affected by human
actions that can impact the likelihood or
consequences of an outcome.

3 The Origins of Surprise:
An Operational Perspective

If you accept the socio-ecological model of wild-
life population health outlined in Chap. 1 and you
accept that the drivers of social and ecological
change are globalizing and accelerating you
need to prepare for surprising wildlife health
events and outcomes. Surprise generally comes
from two sources: lack of sufficient information
or knowledge and the basic dynamics of complex
adaptive systems (Gross 2019). Operational
surprises arise when there are failures in the
links between policy, intelligence, warning, and
response (Parker and Sterne 2002). Individual
and organizational attributes can predispose us
to being surprised (Galaz et al. 2011). Organiza-
tion can be unreceptive to warning signals outside
of their usual scope of practice when cross-
sectoral communication breaks down, and when
bureaucratic conflicts and inadequate protocols
preclude information sharing. Priorities and
overcrowded agendas may discourage collabora-
tive actions that extend beyond immediate
interests and thus reduce opportunities for novel
information to be brought into decision-making
processes. This is compounded when there is no
investment in developing partnerships to under-
stand or influence socio-ecological causes of
wildlife health. Insensitivity to new information
and perceived power dynamics can lead to failure
to recognize and act on early warning signals.
People can become desensitized to warning
messages that are too frequent, too many, or too
disconnected with their lived experiences or when
unaccompanied with solutions.

Warning occurs when a change in risk or vul-
nerability status is revealed and that change is
rapidly communicated to those able to respond
(Yamin et al. 2005). Unless warning turns into
action, it is not an effective warning. There are
five prerequisites for actions to follow from

warnings. There must be (1) awareness that a
problem exists; (2) a sense that the problem
matters; (3) understanding of the causes; (4) the
capability to intervene or influence outcomes; and
(5) the political will to deal with the problem.
Awareness of wildlife emerging disease often
arises postemergence (e.g., wildlife surveillance
has most often been used to track pathogens and
pollutants after they are seen to cause harm).
Early on, economic barriers often result in insuf-
ficient numbers of samples being submitted to
diagnostic laboratories to estimate prevalence,
do trend analysis, or conduct risk assessments
needed to issue warnings. If the emerged threat
is known, actions may follow, but less so for
newly emerged hazards. The sense that the prob-
lem matters usually only arises when either
non-wildlife social values are at risk, large-scale
wildlife mortality events occur, or highly
endangered species are impacted. Rarely do wild-
life surveillance programs have explicit
thresholds that signal the need for action nor are
they explicitly linked to management
interventions. Wildlife often lacks a political
voice or private sector advocate to make its health
a priority comparable to the health of people or
livestock. Thus, these five prerequisites for action
are challenging to fulfill in many wildlife health
management scenarios.

4 A Taxonomy of Surprise
for Wildlife Health

There are four broad types of surprise (Betts
1980; Kates and Clark 1996; Cunha et al. 2006).
First, we may be unaware of an event or conse-
quence until it becomes severe or affects a popu-
lation of special interest. This is frequently the
case for emerging wildlife diseases. These
surprises are knowable in retrospect but elude
detection because of lack of surveillance or inter-
est in a place or population. An example might be
a fish die-off in a noncommercial species in a
remote body of water that is not subject to sur-
veillance. Second are surprises that come from
failure to recognize an actionable signal or
respond to that signal despite ample warning.
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An example of this type of surprise could be when
a public health agency fails to see the detection of
a novel zoonotic pathogen in wildlife in the
absence of human illness as an early warning
sign. Responses to these first two categories of
surprise have focused on connecting specialized
pools of knowledge and improving access to the
larger network of information and expertise.

Unanticipated consequences of socio-
ecological interactions are the third category of
surprise. These surprises are conceivable in retro-
spect once additional investigation reveals
connections that drove an emergence that was
not previously anticipated. For example, ship-
ment of garbage between jurisdictions for dis-
posal unintentionally spread rabid racoons,
allowing an epidemic to jump between locations
rather than slowly spread (Chipman et al. 2008).
The fourth type of surprise is new, previously
inconceivable events. Prion diseases like bovine
spongiform encephalopathy and chronic wasting
diseases are examples. These latter two surprise
types arise due to uncertain, ambiguous, or unan-
ticipated circumstances. Strategies for these
surprises focus on building population health
and resilience against the unforeseen.

5 Managing the Unexpected

There will always be inherent uncertainty and
unpredictability in the dynamics and behavior of
wildlife health, but management decisions must
still be made. There are many methods to try to

predict new disease patterns, but all can only act
as “the art of the possible” rather than as predic-
tive tools to direct specific risk management
actions in specific locations and at specific
times. Significant knowledge gaps for even the
most studied wildlife diseases along with a sim-
plistic view of diseases disconnected from their
social and ecological context reduce the likeli-
hood that we will be able to predict new disease
or health threats with accuracy or regularity in the
foreseeable future.

