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Introduction

The wildlife/livestock interface means different things to
different people. Impressions vary from images of wild bird
contact with intensive pig operations along the avian migra-
tion routes of North America to dusty scenes of thirsty and
hungry cattle trudging through protected areas of Africa in
search of drought-depleted resources. The many facets to the
interface, such as health, conservation, environment, culture,
and economics, have been issues since livestock became an
integral part of the landscape. There are positive and negative
aspects to the interface and it has been a source of conflict in
many areas, often as a result of misunderstanding and polar-
isation of opinion between ecocentric and anthropocentric
forces in society. To review all aspects of the interface is
beyond the scope of this article, and other texts provide useful
data (Boyd et al. 1999) for those wishing a more comprehensive
view. Attention here is given to those elements relevant to the
health of the large-mammal communities and is focused on
Africa, where currently there is an urgent need to find solutions
to the problems of abject poverty, poor health status for people
and animals, and threats to the environment and biodiversity.

The African rural context

Africa is a continent with great natural richness, particularly
in terms of human culture and natural resources. This is
especially so in dry-land pastoral systems, where livestock
and people share resources with the most diverse array of
wild ungulates on earth (R. Kock et al. 2002). With im-
provements in human health care, the population is growing
exponentially but the economies of most countries are not grow-
ing correspondingly. Poverty is widespread, with significant
portions of the continent’s people living on less than US$1 per
day (FAO/UNEP/CGIAR 2004). Communities are often food
insecure, especially where land degradation is prevalent and
social systems have broken down, which often happens during
times of war or other unrest. Consequently, there is considerable
international pressure to accelerate development and alleviate
poverty (Thrupp and Megateli 1999). With rapid economic
development, environmental change and loss of biodiversity
can be expected; indeed, this has been the experience in many
countries. One form of poverty is thus replaced by another.

Eighty percent of the population is rural, and the majority of
these people are dependent on livestock; 70 million people are
wholly dependent with no alternative source of food or wealth
(AU/IBAR 2002). Yet, Africa accounts for only 2% of the total
value of world trade in livestock and livestock products and
imports twice as much as it exports with the net imports
increasing at 4% per year (Thambi 2003). Taking this into
account, one way to alleviate poverty in Africa is through
improved livestock (and agricultural) economics, as well as
through the development of alternative rural livelihoods based
on natural resources. Urbanisation and industrialisation are not
an answer as the energy, human resources, skills, and infra-
structure needed to compete globally are lacking. Since the
first warnings of a need for a shift in wealth distribution from
the North to the South (Brandt 1980), there has been no sign
that this will occur. Developed nations continue to unsustain-
ably utilise dwindling resources, which they control and need
in order to maintain their own positive economic growth (Pyle
2003). Under these conditions, Africa has little choice but to
concentrate on utilising its natural resources and exploiting the
agricultural potential of the land.

Health constraints and the market

The single most important constraint on the African livestock
export trade is the “Sanitary and Phytosanitary Measures” of
the World Trade Organisation (WTO) (OIE 2003); i.e., the
status of endemic disease(s) in many African countries is a
barrier to trade and this is a key concern of policymakers.
This is despite the fact that the impact of these trade-sensitive
diseases is minimal within Africa, especially amongst
pastoral livestock and poor farmers (Perry et al. 2002). As the
maintenance of these extensive livestock systems, and to some
extent the close association between wildlife and livestock, is the
main reason for the current disease status, pressure is building
amongst certain political elements in Africa for change and this
is threatening the existence of traditional pastoral society and
also wildlife resources (R. Kock et al. 2002). These WTO rules
are set up by the developed nations, essentially in their own
self-interest, and African nations have not been able to influence
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changes in these regulations to their own advantage (Thambi
2003). This barrier to Africa’s entry into lucrative markets is
ironic, given the rhetoric from the developed world on achieving
poverty reduction in Africa.

However, the situation is not simple because, even if
changes were possible, under current conditions the resulting
trade is likely to directly benefit only a small sector of people
– those running commercial enterprises – so its relevance to
many of the poor people on the continent is questionable. In
Kenya, for example, only 3% of the meat trade is supplied by
the commercial livestock ranching sector, a likely beneficiary
of the export trade, whilst 67% of the available meat is from
pastoral communities, which could not easily benefit (EU
2003). There are examples of African livestock export suc-
cess stories, such as in Botswana, where cooperative systems
and well-developed livestock movement procedures and
other disease control measures ensure a profitable trade and
benefits to livestock keepers, although the role of government
support (subsidies) and the sustainability thereof cannot be
ignored. In most African countries, measures taken at the
international level will need to be matched at the local level
with initiatives that more obviously connect pastoralists with
the global economy before the export trade can benefit the
majority of livestock owners. Nevertheless, as long as this
disease “pariah” status exists, it will be an incentive for
countries to seek ways to comply rather than seek changes to
the rules, which will continue to isolate remote and politically
disenfranchised pastoral communities, which suffer endemic
diseases that cannot easily be controlled.

Misconceptions at the wildlife/
livestock interface

There is a perception amongst African intellectuals and others
that there is a link between the desire of the international
community to conserve Africa’s wildlife as a world heritage and
a reluctance to support livestock development and people
(Bourn and Blench 1999). This comes from the idea, still
commonly held outside of Africa, that livestock is a major factor
in land degradation and loss of wildlife. This view has been
shown to be overly simplistic; positive environmental benefits
can be attributed to livestock systems as much as “overstocking”
can lead to soil impaction and loss of vegetation (Mace 1991).
There is also a tendency for livestock-induced degradation to be
associated with subhumid and humid zones, especially at the
periphery of agricultural areas. Even here, livestock are only part
of the picture in terms of the trend towards a general frag-
mentation of habitats and disruption of the natural ecology,
including the disappearance of large mammal wildlife across
much of its historic range. The arid and semi-arid lands do not
fall so neatly into this category.

Contemporary studies have shown that pastoralists’
strategies are optimal for sustaining the communities and the
resources and that they are a force, as well, in conserving the
environment to the benefit of wild species (Roth 1996,
Scoones 1994). The most compelling evidence for this is the
fact that the last significant, unrestricted, wild ungulate popu-

lations surviving in Africa (East 1999) are associated with
pastoral systems. Improvements in livestock production
systems, health, and marketing in pastoral society, along with
sustainable exploitation of wildlife resources, are likely to lead
to a reduction in domestic animal herd sizes, which are currently
high primarily to insure against drought and disease. This im-
provement will lead to healthier ecosystems.

Parallel to the improved understanding of the role of live-
stock in dry lands, there is an increasing awareness of a new
potential value of the wildlife resource through community-
based ecotourism and other forms of utilisation, with wildlife
industries becoming increasingly important in the economics
of African countries (Chardonnet et al. 2002, Jansen et al.
1992, Cumming and Bond 1991). To further support this,
studies of mixed systems indicate considerable environmental
benefit as well as economic ones (Western 1994). It can be
argued that one of Africa’s main advantages (perhaps the only
one in economic terms) over the rest of the world is its extensive
and diverse wildlife resource, which is so attractive to tourism.
This is not to say that livestock are not important on the con-
tinent but, to put it into context, Chile and Argentina taken
together currently have a larger livestock industry than all the
countries of Africa put together (FAO 2003). So to sacrifice
wildlife in favour of developing a competitive commercial live-
stock sector has little justification, but to develop both wildlife
and commercial livestock concerns mutually (not defaulting to
one or the other exclusively) is a key to utilisation of available
resources.

Given the increasing economic benefits from wildlife,
health issues are an increasing concern in this field especially
where epidemics and chronic disease problems occur as a
result of introduced disease. A review of the coexistence of
livestock and wildlife (Bourn and Blench 1999) concluded
that wildlife disease was not a constraint, but lack of in-
formation on diseases in the field make this a risky as-
sumption. Disease can adversely affect animal population
dynamics in the short and long term (Hudson and Dobson
1989, Rodwell et al. 2001, Jolles 2003, Lankester 2003,
Hwang 2003) and increases the risk of the extinction of rare
species (Andanje 2002). The initial impacts of exotic disease can
be devastating and depress population growth for decades
(Mack 1970, Plowright 1982, Kock et al. 1999); conversely,
control or eradication of these pathogens can lead to dramatic
recovery of populations (Sinclair 1970). The more subtle effects
of disease are to make the population more susceptible to other
impacts, such as predation, and effectively depress the numbers
well below the limitations of the food resource available (Joly
2003). The decision on what to accept as a natural or an
acceptable disease dynamic within a biological system may well
in the end be a value judgement, but in terms of resource use,
consumptive or otherwise, depressed populations will limit the
options.

