
Chapter 12

The Health Paradigm and Protected Areas: Linkages
Between People and Their Livelihoods, Ecosystems
and Natural Communities, and Health and Disease1

Michael D. Kock, WCS, Field Veterinary Program,
UC-Davis Wildlife Health Center Affiliate, Western Cape, RSA

Introduction – population and poverty

Issues at the interface between wild lands and people will
become more critical as the world’s population is expected to
increase from 6.1 billion people in 2000 to 8.9 billion by the
year 2050 (United Nations Population Information Network
2003). Population growth will place ever-increasing pressure
on the world’s natural resources and ecosystem services, as
demand continues to grow for adequate nutrition and clean
water, health care for all, and overall improvements in human
livelihoods and well-being (Millennium Ecosystem
Assessment 2003).

Poverty is probably the single most important constraint to
development and protection of the environment in Africa.
Over 24% of the world’s poor who live below US $1 per day
reside in sub-Saharan Africa. These individuals and families
will through necessity prioritize their lives with regard to the
following factors in descending order of importance:
� Food on the table
� Health
� Good social relations
� Promotion of culturally appropriate rural livelihoods,

including livestock-keeping
� Desire for stability and security
� Environmental concerns

Environmental concerns will remain a luxury for the
world’s poor whilst poverty remains an issue, and protected
areas in Africa will come under increasing pressure from
illegal activities, livestock production, and political as well as
socioeconomic pressures (Osofsky 1997, Millennium
Ecosystem Assessment 2003, Kock and Kock 2003). Poverty
is an integral part of the health paradigm: poverty leads to ill
health, poor productivity, and little desire to address en-
vironmental issues. The key is to link poverty reduction to
improved health of people and their livestock through the
promotion of healthier ecosystems that include the wildlife
that lives within these systems.

In balancing the needs and expectations of Africa’s rural
inhabitants with those of conservationists, it is necessary to
consider how disease interactions influence human, live-
stock, and wildlife health (WCS 2003a, WCS 2003b,
Kalema-Zikusoka 2005, Kock 2005, Bengis 2005) while

keeping in mind that the role of wildlife health in con-
servation goes beyond the presence or absence of disease
(Mainka 2001, Deem et al. 2001). Wildlife health, in the
broadest sense, is a holistic concept with a focus on popu-
lations and the environments in which they live. This focus
must of course include human populations and livelihood
needs, especially at the wildlife/livestock interface. While
some caution is merited to prevent making too simplistic a
linkage between “ecosystem health” and “human health,”
potentially at the expense of wildlife and conservation fund-
ing (Osofsky et al. 2000), it is clear in Africa that a paradigm
shift is needed. Health is the key linkage that can contribute to
human well-being and, therefore, promote environmental
stewardship and healthy ecosystems (Margoluis et al. 2001).

This paper will:
� Promote an ecosystem-based approach to health and

disease issues;
� Argue that the biomedical professions have powerful

tools that can assist other conservation practitioners in
evaluating dysfunction in ecosystems;

� Emphasize that health and disease, in their broadest
sense, are important issues in protected-area manage-
ment and conservation practice; and

� Stress that healthy ecosystems contribute to sustainable
development and human well-being and provide a
diverse resource base that can be utilized on a
sustainable basis to address poverty.

Epidemiology and disease control –
the classic approach

In many instances, both historically and currently in Africa
(Kock et al. 2002), disease control methods that have been
adopted by veterinary and health authorities have been
drastic, have had a significant negative impact on ecosystem
health and biodiversity, and have rarely considered the
broader issues surrounding and influencing health. Classic
disease control methods include vaccination, test and
slaughter, blanket slaughter, vector control, and movement
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controls including fencing. It is the latter that requires “out-
of-the-box” thinking by traditional veterinary and animal
health authorities. The indiscriminate use of fencing to
control disease transmission between livestock and wildlife
without considering connectivity and vital linkages between
ecosystems is a cause for concern (Albertson 1998, Keene-
Young 1999, Scott Wilson and EDG 2000, Thomson et al.
2003, Kock et al. 2002, Martin 2005). Addressing disease
issues should be an integral part of protected-area planning
and management and should involve veterinary and health
authorities. This is crucial as the impact of emerging and
re-emerging diseases on the health of people, their livestock,
and wildlife is likely to constrain the maintenance and
development of protected areas and compromise conserva-
tion initiatives into the future. The potential for spread of
bovine tuberculosis (BTB) from Kruger National Park (NP)
to surrounding human communities (Michel 2005) is a case in
point.