The taxonomy of surprise outlined above
provides a convenient way to think about how
to manage for surprise (Stephen et al. 2015)
(Fig. 2). For surprises that elude detection, are
not recognized, or are not acted upon, we need
to improve our situational awareness so that
managers can understand if the circumstance is
conducive to a new problem. Situational aware-
ness can be enhanced by better information shar-
ing to detect early warning signals or by including
vulnerability surveillance in population monitor-
ing programs (see Chap. 9). The latter two types
of surprises are not conducive to enhanced sur-
veillance or situational awareness because
managers do not know what to target for in unan-
ticipated or inconceivable events. For these
surprises, the best strategy is to invest in making
populations healthy so that they can resist the
initial event and be resilient enough to recover
from the event.

The traditional approach to preparing for
surprising and emerging threats has presumed
that health is protected by solving problems and

Fig. 2 Categories of
surprise and strategies for
their management
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by removing deficits and obstacles. A deficits
approach focuses on threats and shortcomings
(such as disease, pollution, or habitat degrada-
tion). Disaster management, climate change prep-
aration, and pandemic planning are increasingly
recognizing that, to deal with a surprising and
unpredictable future, communities, populations,
and ecosystems must have the assets needed to
cope with what may come (Stephen 2020).While
there is an urgent need to deal with deficits and
depletion driving threat emergence, there is also a
need to promote resilience, adaptability, and well-
being. An assets-based approach is concerned
with identifying and sustaining the shared protec-
tive factors that support health. This is a critical
approach to dealing with unanticipated and incon-
ceivable surprises.

Adopting a surprise-oriented approach will
require concurrent shifts in perspective that sup-
port a systems-based approach to protecting
assets to be resilient to surprise while also building
intelligence through partnerships for early warn-
ing. Building a systems-based approach for the
unexpected can seem overwhelming due to the
breadth of partnerships, capacities, and informa-
tion required. However, population health pro-
gram designers can turn to literature on complex
systems safety management to identify core
principles that act as entry points from which to
build their programs (Table 1).

A surprise-oriented health management sys-
tem will need a multifaceted approach that aims
to (1) identify and address preexisting socioeco-
nomic, ecological, and health circumstances that
are conducive to disease or threat emergence and
increase vulnerability to their effects; (2) proac-
tively build capacity for individuals and
populations to cope with multiple interacting
threats and stressors to build resilience against
the additional pressure of an unexpected health
threat; (3) develop a capacity to adaptively
respond to surges in unexpected problems; and
(4) integrate surprise activities into routine health
management (Stephen and Soos 2021).

6 Being Interprobleminary
in Preparedness

Detection, monitoring, observation, and early
warning systems and technologies that focus on
one hazard at a time will not only miss surprising
events and changing vulnerabilities but also are
not widely available to the most disadvantaged
and vulnerable countries (Dominey-Howes
2018). More efficient ways to be ready for sur-
prise are needed. Because the drivers of vulnera-
bility and resilience against multiple global
threats overlap, directing actions at shared drivers
not only better prepares populations for emerging
diseases but also for other threats. It seems rea-
sonable to ask whether a wildlife health risk man-
agement program needs to evolve from
interdisciplinary teams tackling single issues
(e.g., emerging diseases) to “interprobleminary”
teams that examine the interactions and
implications of multiple problems occurring
simultaneously in a place or population. Such
thinking is akin to the all-hazards approach to
disaster preparedness which focuses on capacities
and capabilities that are critical to preparedness
for a full spectrum of emergencies or disasters.
All-hazard approaches recognize that while
hazards vary in source (e.g., pathogens,
pollutants, extreme weather), they often challenge
health programs in similar ways and resilience
against them are rooted in shared determinants.

Multi-solving occurs when where people pool
expertise, funding, and will to solve multiple
problems with a shared investment of time and
resources. Multi-solving is based on the premise
that problems might be easier to solve together
rather than one by one. A multi-solving approach
has the potential to produce win–win situations
that improve preparedness against multiple
threats by aligning constituencies that might not
otherwise see their common interests. The goal
with multi-solving is to discover the co-benefits
of actions to protect your interests (in this case
wildlife health) with the interests of others who
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can affect the determinants of vulnerability and
resilience. This requires the ability to define
problems in ways that include more people in
the solutions and optimize many outcomes rather
than maximizing one.