With this background, the important reasons for enhancing
understanding of the wildlife/livestock interface in terms of
disease are clear: to alleviate fears or concerns about the
impact of disease at the interface and ensure that appropriate
policies and control measures are implemented. This will
improve livestock production and support healthy eco-
systems.
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Veterinary intervention at the
interface

Policy and practice in Africa on interface disease issues have
often been controversial. Examples are the wildlife eradi-
cation policies for the control of tsetse fly and trypano-
somiasis (Austen 1907, Sidney 1965), some approaches to
buffalo management and control of foot and mouth disease
(FMD) (R. Kock et al. 2002, M. Kock et al. 2002), and
contagious bovine pleuropneumonia control using fencing
(Owen and Owen 1980, Taylor and Martin 1987, Scott Wilson
2000). With wildlife abundant during the earlier part of the last
century, it is perhaps understandable that farming communities
and veterinarians attempted broad-brush approaches on the path
to establishing a livestock economy. The natural resources
seemed endless and wild animals were considered to some
degree to be pests. The concerns over wildlife as a source of
infection were sometimes justified as efforts to establish com-
mercial livestock industries were frequently failing or con-
strained as a result of disease outbreaks, some of which could be
attributed to contact with wildlife. FMD was a good example of
this. In fact, strict land-use policies, animal movement controls,
and fencing largely resolved the problem of FMD in southern
Africa (Thomson 1995). The impact of wildlife disease has also
been a concern to traditional livestock keepers, e.g., the Maasai
communities of the greater Serengeti ecosystem, where malig-
nant catarrhal fever (MCF) causes significant cattle mortality
and reduces the ability of livestock to exploit pasture resources
(CSU 1999, Rwambo et al. 1999).

The understanding of wildlife/livestock diseases globally is
improving and better tools for researching health issues now
exist, mainly due to the progression in the science of mole-
cular biology. This, coupled with improved techniques of
monitoring the environment with remote sensing and the
application of easily comprehended reporting systems using
GIS, make it theoretically possible for decisionmakers to
promote better policies for sustainable resource use and
animal health management. Unfortunately, even though the
technology makes it easier to interpret information, it has the
disadvantage that unless data are scientifically sound and
balanced a false picture can be made entirely believable.

One problem in Africa is a lack of basic field data on the
interactions at the wildlife/livestock/environment interface in
relation to disease. There are some data from southern Africa,
but here the interface is much more limited than elsewhere
due to fencing and landscaping. Historical data on wildlife
disease in eastern Africa have been mainly from laboratory-
based activities with few epidemiological studies. The
outputs of wildlife disease research in the region have been
reviewed (Grootenhuis 1999). Attempts were made more
recently to gather information in pastoral systems such as the
Greater Serengeti ecosystem (CSU 1999, Rwambo et al.
1999) to fill this gap but sufficient hard data are still lacking,
with relatively superficial results based mainly on questionnaire
surveys from relatively few areas. The emphasis was on live-
stock diseases, of which East Coast fever (ECF), MCF, anthrax,
and anaplasmosis were reported as priorities. Buffalo were not

associated by the Maasai with ECF outbreaks, and the recent
die-off in the Ngorongoro crater of buffalo (25%), lion (50%),
and rhinoceros (40%) associated with increases in ticks, biting
flies, and blood parasites (R. Kock, personal observation 2001)
was not predicted by this assessment. It may well be that there
are numerous disease associations in this region at the interface
but that they have been overlooked.

A fundamental issue in this field in Africa is a lack of
effective institutions to do field research and act on any
information. Even with the current knowledge of what mat-
ters and on what interventions are needed to maintain healthy
ecosystems, few countries are currently able to do anything
meaningful to stop the decline in animal populations and
parallel degradation of land and other natural resources.

One certainty is the increasing need for veterinary input in
the fields of wildlife disease and human public health, in
recognition of the growing intensity of the human/wildlife/
livestock interface and the emergence of diseases that either
originate in wildlife or have wildlife reservoirs. An example
is the recent global phenomenon of severe acute respiratory
syndrome (SARS), a well-documented threat to public health
believed to have originated in captive wildlife. This human-
infective coronavirus disease emerged most probably from a
species of civet cat after a massive mixing of indigenous and
exotic animals with people in crowded urban markets in
China. Human immunodeficiency virus (HIV), Ebola virus,
West Nile virus, and monkey pox are all documented to have
emerged in humans through an association with wildlife, with
pathogens’ species-jumping being associated with, for ex-
ample, bush meat consumption or the exotic pet trade or
insect vectors, with these viruses achieving notoriety due to
their association with human mortality within Africa and
beyond (WCS 2003). There has also been an increasing
incidence of wildlife/livestock interface diseases reported
over the last decade (bovine tuberculosis [BTB], rinderpest,
anthrax, FMD) (Bengis et al. 2002).

This apparent emergence of disease is partly a result of the
expansion of human and livestock populations into wildlife
areas, with dramatically disturbed habitats and novel inter-
actions, but also a result simply of increased awareness.
Ironically, there is also now a belief in some philosophical
circles that human and natural landscapes should not be
separated (Paquet, personal communication 2003). Much of
this is based on the thought that packaging nature (e.g., in
National Parks and Reserves) separate from man will not
maintain biodiversity and associated essential ecological and
evolutionary processes. In some parts of the world, this con-
cept has led to reduced persecution and the recovery of
wildlife populations in some agricultural, urban, and subur-
ban environments with dramatic results. For example, in
North America there are now an estimated 39 million deer
living in a highly modified environment, some restricted in
farms and fed artificial diets but the majority free ranging.
Interestingly, chronic wasting disease appears to have
emerged under these conditions (Williams and Miller 2002,
Powers 2003).

This trend towards establishing larger more integrated
wildlife systems is also occurring in Africa, e.g., through
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transfrontier parks (Gelderblom et al. 1996): extension of
wildlife management areas into communities, conservancies,
and wildlife corridors (IIED 1994, Hulme and Murphree 1999).
Clearly, to conserve wildlife there is a need to find a more
integrated approach and yet we cannot recreate Eden; there will
be costs. These initiatives will inevitably be a compromise with
other land-use practices and will result in complex disease
phenomena (Rosenzweig 2003) that will need novel solutions
and interventions. This is the contemporary challenge to the
veterinary community, disease biologists, and wildlife managers
alike.

Definition of the wildlife/livestock
interface

Here, an attempt is made to define this interface in Africa, in
relation to pathogenic infections and economically important
diseases and the species that, based on current knowledge,
have some epidemiological significance to these infections
(Table 1), as well as to illustrate what the interface amounts to, in
a physical sense, and how this relates to transmission of the
concerned diseases.

4

Wild Animals Concerned Diseases Epidemiological Role Predicted Mortality (wildlife)

Ungulates (notable species)

Kudu, impala Anthrax Multiplier epidemic hosts High

Buffalo Brucellosis Epidemic host Low

Buffalo, kudu BTB Epidemic hosts Moderate

Eland, buffalo, impala Ticks and TBDs Multiplier endemic hosts Low

Grazing ungulates Internal parasites Multiplier endemic hosts Low

Gerenuk, others Rift Valley fever Multiplier epidemic hosts High in epidemics

Buffalo, impala, kudu, wildebeest,
sable

FMD Epidemic hosts Low

Eland, kudu, giraffe, impala,
bushbuck, buffalo

Rinderpest Epidemic hosts High

Wild bovine, hippotragine, caprine
species

MCF Epidemic hosts Negligible

Kudu Rabies Epidemic host High

Eland, springbuck, lechwe,
sitatunga

Heartwater Endemic hosts None

Bushbuck and others Trypanosomiasis Multiplier endemic hosts None

Gazelles, oryx, ibex PPR Epidemic hosts Moderate

Important species-specific associations

Buffalo BTB Maintenance host Moderate

Rinderpest Multiplier epidemic host High

FMD Maintenance host Negligible

Corridor disease Endemic host None

Bushbuck Bovine petechial fever Endemic host None

Warthog ASF Endemic host None

Wildebeest MCF Endemic host None

Table 1. African wildlife species associated with diseases of economic importance in wildlife/
livestock systems and their epidemiological role



Contact – The physical interface and
disease transmission

Defining the interface in a physical sense, which is critical to
understanding transmission dynamics, is complicated by an
almost total lack of published observations of contact be-
tween livestock and wildlife species. This is more the realm
of experience of the goat herder than of the scientist. Some
published studies (Dobson 1995, Kock et al. 1999) and etho-
logical texts (Kingdon 1997, Estes 1991) on wildlife across the
African continent allow for some generalisations, but there are
remarkably few studies that relate to observations of diseased
populations.

