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Ecology and Management of the African Buffalo

One of iconic Africa’s Big Five, the African buffalo is the largest African bovine 
or antelope that occurs throughout most of sub-Sahara and in a wide range of 
ecosystems from savanna to rainforest. The African buffalo is also one of the 
most successful large African mammals in terms of abundance and biomass. This 
species thus represents a powerful model to enhance our understanding of African 
 biogeography and wildlife conservation, ecology and management. Edited by 
four researchers experienced in different aspects of the African buffalo’s biology, 
this volume provides an exhaustive compilation of knowledge on an emblematic 
species that stands out as an important component of African natural and human 
ecosystems. It delivers a global view of the African buffalo and all known aspects 
of its ecology and management. This book will appeal to students, scholars, sci-
entists and wildlife managers as well as those enthusiastic about the charismatic 
species. This title is also available as Open Access on Cambridge Core.

Alexandre Caron  is a Doctor in Veterinary Medicine and wildlife ecologist 
specializing in the ecology of infectious disease transmission at the wildlife/
livestock interface in the African landscape. For the past 20 years, he has coor-
dinated projects linked to Health Ecology, One Health and Sustainability 
Science in Southern Africa. He is a permanent researcher at CIRAD (French 
Agricultural Research Centre for International Development).

Daniel Cornelis is a Senior Ecologist specializing in tropical and subtropical 
wildlife and ecosystems. Over the past 25 years, he has conducted and  coordinated 
projects and studies on wildlife and natural resource management, including the 
African buffalo. He is a permanent researcher at CIRAD (Montpellier) and 
 scientific advisor for the Foundation François Sommer (Paris).

Philippe Chardonnet is a Doctor in Veterinary Medicine specializing in trop-
ical animal health and production. He is a co-chair of the IUCN SSC Antelope 
Specialist Group (ASG) and has over 40 years of experience in wildlife conser-
vation and sustainable use in Africa, Asia, South America and South Pacific. He 
has co-authored more than 200 publications.

Herbert H. T. Prins is Emeritus Professor of Resource Ecology at Wageningen 
University and Research (WUR), The Netherlands. He was also a Fulbright 
Scholar at Princeton University, USA; Foundation Fellow at the Royal 
Melbourne Institute of Technology, Australia; and Honorary Professor in 
Computational Ecology at the University of KwaZulu-Natal, South Africa. He 
has co-authored over 500 publications, co-edited 14 books, and wrote Ecology 
and Behaviour of African Buffalo (Chapman & Hall, 1996).
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The world’s biological diversity faces unprecedented threats. The urgent challenge fac-
ing the concerned biologist is to understand ecological processes well enough to main-
tain their functioning in the face of the pressures resulting from human population 
growth. Those concerned with the conservation of biodiversity and with restoration 
also need to be acquainted with the political, social, historical, economic and legal frame-
works within which ecological and conservation practice must be developed. The new 
Ecology, Biodiversity and Conservation series will present balanced, comprehensive, 
up-to-date and critical reviews of selected topics within the sciences of ecology and 
conservation biology, both botanical and zoological, and both ‘pure’ and ‘applied’. It is 
aimed at advanced final-year undergraduates, graduate students, researchers and univer-
sity teachers, as well as ecologists and conservationists in industry, government and the 
voluntary sectors. The series encompasses a wide range of approaches and scales (spatial, 
temporal and taxonomic), including quantitative, theoretical, population, community, 
ecosystem, landscape, historical, experimental, behavioural and evolutionary studies. 
The emphasis is on science related to the real world of plants and animals rather than 
on purely theoretical abstractions and mathematical models. Books in this series will, 
wherever possible, consider issues from a broad perspective. Some books will challenge 
existing paradigms and present new ecological concepts, empirical or theoretical models, 
and testable hypotheses. Other books will explore new approaches and present syntheses 
on topics of ecological importance.
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This book, edited by four researchers experienced in different aspects 
of African buffalo biology, provides us with the most up-to-date story 
of what is known and not known of the wild species and how it may 
be managed for the benefit of humans. It is an extensive compilation of 
knowledge about a species that is emerging as an important component 
of African natural and human ecosystems. There are five parts of this 
story. We are provided with a synthesis of what is known of the conser-
vation and ecology of the African buffalo in nature. Then, we see how 
this knowledge combined with new information on disease ecology can 
lead to management in both wild and semi-captive conditions.

After an introduction dealing with the interaction of buffalo and 
humans, the second part presents new information on the genetics, phy-
logeny and evolution of the species, confirming now that there are three 
subspecies – the eastern and southern savanna type, the dwarf forest type 
of central African forests and the northern savanna type from which the 
forest form evolved. This leads to a discussion of the conservation status 
of the species. The third part, the ecology, covers distribution within 
Africa – increasingly confined to Protected Areas – social organization 
and population trends, which are largely decreasing due to direct threats 
from human exploitation and disease, and indirect threats from habitat 
loss. Populations are also disturbed from their equilibrium by environ-
mental perturbations such as droughts because buffalo are very much 
water-dependent. There is new information from modern remote-sensing 
technology on space use, movements and social behaviour. Movements 
and social behaviour are interlinked – female herds can show small cohe-
sive and sedentary groups with constant membership, as in Uganda and 
some small montane forest habitats, but they can also form highly flexible 
herds, of up to 2000 in number. These can split up, reform seasonally, 
and the groups can intermix. These subgroups have overlapping home 
ranges. Such herds are found in extensive savanna habitats, and have been 
shown in southern Africa to perform long-distance migrations.

Foreword
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In the fourth part, new information is presented on the diseases of 
African buffalo. There are a large number of micro- and macro-parasite 
species that are endemic in buffalo. Most of these play an important role 
in expediting the regulation of populations by synergistically interacting 
with lack of food. There are, however, a few species that cause episodic 
outbreaks and high mortality, but only a few. Of course, there was once 
the well-known exotic virus, rinderpest, introduced to Africa in 1889 
from Asia, causing catastrophic mortality, but that disease has now been 
eradicated from the world. We see that buffalo can suffer from diseases 
contracted from cattle, and equally there are endemic buffalo diseases 
that can be transmitted to domestic animals. This information is vital 
for both the conservation of wild populations and the management of 
domestic herds in the presence of wild buffalo.

The husbandry of African buffalo is covered in the fifth part. Much 
of this concerns private land, and the legal basis for this is explained – 
so far mostly in southern African countries. This covers the genetics of 
populations on private land and the control of parasites and diseases. We 
are then provided with biological statistics on such production aspects as 
densities allowable on land, distribution in different habitats, growth and 
breeding capability. We see the different advantages and disadvantages 
of these aspects in a comparison with cattle. One of the difficulties with 
buffalo is how to handle them, being less docile than cattle and more 
highly stressed; a discussion is offered on how to deal with this problem. 
The husbandry of buffalo on private land for trophy hunting is outlined.

This book is designed for wildlife students, researchers and managers. 
The information is valuable for management in wild populations and 
for situations where buffalo and domestic stock could coexist. Most of 
the information comes from the savanna subspecies of buffalo. Little is 
known about the other two types, and especially the miniature forest 
form. The book ends with a discussion of what we know and what we 
still have to learn. Nevertheless, we see that there is now a profound 
knowledge of an African species that could be a valuable asset both for 
the functioning of natural ecosystems and the livelihoods of African 
peoples.

Anthony R. E. Sinclair, FRS
Ex-Director of the Biodiversity Research Centre,  
University of British Columbia, Vancouver, Canada
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The African buffalo is an emblematic species of African savannas and 
forests. It has figured in African cultures probably for millennia, and 
when people from the Middle East and Europe encountered African buf-
falo, it became the quintessential villain that could transform pampered 
men into heroes. Indeed, that Francis Macomber (as described by Ernest 
Hemmingway) had a short life after he stood his grounds when facing a 
charging buffalo is irrelevant; it was a happy life. Stories like these and 
other about ‘death in the long grass’ ensured the African buffalo’s place of 
honour on that champion rostrum of the Big Five. Indeed, these Big Five 
are considered the ‘worthy adversaries’ of our species – the African buf-
falo alongside the African elephant, lion, leopard and black rhinoceros. 
Animals of these five species were, according to hunters, valiant, danger-
ous, perilous, treacherous and mighty antagonists and thus embodied the 
ideal foes for the manly man, a category of humans into which, at that 
time, only grudgingly were dauntless women also admitted.

Besides its representations in African and Western cultures, the African 
buffalo is also a natural resource. It has provided a meat supply for human 
populations for thousands of years, and continues to do so today. The 
buffalo resource is also currently being exploited by safari tourism and 
trophy hunting. This blossoming tourism market in parts of Africa, mainly 
in southern Africa, has come up with new buffalo ‘products’ such as 
the lucrative commerce of disease-free buffalo or animals of high trophy 
quality. For reasons that are probably unfathomable, Westerners define 
‘trophy quality’ in antelopes, deer and also buffalo by length and size of 
head appendages. In East Asia, neither form nor size of rhino horn is 
important for its aphrodisiac powers, and in African cultures, neither the 
size of the claws nor the whiteness of the fat of the large carnivores is of 
importance to explain its magical powers. Yet, in some African cultures 
the killing of an African buffalo as ‘enemy of the people’, especially when 
done alone and with a spear, is considered a feat of great significance, 
allowing for the willingness of women to share their love.

Preface
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On a more mundane level, the African buffalo is of interest from 
a One Health perspective, because it is a maintenance host for many 
important pathogens that can trigger diseases mainly in domestic cattle: 
bovine tuberculosis, brucellosis and many others including tick-borne 
diseases such as theileriosis. This raises, and has been raising, concerns 
at buffalo/cattle/human interfaces all over Africa to the south of the 
Sahara. As a matter of fact, during the Colonial Era many ‘disease-free’ 
buffer zones were created by indiscriminately shooting and eradicat-
ing hundreds of thousands of large animals, including African buffalo. 
This red-line zoning continues even today in South Africa, Namibia, 
Botswana, Zimbabwe, Angola and Zambia.

Despite its importance in the African landscape and beyond, the spe-
cies has not ‘benefited’ from many monographs looking at its ecology 
and management. Tony Sinclair published a book on this splendid beast 
with Chicago University Press some 45 years ago, and one of us did 
the same with Chapman & Hall (now Springer Nature) some 25 years 
ago. We are very grateful that Tony graced our present book with a 
Foreword because we consider him a true trailblazer for Nyatology, that 
is the Science of African Buffalo (‘Nyati’, like ‘Mbogo’, being the term for 
‘African buffalo’ in kiSwahili). Since these monographs were published, 
much water has flowed through the Nile, the Congo and the Niger, and 
our knowledge has increased considerably. For example, the develop-
ment of telemetry and remote-sensing techniques has greatly expanded 
our capacity to track wildlife individuals and social dynamics. For the 
past 15 years, we have been involved in telemetry studies on African 
buffalo (and other antelopes) in western and southern Africa. We have 
gathered one of the most extensive data sets available on the species 
(more than 200 GPS/satellite collars deployed). The field of genetics has 
also revolutionized species taxonomy and our understanding of popula-
tion dynamics at the species and subpopulation levels. We have been 
involved in studies on the genetics of the African buffalo at the continent 
and regional levels. From a health ecology perspective, knowledge of 
the African buffalo’s role in the epidemiology of many African diseases, 
including zoonoses (pathogens that can spread form animal to humans), 
has also expanded considerably over the last few decades. Finally, the 
management and ranching of the species, especially in southern Africa, 
has evolved into a distinct zootechnical field.

We thus felt that there is a huge body of new knowledge with regards 
to the African buffalo and its interactions with other species, includ-
ing domestic species and humans, which needed to be synthesized. We 
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also had the opportunity to communicate extensively with other schol-
ars and managers involved with this buffalo species through the AfBIG 
(African Buffalo Interest Group) under the umbrella of the IUCN SSC 
Antelope Specialist Group and two symposia that we organized, one 
in Paris (France: 2014) and one in Windhoek (Namibia: 2016). The 
cooperation and data sharing by the members of AfBIG that arose out of 
these gatherings and subsequent interactions through the Internet hugely 
contributed to the current volume.

The African buffalo represents a very special animal species that needs 
different management schemes across its range to maintain its popula-
tions ‘in a favourable conservation status’. Over much of its range, nota-
bly in East and southern Africa, its populations are still large and to some 
extent connected. There, the Cape buffalo can safely be hunted if done 
judiciously and with good knowledge of the population effects of hunt-
ing (Figure 0.1). Then and there, one may assume that the populations 
of East and southern Africa can be maintained in a favourable conserva-
tion status.

The situation with the northern savanna buffalo is much grimmer 
(Figures 0.2, 0.3 and 0.4). Most populations have been extirpated from 
their range between Senegal and Ethiopia even though there are still 
a handful of populations that maintain themselves due to conserva-
tion efforts by African governments sometimes supported by overseas’ 

Figure 0.1 Cape African buffalo bull in front of a herd in Hwange National Park, 
Zimbabwe. © Rudi van Aarde.
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Figure 0.2 West African savanna buffalo bull in Bandia reserve, Senegal. 
© Raymond Snaps.

Figure 0.3 West African savanna buffalo female and calf, W National Park, Niger. 
© Daniel Cornélis.
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organizations. However, while the historical range has shrunk in West 
and Central Africa, the populations in some of the few remaining 
strongholds have recently shown promising population increase, thus 
demonstrating that recovery of the northern savanna buffalo is possible 
if the political will and financial resources are available. Regulated hunt-
ing may perhaps again play a positive role in the conservation of those 
healthy populations. However, the recovery of former ranges and popu-
lation rebound should have priority over much of the (former) distribu-
tion of the northern savanna buffalo.

The third form of the African buffalo, the forest buffalo, occurs in two 
disjunct areas, one in the rainforest block to the west of the Dahomey 
Gap and the other in the Congo Basin rainforests to the east. Those west-
ern populations are nearly extinct now, while those living in the Congo 
Basin are still to some extent data-deficient. Yet a picture emerges that 
regulated and enforced conservation actions in timber, hunting and oil 
concessions may provide these buffalo with the only way to survive if the 
National Parks and other protected areas are no longer truly and effec-
tively safeguarded. For this form of African buffalo, population recovery 

Figure 0.4 Central African savanna buffalo bull, Zakouma National Park, Chad. 
© Daniel Cornélis.
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ought to be of main concern in the forests to the west of the Dahomey 
Gap. Nevertheless, regulated hunting could play a positive role for forest 
buffalo of the Congo Basin. However, this necessitates a better under-
standing of their fundamental ecology and population dynamics.

Because of these very different conservation statuses in the vast range 
of the species, the African buffalo provides that rare case in which strict 
conservation, hunting, interaction with livestock, genetic exchange and 
even breeding for trophies all deserve attention and up-to-date infor-
mation. This is what we have been aiming for in the current book, for 
which we have brought together a multidisciplinary team of authors. 
We thus not only invited ecologists or purely academic geneticists to 
contribute to the knowledge of this unique species, but also veterinar-
ians, wildlife managers, applied mathematicians, hunters and animal 
breeders. All these specialists we name ‘nyatiologists’ to emphasize what 
they have in common, namely, knowledge of buffalo, be it academic or/
and experiential.

Of very few wild large mammal species their status in the tropics is still 
so favourable that sustainable use may contribute to their preservation. 
Yet, in other areas, primarily in the whole of West Africa, their status is 
now so much in peril that the knowledge about their sustainable use and 
management garnered in East and southern Africa largely should be used 
to recreate their former vast numbers. Indeed, sustainable use is only 
possible when the conservation status of a local population is favour-
able. We hope that the knowledge and experience reported in this book 
forms a useful foundation for restoring or maintaining the populations of 
this marvellous species throughout the whole of the African continent, 
and we dream of the African buffalo as a symbol of an African renais-
sance soon emerging from current global changes and social, ecological 
and political struggles.

H. H. T. Prins, D. Cornélis,  
P. Chardonnet and A. Caron
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We are proud that our edited volume was commissioned by Cambridge 
University Press through Dr Dominic Lewis and Professor Michael 
Usher. Ours is one of the last of the long list of contributions to eco-
logical scholarship reaching the scientific community and the public 
at large due to their vision and stamina. Both Dominic and Michael 
stood at the helm as the principal commissioning editors of the ‘Ecology, 
Biodiversity and Conservation’ series for several years, and we are truly 
grateful to them for the opportunity to share our collective work in this 
volume. Yet this collective work could not have been brought to frui-
tion without the consolidating competence of the Antelope Specialist 
Group and its leadership; this specialist group operates within the remit 
of the Species Survival Commission of the International Union for 
Conservation of Nature (IUCN).

Because most of our readership is concentrated in tropical Africa, 
we wanted to make this book accessible to all even where there are no 
libraries. We gratefully acknowledge the financial support for Open 
Access publishing from CIRAD (Centre de coopération internatio-
nale en recherche agronomique pour le développement, Montpellier, 
France) and from the Foundation François Sommer (FFS) (Paris, 
France). The Foundation François Sommer also financed the costs of 
the symposium on African buffalo in 2014 in Paris, where the idea for 
this book was born. The FFS further co-financed the research reported 
in the doctoral theses of Thomas Prin, Elodie Wielgus and Daniel 
Cornélis also reported in this book. 

We are very thankful for the editing skills and hard work carried 
out by our language editor Grace Delobel (DipTrans, Montpellier, 
France), who not only corrected many errors but often suggested 
clearer and better text. Finally, our Editor at Cambridge University 
Press, Aleksandra Serocka, often acted as our anchor cable to keep us, 
the editors, safely tethered to the Press when we were again in differ-
ent remote places in Africa, often without Internet connections.
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1 · African Buffalo and the Human 
Societies in Africa: Social Values 
and Interaction Outcomes
B. MUKAMURI, E. GARINE 
WICHATITSKY, E. GANDIWA, 
A. PERROTTON, O. L. KUPIKA AND 
L. MONIN

Introduction
The sustainable management of wildlife and other natural resources, 
including the African buffalo (Syncerus caffer), depends largely on the 
social–ecological context being considered (e.g. McGinnis and Ostrom, 
2014), Decision VII/2 of the Convention of Biological Diversity1). This 
context is largely defined by a combination of complex interactions 
between ecological (e.g. biomass, reproduction rate, climatic factors) 
and social (e.g. cultural values, norms, needs, practices) parameters and 
dynamics. These two intertwined dimensions can influence the way nat-
ural resources are perceived and subsequently managed, used and studied 
by actors interacting with natural resources, and vice versa. These inter-
actions may lead to the sustainable use of resources by environmental 
stewards, or the overexploitation, cruelty and eradication of the natural 
bounty. Understanding these complex social–ecological dynamics con-
sequently helps facilitate the fair and just conservation and sustainable 
use of wildlife species.

In this chapter, we bring together experiences on the sustainable use 
and management of the African buffalo from major regions of the African 
continent where the African buffalo is found in substantial numbers, 
especially in the wild and in areas adjacent to protected areas. In the first 
section, we will explore the socioeconomic values of the African buffalo 

 1 Principles of Sustainble Use, Convention of Biological Diversity, COP Decision VII/12: www 
.cbd.int/decision/cop/?id=7749
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in its various contexts in Africa. We also examine the African heritage 
associated with the African buffalo in the form of folklore and poems 
depicting the interconnectedness of the species’ symbolic importance 
to people. These cultural forms and traditions have been handed down 
from one generation to another for centuries. However, these African 
worldviews have been progressively lost in recent natural resource dis-
courses and paradigms framed by the dominant Western worldview 
(Mtenje and Soko, 1998). Finally, we describe the reality of the relation-
ship between humans and the African buffalo, including the goods and 
services and the disservices provided by the African buffalo to humans.

Global Names for the African Buffalo
Among African mammals, the African buffalo has one of the largest 
ranges. Although this range has contracted recently (Chapter 4), it has 
provided an opportunity for buffalo species and humans to interact for 
millennia. This scenario developed because people (Homo sapiens) like-
wise inhabited the entire continent (e.g. Taylor, 2011). Beyond their 
obvious contribution to human diets when hunted, buffalo are part of 
the cosmology of many African societies, traces of which date back to as 
early as the Middle Stone Age (Faith, 2008; Dusseldorp, 2010; Chapter 
2). Rock paintings by the ancient San communities that roamed sub-
Saharan Africa provide evidence of this familiarity with the African 
buffalo. This relationship transcends African borders, and the African 
buffalo plays a role in human cultures worldwide. As evidence of its 
long interface with humanity, the African buffalo is known in different 
languages across the globe. Figure 1.1 presents a random and small sample 
of names given to the African buffalo across Africa.

This linguistic diversity based on millennia of interactions between 
human societies and buffalo reflects the richness of figurative labelling of 
the buffalo in people’s representations. The long experience of African 
people with wildlife is also reflected in their use of animal-related, figu-
rative terms to describe people. Figurative language is usually used to 
convey a message in a sarcastic manner and they demonstrate how wild 
animals are socially integrated into African societies. These labels are also 
derived from the folklore, songs and stories told by elderly Africans to 
their children as a way of encouraging desired behaviour and charac-
ter (Ben-Amos, 1975; Knappert, 1977, 1985; Mtenje and Soko, 1998). 
Animal-centred figurative language and labels are applied in African 
societies to denote human attributes such as strength, beauty, height and 
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wit, as well as poverty, ugliness, stupidity, etc. The point here is not that 
Africans perceive human beings as being equivalent to wild animals, but 
rather that as Africans live with animals, they draw from animal messages 

Goshi
Amharic

Dinka

Nyati
Chewa

Ombidia
Malagasy

Baffa
Hausa

Buffalo
Igbo

Olosowaan/Olarro
Maasai

Inyamanswa
Kinyarwanda

Buffel 
Afrikaans

Zulu

Aljamus 
Arabic

Saga
Bambara

Banda
Baoule Bariba

Poder 
Bisa

Sigi/Kongo missi
Dioula

Sii
Mandinka

Monwa
Gourmantche

Ganâ
Kassena

Mpakása
Lingala

Goab
Nama/Damara

Wenãfo
Mooré

Tu
Bobofing La 

Lobi

Jowi/Jubi
Luo

Keboi
Nobiin

Gadarsa
OromoNgmba/mba

Inyathi
Ndebele

Sango/Sangho

Naak-a-Kob
Sereer

Ganon
Sissala

Nyarhi
Shangani

Nyayi
Shona

Gisi/Gessi
Somali

Gisi/Gessi
Somali

Nare
Sotho Tswana

Nare
Sotho Tswana

Kebo
SudaneseCay

Tupuri

Inyathi
Xhosa

Efon
Yoruba

Inyathi 

Eda
Fulfulde Mbana

Fulfulde

Gbe
Zande

Sçnon
Senoufo

Gbégou-kètè 

Nyati/Mbogo
Swahili

To
Ewe

Büffel

Buffalo

Buffle

Bufalo

Búfalo

Búfalo

Awe 

Nagu-aall
Wolof

Austronesian 

Khoisan

Niger Congo B (Bantu)

Niger Congo A

Nilo Saharan

Afro Asiatic

Daba (solitary buffalo)

Figure 1.1 African names of the buffalo. A few randomly selected names of African 
buffalo among the 1,000 to 2,000 languages spoken in Africa. The location 
of the names is approximate due to sometimes wide or multiple location uses 
and overlap. The Roman alphabet has been intentionally used instead of the 
international phonetic alphabet. Many more African buffalo names are found in the 
lexicographic LEXICON database of the African languages by CNRS LLACAN 
laboratory, which lists 586 names for buffalo with ‘buffle’ as the entry point in the 
database and 631 names with ‘buffalo’ as the entry point (https://reflex.cnrs.fr/
Africa/index.php?state=src). For language families, see Z. Frajzyngier, Afroasiatic 
languages. Oxford Research Encyclopedia – Linguistics (https://doi.org/10.1093/
acrefore/9780199384655.013.15). See also Segerer and Flavier (2011–2018), Good 
(2017) and Dimmendaal (2020).
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about behaviour, collaboration, networks, social capital, appearance and 
fecundity (use value).

Animals, both domestic and wild, are therefore a ‘living encyclope-
dia’ and source of knowledge. In short, animals serve as ‘hermeneutic 
texts’ subject to multiple interpretations, including creating relationships 
within clans, predicting, impressing, condemning, judging and mak-
ing important conclusions or recommendations. We remind readers 
that such euphemisms are also applied to groups, clans, tribes and even 
nations. The diversity of wildlife in Africa makes it possible to easily 
match many animal attributes with those of humans. Western readers 
may refer to the Fables of de la Fontaine, a work published in 1668, 
translated into every European language, and still widely read today (e.g. 
Lebrun, 2000).

The characteristics of the African buffalo given by elderly people in 
Harare (Mukamuri, personal communication, 2021) were undomesti-
cated, unpredictable, assertive, dangerous and powerful. The buffalo is 
widely acclaimed in southern Africa for being so cruel because of its 
habit of urinating on the wounds of victims to check whether they are 
actually dead. If alive, it continues attacking until the adversary dies. 
Figurative language is also used by hunters in their descriptions of the 
African buffalo. The words include ‘resistant’, ‘dangerous’, ‘vengeful’ 
and having a ‘piercing look’. In Ghana, however, the buffalo stands for 
‘uprightness’, which is a positive connotation (Benson, 2021).

The African buffalo has also filled and still fills the imaginaries of 
European hunters. The species belongs to one of the Big Five, a clas-
sification of the most dangerous African mammals to hunt. In the book, 
Horn of the Hunter, Robert Ruark (1997) described the African Buffalo 
as follows: ‘He looks at you as if you owe him money. I never saw such 
malevolence in the eyes of any animal or human being before or since’.2 
From another perspective, Kock (2005, 2014) and Michel and Bengis 
(2012) described the buffalo as a ‘villain’, when referring to the menace it 
causes when spreading diseases at the buffalo–livestock interface (Cortey 
et al., 2019; Chapter 9). This perception has not favoured the buffalo 
during some moments in history. For example, in the early twentieth 
century, entire buffalo populations outside protected areas were culled 
to control foot-and-mouth disease and rinderpest as part of efforts to 
boost commercial livestock production (see Chapter 12).

 2 www.johnxsafaris.com/hunting/cape-buffalo-hunts/
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African Buffalo in Society: Mythology 
and Symbolism in Africa
Marks (1979) discusses the historical development of a culture among 
the Bisa of Zambia, which he termed the ‘Buffalo Mystique’. Of sig-
nificance in this culture was the high value placed on both tangible and 
intangible uses of buffalo, both central to the overall organization of the 
society. Similarly, in other parts of southern Africa, the close association 
between people and buffalo can be seen in the wide uses of the animal 
as a totemic symbol. It is in this region that many ethnic groups use the 
Nyati totem to organize clans and marriages.

The Bisa of Zambia recognize in the buffalo characteristics of 
strength, bravery and danger, but they also attribute a powerful ‘spiri-
tual’ force to the animal. This notion is found in civilizations far 
removed from West Africa. For the members of the Malinke hunters’ 
brotherhood, the buffalo is endowed with a particularly strong meta-
phorical spirit or major real element (‘nyama’; Cissé, 1964), and it is for 
this same reason that the Hausa of Niger consider it a ‘black’ animal 
in the classification of animals based on the power of their spiritual 
essence (Levy-Luxereau, 1972).

The buffalo also appears in a series of ‘horizontal’ masks that have been 
observed over a wide area of West Africa (Frealle, 2002; Figure 1.2). The 
form of these masks varies, sometimes a buffalo is explicitly represented, 
notably in the grasslands of Cameroon, but sometimes other species are 
represented in a stylized manner (McNaughton, 1991). The reference to 
‘bush cow’ appears in several of these masks, which are sometimes rep-
resentations of hybrids between animals, humans and spirits. The dances 
and rituals involving the use of these masks are diverse, and although 
they are often associated with male initiation rituals, this is not their 
exclusive use. Generally speaking, these masks, especially those based on 
the form of stylized cattle, are seen as powerful and dangerous entities, 
associated with the transition from the wild (bush) world to human-
ized space (Berns and Fardon, 2011). Members of peasant societies have 
developed a rich cosmology in which the buffalo has a place. A review 
of myths on the origin of livestock in pastoral societies indicates that for 
several societies, buffalo are linked to the wild world while cows are 
associated with humans (Bonte, 2004; Box 1.1). At the other end of the 
African continent, a Berber myth (Frobenius and Fox, 1937) describes 
the first two creatures of the world as a buffalo and a heifer, with the 
former becoming the founding ancestor of wild animals and the latter 
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that of cattle. Furthermore, cows appear in the increasingly sophisticated 
costumes worn by the Swazi overlord during the Ncwala, the annual rite 
of royalty that lasts several days (Kuper, 1973). The power and ferocity 
of the buffalo also are represented in the rich Swazi cosmology.

According to Evans-Pritchard (1940), the Nuer People of South 
Sudan believe that the buffalo is ‘cattle’ that destroys people, for ‘more 
people have died for the sake of a cow than for any other cause’. They 
have a story that tells how, when the beasts broke up their community 
and each went their own way to live their own lives, Man slew the 
mother of the Cow and the Buffalo. The Buffalo said she would avenge 
her mother by attacking men in the bush, but the Cow said that she 
would remain in the habitations of men and avenge her mother by 
causing endless disputes about debts, bride-wealth and adultery, which 
would lead to fighting and deaths among the people. This feud between 
Cow and Man has gone on from time immemorial, and day by day the 
Cow avenges the death of her mother by causing the death of men. 

Figure 1.2 Anunuma Bush Buffalo Mask performs at a funeral. Tissé, Burkina Faso, 
1984 (McNaughton, 1991). Photo by Christopher Roy (used with permission).
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Hence, Nuer say of their cattle, ‘They will be finished together with 
mankind’, for men will all die on account of cattle and they and cattle 
will cease together (Evans-Pritchard, 1940).

Box 1.1 Buffalo Folklore from the Atuot People, Southern Sudan

Burton (1981) adds to a large basket of buffalo folklores from Africa 
by narrating one from the Atuot people. According to this folklore, 
once upon a time, men lived among themselves in their own camp 
in the forest. But among the animals they kept tethered were buffalo 
rather than cows. Men had no contact with women, but instead kept 
vaginas tied to their arms. At the same time, women lived in a camp 
by themselves by the river, tending herds of cattle, fishing and grow-
ing millet. The text continues: ‘One day a buffalo calf strayed away 
from the other animals and did not return that evening. The next 
morning a man followed its trail, which led to the camp of women. 
Until this time when women desired sex, they went to the riverside 
and splashed the foam of the waves between their legs, giving birth 
to females only. When the man asked if his calf had come into the 
camp a woman answered no, and while he was satisfied with this 
reply, he soon took interest in another matter, asking the woman 
what the separation was between her legs. She answered: “This is 
vagina” and in turn asked what might be the thing dangling between 
his legs. When he answered, the man then said to the woman: “You 
bring that here and let me see if it is sweet.” When he later said it was 
very, very good, all the other women of the camp rushed upon him 
and they had intercourse with him so much he died. A short while 
later the women said among themselves: “Now it is time to look after 
the cows”, but each avoided the responsibility, saying: “It is now 
time to dry the millet so it can be pounded into flour.” Then men 
from the other camp arrived in search of their friend. The women 
insulted them for thinking that their buffalo were like cows and went 
on pounding their grain. Seeing that the women appeared to take 
no interest in the cows, the men stole them. Later in the day each 
woman sought out a man of her liking and remained with him that 
evening. The next day, when each man wanted to marry a woman, 
the senior woman of the camp said: “You have given up your buffalo 
and that is good. But if you want to marry my daughters then you 
must give cows to replace them.”’
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Taboos that forbid the use of buffalo or even coming into close con-
tact with them are also present in some large sections of African com-
munities spread across the continent. For example, some Pygmy groups 
in Cameroon avoid buffalo because of a commonly held belief that it 
is inhabited by powerful evil spirits (Duda et al., 2018; see Chapter 16). 
Southern Africa harbours large ethnic groups, which include the Shona, 
Shangaan, Sotho and Venda, people who view the buffalo as sacred and 
who are not allowed to eat or touch the animal because of totemism. 
However, such taboos are slowly losing their power among people due 
to modernity and the infusion of other religions, especially Christianity 
(see also FAO/CIG, 2002). Marks (1979) squarely lays the blame for the 
destruction of African culture associated with the African buffalo and 
other wildlife on the emergence of modern institutions of control and 
in particular the implementation of so-called ‘participatory’ conservation 
programmes (Benson, 2021).

The iconic or symbolic nature of the African buffalo is also pres-
ent in many social spheres such as military units, soccer teams, mer-
chandise such as bicycles and T-shirts, haulage trucks and even buses. 
Buffalo symbols on such materials are a global feature. An Internet 
search for such symbols reveals wide and global use of the emblems and 
symbols. A good example is the ‘Buffalo bicycle’ (www.buffalobicycle 
.com), ‘built for big loads on tough roads in Africa’, with production 
in Kenya, Malawi, Zambia and Zimbabwe (Figure 1.3). This product 
borrows characteristics attached to the African buffalo such as robust-
ness and power. Documented examples of the use of buffalo symbols/
emblems in the military include the globally popular ‘Buffalo soldiers’, 
who were mainly former black slaves in the United States of America 
at the turn of the nineteenth century.3 This military unit was eventually 
immortalized and internationalized by the world-famous reggae musi-
cian Robert ‘Bob’ Nester Marley, who released a song named ‘Buffalo 
Soldier’. The American Buffalo soldiers were widely respected for their 
bravery and power. More recent military buffalo emblems may be found 
in present-day Zimbabwe with the buffalo insignia used by the national 
army’s 3rd Infantry Brigade, and in South Africa with that used by the 
32nd Battalion of the South African National Defence Force.4 The 
same seems also to be the attraction for teams and individuals who wear 
T-shirts bearing buffalo signs.

 3 https://en.wikipedia.org/wiki/Buffalo_Soldier
 4 https://za.pinterest.com/pin/304204149811482618/
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Buffalo Services: Subsistence and Trophy 
Hunting in Africa

African Subsistence Hunting

Palaeontological and archaeological evidence suggests that human ances-
try in southern Africa dates back four million years, and throughout this 
time, humanity has hunted for survival (Crader, 1984; Walker, 1995; 
Plug, 2000; Badenhorst, 2003; Phillipson, 2005). Hunting can be done 
in pursuit of many benefits, for example maturity rituals, symbolism, 
recreation or trade, and for food, ecological balance and raising funds for 
conservation (Di Minin et al., 2016; Wanger et al., 2017; Hsiao, 2020). 
Despite different levels of compliance by all groups of people, hunting 
all over the world is regulated by laws and policies and its control is at 
the core of most wildlife conservation programmes.