7 Summary

Climate change science is concerned with sur-
prise (Schneider 1995), so too is sustainable
development (Gladwin et al. 1995), and business
management (Taleb 2007); but the focus on pre-
diction, measurement, and detection has

comparatively made wildlife health research sur-
prise free. Wildlife health risk management must
understand how social and environmental
characteristics and circumstances interact, influ-
ence, modify, facilitate, or constrain interventions
and the effectiveness of their implementation
(May et al. 2016).

A complex systems approach to health
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 asks, “are there circumstances where certain
sub-populations are more vulnerable to a disease”

Table 1 Principles for managing for safety in complex adaptive systems (after Reiman et al. 2015)

Principle Guidance for emerging threat management

Set boundaries, objectives, and
priorities

Set explicit boundaries for program activities since there are no natural
all-inclusive boundaries between the various overlapping components of the
wildlife health and emerging risk. This will help programs focus their unique
skills and knowledge, select metrics and means to monitor progress, and
develop needed partnerships

Promote prevention as a guiding
principle

Work with partners (local to international) to develop a shared value of
prevention that will encourage actions in advance of harm

Create standards and processes Adapt existing programs as well as develop new programs to assess risks
holistically and develop standards to assess and apply evidence for action

Monitor the system Monitoring and surveillance systems must be adapted to support surprise
preparedness and should include tracking adverse outcome factors (such as
diseases and outbreaks), risk factor (such as pathogen traffic or changes in
human uses of wildlife), vulnerability determinants (such as changes in human–
wildlife interaction in critical areas), and upstream drivers of threats (such as
changes in land use)

Create capacity for situational self-
organization

Adjust and interpret priorities and practices as new knowledge arises and
situations change. This will require risk managers have sufficient understanding
of the possible risk impacts of their actions, building from a good understanding
of the core tasks, populations, threats, and hazards that need to be managed
within a wildlife health context

Optimize local efficiency Surprising events must be managed considering other threats and account for
differences in local capacities and risk circumstances. For example, emerging
diseases cannot be managed in isolation from other unexpected impacts of
climate change, biodiversity loss, habitat degradation, and other drivers of
harm. Actions to control emerging risks must avoid creating new or additional
threats and harms

Facilitate novelty and diversity Our understanding of the genesis, prevention, and response to surprise health
events is changing and can be expected to keep changing under current
conditions of social and environmental change. Health managers and
researchers must assess, clarify, reinforce, and amplify locally and
internationally developed innovations and facilitate their diffusion and adaption
to other settings

Facilitate connections, interactions,
and collaborations

Interactions in which people trust each other, know and respect each other’s
competences, and are willing to share information, and learn from each other
are needed to foster collaborative interventions and remain innovative.
Programs must pay particular attention to human dimensions of the wildlife
health management that impede or enable effective risk management
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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? (Stephen et al. 2020). 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 the
circumstances that tip a system from being
unconducive to conducive to a surprise?
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Wildlife Health Solutions Depend
on Effective Risk Communication

Andrew Peters

Abstract

Risk communication is a key tool for wildlife
health professionals to engage with society on
its role as the ultimate driver of most emerging
wildlife diseases, to reduce societal harm from
wildlife disease, and to empower society to be
an agent of change for the betterment of wild-
life health. Risk communication can, if effec-
tive, enhance understanding and promote
beneficial action in society. If ineffective,
including through intentional or unintentional
avoidance of communication, it can foster fear,
confusion, and disengagement. To be effec-
tive, risk communication must recognize that
risk is in part a sociocultural construct and that
the perception of risk is strongly influenced by
sociocultural factors. ‘Shadow spaces’ and
social amplification of risk can lead to delete-
rious, and sometimes counterintuitive,
outcomes. Trust, which underpins effective
risk communication, is enhanced through the
development of partnerships between experts
and societal stakeholders. Understanding the
sociocultural context of a wildlife health prob-
lem, which can emerge from these
partnerships, is needed to inform the framing
and delivery of clear, consistent, and concise
messages. Effective risk communication is

well developed in public health and is founded
on the principles and methods of social
science.

Keywords

Communication theory · Risk analysis · One
Health · Public health · Society · Human-
wildlife conflict · Fear factors · Message
mapping

1 Wildlife Health and Risk
Communication

Humans are the ultimate driver of most emerging
wildlife diseases, are subject to harm from wild-
life disease, and are an agent of change for the
betterment of wildlife health. Wildlife health
professionals depend on communication to
engage with society on these issues. The effec-
tiveness of our communication shapes the out-
come of that engagement, either enhancing
understanding and promoting beneficial action
or fostering fear, confusion, and disengagement.

