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THE KIBALE ECOHEALTH PROJECT

Exploring Connections Among Human Health, Animal Health
and Landscape Dynamics in Western Uganda

Tony L. Goldberg, Sarah B. Paige, and Golin A. Chapman

“BcoHealth” is a nebulous concept. In the broadest
sense, it is a medical reiteration of the age-old philoso-
phy that people and animals are inherently connected
to each other and the physical environment, The term
“EcoHealth” therefore usually needs little definition
beyond the meaning it naturally evokes through the
jaxtaposition of its word roots. The idea of ecology
segueing into health is self-evident.

In another sense, EcoHealth is a biological and
ethical goal. Properly functioning ecosystems and the
well-being of their constituent parts are ends to which
we should all aspire. One might trace the origins of
this meaning to Aldo Leopold’s concept of “land
health,” one of the formative ideas of the modern con-
servation movement (Rapport 1998}. 'The EcoHealth
concept in this context exploits the health metaphor
to argue that our present-day ecosystems are sick and
must be healed,

Paradoxically, even its practitioners rarely treat
EcoHealth as a testable scientific hypothesis. Although
scientists often cite case studies showing how ecologi-
cal damage has led to unhealthy people and animals,
few formally acknowledge that the general trend could
swing in either direction. Indeed, some of the most
“successful” historical improvements to human public
health have come from planned ecosystem degradations,
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such as the draining of wetlands to cortro

mosquito vectors of malaria (Keiser et al. 2004);
The Kibale EcoHealth Project is an attemip
ject the “BeoHealth paradigm” to the scientifi
demanded by the ideal of evidence-based medic
Founded in 2004, the Kibale EcoHealth Proj
an ecological study of animal and human. he;
the region of Kibale National Park, western: U
(http:/ /svmwebvetmed wiscedu/ KlbaleEcoH_e;il ¢
This region’s volatile ecological and political histo
make it a particularly useful backdrop for exp
connections among human health, animal health
landscape dynamics (Fig. 31.1). Importantly, th
EcoHealth Project treats the EcoHealth paradigm
as a fundamentally falsifiable hypothesis, We beli
that this objective approach is the right one;:sin
acknowledging the falsifiability of any hypothe
matier how palatable, is the most efﬁcien_t:'_'
towards scientific progress. '
This chapter describes some of the 1ns:ght th
the Kibale EcoHealth Project has generated coneer!
ing health, disease, land use change, and their inte
pendency in western Uganda. We review some of
findings that support the EcoHealth paradigm, as
some that go against it, The overall picture is comp
which is not surprising. It illustrates, among oth




Figure 3L.1:

primates of Kibale. (Logo designed by K. Helms)

things, the importance of spatial and temporal scale to
the study of health ecology, and the ways in which
quantitative and qualitative approaches sometimes
complement each other and other times collide. We
hope that the Kibale EcoHealth Project will inspire
similar efforts elsewhere in the world aimed at objec-
tively evaluating how human health, animal health,
and landscape dynamics interact.

THE SETTING

Western Uganda is a nearly ideal place to examine
the interconnections between ecology and health.
Uganda is exceptionally biodiverse while at the same
time having a high human and animal disease burden
and a high rate of human population growth {Hartter
and Southworth 2009). As a result, Uganda is an
acknowledged “hotspot” for emerging zoonoses
(Jones et al. 2008; Pedersen and Davies 2010). Kibale
National Park is a mid-altitude, moist-evergreen forest
in central-western Uganda {0 13'-¢ 41' N and 30 1930
32" E) near the foothills of the Ruwenzori Mountains
(Struhsaker 1997). Kibale was designated a forest
reserve in 1932 and became a national park in 1993. Its
conservation history predates the colenial era, how-
ever; it may have served as the traditional hunting
‘grounds for leaders of the local Batooro tribe, perhaps
“explaining why it persisted as a forest until the arrival
of colonial powers (Naughton—Treves 1999).

The Kibale EcoHealth Project
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The Kibale EcoHealth Project logo. The logo was designed to convey the interdependency of human health, domestic animal
health, and the health of forests, here represented by a black-and-white colobus, one of the well-studied wild non-human

Certain locations within Kibale National Park
contain a remarkable diversity and biomass of non-
human primates and have been the focus of primatol-
ogy research for over 40 years (Chapman et al. 2005).
The “core” areas of Kibale are home to 13 species of
primates, from nocturnal prosimians to chimpanzees
{Pan troglodytes), as well as an impressive variety
of plants, insects, fishes, amphibians, reptiles, birds,
mammals, and various other taza that together form
a diverse and “healthy” African montane forest
community (Howard 1991; Struhsaker 1997).