Due to its size and abundance in large herds, the African buffalo 
played a significant role as a protein source for pre-colonial African 

Figure 1.3 The ‘Buffalo bicycle’ is a well-appreciated product in the communal 
lands of Zimbabwe for its robustness, easiness to fix and adaptation to local 
conditions. Sengwe Communal Land. © A. Caron.
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societies (Marks, 1976, 2016). In Zambia, for example, although agri-
culture was an important part of the livelihood system, buffalo meat was 
a stock component in the identity and destiny of Valley Bisa lineage 
hunters (Marks, 2016). The meat was (and still is) also consumed for its 
good taste and flavour. Buffalo meat was a major source of protein in 
Zimbabwe before Africans were banned from buffalo hunting in 1930 
(Mutwira, 1989).

Buffalo hunting, as with the hunting of other large animal species, 
can be dangerous, yet it has remained an important cultural and histori-
cal human activity. Hunting connects people with nature and is widely 
practiced as a maturity ritual for men in many African societies (Atta 
et al., 2021). The great difficulty, risk and effort involved in hunting buf-
falo also mean it provides rigorous exercise and adventure and accords a 
high status to the hunter.

As more and more natural habitats are transformed for human use, 
and relatively more buffalo populations are consequently found in pro-
tected areas (Chapter 4), traditional and subsistence hunting by Africans 
has increasingly become illegal and is referred to as ‘subsistence poach-
ing’ or ‘illegal hunting’. This phenomenon has put African cultures in a 
difficult dilemma by impeding them from engaging in important social 
and traditional activities linked to buffalo hunting, as well as preventing 
access to valuable protein. Despite the dismal failure of these measures 
at the local level, scientific studies continue to call for local commu-
nity involvement in wildlife management, community education, local 
institutions and benefit-sharing to minimize poaching and compensate 
for the loss in protein (Hulme and Murphree, 2001; Lunstrum, 2017; 
Muboko, 2017; Ntuli et al., 2019). However, even if these measures 
were effective, they cannot compensate for the social and cultural val-
ues that have been lost.

Western Trophy Hunting

Interestingly, the experience of Western hunters indicates that the val-
ues, risks and perceptions attached to buffalo hunting are cross-cultural. 
Considered as a pest preventing the establishment of European livestock 
systems (due to competition and disease transmission) or as a noble thing 
to hunt, wildlife was targeted by colonial hunting and entire wildlife 
communities were decimated (Chapter 12). Trophy hunting in Africa 
developed in the twentieth century as an extreme sport for the per-
ceived ‘brave gentlemen’, and today is a key management tool for the 
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conservation of large tracts of Africa (Chapter 16). The African buffalo 
is a key species for trophy hunting in Africa. One reason is that its hunt 
bears a special aura for practitioners. A person who can take down a buf-
falo is viewed by some as very brave and a real man among all the other 
men in the community, in fact, a superhero (Erena et al., 2019).

The danger associated with buffalo hunting is not only associated with 
buffalo but also with other wild animals and the surrounding environ-
ment. Attacks on humans by wild animals, especially buffalo, can lead 
to permanent injuries or even death. Hunting a buffalo is a hair-raising 
experience. The sense of danger surrounding buffalo hunting, and hunt-
ing in general, is summed up by one writer (Box 1.2). Unfortunately, 
we could not find any similar accounts written by local African hunters.

Chapter 16 shows the relevance of trophy hunting and the special 
position of buffalo hunting in the wildlife economy and conservation in 
Africa. Unfortunately, the price of buffalo hunting is beyond the range 
of many ordinary traditional African hunters, who therefore cannot 
reconnect with this thread of their culture through legal and sustain-
able buffalo hunting. Interestingly, some African countries like Tanzania 
used to offer low-priced hunting permits to locals. However, the system 
became fraught with back-door deals whereby some westerners ended 
up using these permits to hunt buffalo. Innovative economic and social 
models of trophy hunting in which benefits are fairly shared with local 
communities and which draw from the knowledge, skills and experience 
of local individual hunters to provide a special experience to foreign 
hunters could be a path towards more integration between African cul-
tures and wildlife economies on the one hand, and foreigner and African 
hunters’ values on the other. Such models were partially explored by the 
CAMPFIRE programme (Communal Area Management Programme 
for Indigenous Resources) in Zimbabwe in the 1990s.

The CAMPFIRE initiative was an attempt to provide economic 
value to local human populations through the sustainable use of natural 
resources such as wildlife. It was first introduced in Zimbabwe in the 
mid-1980s, later expanded into Botswana and Namibia, and presented 
comparatively high economic benefits generated notably through buf-
falo hunting. CAMPFIRE sought to make the hunting of buffalo and 
other wild animals for sport an economic activity generating revenue 
for development projects seeking to improve local communities’ liv-
ing conditions and incomes. Despite some internal and external short-
comings, this form of genuine and inclusive public–private community 
partnerships (PPCPs) offers some opportunities for all stakeholders and 
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wildlife conservation (Hulme and Murphree, 2001; Frost and Bond, 
2006; Chapter 16). The major limiting factor is a lack of meaningful 
profit for local households despite the huge challenges they face from 
living with wildlife (Gandiwa et al., 2013; Poshiwa et al., 2013). Weak 
local institutions, as well as usurped decision-making and benefit-sharing 
by politicians and local authorities, were also significant issues that cor-
rupted the CAMPFIRE programme in Zimbabwe (Dzingirai, 1995).

Medicinal Use of the African Buffalo

African buffalo body parts are widely used by traditional healers and 
shamans as medicines to treat a wide range of diseases and ailments, 
and frequently as an aphrodisiac (Montcho et al., 2020). Almost all of 
the buffalo’s body parts are used for medicinal purposes, but notably 
the horns and tails (Atta et al., 2021). The wide use of bones and skulls 

Box 1.2 Extracts from a Buffalo Hunt Experience, One Among Many 
that can be Found on the Internet (https://journalofmountainhunting.com/
augusts-in-africa/)

‘Looking into a wounded Cape buffalo’s discomfortingly intelligent 
eyes takes you to depths few other animals seem to possess, depths 
made more profound by the knowledge that this animal is one very 
much capable of ending your life.’

‘With his ferocious temper, treacherous intellect, and stern indif-
ference to the shocking power of all but the most outlandishly 
large-calibre rifles, the Cape buffalo is routinely touted as the most 
dangerous member of the African Big Five (…).’

‘In open flat country, he may present no serious threat to a 
hunter sufficiently armed, but you so seldom encounter him on 
 baseball-diamond-like surroundings rather more often he’ll be in 
some swampy thicket or dense forest where he is a clever enough lad 
to go to cover, and fierce enough to come out of it when it is to his 
advantage.’

‘But when something like that gets into your blood, the rest of 
life comes to lack an ingredient you never knew, before, that it was 
supposed to have. I believe it got into mine one evening when we 
chased a breeding herd in and out of the forest for hours, jumping 
it and driving it ahead of us, trying to get a good look at one of the 
bulls in it.’
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has been reported in South Africa, particularly among the Xhosa tribe 
(Nieman et al., 2019). Apart from their use as a putative cure for sick-
ness, buffalo parts are used against witchcraft, bad luck, bad spells and to 
induce bravery. What is clear is that the use of buffalo parts as putative 
charms emanates from the characteristics of the animal that humans have 
observed over many years and their culturally constructed belief systems. 
These characteristics include its fighting ability, strength and instinctive 
ability to sense and avert impending danger. A more detailed presenta-
tion of claimed medicinal values and other uses of buffalo is presented 
in Chapter 16.

Buffalo Disservices: Human–Buffalo Conflicts
As with many large vertebrate species, negative interactions between 
buffalo and humans are often referred to as human–wildlife conflicts 
(HWCs). The term is omnipresent in the conservation literature (Bhatia 
et al., 2020), with studies focusing largely – if not only – on imagined 
conflicts between wild animals and rural populations living at the edge 
of African protected areas (e.g. Hoare and Du Toit, 2001; Brandon et al., 
2010; de Garine-Wichatitsky et al., 2013; Ocholla et al., 2013; Megaze 
et al., 2017; Matseketsa et al., 2019). Readers will find a profusion of 
papers and reports explaining the ecological mechanisms of buffalo-
related HWCs, the consequences of such conflicts, as well as methods 
and practices which could reduce their occurrence (e.g. Brandon et al., 
2010; Geleta et al., 2019).

Buffalo engage in three types of conflicts with humans: crop raid-
ing, disease transmission to cattle and humans (i.e. zoonoses) and direct 
accidents when encountering humans. Buffalo are not usually the main 
wildlife raiding crops (but can be locally), and often are overtaken by 
elephants, baboons (Mukeka et al., 2018) and especially rodents and 
insects (Lahm, 1991; Deodatus, 2000). In addition, many years of stud-
ies on HWC in Gabon placed the large rodents in the first position of 
HWC ahead of the elephant (Lahm, 1991), although this could have 
changed due to demographic changes in elephant populations estimated 
to be 95,000 in last census (Laguardia et al., 2021). However, any crop 
raiding can have a significant impact on the food security and livelihoods 
of farmers living near protected areas (Magama et al., 2018). Secondly, 
livestock owners living close to buffalo populations often consider the 
buffalo to be a reservoir for several important diseases that can harm 
cattle and people (e.g. bovine tuberculosis, foot-and-mouth disease and 
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anthrax; for example de Garine-Wichatitsky et al., 2013; Zumla et al., 
2020; Simpson et al., 2021; Chapters 9, 10 and 12). Finally, encounters 
with buffalo, especially bachelor males, when local residents move around 
their natural habitat (e.g. to fetch water) can end in death (Dunham 
et al., 2010; Chomba et al., 2012; Geleta et al., 2019). Although they are 
sometimes referred to as ‘widow maker’ or ‘black death’, buffalo ‘only’ 
kill an estimated 200 people each year in Africa, much fewer than croco-
diles, hippopotamus and elephants.

Although negative interactions are real, we feel that framing them as 
conflicts is inadequate. This is largely because it logically calls for con-
flict resolution methods, often considered ‘silver bullet’ technical solu-
tions expected to work in all circumstances, but ultimately failing to 
address context-specific underlying issues (Redpath et al., 2015; Davidar, 
2018;). From a sociological perspective, HWCs do not exist indepen-
dently of the social context where they take place, and in this regard, 
protected areas and their peripheries are often cultural battlegrounds, 
with long-lasting historical acts of injustice (Duffy, 2000; Blanc, 2015). 
Indeed, a central feature of these conflicts is that they involve a plurality 
of stakeholders whose worldviews, perspectives and agendas are often 
incompatible (Hill et al., 2017). The notion of HWC is mostly associ-
ated with negative interactions involving charismatic animals that reveal 
the conflicting values and interests held by different groups of people. 
Few would resort to the HWC narrative to define non-charismatic nui-
sance animals (e.g. rodents), or animals that all actors consider to be 
pests and which are managed through traditional animal damage control 
approaches (e.g. lethal control: Marchini et al., 2014; Redpath et al., 
2015). This is partly why these interactions are so complicated to address, 
because like other social–ecological issues, they can be considered to be 
‘wicked problems’ (Rittel and Webber, 1973).

Perrotton et al. (2017) bring to the fore the wicked nature of 
 buffalo–human conflicts in the western part of Zimbabwe. The authors 
demonstrate how, although all of the human actors involved acknowl-
edge the reality of a conflictive relationship with and about buffalo, it 
is impossible to define both the nature and the cause of the conflict. 
While some actors are concerned about zoonosis, others complain about 
livestock–buffalo competition for grazing, and for some the ‘real’ issue 
is that the presence of livestock in protected areas (instead of buffalo) 
decreases the attractiveness of the place for tourists who would rather see 
buffalo. How can the conflict be addressed if we cannot clearly define 
it? As for the causes to address, for some the root of the problem is the 
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number of cattle on the territory, while for others it is the modalities of 
access to grazing land, while yet others blame human demography, or 
the failure of wildlife damage compensation mechanisms, or an obsolete 
narrative about the wilderness being a pristine place with no trace of 
human presence that is told to tourists.

Several alternative narratives were proposed and could fit negative 
interactions with the buffalo: buffalo–livestock competition, human–
wildlife competition or human–wildlife coexistence (Madden, 2004). 
Unfortunately, despite the critiques, the HWC framework remains pop-
ular (Bhatia et al., 2020), probably thanks to its simplicity and ease of use 
to describe a diversity of situations, allowing it to become a buzzword 
used to amplify conservation initiatives, or to create and maintain a sense 
of urgency justifying funding (Peterson et al., 2010). Continued use of 
the term HWC denotes a superfluous or rather fake equality between 
human beings and wildlife and an attempt to mask the less publicized 
and real ‘human-to-human conflicts’, a recurrent ‘Cold War’ type of 
relationship located within global, regional and national conservation 
paradigms, aimed at the exclusion of one group of people by another, 
especially local communities, but framed as ‘wars between people’ and 
‘innocent’ wildlife (Gandiwa et al., 2013).

Conclusion
The African buffalo across its vast African range has coexisted with humans 
for millennia. This coexistence is part of the bestiary of the few imaginar-
ies and mythologies that have managed to reach us. Sometimes, as the 
obscure brother of the cattle or cow that never agreed to be domesticated, 
it forms part of the original stories that today define some African cul-
tures. Although other buffalo species have been domesticated in Asia, the 
African buffalo is broadly perceived or generally considered to be undo-
mesticated, unpredictable, assertive, dangerous and powerful, and these 
characteristics spill over to the humans (mostly men!) who carry its name 
or symbolically co-opt its soul. These representations of the species in 
African cultures seem to have percolated more recently into the imaginar-
ies of European cultures, especially from the angle of hunting and photo-
graphic safaris. Despite some of the representations of the species in global 
culture, African cultural values associated with the buffalo are declining in 
Africa as these cultures are not perpetuated and are being lost.

The buffalo is also at the centre of services and disservices to different 
actors, providing uses but also generating conflicts in African landscapes. 
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An invaluable source of protein for subsistence livelihoods, its access 
is now mostly forbidden by law to most African users, particularly in 
southern African countries. However, within the wildlife economy, the 
buffalo is a key asset that can generate important profits for the benefi-
ciaries of hunting and photographic safaris who are too rarely its for-
mer African users (Chapter 16). For animal health services, mostly the 
products of livestock production systems imported in colonial times, the 
buffalo represents in some instances a public enemy like the tsetse fly, 
influencing meat trade policies, land uses and boundaries in many parts 
of the continent, and once again not for the benefit of local residents 
(Chapters 9, 10 and 12). The buffalo is also a central species in HWC, 
creating fear and negative feelings.

The African buffalo is therefore an emblem of the coexistence between 
humans and nature in Africa. It is feared and respected, hated and loved, 
hunted, eaten and protected. The ‘bush cow’ that never accepted to be 
domesticated, the wild cattle ‘made in Africa’ still resists human domina-
tion and fascinates many.
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Part I 
Conservation
D. CORNELIS

The Odyssey of the African Buffalo
The African continent hosts a unique diversified megafaunal assemblage, 
one which exceeds that of any other biogeographical region of the world. 
The African buffalo is the largest African bovid and occurs throughout 
most of sub-Sahara in a wide range of ecosystems, from savanna to rain-
forest. It exhibits a marked morphological polymorphism across its range, 
greater than most other African mammals, both in body size and weight, 
but also in pelage colour and horn shape. The African buffalo is also one of 
the most successful large African mammals in terms of abundance and bio-
mass. In this context, this species represents a powerful model to enhance 
our understanding of African biogeography and wildlife conservation.

Buffalo, together with around 80 per cent of ungulates (hoofed mam-
mals), belong to the bovid family, characterized by the presence of two 
or rarely four unforked horns (at least in the adult male). In Africa, 
this family, which includes the true antelopes and the African buffalo, 
emerged some 2.8 million years ago following the increase of open habi-
tats and the expansion of grasslands.

Since the differentiation of African buffalo, which took place some 
500,000 years ago, major climate fluctuations during the Quaternary 
shaped distribution range and caused population oscillations. The expan-
sion of the equatorial rainforest towards eastern Africa during pluvial 
periods periodically formed a major biogeographical barrier to gene flow 
between savanna populations. This is why African wildlife species with 
a continental distribution pattern show a biogeographical pattern struc-
tured north and south of the equatorial forest belt. In the African buffalo, 
this resulted in the emergence of two main genetic lineages: Syncerus 
caffer caffer in eastern and southern Africa, and S. c. nanus in western and 
central Africa.
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In addition to climate change, humans and their newly domesti-
cated animals have posed a worldwide ecological threat to wildlife since 
the beginning of the Holocene epoch (about 12,000 years ago). The 
Holocene resulted in the extinction of many mammals weighing more 
than 40 kg. Nevertheless, such a drastic reduction did not occur in 
Africa, where humans and wildlife had long coevolved (with the excep-
tion of some species like the giant long-horned buffalo (Pelorovis anti-
quus); Chapter 2).

In Africa, anthropogenic pressure on African wildlife took on an 
unprecedented scale from the Neolithic revolution onwards, marked 
in eastern and southern Africa by the Bantu expansion. From about 
3000 bc until ad 1800, human populations originating from present-
day Cameroon, Central African Republic and Congo undertook a 
long series of migrations and settled eastern and southern Africa, which 
until then had been occupied by small populations of nomadic hunter-
gatherers for the past 100,000 years. These migrants brought with them 
several important commodities and skills, such as domesticated animals 
(including cattle), cultivation of crops (millet, sorghum, etc.) and the 
manufacture of metal weapons. This revolution, together with climatic 
factors, resulted in a strong decline of Cape buffalo populations as shown 
by recent genetic investigations (Chapter 3).

About 130 years ago, another major crisis hit the African buffalo pop-
ulations on a continental scale. The introduction of the exotic rinderpest 
morbillivirus in 1889 by a colonial military expedition to the Horn of 
Africa caused up to 95 per cent mortality among buffalo populations, 
wildebeest and cattle across Africa. This was followed by other episodes 
throughout the twentieth century, until its official eradication in 2011 
(last case reported in 2001; Chapter 4). Despite an extremely high mor-
tality rate reported at the continental scale, the Great Rinderpest pan-
demic apparently had very low impact on the genetic diversity of the 
African buffalo, as shown by recent studies (Chapter 3). Throughout the 
twentieth century, buffalo populations gradually recovered, but obvi-
ously not to the levels that prevailed before the Great Rinderpest pan-
demic of the 1880s.

The sub-Saharan human population grew exponentially throughout 
the twentieth century, increasing from 95 million in 1900 to 1.1 billion 
by 2020. According to current projections, this figure could reach 1.8 
billion in 2050 (i.e. a nearly 20-fold increase in 150 years). To meet the 
needs of the human populations in Africa and the raw material needs of 
the rest of the world, many natural habitats have been transformed or 
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severely degraded, and what remains is under increasing pressure. The 
original distribution range of the African buffalo and wildlife in general 
therefore was (and still is being) progressively reduced and relegated to 
protected areas, which today cover around 16 per cent of the total land 
area. However, in the face of human pressure, the integrity of numer-
ous protected areas has been jeopardised. Hence, the overall number of 
large mammals in Africa within protected areas decreased by 60 per cent 
between 1970 and 2005 and by about 85 per cent in Western Africa dur-
ing that same period.

In response to this major crisis, African governments together with 
the international community have mobilized in recent decades, and con-
servation efforts are beginning to bear fruit. As we will see in Chapter 
4, African buffalo populations have stabilized overall over the last 20 
years. However, these figures conceal major disparities between regions, 
as well as the concentration of wildlife populations in the besieged for-
tresses that protected areas have become.
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2 · The Evolutionary History 
of the African Buffalo: 
Is It Truly a Bovine?
H. H. T. PRINS, J. F. DE JONG AND 
D. GERAADS

Introduction
If one sees an African buffalo (Syncerus caffer) for the first time after see-
ing many water buffalo (Bubalus bubalis), one could easily believe they 
are closely related. In 1758, Carolus Linnaeus named the water buffalo 
scientifically, but he did not classify the African buffalo. The first formal 
mention is by Anders Sparrmann (1779), a pupil of Linnaeus, who clas-
sified the species as Bos caffer, just as his mentor had classified the Asian 
species as Bos bubalis. A military artist named Charles Hamilton Smith 
coined the Latin genus name Bubalus for the Asian buffalo in 1827. A 
nineteenth-century taxonomist, Brian Hodgson, elevated the African 
buffalo to its own genus, namely, Syncerus Hodgson, 1847. What justi-
fies the separation of these two ‘buffalo’ into distinct genera? Strangely 
enough, two fundamental characters: namely, in Syncerus the vomer 
and the palate are not fused, and the nuchal hair-stream is not reversed 
(Groves, 1969). Groves states: ‘Consequently the generic separation of 
Bubalus from Syncerus seems thoroughly justified, and some at least of 
the similarity between them (such as that in the shape of the horn cores) 
must be put down to parallelism.’ Whether these two fundamental traits 
have any ecological meaning is unknown, but the case for parallelism is 
intriguing.

A systematic classification is in principle based on diagnosable (often 
morphological, thus not necessarily functionally important) characters, 
mainly of extant species (see Zachos, 2018 for a review). Systematicists 
decided that the African buffalo should not be classified into one genus 
with the Asian buffalo, but does the fossil material combined with DNA-
based phylogenies provide enough clues to establish the evolutionary 
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history of the African buffalo? Our analysis will show that there is quite 
some doubt as to whether the African buffalo is related to the Asian 
buffalo species swarm, or to the larger one comprising wild cattle, yak 
and bison. The question that arises, of course, is whether taxonomy and 
systematics have any bearing on ecology and management. We believe 
it does if, by having knowledge on related species, one can more safely 
generalize; if not, then systematics at the level of the genus or higher is 
irrelevant. Indeed, conservation is about species – not genera, families 
or tribes.

The African buffalo is a large bovid. Mammals are classified as 
‘bovid’ if they have, at least in the adult male, two or rarely four 
unforked horns. These are composed of bone cores protruding from 
their skull after ‘horn buds’ which are covered by a permanent layer of 
keratin start growing in the skin and fuse with the skull (Davis et al., 
2014). Bovids emerged some 18.5 Myr ago (Vrba and Schaller, 2000) 
or even slightly more recently (Bibi, 2013). Some studies refer to an 
older emergence of the Bovidae based on material from Mongolia in 
the Middle Oligocene, thus 26 Myr ago (Trofimov, 1958; see Thomas, 
1984), but this is now questioned (Métais et al., 2003). The mammals 
classified as Bovidae are thought to be related to each other, and the 
common trait of unforked horns is taken to be a shared, derived char-
acter, common between ancestor and descendants. Modern molecu-
lar techniques allowed this assumption to be put to the test, resulting 
in updated insights about the classification of the ~140 bovid species 
within the approximately 40 genera (Grubb, 1993). Within this group 
of Bovidae, African buffalo are classified with the subfamily Bovinae, 
within the tribe Bovini. The other two tribes in that subfamily are the 
Tragelaphini and the Boselaphini. All other bovids are classified within 
the subfamily Antilopinae.

Modern molecular techniques show that the subfamily Antilopinae 
as classified by morphologists has a very different evolutionary, and 
thus classificatory, structure than previously thought (Ropiquet and 
Hassanin, 2005; Hassanin, 2014). Enough reasonably well-dated fos-
sils are available to pinpoint some major bifurcations between tribes 
in time. These phylogenies all suggest that the tribe Bovini is nested 
together with the Tragelaphini and the Boselaphini in one ‘proper’ 
subfamily, the Bovinae (Bibi, 2013; Druica et al., 2016). At first sight, 
the message about the evolution of the Bovini does not appear to have 
changed much since publications by Sinclair (1977) and Gentry and 
Gentry (1978). Yet there is now perhaps more reason to consider the 
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Bovini as a heterogeneous (non-monophyletic) group, the African 
buffalo not being closely related to either the water buffalo of Asia 
(Bubalus) or oxen, bisons and yaks. Perhaps it deserves a special 
tribe, Syncerini, but the evolution of the Bovini is still shrouded in 
much uncertainty. Five insights play havoc. First, phylogenies based 
on molecular markers rely heavily on available genetic material. For 
bovids, to date this material has been taken from living and thus con-
temporary specimens; fossil material does not yet play a role, except 
for some very recently extinct species. This means that for extinct 
tribes or even subfamilies there is no genetic information that has the 
potential to upset phylogenies that are based on parsimonious calculus 
(cf. Frantz et al., 2013; Table 2.1). Second, the phylogeny based on 
mitochondrial DNA shows a short period around 18–15 Myr in which 
the Boselaphini, Tragelaphini and Bovini separated (Hassanin, 2014; 
Zurano et al., 2019). It should be realized, however, that the phyloge-
netic trees based on DNA suggest such divergence to have taken place 
some 10 million years before the oldest finds of Tragelaphini (sec-
ond half Late Miocene, c.7 Myr) or Bovini (c.8 Myr). Furthermore, 
the calibration of the molecular-based phylogeny is based on fossils 
from other families mainly (see Zurano et al., 2019 for details) while 
fossil Boselaphini may be hard to identify, because early forms had 
few distinctive features. Third, the fossil material itself may indicate 
that Bovini evolved from Boselaphini several times and not just once 
(Gentry, 2010). In fact, evidence for this is very slender, but this 
may nevertheless still be true because there is no evidence that early 
African Bovini (which are rare and poorly known) are derived from 
Asian forms. It is quite possible that they derived directly from African 
Boselaphini (close to Tragoportax; see Figure 2.1). Fourth, the number 
of Bovid species recognized in the fossil material is strongly determined 
by sampling effort, and there are many more sites for some periods 
than for others (Patterson et al., 2014). Lastly, within the Bovini tribe 
there is a worrying lack of clarity about not only the proper naming 
of species and genera in the fossil material, but also whether particular 
fossil species and their living descendants should be taken to belong to 
a particular genus or to another. Much dust has been stirred up on the 
systematic position of Pelorovis. Was it a distinct genus? Did it belong 
to the genus Bos? Did it belong to the genus Syncerus? Yet if animal 
populations cannot be classified into valid species and allocated precise 
generic status, then concepts like ‘competitive exclusion’ or ‘niche 
differentiation’ become very difficult to apply.
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Table 2.1 Interplay between palaeontology and genetics to deduce a reliable phylogeny. The trade-off one makes between knowledge 
from genetics and palaeontological knowledge is not straightforward. It may upset established phylogeny, yet it may also strengthen 
it. If knowledge from palaeontology and genetics (if these have been reached independently) overlap, inference about the past is very 
strong. If there are mismatches between the two fields of enquiry, a research strategy can be formulated once one realizes the mismatch.

Genetics

Species that have been allotted 
an unquestionable place in a 
phylogeny, thus ‘knowns’

Species of which the place 
in a phylogeny depends 
on a priori choices

Species of which the 
genetics has not yet 
been carried out, thus 
‘unknowns’

Palaeontology Knowns (i.e. species that 
have been found and 
have been classified 
with confidence)

If there is match, we have reached 
a true justified belief (the 
hallmark of good science). If the 
two do not match, both fields 
of knowledge have to actively 
work together to solve the issues. 
Exciting new insights can arise: 
e.g. on the origin of Bison bonasus 
as a possible hybrid species of 
Bison priscus and Bos primigenius

Genetics should follow 
palaeontology and 
recalculate phylogenies. 
Bayesian approaches 
should incorporate 
prior knowledge from 
palaeontology

Here future progress 
in palaeo-DNA will 
perhaps make very 
unexpected changes

Uncertain (i.e. species 
that have been found 
but about which the 
classification is unsure)

Palaeontology should incorporate 
knowledge from genetics to 
decide on the best place of such a 
species in an existing phylogeny

Danger exists that there 
is false certainty in 
published phylogenies 
by geneticists

A general state 
of ignorance 
predominates

Unknowns (i.e. species 
that have not yet been 
found or identified)

Phylogenies based on absent species 
may give a false sense of certainty

Phylogenies based on 
absent species may give 
a false sense of certainty

‘Unknown unknowns’, 
which may upset any 
established phylogeny
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The Genus Pelorovis and the Syncerus  
antiquus Conundrum
We start with Pelorovis and the issues surrounding its phylogenetic position 
to better understand the evolution of Syncerus. The most important insight 
that emerges is that there was a second species of Syncerus, namely S. anti-
quus, in much of Africa that went extinct only very recently, in the last two 
millennia. It overlapped in space and in time with the extant African buffalo.

Hans Reck started the excavations in Olduvai (Tanzania) and found 
the remains of a large mammal, which he named Pelorovis (‘frightful 
sheep’). Later, Gentry (1967) classified Pelorovis with the Bovini, but 
thought it to be very distantly related to the Asian Bovini. Pelorovis may 
have been derived from Simatherium (Geraads, 1992) like the African buf-
falo Syncerus. The difficulty of Bovini classification is well underscored 
by the struggle palaeontologists have in allocating the different species of 
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Figure 2.1 Phylogeny of the Bovini and Syncerini. During the Pleistocene 
members of the genus Bos ventured into Africa too (see text). The separation 
between Boselaphini and Bovini or Syncerini is very unclear.
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Pelorovis to their classificatory nook: does a fossil belong to Pelorovis or to 
Bos or Syncerus, and, alternatively, should the genus Pelorovis be seen as 
an independent genus, or do the species of this genus better fit in Bos or 
Syncerus? Indeed, an identical specimen may be classified as Pelorovis or 
as Simatherium (Gentry, 2010), showing the opaqueness of the systematics 
and phylogeny of the Bovini (see Table 2.1).

Seven species of Pelorovis have been named. Pelorovis oldowayensis is the 
best-known form; it has long, regularly curved horncores, first emerg-
ing almost posteriorly but recurving forwards, with a total span that can 
reach 2 m. It is best represented in Olduvai, but also in other Eastern 
African sites and in Israel (Geraads, 1986). Pelorovis turkanensis has shorter 
horns; it overlaps in time with the former species, but appears earlier. 
The North African ‘Bos’ bubaloides, ‘Bos’ praeafricanus and Pelorovis howelli 
(Hadjouis and Sahnouni, 2006) are almost certainly identical with one 
or the other East African forms. Pelorovis kaisensis from Uganda and per-
haps Ethiopia differs in its virtually straight horns (Geraads and Thomas, 
1994; Alemseged et al., 2020). The origin of the genus is unclear, espe-
cially because the distinction between the earlier African Ugandax and 
Simatherium dwindled recently with the discovery of more fossils. The 
last species to go extinct was Pelorovis antiquus (a.k.a. Homoiceras antiquus, 
H. baineii or H. nilsonii: Rossouw, 2001). However, this species may be 
better understood as Syncerus antiquus. Neither Gentry (2010) nor Klein 
(1994) were convinced that this was correct, but at present the leading 
verdict is that one could accept this view. S. antiquus had a wide dis-
tribution, and survived in northern Africa till recent times (Figure 2.2). 
A very late drawing of it may have been from Egypt just prior to the 
first Pharaoh from the so-named Amratian Civilization (~3600 bce; see 
Childe, 1958, figure 1.9). Lovely rock art from the desert of Algeria 
shows scenes, including bulls fighting (e.g. Brodrick, 1948, p. 37).

In the Early Pleistocene beds in Arabia, a very large bovid has been 
found that is classified as Pelorovis cf. oldowayensis (Thomas et al., 1998). 
This may be an early proof of an outward migration of members of the 
genus Pelorovis, together with the ‘Ubeidiya occurrence. Intriguingly, it 
had very large feet apparently adapted to move on soft substrates’ (Thomas 
et al., 1998). The case shows how nomenclature intertwines with dat-
ing: the finds described by Thomas et al. (1998), and interpreted on the 
basis of morphological data as being close to P. oldowayensis, were later 
 re-interpreted because the beds from which the fossils were extracted 
were dated later in time and were thus allocated to Syncerus antiquus 
(Stewart et al., 2019). This latter approach to classification is, in our opin-
ion, incorrect. Similarly, molars of a smaller species that looked like those  
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Figure 2.2 In rocky massifs in the Sahara, petroglyphs (engravings in the rock) of 
animal species are quite widespread. This rock art was made when the Sahara was 
covered by savannas or steppes, and thus shows many species that are now only known 
from the Sahel or East Africa. Among these are depictions of Syncerus (or Pelorovis) 
antiquus, which is now extinct but was once widespread. (a) S. antiquus from I-n-
Habeter, Mesāk, Libya. Photo Jean-Loïc Le Quellec. (b) Rock engraving of S. antiquus 
from Tilizzāyen, Mesāk, Libya. Photo Jean-Loïc Le Quellec (used with permission).
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of S. caffer were classified as S. antiquus because S. antiquus is known from 
south-west Asia but S. caffer is not (Stewart et al., 2019). However, Geraads 
(1986) also identified Pelorovis oldowayensis from the Early Pleistocene in a 
nearby area, namely Israel, and later Martínez-Navarro et al. (2012) con-
firmed the identification, but assigned the species to Bos.

This raises the issue of the relationships of Pelorovis with Bos, a mostly 
Eurasian genus that includes, besides the modern cattle and aurochs, 
several wild, endangered southern Asian species and fossil species in the 
same area. In Africa, unquestionable early representatives of the genus 
are Bos buiaensis from Eritrea, dated to 1 Myr (Martínez-Navarro et al., 
2010), a Middle Pleistocene B. primigenius from Tunisia dated to 0.7 Myr 
(Martínez-Navarro et  al., 2014) and a species from the lower Awash 
Valley of Ethiopia, which is close to the southern Asian extinct species 
B. acutifrons (Geraads et al., 2004).

The Tunisian find is almost certainly a Eurasian immigrant (pace 
Martínez-Navarro et al., 2014), while the fact that the Eastern African 
forms were found close to the Aden straits strongly suggests that they are 
Asian immigrants. Detailed studies of the geology of the Bab-al-Mandab 
(the entry to the Red Sea from the Gulf of Aden) show that the straits 
between the Horn of Africa and the Hadhramaut, where a shallow sill is 
positioned (the Hanish Sill), remained submerged during the Pleistocene 
(Al-Mikhlafi et al., 2018). Yet during glacial periods, the straits were ‘suf-
ficiently narrow for both sides of the channel to have been visible at all 
times’ and only about 1–3 km wide (Lambeck et al., 2011), thus making 
it feasible that Asian species of Bos crossed here into Africa. Note that the 
occurrence of S. c. nanus until a century ago on Bioko Island, some 35 
km off the mainland in the Gulf of Guinea, cannot be taken as an exam-
ple of buffalo being able to cross such a distance at sea, because Bioko 
Island was linked to the mainland until the beginning of the Holocene 
(Ceríaco et al., 2020). Nevertheless, buffalo are good swimmers, and are 
able to cross wide rivers like the Nile and the Zambesi.