The species most often reported in wildlife/livestock disease
outbreaks come from the ungulate group and are mainly from
the family Bovidae, of which the buffalo and bovine antelope
are most prominent. This is perhaps not surprising given their
relatively close phylogenetic relationship to ancestral (wild)
cattle. These species live in spatially discrete small family
groups or in larger herds (up to many thousands), with in-
traspecific fusion-fission herd dynamics (Prins 1987). Herds
are usually made up of related animals, which maintain close
contact with each other but occasionally split or come together
according to social or environmental factors (e.g., rain, drought,
formation of bachelor groups, breeding, migration), which
clearly have epidemiological implications; i.e., opportunities
for contact and transmission of infection are frequent but vari-
able, within and between herds of a given species. Mixing, or
contact, between animals or herds of different species occur but
are less often observed. It is more common in open habitats and
with plains species, e.g., during mass migrations of wildebeest,
topi, zebra, and gazelles in the greater Serengeti system of East
Africa. Bush, woodland, or forest species are usually more
cryptic and even less likely to come into direct contact with
other species. In all cases and especially under conditions of
drought, contact increases at watering points or locations with
key forage resources. When wild species mix, the separation
distance can be a matter of a few feet, certainly close enough for
transmission of most aerosol-borne infections, for pathogen
transmission through contamination of grazing, or via water/
bodily fluids. However, the typical and predictable behaviour
of species can be disrupted by disease and ill health, e.g.,
rinderpest, in which the animal can exhibit bizarre behaviour
such as losing fear of man, chasing other species aggressively,
or seeking contact with other animals, having been rejected by
its own herd members (Kock et al. 1999, Rossiter 2001).

The behaviour between wildlife and livestock is somewhat
different. Wildlife usually avoids livestock and human con-
tact spatially and temporally unless habituated. Whether this
is instinct or learned behaviour is not clear. An example of
this is seen at shared water points or grazing areas. Buffalo
and other wildlife will be seen at night and early in the
morning watering and grazing at these locations, purposively
moving off sometimes only minutes before livestock arrive
from their night bomas (secure pens constructed of brush or
thornbush adjacent to temporary human shelter). The daily
distance moved by wildlife to and from these key resources
can be less than 100m if thick protective vegetation is adja-

cent to the point, or many kilometres to safe havens when
there is regular aggressive contact with livestock owners or
hunters. So the disease interface between wildlife and live-
stock is not usually a direct physical interaction or even
sharing of the same space at the same time but an indirect
contact; through the soil, forage, and water with which an-
other animal has recently been in contact and has left bodily
discharges, such as faeces, urine, saliva, or ocular or nasal
discharge, or through shared insect vectors or intermediate
hosts (Fenner 1982).

Infective agents survive for different periods in the en-
vironment depending on a number of factors, both intrinsic
(e.g., cell structure of the organism, adaptation to vectors or
intermediate hosts) and extrinsic (climate and season,
temperature and humidity), surviving for a period of seconds
or minutes (many viruses) to up to 200 years (some bacteria,
such as anthrax) (Hugh-Jones and de Vos 2002). This in part
explains why major wildlife/livestock disease epidemics that
have been observed (Kock et al. 1999) are associated with
drought, when the contact rate between animals, a fundamental
driver, particularly for epidemics from microparasitic infections,
increases (Anderson 1982). As much as animal disease can vary
with seasonally determined environmental factors, temporally
distinct animal cycles such as seasonal calving can have an
important role in disease transmission, e.g., MCF in wildebeest
(Rossiter 1983).

Another basic concept in transmission dynamics is the
immune status of the population to a particular disease agent
at the time of the epidemic. This can be described as the
number of animals in a population that are susceptible to
disease and indicates the likelihood that contact between
infected animals and unexposed animals will lead to further
multiplication of the organism and transmission (greater than
20% susceptible in a population are considered necessary for
an epidemic of an infectious disease to occur [Thrusfield
1997]). In a stable biological system, the disease dynamic
tends towards endemism with little or no clinical manifesta-
tion, and the host and parasite are described to be in balance
(Allison 1982). There is a coevolution of host and parasite.
This concept has also tended to convince many wildlife
managers to consider all disease(s) in the protected areas as
natural, and this historically has discouraged interest or inter-
vention in parks and reserves in relation to disease outbreaks.
This would be valid in “Eden,” perhaps, or in a truly natural
ecosystem, but this state is historical, if it ever existed.

The situation has changed significantly over the past
century, with many examples of transcontinental disease in-
troductions (rinderpest, BTB) causing persistent problems in
wildlife and livestock populations. The wild species were
never exposed to these agents over millennia, there had been
no coevolution, and the consequences were serious and per-
sistent (Bengis et al. 2002, de Lisle et al. 2002). Besides these
initial introductions of major diseases through importation of
livestock to the continent, the coexistence of humans and their
livestock with wildlife is still not governed by natural mech-
anisms; at best they are only partially integrated, especially in
pastoral systems when contact may occur seasonally or only in
drought years. Thus, endemism is disturbed and this is another
reason the interface deserves close attention.
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Diseases at the interface

Trade-sensitive diseases

The main diseases of concern to trade in Africa are FMD, Rift
Valley fever (RVF), rinderpest (eastern Africa), peste des petits
ruminants (PPR) (western Africa), and African swine fever
(ASF).

Foot and mouth disease
FMD is the single most important disease influencing global
livestock trade. The role of wildlife species in FMD was ex-
tensively reviewed (Thomson et al. 2003), but there are a
number of important points in relation to the interface that are
highlighted here. African buffalo are the only wildlife species
confirmed to be a long-term maintenance host and this is ex-
clusively for South African Territories (SAT) types of the virus
(Condy et al. 1985). Natural infection has been reported in a
wide host range but appears to be self limiting, and in most areas
where FMD has been controlled the disease has disappeared in
wildlife. Buffalo herds act as a reservoir for future outbreaks,
transmitting infection to cattle directly or through other species,
which have contracted the infection from the buffalo (Sutmoller
et al. 2000, Bastos et al. 2000). As FMD is a highly infectious
virus, transmitted in most instances by aerosol over short dis-
tances, it requires a relatively close contact situation between
buffalo, other wildlife species, and cattle herds for interspecific
transmission. In fact, how the transmission occurred in historical
outbreaks is still uncertain, but it has been possible to confirm
the connection through genetic sequencing and comparison of
virus isolated from cattle and buffalo during outbreaks. Trans-
mission is likely through mechanisms discussed above and may
even involve venereal transmission, as virus has been isolated
from semen and sheath washings and buffalo-cow mating has
been observed in the field.

So the interface becomes an issue only when the disease is
controlled in livestock, which is the case in a number of
southern African countries. It is also becoming a concern in
other regions as commercialisation of the livestock sector is
planned and wildlife and particularly buffalo populations
exist. Countries reporting FMD currently are Ethiopia,
Kenya, Uganda, Tanzania, Zimbabwe, Mozambique, Chad,
Niger, Burkina Faso, Senegal, Ghana, Togo, Benin, and Mali,
all supporting buffalo populations except Niger and Mali
(AU/IBAR 2003). Probably many more outbreaks in other
countries have gone unreported. The only effective control
measure at the interface where there are infected buffalo
herds has been separation of this species from cattle and, in
the case of South Africa, this includes vaccination of buffer
livestock populations around the source of virus. There have
also been some initiatives involving the establishment of
disease-free buffalo herds, allowing for integration of this
species into game-ranching enterprises in FMD-free areas
(Foggin and Taylor 1996).