Risks (events that have an alterable likelihood
and that carry a potentially negative consequence)
to society from wildlife disease include
intersecting environmental, sociocultural, health,
and economic harm. Risk communication is a
powerful tool to promote the reduction of such
harm through societal action. To be effective, risk
communication must recognize that sociocultural
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context strongly influences the perception of
risk—that risk is in part a sociocultural construct.

1.1 People Are Central to Wildlife
Health Problems

The interaction between wildlife health and soci-
ety is important and multifaceted. Wildlife health
problems very commonly have anthropogenic
origins, from the immediate or proximate causa-
tion of wildlife disease events to more remote or
distal social drivers of disease risk. Wildlife
health problems can cause real or potential harm
to society. Even where a problem does not have
an apparent anthropogenic cause (such as
Tasmanian Devil Facial Tumour Disease), its
identification as a problem relates to potential
environmental, sociocultural, economic, or
human health impacts relevant to society. Social
dimensions typically shape the response to wild-
life disease.

Responding and finding solutions to wildlife
health problems is, therefore, most effective when
cognizant of the relationship between society and
wildlife health, not only to identify how society
contributes to a problem or limits the available
response or solution options but also to expand
the available solution space by looking for
opportunities in the social dimensions. This
includes identifying the value proposition for
society to develop socially and environmentally
sustainable solutions to wildlife health problems,
potentially leveraging and facilitating community
participation, funding support, political support,
and behavioral change.

1.2 Risk and Wildlife Health

We can assess the likelihood and potential
consequences associated with a risk using risk
assessment. The likelihood associated with risks
may not be predictable with precision. Similarly,
the diverse and interacting consequences
associated with risks make a comprehensive pre-
diction of the consequence of a risk challenging,
especially in light of the interacting and cascading

potential of each consequence to give rise to new
risks.

It is important to differentiate risk assessment
from risk acceptability (Fischbacher-Smith et al.
2010). While the former can be a technical pro-
cess, the latter requires a more qualitative under-
standing of why people respond to a risk, based
on the interaction between characteristics of that
risk and the societal and personal dimensions
associated with it. Risk acceptability is shaped
by the perception of risk. Notwithstanding this,
a robust evidence base facilitates the communica-
tion of risk, because of the complexity and poten-
tial negative outcomes associated with
communicating uncertainty. Establishing the
empirical facts should, therefore, be a primary
objective of analyzing risk (Fischbacher-Smith
et al. 2010; Bennett et al. 2010a, b). This may
not always be possible, however, for poorly
understood but pressing wildlife health risks.

The way in which individuals understand and
perceive risk is very complex. Typically,
accumulated information and knowledge from
diverse sources are weighted and synthesized
heuristically into a point of view that is relatively
narrow and more definitive, which is then used to
inform the response of the individual to risk or
related risks (Fischbacher-Smith et al. 2010) (see
Chap. 8). Technical or expert risk assessment is
only one contributing source in the development
of that point of view.

A number of factors including availability
bias, confirmation bias, and overconfidence affect
the assessment and perception of risk in both
experts and the public (Bennett et al. 2010a, b).
Availability bias occurs when familiar risks are
ranked more or less significant than unfamiliar
risks relative to an independent assessment,
while confirmation bias is when the interpretation
of the evidence is influenced by prior belief and
perception. These factors are pervasive but not
ubiquitous in risk assessment and risk perception.

Expert analysis of complex risks, such as those
associated with wildlife health, is seldom able to
achieve great precision. This creates “shadow
spaces” in which other influences on the percep-
tion of risk are able to dominate, including politi-
cal messaging, misinformation, criminal activity,
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and the advancement of unrelated ideological
agendas. Manipulation of risk perception can be
used to maintain or control social groups (Slovic
1987). There is a need for caution in undertaking
risk communication in these shadow spaces, to
avoid supporting hidden agendas and eroding
trust (Fischbacher-Smith et al. 2010). Shadow
spaces are common in wildlife health risk assess-
ment because of the difficulty in estimating both
likelihood and consequence associated with wild-
life disease events. This can lead to perverse
outcomes, including the demonization of particu-
lar wildlife species.

1.3 Effective Risk Communication
as an Agent of Change
for Solving Wildlife Health
Problems

Risk communication is the exchange of informa-
tion between two or more groups of people for the
purpose of promoting, influencing, or reinforcing
decision-making relating to events that have an
alterable likelihood and that carry a potentially
negative consequence. It is the instrument by
which societal change in response to wildlife
health problems can be facilitated. Often risk
communication is thought of as the transfer of
information from experts to the public, but it is
important to recognize that any two parties can be
involved in risk communication, and the direction
of information flow in effective risk communica-
tion is in both directions.