By contrast, Martínez-Navarro et al. (2007, 2010) envisage an evo-
lutionary line of the genus Bos starting as Bos (P.) turkanensis (Late 
Pliocene), B. (P.) oldovayensis (Early Pleistocene), B. (P.) buiaensis (Early 
Pleistocene) and thence Bos primigenius (the Aurochs) and also Bos plan-
ifrons (which more often is taken as the direct ancestral form of Bos 
primigenius namadicus – the Indian form of the aurochs which developed 
into Bos indicus, the zebu). The important consequence of accepting this 
interpretation is that the direct ancestors of cattle and zebu evolved in 
Africa and not in Asia. This would agree with the parsimony analysis on 
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morphological characters performed by Geraads (1992), which showed 
them to be close on the cladograms. However, the detailed study by 
Gentry (1967) showed that the cranial morphology of P. oldowayensis 
is very different from that of Bos, and it is likely that their closeness on 
cladograms results from parallelisms. Furthermore, the contemporane-
ity of the last representatives of the former species with Bos buiaensis 
make an ancestral–descendant relationship extremely unlikely (Geraads, 
2018). Moreover, this reasoning sits very uncomfortably with studies 
that base their reasoning on genetics: B. primigenius, cattle and zebu all 
fit snugly within the phylogenies of the other Asian Bos species (cf. Van 
der Made, 2013). After carefully considering the arguments and fossil 
material, Tong et al. (2018) conclude that B. primigenius was not derived 
from species that have been classified as Pelorovis, and support the view 
that B. primigenius evolved in South Asia, as does Van der Made (2013). 
Likewise, Bar-Yosef and Belmaker (2016) maintain the position that B. 
primigenius appeared in southwestern Asia as early as 1.2 Myr bp, and 
it continually occurred in this region until the Late Pleistocene. They 
recognize B. buiaensis in the Jordan Valley much later, namely 0.5–0.8 
Myr, but as stated, this could well have been a Pelorovis. Indeed, many 
authors have stated that Pelorovis (Syncerus) antiquus was part of the mam-
mal assemblage of the Pleistocene Levant.

Is there good reason to accept the view that Pelorovis antiquus should 
be considered as Syncerus antiquus as deduced by Peters et al. (1994) but 
rejected by Klein (1994)? The predecessor (but not necessarily ances-
tor) of P. antiquus was P. oldovayensis. This species was already present 
in the Levant (Bar-Yosef and Belmaker, 2016) and perhaps in Arabia 
(Thomas et al., 1998) in the Early Pleistocene. Yet, Martínez-Navarro 
and Rabinovich (2011) argue to classify this species as S. antiquus; how-
ever, their publication does not present arguments other than opinion. 
The original argument put forward by Peters et al. (1994) to view P. 
antiquus merely as a form of S. caffer, or as a separate species S. antiquus, 
was mainly based on the observation that the postcranial skeleton hardly 
differed from S. caffer (Peters et al., 1994). However, this is a weak argu-
ment, because ‘The similarity in the postcranial skeleton known from 
Bos, Bison and Bubalus arnee is surprising considering that, according to 
an analysis of mitochondrial DNA, the separation of the Bubalus–Syncerus 
clade from the Bos–Bison clade goes back to the Middle Miocene’ (Van 
der Made et al., 2016; see also Von Koenigswald et al., 2019). The main 
argument of Klein (1994) was that the two species coexisted for a long 
time, and if both were to be viewed as Syncerus, then that would not 
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have been possible. This is, however, based on an old ‘rule’ of com-
petitive exclusion formulated by Charles Darwin but for which there 
is no firm evidential support (Prins and Gordon, 2014a, 2014b). Note 
that species of the same genus can very well coexist, as exemplified by 
Lechwe and Puku or Plains Zebra and Grevy’s zebra in Africa, or for 
that matter by the many different Anas spp., Anser spp., Corvus spp., etc. 
in the Boreal zone.

Yet we also have not read convincing arguments to accept the view 
that Pelorovis antiquus was merely another African buffalo or even a more 
drought-adapted subspecies of the present-day African buffalo (cf. Peters 
et al., 1994). Indeed, the stance one takes with respect to the systematic 
position of P. antiquus affects the way the evolutionary history of S. caffer 
is interpreted. Note that this has little to do with accepting or rejecting 
the narrow species concept proposed by Groves and Grubb (2011, p. 1 
ff.). However, Gentry (2010) takes P. antiquus (grudgingly) as S. antiquus, 
even though he does not present arguments for (or against) this view. 
However, this evidence is murky, because it depends so much on inter-
pretation in the case of the fossil Bovini material. This implies that one 
has to consider two alternative scenarios in the evolution of Syncerus: 
namely, one with S. antiquus as a species coexisting with S. caffer and 
living in the same area as B. primigenius in northern Africa, and the other 
in which Syncerus never reached the areas to the north of the Sahara but 
that the relevant ‘buffalo’ species in that area was P. antiquus.

Miocene Origins of the African Buffalo
How far back in time can one trace the ancestry of the African buffalo? 
It may have appeared reasonably clear 50 years ago (Sinclair, 1977, p. 
22), but the crucial issue is whether the African buffalo really fits into 
the Bovini (together with the Asian buffalo and the wild cattle swarm). 
On the basis of DNA, it can be deduced that the last common ancestors 
of the Bovini and the Tragelaphini (species like the present-day kudu, 
bushbuck and eland antelope) lived some 18 Myr (Bibi et al., 2009) or 
15 Myr ago (Zurano et al., 2019), but the first fossil material comes from 
Eotragus, which is classified as a Boselaphine (like the present-day nilgai). 
Between the oldest species, E. noyei from Pakistan (18 Myr), and the 
next species, E. sansaniensis from France (15.2 Myr), there is a gap of 3 
million years, which is as long as the duration of the entire Pleistocene 
(Solounias and Moelleken, 1992). Then there is another enormous time 
gap of some 6 million years to a genus named Selenoportax/Pachyportax, 
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again from Pakistan (9 Myr; Bibi et  al., 2009). An ancestral relation 
between Pachyportax and Parabos (thought to be ancestral to Leptobos, 
Bos and Bison and perhaps to Proamphibos leading to Bubalus) has been 
surmised, but the evidence is weak. From Pachyportax onwards, the fog 
of the fossil record lifts a bit. But just when one seemed to be back on 
firm footing, Gentry (2010) dropped a bombshell by pointing out that 
there is a fair chance that the Bovini are not even monophyletic. Indeed, 
Geraads (1992) had already shown that the relationship between Asian 
and African buffalo is not well supported. In other words, after decades 
of hard field work and thinking, the early history of the Bovini is not yet 
clear regardless of what phylogenies based on present-day DNA seem to 
suggest. Later we will show that cross-fertilization data between African 
and Asian buffalo also point to a very weak relationship within the group 
of organisms that are classified as Bovini.

The genus Eotragus was a long-lived one with a very wide distri-
bution, ranging from Europe to China, Pakistan and Israel to Kenya 
(Solounias et al., 1995). The genus Tethytragus was similar to Eotragus, 
but evolutionary perhaps not a Boselaphine, and even though T. langai 
still falls within the class of brachydont herbivores, it was more hyp-
sodont than Eotragus and may already have been a grazer (DeMiguel 
et al., 2011, 2012). Yet it appears that the early ‘invasion’ of Africa by 
Boselaphini at the beginning of the Middle Miocene did not lead to 
today’s Bovini in Africa. They may have arisen from a second ‘inva-
sion’ of Boselaphini at the end of the Middle Miocene (Thomas, 1984; 
Gentry, 2010).

The next genus to consider is Pachyportax, which lived during the end 
of the Miocene. The genus has also been classified within the Boselaphini, 
but it appears that the Boselaphini are not a homogeneous tribe (Bibi 
et  al., 2009). Pachyportax latidens was a large Boselaphine during the 
Late Pliocene (7–3.5 Myr) of the Siwalik Hills of Pakistan with strongly 
developed molars for chewing roughage (Ikram et al., 2017). At the same 
time, there was another Boselaphine in the Siwaliks with less hypsodont 
molars, which was of the genus Tragoportax. European Tragoportax at 
least are large forms, and have rather long legs (perhaps similar to the 
nilgai). There were quite a number of other putative Boselaphini spe-
cies at that time in the Siwalik mammal assemblage (Batool et al., 2016), 
but whether they were truly Boselaphine is uncertain (Bibi et al., 2009). 
Miocene Bovini show mesowear patterns that are similar to present-day 
browsers and mixed-feeders, and the molars were not yet very hyp-
sodont (Bibi, 2007). Indeed, Solounias and Dawson-Saunders (1988) 
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elegantly showed how masticatory morphology features relating to inter-
mediate feeding and grazing adaptations evolved in parallel several times 
and independently from primitive browsing conditions. According to 
these authors, this did not happen in a savanna-type landscape but in 
the broad-leaved forests and woodlands there (in Greece). Bibi’s (2007) 
palaeoecological reconstruction is that these early Bovini started utilizing 
open C3 vegetation with C3 grasses. Indeed, C4 grasses became impor-
tant only later (Barry et al. 2002), and Bibi (2007) speculates that because 
the hypsodont index only reached values indicating pure grazing around 
8 Myr ago, this behaviour started with the emergence of C4 grassland at 
that time. However, the abrasion patterns of the molars do not support 
this (Bibi, 2007). The driving evolutionary force may have been the 
strengthening of the monsoonal system due to the uplift of the Tibetan 
Plateau (Searle, 2017) leading to resource scarcity during the dry season 
(Bibi, 2007). The fire-dominated and grazer-induced grasslands came 
into existence only about 2 Myr ago in Africa (Spencer, 1997).

In Libya, Tragoportax cyrenaicus lived about 7 Myr ago; the species 
was perhaps derived from the West Eurasian form (Gentry, 2010). From 
South Africa, T. acrae has been reported (also known as Mesembriportax 
acrae, but cladistically sitting more comfortably with Tragoportax: Spassov 
and Geraads, 2004). Tragoportax had a very large range, from Spain to 
China, and from southern Asia to southern Africa (Batool et al., 2016). In 
the Siwaliks, the lineage of Tragoportax changed from a C3 browser at 8 
Myr to a C4 grazer at 7.5 Myr. By 6.5 Ma, most frugivores and/or brows-
ers had disappeared even though areas of C3 vegetation remained until at 
least 4.5 Myr on the flood plain (Patnaik, 2013; cf. Saarinen, 2019).

Sinclair (1977, p. 22), based on Pilgrim (1939) and Thenius (1969, 
cited in Sinclair, 1977), suggested that Parabos was the ancestor of the 
African Bovini (Pelorovis, Syncerus) but also of the Eurasian Bos and 
Bubalus. The fact that much older Bovini have been found in Pakistan, 
namely some 8 Myr ago (Bibi, 2007), and that no Parabos has been found 
outside Europe and the Middle East, pleads against accepting the genus 
Parabos as ancestral to modern Bovini. This is reinforced by the fact that 
it seems to be seen better as belonging to the Boselaphini than to the 
Bovini (Gromolard, 1980; Gromolard and Guerin, 1980; Geraads, 1992). 
Moreover, Parabos still occurred much later in time than the separation 
of Syncerus and Bubalus. It appears that Boselaphines disappeared from 
the African continent at the end of the Miocene (Gentry, 1990; Bibi, 
2007 – the Miocene ends 5.3 Myr), unless there was a lineage leading to 
the present-day African buffalo.
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The Pliocene Ancestors of Syncerus
Genetic data suggest a separation of Bubalus and Syncerus some 8.8 Myr 
ago (Hassanin, 2014) or even a million years earlier (Zurano et al., 2019), 
or (on the basis of cytochrome-c analyses) some 6 Myr ago (Druica 
et al., 2016), thus in the Miocene. Among the oldest African Bovines, 
Ugandax cf. gautieri (see Thomas, 1984) has been reported from Lukeino, 
as early as about 6 Myr (Pickford and Senut, 2001); this species had much 
morphological similarity with Simatherium demissum from South Africa 
(Thomas, 1984; cf. Geraads, 1992). Ugandax may have been derived 
from the Selenoportax–Pachyportax lineage from the Siwaliks (Thomas, 
1984; Gentry, 2010), but Bibi (2009, p. 332) states that it was also very 
similar to Proamphibos lachrymans (the putative ancestor of the Asian buf-
falo). Bibi (2009, p. 339) poses that Proamphibos lachrymans was the last 
common ancestor of the African and Asian buffalo. Proamphibos was sub-
stantially larger than Pachyportax (Bibi, 2009, p. 339).

There was a suite of species within the genus Ugandax or closely related 
(U. [S.] demissum from Early Pliocene South Africa; U. coryndonae from 
the Middle Pliocene, Ethiopia; U. gautieri from Uganda, of about 5 Myr; 
Simatherium kohllarseni from the Middle Pliocene of Tanzania and Kenya; 
and S. shungurense from the Late Pliocene of Ethiopia; Geraads et  al., 
2009a). Yet the evolutionary link between Ugandax–Simatherium and 
Syncerus also is not well supported by cladistic analyses (Geraads, 1992).

Ugandax coryndonae is perhaps the best known of the Pliocene African 
Bovini, represented by a large number of specimens from Ethiopia 
(Gentry, 2006; Geraads et al., 2009b, 2012). This species may have lived 
until the Pleistocene, 2.5 Myr ago (Bibi, 2009, p. 335). In other words, 
the notion that Ugandax could have given rise to Syncerus (Gentry, 2006) 
is not well supported by cladistic analysis, and is further undermined by 
the earliest records of Syncerus perhaps overlapping in time with those of 
Ugandax (Gentry, 2010; Bibi et al., 2017).

The deduction that a Middle Pliocene emigration took place by a 
Syncerus-type buffalo from Africa into the Caucasus (Vislobokova, 
2008), and from there to Eastern Europe (Evlogiev et al., 1997), by a 
species classified as Eosyncerus ivericus is most likely not justified because 
the material appears to be Caprine (Bukhsianidze and Koiava, 2018).

So, back to Proamphibos. During the Pliocene, this large bovine lived in 
the foothills of the Himalayas and the floodplains of the Indus and Ganges 
(Khan et al., 2009). Two species have been distinguished, namely, the 
less advanced form (with regards to skull and horn morphology) P. lach-
rymans and the more advanced P. kashmiricus (Pilgrim, 1939; Khan and 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


38 · H. H. T. Prins et al.

Akhtar, 2011). The body mass of Proamphibos was about 200 kg (Dennell 
et al., 2005). Later (i.e. younger) finds of P. lachrymans have been reclas-
sified as Damalops palaeindicus, not belonging within the Bovini but to 
the Alcelaphini (the hartebeest group); the presence of Proamphibos as late 
as 0.8 Myr ago is thus factually refuted. Apparently, it did not co-occur 
with Hemibos (neither with H. acuticornis nor with H. triquetricornis) and 
also not with Bubalus in Siwalik deposits (Badam, 1977: his table 2; also, 
in figure 17.11 of Patnaik, 2013). The genus Proamphibos is thus considered 
to be more ancient than the genus Hemibos (cf. Bibi, 2009, p. 338). The 
genus Hemibos was considered to include the direct ancestor of Bubalus, 
and perhaps especially of the Anoa of Sulawesi (Groves, 1976). Evidence 
of co-occurrence of Hemibos with Bubalus, however, pleads against this. 
There is no evidence that members of the genus Hemibos, which appears 
to have derived from Proamphibos, migrated to Africa or were involved 
in any way in the evolution of African Bovini and Syncerus in particular.

An independent lineage, not leading to Syncerus but perhaps related, 
was present in northern Africa in the form of Leptobos syrticus. Gentry 
(1990), Duvernois (1992) and Geraads (1992) concluded that it should 
not be maintained within the genus Leptobos; they prefer to not assign it 
to a genus, but conclude a similarity with Syncerus. ‘Leptobos’ syrticus may 
be related to Jamous kolleensis from Pliocene Chad, but this latter species 
does not show clear affinity with Syncerus (Geraads et al., 2009a). Jamous 
kolleensis was a medium-sized bovine, still with rather primitive molars 
(Geraads et al., 2009a). Because the Eurasian genus Leptobos, so impor-
tant for understanding the evolution of Bos including Bison, apparently 
did not otherwise play a role in the evolution of Pelorovis or Syncerus, we 
do not deal with it in this chapter.

Thus, Proamphibos, or less likely Ugandax, is perhaps the link between 
Asian and African buffalo that geneticists identified to have lived some 
8 Myr ago. Cladistic analysis of many fossil forms, modern Bubalus and 
modern Syncerus do not well support a strong relationship between Asian 
and African buffalo (Geraads, 1992). A putative separation some 8 Myr 
ago is an ancient one for mammals in contrast to birds because the former 
have prezygotic and postzygotic barriers and the latter prezygotic ones 
only. These postzygotic barriers are confirmed through embryo transfer 
experiments (see below), so the genetic distance is really to be reckoned 
in millions of years. On the basis of a careful analysis of karyotype evolu-
tion, it also appears that African and Asiatic buffalo evolved along two 
different and independent routes, as their centric fusions involved differ-
ent homoeologous chromosomes (Iannuzzi et al., 2009).
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African Buffalo Syncerus caffer – Pleistocene 
and Holocene Fossil Material
So, neither a cladistic analysis of many fossil and modern forms nor studies 
on nuclear DNA and embryology support a strong relationship between 
African and Asian buffalo. The ancestry of Asian buffalo, through 
its descending from Hemibos, which was derived from Proamphibos, 
appears reasonably well-founded. The ancestry of the African buffalo is 
shrouded in opacity. As sketched out, the Pliocene forms Ugandax led to 
Simatherium and may have led from there to Syncerus, but this link is not 
well supported by cladistic analyses (Geraads, 1992). Fossil Syncerus, such 
as at Shungura and Olduvai, had no large basal bosses (as the modern 
Cape buffalo Syncerus c. caffer) (Gentry, 1990). Gentry even states that 
these Simatherium were small and short-horned similar to the forest buf-
falo S. c. nanus of today. Whether they form an unbroken lineage to the 
present forest buffalo is not known, but this is very unlikely given the 
way that S. c. nanus is genetically nested within the other living African 
buffalo (Van Hooft et al., 2002). Recent genetic studies (reviewed in 
Prins and Sinclair, 2013) suggest that S. c. nanus is the older form and 
S. c. caffer only arose some 150,000 years ago. Whether the two forms 
(a nanus-like one and a caffer-like one), as suggested by Gentry (1990), 
really have been present for a long time seems to be contradicted by 
genetic analyses (see e.g. Van Hooft et al., 2002). In Chapter 8, Prins, 
Ottenburghs and Van Hooft revise their opinion, and conclude that S. 
c. nanus is a derived form, while S. c. aequinoctialis may be closest to the 
ancestral form.

The first species that can be classified as Syncerus may have been 
Syncerus acoelotus. Geraads et al. (2009a) state that it was as large as the 
modern S. caffer but with less-advanced horns. However, because fossils 
are not plentiful and the remains are fragmentary, classification remains 
fraught with issues. Indeed, Gentry (1985) compared Shungura Member 
C (~2.7 Ma) Syncerus horn cores to those of Syncerus acoelotus, named 
from the much younger Olduvai Bed II (~1.5 Ma), but later, Gentry 
(2010) referred to them as Simatherium shungurense. Bibi et  al. (2017) 
re-examined some of the Shungura material and state that they pre-
fer Gentry’s (1985) opinion, so they choose to see these fossils again as 
Syncerus acoelotus. A possible very early find of S. caffer is from northern 
Sudan near Dongola; the authors were convinced it was not a Pelorovis 
(S.) antiquus but a true African buffalo (Chaix et al., 2000), but the age 
of the site is poorly supported. We are not aware of any palaeonto-
logical material that can be ascribed to some of the other existing forms 
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of S. caffer, to wit S. c. mathewsi or S. c. brachyceros. Unless material is 
unearthed, one has to rely on genetic analyses to reconstruct the his-
tory of the morphological differentiation within the species. The scant 
sample sizes on morphology that Groves and Grubb (2011, p. 122 ff.) 
rely on to distinguish S. brachyceros or S. mathewsi as separate species are 
certainly not convincing.

We mentioned earlier that phylogenies based on DNA do not take 
into consideration the DNA sequences of extinct species if genetic mate-
rial is no longer available (see Table 2.1). So even where, for example, 
Bibi (2013) took into account three Bubalus species (when there are five 
or six) into his phylogeny, he did not (and could not) include a whole 
suite of recently extinct species (some 10 from China: Dong et al., 2014) 
or the three species that went extinct 2–1 Myr ago (from southern Asia: 
Van den Bergh et al., 2001; Patnaik, 2013). This relative ‘blindness’ may 
cause an optimally parsimonious phylogeny to be an imperfect recon-
struction of evolution in reality. This is no criticism of such work, to 
the contrary, but a call for even better integrating palaeontology with 
genetics (Table 2.1).

The whole group of (wild) cattle and bison combines well, but ancestors 
of the wild South-East Asian cattle, bison and West Asian cattle apparently 
speciated at one short period of time, which cannot be resolved hierarchi-
cally (MacEachern et al., 2009). A major issue is extensive hybridization 
between the whole group of cattle, zebu, yak, gaur, banteng, wisent and 
bison. Indeed, closely related species (as established by genetic analyses) 
show hardly any or no barriers to cross-breeding. Species that diverged 
longer ago show infertility in the male offspring but none in the female 
offspring. Back-crosses are then very well possible, and this may explain 
the frequently observed introgression of genetic material in one species 
from another. Species that are only distantly related cannot cross-breed; 
in a number of cases, it has been found that in-vitro fertilization is then 
possible, but the embryo only survives briefly in vitro. These results are 
further supported by embryo transplantations of ‘normal’ embryos of one 
species implanted into a cow of another species.

As expected, this technique shows that embryos of Bos taurus indicus 
transferred to B. t. taurus cows result in fully normal parturitions (Summers 
et al., 1983). Likewise, B. gaurus embryos have been transferred to B. 
taurus cows without any problems (Stover et al., 1981). However, preg-
nancy of embryos of Bison bison that were transferred to B. taurus cows 
were terminated sometime between 60 and 100 days (Dorn, 1995). This 
does not mean that they are not frequently born, because they are, and 
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are named ‘beefalo’. Sanders (1925) already reported that male offspring 
of bison–cattle hybrids (at that time named catalo) frequently were either 
aborted, stillborn or died very young. Crosses between yak and cattle 
also often result in increased abortion (Zhang, 2000), yet the offspring 
that survives is valuable, because they are strong (personal observation).

Water buffalo and cattle are genetically much more distant. Indeed, 
the pregnancy of Bubalus bubalis embryos transferred to B. taurus cows 
terminated after 37 days (Drost et al., 1986). After in-vitro fertilization, 
embryos of crosses between cattle and water buffalo only survive to the 
blastocyst state (Kochhar et al., 2002), and to the morula state only in 
in-vitro fertilization of cattle with African buffalo sperm (Owiny et al., 
2009). Indeed, African buffalo are more distantly related to the other 
Bovini than to Asian buffalo.

In other words, prezygotic barriers are nearly absent between the dif-
ferent species of Bos and Bison, but postzygotic barriers become increas-
ingly severe with increasing genetic (and evolutionary) distance. We 
deduce from this that postzygotic barriers become an overwhelming 
barrier between Bovini that are separated by more than 5 Myr or more, 
and that prezygotic barriers become an issue after a divergence of some 2 
Myr. This appears to be about the same as in wild pigs (Sus; Frantz et al., 
2013), and very different from birds like ducks (Kraus et al., 2012) or 
geese (Ottenburghs et al., 2017), where postzygotic barriers do not play 
a (major) role against horizontal gene transfer (see also Syvanen, 2012; 
Stewart et al., 2019). Because the Bovini hold much interest in terms 
of livestock production, perhaps more is known about ‘evolution in 
progress’ with this species group than with nearly any other. The picture 
that emerges is not a simple evolutionary tree, but a system more akin to 
‘reticulated evolution’ (Buntjer et al., 2002).

Using microsatellite data, Ritz et  al. (2000) put forward that some 
2.5 million years ago, water buffalo and African buffalo had a common 
ancestor. Their data show that the genetic distance between African 
buffalo and species of the genus Bos appears to be equal. More recent 
research not using microsatellites but nuclear genome sequences suggests 
that the groups (Bubalus plus Syncerus) and (Bos plus Bison) split very 
much earlier, namely around five to nine million years ago (Bibi, 2013). 
The findings of Ritz et  al. (2000) are even more difficult to under-
stand if one realizes that a short genetic distance can point to hybridiza-
tion. Hybridization between Syncerus and Bos, however, is very unlikely 
given the outcome of the fertilization and transplantation experiments 
alluded to above. An alternative explanation is that because these two 
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genera split relatively recently, the genetic makeup is so similar because 
of incomplete lineage sorting (MacEachern et al., 2009; Bibi, 2013).

Perhaps the true phylogenetic relationship must be derived through 
other techniques, as was done by Buntjer et al. (2002). They used ampli-
fied fragment length polymorphism (AFLP) to generate nuclear DNA 
fingerprints that display variation of loci dispersed over the nuclear 
genome of the different species. They did not use algorithms that neces-
sitate solving a tree, and also think that a ‘consequence of reticulation 
is that a tree topology is not adequate for representing the phylogeny’. 
The Bovini thus form a prime case of ‘evolution in action’ in which 
there is a hugely successful group of morphologically very distinct spe-
cies through which exchange of adaptive or non-adaptive genes can 
move within the ‘supra species’ Bos (sensu Kraus et al., 2012). However, 
the African buffalo is not part of the species swarm of cattle, gaur, zebu, 
banteng, yak, wisent and bison that form the Bovini. It is evolutionarily 
so far removed from that group of Palaearctic and Oriental Bovini that 
it may be thought as a single surviving species in a tribe ‘Syncerini’. 
Does that have any repercussions for understanding their ecology or 
management better? We seriously doubt this, because the amount of 
ecological knowledge garnered from wild Asian buffalo in their native 
environment is negligible. The wild Asian species is nearly extinct, and 
little progress has been made to reintroduce them into the wild. In other 
words, the African buffalo may be irreplaceable and for understanding it, 
one cannot plagiarize knowledge from other Bovini.
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3 · Taxonomic Status of 
the African Buffalo
J. MICHAUX, N. SMITZ AND P. VAN 
HOOFT

Introduction
Because the African buffalo (Syncerus caffer) exhibits extreme morpho-
logical variability across its range (e.g. body size and weight, coat colou-
ration, horn size and curvature), its taxonomic status has been the subject 
of many debates over time (reviewed in Chapter 2). The most recent 
update of the IUCN Red List recognized four African buffalo subspecies: 
S. c. nanus, S. c. brachyceros, S. c. aequinoctialis and S. c. caffer. Two genetic 
clusters can be identified based on maternally inherited mitochondrial 
DNA (mtDNA): one cluster encompassing the three subspecies from 
West and Central Africa (S. c. nanus, S. c. brachyceros, S. c. aequinoctialis); 
the other cluster consisting of the S. c. caffer subspecies from East and 
Southern Africa. The amount of genetic differentiation between these 
two clusters is typical of that of subspecies in other African bovids (Smitz 
et  al., 2013). The same picture emerges with the paternally inherited 
Y-chromosome: three haplotypes (genetic variants) among West and 
Central African populations and one unique haplotype among East and 
Southern African populations (Van Hooft et al., 2002). Thus, with both 
mtDNA and Y-DNA S. c. caffer emerges as a distinct genetic cluster. The 
only exception may be S. c. caffer in Angola and Namibia. There, two 
mtDNA haplotypes and one Y-haplotype typical of West and Central 
Africa were observed (Van Hooft et  al., 2002). However, these latter 
observations should be taken with caution considering these genotypes 
were derived from zoo animals.

Nevertheless, the spatial genetic pattern based on microsatellites 
(polymorphic genetic markers residing on non-sex chromosomes) is dif-
ferent. Among S. c. caffer populations, genetic variation is mainly clinal 
(Van Hooft et al., 2021). This clinal variation is characterized by a lin-
ear relationship between genetic distance (pairwise FST: the proportion 
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of the total genetic variation per population pair, that is between the 
two populations) and geographic distance, a pattern also known as 
 isolation-by-distance, with the latter explaining as much as 78 per cent 
of the variation. This clinal pattern even extends to the populations of 
S. c. brachyceros and S. c. aequinoctialis, which like S. c. caffer also occur 
on savannas (R2 = 0.83, Figure 3.1). Predicted pairwise FST gradually 
increases to ~0.15 at 5,300 km. Genetic distances involving the S. c. nanus 
population from the Central African Republic (Ngotto Forest Reserve) 
are also clinal (R2 = 0.85, Figure 3.1), but twice as large in comparison 
to those involving only savanna-dwelling populations. This is probably 
due to a combination of low population density and reduced gene flow 
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Figure 3.1 Increase of pairwise FST with geographic distance (isolation-by-
distance): among savanna-dwelling populations (i.e. excluding S. c. nanus): 
R2 = 0.83 (solid line), between the S. c. nanus population from Central African 
Republic (C.A.R.) and the savanna-dwelling populations: R2 = 0.85 (dashed 
line). Regression is weighted by ‘square root of number of genotyped individuals 
per population pair X number of shared genotyped microsatellites per population 
pair’. Only population pairs are included with weight >102 in case of savanna-
dwelling populations and with weight >48 in case pairs including the S. c. nanus 
population from C.A.R. In all cases, sample size per population ≥5 with number 
of microsatellites per population pair varying between 8 and 18. Data from Van 
Hooft et al. (2021) and unpublished data from Smitz et al. (2014b). Genotype 
data came from different laboratories, which when also coming from the same 
population permitted allele alignment by matching each microsatellite’s allele 
frequencies while preserving size order (Van Hooft et al., 2021).
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in rainforests compared to savannas. The only exceptions to these clinal 
patterns are populations with elevated FST values (FST > 0.2 beyond 
2000 km distance; not shown in Figure 3.1) due to small size, isolation 
or a bottleneck, as observed with the populations from HiP (Hluhluwe-
iMfolozi Park, South Africa; Van Hooft et al., 2019), Nairobi National 
Park (Kenya; Heller et al,. 2010) and Lékédi Park (Gabon).

Thus, at the level of neutral genetic markers in savanna-dwelling buf-
falo, neither the subspecies nor buffalo in the contact zones between them 
appear as distinct genetic clusters. As has been proposed in human genetics 
(Handley et al., 2007), one should abandon the traditional island model of 
population differentiation (treating populations as discrete random mating 
units) when explaining genetic structure in relation to historical gene flow 
(in the case of African buffalo before 1870). The observed linear relation-
ship between genetic and geographic distance indicates that, historically, 
the savanna-dwelling buffalo populations constituted one large metapopu-
lation with continuous gene flow over limited distance, in which ‘limited’ 
is defined as less than the lifetime dispersal distance.

The clinal pattern of genetic variation seems to be in conflict with 
studies that describe population genetic structure as discontinuous or 
clustered (Heller et  al., 2010; Smitz et  al., 2014a). It is possible that 
genetic clusters are an artefact of a discontinuous sampling scheme 
(Pritchard et  al., 2000; Kopec, 2014). On the other hand, clinal and 
clustered depictions of genetic structure are not necessarily mutually 
exclusive (Handley et al., 2007). Genetic structure may also be described 
using a synthetic model, in which most population differentiation can 
be explained by gradual isolation-by-distance, with some discontinui-
ties due to historical or recent geographic barriers (e.g. human-induced 
population fragmentation). However, clusters probably explain only a 
small fraction of the variation when there is a strong underlying pattern 
of isolation-by-distance; a fraction which in case of African buffalo is no 
more than 0.17 (1 minus R2) (Handley et al., 2007).

The question of how many subspecies of buffalo can be recognized 
depends on the subspecies concept to which one adheres. If one merely 
relies on the notion of heritable geographic variation in phenotype (Patten, 
2015), then almost any number of subspecies can be justified, as long the 
phenotypic traits used in subspecies designation are heritable and confined 
to specific areas. On the other hand, if one uses partial restricted gene flow 
and clearly delineated genetic clusters as additional criteria (Haig et  al., 
2006), then no more than three subspecies may be recognized: (1) S. c. 
caffer of the East and Southern African savannas (a separate cluster with 
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mitochondrial and Y-chromosomal markers), (2) S. c. nanus of the West 
and Central African rainforests (restricted gene flow indicated by relatively 
high FST values) and (3) the northern savanna buffalo of the West and 
Central African savannas (currently assigned to two different subspecies: 
S. c. brachyceros and S. c. aequinoctialis). Prins et al. (Chapter 2) propose to 
name the latter Syncerus caffer umarii. Considering that S. c. nanus is not 
phylogenetically distinct from the northern savanna buffalo, one may even 
argue that all of the buffalo from West and Central Africa, irrespective of 
habitat, should be lumped into one subspecies as suggested in Smitz et al. 
(2014a). Irrespective of subspecies designation, which appears quite sub-
jective according to the selected criteria and to the interpretation of the 
obtained results, the West and Central African buffalo should be recog-
nized as a separate Conservation Unit (see next section).