Infectious and noninfectious diseases are increasingly
being recognized as important “emerging issues” by health
specialists, disease ecologists, conservation biologists, wild-
life managers, and protected area planners (Meffe 1999,
Deem et al. 2001, Lafferty and Gerber 2002, Aguirre et al.
2002, Daszak and Cunningham 2002, Graczyk 2002, WCS
2003b, Kalema-Zikusoka 2005, World Parks Congress
Outputs 2003). There are numerous examples of emerging
diseases that are impacting on human health and biodiversity.
For example, from 2001 to 2003 the Ebola virus killed dozens
of people and wiped out hundreds of gorillas in central Africa
(WCS 2003a); West Nile virus has afflicted a wide range of
domestic and wild animals and people in North America; the
deadly severe acute respiratory syndrome (SARS) virus that
affected people worldwide is potentially epidemiologically
linked to wild species in markets in China; BTB has been
reported in buffalo, lion, and other species in Kruger NP
(Clifton-Hadley et al. 2001, Bengis 2005, Michel 2005);
brucellosis is compromising bison populations in North
America (Bienen 2002, Gillin et al. 2002); and foot and
mouth disease outbreaks in southern Africa have affected
livestock and wildlife (Thomson et al. 2003). It is clear from
these examples that the issues of health and disease need to be
brought into the conservation mainstream (Deem et al. 2001,
WCS 2003a).

Livestock and natural resources in
Africa – subsistence and poverty

There are over 77 million cattle in Africa (Kock 2005), and
they represent a key factor in rural livelihoods and human
well-being, disease control strategies, and the future health of
ecosystems and the services they provide. It is a concern that
large donors’ attempts to reduce poverty in Africa often focus
on livestock production (Perry et al. 2003, DFID 2002) at the
expense of wildlife and natural resources and with little
consideration for alternative land-use options. Livestock pro-
duction is both unsustainable (without subsidies) and a poor

land-use option in many semi-arid areas of the continent
(Barnes et al. 2003, R.B. Martin personal communication
2003, Child 1995). This focus on “livestock as livelihood” is
reflected in the funding allocated by many governments,
trusts, foundations, and nongovernmental organizations. The
negative impacts of subsidized livestock production on eco-
system health benefit nobody. The continued dependence on
livestock in semi-arid areas of Africa is likely to keep rural
people poor. What is needed to reduce poverty, lift rural
communities beyond subsistence living, and promote en-
vironmental stewardship is a diversification of rural liveli-
hoods to include both sustainable livestock production and
natural resources management, as well as support for existing
indigenous systems such as pastoralism (Kock 2005, Grahn
and Leyland 2005).

Protected area management –
aquatic and terrestrial areas

Historically, protected areas in Africa have been managed
without due concern for the communities that live close to
these areas. This “hard edge” approach has done little to
foster support for conservation and environmental issues, and
this legacy can be seen in the lukewarm response that the
wildlife industry receives from politicians and other decision-
makers in many parts of postcolonial Africa. In southern
Africa, the adoption of community-based approaches to re-
source management, such as CAMPFIRE (Communal Areas
Management Program For Indigenous Resources), softened
the hard edge and allowed communities to benefit from pro-
tected areas, be they national parks, game reserves, safari
areas, or private conservation initiatives (Child 1995).
Community-Based Natural Resource Management
(CBNRM) programs continue to be developed and evaluated
in southern Africa (Murphree 2000, DFID 2002, Weaver and
Skyer 2005, D. Cumming, personal communication 2004,
Murphree 2005, Lewis 2005).