Risk communication has emerged as a key tool
in public health, with valuable lessons for risk
communication in wildlife health and conserva-
tion (Kidd et al. 2019). If effective, it helps to
clarify areas of disagreement, promote inclusiv-
ity, and inform better decision-making (Bennett
et al. 2010a, b). As wildlife health professionals,
we need to consider what we are trying to achieve
through risk communication. We also need to
recognize that, as experts, we are already
participating in risk communication, even if
through silence. To inform better decision-
making, to benefit wildlife and society, we need
to base our approach to risk communication on a
sound understanding of how wildlife health

challenges are a social problem (see Chap. 19).
The perception of risk can create support for
wildlife disease management (Hanisch-Kirkbride
et al. 2013) but we have a responsibility to con-
sider how our risk communication regarding
wildlife health shapes societal values relating to
wildlife (Decker et al. 2012) and human–wildlife
conflict (Gore and Knuth 2009). Risk communi-
cation might be used to address the anthropogenic
drivers of wildlife disease or to engage the com-
munity in solutions for wildlife health. Either
way, our risk communication strategy needs to
deeply understand the sociocultural landscape in
which it operates so as not to exacerbate risk or
promote the emergence of new risks.

2 Principles of Effective Risk
Communication

2.1 Risk Communication Is
Interpreted Through
Sociocultural and Personal
Context

Effective communication is an exchange, not a
unidirectional flow of information. This is
because communication includes the encoding,
transmission, and decoding of information
(Bennett et al. 2010a, b). Both the communicator
and the recipient are participants in these pro-
cesses, and the outcome of communication is a
product of both parties (Smith 2020).

Perceptions of risk can differ significantly
between experts, the public, and other
stakeholders. Risk is mostly thought of as being
both objective, having real and quantifiable
properties which may be confirmed post hoc,
and constructive, in which the subjective experi-
ence of risk defines its properties (Rae and Alex-
ander 2017). The latter can be overlooked by
experts during risk communication, even when
they themselves interpret risks through their own
cultural and professional lens.

The way people perceive and respond to risks
is profoundly shaped by their sociocultural con-
text (Slovic 1987), including their values, beliefs,
and attitudes (Bennett et al. 2010a, b). To be
effective, risk communication needs to consider
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these factors. One of the most important
considerations in risk communication is
so-called fear factors (Box 1). These factors are
typically associated with feelings of dread (Slovic
1987) and the perception of higher risk by the
public.

Box 1 Fear Factors Influential
in the Perception of Risk
Fear factors have been well recognized in
risk communication for more than three
decades, though there is no consensus on
all of the factors that increase the perception
of risk. Bennett et al. (2010a, b) and
Covello (2001) describe the perception of
risk as being higher when risk is:

• involuntary rather than voluntary
• controlled by others rather than the

individual
• inequitably distributed
• not associated with clear benefits
• inescapable through personal action
• unfamiliar or novel
• anthropogenic rather than natural in

its cause
• ethically objectionable or morally wrong
• able to cause hidden or irreversible

damage
• able to pose danger to future

generations, children, and
pregnant women

• able to cause potentially ‘dreadful’
injury or death

• more likely to affect known rather than
anonymous people

• able to have a direct personal impact
• poorly understood or has high

uncertainty
• subject to contradictory statements from

responsible sources
• associated with untrustworthy

individuals or institutions
• able to cause spatiotemporally deter-

mined and focused impacts

It is important to recognize that while fear
factors are a significant influence on individual

risk perception, other factors also exist. These
include an individual’s preexisting attitude
toward the source of risk, the number of people
exposed to risk, cultural attitudes, and personality
traits such as an appetite for risk-taking (Bennett
et al. 2010a, b; Slovic 1987). With regards to
natural hazards, prior personal experience with
the hazard and level of trust in authorities are
the most influential factors shaping risk percep-
tion (Wachinger et al. 2013). Strong prior views
on risk can be highly influential as confirmation
bias shapes the way an individual interprets new
information or knowledge relating to that risk
(Slovic 1987).

A further, consistent influence on the public
perception of personal risk, termed optimism
bias, is the individual belief that risk is greater
for others than for oneself (Weinstein 1989).
Optimism bias can arise when individuals com-
pare themselves to an inappropriate norm when
faced with ambiguous risk factors, or through
cognitive reliance on groundless risk reduction
practices (Weinstein 1989). It can hinder behav-
ioral change for risk reduction. Risk communica-
tion needs to, therefore, consider and respond to
the potential for optimism bias, especially in
high-risk social groups.