Kibale has had a fong and complex history of
conservation successes and failures, On the one
hand, Kibale’s national park status has enhanced its
protection and led to the establishment of a lucrative
ecotourism industry, focused mainly on chimpanzees
and birds {Archabald and Naughton Treves zo001).
However, darker episodes in Kibale’s history have
also occurred, including a series of forced govern-
ment evictions of local people living illegally
inside the park boundary in 1992 (van Orsdol 1986;
Baranga 1991), Issues of park-people conflict continue
to arise in Kibale, ranging from economic disparities
created by tourism to the raiding of crops by naw-
protected wildlife (Naughton-Treves 1998; Rode
et al. 2006).

Outside Kibale, and not subject to the protections
afforded by the park, exist a series of community-
owned forest fragments, representing what has been left
after agricultural clearing (Fig. 312). These fragments
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Figure 31.2:

Forest fragment outside of Kibale National Park, with Rwenzori Mountains in the background. Note the abtup boun
between the forest fragment and the surrounding tea crop. (Photograph by Tony Goldberg) :

tend to persist in areas unfavorable for agriculture,
such as wet valley bottoms and steep hillsides, and
they contain remnant populations of species found
in the park, including primates (Onderdonk and
Chapman 2000). Local people use these forest
fragments for activities ranging from forest product
extraction (e.g., timber, charcoal, forest plants) to
slash-and-burn agriculture.

Superimposed on this spatial variation are more
insidious temporal trends. Western Uganda has one of
the highest rates of human population growth in sub-
Saharan Africa, which has notably accelerated the rate
of forest clearing and human-park conflict over the
past approximately 2o years (Naughton-Treves et ak.
2006; Hartter and Southworth 2009). Within the
park, areas where forests had been cleared in the carly
19008 and converted to grasslands are now regenerat-
ing to forest (Fig. 313). Long-term data document
substantial local climate change, characterized by a
marked increase in local yearly rainfall and maximum
temperature, which are notably steeper than global
averages (Fig. 31.4). Indeed, those of us fortunate

to have visited Kibale for longer than a decade
personally witnessed the receding of glaciers o

Rwenzori Mountains just to the west of®
(Taylor et al. 2006). '

The Kibale EcoHealth Project has taken'
advantage of the inherent ecological variation
complex system. Specifically, we have treated thy
protected areas of Kibale National Park as:
“control” in which animals live more or less
human impact (this is clearly not true, as évi
by the presence of researchers and well-establis
“edge effects” that can permeate deep into:fores
Murcia 1995). Comparing animals in these k:o_re
to those in the forest fragments, which are
degraded, thus serves as a “natural experiment;
framework for testing our coarsest-scale hypothu
that land use change in the form of forest fragr
tion affects health, defined broadly.

The Kibale EcoHealth Project strives to go bey
the level of coarse-scale statistical association:
to gain more detailed insights into how distit
landscapes alter animal and human health {or not,
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Forest transition in Kibale National Park between 1984 and 2003. Note the increase in grassland from 984 to 1995 but the
reversion of grassland to forest from 1995 to 2003, when Kibale was a national park and under protection by the Uganda
Wildlife Authority, The land cover assessment was based on five-class supervised classification {89% overall accuracy, kappa
statistic 0.867) fram three dry-season Landsat Images (May 26, 1984; January 7, 1995; January 33, 2003) at 3om spatial

resolution. (Figure courtesy of J. Hariter)

the spirit of objective hypothesis testing). For this
reason, we have attempted to make use of finer-scale
natural ecological comparisons. The most basic of
these are comparisons among forest fragments, which,
for political, historical, and geographic reasons, differ
widely in their nature and degree of disturbance
(Chapman et al. 2006; Gillespie and Chapman 20086).
Finer-scale still are contrasts among households and
individuals, in the case of people and domestic ani-
mals, and social groups and individuals, in the case of
primates.