In the 21st century, management of protected areas needs to
go beyond just concern for improved relationships with com-
munities through benefits such as cash returns related to
CBNRM. It must consider the health of the overall eco-
system, including people, their livestock, and the flora and
fauna that are part of the larger community. Additionally,
management of a protected area and the communities that are
terrestrially based must consider their activities in terms of
their impacts on adjacent water bodies, including marine-
protected areas. Runoff from land can carry undesirable con-
taminants and pathogens into marine and freshwater
environments with potentially negative impacts on bio-
diversity (Miller et al. 2002, Lafferty and Gerber 2002,
Daszak and Cunningham 2002).
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The health paradigm: What is
health? What is an ecosystem?

Human well-being and progress towards sustainable de-
velopment are vitally dependent upon improving the manage-
ment of the earth’s ecosystems to ensure conservation and
sustainable use (Millennium Ecosystem Assessment 2003).
The World Health Organization (WHO) defines health as a
state of complete physical, mental, and social well-being and
not just the absence of disease and infirmity (Deem et al.
2001, Last 1983). Within the broader context of health, this is
very much a human-focused definition and cannot be applied
to wildlife or ecosystems. An ecosystem is a dynamic com-
plex of plant, animal, and micro-organism communities and
the nonliving environment interacting as a functional unit
(Millennium Ecosystem Assessment 2003). People and their
livelihoods are an integral part of ecosystems. Ecosystems of
course vary enormously in size and composition, from a small
city park to a forested basin extending over several thousand
square kilometres.

An ecosystem should be viewed as a patient (Rapport 1998)
and can be evaluated in terms of objective standards that
relate to the system’s capacity for organization, vigour, and
resilience. Ecosystem services are the benefits people and
animals obtain from ecosystems and are vital to ecosystem
stability. The state of health of an ecosystem can be judged by
criteria very similar to those for a person or animal, namely:
� Homeostasis (having balance between system com-

ponents)
� Absence of disease
� Diversity and complexity
� Stability and resiliency
� Vigour and scope for growth

Widespread social inequities, ecological dysfunction, and
climate instability are all contributing to the emergence, re-
surgence, and redistribution of infectious diseases on a global
scale (Epstein 1998); therefore, there is an increasing need for
a transdisciplinary approach to examining ecosystem health
and to developing ways to assess health more broadly and
objectively.

Just as conservation practitioners without a health back-
ground need to understand that health matters when con-
sidering biodiversity and protected area planning, so should
veterinary and other health authorities recognize that eco-
systems and their services are important and that many rural
people rely on natural resources for a living.

Conservation medicine, ecosystem
health, and preventive medicine

The concept of “one health” and the interface between veter-
inary medicine, human medicine, and public health is not a
new concept. During the 1960s and 1970s visionary attempts
were made to construct a bridge between medicine and agri-
culture by veterinarians such as Professor Calvin Schwabe.
Discussions on medical ecology and zoology, animal
monitors of the environment, and comparative biology and

medicine were the precursors to a more holistic approach to
animal and human health (Schwabe 1984). This concept has
been further developed through programs such as Envirovet
(Beasley 1993) and the development of ecosystem health as
an integrative science (Rapport et al. 1998).

The “one health” concept takes conservation medicine a
step further by including a broader socioecological definition
of health (Kock 1996); and conservation medicine’s primary
goal is the pursuit of ecological health – the health of eco-
systems and the species that live within these systems (Fig. 1)
(Else and Pokras 2002, Tabor 2002). Conservation medicine
attempts to bring together many disciplines, including human
and public health, epidemiology, veterinary medicine, toxi-
cology, ecology, and conservation biology (Meffe 1999).
Adopting an ecosystem approach to health issues related to
protected areas and the communities that live close to or in
these areas represents an attempt to bridge the gaps that exist
between the different disciplines and create an enabling en-
vironment for a win-win situation. Conservation medicine
encourages practitioners to look upstream as well as down-
stream, e.g., for potential environmental impacts of land uses
and activities (Tabor 2002). Powerful biomedical tools are
available to address these complex issues and develop pre-
ventive approaches.