One of the more perplexing aspects of risk com-
munication is the social amplification of risk
(Bennett et al. 2010a, b). Social amplification
describes how sociocultural dimensions either
amplify or attenuate perception and response to
risks beyond that assessed by technical experts as
relatively proportionate (Kasperson et al. 1988).
This is an important phenomenon as it can lead to
significant impacts on society through ineffective
or inappropriate public response to risk. Distinct
from, but at times associated with, social amplifica-
tion is the ‘signal’ associated with risk.When a risk
is considered a portend of other risks, whether
objectively true or not, this can highly influence
the perception of that risk (Slovic 1987). An exam-
ple of both phenomena would include the social
amplification of risk associated with restrictive
public health measures for COVID-19 as a signal
for totalitarian governmental control.

How do these influences on the perception of
risk inform the wildlife health professional
engaged in risk communication? Two broad
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principles emerge: it is critically important to
develop partnerships with those participating in
risk communication (Smith 2020), and; a strategic
approach to risk communication needs to be taken
that focuses on effectively reducing risk through
consideration of the sociocultural dimensions of
risk perception.

2.2 Partnership: The Foundation
of Effective Risk Communication

Fischhoff (1995) described a maturation of pro-
cess in the field of risk communication. Ulti-
mately, an emphasis on the role of partnerships
has emerged, notwithstanding some of the
challenges associated with establishing and
maintaining these partnerships. The basis for
this focus is recognition that expert risk assess-
ment typically only captures some of the
parameters influencing risk perception and that
the public, especially those who the risk might
impact, have valuable insights and knowledge
(Fischbacher-Smith et al. 2010; Slovic 1987).
Partnerships are now considered by many as the
foundation for effective risk communication
(Gamhewage 2014).

A key determinant of risk communication is
trust (Bennett et al. 2010a, b). In the context of
risk communication relating to wildlife health,
trust in government agencies, nongovernment
organizations and experts typically plays a signif-
icant role in shaping the perception of risk
(Coombs and Holladay 2006). The social influ-
ence of family and friends, mediated through
trust, can also strongly influence an individual’s
perception of risk (Slovic 1987). The need to
establish or re-establish public trust in science
and scientific governance in order to enable
more effective risk communication partly
underlies the focus on building partnerships
(Fischbacher-Smith et al. 2010). This is clearly
important, as low trust reduces the effectiveness
of communication between parties, however, the
converse, that high trust leads to effective com-
munication, is not always true. This is because
strongly held preexisting views can occasionally
inform and revise an individual’s trust in a

communication partner more than preestablished
trust influences that individual’s views (Coombs
and Holladay 2006; Frewer et al. 2003). This is
not to be overstated, however. For example,
preexisting trust of scientists and doctors is
thought to have shaped the emergence of opinion
groups around public health compliance early in
the COVID-19 pandemic (Maher et al. 2020).
Especially on issues where strongly held views
don’t already exist, the role of establishing trust
through partnerships is most often likely to be
highly beneficial in risk communication. This
may be especially true for new emerging wildlife
health risks. An important element of trust is that
it is built upon open, two-way communication
between experts and the public beyond the spe-
cific messaging associated with a risk
(Fischbacher-Smith et al. 2010). Specifically,
higher trust is associated with communication
behaviors including transparency, acknowledg-
ment of uncertainty, meaningful engagement
including seeking input from the public, speedy
dissemination of understandable scientific com-
munication through multiple channels, and con-
sistent, uniform messaging (World Health
Organisation 2017).

One of the key elements of an effective part-
nership is effective listening. Effective communi-
cation is fundamentally dependent on careful
listening to resolve the sociocultural dimensions
associated with risks and communication (Menzie
1998, Heffner et al. 2003, Macnamara 2016).
Authorities and experts have developed sophisti-
cated messaging approaches, especially in public
health, but less well known are the architectures
of listening that support risk communication.
These employ qualitative and quantitative
methods that are well known to social scientists
(see for example Bennett et al. (2017)), including
surveys, focus groups, and interviews. The
advancement of information and communication
technologies has created new ways of listening to
inform risk communication (Table 1) (Arana-
Catania et al. 2021). It is important to develop a
listening strategy, recognizing the bias and
limitations of each method and how these apply
to the various partners in communication. For
example, traditional or deliberative surveys can
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identify opinion groups and correlating demo-
graphic characteristics but are not as effective at
exploring the sociocultural basis of risk percep-
tion within those groups. Focus groups and
interviews can more deeply investigate the quali-
tative association between sociocultural context
and risk perception but might not be able to
capture an overview of the relative significance
of opinion groups at an all-of-community level.
Ultimately, each method can be strongly biased
by recruitment methods, heterogeneous patterns
of engagement and the questions being asked.
Collaboration with social scientists who are
familiar with these methods is highly advisable
to minimize these biases.