The Kibale EcoHealth Project therefore operates
on multiple, hierarchical spatial scales, from the
forest to the social unit to the individual, framed
against a background of changing human population,
environment, and climate. At all levels, we make use
of natural variation in the system to ask targeted ques-
tions about the relationship between environment
and health. Our research methods are observational
and typically non-invasive. However, these non-
disruptive methodologies belie onr decidedly “experi-

mentalist” approach, in that we capitalize whenever
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Figure 31.4:

Year

Yearly rainfall {10-year running average) in Kibale National Park, Uganda, 1911~2010, showing a long-term trend o
precipitation. A similar trend exists for temperature, with local changes in both rainfall and temperature exceeding

averages {C. Chapman and L. Chapman, unpublished data).

we can on the experiments that pelitics and nature
have already conducted.

ANIMAL HEALTH AND INFECTION

‘The Kibale EcoHealth Project’s main research empha-
sis has been in the area of infectious disease, focusing
on how the dynamiclandscapes of Kibale affect micro-
bial transmission. Infection is clearly important, as
evidenced by the striking contribution of zoonotic
disease transmission to the global emergence of
human pathogens (Cleaveland et al. 2001). This does
not, however, mean that infection is the most impor-
tant determinant of health in our system. Indeed, our
broader analyses reveal that disease transmission may
be a consequence of higher-level ecological changes,
such as the aforementioned forest fragmentation,
rather than a primary cause of health declines.

One difficulty of prospective ecological studies
of multi-species infection dynamics is finding an
appropriate pathogen. In primates, deadly epidemics
of Ebola virus {Leroy et al. 2004; Walsh et al. 2007)
and human respiratory viruses (Kaur et al. 2008;
Kondgen et al. z008) have shed considerable light
on the risks of human—primate disease transmission,
but these events have been thankfully infrequent.

Microscopic evaluations of gastrointestinal kel
often the first target for primatologists venturing
the study of infection, are inadequate for und
ing cross-species transmission. This is becaise
helminths are highly host-specific but morp
cally eryptic, as illustrated by the case of the n
worm Oesophagostomum bifurcum in West A
this case, traditional parasitological analyses sug
transmission link between humans and non:
primates, but subsequent molecular analyses:
strated that the parasite in non-human primates
entirely distinct from that in humans (Gass
2006, 2009).

The ideal pathogen to serve as a “baseline’ fo

ies of transmission ecology would be ubiquitot
logically variable, non—species-specific, and b
Such a pathogen would reflect transmission un
by non-uniform distributions, host specificity;
cal disease. Although no pathogen meets thest
perfectly, we initially chose to examine the co
gastrointestinal bacterium Escherichia coli, E. col

its the gastrointestinal tracts of all vertebrates:b
highly variable genetically and clinically {Donii
2002 ). Transmitted through food, water, and the ph
calenvironment, F, coliis a “generalist” microbékne
for its ability to cross species barriers (Trabuls
2002). Because of the importance of certain'




serotypes to food safety (e.g, the infamous Ousy-H7
serotype), a suite of molecular methods is available for
inferring the bacterium’s movement over short time
scales (i.e., “source tracking”; Foley et al. 2009).

E. coli appears to move easily between people and
animals in Kibale, where ecological overlap is high.
Unlike in industrialized nations, where food animals
are relegated to farmg, cattle, sheep, and goats (and the
occasional pig} live in close proximity to households in
western Uganda, often sharing an almost identical
activity space with people. Not surprisingly, we found
E. coli populations in people to be all but genetically
indistinguishable from E. colf populations of their live-
stock (Rwego et al. 2008a), based on DNA fingerprint-
ing methods optimized for this system (Goldberg et al.
2006b). Hygiene matters, since genetically inferred
transmission rates between people and their livestock
were twice as high when people did not regularly wash
their hands before eating (Rwego et al. 2008a).

Ecological overlap between people and primates is
more difficult to document, but it clearly occurs in the
context of ecotourism, {Jganda has developed-a thriv-
ing ecotourism industry centered on apes, since the
country contains the largest population of mountain
gorillas (Gorilla beringei beringei} and a number of
relatively accessible communities of Eastern chimpan-
zees (Bt schweinfurthii). As a result, personnel
employed by the Uganda Wildlife Authority as ranger-
guides or as field assistants for various ape research
projects spend considerable time in ape habitats as
part of their daily duties. Intriguingly, this high degree
of habitat overlap is reflected in genetic relationships
among gastrointestinal bacterial populations: people
in Kibale employed in chimpanzee-related ecotour-
ism harbor E. coli more closely related genetically to
the E. coli of the chimpanzees they track than do
. people from local villages (Goldberg et al. z007).
Parallel data from Bwindi Impenetrable National
Park, Uganda’s main site for gorilla tourism, about
150 km south of Kibale, indicate a strikingly similar
pattern: gorillas interacting frequently with people
and livestock at the edge of the park harbor E. coli
genetically similar to those of people and livestock,
whereas gorillas in the “core” areas of Bwindi harbor
. E. colithat areless genetically similar to those of people
and their livestock (Rwego et al. 2008b).