Phylogeography and Evolutionary History 
of the African Buffalo
Phylogeography is the study of the geographic distribution of genetic lin-
eages (Avise, 2000). As mentioned above, the African buffalo is genetically 
divided in two main lineages, one encompassing the buffalo distributed 
in West, Central and possibly southwestern Africa (Angola and Namibia; 
hereafter called the WC cluster) and another one including buffalo roam-
ing East and southern African savannas (hereafter referred to as the ES 
cluster). This clear genetic discontinuity has led to the recognition of two 
management units (Moritz, 1994) deserving specific conservation efforts 
(Van Hooft et  al., 2002; Smitz et  al., 2013). Each management unit is 
characterized by a unique evolutionary history, which can be investigated 
using molecular tools. In fact, genomes retain records of demographic 
changes and evolutionary processes that have shaped present-day diversity 
within the species. Reconstructing the species’ evolutionary history allows 
us to determine the effect of recent and past climatic events, as well as 
of human activities. Over the last decades, some congruent results were 
obtained when investigating the signature left in the buffalo genomes by 
past and recent events using various DNA markers (i.e. mtDNA frag-
ments, Y-chromosomal loci, autosomal microsatellites, mitogenomes and 
whole genomes). In this section we review the present understanding of 
the effect of these events in a chronological way (from the past to the 
recent). However, note that inferring history and linking demographic 
changes to specific historical events can hardly be achieved with more 
than some thousand years of certainty.
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The species is widespread in sub-Saharan Africa, physically able to 
disperse through a wide range of habitats, from sea level to the limits of 
forests on the highest mountains (Sinclair, 1977; Prins, 1996) and mor-
phologically able to rapidly adapt in evolutionary terms to different eco-
logical conditions (Smitz et al., 2013). Its distribution is limited by the 
availability of permanent sources of water. Drought is considered to be 
a major cause of ungulate mortality, with short-term rainfall fluctuations 
proven to significantly affect both vegetation indices and buffalo dynam-
ics (Dublin and Ogutu, 2015; Abraham et  al., 2019; see Chapter 7). 
Additionally, while it was long believed to be strongly philopatric, form-
ing large aggregations remaining on separate home ranges and with few 
interchanges (male-biased dispersal; Estes, 1991; reviewed in Chapter 6), 
according to collaring studies in Botswana, 5 of 75 (7 per cent) female 
buffalo showed long-distance movement, with distances from 120 km 
to over 200 km, and 5 of 32 (16 per cent) herd-switching. The latter is 
supported by a high mtDNA diversity among females within herds in 
Kruger Nation Park (KNP, South Africa). Consequently, the African 
buffalo shows high gene flow over evolutionary timescales, reflected 
by low genetic differentiations between populations within lineages 
(Simonsen et al., 1998; Van Hooft et al., 2002; Smitz et al., 2013; de 
Jager et al., 2021) – in fact, the lowest among African mammals studied, 
as reviewed in Smitz et al. (2013) and Lorenzen et al. (2012).

During the Pleistocene, oscillations in the precipitations govern-
ing the physiography of Africa – the major vegetation zones being 
savannas and tropical forests (Moreau, 1963; Dupont and Agwu, 1992; 
DeMenocal, 2004; Dupont, 2011; Lehmann et  al., 2011; Staver et  al., 
2011) – are believed to be the main drivers of population expansion in 
savanna species during cool and dry phases (interpluvials/glacial) and 
contraction during wet and warm phases (pluvials/interglacials). This is 
in agreement with the fact that congruent phylogeographical patterns 
across taxonomic groups and trophic levels have been observed, sug-
gesting similar forces shaped species’ evolutionary histories (reviewed in 
Lorenzen et al., 2012). Repeated shifts of the two major vegetation zones 
facilitated the emergence and evolution of many bovid taxa (Vrba, 1995; 
Bobe et al., 2002; Bobe and Behrensmeyer, 2004). These considerable 
fluctuations have promoted divergence within and between the two 
buffalo lineages (WC versus ES clusters); the latter north-south structur-
ation has been identified across multiple species associated with savanna 
ecosystems (Lorenzen et al., 2012). Periodic separation by an equatorial 
forest belt during moist pluvials could have acted as a barrier to gene 
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flow (populations isolated in refugia), with secondary contacts during 
dry interpluvials (Arctander et al. 1999; Van Hooft et al., 2002; Lorenzen 
et al., 2012). The overlapping or suture zone between WC and ES buf-
falo clusters is proposed to be located in East Africa (Smitz et al., 2013), a 
region identified as a melting pot of long-diverged lineages across many 
taxa – for example, the kob, Kobus kob (Lorenzen et al., 2007, 2012). 
Despite the lack of contemporary barriers to gene flow (supported by 
the aforementioned clinal genetic structure at autosomal microsatellites), 
lineages appear conserved, with female gene flow estimated to be in the 
order of no more than five mitochondrial genomes per generation since 
divergence (Smitz et al., 2013).

Some inferred demographic changes shaping the pattern of divergence 
and distribution of the species could be dated and linked to historical cli-
matic, environmental and/or anthropogenetic events. The most ancient 
identified expansion pre-dated the above-mentioned divergence between 
the WC and ES clusters, and started approximatively one million years 
ago to continue until ~500 kyr (de Jager et al., 2021). This period was 
marked by a shift between arid and moist conditions toward less extreme 
cycles leading to the development of a more stable savanna environment, 
allowing for the expansion of the buffalo ancestor (see Chapter 2). The 
genetic divergence between the WC and ES clusters was dated to around 
130–300 kyr, resulting from populations isolated in allopatry in savanna 
refugia (Van Hooft et  al., 2002; Smitz et  al., 2013). These particular 
core areas were characterized by long-standing savanna habitat enabling 
the continued survival of savanna-adapted taxa (Lorenzen et  al., 2012). 
Because Pleistocene-dated fossils resemble buffalo of the  present-day WC 
cluster, the ES cluster (or Cape buffalo) might have derived from a stock 
of savanna buffalo from WC (Gentry, 1978; Kingdon, 1982). Likewise, 
the forest dwarf buffalo (S. c. nanus – WC cluster) turned out to be an 
advanced form derived from savanna buffalo, rather than being the ances-
tor of all living African buffalo (Smitz et al., 2013; see Chapter 2). African 
buffalo refugia were purportedly proposed in present-day Uganda and 
Central African Republic, where present-day populations display the 
highest genetic diversities within the species (Smitz et al., 2013). Yet, both 
sampling size and species distribution coverage in West Central Africa 
have been limiting factors in all conducted studies, presumably linked to 
the difficulty of collecting material for DNA-based investigations from 
these regions. Further efforts are recommended to fill knowledge gaps, 
based on the use of a new generation of molecular markers made available 
by technological advances in the field of genome sequencing.
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The aforementioned refugia played an important role in the dispersal 
of the lineages. A first westward expansion event of the WC cluster 
after divergence occurred in the late to middle Pleistocene (~100 kyr) 
along two routes, into the forest belt and the Western Sahel region, 
hence adapting morphologically to colonize new habitats (Smitz et al., 
2013). The latter can be associated with the shift from persistent rain-
forest in both dry and wet periods before ~220 kyr to its reduction 
and replacement by savanna after ~220 kyr (Dupont and Agwu, 1992; 
Dupont et  al., 2000; DeMenocal, 2004). Unlike the WC cluster, the 
southward expansion of the ES cluster occurred after a core was retained 
in Eastern Africa, probably unable to colonize this part of the continent 
due to extremely arid conditions between 135 and 90 kyr. A demo-
graphic decline in the ES cluster was even identified around 100 kyr, 
proposed to be a consequence of a series of mega-droughts registered in 
East Africa around that time, to which the African buffalo is especially 
sensitive (de Jager et  al., 2021). After aridity decreased, reaching near 
modern conditions around 60 kyr (Cohen et  al., 2007; Scholz et  al., 
2007), the development of large savanna-type grasslands allowed for an 
expansion of the ES cluster around 50 kyr (Van Hooft et al., 2002; Smitz 
et al., 2013) or 80 kyr (Heller et al., 2012; de Jager et al., 2021). Another, 
 non-exclusive hypothesis is that the expansion could have followed the 
extinction of the giant long-horned buffalo (Peloveris antiquus), which 
dominated savannas until the late Pleistocene, as supported by fossil data 
(Kingdon, 1982; Klein, 1995; Van Hooft et al., 2002; see Chapter 2). 
This expansion was concurrent with the expansion of humans between 
80 and 10 kyr (Heller et al., 2012). It therefore refutes an adverse eco-
logical effect of Palaeolithic humans (Heller et al., 2012). Finally, it is 
worth pointing out that the finding of Syncerus-like fossil records in 
Southern Africa pre-dating this expansion (Porat et  al., 2010) might 
indicate multiple colonization–extinction events in the region, follow-
ing habitat suitability (Smitz et al., 2013). Local loss of populations in 
Southern Africa and subsequent recolonization from an East core was 
also suggested for the hartebeest Alcelaphus buselaphus, the topi Damaliscus 
lunatus and the giraffe Giraffa camelopardalis (Arctander et al., 1999; Pitra 
et al., 2002; Brown et al., 2007).

Following this expansion phase, a strong signal of population decline 
was identified within the ES cluster, in the order of 75–98 per cent 
(Heller et al., 2008, 2012). This major decline was not detected in the 
studies of Van Hooft et  al. (2002) and Smitz et  al. (2013), although 
discrepant demographic signals can be obtained from different types 
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of molecular markers and databases. This major bottleneck occurred 
around ~5000 years ago (Heller et al., 2008, 2012). The mid-Holocene 
aridification, marked by a pronounced transition from warm and wet 
(the Holocene Climatic Optimum – DeMenocal et al., 2000) to drier 
conditions around 4500 years ago (Marchant and Hooghiemstra, 2004; 
Burroughs, 2005; Kiage and Liu, 2006), was identified as a possible 
driver of the effective population size decline. In addition to the climate-
mediated decline hypothesis, the explosive growth in human popula-
tion size and their domestic bovines (the Neolithic revolution – Finlay 
et al., 2007; Scheinfeldt et al., 2010) and correspondingly rapid decline 
in buffalo populations from 5 kyr onwards, could represent an alterna-
tive explanation (Heller et al., 2012). Together, they could have driven 
humans, domesticated cattle and large savanna mammals into closer 
contact around remaining water sources, leading to ecological competi-
tion and possible spill-over of exotic diseases from cattle to buffalo. This 
two-phased dynamic (expansion/decline) was also observed in other 
drought-intolerant species, such as the savanna elephant Loxondonta 
africana and baboon Papio cynocephalus (Storz et al., 2002; Okello et al., 
2008), indicating a community-wide collapse.

Various studies indicate that the African buffalo from Southern Africa 
have relatively high frequencies of deleterious alleles throughout their 
genome, which negatively affect male body condition and disease resis-
tance (Van Hooft et al., 2014, 2018, 2019, 2021). These high frequen-
cies are attributed to an underlying sex-ratio meiotic gene-drive system. 
Meiotic drivers are selfish genetic elements that, by distorting meiosis, 
favour transmission of the chromosome on which they reside. In the 
case of sex chromosomes, this results in distorted primary sex ratios, as 
observed in KNP and HiP (Van Hooft et al., 2010, 2019). High frequen-
cies of deleterious alleles indicate that environmental stressors such as 
drought and diseases have been consistently acting as selective agents for 
long periods of time. Despite this, most populations of African buffalo 
seem to have been large in the recent evolutionary past and to be stable 
after their recovery from the rinderpest pandemic of 1889–1895. This 
seems to support the view, advocated by some population geneticists, 
that deleterious alleles and genetic diversity in general play a smaller role 
in ecology, at least with respect to demographics, than one might expect 
(Agrawal and Whitlock, 2012; Teixeira and Huber, 2021).

Note that overall, less is known for the WC cluster because available 
studies are limited by the sampling size and geographical coverage for 
this region, as well as by the type of DNA marker investigated, limiting  
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the possible inferences (Van Hooft et al., 2002; Smitz et al., 2013). To our 
knowledge, two ongoing studies involving the investigation of genome-
wide single nucleotide polymorphism (SNP) data and whole genomes 
(WGS) undertaken by the research teams of L. Morrison (University 
of Edinburgh) and of J. Michaux (University of Liège) might uncover 
some additional events which shaped the evolutionary history of the 
WC cluster.

Population Genetic Structure at Local Scale 
and Linked to Recent Events
The African buffalo has suffered important population losses during the 
last century, impacting all of the subspecies mentioned above. Of the 
more than 3 million buffalo that roamed the continent in the nineteenth 
century (Lessard et al., 1990), only around one million presently survive 
(Chapter 4).

Habitat loss and poaching are the main challenges currently threaten-
ing the species. Habitat loss can be due to anthropogenic factors (Alroy, 
2001; Godfrey and Jungers, 2003; Surovel et  al., 2005) or to climatic 
changes (Meijaard, 2003; Barnosky et  al., 2004; Lovett et  al., 2005; 
Vanacker et al., 2005), as for example the increasing drought observed 
in Africa since the 1990s (rain is the ecologically most important climate 
variable in most of Africa). The African buffalo, a species highly sensitive 
to drought (Ogutu et  al., 2008), exhibits important climate-mediated 
population decline as demonstrated by a decrease in the Masai Mara 
population from 10,000 to 2400 individuals during the severe drought of 
1993–1994 (East, 1999). This last factor was associated with other drivers 
like enhanced encroachments of pastoralists/cattle and commercial farms 
and changes in governance systems, which further aggravated the situa-
tion (Chapter 12).

Fragmentation of the natural habitat into small patches also endangers 
the populations by increasing genetic drift, resulting in loss of genetic 
diversity and consequently leading to a reduction in the evolutionary 
potential of the species (Frankham et al., 1999; Hedrick, 2005). For exam-
ple, around 75 per cent of all buffalo (estimated to be around 900,000 
animals) are currently located in protected areas (i.e. national parks (NPs) 
and game reserves; East, 1999), with many populations completely iso-
lated each from another (Chapter 4). These reduced population sizes 
due to human-induced population fragmentation have a strong impact 
on local genetic diversity. In Kenya and Uganda, a significant correlation  
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between park area and microsatellite heterozygosity (fraction of indi-
viduals with two different alleles per microsatellite) was observed, with 
populations in small parks (<400 km2) having a genetic diversity reduced 
by ~5 per cent compared to the population of the Masai Mara–Serengeti 
ecosystem (Heller et  al., 2010). This amount of reduction in genetic 
diversity was also observed among the buffalo from the Ngorongoro 
Crater, Tanzania (Ernest et  al. 2012). In South Africa, genome-wide 
diversity in the populations from HiP (~4500 buffalo) and Addo NP 
(~800 buffalo) is 19 per cent and 31 per cent smaller, respectively, in 
comparison to the KNP population (~40,900 buffalo) due to historical 
population bottlenecks (de Jager et al., 2021). Other small isolated popu-
lations with reduced genetic diversity are those in Arusha NP (Kenya, 
~1800 buffalo in the early 1970s; Ernest et al., 2012) and Campo-Ma’an 
(Cameroon, <100 buffalo; Bekhuis et al., 2008), which show ~15 per 
cent reduction in mtDNA diversity compared to nearby populations 
(Smitz et al., 2013). It is therefore safe to assume that genetic drift affects 
population in smaller conservancies more rapidly than in larger ones. 
It is also expected that this genetic erosion will become significantly 
more progressive in the near future (Heller et al., 2010). Suppression or 
restriction of gene flow by confinement into small areas could also have 
an ethological impact, disturbing the behaviour of natural dispersion in 
response to seasonal variations in food availability (Sinclair, 1977; Halley 
et al., 2002; Ryan et al., 2006; Heller et al., 2010).

The introduction of non-native species, such as domestic cattle, 
besides generating direct competition for natural resources, also poses 
severe problems due to the introduction of pathogens. Indeed, domestic 
cattle and African buffalo are related closely enough to cause consider-
able challenges in terms of disease transmission. It was notably the case 
of the rinderpest morbillivirus introduced in 1889 by a colonial military 
expedition to Ethiopia (Branagan and Hammond, 1965; Sinclair, 1977; 
Prins, 1996). The African buffalo has probably been one of the African 
species that has suffered most from this disease (extreme regional reduc-
tions in population density, paired to many local extinctions; Wenink 
et al., 1998), with the most severe collapse occurring in the 1890s when 
mortality rates estimated between 90 per cent and 95 per cent were reg-
istered over the continent (Mack, 1970; Sinclair, 1977; Plowright, 1982; 
Prins and Van der Jeugd, 1993; Shigesada and Kawasaki, 1997; O’Ryan 
et al., 1998; Winterbach, 1998).

Some studies investigated the impact of rinderpest epidemics on the 
genetic diversity of the African buffalo. Results contrasted between no 
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reported genetic signature of a recent bottleneck (Simonsen et al., 1998; 
Van Hooft et al., 2000; Heller et al., 2008) to the observation of a popu-
lation decline caused by the rinderpest epidemic (Heller et al., 2012; de 
Jager et  al., 2021). Nevertheless, all studies still reported high genetic 
diversities (O’Ryan et al., 1998; Simonsen et al., 1998; Wenink et al., 
1998; Van Hooft et  al., 2000, 2002; Heller et  al., 2008, 2012; Smitz 
et al., 2013; Smitz et al., 2014a; de Jager et al., 2021). Even though the 
continent-wide pandemic reportedly caused important buffalo mortali-
ties (with death rates in some localities possibly as high as 90 per cent; 
Lessard et al., 1990; Estes, 1991; Prins, 1996; O’Ryan et al., 1998), the 
absence of a pronounced effect on the genetic diversity might result 
from a possible overestimation of the severity of the pandemic in terms 
of population decline, but also from a rapid population regrowth com-
bined with high interpopulation gene flow, reintroducing rare alleles 
and distorting the genetic signal of bottleneck (Van Hooft et al., 2000; 
Heller et al., 2008). This is supported by the observation that survivors 
recolonized their range, being so productive that by 1920 the species 
was again numerous (Sinclair, 1977; Estes, 1991). For example, in the 
KNP, area survival estimates were off by at least a factor of 10, consider-
ing the high number of mitochondrial and Y-chromosomal haplotypes 
observed in the present-day population.

High genome-wide nucleotide diversity in KNP is indicative of a 
large long-term effective population size of ~48,000 individuals (de Jager 
et al., 2021). Because within-population nucleotide diversity is largely 
determined by the total size of a metapopulation, this effective popula-
tion size is probably indicative for the subspecies as whole (Strobeck, 
1987). The aforementioned linear relationship between genetic and 
geographic distance (Figure 3.1) indicates that this effective popula-
tion size varies little between the different savanna-dwelling subspecies. 
However, effective population size is probably considerably smaller for 
the small S. c. nanus subspecies, considering the relative isolation and 
small sizes of the forest-dwelling populations as indicated by the rela-
tively large genetic distances observed with microsatellites.

Conclusion
The evolutionary history of the African buffalo began a long time ago, 
between one million and 500,000 years ago. It started with an expansion 
throughout sub-Saharan Africa, probably during cool and dry phases 
(interpluvials/glacial) as these periods favoured the development of more 
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constant savanna environments. Later, around 130–300 kyr, population 
isolations in savanna refugia led to an allopatric differentiation and to 
the appearance of two main genetic lineages (the WC and EC clusters). 
These lineages spread again from Central African refugia, in sub-Saharan 
Africa during the late to middle Pleistocene along different routes: into 
the forest belt and the Western Sahel regions, for the WC cluster, and 
in the south of the continent for the EC one. Following this expansion 
phase, a strong signal of population decline was identified within the ES 
cluster around ~5000 years ago. This decline could be linked to the mid-
Holocene aridification of Africa, but also to the explosive growth in the 
population sizes of humans and their domestic bovines (the Neolithic 
revolution), which also happened during this period. In more recent 
times, during the last century, the African buffalo also suffered important 
population losses. Habitat loss and poaching are the main challenges cur-
rently threatening the species. Habitat loss can mainly be due to anthro-
pogenic factors or, to a lesser degree, climatic changes. Other aspects 
like the introduction of non-native species, such as domestic cattle, 
besides generating direct competition for natural resources, also had a 
deep impact on the Africa buffalo’s survival due to the introduction of 
pathogens.

Concerning the taxonomic aspect, genetic studies tend to propose 
either two (S. c. caffer of the East and Southern African savanna and 
S. c. nanus, in Western and Central Africa), or three (S. c. caffer of the 
East and Southern African savannas; S. c. nanus of the West and Central 
African rain forests; and S. c. umarii in the savanna buffalo of the West 
and Central African savannas) subspecies. However, irrespective of sub-
species designation, which appears quite subjective, the Eastern and 
Southern populations, the West and Central African forest buffalo and 
the West and Central African savanna buffalo should be recognized as 
three separate Conservation Units. Indeed, the global conservation status 
of the West Central African forest buffalo is not as good as that for the 
West Central African savanna buffalo (Chapter 4). Its conservation con-
text is also quite distinct from that of the West Central African savanna 
buffalo. A particular conservation status for the forest buffalo group is 
therefore needed.

From a genetic point of view, the main challenges for the conserva-
tion and management of the African buffalo are the development of new 
genetic markers, such as the study of whole-genome sequences, which 
will give an even more precise information concerning the evolutionary 
history of the African buffalo and the relationships among the different 
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conservation units. The comparison of neutral as well as selective genetic 
traits will also help to better understand the impact of artificial hybridiza-
tion among different African buffalo morphotypes, which are developed 
in some areas to obtain particular hunting trophies (in the frame of game 
farming activities). In a more general context, another important chal-
lenge will be to promote the integration of genetic studies in conserva-
tion practices (i.e. important to retain high genetic diversity and gene 
flow for long-term conservation – and better consider the impact of 
habitat fragmentation and land use and major drought events).
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Introduction
In this chapter, we provide an update on the distribution and abundance 
of the African buffalo at the scale of the entire African continent. For this 
purpose, we conducted a literature search to uncover published infor-
mation. We also carried out an extensive survey of national and interna-
tional agencies and field experts in the 37 countries that are within the 
buffalo’s distribution range.

We collected abundance data from 163 protected areas or protected 
area complexes for the period 2001–2021. These data are mainly based 
on aerial counts using standardized methods, and occasionally on esti-
mates provided by experts. We also obtained information on the pres-
ence of buffalo in 711 localities (inside and outside protected areas) for 
the period 2001–2021. These data and metadata were compiled in a data-
base that is available upon request (Cornélis et al., 2023).

We present the distribution and abundance of each of the four subspe-
cies of African buffalo. We are naturally aware that the validity of the 
‘subspecies’ concept is under debate, and we refer to Chapters 2 and 14 
for a discussion about the number of subspecies and their status. For the 

 * The views expressed are solely those of the authors and do not necessarily represent the views 
of the institutions represented.
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sake of consistency with earlier studies on buffalo distribution (East, 1998; 
Cornélis et al., 2014), our results are presented in accordance with the lat-
est IUCN subspecies range (IUCN SSC Antelope Specialist Group, 2019). 
Therefore, maps of this chapter reproduce the geographical boundaries 
of the four subspecies published by the IUCN Red List of Threatened 
Species (IUCN SSC Antelope Specialist Group, 2019). Although clearly 
delineated on paper, the boundaries between subspecies’ distribution 
ranges are in fact blurry on the ground. In case of inconsistency or doubt 
about the assignment of a population to a ‘subspecies’ (especially in transi-
tional areas), we explicitly acknowledge this in the text.

Historical Distribution
Endemic to the African continent, the buffalo is one of the most success-
ful mammals in terms of geographical distribution, abundance and bio-
mass. Its range covers almost all natural ecosystems south of the Sahara. 
It mainly inhabits savannas with high herbaceous biomass, but also occu-
pies dry shrubland as well as grassy clearings in dense tropical rainforests, 
and can live at altitudes above 2500 m, such as in Aberdare National 
Park in Kenya. The African buffalo penetrates arid biomes where surface 
water is permanently available. Overlaying the African buffalo’s current 
continental range with mean annual rainfall (Figure 4.1) shows that 95 
per cent of the buffalo’s range comprises areas with more than 450 mm 
of rainfall (min: 150 mm; max: 4000 mm).

African buffalo formerly occupied the entire savanna zone stretching 
between Senegal, Gambia and Guinea and Ethiopia and Eritrea, and 
from there south to the Cape of Good Hope, with the exception of 
drylands. African buffalo did not colonize islands such as Zanzibar or 
Mafia, although they did colonize Bioko Island (Equatorial Guinea), 
from where they were extirpated sometime between 1860 and 1910 
(Butynski et al., 1997).

There is no palaeontological evidence of the presence of the African 
buffalo in North Africa or the Nile Valley to the north of Khartoum 
(Prins and Sinclair, 2013). In North Africa, the aurochs (Bos primige-
nius; wild ancestor of domestic cattle) occupied a similar niche (Gautier, 
1988), perhaps preventing the buffalo’s spread to the north. Buffalo could 
have expanded their range in eastern and southern Africa during the last 
ice age due to the extinction of possible competitors, such as Pelorovis 
antiquus and Elephas reckii (for more details on evolution see Chapter 2; 
Klein, 1988, 1994; Prins, 1996).
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Present Distribution
In areas of high human densities, people and their activities caused large 
discontinuities to arise in the historical distribution of African buffalo 
(Figure 4.2). Although according to our estimates its population remains 
above 500,000 individuals, and has been above that level since at least the 
last human generation (East, 1998; Cornélis et al., 2014), the species’ dis-
tribution range has been severely reduced since the nineteenth century. 
As there were no reliable estimates of its total population prior to the 
assessment undertaken by East (1998), we cannot determine whether the 
current population is smaller than that which existed prior to the Great 
Rinderpest epidemic of the 1880s (e.g. Prins, 1996; Prins and Sinclair, 
2013). The shrinkage of the species’ range was the result of the com-
bined effects of anthropogenic impacts such as rangeland conversion, 
poaching, disease outbreaks and political unrest, and climatic events such 
as droughts. At present, most savanna populations (i.e. the three subspe-
cies except S. c. nanus) are confined to protected areas (including trophy 
hunting areas).

Afr. buffalo range (IUCN 2019)

Rainfall (mm/year)

Country borders

A = S. c. aequinoctialis

B = S. c. brachyceros

C = S. c. caffer

N = S. c. nanus

0–200 mm

200–400 mm

400–600 mm

600–1200 mm
>1200 mm

Figure 4.1 African buffalo distribution range in relation to average rainfall for 
1970–2000. Sources: Fick and Hijmans (2017) and IUCN SSC Antelope Specialist 
Group (2019).
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Estimated populations

African buffalo occurrence

African countries

Waterbodies

Protected areas (WDPA 2022)

Afr. buffalo range (IUCN 2019)

>50,000

10,000–50,000

1000–10,000

0–1000

2001–2010

2011–2022

West African savanna buffalo

Central African savanna buffalo

Forest buffalo

Cape buffalo

Figure 4.2 Continental distribution and abundance of African buffalo. The 
two classes of occurrence (2001–2010 and 2011–2022) refer only to the date of 
the source and do not signify a change in status between classes. Note that in 
certain other chapters of this book, the West African savanna buffalo and the 
Central African savanna buffalo are considered together and are referred to as 
the ‘Northern savanna buffalo’. Sources: UNEP-WCMC and IUCN (2022) and 
IUCN SSC Antelope Specialist Group (2019).

Since the nineteenth century, the expansion of livestock has gradually 
generated direct competition for space and resources and has led to large 
and destructive epidemics in African buffalo populations. Exotic rinder-
pest was historically the most devastating disease for buffalo populations 
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throughout Africa, leading to extreme reductions in population densities 
and local extinctions. The most severe population collapse occurred in the 
1890s, with mortality rates estimated at 90–95 per cent across the continent 
(Sinclair, 1977; Prins and van der Jeugd, 1993; Winterbach, 1998). This was 
followed by other episodes throughout the twentieth century. The World 
Organization for Animal Health (WOAH, formerly OIE) declared rinder-
pest eradicated in Africa in 2011 (last case reported in 2001). Rinderpest was 
the first animal disease to have been globally eliminated, and the second 
disease after human smallpox to have been globally eradicated. Both dis-
eases are caused by viruses. During the twentieth century, efforts to limit 
the transmission to cattle of several pathogens, such as foot and mouth 
disease (FMD) and trypanosomiasis (Taylor and Martin, 1987), also actively 
reduced the geographic distribution of buffalo in several countries due to 
large-scale culling operations and the erection of veterinary fences.

Outright competition for range use and overexploitation by all sorts of 
poachers including local pastoralists also were important drivers behind 
the degradation of the buffalo’s status (e.g. Prins, 1992; Prins and De 
Jong, 2022; Scholte et al., 2022).

Recent climate fluctuations, such as the droughts that affected Sahelian 
and Sudanese regions at the end of the 1960s and southern Africa in 1992 
(Dunham, 1994; Mills et al., 1995; Chapter 8), have also strongly affected 
buffalo populations over the past few decades. Finally, yet importantly, 
armed conflicts, the feeding of armies and labourers during peacetime, the 
traffic of weapons and the bushmeat trade have strongly contributed to the 
reduction of buffalo populations in some areas (e.g. Prins et al., in review).

West African Savanna Buffalo (S. c. brachyceros)

In the 1970s and 1980s, this subspecies still locally occurred in Sahelo-
Sudanian savannas and gallery forests, including those found in south-
eastern Senegal, northern Côte d’Ivoire, southern Burkina Faso, Ghana, 
northern Benin, the extreme south of Niger, Nigeria (very locally), the 
northern part of Cameroon and Central African Republic (west of Chari 
River) (East, 1998). It is worth noting that the West African savanna buf-
falo (Figure 4.3) was (and still is) therefore also found in Central Africa, 
which underlines the inconsistency of this appellation (Figures 4.4 and 
4.6).

Presently, most known populations remain in five main strongholds. 
Two of these are complexes hosting national parks (NP) and neigh-
bouring trophy hunting areas: (1) W–Arly–Pendjari NPs (WAP) in 
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Burkina Faso–Benin–Niger; and (2) Bouba N’djidda–Bénoué–Faro 
NPs in Cameroon. The remaining three strongholds are single NPs: (3) 
Niokolo-Koba NP in Senegal; (4) Comoé NP in Côte d’Ivoire; and (5) 
Mole NP in Ghana. In the other protected areas of the above-mentioned 

Figure 4.3 West African savanna buffalo in W National Park, Niger. © Daniel 
Cornélis.
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countries, and in Nigeria, Togo and Sierra Leone, the presence of buffalo 
is limited to a few scattered residual populations. At present, the popula-
tions in the remaining strongholds are isolated from each other and the 
distribution of the West African savanna buffalo has shrunk overall. A 
positive finding emerging from our investigation is that the buffalo pop-
ulations inside four of these five strongholds are, when compared with 
2013 figures, either constant (Niokolo-Koba NP) or increasing (Comoé 
NP, WAP complex, Mole NP). On the downside, the populations in 
Northern Cameroon appear to be decreasing.

Central African Savanna Buffalo (S. c. aequinoctialis)

This subspecies still locally populates Central African countries within the 
Sahelo-Sudanian savannas and gallery forests: southeast Chad, northern 
Central African Republic (east of Chari River), northern Democratic 
Republic of Congo (DRC), south-east Sudan and western Ethiopia 
(Figures 4.5 and 4.6). The subspecies is now extinct in Eritrea. Most 
presently known populations remain in two main strongholds: Zakouma 

Figure 4.4 Distribution and abundance of African buffalo in West Africa. Sources: 
UNEP-WCMC and IUCN (2022) and IUCN SSC Antelope Specialist Group 
(2019).

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Conservation Status of the African Buffalo · 73

NP in Chad and Garamba NP in DRC. In Ethiopia, the decline of sev-
eral populations has been offset by the recent discovery of several popu-
lations outside the known range (see Ethiopia section below).

Figure 4.5 Central African savanna buffalo in Zakouma National Park, Chad. 
© Daniel Cornélis.
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Forest Buffalo (S. c. nanus)

The distribution range of the forest buffalo comprises two separate 
regions in West and Central Africa (Figures 4.4, 4.6 and 4.7). In West 
Africa, fragmented and isolated populations persist in the relict rain-
forest belt, while the population’s stronghold is located in the Central 
African countries of the Congo Basin (Cornélis et  al., 2014; IUCN 
SSC Antelope Specialist Group, 2019). In the Congo Basin, forest 
buffalo occur in the south of the Central African Republic, western 
Uganda, Democratic Republic of Congo, Republic of Congo, southern 
Cameroon, Equatorial Guinea and Gabon.

In West Africa, the subspecies persists in Benin, Ghana, Guinea, Guinea-
Bissau, Côte d’Ivoire, Liberia, Nigeria and Sierra Leone (see below). Forest 

Figure 4.6 Distribution and abundance of African buffalo in Central and Eastern 
Africa. Sources: UNEP-WCMC and IUCN (2022) and IUCN SSC Antelope 
Specialist Group (2019).
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Figure 4.7 Forest buffalo in Odzala National Park, The Republic of Congo. © 
Christophe Morio, with permission.
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Figure 4.8 (a) Cape buffalo in Ngorongoro Conservation Area, Tanzania. 
© Christophe Morio, with permission. (b) Cape buffalo in Okavango Delta 
(Botswana). © Emily Bennitt, with permission.
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buffalo are highly associated with forest clearings and riverine forests (Prins 
and Reitsma, 1989; Blake, 2002; Melletti et al., 2007, 2008; Bekhuis et al., 
2008; Korte, 2008a). In several poorly explored areas, gaps remain in the 
scientific knowledge of the distribution and status of forest buffalo.

Contrary to the savanna buffalo, recent estimates of the population 
size of forest buffalo are available only for a few areas in the Congo 
Basin and their accuracy is low. Indeed, unlike aerial surveys carried 
out in savanna areas, surveys methods in forest environment are cur-
rently unable to provide reliable population estimates. Such estimates 
may become available for a larger number of sites once more appropri-
ate techniques are implemented, such as distance sampling via camera 

Figure 4.9 Distribution and abundance of African buffalo in southern Africa. 
Sources: UNEP-WCMC and IUCN (2022) and IUCN SSC Antelope Specialist 
Group (2019).
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traps, capture–mark–recapture methods using genetic fingerprinting, 
and methods to formally capture information from local experts (e.g. 
indigenous people and local communities living in the rainforests).

Cape Buffalo (S. c. caffer)

The Cape buffalo’s range encompasses East and Southern Africa and 
covers 17 countries (Figures 4.6, 4.8 and 4.9). In East Africa, Cape buf-
falo populations occur in southwestern Ethiopia, southern Somalia, 
Uganda, Kenya, Tanzania, Rwanda and Burundi. In southern Africa, 
this subspecies is distributed in Mozambique, Malawi, Zambia, south-
west Angola, north-east Namibia, northern Botswana, Zimbabwe and 
South Africa. The current population in Eswatini (formerly known as 
Swaziland) was reintroduced after extirpation.