In the process of establishing partnerships, it
may also be important to employ active listening
(Weger et al. 2014) rather than passive tools such
as surveys or data mining. A listening strategy
can also be used to test the effectiveness of mes-
saging, enabling adaptive changes to framing and
delivery (Bennett et al. 2010a, b; Covello 2006).

2.3 Effective, Solutions-Focused Risk
Communication for Wildlife
Health Challenges

Risk communication is not an end unto itself. The
purpose of risk communication is to reduce risk.
The worst-case scenario from risk communica-
tion is not that risk reduction doesn’t occur, it is
that risk is substantially increased, or new risks

emerge, often facilitated by social amplification.
The latter is particularly relevant to wildlife
health, where ineffective risk communication
can, for instance, shift risk from human health or
economic harm, to environmental or sociocultural
harm. Risk communication in wildlife health
must be focused on the achievement of real-
world beneficial outcomes for society, including
through the protection of the earth’s biological
life support systems. As much as careful listening
is critical to build the partnerships and knowledge
of the sociocultural dimensions of risk communi-
cation, the careful design, and delivery of mes-
saging is critical to the effective exchange of
information leading to those beneficial outcomes.

Framing and delivering are key to the effec-
tiveness of messages (Bennett et al. 2010a, b;
Covello 2006). Framing is broadly about consid-
ering the initial assumptions and sociocultural
context of an audience in the development of a
message (Fischbacher-Smith et al. 2010).
Messages need to be tailored to the language,
modes, and channels of communication used by
the audience. Framing around wildlife health
issues needs to be validated with audiences so as
not to unexpectedly create perverse outcomes
(Roh et al. 2018). Recognition of sociocultural
context and specific stakeholder issues is addi-
tionally important in identifying and managing
the social amplification or attenuation of risk per-
ception (Pidgeon and Henwood 2010). Care
needs to be taken in the communication of uncer-
tainty (Fischbacher-Smith et al. 2010), which can

Table 1 Emerging listening tools applicable to developing effective risk communication

Listening tool Description

Digital participation
platforms

These vary in functionality and include an increasingly vast diversity of platforms for
meeting, deliberation, and discussion, including open-ended forums with or without “expert”
moderation. With high levels of participation, they can create information overload (Arana-
Catania et al. 2021).

Deliberative surveys Deliberative surveys (e.g.Pol.is) are an emerging digital technology that has a more
constrained environment while still permitting moderated input from all community
members (The Computational Democracy Project 2021). They allow evolving, deliberative
participatory discussion and leverages data science to create real-time assessments of
patterns of opinion.

Social media data
mining

Social media data can provide insights into the perception and effects of risk communication
and can inform the real-time development of highly targeted messaging (Merchant et al.
2021).
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engender trust but also reinforce existing attitudes
or open the space for confusion and competing
agendas (Frewer et al. 2010). Risk comparisons
should also be used in messaging with caution
(Bennett et al. 2010a, b), because they rely on a
deep understanding of how an audience
perceives, sometimes counterintuitively, the
risks being compared.

These considerations should be approached
systematically. As an example, the tool of mes-
sage mapping can be used for the effective devel-
opment and delivery of messaging for risk
communication (Box 2). The process of message
development and delivery is often most effective
by engaging multidisciplinary expertise, for
instance, a subject matter expert, a communica-
tion specialist, and a policy expert (Covello
2006). Trained facilitators may enhance the out-
come of multidisciplinary collaboration in risk
communication.

It is important that messaging is consistent,
clear, and concise. Messages that are consistent,
especially when coming from different sources,
are more effective (Covello 2006).

Box 2 Message Mapping: a Tool
for Effective Messaging in Risk
Communication
Message mapping can be used to provide a
unifying framework for risk communication,
especially in the context of emergencies or
disasters. Covello (2006) describes the fol-
lowing steps in message mapping.

1. Identify and characterize the relevant
stakeholders for the risk.

2. Create a comprehensive list of
questions and concerns relating to the risk
and risk communication for each stake-
holder group.

3. Identify common concerns, or
categories of concerns, within and across
the stakeholder groups.

4. Develop messages that consider accu-
racy, communication phenomena such as
mental noise (the difficulty with which
individuals hear, process, and remember a

message when they are upset), and audi-
ence sociocultural diversity to respond to
each stakeholder concern.

5. Prepare so that the proofs (evidence,
precedents, etc.) that support the message
can be readily pointed to and highlighted.