The exact mechanisms explaining this type of
microbial transmission remain elusive. We speculate a
strong role of environmental contamination, perhaps
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of water, as a result of interacting human and ape
populations living in the same watersheds and being
exposed to the same water sources. However, such
effects are difficult to document, partially due to
small sample sizes of apes and ape-tracking personnel.
Most of our recent efforts have therefore focused
on more numerous primates, including the well-
studied endangered red colobus monkey (Procolobus
[ Piliocolobus]| badius tephrosceles), its common and
widely distributed relative the black-and-white colo-
bus monkey {Colobus guereza), and the red-tailed
guenon (Cercopithecus ascanius), a notorious crop-
raider. These three species inhabit both the protected
areas of the national park and the disturbed forest
fragments outside of the park, facilitating inter-
population comparisons.

Qur initial studies focused on three forest frag-
ments near Kibale: Kiko-1 (most intensively used
and now entirely gone), Rurama (relatively less
encroached upon), and Bugembe (only mederately
wsed). Satisfyingly, we found the “dose-response”
effect predicted by this gradation of forest fragment
disturbance: human-—primate bacterial genetic simi-
larity was highest in Kiko-1, followed by Rurama, fol-
lowed by Bugembe {Goldberg et al. 2008¢c). Moreover,
we were able to regress human-primate bacterial
genetic similarity at the level of the individual against
interview data on heaith and land use, These analyses
indicate that people who tend livestock and experi-
ence gastrointestinal symptoms are also at elevated
risk for harboring primate-like E. coli (Goldbesg et al.
2008¢). We note that we cannot definitively prove the
direction of causality. For example, people who report
gastrointestinal symptoms may have contracted pri-
mate-borne microbes, or sick people may be shedding
microbes into the environment that primates subse-
quently encounter,

As we have come up against the limitations of
our quantitative study design, we have begun to rely
increasingly on observation and inference to refine
our understanding of microbial transmission risk.
Local human cultural practices in particular strike us
as being important, one prime example being an
intrigning practice that we call “maize davbing”
(Goldberg et al. 2008b). In the course of our ground
surveys, we have encountered ears of maize at the
edges of fields abutting forest fragments that are pasted
with a noxious mixture of cattle dung, sand, and hot

pepper. People use this strategy to ward off wildlife
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intent on raiding their crops—primarily red-tailed
guenons. Interestingly, red-tailed guenons harbor
E. coli that are particularly closely related genetically
to the E. coli of local people and their livestock
(Goldberg et al. 2008¢). We marvel at the likelihood
that this unique human caltural practice, borne out of
human-wildlife conflict, might inadvertently increase
microbial transmission risk not only between people
and primates, but also between people and livestock
and primates and livestock.

It has been difficult to ascertain the direction of
microbial transmission in our system. Although we
injtially thought to apply compatative phylogenetic
methods to this problem (Goldberg 2003}, these have
been inconclusive. More informative has been our
discovery of antibiotic resistance in E. coli in western
Uganda’s primates, In E. coli from chimpanzees, we
find patterns of multiple antibiotic resistance match-
ing the most common patterps in E. ¢oli from local
people (Goldberg et al. 2007). In the mountain
gorillas of Bwindi Impenetrable National Park in
southwest Uganda, we find carriage rates of antibiotic-
resistant E. coli that increase with increasing contact
rates between gorilla groups and people (Rwego et al.
2008b). Because wild primates only very rarely receive
antibiotics (only in unnsual cases where apes might be
anesthetized to remove snares and treated with a
single dose of antibiotics), the best explanation for
these observations is transmission of bacteria of resis-
tance-conferring bacterial genetic elements from
people to primates, Indeed, our ongoing stuclies sug-
gest a strong directional bias towards reverse zoonotic
transmission of bacteria, perhaps indicating that, in
matters of disease, non-human primates are once

again disadvantaged.