Abundance Per Country

West Africa

Burkina Faso
West African savanna buffalo formerly occurred widely in the open wood-
lands of the Niger basin and southern districts (Sidney, 1965; East, 1998). 
Starting from the 1980s, the population has been restricted to the south-
ernmost areas of the country. At the national level, the buffalo population 
comprises around 6000 individuals. Their presence is recorded in six dif-
ferent localities, all conservation areas (national park, protected forest, game 
ranch or trophy hunting area). The largest populations are located in the 
eastern conservation areas: Arly complex with about 4950 individuals (0.5 
ind./km²) and W Burkina Faso complex with about 300 animals (0.8 ind./
km²) (Ouindeyama, 2021). The presence of buffalo is reported in cen-
tral and western conservation areas (Nazinga Game Ranch, Bougouriba, 
Comoé-Lareba and Tuy Mouhoun areas) but in very low densities and 
isolated populations (Dahourou and Belemsobgo, 2020). In Nazinga Game 
Ranch, the total population is around 150 individuals (PAPSA, 2018).

After a period of growth between 2003 and 2015 (from ~4800 to 
~8900 individuals; Bouché et  al., 2003, 2015), buffalo populations of 
eastern conservation areas recently faced a strong population decline 
(~5300 individuals; Ouindeyama et al., 2021). Due to the severe wors-
ening of the security situation, the protected areas are facing an increase 
in threats of banditry, adding new forms of violent interactions with 
protected area management teams.
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Côte d’Ivoire
West African savanna buffalo formally occurred throughout the northern 
region (Sidney, 1965; East, 1998), but their populations have collapsed and 
are now isolated in a few protected areas. The main population is located 
in Comoé NP with an estimated 1450 individuals (0.1 ind./km²; OIPR, 
2019), which has increased slightly since 2010 (then about 900 individuals; 
N’Goran et al., 2010) and 2016 (1200 individuals; Bouché, 2016). The pres-
ence of buffalo has been recorded in Lamto and Marahoué NPs, but their 
numbers were not reported and are thought to be very low. Interestingly, 
a population of about 300 individuals was reported in N’Zi River Lodge 
Voluntary Nature Reserve near Bouaké (2.1 ind./km²) and is known to be 
growing (Louis and Karl Diakité, personal communication, 2021).

The few observations of the forest buffalo subspecies are reported 
from the residual blocks of forest in the south of the country. This holds 
especially for Tai NP, where transect counts gave an estimated popula-
tion size of ~500 individuals (0.09 ind./km²) in 1999–2004, with lower 
estimates based on transect dung counts of ~200 individuals (Hoppe-
Dominik et al., 2011). In striking contrast, recent detailed surveys only 
reported indirect signs, suggesting a collapse of the buffalo population 
(Tiedoue et al., 2019, 2020).

Between 2019 and 2021, a wildlife survey on foot was conducted through-
out Côte d’Ivoire (ONFI, 2021). The data from this survey for African buf-
falo came mainly from indirect observations (tracks and dung) for which 
the risk of confusion with livestock was considered high (Gilles Moynot, 
ONFI, personal communication), and therefore are not included here.

Benin
West African savanna buffalo ranged in the past throughout the northern 
region (East, 1998), but populations are now restricted to Pendjari and 
W-Benin complexes (both complexes include the eponymous NPs and 
surrounding trophy hunting areas). The Pendjari complex has an esti-
mated population of about 7200 individuals (1.2 ind./km²), while in the 
W-complex some 1500 buffalo were counted (0.2 ind./km²; Ouindeyama 
et  al., 2021). The three main aerial surveys conducted over the last two 
decades in northern Benin show that buffalo populations have doubled since 
the early 2000s (2003: ~4600 individuals; 2015: ~8200 individuals; 2021: 
~8650 individuals; Bouché et al., 2003, 2015; Ouindeyama et al., 2021).

Records of forest buffalo mainly refer to old observations located in 
the centre and southern sectors of Benin (PAPFCA, 2007; Sinsin et al., 
2010). The last observations of forest buffalo were reported during a 
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ground survey carried out in the Forest of Agoua (Central Benin) in 
2013 in which about 100 individuals scattered over 12 herds were seen 
(Natta et al., 2014). Further investigation is needed because buffalo are 
regularly observed in several spots in the southern and central parts of the 
country (Félicien Amakpe, personal communication).

Gambia
No recent information was received from this country. To our knowl-
edge, the West Africa savanna buffalo subspecies is now extinct in 
Gambia (Jallow et al., 2004).

Ghana
Buffalo formerly occurred throughout Ghana, with the West African 
savanna buffalo in the northern and eastern savannas, and the forest buf-
falo in the southwestern forests (Sidney, 1965; East, 1998). The species is 
now restricted to a few protected areas.

The major surviving population of the savanna buffalo occurs in 
Mole NP with an estimated 1400 animals (0.3 ind./km²; Hauptfleisch 
and Brown, 2019), and an increasing trend during the last decade (from 
about 700 individuals: Bouché, 2006). Small populations persist in the 
following savanna protected areas: Bui National NP (~60; 0.03 ind./
km²), Yerada–Kenikeni Forest Reserve (~30; 0.03 ind./km²), Kyabobo 
NP (~50; 0.1 ind./km²), Digya NP (~120; 0.03 ind./km²) and Bomfobiri 
Wildlife Sanctuary (~30; 0.6 ind./km²) (David Kpelle, Ghana Forestry 
Commission, personal communication). Some individuals also have 
been spotted in the Kogyae Strict Nature Reserve (Danquah et al., 2015) 
and Kalakpa Reserve (Afriyie et al., 2021).

The status of the forest buffalo is unclear. Its presence was reported 
in Subri River Forest Reserve in 2011 (Buzzard and Parker, 2012), but 
more recent information does not exist.

Guinea
African buffalo once occurred widely, with the West African savanna 
buffalo in the north intergrading to the forest buffalo in the south-west 
and south-east. It has been eliminated in most of its former range by 
overhunting and habitat destruction (East, 1998) and remains in pockets 
of relict populations spread throughout the country. The savanna buffalo 
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is known to be present in Haut Niger NP (Nefzi, 2020) and Moyen-
Bafing NP (Wild Chimpanzee Foundation, 2021); however, without 
numerical information. Forest buffalo is present in Ziama Biosphere 
Reserve, the largest primary rain forest of the country, next to Liberia 
(Nefzi, 2020). It has also been observed recently in Tokounou, Tiro 
and Nialia subprefectures (Catherine André, personal communication), 
but no numerical estimates are available. However, we suspect that both 
savanna and forest subspecies may be present elsewhere in the country. 

Guinea-Bissau
Intermediate forms between the West African savanna buffalo and the 
forest buffalo formerly occurred widely in the forest–savanna mosaic of 
Guinea-Bissau (East, 1998). The species still occurs widely in the south 
and is reasonably common in some areas, for example Cufada Lagoons 
Natural Park, Cantanhez Forest (da Silva et  al., 2021) as well as Boe 
Region (Coppens, 2015), but no numerical estimates are available. No 
information was found from the northern part of the country.

Liberia
Only forest buffalo are known to occur in Liberia. In this country, the 
African buffalo was reported to occur sparsely in the 1960s (Sidney, 
1965). A national survey carried out in 1989/1990 recorded the presence 
of the species in poorly accessible and high-altitude forests of the south-
east and north-west (Anstey, 1991 cited by East, 1998). The contraction 
of its distribution range in recent decades appears to be due to civil 
war, unrest and widespread poaching. We have no recent information 
on its status, except observations by camera traps in the Grebo-Krahn 
NP forest in 2020 (Wild Chimpanzee Foundation; www.youtube.com/
watch?v=QtYUSk53p2Q).

Niger
In the early twentieth century, West African savanna buffalo occurred 
in the south-western tip of Niger (Niger River basin and along parts 
of the Nigeria border; East, 1998). It has since disappeared from most 
of its former range and survives only in the W-Niger complex (W-NP 
and Tamou Total Reserve), where the last population estimate was 
about 350 individuals (0.1 ind./km²; Ouindeyama et  al., 2021). A 
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 comparison with aerial counts conducted over the past two decades 
suggests a strong reduction in numbers since 2015 (2003: ~1200 indi-
viduals; 2015: ~1100 individuals; 2021: ~350 individuals; Bouché et al., 
2003, 2015; Ouindeyama et al., 2021).

Nigeria
In the early twentieth century, the African buffalo was reported to be 
very common throughout Nigeria, from coastal evergreen forests (for-
est buffalo subspecies) to shrubby savannas in the north of the country 
(savanna buffalo subspecies). During the 1960s, the same author reports 
its occurrence in all suitable habitats, except for the southern coastal dis-
tricts (Sidney, 1965). In the late twentieth century, East (1998) reported 
populations reduced to small, generally declining populations in a few 
protected areas.

For the West African savanna buffalo, the findings reported by East 
in 1999 still apply in 2022. The subspecies maintains an extremely lim-
ited distribution in northern Nigeria with a presence recorded only in 
three sites that are far from each other: Yankari Game Reserve, Kainji 
Lake NP and Gashaka Gumti NP (Andy Dunn, Naomi Matthews and 
Stuart Nixon, personal communication). The prospects for restoring 
the populations of Kainji Lake NP are poor due to their isolation from 
other populations and to the insecurity prevailing when this book 
went to press. Gashaka Gumti NP borders Faro NP in Cameroon, 
where about 600 individuals were estimated to occur (Elkan et  al., 
2015). A transfrontier conservation strategy could pave the way for the 
restoration of a viable buffalo population in Gashaka Gumti NP when 
the political and security contexts on both sides of the border so allow.

The forest buffalo was once widespread in most southern areas of 
Nigeria (Sidney, 1965), but has been eliminated from most of its for-
mer range and reduced to small, generally declining populations in a 
few protected areas (East, 1998). To date, this subspecies seems mainly 
localized in Cross River NP (4000 km2), where presence was reported 
from 2001 to 2019 (Eniang et al., unpublished data; Eniang et al., 2017; 
Bassey, 2019). In this NP bordering Cameroon, only 131 records of for-
est buffalo were reported for all years combined during line transect 
surveys (namely, in 2001, 2005, 2009, 2013; Eniang et al., 2017). Only 
one forest buffalo observation was reported in the Mbe Mountains cor-
ridor (linking the Afi Mountain Wildlife Sanctuary and the Okwangwo 
Division of Cross River NP) during a 2019 year-round anti-poaching 
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patrol (Eban, 2020). Buffalo presence was recently reported in Okomu 
NP in south-central Nigeria (Akinsorotan et al., 2021). In other words, 
the forest buffalo is near to extinction in Nigeria.

Senegal
West African savanna buffalo were formerly widespread in the southern 
savannas of this country (East, 1998). The Senegalese buffalo popula-
tion seems to have been isolated from other populations for some time 
(Sidney, 1965). Nowadays, populations have drastically declined and 
most buffalo are now only located in Niokolo–Koba NP. This protected 
area, where buffalo populations reached about 1000 individuals in the 
late 1960s (Dupuy, 1971) now hosts about 500 buffalo (0.06 ind./km²; 
Rabeil et al., 2018). These figures are quite similar to those observed 12 
years earlier (~500 individuals (0.05 ind./km²), Renaud et  al., 2006). 
Some buffalo are present in the private fenced reserves of Bandia (ranging 
from 80 to 134 individuals; 3 ind./km²; Raymond Snaps, personal com-
munication; Holubová, 2019) and Fathala (40; 1.7 ind./km²; Holubová, 
2019). The Bandia buffalo originated from 10 individuals translocated 
from Niokolo–Koba NP in 2000. It is worth noting that a relict popula-
tion of savanna buffalo can still be found in the Faleme trophy hunting 
area (Philippe Chardonnet, personal communication).

Sierra Leone
Forest buffalo may still have occurred until a decade ago, mainly in the 
north of the country in 2009 and 2010 (Brncic et al., 2015). No recent 
information is available from this country.

Togo
Until the mid-1950s, the African buffalo was found in most parts of the 
country (Baudenon, 1952). Although classified as West African savanna 
buffalo, this author observed an important morphological gradient across 
the country, with black-coated buffalo in the north and red-coated buf-
falo in the south. According to East (1998), African buffalo survived in 
small to moderate numbers in the country’s protected areas until the 
early 1990s, but were expected to be close to extinction in the late 1990s.

From our investigations, it appears that African buffalo are still pres-
ent in small numbers in several protected areas. In the two northern 
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regions (Savanne and Kara), small populations were reported in Oti–
Kéran NP (MERF, 2013) and Djamdè Faunal Reserve (MERF, 2014). 
In the Central Region, observations were made in Fazao–Malfakassa 
NP (Atsri et al., 2013) and Abdoulaye Game Faunal Reserve (MERF, 
2017). Further south in the Plateaux Region, Amou Mono classified for-
est (MERF, 2016) and Togodo complex of protected areas (GIZ, 2017) 
also host small numbers.

Central Africa

Cameroon
Buffalo formerly occurred more or less throughout the country, except 
for the more arid parts of the far north (Sidney, 1965), with the West 
African savanna buffalo in northern and central Cameroon and the for-
est buffalo in the southern forests, which cover about half the country’s 
area (East, 1998). In Cameroon, the savanna buffalo is now restricted to 
conservation areas in the North Region. In contrast, the forest buffalo 
is still present in forest areas sparsely populated by humans, especially in 
the South and East provinces, and to a lesser extent in the south-west 
province.

At the beginning of the twentieth century, West African savanna buf-
falo used to be common in the Logone floodplain, Far North Cameroon. 
However, in 1935, the African buffalo was already rare in the area, 
and no longer occurred when Waza NP was created in 1968 (Scholte, 
2005). Remaining buffalo are located in the Bouba Ndjidda–Bénoué–
Faro complex (North Province) with an overall estimated number of 
2500 individuals (0.11 ind./km²; Elkan et al., 2015 for Bénoué and Faro; 
Grossmann et al., 2018 for Bouba Ndjidda). It is hard to evaluate the 
proportion of animals within national parks or trophy hunting areas, but 
the last surveys (2015, 2018) tend to show that Bouba Ndjidda and Faro 
NPs still host buffalo, while for Bénoué, all individuals were spotted in 
the trophy hunting areas and none in the national park. The general 
trend seems to show a decrease in the population, estimated at 4000 
individuals in 2008 (0.18 ind./km²; Omondi et al., 2008).

Over the past 15 years, the presence of the forest buffalo was reported 
in most of the protected areas and numerous logging concessions.

In south-west and north-west provinces (border with Nigeria), buf-
falo are present in Korup NP (Astaras, 2009) and were also sighted in 
a logging concession located north of the park. Further north, buffalo 
presence was reported in the Black Bush Area of Waindow in 2014 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Conservation Status of the African Buffalo · 85

(Chuo and Angwafo, 2017). These buffalo populations appear to be 
more scattered and isolated as they are surrounded by areas of high 
human population density. In this respect, it should be noted that no 
observations of buffalo have been reported recently in the West, Littoral 
and Central provinces, all of which are heavily populated. However, it is 
plausible that buffalo populations remain in the northern part of Central 
Province in the triangle formed by the Mpem-Djim, Mbam-Djerem, 
and Deng-Deng NPs. The presence of buffalo was observed there in a 
logging concession in 2004 (Cornélis et al., 2023).

In the South province, buffalo are present in Campo–Ma’an NP (650 
km2), where population sizes were estimated by Bekhuis et al. (2008) 
with 20 individuals only (densities 0.01–0.04 ind./km2) and by Van der 
Hoeven, de Boer and Prins (2004) at 0.07–1.27 ind./km2. The presence 
of buffalo was also reported in several logging concessions located on the 
periphery of the park (Cornélis et al., 2023). Further east, forest buffalo 
also were reported in a logging concession located north of Mangame 
Wildlife sanctuary.

In the south-eastern end of the country (East Province), forest buffalo 
are present in Dja Biosphere Reserve (Bruce et al., 2017, 2018) and have 
been sighted in several logging concessions located south of the reserve 
over the past 15 years (Cornélis et al., 2023). Forest buffalo were reported 
in Nki and Boumba-Bek NPs in 2015 (Imbey et al., 2019; Ngaba and 
Tchamba, 2019; Hongo et  al., 2020) and Lobeke NP (Gessner et  al., 
2013). The area surrounding these three protected areas is almost entirely 
allocated to logging. The presence of buffalo also has been reported in 
many logging concessions over the past 15 years (Cornélis et al., 2023).

Central African Republic
The Central African Republic (CAR) is the only country where three 
subspecies of buffalo occur.

The West African savanna buffalo subspecies used to be wide-
spread in the west of the country next to the border with Cameroon, 
although its West African name looks odd in a Central African coun-
try. Nowadays, information is lacking about this subspecies in CAR, 
but it is certainly and by far the least represented of the three subspecies 
present in CAR. It may be reasonable to think that buffalo are pres-
ent next to the Cameroon border because there are Trophy Hunting 
Areas (Zones d’Intérêt Cynégétique) on the Cameroon side with buffalo 
quota and offtake.
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Central African savanna buffalo were historically widespread in all 
Central African savannas (East, 1998). Presently, residual buffalo popula-
tions are apparently restricted to the far Northern complex (Bamingui–
Bangoran and Manovo–Gounda St Floris NPs and surrounding trophy 
hunting areas) and in the Southeast complex (Chinko Basin).

In the Northern complex, the population numbers declined from 
~19,000 individuals (0.3 ind./km²) in 1985 (Douglas-Hamilton et  al., 
1985) to ~13,000 (0.2 ind./km²) in 2005 (Renaud et  al., 2005), after 
which it collapsed to 13 individuals only in 2017 (Elkan et  al., 2017). 
Given the level of insecurity in the region, it may have now gone extinct.

In the Southeast complex, buffalo populations strongly declined between 
2012 and 2017 due to the invasion of the area by transhumant herders from 
South Darfur, Sudan (Aebischer et al., 2020). Conservation efforts under-
taken by African Parks since 2014 have reversed the trend in the Chinko 
conservation area (6000 km2), where the buffalo population was estimated 
at over 4000 buffalo in 2022 (Thierry Aebischer, personal communication).

The huge uninhabited wilderness areas in between those residual 
complexes are composed of trophy hunting areas where buffalo were 
present and hunted before the 2012 war started. However, no recent 
information on buffalo presence or abundance is available.

Although a large part of potential suitable areas has not been surveyed 
recently, the conservation status of the Central African savanna buf-
falo should be considered as under major threat in the Central African 
Republic (see also Scholte et al., 2022).

Forest buffalo are mainly localized in the south-west tip of the coun-
try, covered by rainforests. Over the past 15 years, the presence of the 
forest buffalo was reported in all protected areas and most of the logging 
concessions of this region (Cornélis et al., 2023). Buffalo are encoun-
tered in the Dzanga-Sangha Protected Area complex, including recent 
records in the Special Reserve of Dzanga-Sangha (Melletti et al. 2007 
Beudels‐Jamar et al., 2016). Forest buffalo were also reported from the 
south-east part of the country, where forest and savanna intermingle: 
Bangassou forest (Roulet, 2006) and the thick riverine forests of the 
upper Mbomou River (Philippe Chardonnet, personal communication).

Chad
Central African savanna buffalo were formerly widespread in the south of the 
country from Lake Chad to Salamat (Sidney, 1965). However, buffalo were 
extirpated from most of their original range by agricultural and livestock 
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expansions as well as drought (East, 1998). The largest population, estimated 
at ~15,500 individuals (5 ind./km²), is located in Zakouma NP (Fraticelli 
et al., 2021). In this protected area, the buffalo population tripled in 15 years, 
showing an average annual growth rate of 7 per cent. In January 2022, 905 
buffalo were translocated from Zakouma NP to restock the nearby Siniaka-
Minia wildlife reserve (Naftali Honig, personal communication).

The last survey in Sena Oura NP did not encounter any buffalo 
(Elkan et al., 2015). Some buffalo were reported in the far south prov-
ince of Logone Oriental near Monts de Lam and Baïbokoum in 2021 
(Matuštíková, 2021), suggesting that buffalo populations of Bamingui-
Bangoran/Manovo-Gounda St Floris in the Central African Republic 
and of Bouba N’djidda complex in Cameroon could have some connec-
tion through southern Chad.

Democratic Republic of Congo
Forest buffalo seem to be widespread in the Democratic Republic of 
Congo (DRC; informally known as ‘Congo-Kinshasa’), but with a 
patchy distribution because DRC is one of the most densely populated 
countries in the Congo Basin. This may be due to a combination of both 
human pressure (e.g. poaching, meat harvesting for logging camps and 
for other extractive industries) and a lack of knowledge.

In the south-western section of the DRC forest block (Maï-Ndombe 
and Equateur Provinces), the presence of buffalo was reported in Tumba-
Ledima Reserve (ICCN and WWF, 2016a) and Ngiri Triangle Reserve 
(T. Breuer, personal observation). The presence of the forest buffalo was 
recorded during the forest management surveys of many logging conces-
sions over the past 15 years, particularly in the western and south-eastern 
parts of Mai-Ndombe Province (Cornélis et al., 2023).

In the south-central section of the DRC forest block (north of Kasai 
and Sankuru provinces, south of Tshuapa Province), forest buffalo 
were recently reported in Salonga NP (Bessone et  al., 2020) and the 
Tshuapa–Lomami–Lualaba landscape (John Hart, personal communica-
tion). Although highly possible, the presence of buffalo was not reported 
(to our knowledge) from Sankuru Reserve.

In the south-east section of the DRC forest block (Maniema and 
South Kivu Provinces), forest buffalo were reported in Kahuzi–Biega 
NP (Spira et al., 2018), Kasongo and Pangi priority areas (ICCN and 
WWF, 2017a), the Itombwe NR (ICCN and WWF, 2016b) and in the 
Luama–Kivu region (ICCN and WWF, 2017b).
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In the north-central section of the DRC forest block, the presence of 
buffalo has been confirmed in a dozen places of Tshopo Province over 
the last 15 years by several studies (van Vliet et al., 2012; Nebesse, 2016) 
and forest management surveys (Cornélis et  al., 2023). Further west, 
its presence was recorded in Abumonbazi Reserve (province of Nord-
Ubangi; ICCN and WWF, 2015a) and in a logging concession (‘09/11-
Baulu’) located south of Lomako–Yokokala Reserve (north of Tshuapa 
Province; Cornélis et al., 2023).

In the eastern section of the DRC forest block, forest buffalo were 
reported north of Maiko NP (Naomi Matthews and Stuart Nixon, 
personal communication) and in the southern section of Virunga NP 
(Mikeno Sector; Hickey et al., 2019). Further north (Ituri province), 
buffalo were reported in Okapi Wildlife Reserve (Madidi et  al., 
2019).

Interestingly, the presence of buffalo also has been reported south 
of the current ‘official’ (IUCN SSC Antelope Specialist Group, 2019) 
range of the forest buffalo, in trophy hunting areas: Bombo Lumene 
(ICCN and WWF, 2017c), Bushimaie (ICCN and WWF, 2016c), 
and Swa-Kibula (ICCN and WWF, 2015b) as well as in Mangai 
Nature Reserve (ICCN and WWF, 2015c) and Kaniama Elephant 
Refuge (ICCN and WWF, 2016d). The taxonomic status of these 
populations is unclear.

Central African savanna buffalo formerly occurred on the edge of the 
dense forest along the northern and eastern borders of the country (East, 
1998). Much hunted and regularly infected with rinderpest, buffalo 
populations became isolated in Garamba NP (Northern border), where 
Sudanese meat hunters reduced the population from 53,000 in 1976–83 
to 26,000 in 1995 (East, 1998). Nowadays, Garamba NP and adjacent 
trophy hunting areas (~14,800 km2) host about 9400 buffalo (0.6 ind./
km²; Ngoma et al., 2021). The population in Garamba NP may have 
increased slightly from some 6000 individuals in 2012 (Bolaños, 2012) 
with improved protection of the park. Population estimates in Bili–Uere 
NP are unknown, but most probably low with a few small groups left 
(Elkan et al., 2013b; Jef Dupain, personal communication, 2018).

Cape buffalo – in the east of the DRC, along the border with Uganda, 
the central plains of Virunga NP are host to a population of savanna 
buffalo located in a zone of introgression between several subspecies 
and which we have assigned to the ‘caffer’ subspecies. The popula-
tion of Virunga NP has decreased from about 2100 individuals in 2010 
(Plumptre et al., 2010) to about 600 (Wanyama et al., 2014).
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In the southern savannas, the population of Upemba NP is less well 
monitored, but we think it is very small as only 15 individuals were 
spotted in 2009 (Vanleeuwe et al., 2009). East (1998) stated that buffalo 
were eliminated from the Kundelungu NP population and we have not 
received any contradicting information.

Equatorial Guinea
There is evidence of the former widespread occurrence of forest buf-
falo on Bioko Island, Equatorial Guinea, but no indication of a sur-
viving population was found during 4.5 months of field surveys there 
between 1986 and 1992 (Butynski et al., 1997). Due to overhunting, 
buffalo were probably already extirpated from the island between 1860 
and 1910.

In the mainland region of the country, the forest buffalo formerly 
occurred throughout Mbini (Rio Muni). It has been eradicated from parts 
of its range but seems to have survived locally within the remaining forested 
areas, including Monte Alen NP until the end of the 1990s (East, 1998).

Gabon
Gabon is a sparsely populated country, 88 per cent of which is covered 
by equatorial forests. The country is home to a largely preserved bio-
diversity. Thirteen national parks were created in 2002 and protected 
areas cover 15 per cent of the country (41,000 km2). About half of the 
country (~142,000 km2) is dedicated to logging (WRI, 2013). Forest 
buffalo populations are widely distributed in Gabon both inside and 
outside protected areas, including logging and oil concessions (Prins 
and Reitsma, 1989). Except for Akanda NP, located 30 km north of 
Libreville, the presence of the forest buffalo has been documented in 
all of the national parks over the past 15 years (Christy et  al., 2008; 
Vanthomme et al., 2013; Nakashima, 2015; Hedwig et al., 2018). For this 
country, we reviewed 42 reports of biodiversity inventories conducted 
on foot by international forestry consultancy companies in logging con-
cessions between 2000 and 2017 (unpublished and confidential reports). 
Almost all of these inventories recorded evidence of buffalo presence. 
These observations are supported by recent surveys conducted in several 
logging concessions using camera traps (Houngbégnon, 2015; Nunez 
et al., 2019; Fonteyn et al., 2021; Naomi Matthews and Stuart Nixon, 
personal communication).
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Estimates of buffalo populations were carried out in a forest–savanna 
mosaic area of Lopé NP (North sector 70 km2) where Korte (2008b) 
estimated about 300 individuals in 18 herds with a density of 5 ind./
km2. In forest areas at Lopé NP, White (1994) estimated a density of 0.42 
ind./km2. In the Réserve de Faune de Petit Loango, Morgan (2007) 
found a density of 1.7 ind./km2. Prins and Reitsma (1989) reported a 
forest buffalo density of 0.51 ind./km2, but absolute numbers could not 
be established reliably.

Republic of Congo
Republic of Congo (informally known as ‘Congo-Brazzaville’) is a 
sparsely populated country, 70 per cent of which is covered by equato-
rial forests. The central part of the country is made up of the so-called 
Bateke plateaus, which are covered with savanna grassland and riverine 
forests.

In the northern part of the country, which is very sparsely populated, 
the forests of the Congolese basin are home to widely distributed buf-
falo populations. Forest buffalo are present in all of the protected areas: 
Odzala-Kokoua NP (Chamberlan et  al., 1995), Nouabalé-Ndoki NP 
(Blake, 2002), Ntokou-Pikounda NP (Malonga and Nganga, 2008), 
and Lac Tele Reserve (Devers and Van de Weghe, 2006). Between 
these protected areas, upland forests are allocated to logging. For this 
area, we reviewed 10 biodiversity survey reports conducted between 
2005 and 2019 by international forestry consultancy companies in 10 
logging concessions (unpublished and confidential reports). All of them 
recorded evidence of buffalo presence. In northern Congo, Blake (2002) 
recorded densities between 0.01 and 0.04 ind./km2 at Nouabalé-Ndoki 
NP, while Chamberlan et al. (1995) estimated the buffalo population of 
Odzala-Kokoua NP at around 500 individuals (0.4 ind. km2).

From the central part of the country, little information is available on 
the presence of forest buffalo in the savannas and gallery forests of the 
Bateke Plateau. However, Mathot et al. (2006) report buffalo presence 
in the Lessio-Luna Wildlife Sanctuary bordering the Lefini Reserve.

In the southern part of the country, forest buffalo are present in 
Conkouati-Douli NP (Devers and Van de Weghe, 2006) and Kouilou 
Department (Orban et al., 2018). In Niari and Lekoumou Departments, 
the biodiversity survey reports conducted in the logging concessions 
between 2005 and 2019 on foot also reported evidence of buffalo 
presence.
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East Africa

Burundi
A resident population of cape buffalo has been living for a long time and 
continues to do so today in the narrow strip of Ruvubu NP, Eastern 
Burundi (Nzigidahera et al., 2020).

Ethiopia
African buffalo populations have long been restricted to the south-
western and western parts of the country, along the borders of Kenya, 
South Sudan and Sudan (Sidney, 1965). East (1998) reported that the 
main populations can be found in Omo and Mago NPs. Buffalo do also 
occur in montane forests and swampy wetlands, such as in the Chebera 
Churchura (Megaze et al., 2018) and Gambella NPs (TFCI, 2010; Rolkier 
et al., 2015). Currently their distribution is largely confined to protected 
areas with a total estimated population of about 15,000 (around 5000 S. 
c. aequinoctialis and 10,000 S. c. caffer – Table 4.1).

Ethiopia is a contact zone between the Cape buffalo and the Central 
African savanna buffalo where the two subspecies intergrade. The pres-
ence of intermediate phenotypes and the absence of geographical barri-
ers make classification difficult. For the sake of consistency with earlier 
studies on buffalo distribution (East, 1998; Cornélis et  al., 2014), our 
results are presented in accordance with the current IUCN subspecies 
range (IUCN SSC Antelope Specialist Group, 2019), but this is one 
of the areas where the ‘subspecies concept’ loses meaning for African 
buffalo.

The largest population of Cape buffalo is found in Chebera Churchura 
NP (~5200 animals; Megaze et al., 2017). Significant populations are also 
found in other formally protected areas, such as Omo NP (~800 ani-
mals; Tola, 2020), Mago NP (~850 animals; Tsegaye, 2020). In addition, 
about 2000 buffalo are estimated to be in the Tama wildlife reserve that 
connects Omo and Mago NPs (Girma Timer, personal communica-
tion). Finally, the Weleshet-Sala controlled trophy hunting area holds 
about 1100 individuals (Kebede et al., 2011).

Significant populations of Central African savanna buffalo are found 
in Gambella NP (~1400 animals; TFCI, 2010). Reports from two newly 
established national parks indicate the presence of about 1700 buffalo 
in Maokomo Nature Reserve (Wendim, 2015). The presence of sev-
eral hundred buffalo was also confirmed by a count in Dati Wolel NP 
(Gonfa et al., 2015), but the population estimate is not reliable. Buffalo 
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observations were also recently reported from Alatash NP along the bor-
der with Sudan (Bauer et al., 2018).

During the last decade, several Central African savanna buffalo popu-
lations have been reported north-east of their earlier established (IUCN 
SSC Antelope Specialist Group, 2019) distribution range. Two Controlled 
Hunting Areas (CHAs) hold a reasonable number of buffalo: Haro Aba 
Diko CHA (~900 individuals; Kebede and Tsegaye, 2012) and Beroye 
CHA (~600 individuals; Kebede et al., 2013). A population of at least 60 
buffalo was reported in Didessa NP (Wendim, 2018) and a herd of seven 
animals was repeatedly observed in Jorgo-Wato National Forest Priority 
Area (Jebessa, 2015; Erena et al., 2019). Finally, Lafto Forests area hosts 
about 340 buffalo (Dandena and Dinkisa, 2014). Yet we repeat that ‘sub-
species’ designation in this country is shaky due to intergradation.

Kenya
The Cape buffalo was formerly widespread throughout southern and 
central Kenya, and on isolated, forested hills and mountains in the north. 
In the 1990s, the population became largely confined to protected areas, 
except in Laikipia and Lamu districts (East, 1998). The status of buf-
falo in Kenya has recently been updated during a national wildlife cen-
sus undertaken between April and July 2021. Several aerial total counts 
covered nearly 60 per cent of Kenya’s land mass (Waweru et al., 2021). 
Results show that the Cape buffalo is distributed in almost all of the wild-
life ecosystems surveyed, except in the northern counties of Mandera, 
Wajir, Turkana as well as the Nasolot-Kerio Valley ecosystem. About 
41,700 buffalo were counted.

In Kenya, seven conservation areas host populations of over 1000 
buffalo, respectively, Maasai Mara ecosystem (~11,600), Tsavo ecosys-
tem (~8000), Lake Nakuru NP (~6500), Laikipia–Samburu–Marsabit 
ecosystem (~6300), Lamu–Lower Tana and Garissa ecosystem (~3000), 
Meru ecosystem (~2600) and Naivasha–Nakuru ranches (~1500). These 
seven ecosystems account for about 95 per cent of Kenya’s total buf-
falo population. Three conservation areas contain a few hundred buf-
falo, namely Nairobi NP (~1000), Amboseli–Magadi ecosystem (~500) 
and Ruma NP (~400). Small populations occur in other protected areas, 
such as Athi–Kapiti ecosystem, Mwea National Reserve, Shimba Hills 
National Reserve and Oldonyo Sabuk NP. Other populations have not 
been estimated over the years because the technique of aerial surveys is 
not well suited for dense forests and nature of the terrain of Aberdares, 
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Mount Kenya, and Mount Elgon forested areas or Forest Reserves such 
as Mukogodo, Ngare Ndare Arabuko Sokoke and Boni Dodori. For this 
reason, but also because some buffalo strongholds were not surveyed under 
optimal visibility conditions (e.g. Lamu–Lower Garissa and Tana River 
Ecosystem with about 13,800 buffalo in 2015), the above-mentioned fig-
ure for the Kenyan population of buffalo is likely underestimated.

According to the latest national census (Waweru et  al., 2021), buf-
falo in Kenya are now largely confined to protected areas. In the Mara 
ecosystem, 70 per cent of all buffalo were found in the Maasai Mara 
National Reserve, while the remaining 30 per cent were recorded from 
the Maasai Mara community conservancies. In the Tsavo ecosystem, 80 
per cent of the buffalo population was found inside the protected areas. 
In the Laikipia–Samburu–Marsabit–Meru ecosystem, 69 per cent of the 
population was counted in ranches, 27 per cent in the protected areas 
and 3 per cent in community/settlement areas.