In countries where the extensive wildlife populations are
integrated with pastoral systems, there is no possibility of
effective separation. In these locations, the proposed solution

is the creation of small export zones from which wildlife is
excluded. Effectively, this means the creation of “protected
areas” for livestock. This approach could resolve the conflict
and provide the opportunity for commercial livestock de-
velopment without much affecting the important wildlife
resources in these parts of Africa. This would also support the
culture and traditions of the pastoral peoples. The concept
does not exclude the opportunity for links between the
pastoral communities and the export zones, although a system
of quarantine and mechanisms for this will need to be
explored. As the loss of key grazing resources has been a
factor in the decline of pastoralism, this potential recon-
nection with what would amount to fattening areas could
strengthen the overall livestock economy and reduce pressure
on national parks, which are frequently used for this purpose.
This will also enable traditional peoples to benefit from a
mixed-species system and develop wildlife-related liveli-
hoods in addition to their livestock, while bypassing the
veterinary restrictions, which have been a constraint on local
trade.

Rift Valley fever
In the case of RVF, wildlife and livestock are epidemic hosts,
whilst the mosquito is the maintenance host that also acts as the
vector for virus infection in mammals (Swanepoel and Coetzer
1994, Garcan et al. 1988). Epidemics occur when conditions of
high rainfall lead to extension of the range of infected mos-
quitoes, and nonimmune animals become exposed. Wildlife
plays a role in the epidemiology through general amplification
of virus in the environment, but the interface is not important to
the trade or human/livestock health issues. RVF outbreaks are
highly sporadic spatially and temporally, and the main emphasis
for disease control is on early warning and timely vaccination of
livestock. From this perspective, there is a possible sentinel role
for wildlife, which, if monitored, may show signs well before
the epidemics reach human and livestock concentration areas,
allowing for more timely and effective control measures to be
put in place. In northern Kenya, for example, the first species
affected during the last major epidemic in 1997 after an El Niño
event were gerenuk followed by small livestock (R. Kock,
personal observation 1997).

Rinderpest
Rinderpest is the focus of a global eradication campaign and,
after over a century of applying control measures, the virus is
currently restricted to one last focus, in the so-called Somali
ecosystem of Kenya and Somalia, where a single strain persists.
The presence of the virus was confirmed through virus isolation
techniques or by reverse transcription polymerase chain reaction
(RT-PCR) from buffalo, eland, and kudu (Barrett et al. 1998).
The process of verification of the absence of rinderpest virus
from most countries in Africa (OIE 1998) will take some years,
but the most important contemporary issue is the presumed
persistence of a mild form of rinderpest in cattle. Although a
cattle syndrome has been reported and confirmed by agar-gel
immunodiffusion (AGID) during wildlife outbreaks (Rossiter
1997), no virus has yet been isolated from cattle to confirm its
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association with the wildlife disease. Experimental infection
with wildlife virus isolates produces a very mild syndrome in
indigenous cattle, although quite severe disease was reported in
exotic breeds. This finding supports the hypothesis that the virus
is circulating cryptically in livestock. The current thinking is that
the virus occasionally “spills” from cattle herds, causing spo-
radic outbreaks amongst mainly buffalo and other susceptible
wildlife species, with disease of varying severity (Kock et al.
1999).

With this last pocket of infection, the threat remains of
recurrence and spread of this potentially devastating disease
back to currently free areas in the region and to other con-
tinents worldwide. There is also the threat that the virus will
revert to virulence given changing epidemiological condi-
tions, and this is now a major risk given the cessation of
vaccination in all cattle populations in Africa by the end of
2003. The current economic impact is minimal in livestock,
but regular outbreaks in wildlife in Kenya have had an in-
evitable cost. The last major epizootic in 1994–1997 caused
over 60% mortality in buffalo in Tsavo and mortality was
estimated to be even higher in kudu ( approximately 90%),
with two further smaller epidemics occurring since then in the
region. The depressive effect on these populations is both
dramatic and persistent. In the two largest protected area
systems in Kenya, Tsavo and Meru National Parks, the loss of
visible wildlife species such as buffalo has contributed to a
significant decline in visitors and related income.

In all the epidemics reported, there was circumstantial
evidence that the origin of virus was cattle (Kock et al. 1999,
R. Kock 2002), but in no instance was this proved. There is
evidence from buffalo epidemics that the virus spreads to vir-
tually all members of a contiguous population after the index
case in the species, and the infection might or might not sub-
sequently transmit interspecifically (R. Kock 2002, Rossiter
2001). Where there is multiple species involvement, these seem
to be separate independent epidemics, which may occur simul-
taneously from similar or different point origins and with dif-
ferent rates of spread.

In all wildlife species there is evidence that the disease does
not persist at a herd or population level. Interspecific trans-
mission of infection is probably a rare event, dependent on
chance contact, which is therefore increased where there are
large numbers of infected wild animals present in the eco-
system, with seasonally determined contact patterns playing a
role. Should the transmission dynamic have been more fluid
between species, wildlife might have played a more sig-
nificant role in maintenance of the virus, but fortunately this
appears not to be the case. The infection in buffalo herds of
approximately 300 animals lasts 2–3 months and in an eco-
system of approximately 50,000km2 can persist for 3–4 years
and can affect all animals. Reinfection of partially immune
populations leads to focal epidemics, which can be very local-
ised and the disease may not affect all animals, although in any
single infected herd (of buffalo) all eligible animals will be
involved.

The significance of the interface for rinderpest is that since
the disease does not persist in wildlife, its existence in cattle is
essential for recurrence of wildlife epidemics. The chance of
transmission from wildlife back to cattle is proved experi-

mentally but not reported under natural conditions. In theory,
transmission from wildlife back to cattle can occur and this
would mean wildlife could have a greater role in the epi-
demiology (and not just as a dead-end host). This role is
perhaps best described as that of a vector, multiplying the
virus in the environment and spreading it spatially for a
limited period of time. During the extensive blanket vac-
cination campaigns of cattle in the region over recent years,
this aspect may have been underestimated as a contribution to
persistence. Virus may have remained in the environment (in
wildlife) for a period of years with reinfection of young cattle
a possibility, although the epidemiological data available do
not suggest this is in fact the case. The fact that this persisting
virus appears to be of low virulence in cattle and may be
reaching some sort of host-parasite equilibrium is a major
concern to the eradication strategy, as this creates consi-
derable obstacles to surveillance and application of control
measures.

The clinical expression in wildlife provides a sentinel but,
unless improved techniques are determined for identifying
the virus in cattle populations, the ultimate goal may remain
elusive. The fact that the virus still appears capable of high
virulence in wildlife is also of concern as this indicates a
different trend to that seen in cattle after a century of exposure
to the virus. If eradication is not achieved, this will create a
considerable problem for the region in relation to trade,
which is already restricted in a number of countries due to
common borders with infected countries. The means of
spread of the disease between cattle and buffalo (or other
species) in nature is not known for certain but probably is
through aerosol and contamination of pasture and water
points. As sick buffalo, with profuse diarrhoea and ocular and
nasal discharges, frequently remain and die around water
points, this is probably the area where transmission takes
place, intra- and interspecifically. Whilst this disease persists,
development of commercial export livestock systems will be
constrained in affected regions, and unless rinderpest is eradi-
cated it might become necessary to isolate cattle from wildlife
in a similar manner as for FMD.