Our results based on E. coli admittedly bias our
understanding of disease transmission dynamics.
E. coli may be a favorable “indicator system” for
human-—primate disease transmission, but the gener-
ality of findings based on this particular microbe
should not be overstated. Although E. coli is benign,
this is not true of other pathogens also present in
Kibale’s primates (Bonnell et al. 2010). For example,
we have found that the pathogenic gastrointestinal
protozoa Giardia duodenalis and Cryplosporidium
spp. infect red colobus in forest fragments (Salzeretal.
2007). In the case of G. duodenalis, molecular analyses
indicate that this is due to independent transmission
cycles involving at least two parasite genotypes, one

moving from people to red colobus and the oth
moving from livestock to red colobus (Johnston
s010). More troublesome still are the novel pathogg
in this system. We have found evidence of a previoisl

monkeypox viruses (Goldberg et al. 2008a). Weha
documented three novel simian retroviruses mth

to viruses in West Africa that are known zoo!
(Wolfe et al. 2004; Wolfe et al. 2005b), as
two novel and highly divergent variants of:
hemorrhagic fever virus, which is an animal path
of biodefense concern (Lauck et al. z2om). Pr '
the forest fragments where we work have freq
antagonistic interactions with people and arel
ally aggressive (Goldberg et al. 20062). On t'o"p: o
immune compromise due to such factors:a
AIDS and malnutrition already burdens. peop
Uganda, leaving the population especially susce
to opportunistic infections. Such a “perfect sto
conditions may explain Uganda’s status as a coun
concern from the standpoint of disease emerg

Despite our growing collection of compel
ries about how people, primates, and '

nevertheless believe that enhanced micro
mission by itself does not imperil Kibale
or people. Rather, disease may be the “coup'd
for primates forced to live in marginal habitat
Kibale and for people already burdened
health-related challenges of poverty (Parm
Many of Kibales forest fragments have disép_
since they were first studied almost two deca
{Onderdonk and Chapman 1000), along wit
primates (Chapman et al. 2007). Now, we ate l
ing aware of synergies between the nutritiona
physiological stresses experienced by primaf i
to live in these marginal environments and. th
sites they harbor (Chapman et al. 2006). Infe
does not work alone, in other words, but rathet
gizes with the far more dire threats of habil
and population compression. :

The overall outlook is unfortunately grii:
Kibale, we estimate that most primates in unprofe
forest fragments will perish within the n
decades as a result of the combined stressors ofh
loss, agonistic interactions with people, nuts
stress, and disease. Based on our observation




about the relationship between habitat overlap and
cross-species microbial transmission, we predict these
local primate extinctions to be accompanied by
“spikes” in infectious disease transmission to other
species, including humans. This fine-scale effect mir-
rors coarser-scale processes. Perhaps it is no coingi-
dence that the world today appears be facing a
global extinction crisis at the same time that it faces
a global infection crisis.

HUMAN DIMENSIONS
OF ECOHEALTH

“Health is a state of complete physical, mental and
social well-being and not merely the absence of dis-
ease orinfirmary” {World Health Organization 1948).
This appealing definition reflects the relativity of
health and shifts our focus from disease to wellness.
Unfortunately, it also makes it difficalt to identify,
define, and model the physical, psychological, and
social factors that interact to shape health. Never-
theless, this holistic view of health can complement
more traditional quantitative and “disease-centric”
approaches,

Qur research into the haman dimensions of health
in Kibale adopts such an integrated theoretical frame-
work, focusing simultaneously on the social and bio-
logicat dimensions of health and layers of interactions
across scales (Mayer 1996). This approach allows us
to remain tuned to the physical context of health and
its connections to tropical forest ecology while also
allowing us to expand beyond the limits of the tradi-
tional quantitative epidemiological approach. In this
section, we describe how our holistic approach has
yielded unique insights into the drivers of ecosystem
health in the Kibale region. The emerging picture
reveals how structural and physical forces that change
landscapes also mediate human-environment rela-
tionships and health-related outcomes,

Structural forces, like poverty and inequality, are
intricately linked to health and infectious disease out-
comes {Marmot and Wilson 1999; Farmer 2005). In
raral Uganda, the area around Kibale is experiencing
significant population growth as a result of both high
birth rates and immigration {Hartter and Southworth
2009), A widespread lack of livelihood options forces
people to practice subsistence agriculture even as the
price of arable land increases and the amount of
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available land decreases. This situation pushes the
poorest subsistence farmers, usually immigrants, to
the least expensive areas, which are plots adjacent to
Kibale National Park {Naughton-Treves 1997). These
economic conditions (poverty and lack of options)
trigger a cascade of interactions between people
and wildlife that result in negative health outcomes
through two separate pathways.