In Kenya, buffalo populations suffered a sharp contraction in the 1990s 
because of severe drought and the very last rinderpest events. For example, 
the Mara population was reduced from 12,200 to 3100 by the 1993–94 
drought (East, 1998) and has since shown good recovery (~11,600 animals 
in 2021). The buffalo population in Nakuru NP has recovered and has 
consistently increased from about 2200 buffalo in the year 2000 to the 
current population of about 6400 individuals at a density of 51.3 buffalo/
km2 (a continental record for the present; Lake Manyara National Park 
in Tanzania reached nearly twice as much: Prins and Douglas-Hamilton, 
1990). In contrast, the Tsavo population decreased from an estimated 
34,600 in 1991 to 5500 in 1997 (East, 1998) with no strong evidence of 
recovery so far (~8000 in 2021). Although the Kenyan population shows 
a cumulative increase of about 40 per cent between 2008 and 2021, 
recovering the numbers from the early 1990s (approximately 95,000 buf-
falo) is challenging in a context of increasing competition with humans 
and cattle for resources (water, space and forage; Waweru et al., 2021). 
The effects of the 2022 drought with some heavy buffalo mortality in, for 
example, Lewa Downs (Susan Brown, personal communication), were 
not yet known when we finalized this chapter.

Rwanda
The Cape buffalo formerly occurred at high densities in Akagera and 
Volcanoes NPs. The population of Akagera NP, estimated to num-
ber 10,000 in 1990 (East, 1998), subsequently declined due to the 1994 
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genocide and political unrest. The park also faced a two-thirds reduc-
tion in size to about 1120 km2. Since 2002, buffalo numbers have been 
increasing again, reaching ~3400 individuals in 2019 (Macpherson, 2019).

In Volcanoes NP, a dung count undertaken in 2004 suggested a 
population of ~900 (2.0 ind./km2; Owiunji et al., 2005). We are not 
aware of more recent surveys, but given the excellent protection of 
Volcanoes NP, as testified by the increasing number of mountain goril-
las, we assume that the number of buffalo remained constant. In contrast, 
the buffalo was reported extinct at Lake Kivu shore and nearby forests 
(including Gishwati–Mukura) as well as Nyungwe NP (Cockar, 2022).

Somalia
The Cape buffalo formerly occurred in the south of the country in 
areas with permanent water along the lower Shebelle and lower Juba 
Rivers (Fagotto, 1980). At the end of the twentieth century, agricul-
tural settlement and hunting pressure eliminated the buffalo from most 
of its former range, except in the Bushbush NP area (now Lag Badana 
NP), where it occurred in good numbers (East, 1998). Buffalo presence 
was recently reported in Lag Badana National Park and surrounding 
areas in Jubalan (Gedow et al., 2017), but the total number was not 
reported.

South Sudan
Sidney (1965) reported that large herds of Central African savanna buf-
falo were commonly found in grassy plains. Although variations in 
numbers could be found, the subspecies population was very healthy 
in South Sudan, with probably several tens of thousands of individuals. 
Small migrations between the rainy and dry seasons were also observed. 
East (1998) also reported large populations of several thousand individu-
als in the main South Sudan protected areas (Boma NP and Shambe 
Nature Reserve), but warned that meat hunting pressure was very high. 
This declining trend appears to remain in process. Fay et  al. (2007) 
recorded ~10,200 buffalo in the protected areas of Southern Sudan 
(mainly in Zeraf and Sambe game reserves), while aerial reconnaissance 
surveys spotted only 285 individuals in 2013 and none in 2016 (Elkan 
et al., 2013a, 2016). From this we infer that the conservation status of the 
Central African savanna buffalo should be considered under major threat 
in South Sudan.
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Sudan
The Central African savanna buffalo is historically present in the south-
eastern tip of Sudan along the border with Ethiopia. Bauer et al. (2018) 
reported observations of African buffalo in the Dinder–Alatash trans-
boundary protected area (13,000 km2; Sudan and Ethiopia) during five 
field trips undertaken between 2015 and 2018.

Tanzania
Although once common throughout the country, the range of the Cape 
buffalo covered less than half its area of distribution at the end of the 
last century, with an estimated population of 342,000 individuals (East, 
1998). Tanzania today is still the country with by far the largest number 
of buffalo, with an estimated population of at least 240,000 individuals. 
The country has established a dense network of protected areas covering 
slightly more than 30 per cent of the land surface area (MNRT, 2021) 
and implementing a range of nature conservation models with both (i) 
consumptive use of wildlife in Game Reserves, Game Controlled Areas 
and Wildlife Management Areas (WMAs) and (ii) non-consumptive 
use of wildlife in National Parks and Ngorongoro Conservation Area.

Tanzania is the only country with single populations of buffalo 
exceeding 50,000 individuals (Figure 4.6). There are three of these 
strongholds: (i) the Serengeti Ecosystem (~23,700 km2) in the north-
ern part of the country hosts a population of about 69,000 individ-
uals (TAWIRI, 2021a), (ii) the Selous–Mikumi Ecosystem (~74,000 
km2) in the south-east of the country has a population of about 66,800 
individuals (TAWIRI, 2019a) and (iii) the adjacent Katavi–Rukwa 
and Ruaha–Rungwa Ecosystems (~83,000 km2) located in the west-
centre of the country hold a population of about 53,000 individuals 
(TAWIRI, 2022).

Nearby the Serengeti Ecosystem, the Tarangire–Manyara Ecosystem 
(~15,500 km2) also hosts an important buffalo population, estimated at 
about 19,000 individuals (TAWIRI, 2020). Mkomazi NP (~2800 km2) 
in the north-east supports about 600 individuals (TAWIRI, 2019b). 
Saadani NP and Wami Mbiki WMA on the coast host about 1000 
individuals (Edward Kohi, personal communication). By contrast, the 
last census undertaken in West Kilimanjaro–Lake Natron Ecosystem 
(~10,000 km2) reported a population of 46 buffalo only (TAWIRI, 
2021b), a very low number largely due to cattle encroachment (Prins 
and De Jong, 2022).
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In the north-western part of the country, the Malagarasi–Muyovozi 
Ecosystem hosts an important buffalo population, estimated at about 
28,300 individuals (Edward Kohi, personal communication). The recently 
created Burigi–Chato NP (2200 km2) west of Lake Victoria along the 
border with Rwanda has a small number of buffalo, as well as Rubondo 
Island NP in Lake Victoria (Edward Kohi, personal communication). At 
the northwestern tip of the country, Ibanda Kyerwa NP (200 km2) sup-
ports about 215 buffalo (Edward Kohi, personal communication).

Finally, several mountainous and/or densely forested areas host buf-
falo populations of which the recent numbers are unknown: Arusha 
NP and Mount Meru Forest Reserve, Kilimanjaro NP and Udzungwa 
Mountains NP. Therefore, given these knowledge gaps, the estimates 
provided for Tanzania should be considered as minimum values.

In 2022, the conservation status of buffalo in Tanzania is uneven. On 
the positive side, (i) not only is Tanzania the only country holding single 
populations of over 50,000 buffalo, but there are three of these populations 
in the country; and (ii) several ecosystems show positive trends with grow-
ing buffalo populations, for example Serengeti Ecosystem. On a more 
worrying side, the overall national trend of buffalo is on the decrease due 
to (i) severe encroachment by livestock tending to replace buffalo in sev-
eral ecosystems (Prins, 1992; Musika et al., 2021, 2022; Prins and De Jong, 
2022) and (ii) steady agricultural expansion and associated settlements.

Uganda
The Cape buffalo was formerly widespread in large numbers in savan-
nas, with putative intermediates with the forest buffalo in the southwest 
(Greater Virunga Landscape) (East, 1998). However, genetic samples so far 
have not yet recognized these putative hybrids in Uganda (see Chapter 3). 
It is noteworthy that western Uganda is a zone of introgression between 
several subspecies where the taxonomy is subject to controversy.

Cape buffalo are now confined to three conservation areas. In Queen 
Elizabeth NP (2110 km2), the most recent survey reported ~15,800 buf-
falo (Wanyama et al., 2014) and the population seemed to be increasing 
from the ~10,300 reported in 2010 (Plumptre et al., 2010). In Murchison 
Falls NP and surrounding wildlife reserves (5030 km2), an aerial survey 
undertaken in 2016 resulted in an estimate of ~15,200 buffalo (Lamprey 
et  al., 2020), and the population also seemed to be increasing (from 
~9200 in 2010 (Rwetsiba and Nuwamanya, 2010). Finally, in Kidepo 
NP and Karenga Community Wildlife area (2400 km2), the last survey 
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reported ~7500 individuals, mainly located inside the park (~6600; 
Wanyama et al., 2019). The trend is also up in Kidepo NP (from ~3800 
in 2008 to ~6600 in 2019; WCS Flight Programme, 2008). These three 
conservation areas (together ~9400 km2) host a population of about 
38,500 buffalo (4 buffalo/km2). Smaller populations were also recently 
reported in Lake Mburo Conservation Area (1290 km2 with ~1500 buf-
falo; Kisame et  al., 2018a) and Pian Upe Wildlife Reserve (no esti-
mate; Kisame et al., 2018b). Hence, the total number of Cape buffalo in 
Uganda is now about 40,000 head, which compares very favourably to 
the estimate of about 22,000 a few decades ago (East, 1998).

The presence of forest buffalo was recently confirmed in Semuliki NP 
in 2020 (Naomi Matthews and Stuart Nixon, personal communication). 
No forest buffalo presence was reported from Mgahinga Gorilla NP since 
2003 (Hickey et al., 2019) or from Kibale NP from 2013 to 2021 (Rafael 
Reyna-Hurtado and Jean-Pierre d’Huart, personal communication). In 
the latter park, records of buffalo inside the forest are related to savanna 
buffalo coming from Queen Elizabeth NP through the Dura corridor.

Southern Africa

Angola
Apart from the arid coastal strip in the southwest, African buffalo 
formerly occurred very widely, with the Cape buffalo in the south 
and intermediate forms with the forest buffalo in the north (East, 
1998). During the civil war (1975–2002), thousands of buffalo were 
slaughtered by the Angolan army for food. Since the 2000s, buffalo 
populations have remained low due to widespread poaching, habitat 
degradation, human encroachment and the presence of land mines. 
However, very little information is available on the status of buffalo 
in this country, especially in the central plateau and the northern and 
eastern regions.

Cape buffalo are still relatively common in the south-eastern parts of 
Angola, especially in the Mucusso region and in Mavinga and Luengue-
Luiana NPs (Funston et al., 2017; Beja et al., 2019; Petracca et al., 2020), 
but their actual numbers have not been assessed. Naidoo et al. (2014) report 
frequent movements of Cape buffalo between Angola and Namibia, par-
ticularly along the northern banks of the Okavango River, and west of 
the Cuando River. Large herds (over 1000 animals) were also reported to 
aggregate in the southeast of Luiengi–Luiana NP along the Kwando River 
just before the rainy season (Roland Goetz, personal communication).
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In the northern Quiçama region, there were an estimated 8000 so-
called ‘forest buffalo’ prior to the civil war of 1975–2002 (Braga-Pereira 
et al., 2020). During the war, uncontrolled poaching severely reduced the 
populations, which are now confined to a few small herds in Quiçama 
NP (Groom et al., 2018), Luando Natural Integral Reserve (Elizalde et al., 
2019) and Cangandala NP (David Elizalde, personal communication). 
Although surprising at this latitude, recent photographs of buffalo taken 
by camera traps in Quiçama NP and Luando Natural Integral Reserve 
confirm the presence of buffalo that phenotypically correspond to the for-
est buffalo (David Elizalde, personal communication). Outside protected 
areas, recent sightings of buffalo were reported in the north-western sec-
tion of the country, in the region of Mussera (Zaire Province), Quissafo-
Ndalatando and Cassoxi (Cuanza Norte Province), and in the Pingano 
Mountains (Uige Province) (David Elizalde, personal communication).

Botswana
Cape buffalo are found only north of 20° S in the Okavango–Chobe 
region and wildlife movements are constrained by veterinary fences 
erected to control the spread of livestock diseases. In a 2018 aerial total 
count covering northern Botswana (~103,700 km2, including Moremi 
Game Reserve, Chobe NP, Makgadikgadi Nxai Pan NP and surround-
ing WMAs), the buffalo population was estimated to be some 28,500 
individuals (Chase et al., 2018). For the record, a similar survey under-
taken in 2010 reported an estimate of 39,600 individuals (Chase, 2011), 
while East (1998) reported about 27,000 head. It thus appears that the 
population is fairly constant.

Eswatini (Swaziland)
Cape buffalo were reintroduced in Swaziland, where the indigenous 
population was extirpated (Tambling et al., 2016). They now occur in 
the Mkhaya Private Game Reserve (~20 animals, 0.2 ind./km2; Tal 
Fineberg, personal communication, 2021).

Lesotho
Buffalo was extirpated from this country (Tambling et  al., 2016), but 
historically it had occurred here even though it was no longer present a 
few decades ago (East, 1998).
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Malawi
In the late 1990s, the Cape buffalo was confined to protected areas such 
as Lengwe, Kasungu and Nyika NPs as well as Nkhotakota and Vwaza 
Marsh Game Reserves. Their population was estimated at about 1850 
individuals (East, 1998).

To our knowledge, buffalo occur today in Majete and Nkhotakota 
Wildlife Reserves as well as Liwonde and Kasungu NPs. In Majete 
Wildlife Reserve, where 306 buffalo were reintroduced between 2006 
and 2010, the buffalo population was estimated at ~1800 individuals in 
2020 (Sievert and Adenorff, 2020). Between 2016 and 2017, over 100 
buffalo were moved from Majete Wildlife Reserve and Liwonde NP 
to Nkhotakota Wildlife Reserve as part of a rehabilitation programme 
undertaken by African Parks. Similarly, 80 buffalo were translocated 
from Liwonde to Kasungu NP in 2022 as part of a restoration pro-
gramme (African Parks, personal communication).

Mozambique
Cape buffalo populations occurred throughout the country until the 
1970s, but suffered greatly from 25 years of war (independence war 
1964–1974 then civil war 1977–1992) (East, 1998). Buffalo are well 
present in the northern part of the country (Niassa and Cabo Delgado 
Provinces). In Niassa Special Reserve, they were successively esti-
mated at 6800 (2009), 6200 (2011) and 7100 (2014) individuals (Craig, 
2011a; Grossmann et al., 2014a), with a density surprisingly more than 
five times lower than in the neighbouring Selous complex in Tanzania. 
In Quirimbas NP and adjacent areas, aerial sample counts undertaken 
in 2011 and 2014, respectively, reported 0 and 88 buffalo observations 
with no population estimate (Craig, 2011b; Grossmann et al., 2014b). 
We did not obtain figures for the buffalo occurring in the Chipanje 
Chetu community-based natural resource management initiative 
(6500 km²) north-west of Niassa Special Reserve, and for the numer-
ous hunting blocks outside the reserve in the two northern provinces.

Further south, in Zambezia Province, Gilé National Reserve embarked 
on a restoration programme by reintroducing extinct large mammal spe-
cies such as buffalo: 67 buffalo were reintroduced in 2012 and 2013–2020 
from the Marromeu complex (the National Reserve and numerous tro-
phy hunting areas) and Gorongosa NP, then 47 buffalo from the trophy 
hunting areas within the Niassa Special Reserve (Chardonnet et al., 2017; 
Fusari et al., 2017). The population in the now Gilé NP was estimated at 
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about 139 individuals in 2017 (Macandza et al., 2017). Mahimba Game 
Reserve, north bank of Zambezi River, would also host around 850 
individuals (Grant Taylor, personal communication). In Tete Province, 
an aerial survey conducted in 2014 south and north of Lake Cahora Bassa 
and Magoe NP including the Tchuma Tchato community programme 
reported 4300 buffalo (Grossmann et al., 2014c).

The largest African buffalo population of Mozambique is located 
south (right bank) of Zambezi River (Manica and Sofala Provinces). 
At the mouth of the Zambezi River into the Indian ocean (the famous 
Zambezi delta), the open floodplains of the Marromeu Game Reserve 
and surrounding trophy hunting areas (‘Coutadas’) host about 21,300 
individuals according to the latest aerial total count (Macandza et al., 
2020). Gorongosa NP was restocked between 2006 and 2011 with 186 
buffalo from Kruger and Limpopo NPs (Carlos L. Pereira, personal 
communication). An aerial total count conducted in 2020 reported 
1200 buffalo (Stalmans and Peel, 2020). Finally, the trophy hunting 
areas located northwest of Gorongosa NP likely hold about 1000 buf-
falo (Willie Prinsloo, Joao Simoes Almeida and Grant Taylor, per-
sonal communication).

The Great Limpopo Transfrontier Conservation Area lies in South-
Central and Southern Mozambique. In its northern section (Inhambane 
Province), a restoration programme has been underway since 2017 in 
Zinave NP, where the buffalo was extinct, with the reintroduction of 
250 buffalo from Marromeu Reserve and surrounding trophy hunting 
areas (Mike La Grange, personal communication). A 2021 Zinave cen-
sus reported 479 buffalo in the core sanctuary area (Antony Alexander, 
personal communication). Further south (Gaza Provinces), Banhine NP 
is estimated to host about 200 buffalo (Joao Simoes Almeida, personal 
communication). The Chicualacuala trophy hunting areas, located along 
Gonarezhou NP (Zimbabwe) also contain around 800 buffalo, but this 
figure is variable because the population undertakes seasonal migrations 
through Gonarezhou NP (Anthony Marx and Joao Simoes Almeida, per-
sonal communication). Finally, two areas adjacent to Kruger NP (South 
Africa) also host significant buffalo populations. The first is the Limpopo 
NP, with a population estimated around 5000 based on the 2018 census 
(Antony Alexander, personal communication). The second is the Great 
Lebombo Conservancy (including Sabie Game Park) with around 2000 
buffalo (Joao Simoes Almeida, personal communication).

In the south-eastern tip of the country (Maputo Province), around 
250 buffalo have been reintroduced in the Maputo Special Reserve 
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since 2016 and their population is estimated at 300 (Antony Alexander, 
personal communication). Finally, around 50 individuals are present in 
Namaacha Catuane Community Area (close to the borders with Eswatini 
and South Africa; Joao Simoes Almeida, personal communication).

Buffalo are also present in numerous fazendas do bravio (private game 
ranches) and Coutadas (State-owned protected areas leased and man-
aged by the private sector for hunting tourism). Most of these areas are 
unfenced, so nearly all buffalo in Mozambique are wild and free-ranging.

Overall, the buffalo has been experiencing a spectacular post-civil-
war recovery in Mozambique since 1992, mainly by reintroductions 
where the species had become extinct, and by reinforcements of rump 
populations. In recent years, buffalo translocations have been conducted 
frequently in Mozambique. Some of the buffalo originate from South 
Africa, but most are indigenous, coming from trophy hunting areas 
within the Marromeu complex and the Niassa Special Reserve.

Namibia
Because the availability of perennial water is a key requirement for 
African buffalo, much of Namibia is not suitable for naturally occur-
ring populations of Cape buffalo, except for the Caprivi Strip in the 
south and the area along the border with Angola in the north. As with 
probably all African buffalo populations, those in Namibia were dras-
tically reduced during the 1890s rinderpest epidemic. Small herds sur-
vived along the perennial rivers of the far north-eastern Kavango East 
and Zambezi regions (Martin, 2002). By 1934, their distribution had 
spread somewhat west and southwards to include what is now known 
as Kavango West, and small seasonal populations in Ohangwena, 
Omusati and Oshikoto regions (Shortridge, 1934). Any further natu-
ral expansion was halted by the erection of a veterinary control fence 
in the 1960s to protect commercial cattle ranching from the central 
north southwards. The only exception to the present day has been 
the reintroduction of two isolated herds in the Waterberg Plateau 
Park and the Nyae-Nyae communal conservancy. In Waterberg, the 
founder population of 48 individuals were sourced gradually between 
1981 and 1991 from the disease-free Addo Elephant NP population in 
South Africa at a rate of approximately four a year, while four ani-
mals were added to Waterberg from a zoo in then Czechoslovakia in 
1986, and 11 from Willem Prinsloo Game Reserve in South Africa, 
also in 1986 (Martin, 2008). The location of the herd on the plateau 
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bordered by sandstone cliffs does not allow the buffalo to move from 
the plateau. In Nyae-Nyae, 30 individuals from a natural popula-
tion in the area were fenced off in 1996. Only one individual tested 
positive for FMD, and was destroyed (Martin, 2008). The Waterberg 
population has grown to at least 800 individuals, and the Nyae-Nyae 
population to about 250 head, both considered disease-free (Kenneth 
Uiseb, personal communication). The Zambezi and Kavango popu-
lations move freely into and from Angola and Botswana within the 
Kavango–Zambezi (KAZA) transboundary conservation area (Naidoo 
et al., 2014). The current estimate in Namibia’s portion of KAZA is 
7500 individuals based on a 2019 aerial census (Craig and Gibson, 
2019). This represents a steady increase from 4500 in 2014 and 5500 
in 2015 (Craig and Gibson, 2014, 2015).

South Africa
Cape buffalo were historically present throughout the coun-
try except for the arid western section. Free-ranging Cape buffalo 
were extirpated from their former range and are now totally con-
fined within fenced areas (except Kruger NP along the Zimbabwe 
and Mozambique borders). At the end of the 1980s and beginning 
of the 1990s, the total number of buffalo in the country was about 
50,000 head (East, 1998). Based on the data collected, the present 
buffalo population stands at an estimated 121,000 heads, distributed 
between national parks (~40,000; 28 per cent), game parks (~26,000; 
10 per cent) and privately owned game farms (~75,000; 62 per cent) 
(Chapter 14; Cornélis et al., 2023).

About 96 per cent of the national parks’ population is located in Kruger 
NP (~32,800; Ferreira et al., 2021). The rest are located in the following 
national parks (Ferreira et al., 2021): Addo (~450), Mokala (~500), Marakele 
(~250), Mountain Zebra (~90) and Camdeboo (~30). Populations in the 
parks are fairly constant despite population controlling factors such as 
bovine tuberculosis and the effects of droughts (see Chapter 8).

Several private game reserves (Sabi Sand, Klaserie, Thornybush, etc.) 
set  alongside the unfenced western boundary of Kruger NP (the so-
called ‘APNR’ – Association of Private Nature Reserves, 1800 km2 
together with the NP named ‘Greater Kruger’) also host about 6000 
buffalo (Mike Peel, personal communication). This complex as a whole 
(~21,000 km2) therefore hosts a population of approximately 58,000 buf-
falo. Further south in KwaZulu–Natal, Hluhluwe–Imfolozi Park (960 
km2) carries about 6400 buffalo (Dave Druce, personal communication).
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Buffalo in private care (privately owned game ranches) number 
about 75,000 individuals in 2022 (Peter Oberem, personal communi-
cation; Chapter 14). This population is distributed among 3144 game 
properties (2980 of which contain disease-free buffalo). About half 
(53 per cent) of the game ranches that hold buffalo are located in 
Limpopo Province, followed by North West Province (12 per cent) 
and Free State (11 per cent) (Figure 4.10). Many of these enclosed sub-
populations are intensively managed (i.e., with intensive and selective 
breeding; Chapter 14); they are from an IUCN Red List assessment 
point of view supernumerary (cf. Tambling et al., 2016), but some of 
the relatively untrammelled populations can still be of importance for 
restocking wilderness areas.

Zambia
Nowadays, the Cape buffalo in Zambia is largely confined to national 
parks and trophy hunting areas that in this country are named Game 
Management Areas (GMAs), with populations estimated around 40,000 

Figure 4.10 Distribution and abundance of African buffalo in private care (game 
ranches) in South Africa. Sources: UNEP-WCMC and IUCN (2022), IUCN 
SSC Antelope Specialist Group (2019) and South African Veterinary services 
(personal communication).
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in the late 1990s (East, 1998). According to the latest available estimates, 
the buffalo population in this country has remained constant since then. 
The bulk of the population (~30,000) is located in the Luangwa Valley 
ecosystem (32,800 km2), mainly North and South Luangwa NPs and 
surrounding GMAs (DNPW, 2016). Important populations (~6400 
over 45,000 km2) also occur in the Kafue ecosystem, mainly (97 per 
cent) in Kafue NP (Busanga Plains, Chunga and Ngoma Headquarters, 
and areas adjacent to Mufunta and Kasonso Busanga GMAs; DNPW, 
2019). The Zambian section of the Lower Zambezi ecosystem hosts 
about 4800 buffalo over 2500 km2, with the bulk of the population (80 
per cent) located in Chiawa GMA (DNPW, 2016). Several other areas 
in the country host populations of a few hundred animals. East of the 
Kafue ecosystem, Kafue Flats wetlands (5600 km2: Blue Lagoon and 
Lochinvar NPs Kafue Flats GMA) host about 900 head (Shanungu et al., 
2015). West of the Luangwa Valley ecosystem, Bangweulu swamps host 
about 400 head (APN and DNPW, 2019). Finally, about 200 buffalo 
range in the Liuwa Plain NP and surrounding Upper West Zambezi 
GMA (APN and DNPW, 2020). To our knowledge, no recent infor-
mation is available on the populations located between lakes Mweru 
and Tanganyika in the north of the country, but the total population 
appears to be constant.

Zimbabwe
Cape buffalo are now exclusively located in large protected area com-
plexes in the northern (Northwest Matabeleland, Sebungwe region 
and Lower Zambezi Valley) and southern (South East Lowveld) sec-
tions of the country. During the period that covers the estimates of East 
(1998), the total number of buffalo was ~50,000. According to the most 
recent estimates, Zimbabwe currently hosts about 30,000–35,000 buf-
falo (Dunham et  al., 2015a, 2015b, 2015c; Cumming, 2016; Dunham 
and van der Westhuizen, 2018). The populations in the northern part of 
the country (about 15,000) are free-ranging in State-protected areas and 
communal land under the CAMPFIRE programme, while most south-
ern populations (about 18,000) are fenced-in within State and private 
land (commercial conservancies). The northern region faced a severe 
decline over the last 20 years (from about 42,000 in 2001 (Dunham 
et al., 2015a, 2015b, 2015c) to the present 15,000 head). In contrast, the 
numbers have been increasing in the southern section of the country. 
Three protected areas – Gonarezhou NP, Bubye Valley Conservancy 
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and Save Valley Conservancy – host two-thirds of the southern popula-
tions. There, buffalo recovered well from the devastating effects of the 
drought of 1992 (see East, 1998).

Trends in Abundance over the Last Decades
In this chapter, we have presented the most recent information available 
on the abundance and distribution of the African buffalo. We have also 
presented the trends observed where such information was available, 
usually at the local level. To do this, we drew on the published scientific 
literature, and collected and compiled a substantial amount of informa-
tion from the grey literature (unpublished reports). We also contacted 
numerous organizations and field experts, to whom we express our sin-
cere thanks (see below).

Although we believe that this synthesis is the most comprehensive to 
date, it is still not exhaustive. The puzzle remains especially incomplete 
in areas of ongoing or recent armed conflict, or in the large, often inac-
cessible areas of tropical forest where buffalo populations are small and 
diffuse. Consequently, the absence of buffalo sightings in a given area 
does not mean that buffalo are absent, but rather that no presence infor-
mation was reported to us despite our investigations and many queries 
in our network (AFbIG members and others). Conversely, sightings of 
buffalo in previously unrecorded areas (e.g. Congo Basin) are simply 
the result of access to previously unavailable information.

Making temporal comparisons is also complex because few protected 
areas are monitored on a regular basis using robust and standardized 
approaches. Access to information is also a challenge. Although most 
often funded by public bodies and/or intended for public bodies, wild-
life count reports are rarely published. Reports also rarely present dis-
aggregated data, making temporal comparisons by area difficult (e.g. 
abundance inside versus outside protected areas).

Despite these limitations, a brief summary of the situation and regional 
trends is presented below.

Savanna Buffalo

The savanna buffalo population is estimated in 2022 at over 595,000 
individuals, after deduction of the 75,000 buffalo under intensive private 
management in South Africa (q.v.; Table 4.1). Its abundance is roughly 
equivalent to that estimated 25 years ago (625,000) by East (1998). With 
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Table 4.1 Abundance of the savanna subspecies of the African buffalo (three 
savanna subspecies: brachyceros, aequinoctialis and caffer) based on the 
most recent data available and comparison with earlier global assessments.

East (1998) Cornélis et al. (2014) Cornélis et al. (2023)

S. c. brachyceros >20,000 >17,000 >20,500
Benin >2000 4600 8200
Burkina Faso 1600 5000 5300
Cameroon 3200 4000 2500
Gambia Ex Ex Ex
Ghana C 700 1400
Guinea V X X
Guinea-Bissau X U U
Côte d’Ivoire 8300 900 1500
Mali 120 Ex Ex
Niger 500 1200 1100
Nigeria >200 >170 X
Senegal >4000 460 500
Togo U/R X X

S. c. aequinoctialis >59,000 >23,000 >34,000
Central African 

Republic
19,000 4000 >4000

Chad 1000 8000 16,000
DRC 39,000 6000 9400
Eritrea Ex Ex Ex
Ethiopia X 4000 5000
South Sudan >100 U X
Sudan X
S. c. caffer >545,000 >447,000 >540,000
Angola <500 X X
Botswana 27,000 40,000 29,000
Burundi 500 Uk X
DRC No data 2000 600
Ethiopia 2300 3600 10,000
Kenya >20,000 >17,000 42,000
Malawi >3000 Uk 3000
Mozambique 10,000 23,000 45,000
Namibia 1000 6000 9000
Rwanda 1200 R 3500
Somalia U Uk X
South Africa 28,500 (*) 52,000 (**) 46,000 (***)
Eswatini U Uk R
Tanzania >342,000 >189,000 >240,000
Uganda >20,000 23,000 38,000
Zambia >40,000 >29,000 41,000
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an estimated population of over 540,000 individuals, the Cape buffalo is 
by far the most abundant subspecies (91 per cent of the total), far ahead 
of the West (>20,000; 3 per cent) and Central (>34,000; 6 per cent) 
African savanna buffalo; for the forest buffalo, we do not dare to make a 
numerical assessment.

Tanzania is the country where the Cape buffalo is the most abun-
dant, with an estimated population of over 240,000 individuals (44 per 
cent of the Cape buffalo subspecies), followed by South Africa (46,000), 
Mozambique (45,000), Kenya (42,000) and Zambia (41,000).

It is worth noting that four ecosystems contain more than 50,000 savanna 
buffalo. Three of these ‘5-star’ ecosystems are in Tanzania: the Serengeti 
Ecosystem (~69,000; ~24,000 km2), the Selous–Mikumi Ecosystem 
(~67,000; ~74,000 km2) and the complex composed by the adjacent 
Katavi–Rukwa and Ruaha–Rungwa Ecosystems (~53,000; ~83,000 
km2). The other ‘5-star’ ecosystem is the Kavango–Zambezi Transfrontier 
Conservation Area (KAZA, southern Africa; ~52,000; ~520,000 km2).

Despite the apparent constancy of Cape buffalo abundance on a global 
scale, contrasts appear on a national scale (Table 4.1). A comparison with 
estimates made 25 years ago (East, 1998) suggests that some national buf-
falo stocks have increased significantly, such as those of Namibia (+800 
per cent), Mozambique (+350 per cent), Ethiopia (+335 per cent), 
Rwanda (+190 per cent), South Africa (+60 per cent) and Uganda (+90 
per cent). In contrast, some national buffalo stocks have declined sub-
stantially, such as in Tanzania (–30 per cent) and Zimbabwe (–34 per 
cent). However, these trends should be treated with great caution given 
the biases associated with these estimates. In Ethiopia, for example, part 
of the increase in numbers is due to the discovery of buffalo outside their 
previously established distribution range.

East (1998) Cornélis et al. (2014) Cornélis et al. (2023)

Zimbabwe 50,000 63,000 33,000
Total >625, 000 >487,000 595,000

Legend: (C): Common; (Ex): Extinct; (R): rare; (U): uncommon; (Uk): unknown; 
(V): occurs only as a vagrant; (X): definitely present but abundance unknown; 
(*; **, ***): estimates excluding the 2500, 26,000 and 75,000 buffalo in game 
ranches/farms, respectively.

Table 4.1 (cont.)
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The same observation applies to the West African savanna buffalo. Despite 
a population apparently similar to that estimated 25 years ago, some coun-
tries have witnessed an increase in population (Benin: 310 per cent; Burkina 
Faso: 224 per cent; Niger: 127 per cent) and others a decrease (Senegal: –87 
per cent; Côte d’Ivoire: –82 per cent). The largest buffalo population is 
located in WAP Regional Park (28,350 km2), Benin, Burkina Faso, Niger. 
This complex comprises 3 National Parks (‘W’, Arly and Pendjari) and sev-
eral neighbouring trophy hunting areas, with a buffalo population estimated 
at about 15,000 individuals (Bouché et al., 2015; Ouindeyama et al., 2021). 
Secondary strongholds are located in Cameroon (Bouba Ndjidda–Bénoué–
Faro NP and neighbouring trophy hunting areas, ~2500), Ghana (Mole NP, 
~1400), Côte d’Ivoire (Comoé NP, ~1200) and Senegal (Niokolo–Koba 
NP, ~500) (see country sections for details).

Finally, the most worrying situation is probably that of the Central 
African savanna buffalo, which has nearly halved in abundance over 
the last 25 years. The collapse of the population in the Central African 
Republic (–80 per cent) has only been partially offset by the increase 
(albeit spectacular: +1600 per cent) in Chad (Zakouma NP), and to a 
lesser but promising extent by the recent recovery of populations in 
DRC (Garamba NP). Today, half of the residual population of this sub-
species is located in a single protected area (Zakouma NP).

Forest Buffalo

As pointed out above, estimating the abundance of forest buffalo is chal-
lenging, not to mention ascertaining a trend. Indeed, in dense tropical 
forest, populations are spatially dispersed, in small herds, in very dense 
habitats, and are distributed over a very large geographical area.

In the residual forest block of West Africa, we obtained very little 
information on the presence of the forest buffalo. The forest buffalo is 
restricted to limited and isolated patches of forest with small populations. 
In this circumstance, it is likely that forest buffalo in West Africa might 
be decreasing in much of its distribution range due to a combination of 
poaching for bushmeat trade, habitat loss and degradation.