Biodiversity and health assessment

Just as the conservation importance of an area is typically
determined by assessing its biodiversity (Sutherland 2000),
so can veterinarians and conservation biologists apply similar
techniques using biomedical tools to assess the health of the
area and all its components (Rapport 1998). The “ecosystem
as patient” metaphor can also help shape our overall
approach: “Critical clinical problems mandate a rigorous
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Fig. 1. Conservation medicine is at the
nexus of the fields of human health,
animal health, and ecosystem health.

Reprinted with permission from Tabor 2002.



diagnostic plan, a multifaceted therapeutic plan, clear com-
munication, and short- as well as long-term monitoring.
Critical conservation problems deserve no less.” (Osofsky
1997). Biodiversity assessment is essential with any con-
servation planning effort: if you do not know what you have,
how can you determine what has been lost and identify any
problems? Without baseline data on species present and their
abundance it would be difficult to develop conservation
priorities. Fig. 2 outlines a logical approach for organizing
conservation work. The health paradigm fits neatly into this
schematic because just as biodiversity needs to be assessed,
so does the health status of the living components of the
system, e.g., the presence or absence of disease (Fig. 3).
Identification and diagnosis of problems and the application
of solutions along with biodiversity assessment and moni-
toring is similar to the approach to ecosystem health care. In
biomedical terms this would be achieved through detection,
diagnosis, prognosis, treatment, and prevention. In the case of
ecosystem health, the precautionary principle is supportive of
an approach based on the tenets of preventive medicine –
anticipatory action to protect the environment from possible
or irreversible harm (Calver 2000). A preventive medicine
approach allows for action to be taken without a causal
relationship being proved but only suspected, thus lessening
the risks of uncertainty.

Biomedical tools and ecological
condition monitoring

Ecosystems provide vital services to human and animal com-
munities, e.g., by providing natural filtering systems, sources
of food and fibre, and water (Rapport 1998). Disruption of
some of these natural services will have impacts on air, water,
and other renewable resources and thus health. Pathogen
pollution in water systems can be attributed in some instances
to the disappearance of natural filtering systems such as
marshes and swamps (Miller et al. 2002).

Ecosystems are constantly in a state of flux related to land
ownership and management, water and air quality, plant and
animal diversity, threatened and endangered species, exotic
and invasive species, and human recreation. An adaptive
approach to monitoring needs to be adopted to deal with these
uncertainties and changes (Figs. 2 and 3) (Sutherland 2000,
Salafsky et al. 2001).

The development of ecological indicators can provide
powerful tools that can generate scientific information on the
status or trends of important ecosystem health parameters
(Sayre et al. 2000). In parallel, epidemiological tools such as
disease surveillance and monitoring can be linked to various
indicators in terms of disease and health impacts. The use of
indicators will help simplify data for decisionmakers and
provide a focal point for strategic planning, policy formu-
lation, resource allocation, and specific management actions
(Boyce 2003).
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Fig. 2. Logical process for organizing
conservation work

Reprinted with permission from Sutherland 2000.

Fig. 3. Logic for health assessment of an
ecosystem

Adapted with permission from Sutherland 2000.



Boyce (2003) describes a conceptual model that
demonstrates how and why indicators are useful. The model
assumes a causal relationship between the following factors:
� Stresses placed on the environment by people or natural

causes (pressures)
� Changes in the state or condition of the environment

(state)
� Changes in ecological health caused by changes in

environmental conditions (effects)
� Actions taken by authorities and stakeholders

(responses)

For example, the introduction of an exotic and invasive
plant species such as Port Jackson (Acacia saligna) into the
Western Cape of South Africa exerts pressures on the
environment. These pressures alter the state or condition of
the environment, such as impacting on the water table. The
change in the water table has adverse effects on native species
by reducing water availability. Government and managers
respond by implementing a “Working for Water Campaign”
with removal of invasive species.