One pathway to poor health is a consequence of
cross-species transmission of infectious agents, As
much field-based research has shown, infectious agents
are shared between primates and people living next to
national parks (e.g, Graczyk et al. 2001; Nizeyi et al,
2001; Graczyk et al. 2002; Nizeyi et al. 2002; Goldberg
et al. 2008¢; Rwego et al. 2008b; Johnston et al. 2o010),
particularly as wild primates transgress park boun-
daries to raid crops planted along the park edges
{Kalema-Zikusoka 2002; Rwego et al. 2009). This type
of primate behavior enhances the risk of transferring
a sylvatic infectious agent to people through indirect
ecological exposure, thus resulting in a higher risk of
zoonotic disease for the poorest people.

Another pathway to poor health is through crop-
raiding, its exacerbation of maloutriion, and the
interactions between infectious disease and malnutri-
tion. For example, one response to raiding animals
has been to limit the variety of food crops planted.
However, homogeneous diets make it difficult to con-
sume the variety of nutrients necessary for good
health (Krebs-Smith et al. 1087; Oldewage-Theron
and Kruger 2008}, especially in a location where pro-
tein deficiencies are already common (Muller and
Krawinkel 2005), Ugandan law prohibits the hunting
or killing of most wildlife, so a second option is to
guard crops. At harvest time, local people will “camp
out” in fields for days or weeks, banging cans, yelling,
and burning fires day and night to keep animals out of
fields. Still, findings from a study in the late 1990s
found that 4% to 7% of food crops were lost due to
crop-raiding {Naughton-Treves 1908), and this prob-
lem is increasing yearly, primarily due to a growing
elephant population (Wanyama et al. 2010).

Malnutrition and infectious disease operate syner-
gistically to worsen morbidity. Malnutrition weakens
immunity, and infection increases nutritional needs
(Scrimshaw and SanGiovanni 1997). The interaction
between poverty and infectious disease is therefore
manifest through conservation condlicts that represent

serious barriers to good health for the poorest people,
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Moreover, the strong urban bias in healthcare systems
services and delivery limits access to quality care by
the rural poor (Farmer 1999; Pariyo et al. 2009). If, for
example, a family member becomes seriously sick with
an infectious disease, the ability to seek quality care is
fimited further by poor health systems infrasteucture.
If the household is able to marsha resources to travel
to the hospital to seek care, the costs incurred {trans-
portation, hospital fees, medications, meals) frequently
require liquidation of household assets, like domestic
animals or even land, leading to 2 downward spiral.

The dynamic relationship between poverty and

poor health at the border of the national park is repli-
cated in the forest fragments that persist beyond the
park edges. Forest fragments are typically surrounded
by household compounds, fields, and pastures, and
they are also home to primates (Onderdonk and
Chapman 2000). Because of their small size and high
human and primate densities, these fragment loca-
tions are magnified examples of the intense human-
primate interaction and conservation conflict found
in households adjacent to the park (Goldberg et al.
2008b), However, fragments are different from the
park in one key way: fragments, unlike the park, are
unprotected, so interaction between peaple and pri-
mates occurs not only in the fields, but also inside
the fragment. People use fragments as sources of fuel
wood, timber, medicinal plants, and materials for
household use, for making charcoal, and for collecting
water, The ecological role of the fragment is thus
similar to that of the park boundary, in that animals
leave the park to raid crops, but different in that
people commonly use the fragment to access natural
resources. ‘This situation enables a sustained overlap
between human activity spaces and primate activity
spaces, and as a result human—primate contact,
accelerating the cross-species exchange of infectious
agents (Goldberg et al. 2008},

As mentioned above, we have noted cultural adap-
tations to crop-raiding that likely have negative health
effects, such as “maize daubing” This practice puts
people and primates in direct contact with, potential
enteric bovine pathogens, thereby exacerbating the
likelihood of disease exchange across species. Another
response is the active guarding of crops throughout
the night. This task is usually the responsibility of
both children and adults, and the resulting sleepless
nights likely have an impact on school performance
and overall health. 5tilt another practice is hunting,