In Central Africa, our investigations have shown that the forest buf-
falo is still well represented in areas with low human density, from the 
Atlantic coast to south-east Cameroon and up to the border of CAR and 
Republic of Congo, both in protected areas and adjoining logging and 
hunting concessions. Of the 235 locations of forest buffalo that we have 
collected in Central Africa during our review, 45 per cent are located 
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within the Greater TRIDOM-TNS, a vast contiguous block of mainly 
intact moist forest covering 250,000 km2 (11 per cent of Central African 
forest block) and straddling four countries (Cameroon, Central African 
Republic, Gabon and Republic of Congo; European Commission, 
2015). This vast area is thus probably the most strategic stronghold for 
the conservation of the forest buffalo in Central Africa.

Conservation Status, Challenges and Opportunities
The latest 10-year update of the conservation status of the African buf-
falo has led to its downgrading from ‘Least concern’ to ‘Near threatened’ 
(IUCN SSC Antelope Specialist Group, 2008, 2019). The African buffalo 
is therefore now placed at level 2 on a seven-step threat risk scale. As we 
have just seen, this global conservation status masks significant regional 
disparities that result from different combinations of environmental and 
human factors. In the following sections, we look at the main drivers of 
these contrasted trajectories. As both the West and Central Africa buffalo 
are globally confronted with similar factors (and are also very close from 
a genetic and phenotypic perspective, see Chapter 3), we have grouped 
them together in a single section called ‘northern savanna buffalo’.

Northern African Savanna Buffalo (S. c. brachyceros 
and S.c. aequinoctialis)

The current distribution area of the northern African savanna buffalo 
is very fragmented and most populations are located within a few pro-
tected areas. This situation is the consequence of a strong anthropic pres-
sure, in a context where poor soils limit biomass production (Chapter 5). 
The near extinction of the African buffalo in Nigeria, the most densely 
populated country in West Africa (Figure 4.11), is the culmination of 
similar processes taking place progressively throughout the region.

The protected areas in the savannas of West and Central Africa are 
particularly challenged by the increasing expansion of cash crops (e.g. 
cotton, groundnut) at their periphery, but also by the expansion of live-
stock husbandry. The massive movements of livestock in the immediate 
periphery and within protected areas has been a recurrent and growing 
problem in recent decades (Bouché et al., 2012; Aebischer et al., 2020). 
The increasing effective control of sleeping sickness (African trypanoso-
miasis) has facilitated the rising number of livestock (Gouteux et al., 1994; 
Cuisance, 1996; Reid et al., 2000; Courtin et al., 2010), the geographical 
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African buffalo abundance
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Afr. buffalo range (IUCN 2019)
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Figure 4.11 African buffalo distribution range in relation to human population 
density in 2020. Sources: Center for International Earth Science Information 
Network (2016) and IUCN SSC Antelope Specialist Group (2019).

range of which was previously greatly reduced to the benefit of trypano-
tolerant wild species such as the African buffalo (Chapter 9).

Against this backdrop, the conservation of wildlife in general and African 
buffalo in particular is highly dependent on effective governance and man-
agement systems. Unfortunately, in a global context of poverty, poor gover-
nance, insecurity, corruption and centralized management, most protected 
areas in West and Central Africa lack public and private investment (Scholte, 
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2022). This situation is amplified by the fact that protected area networks are 
globally oversized in Central Africa, which holds the world record for the 
highest number of protected areas over 10,000 km². For example, the com-
plex of protected areas in the north of Central African Republic (Manovo-
Gounda St Floris, Bamingui Bangoran and adjacent gazetted Trophy 
Hunting Areas) covers 42,000 km², which represents half of the size of 
the region (80,000 km²). Such conservation overstretches, when combined 
with one of the highest poverty levels in the world, poorly developed infra-
structure and massive and regular insecurity outbreaks, makes the conserva-
tion dilemma acute in Central Africa. In this context, it is estimated that 
West and Central African protected areas operate with 10 per cent of the 
resources needed for their sustainable management (Scholte, 2022).

Despite this bleak picture, targeted conservation efforts have managed 
to stabilize or even substantially increase buffalo populations in a few pro-
tected areas, today considered strongholds for biodiversity conservation in 
West and Central Africa. Over the last few decades, these protected areas 
have benefited from the support of public donors (such as the European 
Union or USAID). This support is now amplified by private investments 
in the form of public–private partnerships in the long term. The most 
striking example is the non-governmental organization (NGO) African 
Parks, which is successfully committed in long-term public–private 
conservation partnerships with governments in several countries such in 
Benin (Pendjari and W NPs), DRC (Garamba NP), Chad (Zakouma 
NP, Siniaka Minia Faunal Reserve and Aouk Aoukalé Faunal Reserve) 
and Central African Republic (Chinko Wildlife Refuge and Vovodo 
Hunting Area). It is also worth noting that protected areas organized 
in well-connected complexes with mixed management regimes (such as 
National Parks buffered and interconnected by functional trophy hunting 
areas) also tend to have stable buffalo populations (e.g. W–Arly–Pendjari 
complex or Bouba Ndjidda–Benoue–Faro complex).

So far, the strategy of focusing such conservation efforts over time on 
a few strongholds while waiting for better days is paying off. In this con-
text, supporting sustainably a few more relevant strongholds (in Senegal, 
Cameroon, South Sudan, Central African Republic or Ethiopia) would 
help secure northern savanna buffalo populations, and in turn, a rep-
resentative sample of ecosystems and species in this subregion. Once 
political stability is restored, regaining lost space around strongholds 
by diversifying conservation models (hopefully more participatory and 
inclusive) and restoring full sovereignty to national administrations seems 
the most realistic option to target (Scholte et al., 2022).
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Forest Buffalo (S. c. nanus)

In West Africa, habitat loss and degradation are major threats to forest buf-
falo. The Guinean forests that run from Sierra Leone to Cameroon cover 
approximately 93,000 km² of natural vegetation, which represents only 15 
per cent of its original cover (Mittermeier et al., 2005; Aleman et al., 2018).

The situation is less critical in Central Africa, which has historically 
been less disturbed, and where less than 9 per cent of the rainforest area 
has been lost since 2000 (Dalimier et al., 2022). However, since 2009, 
the annual rate of forest degradation has increased in all Central African 
countries. If the rate of forest degradation observed over the past 10 years 
continues, the Democratic Republic of Congo could lose 33 per cent of 
its undisturbed rainforest by 2050 (Vancutsem et al., 2020) as a result of 
agricultural expansion (Perrings and Halkos, 2015), infrastructure devel-
opment and extractive industries (Malhi et al., 2013).

Hunting for wild meat or bushmeat is also a threat to forest buffalo 
in West and Central Africa, where many rural populations depend on 
wildlife for meat (van Vliet et al., 2016). Although poorly assessed, sub-
sistence hunting and poaching are likely to have a strong impact on the 
forest buffalo insofar as the larger (and thus more profitable) species are 
generally the most sought after, especially when sold in big city markets. 
For example, buffalo meat was reported to be among the most expensive 
meat among ungulates in Bangui (Central African Republic; Fargeot 
et al., 2017) as well as in Kinshasa (DRC) and Brazzaville (Republic of 
the Congo; Gluszek et al., 2021).

Insecurity and the presence of armed groups are known to greatly 
amplify the pressure on forest buffalo, especially because military weap-
ons are more suitable for hunting buffalo than traditional 12-gauge guns. 
For example, poaching by armed groups during the periods of rebellion 
in Yangambi landscape (DRC) led to the complete extirpation of buf-
falo (van Vliet et al., 2018).

In West Africa, our investigations show that the forest buffalo are 
clearly dependent on conservation efforts (protected areas and wildlife 
laws) to prevent extinction. The lack of effective conservation measures 
currently leaves forest buffalo critically endangered. In contrast, the con-
servation status of the forest buffalo is less of a concern in Central Africa 
as it benefits from better preserved habitats and less anthropogenic pres-
sure, particularly West of the Congo basin. Several protected areas also 
benefit from long term public–private partnerships such as Nouabalé–
Ndoki and Odzala NPs in the Republic of Congo, or Salonga NP in the 
Democratic Republic of Congo (Scholte, 2022).
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Finally, although logging is often detrimental to wildlife because of 
easier access for poaching (Kleinschroth at al., 2019), it is likely that a 
moderate opening of the forest canopy allows the forest buffalo to access 
more profitable food resources, as shown for large primates (Bekhuis 
et al., 2008; Haurez et al., 2014). In this context, the developing forest 
certification in Central Africa opens up interesting conservation perspec-
tives for wildlife in general and for forest buffalo populations in particular.

Cape Buffalo (S. c. caffer)

Our investigations show that the conservation status of the African buf-
falo remains satisfactory in most of the countries in its geographical range. 
However, with a few exceptions, the Cape buffalo is now mainly con-
fined to protected areas. Despite increasing human pressure, the integ-
rity of protected areas is better respected in Eastern and Southern Africa, 
where conflicts and insecurity are less prevalent than in Western and 
Central Africa. The Cape buffalo populations also globally benefit from 
better soils conditions, particularly in East Africa where volcanic soils 
provide more profitable forage (Chapter 5). However, eastern and south-
ern Africa are subject to severe droughts that have repeatedly affected 
buffalo populations in recent decades (Prins and Sinclair, 2013; Cornélis 
et al., 2014). In a context where the frequency and amplitude of these 
events could increase in the near future due to climate change, buffalo 
populations – a water-dependent species – could be strongly and durably 
affected in Eastern and southern Africa and beyond (Sintayehu, 2018).

The good conservation status of the fauna in general and the buffalo 
in particular has made it possible for several countries to develop a thriv-
ing industry based on nature tourism (viewing and hunting; Chapter 
16). In addition, the successful development of community-based natural 
resources management (CBNRM) programmes since about 25 years in 
several countries of the Cape buffalo range is to some extent respon-
sible for the rather good conservation status of the subspecies in the two 
regions, for example the CAMPFIRE programme in Zimbabwe; Game 
Management Areas in Zambia; communal conservancies in Namibia; and 
Wildlife Management Areas in Tanzania. The role of Trophy Hunting 
Areas is often overlooked in the success of wildlife management, espe-
cially buffalo. The private ownership of buffalo in game ranches and 
the private management of buffalo in trophy hunting areas are power-
ful drivers of thriving buffalo populations (Chapter 16). Many National 
Parks of the Eastern and southern regions are embedded in networks of 
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Trophy Hunting Areas (another category of Protected Areas) func-
tioning as buffer zones and socioecological corridors between National 
Parks. Such complexes make much stronger conservation tools than iso-
lated National Parks. Within this context, mass translocation has become 
a common tool for wildlife management in southern Africa for either 
reintroduction of the species or reinforcement of small populations. A 
striking example is Mozambique, where large buffalo herds thriving in 
trophy hunting areas within the Marromeu complex and Niassa Special 
Reserve were translocated to Gilé and Zinave National Parks.
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massive 1998 assessment not only for buffalo but for all African antelopes. It 
took us two years thanks to modern technology, whereas Rod needed 15. 
We dedicate this chapter to the memory of Rod, who was honoured with 
the Sir Peter Scott Award for Conservation Merit shortly before he died. 
More importantly, his work now allows us to assess in which countries 
conservation of buffalo works, and where it does not. Indeed, humans may 
need awards but buffalo need protection: thank you, Rod!
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Part II 
Ecology
H. H. T. PRINS

Introduction
When satellite technology became widely available, many animals stud-
ied revealed surprising behaviour and showed up in unexpected places. 
Likewise, modern genome studies on kinship relations show that the 
spreading of genes cannot easily be explained by visual observation. 
This raises the question whether erstwhile interpretations of animal 
movements and social organization stand the test of time. Dispersal (the 
movement of individuals away from their place of birth) is an influential 
life-history trait that alters the spatial distribution of species, individuals 
and, if followed by reproduction, alleles. Knowledge of dispersal behav-
iour, in terms of frequency, distance and direction, is essential for under-
standing population dynamics, structure and genetics, but can one-time 
deductions on social structure still be trusted? Likewise, can satellite-
derived observations be trusted? Indeed, satellite-based remote sensing 
(RS) interpretations of vegetation and vegetation change over time are 
notorious for their dependency on underlying (often poorly known) 
algorithms. While RS specialists are mostly aware of the pitfalls, ecolo-
gists are not and merrily draw conclusions where RS specialists caution 
care. Since the beginning of modern ecology in the 1960s, African buf-
falo have been subject to observational studies, but the technologies that 
have been developed since the 1990s seem to question older interpreta-
tions. In this section, we examine the idea that buffalo may be migratory 
in some places. Older literature also showed this, but the deployment of 
GPS collars appears to reveal even more migratory behaviour.

The same GPS-collaring data may also lead to a different interpreta-
tion of the social organization of buffalo than previously posited. In that 
case, genetic data (see Part I) also appear to underpin the notion that 
buffalo may be less of a herding species, in which females live their lives 
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in cohesive societies that undergo fission–fusion processes, than earlier 
interpretations indicated, but show more fluidity and less natal philopa-
try. It is of great importance to validate the GPS-based data. From other 
extensive data analyses on these types of data, we know that data clean-
ing is essential before one interprets GPS data, and we thus recommend 
that analyses of these types of data have a clear description of how raw 
data were transposed into the data used for the analyses. Compared to 
past literature, much more attention has been given in recent papers 
to the justification of the statistical methods used. Reliance on mod-
ern technology should lead to a similar openness about how data are 
acquired. Data handling may affect the trustworthiness of conclusions, as 
was demonstrated so aptly in climatology when the Antarctic ozone hole 
was erased from the data.

In the same vein, not enough is yet known about the effects on buf-
falo physiology, brain processes and behavioural (ab-)normality of chas-
ing, darting and immobilizing African buffalo. The chapters presented 
are unique in the sense that we bring together for the first time ecolo-
gists, students of behaviour, animal handlers, veterinarians and physi-
ologists in the hope that they all can learn from one another. We, as 
editors, thus hope that the disciplinary knowledge from these different 
specialities percolate into a fuller understanding of the technologies that 
(field) scientists use, so that they can draw well-informed conclusions on 
African buffalo.

This is also shown in the chapter on population dynamics. It is not 
easy to make a good life table of a species if there are no hard and fast 
rules to establish age estimates of individuals. Nor is it easy to apply 
mathematical models if one does not fully grasp the underlying assump-
tions. And if these assumptions do not incorporate the reality of the 
African savannas, with their recurrent droughts and permanent non-
equilibrium states, then completely erroneous estimates of safe harvest-
ing rates, not to mention estimates of ‘maximum sustainable offtakes’, 
could easily be made. Indeed, the latter concepts hail from environments 
where equilibrium dynamics govern systems and populations show a 
stable population structure; for African buffalo, that would appear to be 
another universe.

Diving deeper into evolutionary time, this section also provides a 
podium to discuss how to deal with the considerable morphological 
variation displayed by African buffalo. Through the simple mechanism 
of isolation by distance (see Part I), one might expect variation from 
a species with such an enormous geographical range, but neither the 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Part II: Ecology · 131

editors nor any of the authors advocate for the resurrection of ‘micro-
species’ as were exuberantly discerned in the 1930s and again even more 
recently. If for conservation reasons (and not for postage stamp collect-
ing) different forms need to be identified, then the smallest number of 
‘subspecies’ that can be discerned on ecological and genetic grounds 
appears to be three (the northern savanna buffalo, the forest buffalo and 
the Cape buffalo). Ecologically speaking, they live under quite different 
natural selection pressures. These can be translated into different con-
servation challenges. It is too early, however, to translate these into us 
being able to precisely formulate differences in management challenges 
for the three different forms. Apart from the economic, financial and 
game handling challenges (Part IV), the lack of knowledge on African 
buffalo physiology (including thermal stress and precise food require-
ments) and its three ‘subspecies’ continues to prevent management based 
on science. As demonstrated by the chapters in this section, knowledge 
on the ecology of this fascinating species continues to widen. We cer-
tainly have made progress since M. Taute published his work in 1913 
and F. Vaughan-Kirby in 1917, but when one century of research can be 
summarized in less than 100 pages, we think there is still much to learn.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


5 · Habitat, Space Use 
and Feeding Ecology of 
the African Buffalo
R. TAYLOR, E. BENNITT, R. FYNN, 
L. KORTE*, R. NAIDOO, A. ROUG AND 
D. CORNELIS

Introduction
Spatial distribution and movement patterns of wild ungulates are strongly 
dependent on the spatial and temporal heterogeneity of biotic and abi-
otic resources (Bailey et al., 1996; Fryxell et al., 2004). In most African 
ecosystems, feeding, drinking and resting places are subject to high sea-
sonal variability and can be spatially segregated at certain times of the 
year. In this context, animals adopt space-use, movement and activity 
strategies that allow them to minimize detrimental effects of the main 
limiting factors to reach, at different scales, suitable trade-offs between 
several constraints and needs that must be addressed simultaneously 
(Godvik et al., 2009; Massé and Côté, 2009).

Ungulates, like the vast majority of higher vertebrates, do not move 
erratically through the environment, but restrict their movements to 
sites much smaller in size than their locomotion capabilities allow, and 
which they mostly exploit over a long period. Based on this, Burt (1943) 
conceptualized the concept of home range as ‘the area traversed by the 
individual in its normal activities of food gathering, mating, and caring 
for young’. The home range is thus the spatial result of the movements 
and behaviours that an individual (or a social group) expresses at differ-
ent spatiotemporal scales to survive and reproduce, in other words to 
maximize its (their) selective value. The home range is a central concept 

 * The views expressed are solely those of the authors and do not necessarily represent the views 
of the institutions represented.
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in ecology because it materializes a link between the movement of an 
animal and the resources necessary for its survival and reproduction.

In this chapter, we present the current state of knowledge on the space-
use and feeding ecology of the African buffalo. This chapter also intro-
duces some behavioural traits required for the comprehensiveness of this 
chapter, and which are further developed in other chapters. Most of what 
we know today about the behavioural ecology of savanna buffalo comes 
from studies focused on the Cape buffalo. In contrast, the ecology of the 
West and Central African savanna buffalo remains thus far poorly inves-
tigated. For this reason, and because several behavioural traits are similar 
within savanna buffalo subspecies, we present all savanna subspecies in 
one section, while the forest buffalo is the subject of a separate section.

Habitat
African buffalo live in a wide range of habitats, from open grasslands 
to rainforests, including all intermediate vegetation types: scrublands, 
woodlands and deciduous forests. African buffalo persist in semi-arid 
environments, as long as surface water is available within 20–40 km, year 
round (Cornélis et al., 2014).

Biomass or production of savanna ecosystems, such as buffalo popula-
tions, is positively correlated with mean annual rainfall and the soil qual-
ity (Coe et al., 1976; Sinclair, 1977; Grange and Duncan, 2006; Winnie 
et al., 2008). In similar water regime conditions, the nutrient content 
of vegetation and primary production are much lower on poor than on 
rich soils (Breman and De Wit, 1983; Le Houérou, 2008). The low bio-
mass of wild ungulates in savanna ecosystems of West Africa (compared 
to those of volcanic areas in East Africa) mainly results from poorer soil 
conditions (Bell, 1982; East, 1984; Fritz, 1997).

Savanna Buffalo

Savanna buffalo are mainly found in habitats with a high herbaceous 
biomass. In eastern and southern Africa, suitable grasses for Cape buffalo 
are found in several types of woodland, such as mopane (Colophospermum 
mopane), miombo (Brachystegia spp.), acacia (Acacia spp.) and Baikiaea spp. 
In West and Central Africa, savanna buffalo live in a variety of habitats 
ranging from typical Sahelian shrub savannas (Combretum spp., Terminalia 
spp, Acacia spp.) to Sudanian woodlands (e.g. Isoberlinia doka, Daniellia 
oliveri, Burkea africana).
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Forest Buffalo

Forest buffalo are forest-dwellers, inhabiting rainforests with grassy 
glades, watercourse areas and mosaics of equatorial forests and savannas. 
This subspecies is absent (or present at very low densities) in continuous 
forests (Blake, 2002; Melletti, Penteriani and Boitani, 2007; Melletti, 
2008).

Suitable habitats for forest buffalo are mosaics of forest with equato-
rial savannas or clearings, which consist of grassy vegetation and shrubs 
(Reitsma, 1988; Blake, 2002). Blake (2002) at Noubale–Ndoki National 
Park (NP) found high buffalo abundance close to open grassy areas with 
low abundance in the closed canopy forest, suggesting it is unsuitable 
for forest buffalo. A significant relationship between buffalo and natural 
forest clearings was also reported at Dzanga–Ndoki NP, where clearings 
were the centre of buffalo home ranges. In addition, no signs of buffalo 
presence were recorded over 500 m from clearings (Melletti, Penteriani 
and Boitani, 2007; Melletti 2008). In Cameroon, buffalo rarely pen-
etrated into the forest more than 300 m from logging roads, which were 
the main feeding sites for buffalo (Bekhuis et al., 2008).

Behaviour

Savanna Buffalo

African savanna buffalo are gregarious animals living in herds, and core 
members include adult females, subadults, juveniles and calves. Young 
females are known to maintain post-weaning bonds with their mother 
until the birth of their first calf, and probably longer. In contrast, young 
males gradually become independent, and are likely to form subadult 
male groups within the mixed herd. At the age of about 4–5 years (occa-
sionally earlier), the males temporarily leave the herd to form bachelor 
groups of 2–20 individuals (sometimes more). The elder males (from 
about 10 years) sometimes permanently leave the herd, but this behav-
iour is not systematic (Sinclair, 1977; Prins, 1996). Adult males com-
peting for females leave the herd once their body condition decreases. 
Bachelor groups spend more time foraging and recover physical con-
dition by foraging on patches of habitat too small and sometimes too 
risky for the herd, such as dense riparian woodland (Prins, 1996; Turner 
et al., 2005; see Chapter 6 for more details).

Savanna buffalo herd size varies across their distribution from as few 
as 20 to as many as 2000 individuals in the floodplains of eastern and 
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southern Africa (Sinclair, 1977; Prins, 1989, 1996). In West Africa (WAP 
Regional Park), the mean herd size was about 45 individuals when 
excluding bachelor males, and the largest herds were estimated to con-
tain about 150 individuals (Cornélis et  al., 2011). Similar figures were 
reported for Central African savanna buffalo, except in floodplain areas 
such as Zakouma NP (Chad), where herds up to 800 individuals were 
observed (D. Cornélis, personal observation).

Forest Buffalo

Forest buffalo form small and stable herds of 3–25 individuals (Melletti, 
Penteriani, Mirabile and Boitani, 2007; Korte, 2008b; Melletti, 2008). 
Herds generally comprise several adult females with their young and 
one or two bulls (Dalimier, 1955; Blake, 2002; Melletti, Penteriani and 
Boitani, 2007). In Lopé National Park, Gabon, the mean group size for 
the 18 herds was 12 ± 2 (range of means = 3–24; Korte, 2008a). Larger 
herds were shown to contain a higher proportion of open habitat within 
their home range.

Although observations of solitary individuals (males and females) were 
reported, there is no evidence of the occurrence of sexual segregation in 
herds. Males apparently access profitable resources all year long and do 
not leave the mixed herds to form bachelor groups.

Home Range and Movements
The African buffalo is generally considered a sedentary species. In buf-
falo, home range (HR) size and movements (either seasonal or daily) are 
related to the spatiotemporal distribution of key resources. As pointed 
out previously, space use tends to be largely constrained by access to 
water in most study locations.

Savanna Buffalo Subspecies

Savanna buffalo herds exhibit HRs that generally range between 50 and 
350 km2 (see Table 6.1 in Chapter 6). The larger HRs are generally 
observed in areas where resources are spatially segregated, which forces 
herds to undertake seasonal movements (see below). In contrast, males 
living in bachelor groups use smaller patches of habitat and form smaller 
HRs (0.5 and 4 km2; Grimsdell, 1969; Sinclair, 1977; Taylor, 1985; 
Naidoo et al., 2012a).
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In some systems, the HR size of mixed herds increases during the 
rainy season and decreases during the dry season (Naidoo et al., 2012b; 
Roug et al., 2020). During the rainy season, forage and water are abun-
dant across the landscape and herds can move freely to find productive 
areas, whereas water availability often limits movement during the dry 
season, constraining buffalo to areas close to permanent water sources. In 
other systems that either have abundant natural surface water or extensive 
man-made water networks, buffalo HR sizes will increase during the dry 
season as they search for optimal foraging grounds (Ryan et al., 2006).

Some buffalo populations migrate between seasonal HRs (Cornélis 
et al., 2011; Bennitt et al., 2016; Sianga et al., 2017), although the exact 
migration pattern is not always consistent across years (Roug et al., 2020). 
Some buffalo populations were shown to undertake partial migration, 
meaning that within a group (or subpopulation), some will be migrant 
and others resident (Cornélis et al., 2011). Some groups exhibiting inter-
mediate or partially migratory behaviour were qualified as ‘expanders’ 
(Naidoo et al., 2012b).

Naidoo et  al. (2014) report several seasonal movements of buffalo 
from the Kavango–Zambezi Transfrontier Conservation Area (KAZA 
TFCA) that are the longest documented distances for this species. A 
female collared on the Kwando River floodplains in Namibia dur-
ing the dry season moved 87 km west along the Caprivi Strip before 
returning to her dry season range, a round trip journey of >170 
km. The following wet season, she again moved ~87 km south into 
Botswana, before returning to the same dry season range for a different 
>170 km journey.

The most frequent pattern of buffalo seasonal movements is the use of 
extensive upland woodland and savanna systems during the wet season, 
which support more abundant high-quality grasses. Once grasses and 
waterholes in wooded savannas have dried out, buffalo move to lowland 
habitats, such as extensive wetlands, riparian areas and lake shore grass-
lands where sufficient soil moisture for plant growth and green forage 
persists into the dry season (Vesey-FitzGerald, 1960; Taylor, 1985; Prins, 
1996; Cornélis et al., 2011; Sianga et al., 2017). During drought years, 
buffalo resort to eating more productive and less digestible forage in the 
form of tall robust grasses and sedges and even reeds. They will resort 
to browsing in the absence of sufficient grass (Jarman and Jarman, 1973; 
Stark, 1986).

For example, in Ruaha National Park (Tanzania), Cape buffalo 
showed strong association with habitats near dry season water sources, 
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whereas they were distributed widely across the park during the wet 
season (Roug et al., 2020). As cool drier seasons advance, herds may 
move progressively towards localized concentrations of remaining 
 suitable grazing resources and water supplies, with increasing herd 
size.

In W Regional Park (Burkina Faso, Benin, Niger), the movements of 
seven West African savanna buffalo breeding herds were monitored using 
GPS collars (Cornélis et al., 2011). In the dry season, herds were shown 
to range close (within 5.3 ± 2.0 km, mean ± SD) to segments of perma-
nent rivers. At the onset of the monsoon rains, all herds but one (which 
had year-round access to suitable resources along the Niger River) per-
formed a larger (35 ± 10 km) south-west movement in response to a 
large-scale directional gradient of primary production. Furthermore, the 
establishment of wet season HRs appears conditioned by a threshold 
(~10 per cent) in the availability of perennial grasses, underlining the key 
role played by this resource for buffalo.

This was also observed for wet season ranges of buffalo in northern 
Botswana, where buffalo favoured areas >15 km from permanent water 
that have the highest cover of high-quality perennial grasses (Sianga 
et al., 2017). This is likely because leafy perennial grasses facilitate maxi-
mum intake for a large-bodied herbivore that relies on a tongue-sweep 
strategy to increase bite size.

Several recent studies based on GPS tracking have highlighted the 
occurrence of one-way movements over long distances, akin to disper-
sion. In the KAZA TFCA, two GPS-tracked females (among 30 females 
and five males tracked) undertook a long-range (~200 km) dispersal from 
the Kwando and Kavango Rivers in Namibia towards the Okavango 
Delta (Naidoo et al., 2014). In the Great Limpopo TFCA, a total of 66 
GPS collars were deployed during 2008–2013 on females (47 adults, 19 
subadults; Caron et al., 2016). Among this sample, three subadults were 
reported to leave the HR of their herd and disperse over 90 km.

Perhaps the most remarkable long-range movements came from 
female adult animals tagged in Mahango National Park, Namibia that 
exited via a break in the park fence in 2011. Numerous sightings of these 
animals suggest they moved as a group from north-eastern Botswana into 
Khaudum National Park. From there, the animals split into two groups, 
with one group observed in Angola near the Kavango River, around 250 
km from where they had been ear-tagged. Another ear-tagged animal 
was eventually shot in an agricultural area in the Otjozondjupa Region 
in central Namibia. This location was a staggering 500 km from where 
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she was tagged, far outside what is considered current buffalo range in 
Namibia (Martin, 2002).

Although the occurrence of large-amplitude dispersions is probably 
inherent to the spatial behaviour of some buffalo, it cannot be excluded 
at this stage of knowledge that some of these movements result from 
disorientation due to the anaesthesia required to fit the GPS collars.

Forest Buffalo Subspecies

HR data are limited for forest buffalo because there are few sites where 
direct observation is possible due to the forest habitat and the animal’s elu-
sive nature (Blake, 2002; Melletti, Penteriani, Mirabile and Boitani, 2007; 
Korte, 2008b). Melletti, Penteriani, Mirabile and Boitani (2007) report 
an HR of 8 km2 for a herd of 24 buffalo at Danzga-Ndoki NP (Central 
African Republic). Based on seven radio-collared adult female forest buf-
falo at Lopé National Park, Gabon, over a two-year period (2002–2004), 
HRs of female forest buffalo averaged 4.6 km2 with little HR range over-
lap (Korte, 2008b). Space use within HRs varies with season, with a pref-
erence for marshes during the wet season (September through February) 
and for forest in the dry season (March through August).

Forest buffalo HRs are thus much smaller than those of the savanna 
subspecies. It is likely that this pattern, common to all studies, results 
from the spatial arrangement of suitable resources in dense tropical for-
est, but also to less pronounced seasonality of the environment.

Activity Patterns
African buffalo display a large array of activity modes, including feeding, 
resting/ruminating, relocating between foraging areas, vigilance, wal-
lowing and drinking. The relative proportions of these activity modes 
are mainly driven by spatiotemporal changes in the quality and avail-
ability of resources, interspecific competition, weather conditions and 
predation pressure (Sinclair, 1977; Prins, 1996; Ryan and Jordaan, 2005; 
Owen-Smith et al., 2010).

Savanna Buffalo Subspecies

Daily Movements
Previous investigations on the daily movement rates of buffalo herds (based 
on short-term sampling, radiotelemetry or path retracement) reported 
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contrasted results. Taylor (1989) reported mean distances moved over a 
24-hour period of <4 km compared to >6 km elsewhere (Sinclair, 1977; 
Conybeare, 1980). These authors reported that proximity of both food 
and water influence movements, and that bachelor males tend to move 
much less than herds. In South Africa (Kruger NP), buffalo herds were 
estimated to move 3.5 km per day during the dry season and 3.1 km dur-
ing the wet season (Ryan and Jordaan, 2005). In contrast, in Cameroon 
(Benoué NP), Stark (1986) estimated a buffalo herd to travel on average 
7.2 km per day during the rainy season and 5.6 km during the dry season.

More recently, Cornélis et al. (2011) showed that GPS-tracked adult 
female savanna buffalo (n = 7) in West Africa (W Regional Park) trav-
elled on average 6.5 ± 0.5 km (mean ± SD) per day at an annual scale. 
Analyses showed no significant differences between herds. In contrast, 
analyses at a subannual scale globally emphasized interesting trends in 
movement speed. Daily speed peaked around the dry–wet season transi-
tion (8.4 ± 0.5 km), either during the late dry season phases or during 
the early wet season phases. Minimum daily values (4.8 ± 0.4 km) were 
observed in most herds during the phases corresponding to the late wet 
season or just after. The daily movement speed thus followed in all herds 
a decreasing pattern between dry–wet and wet–dry season transitions.

Similar patterns were reported in Ruaha NP, where daily movements 
of GPS-tracked herds averaged 4.6 km with the longest distances (mean 
6.9 km) travelled during November at the end of the dry season and 
beginning of the wet season. The shortest daily distances (mean 3.6 km) 
travelled occurred in the wet season in April–June (Roug et al., 2020).

Grazing and Ruminating
Ruminant ungulates such as buffalo spend a large proportion of their 
time feeding, and must additionally allocate time to ruminating, which 
results in an overall total time (feeding + ruminating) of 70–80 per cent 
(Beekman and Prins, 1989; Prins, 1996). In savanna buffalo, most stud-
ies report feeding time accounting for 35–45 per cent of the 24-hour 
activity budget (Grimsdell and Field, 1976; Sinclair, 1977; Mloszewski, 
1983; Stark, 1986; Prins, 1996; Winterbach and Bothma, 1998; Ryan and 
Jordaan, 2005; Bennitt, 2012).

Grazing most often takes place in the early morning and late after-
noon, and during the first half of the night, suggesting that buffalo cease 
feeding during the hottest part of the day and during the coolest part 
of the night for thermoregulation purposes. Note that an exception to 
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this feeding pattern was observed at Lake Manyara NP (Tanzania), with 
the main grazing bout occurring between 10:00 and 14:00 hours (Prins, 
1996). In most studies, buffalo herds appear to spend an equal or greater 
proportion of time feeding at night than during the day (Sinclair, 1977; 
Taylor, 1985; Prins and Lason, 1989; Ryan and Jordaan, 2005). At a 
seasonal scale, most authors reported a trend towards more time spent 
feeding in the dry than the wet season in response to lower vegetation 
quality and quantity and decreased intake rates. Other modes of activ-
ity such as resting, rumination and vigilance are not mutually exclusive, 
thus making it hard to individualize ratios and to compare across studies.

Most studies reported average rumination times of around 30–35 
per cent of the 24-hour activity budget (Sinclair, 1977; Prins, 1996; 
Winterbach and Bothma, 1998; Ryan and Jordaan, 2005). Seasonal 
trends in rumination time are the subject of debate; Sinclair (1977) 
reported that buffalo spend more time ruminating during the dry season, 
whereas Beekman and Prins (1989) found the opposite.

Thermoregulation
Buffalo generally cease feeding during the hottest part of the day and 
during the coolest part of the night for thermoregulation purposes. 
During the hottest hours of the day, mixed herds generally seek shade 
(Sinclair, 1977). Contrary to females and young, males generally wallow 
during the hottest time of the day for periods lasting up to three hours. 
This practice is more effective in temperature regulation than the use of 
shade (Sinclair, 1977).