Peste des petits ruminants
The epidemiology and clinical picture of PPR, another morbil-
livirus, is similar to that of rinderpest but it affects (clinically)
only small ruminants. The incidence and role of PPR in free-
ranging wildlife is not known, as epidemics have not been
reported except in captive or semi-captive conditions. The
severity of the disease in wildlife, with up to 95% mortality in
gazelles (Mwanzia 2002), suggests it may well have been a
problem and have affected natural populations, although there is
no proof for this. Since the virus appears restricted to West and
central Africa and Ethiopia, it is interesting to correlate the
presence of the virus over the last 40 years with the decline and
even extinction of gazelle from many areas within this zone,
with robust populations surviving in the rest of East Africa,
where the virus is absent. Other wildlife species can provide a
sentinel role through serology for the presence of this virus, and
antibody has been detected in a number of species, such as
buffalo.
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African swine fever
Another disease of importance to trade of pigs and pig products
is ASF. Currently it is a problem in West Africa and parts of East
and southern Africa (AU/IBAR 2003). Wildlife does not appear
to be involved in the epidemiology of the disease in West Africa,
with the viral transmission cycle occurring within the free-
ranging (village) pig population, which is difficult to control by
conventional methods. In East Africa, in contrast, the disease is
often associated with warthog, in which the disease is endemic
and associated with the maintenance host, an ornithodorus tick
(Plowright et al. 1969, Plowright et al. 1974). This tick lives in
warthog burrows and feeds on warthog, infecting young pigs as
they are born (Thomson 1985). This interface issue has been a
factor in preventing the development of pig farming in the East
African region.

Summary
There are relatively few diseases of concern to international
trade associated with the interface, and few species of epi-
demiological significance (primarily buffalo). If commercial
export systems for livestock are to be developed under the
current trade rules, in countries where presently trade is only
local or at best regional, the exclusion of buffalo and pastoral
livestock will be necessary to control the important diseases
(e.g., through export zones). This approach will reduce the
burden on government veterinary departments, ensuring
realisable targets in epizootic disease control, and allow for
the development of improved animal health services in the
pastoral communities which are more relevant to the local
disease concerns.

Non-trade-sensitive high-impact
diseases at the interface

Of the trade-sensitive diseases mentioned above, only rinderpest
currently impacts wildlife population dynamics, and this is only
in certain wildlife species, in relatively few locations. There are
more widespread infections that can cause high mortalities, and
these are discussed in this section.

Anthrax
Anthrax is considered natural to the African continent, and
epidemics in wildlife are probably as old as the origin of the
species themselves (Hugh-Jones and de Vos 2002). Certain
species have been more associated with outbreaks and these
include kudu, wildebeest, buffalo, and impala, probably more a
result of their relative abundance than any species-specific sus-
ceptibility. The manner in which anthrax survives is highly
effective, which is why this ancient disease has not changed
much over generations. After entering a host it multiplies, usu-
ally killing the animal and, after exposure to air, produces
billions of spores. These are released into the environment,
where they persist for years – under ideal conditions, for
hundreds of years.

Infection is dose dependent and occurs at the soil level in
most instances, although leaf contamination from vulture
faeces has been associated with disease in browsers, par-

ticularly kudu (Lindeque and Turnbull 1994). Certain eco-
logical and geographical conditions favour the persistence of the
bacteria, and these have been documented for some wildlife
populations (de Vos and Bryden 1996). In these cases, the
presence or absence of cattle does not necessarily affect the
cycle of disease. Nevertheless there have been associations of
anthrax epidemics in wildlife with cattle infections, and no
doubt this association can work in both directions. Once an
epidemic reaches areas where livestock and cattle mix, the
chance of crossover between domestic animals and wildlife
increases. If there are high concentrations of cattle on the pe-
riphery of wildlife concentration areas and there is a general
water run-off from one area to the other, transmission can occur
through indirect exposure mechanisms. Essentially, the water
carries the spores to a water sink and there concentration takes
place, leading to an increased probability of infection of the
animals feeding or watering at that point.

The main implications of this disease to the wildlife/
livestock interface are that control measures may necessarily
include certain restrictions involving the extent of the inter-
face to reduce contamination levels at key points. Vaccina-
tion is also possible for livestock and this can help to reduce
the overall environmental load. At the time of epidemics,
further measures can be taken and these ideally involve burn-
ing of the intact carcass (with coal as fuel if possible) to
reduce spread of the bacteria by scavengers and local con-
tamination (Nishi 2003, Hugh-Jones and de Vos 2002).

Tuberculosis
Tuberculosis, for the purposes of considering its impact at the
interface, is considered to mean bovine tuberculosis (BTB). This
infection was introduced to the continent, arriving with imported
livestock and subsequently spilling into wildlife populations in
southern and eastern Africa in particular. BTB is not only a
concern to the African wildlife/livestock interface but is also a
particular problem in the United Kingdom (badger–cattle), New
Zealand (opossum–cattle/deer), and North America (deer/bison-
cattle). It has been prominent in Africa in the higher-density
wildlife systems in South Africa, Uganda (Woodford 1982a,
1982b), and Tanzania.

The disease is chronic, and transmission between livestock
and wildlife probably occurs sporadically through direct con-
tact, but the organism is able to establish in some species,
which then become a maintenance host. This is the case with
buffalo, and once this has occurred the disease can spill back
into cattle as well as to a number of other species including
kudu, lion, and baboon, to mention a few (Keet et al. 1996). In
low-density ecological systems (often pastoral arid systems),
despite the considerable mixing of wildlife and livestock, the
disease is rarely observed and probably here does not play an
important role. However, in the sites with higher densities of
wildlife, the disease does appear to depress population growth
rates and make species more vulnerable to other regulating
factors such as predation; its net effect will depend on the extent
of environmental variation the population is exposed to (Jolles
2003). Since BTB is difficult to control in free-ranging popu-
lations, once it is established in wildlife and wildlife becomes a
potential source, this is likely to lead to the need for separation of
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wildlife and livestock by fencing to ensure that control measures
in cattle are not frustrated. The approach to or need for or indeed
feasibility of controlling BTB in wildlife systems remains a
current debate and focus of research (de Vos et al. 2001).

Brucellosis
Brucellosis, although present in livestock, has been demon-
strated as a clinical entity only rarely in wildlife in Africa
(Gradwell et al. 1977) and the evidence is mainly serological
(Grootenhuis 1999, de Vos and van Niekerk 1969). The signi-
ficance of African wildlife in the epidemiology of brucellosis is
not well understood and appears minimal, which is likely to
remain the case until perhaps the disease is controlled in live-
stock.

Malignant catarrhal fever
MCF virus is of considerable concern to pastoral livestock
keepers as it is usually fatal in cattle. This herpes virus
(Alcelaphine herpes virus 1) is maintained in wildebeest and
transmitted to cattle by the young calves (2–4 months of age)
through contamination of pasture from nasal secretions (Mushi
et al. 1980). Generally, the livestock keepers will avoid calving
grounds, but when they have no choice the grazing strategy of
the pastoralists shows considerable understanding of the epi-
demiology of the disease. The virus is highly sensitive to drying,
heat, and ultraviolet light, so under natural conditions the
pastoralists have learned that since wildebeest calve at night, by
10:00 a.m. the pasture is sterile (in terms of MCF) and infection
can be avoided.

Rabies
Rabies virus infection in livestock is rarely contracted from
wildlife, through bites from sylvatic hosts (mongoose, foxes,
jackals). This is a sporadic and dispersed problem through
Africa and is not necessarily associated with the more intensive
interface areas. Since the domestic dog plays the more sig-
nificant role in the maintenance of this infection, it will not be
considered in more detail here.

Macroparasites and the interface

Internal and external parasites can play a significant disease role
in wildlife and livestock populations, and there are certain
infections that are particularly important at the interface. The
most significant of these is trypanosomiasis (Morrison et al.
1981). This blood parasite is maintained in a variety of wildlife
species and has led to the virtual exclusion of cattle from large
tracts of African bush. Due to the susceptibility of cattle to
infection, with high morbidity and mortality, considerable in-
vestment has been made to control the disease through eradi-
cation or control of the tsetse fly, which acts as the vector. Few
of these efforts have been sustained, and the disease remains a
significant moderator of the interface between wildlife and
livestock in many areas of Africa. The other major impact of this
disease at the interface is in the negative attitude of livestock
communities to wildlife and their natural habitat that harbours

the fly. Some approaches such as the use of drugs and field
insecticide targets and traps have helped to reduce the impact but
it remains a problem. In these areas, more diverse livelihood
approaches are needed to mitigate the problem; otherwise, de-
struction of wildlife and their habitat is likely.