Although local people do not hunt primate
food, numerous anecdotes across our study sites re
ence dogs hunting primates in nocturnal packs;
children hunting primates either for fun or to pfo_:t
crops. Once a monkey has been killed, the head
household will usually butcher it, cook the meat
feed it to dogs. In West Africa, the practice of butc
ing primates in the context of “bushmeat hm@g
known fo transfer blood-borne primate pathoge
people (Wolfe et al. 2005a); this may be replicated §
as a result of very different socioeconomic drivers.
The distinction between infectious diseas
health emerges in a different light when ped
asked to talk about their health explicitly. By as
people in communities near the park what are
most important health issues, few will respond wi
zoonoses as a top concern. Instead, our grotn
public health/ community-based health survey
gest that the processes shaping health as".p_hy_s
social, and mental well-being are profoundly roote
the interaction between social and biological fo
Specifically, poverty and lack of access to food
healthcare are repeatedly named as the bigges :
ers to good health. Moreover, local peopl
health in ways that more closely reflect thi
construct and are less focused on infectious dis
Overall, therefore, ecological interactior
community and individual levels provide a saff
explanation for pathogen exchange betweett
and animals, but they do not paint a:com
picture. Rather, we believe that the knowledge;
and behaviors of individual people fundame
shape the human-environment interactions tha
mately fuel zoonotic disease transmission'as
as other health-related outcomes. The interdi
ary approaches currently employed by the
EcoHealth Project make possible the inte
of inter-scalar structural and cultural factors |
beyond traditional “disease ecology” and-ing
rating social science certainly complicates &
questions and processes, but it also enables:a
complete understanding of cross-species “dis
exchange and health in the broadest sense.

ECOHEALTH INTERVENTIONS

As we have continued to identify the root caus
health declines in the Kibale region {(human




animal health, and ecosystem health), we are often
asked what concrete steps can be taken to improve the
situation. Interventions based on managing wildlife
populations and altering agricultural practices some-
times seem like the most obvious solutions, but they
tend to be difficult given the scale of implementation
that would be required, Therefore, we have recently ini-
tiated an intervention that focuses on human health
but that is specifically designed to have positive exter-
nal benefits for wildlife health and forest conservation.
The Kibale Health and Conservation Centre was
established to improve access to healthcare for rural
residents around Kibale National Park. The decision
to establish a primary care health clinic near the park
was based on health surveys of local people conducted
in 2005 indicating limited local knowledge about
health, limited practice of protective health behaviors,
but a strong desire for accessible healthcare, The
immediate goal of the new clinic is to serve human
health needs through basic primary care and public
health outreach activities; howeves, its long-term goal
is also to reduce conservation conflicts around the
park. By situating the clinic within the park and fram-
ing it as a service of conservation interests, we have
endeavored to put the EcoHealth paradigm into prac-
tice. Our hope is that that improving huran health
and local attitudes towards the park will “spill over”
into improved animal health and forest conserva-
tion (Kalema-Zikasoka 2004; Kalema-Zikusoka and
Gaftikin 2008). The clinic works alongside local civic
organizations such as women’s groups, local councils,
and primary schools to improve “physical, menta, and
social well-being” within catchment communities.
The clinic staff includes two nurses and a number
of volunteers from the local community. Nurses pro-
vide primary care services within the clinic, make house
calls, and conduct regular public health outreach
activities. An Employee Health Program was initiated
in August 2009 with the goal of enhancing the health
of park research and conservation staff working
directly with primates to limit pathogen exchange.
The clinic is distinct from typical non-governmental
organizations, It is integrated into the existing
district public health system of Uganda, accessing the
majority of its pharmaceuticals from the Ugandan
national supply chain. Integration of the clinic into the
existing public health infrastructure is imperative for
the clinic’s sustainability, and collaboration between
the international and local conservation and health
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professional communities exemplifies the EcoHealth
spirit in action.

CONCLUSIONS

The paradigm of EcoFealth is often represented by a
Venn diagram with intersecting circles of human
health, animal health, and ecosystem health. Although
heuristically useful, this representation is inadequate
for capturing the complexity of EcoHealth in practice.
In some cases the circles fail to intersect, as exempli-
fied by our studies showing that perceptions of health
in local communities do not generally include consid-
eration of animals or the land. In other cases, the cir-
cles are of varying sizes and the interactions are
decidedly lopsided or unidirectional, as exemplified
by our studies showing extensive transmission of
microbes from people to wild primates but limited
evidence of the reverse. In other cases still, we find
incompatibility with the fundamental concept of “bal-
ance” underlying the EcoHealth paradigm, as exem-
plified by crop-raiding: people living in environments
denuded of primates are better off economically and
likely have higher nutritional status than people living
in biodiverse environments contfaining primates,
‘Where the optimal balance between human interests,
wildlife interests, and ecosystem conservation ulti-
mately lies is context-dependent.