The following is a conceptual and hypothetical presenta-
tion of a set of ecosystem health issues (ecosystems being
wild and human derived) and ecological and health indicators
that might be used to address the issues (detect, diagnose, and
treat/prevent) and monitor them.

Tuberculosis and human immunodeficiency virus/

acquired immune deficiency syndrome (HIV/AIDS) in the

greater Kruger NP area: Unhealthy ecosystem because of

introduction of BTB (Mycobacterium bovis) into buffalo,

negative impact on other species, especially predators,

and potential for spread to immunocompromised indi-

viduals living in human communities bordering the Park.

Desired Conditions
� Intact ecological processes and biological diversity

within the park, i.e., healthy ecosystems
� Freedom from BTB or reduced prevalence of the dis-

ease (assuming chronic state)
� Reduced prevalence of HIV infection in the human

communities and absence of BTB in both people and
their livestock

Stressors
� Chronic BTB infection in buffalo, continued spread of

the disease, and spill over into other species within the
ecosystem and beyond

� Drought and other environmental stressors; focal water
points

� Increasing human population around the Kruger NP
� Attitude – lack of knowledge on the means to prevent

HIV-AIDS
� High HIV prevalence and full-blown AIDS cases: im-

munocompromised individuals
� Increasing opportunities for human-buffalo contact

through illegal activities or infection of cattle through

buffalo contact or drought-induced incursions by cattle
into the Park

Indicators
� Abundance of buffalo
� Distribution of buffalo
� Survivorship of adult buffalo
� Cause-specific mortality in buffalo
� Presence or absence of disease in live buffalo (BTB

testing using skin test and/or blood test)
� Abundance of lion
� Distribution of lion
� Survivorship of adult lion
� Cause-specific mortality in lion
� Survivorship of people bordering the Park
� Cause-specific mortality in the human community

bordering the Park (AIDS-related diseases)
� Response to educational programs, e.g., use of con-

doms
� HIV prevalence in local communities
� Detection and/or monitoring of BTB either in human

communities or their livestock, or both
The use of an ecosystem health paradigm with ecological

and health indicators would provide for an integrated ap-
proach to the issues affecting both human and animal com-
munities living within the greater Kruger NP/Great Limpopo
Transfrontier Conservation Area (involving South Africa,
Mozambique, and Zimbabwe). This holistic approach should
also result in improved public relations and attitudes towards
park management programs and broader environmental
issues.

The health umbrella

In 1933, Aldo Leopold (Leopold 1933) stated, “The role of
disease in wildlife conservation has probably been radically
underestimated.” Despite this recognition early in the 20th
century, conservation efforts worldwide are still being
hampered because of a critical flaw in the overall approach:
the failure to recognize the critical role that health plays in
animal population dynamics, species survival, and the
follow-on impacts on the human condition. Improving the
health of people and their domestic animals is not only a key
step to raising living standards and livelihood security, it is
the single most effective way to reduce the incidence of
disease transmission to highly susceptible wildlife popula-
tions (WCS 2003c).

Recognition of the “ecological” context of health has been
significantly boosted by the World Parks Congress “Southern
and East African Experts Panel on Designing Successful
Conservation and Development Interventions at the Wildlife/
Livestock Interface: Implications for Wildlife, Livestock, and
Human Health,” held in Durban, South Africa, in 2003. An
official output from the Congress was an “Emerging Issues”
declaration, and within the “Building Broader Support for
Protected Areas” stream, the issue of “Disease and Protected
Area Management” was recognized as one of the key emerging
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issues requiring attention (World Parks Congress Outputs
2003).

The World Parks Congress has acknowledged the “one
health” paradigm and how this interfaces with protected
areas, as well as how healthy ecosystems can contribute to
sustainable development and human well-being. People, their
animals, and the flora and wild fauna on planet Earth totally
depend on a flow of services that are provided by healthy

ecosystems; unhealthy ecosystems are by definition more
likely to harbour pathogens, pollutants, and toxins. Broader
support for protected areas through application of the health
sciences, with their clear link to human well-being, will
provide impetus for enhancing conservation success and the
sustainability of these areas in a turbulent, ever-changing
world.
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