The other broad disease grouping, which is important at the
community level, is tick-borne diseases (TBDs), which per-
haps are more important to the ordinary African livestock
keeper than any other. Here, the interface is important due to
the reservoir status and the multiplier effects of numerous
host species. Normally a problem of livestock, with wildlife
showing tolerance, TBDs can under certain conditions be a
problem to both, e.g., with wildlife translocation, which leads
to novel exposure of source or recipient populations of
wildlife/livestock to new parasites for which there is no
immunity. Losses can be high.

One of the most important TBDs is theileriosis, which
causes corridor disease in cattle (Neitz 1955). Buffalo carry
the parasite Theileria parva (lawrencei) and only in the presence
of a particular tick, Rhipicephalus appendiculatus, does one see
cattle mortalities. The parasite is not able to survive in cattle,
which act as a dead-end host, literally, as cattle die before the
piroplasm stage develops (Grootenhuis 1999). As with the other
vector-borne infections, direct contact is not necessary and shar-
ing the range is all that is required for transmission of the parasite
between wildlife and livestock through the tick. There is grow-
ing molecular-based evidence that the buffalo-derived parasite
is indeed different from the cattle parasite T. parva, with which it
can be confused. The cattle T. parva also causes disease, namely
East Coast fever, which occurs when nonimmune cattle are
exposed, again with a tick vector. T. parva from cattle will not
infect buffalo. Another parasite found in livestock and wildlife
species, often confused with T. parva, is T. taurotragi, which
occasionally causes clinical disease in eland.

Heartwater caused by the rickettsial parasite Cowdria

ruminantium is another important TBD of livestock, with at
least three species of Ambylomma tick involved. There are many
possible wildlife reservoir hosts, the most important of which
are probably buffalo, giraffe, and eland.

Helminth parasites (nematodes, cestodes) are numerous and
can locally be of considerable importance to both livestock and
wildlife, but there is little or no evidence that wildlife acts as a
true reservoir for livestock or vice versa even though some
helminth species have multiple hosts and each can act as
amplifiers. Haemonchosis is the most important nematode
disease of small livestock; gazelle can be carriers (Grootenhuis
1999). The pathogenicity of the parasite usually depends on
whether the individual has had prior exposure and on its
nutritional state. Seasonal factors can be important including
heavy rain, which supports egg survival and increases chal-
lenge from infective larvae on the pasture, and drought, during
which animals suffer malnutrition and show poor resistance.
These organisms have coevolved with the host, so under
natural conditions there is a balance (Fowler 2001). Seasonal
movements and sporadic contact at the interface between live-
stock and wildlife can be a source of novel parasite infestations
and disease.
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The most important external parasite in wildlife is sarcoptic
mange, caused by Sarcoptes scabiei. Although the disease can
cause devastating short-term mortality in African species of
great ape, cat, and antelope, an epizootic does not generally
affect long-term population dynamics, although endangered or
threatened species are vulnerable to its effects (Pence and
Ueckermann 2002). The origin of the parasite in wildlife popu-
lations is thought to be man and his domestic animals, and
interspecies infection appears to occur.

Conclusions

There are many situations when protected-area managers and
communities have come to tolerate the problems of disease at
the livestock/wildlife interface, usually where the impacts are
cryptic or difficult to quantify. A number of superficial re-
views of the interface were carried out in the 1990s, and no
new disease issues could be identified. However, the situation
is rapidly changing as land becomes more developed and the
interface more intense. There is already some indication of
re-emergence of serious infectious diseases and emergence of
new diseases on or from the continent. As this process of
change continues, the situation will need to be addressed.
When high-impact diseases occur, the implications are not
only devastating to communities, but the financial impli-
cations can be disastrous, particularly for developing nations
but also for the economies of developed nations.

Disease is becoming an important issue in conflicts be-
tween national parks authorities and adjacent communities.
These frequently poor interface communities increasingly
perceive wildlife negatively, especially when they have no
stake in the management or use of that wildlife resource.
Under these circumstances, disease outbreaks can be the
trigger to conflict, and politics dictate that interventions by
public health and (agriculturally oriented) state veterinary
services take priority: this usually impacts negatively on the
wildlife resource. On the other hand, those same poor com-
munities and livestock are seen as a threat to many protected
areas as they compete with wildlife for resources and also
because of a history of disease introductions. This situation is
counterproductive for all concerned and cannot lead to better
decisions being made for healthier ecosystems or human
environments. To reduce the conflict, the risks and impacts of
disease, in particular at the interface between wildlife and
livestock but also at the interface with people, will need to be
better understood amongst all the stakeholders. More re-
search is needed, as are new philosophies and attitudes, and
new approaches to livelihoods and resource use. New
practical measures must be introduced in order to improve
animal and human health. This will be beneficial to
community development and biodiversity conservation alike.
The lack of investment and of trained personnel in this field in
Africa are major constraints that, if not addressed, will affect
overall development and conservation goals for the continent.

References

African Union/Interafrican Bureau for Animal Resources
(AU/IBAR). Fact sheet on livestock production in Africa.
Cape Unit Programme for the Control of Epizootics

(PACE) Newsletter. Nairobi, Kenya: AU/IBAR;
2002;2(1):8.

African Union/Interafrican Bureau for Animal Resources
(AU/IBAR). Annual Report of Animal Health. Nairobi,
Kenya: AU/IBAR; 2003.

Allison AC. Coevolution between hosts and infectious disease
agents and its effects on virulence. In: Anderson RM, May
RM, Anderson RC (eds). Population Biology of Infectious

Diseases: Dahlem Workshop Reports. Berlin, Germany:
Springer-Verlag; 1982. pp.245–267.

Andanje S. Factors Limiting the Abundance and Distribution

of Hirola (Beatragus hunteri) in Kenya. PhD dissertation,
Evolution and Behaviour Research Group, Department of
Psychology, University of Newcastle upon Tyne; 2002.
Newcastle, UK.

Anderson RM. Transmission dynamics and control of
infectious disease agents. In: Anderson RM, May RM,
Anderson RC (eds). Population Biology of Infectious

Diseases: Dahlem Workshop Reports. Berlin, Germany:
Springer-Verlag; 1982. pp.149–176.

Austen EE. The tsetse fly as a disease carrier. J Soc Preserv

Wild Fauna Empire. 1907; III:43–44.
Barrett T, Forsyth MA, Inui K, Wamwayi HM, Kock RA,

Wambua J, Mwanzia J, Rossiter P. Rediscovery of the
second African lineage of rinderpest virus: its
epidemiological significance. Vet Rec. 1998;
142:669–671.

Bastos ADS, Boshoff CI, Keet DF, Bengis RG, Thomson
GR. Natural transmission of foot-and-mouth disease virus
between African buffalo (Syncerus caffer) and impala
(Aepyceros melampus) in the Kruger National Park, South
Africa. Epidemiol Infect. 2000;124:591–598.

Bengis RG, Kock RA, Fischer J. Infectious animal diseases:
the wildlife/livestock interface. Rev Sci Tech. 2002;
21:53–65.

Bourn D, Blench R (eds). Can Livestock and Wildlife

Co-Exist? An Interdisciplinary Approach. Overseas
Development Institute (ODI) and The Environment
Research Group Oxford (ERGO) Publishers, London,
UK; 1999. p.58.

Boyd C, Blench R, Bourn D, Drake L, Stevenson P.
Reconciling Interests Among Wildlife, Livestock and

People in Eastern Africa. A Sustainable Livelihoods

10



Approach. Overseas Development Institute (ODI) Natural
Resource Perspectives. 1999. Accessed March 2004 at
www.odi.org/nrp/45.html

Brandt W. Report of the Independent Commission on

International Development, North-South: A Program for

Survival. Boston, USA: MIT Press; 1980. 304pp.
Chardonnet P, des Clers B, Fischer J, Jori F, Lamarque F. The

value of wildlife. Rev Sci Tech. 2002;21:15–51.
Colorado State University (CSU) Global Livestock

Collaborative Research Support Program (CSU-
GLCRSP). Integrated Modelling Assessment and

Management of Regional Wildlife-Livestock Ecosystems

in East Africa. Report of the Workshop held at the
International Livestock Research Institute, Nairobi. 6–8
July 1999. Washington, DC, USA: USAID; 1999.