Despite these complexities, we can nevertheless
make some generalizations. For example, our work to
date supports our coarsest-scale hypothesis that land-
scape changes alter infectious disease transmission
dynamics, and specifically that ecological overlap
enhances microbial transmission between species. In
the case of E, coli, we have documented a direct rela-
tionship between the degree of human-animal over-
lap and the rate of microbial transmission across
species (Goldberg et al. 2008c; Rwego et al. 2008a).
Infection in the Kibale system appears to flow readily
from people and livestock to primates, as evidenced by
our findings of antibiotic-resistant bacteria in wild pri-
mates and multiple human-associated and livestock-
associated G. duodenalis genotypes in endangered red
colobus (Goldberg et al. 2007; Rwego et al. 2008b;
Johnston et al. 2010). Infection of wild primates with
human and livestock pathogens may have additional
negative consequences. Primates are important seed

dispersers and are central to maintaining the diversity
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of tropical forests and the ecosystem services they pro-
vide {Chapman and Onderdonk 1998); forests with-
out primates, or forests with sick primates, may be
poorly functiening and “unhealthy” ecosystems.

Qur findings also dlarify the temporal scale on
which EcoHealth operates, which is relevant to the
idea of EcoHealth as a biological and ethical goal. 'The
historical forces that have shaped Kibale’s present-day
landscape originated decades in the past {e.g, inten-
sive logging, forest fragmentation); however, their
effects on land health are strongly evident today, even
nearly two decades after Kibale's designation as a
national park. It is clear that factors such as logging
exert fong-term influences on forest communities
{Chapman et al. 2000) and that recovery is slow. Tt is
also clear that recovery will be equally slow in the
arena of health, In the Kibale system, the relevant time
scale for ecological improvements to health is likely to
be the time scale of forest regeneration. Health inter-
ventions based on restoring forest integrity should
therefore be expected to reap benefits only decades
into the future—a sobering lesson for researchers and
policy planners under pressure to show tangible
results quickly.

Finally, we may draw some conclusions about the
knowledge, beliefs, and behaviors of the people who
inhabit and shape Kibale’s dynamic landscapes. Most
important, perhaps, is that the paradigm of EcoHealth
does not figure prominently in the minds of these
people. Although people in communities near Kibale
are indeed aware of the relationship between the
forest and their well-being, the connection to health
is tenuous at best. Because of such forces as crop-
raiding, “healthy” ecosystems containing biodiverse
animal communities are associated with poverty and
are perceived as undesirable. Is this a failure of educa-
tion, a bias in perception, or a breakdown of the utility
of EcoHealth thinking? Whatever the explanation,
there is a notable gap between our quantitative results
showing strong ecology and health connections in the
case of microbial transmission and our qualitative
results showing different perceptions in the minds of
local people.

As a more nuanced picture emerges of environ-
ment—health linkages in the Kibale region, it is tempt-
ing to simplify the task ahead by focusing on a small
topic or a particular question. Indeed, a progressive
narrowing of focus defines success in many modern
fields of science. We argue, however, that this approach

is antithetical to the concept of EcoHealth. If g
Kibale EcoHealth Project differs from the norm i ;
way, it is in its dogged determination not to succum]
to the temptations of reductionism. Intellectualf
is because focusing on the diverse interactions;th
link human health, animal health, and the envi;
ment keeps us rooted to our ecological underpinn_g'l_'
Philosophically, it is because we appreciate that/neyw
insights are most kikely to emerge where discipl
intersect and when multlple approaches are apphe

a concrete example of how holistic science can
ress, and how a “bottom-up,” place-based app

dence-based approach, now studying not. only
“natural experiments” that nature and politics
already conducted in western Uganda, but alg
“experiments” that we are conducting oursely
the form of targeted public health interventid:n_é :
degree to which our focused efforts to improve ham;
health will have positive, external benefits for-an
health and conservation may in the end be: thi
mate test of the real-world relevance of the EcoHeall
paradigm to the complex and dynamic ecosyst
western Uganda and beyond.
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