6. Systemically test the messaging using
tools such as focus groups.

7. Plan the role out and delivery of
messages.

The potential complexity and pitfalls of com-
municating risk need to be considered in perspec-
tive: society makes countless, mostly effective
decisions regarding risk using diverse input and
forms of knowledge all of the time (Fischbacher-
Smith et al. 2010). Risk communication typically
becomes more complex when the risk itself is
associated with greater complexity, unfortu-
nately, a common scenario in wildlife health. It
needs to be recognized that even where risk com-
munication is effective, and individuals have the
knowledge to make informed decisions, behav-
ioral change associated with the reduction of risk
can remain stubbornly elusive because of other
social and personal dimensions (e.g., social
barriers, personal habit) (Frewer et al. 2010).

Social structural barriers and inequality
strongly shape access to, and the processing and
interpretation of, information in risk communica-
tion (Merchant et al. 2021). These need to be
addressed when undertaking risk communication
in order to effectively reduce risk, especially
because the effects of both health and environ-
mental harm from risks are often inequitably
distributed and those most at risk are typically
excluded from decision-making (Cole et al.
2020, Mohai et al. 2009). It is important therefore
to identify those most at risk, because of both
their perception of the risk and their vulnerability
(Frewer et al. 2010). It is also worth considering
that there may be societal differences in the
expectation of who is responsible for decision-
making (Bennett et al. 2010a, b).

Decisions about risk acceptability weigh both
the hazard and perceived benefit or opportunity
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cost associated with risk (Bennett et al. 2010a, b).
This is where wildlife health professionals may be
able to reframe society’s perception of the risks
associated with wildlife health through the One
Health and planetary health narrative to achieve
better long-term socioecological outcomes.

If we want to create effective solutions to
wildlife health challenges, we need to understand
that risk communication profoundly shapes
outcomes and that risk communication itself is
inseparable from the sociocultural landscape that
forms the backdrop to those challenges.

3 The Contemporary Future
of Wildlife Health Risk
Communication: Lessons from
the COVID-19 Pandemic

The COVID-19 pandemic has provided an abun-
dance of examples of risk communication, has
reinforced current risk communication theory as
presented in this chapter, and has provided some
additional salient lessons applicable to wildlife
health. Of note, the role of public perception of
risk in informing public policy, predominantly
through the influence of constituents on politics
(Abrams and Greenhawt 2020), is worth noting as
an example of how the constructionist approach
to risk analysis (i.e. that risk is a sociocultural
construct) is relevant to real-world outcomes.

The effect of shadow spaces created by impre-
cise knowledge on the origin of SARS-CoV-
2 provided an opening for the proliferation of
potentially harmful conspiracy theories (Van
Bavel et al. 2020). COVID-19 has been perceived
as a signal of various types of environmental and
societal change, both with and without empirical
support. Social and traditional media have
contributed to the social amplification of the
highly diverse perceptions of risk associated
with the pandemic.

COVID-19 has brought new dimensions to
risk communication, especially relating to the
rapidly changing and dynamic communication
environment created by social media. In addition
to creating challenges relating to the dissemina-
tion of misinformation (Gabarron et al. 2021),

risk communication through social media can
have benefits in terms of reaching diverse
audiences, engaging and empowering the public,
and urgent messaging with speed and reach
(Heldman et al. 2013), notwithstanding the need
to manage data security, privacy, and perception
bias (Merchant et al. 2021). Effective approaches
to managing misinformation on social media are
rapidly evolving (Merchant et al. 2021; Vraga and
Bode 2020). Traditional media is still important
in the social amplification of risk (Gore and
Knuth 2009), but there can be little doubt that
social media will play an increasingly major role
in risk communication.

4 Conclusion

Risk communication is a critical tool for posi-
tively engaging society in wildlife health, but
those employing this tool need to understand
that risk has objective attributes (which are typi-
cally characterized through a technical risk anal-
ysis) but is also a sociocultural construct. Social
and personal influences on the perception of risk
shape the interpretation of expert risk communi-
cation, which, to be effective, must recognize and
address those influences.

Trust is an important factor in risk communi-
cation, and the development of partnerships
between experts and societal stakeholders is a
key approach used to establish trust. A deep
understanding of the sociocultural context of a
wildlife health problem is needed to inform the
framing and delivery of clear, consistent, and
concise messages, the development of which
should be systematic. Message mapping
(e.g. Covello (2006)) provides a useful frame-
work for wildlife health professionals to approach
the development of messaging in risk communi-
cation. The complicating influence on risk com-
munication of shadow spaces and social
amplification of risk needs to be understood and
dealt with to prevent potentially deleterious
outcomes. Effective risk communication can
therefore require considerable insight, experi-
ence, and expertise. It is well developed in public
health (see, e.g., Bennett et al. 2010a, b), and
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many of the tools used to characterize sociocul-
tural context for risk perception are used widely
in the social sciences. Meaningful collaboration
with public health risk communicators and social
scientists is perhaps the most valuable step in the
development of effective risk communication
strategies for wildlife health.
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