Condy JB, Hedger RS, Hamblin C, Barnett ITR. The duration
of the foot-and-mouth disease virus carrier status in
African buffalo (i) in the individual animal and (ii) in a
free-living herd. Comp Immunol Microbiol Infect Dis.

1985;8:259–265.
Cumming DHM, Bond I. 1991. Animal Production in

Southern Africa: Present Practice and Opportunities for

Peasant Farmers in Arid Lands. WWF Multispecies
Animal Production Systems Project, Project Paper No 22.
WWF. Harare, Zimbabwe: WWF. 141pp.

de Lisle GW, Bengis RG, Schmitt SM, O’Brien DJ.
Tuberculosis in free-ranging wildlife: detection, diagnosis
and management. Rev Sci Tech. 2002;21:317–334.

de Vos V, Bengis RG, Kriek NPJ, Michel A, Keet DF, Raath
JP, Huchzermeyer HFKA. The epidemiology of
tuberculosis in free-ranging African buffalo (Syncerus

caffer) in the Kruger National Park, South Africa.
Onderstepoort J Vet Res. 2001;68:119–130.

de Vos V, Bryden HB. Anthrax in the Kruger National Park:
temporal and spatial patterns of disease occurrence.
Salisbury Med Bull. 1996 pp.87(Special Suppl):26–31.

de Vos V, van Niekerk CA. Brucellosis in the Kruger
National Park. J S Afr Vet Med Assoc. 1969;40:331–334.

Dobson A. The ecology and epidemiology of rinderpest virus
in the Serengeti and Ngorongoro conservation area. In:
Sinclair ARE, Arcess P (eds). Serengeti II: Dynamics,

Management and Conservation of an Ecosystem. Chicago,
USA: University of Chicago Press; 1995. pp.485–505.

East R. African Antelope Database 1998. IUCN/SSC
Antelope Specialist Group. Occasional Paper of the IUCN
Species Survival Commission No. 21. Gland, Switzerland,
and Cambridge, UK: IUCN; 1999. 434pp.

Estes RD. The Behavior Guide to African Mammals. Berkeley,
USA: The University of California Press; 1991. 612pp.

European Union (EU). Livestock and Livestock Production and

Marketing System in Kenya. Consultant’s report. Nairobi,
Kenya: European Commission; 2003.

Fenner F. Transmission cycles and broad patterns of
observed epidemiological behavior in human and other
animal populations. In Anderson RM, May RM, Anderson
RC (eds). Population Biology of Infectious Diseases:

Dahlem Workshop Reports. Berlin, Germany:
Springer-Verlag; 1982. pp.103–119.

Foggin CM, Taylor RD. Management and utilization of the
African buffalo in Zimbabwe. Proceedings of a Symposium

on the African Buffalo as a Game Ranch Animal. South
Africa: Ondersterpoort; 1996. pp.144–162.

Food and Agriculture Organization (FAO)/United Nations
Environment Programme (UNEP)/Consultative Group on
International Agricultural Research (CGIAR). The
poverty lines: population living with less than 2 dollars
and less than 1 dollar a day. Accessed March 2004 at
www.povertymap.net/mapsgraphics/index.cfm?data_id=
23417&theme

Food and Agriculture Organization (FAO). 2003. Accessed
September 2003 at http://apps.fao.org/faostat/default.jsp

Fowler ME. Host and helminth parasites–an evolutionary
perspective. In: Chowdhury N, Aguirre AA (eds).
Helminths of Wildlife. Plymouth, UK: Science Publ Inc;
2001. pp.7–21.

Garcan TP, Jupp PG, Novak RJ. Panveld oviposition sites of
floodwater Aedes mosquitoes and attempts to detect
transovarial transmission of Rift Valley fever virus in
South Africa. Med Vet Entomol. 1988;2:231–236.

Gelderblom G, Van Wilgren BW, Rossouw N. Proposed

Transfrontier Conservation Areas: Maps and

Preliminary Data Sheets. Stellenbosch, South Africa:
Council for Scientific and Industrial Research (CSIR),
Division of Water Environment and Forestry
Technology; 1996.

Gradwell DV, Schutte AP, van Niekerk CA, Roux DJ. The
isolation of Brucella abortus biotype 1 from African
buffalo in the Kruger National Park. J S Afr Vet Assoc.

1977;48:41–43.
Grootenhuis JG. 25 Years of Wildlife Disease Research in

Kenya. Nairobi, Kenya: Kenya Agricultural Research
Institute; 1999.

Hudson PJ, Dobson AP. Epidemiology and population
dynamics of host parasite interactions. Parasitol Today.
1989;5:283–291.

Hugh-Jones ME, de Vos V. Anthrax and wildlife. Rev Sci

Tech. 2002;21:359–383.
Hulme D, Murphree M. Communities, wildlife and the “the

new conservation.” Africa J Int Dev. 1999;11:277–286.
Hwang YT. Dynamics of rabies and striped skunk (Mephitis

mephitis) populations: an indication of disease population
regulation mechanisms. Proc. 52nd Wildlife Disease

Association Conference. 11–14 Aug 2003. Saskatoon,
Canada: Wildlife Disease Association; 2003. p.63.

International Institute for Environment and Development
(IIED). 1994. Whose Eden? An Overview of Community

Approaches to Wildlife Management. IIED, London, UK.
Jansen D, Bond I, Child B. Cattle, Wildlife, Both, or Neither.

Results of a Financial and Economic Survey of

Commercial Ranches in Southern Zimbabwe. World
Wide Fund for Nature (WWF) Multispecies Project No.
27. Harare, Zimbabwe: WWF; 1992.

Jolles AE. Tuberculosis in African buffalo (Syncerus caffer):
population effects of a chronic disease. Proc. 52nd

Wildlife Disease Association Conference. 11–14 Aug
2003. Saskatoon, Canada: Wildlife Disease Association;
2003. p.53.

11



Joly DO. Bovine tuberculosis and brucellosis as factors
limiting population growth of bison in northern Canada.
Proc. 52nd Wildlife Disease Association Conference.
11–14 Aug 2003. Saskatoon, Canada: Wildlife Disease
Association; 2003. p.17.

Keet DF, Kriek NP, Penrith M-L, Michel A, Huchzermeyer
HF. Tuberculosis in buffaloes (Syncerus caffer) in the
Kruger National Park: spread of the disease to other
species. Onderstepoort J Vet Res. 1996;63:239–244.

Kingdon J. The Kingdon Field Guide to African Mammals.
London, UK: Academic Press; 1997. 476pp.

Kock MD, Mullins GR, Perkins JS. Wildlife health,
ecosystems, and rural livelihoods in Botswana. In: Aguirre
AA, Ostfeld RS, Tabor GM, House C, Pearl MC (eds).
Conservation Medicine: Ecological Health in Practice.
New York, USA: Oxford University Press; 2002.
pp.265–275.

Kock RA. Rinderpest Outbreak. Meru Internal Reports

Mission. Nairobi, Kenya: PACE Epidemiology Unit,
African Union/Interafrican Bureau for Animal
Resources; 2002. pp.12–14, 18, 20.

Kock RA, Kebkiba B, Heinonen R, Bedane B. Wildlife and
pastoral society – shifting paradigms in disease control.
Ann NY Acad Sci. 2002;969:24–33.

Kock RA, Wambua JM, Mwanzia J, Wamwayi H, Ndungu
EK, Barrett T, Kock ND, Rossiter PB. Rinderpest
epidemic in wild ruminants in Kenya 1993-1997. Vet

Record. 1999;145:275–283.
Lankester M. Parasites, barriers and consequences of

breaching them. Proc. 52nd Wildlife Disease Association

Conference. 11–14 Aug 2003. Saskatoon, Canada:
Wildlife Disease Association; 2003. p.18.

Lindeque PM, Turnbull PCB. Ecology and epidemiology of
anthrax in the Etosha National Park, Namibia.
Onderstepoort J Vet Res.1994;61:71–83.

Mace R. Overgrazing overstated. Nature. 1991;349:280–
281.

Mack R. The great African cattle plague epidemic of the
1890s. Trop Anim Health Product. 1970;2:210–219.

Morrison WI, Murray M, McIntyre WIM. Bovine
trypanosomiasis. In: Ristic M, McIntyre I (eds). Diseases

of Cattle in the Tropics. The Hague, The Netherlands:
Martinus Nijhoff Publishers; 1981.

Mushi EZ, Karstad L, Jesset DM. Isolation of bovine
malignant catarrhal fever virus from ocular and nasal
secretions of wildebeest calves. Res Vet Sci.

1980;29:161–171.
Mwanzia J. Diseases of importance associated with the trade

in wild animals to the Middle East. In Proc. PACE

Wildlife Disease Training Workshop/WDA Meeting in

Arusha, Tanzania. CD ROM–African Union/Interafrican
Bureau for Animal Resources, Nairobi, Kenya; 2002.

Neitz WO. Corridor disease: a fatal form of bovine
theileriosis encountered in Zululand. J S Afr Vet Med

Assoc. 1955;26:79–87.
Nishi JS. Preliminary evaluation of carcass disposal methods

following an outbreak of anthrax in northern bison,
Abstract. Proc. 52nd Wildlife Disease Association

Conference. 11–14 Aug 2003. Saskatoon, Canada:
Wildlife Disease Association; 2003. p.141.

Office International des Épizooties (OIE). Recommended
standards for epidemiological surveillance systems for
rinderpest. Office International des Épizooties. Rev Sci

Tech. 1998;17:825–828.
Office International des Épizooties (OIE). 2003. Terrestrial

Animal Health Code 2003. Office International des
Épizooties, Paris, France. Accessed December 2003 at
www.oie.int/eng/normes/MCode/A_summry.htm

Owen M, Owen D. The fences of death. Afr. Wildl. 1980;
31:25–27.

Pence DB, Ueckermann E. Sarcoptic mange in wildlife. Rev

Sci Tech. 2002;21:385–398.
Perry BD, Randolph TF, McDermott JJ, Sones KR, Thornton

PK. Investing in Animal Health Research to Alleviate

Poverty. International Livestock Research Institute
(ILRI), Nairobi, Kenya; 2002. 148pp.

Plowright W. The effect of rinderpest and rinderpest control on
wildlife in Africa. In: Animal Diseases in Relation to Animal

Conservation. Symposium. London, UK: Zoological
Society of London; 1982;50:1–28.

Plowright W, Parker J, Pierce MA. African swine fever virus
in ticks (Ornithodoros moubata, Murray) collected from
animal burrows in Tanzania. Nature. 1969;221:1071–
1073.

Plowright W, Perry CT, Greig A. Sexual transmission of
African swine fever virus in the tick, Ornithodoros

moubata porcinus, Walton. Res Vet Sci. 1974;
17:106–113.

Powers JG. Surveillance and management of chronic wasting
disease in the units of the National Park System. Proc.

52nd Wildlife Disease Association Conference. 11–14
Aug 2003. Saskatoon, Canada: Wildlife Disease
Association; 2003. p.119.

Prins HHT. Epidemics in populations of impala and buffalo.
In: The Buffalo of Manyara. Thesis. Groningen,
Netherlands: University of Groningen; 1987. pp.129–146.

Pyle RM. Nature matrix: reconnecting people and nature. Oryx.
2003;37:206–214.

Rodwell TC, Whyte IJ, Boyce WM. Evaluation of population
effects of bovine tuberculosis in free-ranging African
buffalo (Syncerus caffer). J Mammal. 2001;82:231–238.

Rosenzweig ML. Reconciliation ecology and the future of
species diversity. Oryx. 2003;37:194–205.

Rossiter PB. Epidemiological study of rinderpest in Kenya
and northern Tanzania. OAU/IBAR PARC Report. Nairobi,
Kenya: African Union/Interafrican Bureau for Animal
Resources/Pan African Rinderpest Campaign; 1997. 37pp.

Rossiter PB. Role of wildebeest fetal membranes and fluids in
the transmission of malignant catarrhal fever virus. Vet

Rec. 1983;113:150–152.
Rossiter P. Morbilliviral diseases: rinderpest. In: Williams

ES, Barker IK (eds). Infectious Diseases of Wild

Mammals, 3rd ed. Ames, USA: Iowa State University
Press; 2001. pp.37–45.

Roth EA. Traditional pastoral strategies in a modern world:
an example from northern Kenya. Human Organisation

1996;55:219–224.

12



Rwambo P, Grootenhuis J, Demartini J, Mkumbo S.
Assessment of Wildlife and Livestock Disease Interactions

in the Ngorongoro Conservation Area Authority of

Tanzania. Integrated Management and Assessment
System (IMAS); 1999. Accessed March 2004 at
www.nrel.colostate.edu/projects/imas/prods/disease/NC
AREP.html

Scoones I (ed). Living with Uncertainty: New Directions in

Pastoral Development in Africa. UK: Intermediate
Technology Development Group; 1994. 210pp.

Scott Wilson Resource Consultants/Environmental
Development Group. Final Report: Environmental

Assessment of Veterinary Fences in Ngamiland. Volumes
1–5. Edinburgh and Oxford, UK: Department for
International Development (DFID) and the Government of
Botswana; 2000.

Sidney J. The Past and Present Distribution of Some African

Ungulates. Transactions. London, UK: Zoological Society
of London. 1965;30:1–396.

Sinclair ARE. Studies of the Ecology of the East African

Buffalo. Thesis. Oxford, UK: Oxford University; 1970.
Sutmoller P, Thomson GR, Hargreaves SK, Foggin CM,

Anderson EC. The foot and mouth disease risk posed by
African buffalo within wildlife conservancies to the cattle
industry of Zimbabwe. Prevent Vet Med.

2000;44:1,2,43–60.
Swanepoel R, Coetzer JAW. Rift Valley Fever. In: Coetzer

JAW, Thomson GR, Tustin RC (eds). Infectious Diseases

of Livestock with Special Reference to Southern Africa.

Oxford, UK: Oxford University Press; 1994. pp.688–717.
Taylor RD, Martin RB. Effects of veterinary fences on

wildlife conservation in Zimbabwe. Envir Manage.

1987;11:327–334.
Thambi E. Promoting Livestock Marketing and Trade for

Sustainable Livestock Development. Internal publication.
Nairobi, Kenya: African Union/Interafrican Bureau for
Animal Resources; 2003.

Thomson GR. Overview of foot and mouth disease in
southern Africa. Rev Sci Tech. 1995;15:503–520.

Thomson GR. The epidemiology of African swine fever: the
role of free-living hosts in Africa. Onderstepoort J Vet

Res. 1985;52:201–209.
Thomson GR, Vosloo W, Bastos ADS. Foot and mouth

disease in wildlife. Virus Res. 2003;91:145–161.
Thrupp LA, Megateli N. Critical Links: Food Security and

the Environment in the Greater Horn of Africa. WRI
Project Report. Nairobi, Kenya: World Resources
Institute (WRI), International Livestock Research
Institute (ILRI); 1999. 110pp.

Thrusfield M. Veterinary Epidemiology. 2nd ed. London,
UK: Blackwell Science Ltd; 1997. 496pp.

Wildlife Conservation Society (WCS), The Field Veterinary
Program (FVP). 2003. Animal Health Matters: Improving

the Health of Wild and Domestic Animals to Enhance

Long-Term Development Success in USAID-Assisted

Countries. RFA USAID/G/ENV/ENR 99-01 Technical
Application Report. Wildlife Conservation Society,
Bronx, New York, USA. Accessed March 2004 at
http://wcs.org/home/science/wildlifehealthscience/fvp/2
723/2740/animalhealthmatters/

Western D. Ecosystem conservation and rural development:
the case of Amboseli. In: Western D, Wright RM, Strum
SC (eds). Natural Connections: Perspectives in

Community-Based Conservation. Washington, DC, USA:
Island Press; 1994. pp.15–52.

Williams ES, Miller MW. Chronic wasting disease in deer
and elk in North America. Rev Sci Tech.

2002;21:305–316.
Woodford MH. 1982a. Tuberculosis in wildlife in Ruwenzori

National Park, Uganda (Part 1). Trop Anim Health

Product. 1982;14:81–88.
Woodford MH. 1982b. Tuberculosis in wildlife in Ruwenzori

National Park, Uganda (Part II). Trop Anim Health

Product. 1982;14:155–160.

13