In West Africa (WAP Regional Park), the daily activity patterns of 
buffalo herds were explored using biorhythm indices derived from GPS 
location data and activity sensors (Cornélis et al., 2011). At a daily scale, 
herds were equally active during night and day, and were mostly cre-
puscular, with two main active periods per day (dawn and dusk). Buffalo 
rested during the hottest hours of the day, and the duration of the rest-
ing bout was particularly marked during the hot dry season (Figure 5.1; 
Cornélis et al., 2014).

Water Resources and Drinking Activity
In many savanna regions of Africa, pronounced seasonal variability in 
rainfall results in wildlife being restricted to floodplains and other habi-
tats adjacent to permanent surface water in the dry season. Nearly 100 
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per cent of the biomass density of large water-dependent grazing herbi-
vores has been found within a 15 km radius from surface water (Western, 
1975). Nevertheless, while rarely quantified, ephemeral water sources far 
from permanent surface water also allow wildlife to exploit forage and 
other resources further afield, influencing their distribution, abundance 
and movement (Naidoo et al., 2020; Rumiano et al., 2021).

African buffalo are water-dependent: they can sweat profusely (Taylor, 
1970), the water content of their faeces is high (about 80 per cent: Prins, 
1996) and their body water turnover rate is high (King, 1979). They have 
to drink at least every two days, taking about 45 litres daily, and they are 
not able to survive on the moisture content of their food (Prins, 1996).

Previous studies on drinking reported contrasted hourly patterns. 
In Hwange NP (Zimbabwe), equipped with pumped artificial surface 
water supplies, Weir and Davidson (1965) found during the dry season 
that buffalo drank in the late afternoon (16:30–20:00) with a shorter 
peak early in the morning (08:30–10:30). In Kruger NP (South Africa), 
Ryan and Jordaan (2005) found two main periods of diurnal drinking 

Figure 5.1 Average daily activity of a buffalo cow tracked in the WAP transfrontier 
conservation area (Burkina Faso, Benin, Niger) from March 2007 to February 
2008 (using temperature and activity sensors embedded in the GPS collar). The 
first peak of activity started at dawn and the second finished after dusk, both 
lasting on average about 3–4 hours. Source: Cornélis, D. (2011). Ecologie du 
déplacement du buffle de savane ouest-africain (Syncerus caffer brachyceros). PhD, 
Université de Montpellier 2, Montpellier.
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(the early morning and mid-morning) and their observations suggest 
more time devoted to drinking during the day than at night. In contrast, 
Winterbach and Bothma (1998) found in Willem Pretorius game reserve 
(South Africa) that buffalo drank in the early afternoon. Grimsdell and 
Field (1976) also found that herds in Rwenzori NP (Uganda) drank in 
the mid-morning. In one study, buffalo were shown to modulate hourly 
drinking patterns according to the risk of predation by preferentially 
avoiding waterholes during high-risk hours of the day (dawn and dusk), 
when lions were likely to be in their vicinity (Valeix et al., 2009).

A detailed analysis of drinking behaviour was reported by Taylor (1989) 
in Matusadona NP (Zimbabwe), where Lake Kariba provides permanent 
water supplies for buffalo, in addition to seasonal rivers and pans that hold 
water in pools. During the hot dry season, herds drank once during the 
daytime, either around midday or between 16:00 and 19:00. The average 
drinking time took 20 minutes. In the wet season buffalo herds were a 
greater distance away from permanent water (mean 2.8 km) than during 
the dry season, when the mean distance from permanent water was 1.3 
km. The converse held for seasonal water supplies. Buffalo herds were 
closer to these (1.5 km) in the wet season but further away in the dry 
season (2.4 km). This is to be expected because buffalo disperse during 
the wet season when abundant food and water resources are widespread, 
but concentrate on the lakeshore during the dry season where the only 
readily available food and water resources are present (Taylor, 1989).

For bachelor males, over 50 per cent of drinking bouts occurred 
between 10:00 and 14:00 with a peak from 11:00 to 12:00. Males drank 
throughout the day from before 06:00 until 20:00 and in the early 
morning hours at 02:00–03:00 (Taylor, 1989). During the wet season an 
individual may drink 2–3 times from the lake’s edge, but usually once 
in the morning and once in the afternoon. During the cooler months, 
drinking during the day usually occurred only once, either late morn-
ing or at midday. As the hot season progressed, the number of drinking 
bouts increased to two or three in the morning and afternoon. Drinking 
bouts for individual males were, on average, of 1–3 minutes’ duration.

Overall, however, in the literature reviewed, there appears to be no 
clear seasonal trends in drinking frequency among savanna buffalo.

Forest Buffalo Subspecies

Much less is known about the movement and activity of forest buffalo 
compared to savanna populations. In Dzanga–Ndoki NP (Central African 
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Republic), a study of a single buffalo herd showed that daily distances 
travelled by buffalo were generally very short (i.e. 500–1500 m) and were 
mainly restrained to clearings and surrounding areas (Melletti, 2008). The 
maximum distance travelled during a 24-hour tracking period was about 
4000 m. Like savanna buffalo, forest buffalo wallow in the late after-
noon; however, they spend more time in wallows during the dry season 
(Melletti, Penteriani, Mirabile and Boitani, 2007; Korte, 2008a).

Feeding Ecology
Buffalo are ruminants, essentially feeding on grass and roughage. This 
species is capable of subsisting on pastures too coarse and too tall for 
most other herbivores (Bothma, 2002), and as a ‘bulk grazer’ they ingest 
around 2.2 per cent of their body mass daily. This represents on average 
6.5 kg for a forest buffalo of 300 kg, 11 kg for a West or Central African 
buffalo of 500 kg and 15 kg for a Cape buffalo of 700 kg.

Buffalo are very efficient grazers (their adapted dentition and a mobile 
tongue allowing the ingestion of high quantities of grass in a short 
amount of time). Optimal feeding conditions for buffalo prevail when 
the grass forms swards and leaf heights reach and exceed 10 cm, as in 
flood plains or in forest glades (Prins, 1996). However, buffalo cannot 
cut pastures as short as other species. The African buffalo thus occupies 
an important niche, opening up habitats that are preferred by short-grass 
grazers (Prins, 1996; Estes, 1991). Their primary competitors are cattle 
Bos taurus, African elephant Loxodonta africana, plains zebra Equus quagga 
and wildebeest Connochaetes taurinus (Sinclair, 1977; de Boer and Prins, 
1990; Plumptre and Harris, 1995; Prins, 1996).

Savanna (Cape, West and Central African) Buffalo

In savanna buffalo, optimal dietary conditions occur during the rainy 
season, while the end of the long dry season is a period of food scarcity 
(both in quantity and quality; Prins and Sinclair, 2013). Detailed diet 
studies conducted in eastern and southern Africa indicated that buffalo 
are resource limited and constrained by a minimum dietary protein con-
centration of 7–8 per cent to make fermentation in the rumen pos-
sible (Sinclair, 1977; Prins, 1996). In such a situation, buffalo thus face 
a trade-off of quality and quantity in obtaining an appropriate protein-
to-fibre ratio in their diet (Redfern et  al., 2006; Ryan et  al., 2012). 
During the dry season, savanna buffalo are generally forced to become 
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more selective, and to partially switch their diet to browse (see below). 
Despite this, buffalo were reported to live at or below nitrogen require-
ments for prolonged periods, accounting for visibly losing body condi-
tion (Prins, 1989; Ryan, 2006; Ryan et al., 2012). In natural ungulate 
communities, the regulation of populations is driven by two processes: a 
control by available food resources (‘bottom-up regulation’) on the one 
hand, and a control by predation (‘top down’ regulation) on the other 
(Hunter and Price, 1992). In the case of savanna buffalo, most authors 
agree that resources play a dominant role in the regulation of populations 
(Sinclair et al,. 2003; Hopcraft et al., 2010).

There is moderate consensus in feeding studies on Cape buffalo about 
the preferred grass species. Usually species that are avoided contain low 
nutritious quality or the presence of aromatic oils (Prins, 1996). During 
the dry season, usual food resources are of poor quality, due to lignifica-
tions and high standing biomass. During this period, floodplain species 
(e.g. Leersia hexandra) and riverine forest species (e.g. Setaria sphacelata) 
become important. In areas with upwelling groundwater, species such 
as Cyperus laevigatus may also form a mainstay in the dry season (Prins 
and Sinclair, 2013). Buffalo prefer grasses such as Cynodon dactylon, but 
may also eat broad-leaved grasses, such as Panicum maximum. Sinclair, in 
the Serengeti, reported that buffalo preferred soft, nutritious grass such 
as Digitaria macroblephora. Although there is little information on seasonal 
changes on diet, Sinclair (1977) analysed stomach contents and showed 
that Cape buffalo select more grass leaf at the end of the rainy sea-
son. Finally, Taylor (1985) found that grasslands dominated by Panicum 
repens were the best habitat on the shores of Lake Kariba (Matusadona 
NP, Zimbabwe). In Cape buffalo, the diet of the different age/sex classes 
does not appear to differ and dry matter food intake ranges between 1.2 
per cent and 3.5 per cent of body mass, similarly to other ruminants, but 
subject to food quality (Sinclair, 1977; Prins and Beekman, 1989).

Few studies investigated the feeding ecology of West and Central 
African buffalo. In West Africa (WAP Regional Park), habitat selection 
analysis emphasized the importance of perennial grasses (e.g. Andropogon 
gayanus; Cornélis et al., 2011). In this study, a gradient in primary produc-
tion appeared to determine large-scale movements of herds at the onset 
of the wet season, but its action clearly was modulated by the propor-
tion of perennials available. Buffalo herds were shown to establish early 
wet season HRs at locations where this proportion reached a 9 per cent 
threshold. At Benoué NP (Cameroon), Stark (1986) similarly reported 
a very high proportion of grasses in the diet, particularly Andropogon 
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gayanus, which represented 51 per cent of the volume ingested in the dry 
season, versus 40 per cent in the wet season. At Zakouma NP (Chad), 
Gillet (1969) noted a preference for Setaria anceps (particularly new shoots 
after fire) and Andropogon gayanus, but also Vetiveria nigritana. In the dry 
season, the unburned straws of Echinochloa obtusiflora appeared to be 
preferred.

Savanna buffalo are primarily grazers, but partially switch to browse 
when grasses become tall and lignified (Field, 1972; Leuthold, 1972; 
Sinclair, 1977; Mloszewski, 1983; Hashim, 1987; Prins, 1996). Shrub and 
tree leaves have been shown to contain higher protein (nitrogen) con-
tent than dry grasses during the dry season (Kone et  al., 1990; Prins, 
1996). As mentioned above, the contribution of nitrogen from browse 
facilitates the fermentation of fibrous grass in the rumen, which they 
eat in high quantities during the dry season. According to Estes (1991), 
the browse can represent up to 5 per cent of the total diet, but higher 
figures were reported in several sites (e.g. 26 per cent in dry season 
in Cameroon; Taylor, 1985). A wide range of species of shrubs and 
trees are consumed throughout African savanna, including Grewia spp., 
Heeria spp., Colophospermum mopane, Combretum spp., Capparis spp. and 
Piliostigma spp. (Pienaar, 1969; Jarman, 1971; De Graaf et al., 1973; Taylor 
and Walker, 1978; Ryan, 2006). In drier habitats in the Eastern Cape, 
buffalo appear to be adapted to eat woody species because grassy vegeta-
tion is scarce. In this particular habitat, during the dry season, up to 33 
per cent of their diet comprises species such as Acacia sp., Plumbago sp. 
and Grewia sp.

In some areas buffalo can maintain or create ‘grazing lawns’ if the feed-
ing interval is short enough (Prins, 1996). Evidence of this ‘returning’ 
behaviour has also been described for buffalo in Kruger NP and Klaserie 
Private Nature Reserve in South Africa (Bar-David et al., 2009). They 
may also create favourable lawns in conjunction with other large her-
bivores such as elephants at Lake Rukwa, Tanzania (Vesey-FitzGerald, 
1960) and Benoué NP in central Cameroon (H. H. T. Prins, personal 
observation).

Geophagy has been reported at several sites, where clay or substrates 
rich in iron may explain this preference. On Mount Kenya, geophagy is 
reported in the bamboo belt (2100–3000 m), where clay soils are rich in 
iron and aluminium (Grimshaw et al., 1995). This rare activity is carried 
out mainly by solitary individuals on Mount Kenya (Mahaney, 1987). 
In Lent Valley in Kilimanjaro, buffalo enter into caves rich in sodium 
bicarbonate and chew off the soda deposits.
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Forest Buffalo

Few data exist on the feeding ecology of forest buffalo because direct 
observations are rarely feasible in rainforest habitats. Blake (2002) 
in Noubale–Ndoki NP and Melletti (2008) in Dzanga–Ndoki NP 
observed buffalo feeding mainly on Poaceae and Cyperaceae within 
clearings, in particular on Rhyncospora corymbosa, Kyllinga sp. and Cyperus 
sp. Blake (2002) also recorded several species of Marantaceae, includ-
ing Marantochloa purpurea, M. cordifolia, M. filipes and Halopegia azurea. 
In addition, species of the Commelinaceae family such as Commelina 
diffusa and Palisota brachythyrsa and a species of algae (Spirogyra sp.) were 
recorded. Melletti (2008) also found indirect signs of feeding activity on 
Commelina sp and Palisota sp. in the understory of Gilbertodendrum dew-
evrei mono-dominant forest.

Bekhuis et al. (2008) used micro-histological faecal analysis in a two-
month study to determine the diet of forest buffalo at Campo-Ma’an NP 
in southern Cameroon. They found that the most important part of the 
diet was composed of graminoids (43 per cent, with Leptochloa caerulescens 
representing 15 per cent of the total diet), non-graminoid monocots (21 
per cent, mainly Commelinaceae such as Palisota spp.), dicotyledoneous 
plants (33 per cent, mainly leaves) and cryptogamous plants (3 per cent). 
The composition of the diet suggests that the buffalo fed mainly along log-
ging roads and river banks (Bekhuis et al., 2008). Using a similar method 
at Lopé NP (Gabon), Lustenhouwer (2008) and van der Hoek et al. (2013) 
found that the majority of plants consumed by forest buffalo were mono-
cotyledons, primarily grasses (Poaceae) and sedges (Cyperaceae), with a 
low portion of dicotyledonous plants in the diet. In the same study area, 
van der Hoek et al. (2013) emphasized the importance of savanna habitat, 
noting that controlled burning is a key tool for maintaining open areas.

Thus far, no evidence of the existence of grazing lawns was found in 
the different studies focused on the feeding ecology of forest buffalo, 
even in areas of high density such as Lopé NP (L. Korte and M. Melletti, 
personal observations).

Conclusion
The African buffalo is endowed with an amazing adaptability, which 
probably explains why this species is one of the most successful large 
African mammals in terms of geographical distribution, abundance and 
biomass. On an evolutionary scale, African buffalo have adapted their 
phenotype across their distribution range, which covers almost all natural 
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ecosystems south of the Sahara. For example, the mass ratio between the 
large Cape buffalo and the small forest buffalo is about 2.7 to 1. With 
the exception of the elephant, few species have an equivalent mass range 
across their distribution area. The African buffalo has also managed to 
adapt its behaviour to the different ecosystems in which it lives. For 
example, in dense tropical forests where food resources are scarce and 
aggregated, the African buffalo forms small herds of 5–20 animals. In 
contrast, in the rich pastures of the savanna floodplains, the African buf-
falo can gather in herds of up to 2000 animals.

The space-use behaviour of buffalo herds also differs strongly 
according to the spatial arrangement of resources. In areas where buf-
falo access profitable resources all year long, the herds settle in home 
ranges of a few square kilometres. In contrast, in areas where resources 
are spatially segregated, buffalo occupy home ranges of several hun-
dreds of square kilometres. In some regions, buffalo undertake sea-
sonal movements of several dozen kilometres. Such migrations may 
be only partial within a population, meaning that it is not undertaken 
by all herds.

At a seasonal and daily scale, buffalo are also able to modulate their 
social behaviour within the herd according to the availability of resources. 
The herd splits into subgroups and reforms within the contours of a 
long-lasting (multiannual) home range, according to mechanisms that 
remain largely unexplored (Chapter 6). Finally, within their seasonal 
home range, we also saw that buffalo can regulate their diet and activity 
patterns according to the quality and quantity of food resources, as well 
as according to abiotic factors such as temperature.

Thus, despite reported regional declines in buffalo population num-
bers due, inter alia, to climate change, habitat fragmentation, livestock 
development and diseases, the species may be flexible enough to adapt 
to the wide range of challenges it faces and will face in the coming 
decades.
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Introduction
The ecology of the African buffalo (Syncerus caffer) has been the focus 
of extensive research studies over the past 50 years (Grimsdell, 1969; 
Sinclair, 1977; Taylor, 1985; Prins, 1996), including some more obser-
vational ones (e.g. Mloszewski, 1983). The species’ grouping patterns 
have historically been described as follows: mixed or breeding herds con-
stitute the main social units, consisting of adult females, weaned and 
subadult individuals of both sexes (subadults are between 3 and 5 years 
of age) and a small proportion of adult males; bachelor groups gather males 
(two or more) 4 years of age and above; they gravitate around mixed 
herds, joining them mainly for mating and leaving them to escape intra-
species and gender competition and to improve their resource offtake 
efficiency until the next mating opportunity (Prins, 1996; Turner et al., 
2005). Bachelor groups tend to have a transient composition, with indi-
viduals associating for periods ranging between a few hours and several 
months. Bachelor groups can interact with several mixed herds ensur-
ing gene flow at the inter-herd level (Van Hoof et al., 2003; Halley and 
Mari, 2004; Turner et al., 2005). The mixed/breeding herd is classically 
defined by its home range, which has little interannual variation, and 
on which it interacts with bachelor groups, and a static and stable group 
size often affected by temporary and seasonal fusion–fission patterns 
(Prins, 1989a; Cross et al., 2004; Tambling et al., 2012). However, some 
aspects of this planet- and satellite-like framework have recently been 
challenged by observational studies.

In addition, the lack of a clear set of definitions regarding the enti-
ties composing buffalo assemblages prevent a clear and comparative 
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approach. For example, two mixed herds can be described as either fus-
ing or as one ‘herd’ being joined by another ‘group’ or ‘subgroup’, and 
the new entity is sometimes called a ‘large or mega herd’. The complex-
ity associated with reliably and accurately identifying individual buffalo 
within large groups and regularly estimating the number of individuals 
associated with a focal animal (e.g. followed by telemetry) explains the 
difficulty with understanding group/individual dynamics within mixed 
herds. In this chapter, we will present a revised conceptual framework 
for buffalo social systems based on recent knowledge and interpretation. 
This conceptual framework will present the facts and hypotheses and 
highlight the gaps in knowledge to map the way forward in our under-
standing of African buffalo social dynamics.

Mixed Herds of African Buffalo
Mixed or breeding herd of African buffalo are the common terms used for 
a group of buffalo with a core social unit consisting of adult females. We 
will start by reviewing recent data from telemetry studies to shed light 
on what is known and unknown about these mixed herds.

A Mixed Herd is Composed of Adult Females  
Sharing a Home Range

In Gonarezhou National Park (GNP), Zimbabwe in 2008–2009, nine 
adult female Syncerus caffer caffer were equipped with GPS collars in four 
presumably different groups spotted from a helicopter (1, 2, 3 and 3 indi-
viduals in each group, respectively). Animals of these age and sex cat-
egories are expected to be most strongly bound to mixed herds (Sinclair, 
1977; Prins, 1996; Fortin et al., 2009; but see Cross et al., 2004, 2005). 
The GPS acquired hourly locations over 405 days. The annual home 
range (HR) was computed (up to the 0.95 isopleth) for each collared 
individual using a movement-based kernel density estimation method 
(Benhamou and Cornélis, 2010). HR overlap between individuals was 
estimated using Bhattacharyya’s affinity index (Benhamou et al., 2014). 
When displayed together (Figure 6.1), the HR of the nine females cap-
tured in four groups cluster easily in two HRs, which define the HRs 
of two mixed herds. Individual HRs strongly overlap within each mixed 
herd (74.4–80 per cent; and 59.3–68.6 per cent).

Observations from GNP were included in a larger study based on 47 
adult female buffalo from three national parks (NPs) in Zimbabwe and 
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Figure 6.2 Relationship between the time spent in the same subgroup and  
HR overlap among pairs of Syncerus caffer caffer; n = 47 adult female buffalo 
from Gonarezhou, Kruger and Hwange NPs (Zimbabwe, South Africa); points 
represent the observed values for each dyad per year and per season. Solid lines 
represent the predictions from the model, and grey dashed lines represent 95 per 
cent confidence intervals. Horizontal blue dashed line indicates the cut-off value 
of 10 per cent of time spent in the same subgroup. (From Wielgus et al., 2020.)

South Africa, which confirmed that adult female buffalo belonging to the 
same mixed herds shared at least 60 per cent of their HR. However, when 
observing adult female dyad dynamics (i.e. collared adult females two by 
two) within each mixed herd, the proportion of time spent together (simul-
taneous locations within 1000 m) in relation to HR overlap remained 
highly variable between dyads (Figure 6.2; Wielgus et al., 2020). In GNP 
and Kruger NP (KNP), females sharing between 60 per cent and 80 per 
cent of their HR spent, respectively, between 10–40 per cent and 10–70 
per cent of their time together in each park. Cross et  al. (2004, 2005) 
found similar patterns of fusion–fission dynamics within mixed herds.

In the Okavango Delta (OD), Botswana, hourly GPS data were col-
lected from 15 buffalo cows between 2007 and 2010. Based on HR 
overlap, two mixed herds were identified, one resident and the other 
migratory (Bennitt et al., 2018). Analysis using the methods of Wielgus 
et al. (2020) showed that buffalo dyads with approximately 30–90 per 
cent HR overlap spent between 3 per cent and 80 per cent of their time 
within 1000 m of each other. These data fit well with the definition 
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of a mixed herd being composed of individuals sharing the same HR 
(Sinclair, 1977).

Mixed Herds’ Home Range Overlap is Generally Small

The African buffalo is usually considered a non-territorial species, but 
studies investigating space sharing between neighbouring mixed herds 
have reported contrasting results. At Lake Manyara NP, Tanzania (Prins, 
1996), in Chobe NP, Botswana (Halley et al., 2002), at Klaserie Private 
Nature Reserve, South Africa (Ryan et al., 2006) and in Niassa National 
Reserve, Mozambique (Prins, personal communication), herds tended 
to occupy distinct and exclusive HRs with little overlap. In contrast, in 
Rwenzori NP, Uganda (Grimsdell, 1969) and Sengwa Wildlife Research 
Area, Zimbabwe (Conybeare, 1980), a large spatial overlap has been 
reported between HRs of neighbouring mixed herds (but these may 
have been offshoots of mixed herds). Seasonal changes in the use of 
space between neighbouring mixed herds and their temporal dynamics, 
however, are less understood.

Recently, the use of GPS technology on adult females has provided 
more accurate measures of the temporal dynamics between neighbour-
ing herds. In a West African buffalo population living in W Regional 
Park, Niger, two neighbouring herds had very little direct contact  
within a 500-m spatial window, and for less than an hour despite the 
quite large overlap (21 per cent) of their HRs (Cornélis et al., 2011). 
In KNP and GNP, HR overlaps between individuals belonging to 
different mixed herds were very small, ranging from 3 per cent to 8 
per cent (Figure 6.1). These results are in agreement with observa-
tions in Manyara NP, Tanzania (Prins, 1996). A recent study based 
on long-term GPS-tracking of adult females in KNP and the OD has 
confirmed strong spatial segregation of HRs of neighbouring Cape 
buffalo herds, and short-term behavioural avoidance (Wielgus et  al., 
2021). Cape buffalo formed relatively distinct herds occupying unique 
and separated HRs, with minimal overlap and very few direct contacts. 
Interestingly, and for the first time, this study highlighted that herds 
tended to avoid areas used by another herd in the previous two days 
during both the dry and wet seasons. Indirect contacts (i.e. use by two 
collared individuals of the same area at different times) between the 
neighbouring herds occurring within one month were more frequent 
than direct contacts.
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Exchanges of Individuals between Mixed Herds Do Exist

Despite the temporal avoidance and the low spatial overlap between the 
HR of neighbouring mixed herds, dispersal events connecting mixed 
herds have been observed. From direct observations, Cross et al. (2004) 
reported contacts and exchanges between neighbouring mixed herds 
within a two-year period. Caron et al. (2016) reported three occurrences 
of dispersal by juvenile female buffalo out of 19 juvenile cows tagged or 
fitted with a GPS collar in KNP and GNP (Figure 6.3). These observa-
tions are corroborated by reports by game farmers and managers of juve-
nile females being spotted in small groups around wildlife farms or along 
veterinary fences in Zimbabwe (Caron, personal observation). Naidoo 
et al. (2014) also reported long-range movement of female buffalo (age 
unknown) in Namibia and Botswana, some without apparent return to 
their former HR. In Ruaha NP in Tanzania and in Chobe NP and the 
OD in Botswana, herd switching was also observed (Halley et al., 2002; 
Bennitt et al., 2018; Roug et al., 2020). In southern KNP, the annual 
dispersal rates in two herds by adult females were 14 per cent and 19 per 
cent, respectively, and younger adult cows were more likely to disperse 
(Spaan et al., 2019). These results indicate that adult and juvenile females 
do change herds, with juvenile cows engaging in this behaviour more 
frequently. An outbreeding behaviour prior to first reproduction could 
explain this difference. However, the composition (other individuals of 
the same or different age or sex, if any) of the group accompanying the 
tracked females in these studies is unknown. In addition, it is not known 
in this study if these female dispersal events are also mirrored by male 
dispersal events.

Social Dynamics within Mixed Herds Are More Fluid  
Than Expected

Based on the studies in GNP, KNP and Hwange NP (HNP), adult 
female dyads within a mixed herd were shown to be sometimes loosely 
associated, and that dyad association patterns varied between sites 
(Figure 6.3). For example, a majority of loose dyad associations were 
found in GNP and KNP (with 15–50 per cent of time spent together 
within a mixed herd) and the OD (most dyads with >30 per cent HR 
overlap spent <30 per cent of the time together) versus more lasting 
dyad association in HNP (with the majority of dyads spending 40–65 
per cent of time together).
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Figure 6.3 Study area encompassing part of Mozambique, South Africa and Zimbabwe. The inset map shows the location of the Great 
Limpopo Transfrontier Conservation Area within southern Africa. Brown areas represent the home ranges of five satellite collar–
equipped adult female African buffalo, representative of the five herds followed for the study in Kruger National Park (NP; n = 3) and 
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buffalo is provided in the expanded figure legend online (wwwnc.cdc.gov/EID/article/22/2/14-0864-F1.htm).
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These results challenge previous works that proposed a more cohesive 
definition of mixed herds (Grimsdell, 1969; Sinclair, 1977; Prins, 1996). 
The fact that intraherd associations for adult cows seem to be looser than 
expected in Figure 6.2 indicates either that the social dynamics within the 
mixed herds studied in southern Africa differed from those of the mixed 
herds studied in eastern Africa, or that these previous studies, which did 
not use precise individual tracking, could not detect such dyad dynamics. 
Another interpretation could be that in more recent times, the distur-
bances created by humans at the periphery or in protected areas (most 
buffalo mixed herds followed in Figure 6.3 live on the periphery of pro-
tected areas) have impacted the social dynamics of mixed herds compared 
to earlier studies implemented in the heart of more intact protected areas.

Gaps in Knowledge and Hypotheses about  
Mixed Herds
If a mixed herd is not the cohesive social unit within which individu-
als spend most of their time together, it could hypothetically be the 
case within a smaller social unit, which we will define as a core group 
and within which individuals would spend most of their time together 
(Korte, 2009; Table 6.1).

Adult females, calves and juveniles of both sexes and possibly adult 
males can potentially belong to this core group (Grueter et al., 2017). 
The existence of these core groups (or ‘basic herds’ or ‘subgroups’) has 
already been suggested (Sinclair, 1977; Mloszewski, 1983). Several sto-
rylines could explain why individual buffalo would spend most of their 
time together. First, core herds could be based on kinship, containing 
mothers and several generations of their offspring, with young females 
staying with their mothers until the birth of their first calf and perhaps 
longer, and juvenile males leaving this association earlier (Sinclair, 1977; 
Mloszewski, 1983; Prins, 1996). Second, individuals having the same 
metabolic requirements could spend time together. However, this sec-
ond storyline would imply that core groups are not stable over time 
as individual metabolic requirements can vary (e.g. with reproductive 
status). Third, some behaviours could benefit clusters of individuals that 
would spend more time together; such behaviours could concern anti-
predation or anti-parasite, competition avoidance and information shar-
ing on food resources, among others. These storylines are not mutually 
exclusive and various authors have described mixed herds as a composi-
tion of family groups, juvenile groups (male or female) and single males.
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Table 6.1 Information about studied African buffalo populations across their range; classes are (1) habitat where water is not a limiting factor; 
(2) woodland/forest habitat; (3) habitat with water as a limiting factor during the dry season. Site gives area name and country. Habitat 
heterogeneity provides the proportion of grassland in the home range. Water provides the average annual rainfall and the availability of water 
during the dry season. HR = home range (minimum and maximum recorded) including acronym of the methodology used to measure the HR.

Site Country Subspecies
Study 
years Dominant habitat

Water during 
dry season 
(average 
rainfall in mm)

Home range
min, max/
method Mixed herd size

Largest 
observed 
association

Long-distance 
movement

Herd 
switching

Type of 
social 
units Class Source

Matusadona 
NP

Zimbabwe S. c. caffer 1973–
1983

Open grassland Lake Karimba 
(400–800 
mm)

60–110 km² 
(MCP*)

>500 NA NA Mixed 
herd

1 Taylor, 1985

Hwange NP Zimbabwe S. c. caffer 2010–
2015

Woodland and 
bushland savannas

Pumped 
waterholes 
(600 mm)

27–161 km² 
(seasonal; 
BBMM** 
90%)

50–250 (at 
capture)

800+ 115 km (adult 
female)

NA Mixed 
herd

3 Miguel et al., 
2013, 2017; 
Valls-Fox 
et al., 2018; 
Wielgus 
et al., 2020, 
2021

Gonarezhou–
North 
Kruger NP

Zimbabwe
South Africa

S. c. caffer 2008–
2015

Open grassland, 
woodlands

River pools 
(600 mm)

8–82 km² 
(seasonal; 
BBMM 90%)

20–250 250 96 km 
(juvenile 
females)

Yes Mixed 
herd

3 Miguel et al., 
2013; 
Caron 
et al., 2016; 
Wielgus 
et al., 2020, 
2021

(cont.)
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Kruger NP South Africa S. c. caffer 2002–
2013

Open grassland, 
woodlands

River pools 
(600–1000 
mm)

40–70 km² (95% 
LoCoH***)

100–460 km² 
(100% UD)

Mean between 
250 and 550

Median dry season 
= 45 (range: 
1–1200)

Median wet 
season = 4.5 
(range = 1–250)

1200 110 km 
(dispersal, 
young adult 
females)

NA Mixed 
herd

3 Hughes et al., 
2017; 
Winnie 
et al., 2008;

Spaan et al., 
2019

Klaserie 
Private 
Nature 
Reserve

South Africa S. c. caffer 1995–
2000

Open grassland, 
woodlands

Pumped 
waterholes/
river pools 
(486 mm)

103–266 km² 
(MCP)

197–342 km² 
(FKE 95%#)

83–251 km² 
(LoCoH)

180–225 400 NA NA Mixed 
herd

3 Ryan et al., 
2006

Caprivi strip Namibia
Botswana

S. c. caffer 2007–
2010

Open grassland, 
woodlands

Perennial rivers 
(650 mm)

5.5–564 km2 
(r-LoCoH)

NA NA 100–200 km 
(females)

Yes Mixed 
herd

1? Naidoo et al., 
2012a, 
2012b, 
2014

Okavango 
Delta

Botswana S. c. caffer 2007–
2010

Open grassland Okavango 
Delta (450 
mm)

100–280 km2 
(seasonal; 
r-LoCoH)

100–200 2000+ 50 km 
(migration)

Yes Mixed 
herd

1 Bennitt et al., 
2016, 2018

Serengeti 
Greater 
Ecosystem

Tanzania
Kenya

S. c. caffer 1966–
1973

Open grassland Few perennial 
rivers 
(500–1000 
mm)

222 km2 (MCP) 50–400 1750 NA NA Mixed 
herd

3? Sinclair, 1977

Site Country Subspecies
Study 
years Dominant habitat

Water during 
dry season 
(average rainfall 
in mm)

Home range
min, max/
method Mixed herd size

Largest 
observed 
association

Long-distance 
movement

Herd 
switching

Type of 
social 
units Class Source

Table 6.1 (cont.)
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Ruaha NP Tanzania S. c. caffer 2014–
2016

Miombo/Commiphora–
Combretum 
woodland/acacia 
savanna

Perennial rivers 
(500–800 
mm)

73–601 km2 
(seasonal, 95% 
BBMM)

100–1000 NA Migratory, 
expander

Yes Mixed 
herd

3 Roug et al., 
2020

Manyara NP Tanzania S. c. caffer 1981–
1985

Open grassland Manyara Lake 
(620 mm)

NA 12–980 980 40–50 km 
(adult bulls)

No Mixed 
herd

Bachelor 
group

1 Prins, 1996

W NP Niger S. c. 
equinocalis

2007–
2008

Combretum shrub 
savanna/Sudanian 
vegetation

River pools 
(685–850 
mm)

168–503 km2 
(MCP)

16–76 150 30–50 km 
(migration)

NA Mixed 
herd

3 Cornélis et al., 
2011

Lope NP Gabon S. c. nanus 2002–
2004

Tropical forest Perennial water 
sources

2.41–10.56 km2 
(MCP)

2.30–7.64 km2 
(LoCoH)

12 ± 2 44 NA Yes Mixed 
herd

2 Korte, 2008

Ndanza-
Ndoki

Central 
African 
Republic

S. c. nanus 2002–
2004

Tropical forest Perennial water 
sources 
(1365 mm)

8 km2 (MCP-
type)

16–24 NA NA NA Mixed 
herd

2 Melleti  
et al., 2007

*Minimum Convex Polygon; ** Brownian Bridge Models; *** Local nearest-neighbour convex-hull construction; #Fixed Kernel Estimator 95%; ##Kernel-based 
 utilization distribution.
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Field observations provide indications about the size of core 
groups based on the smallest units observed. In the savannas of GNP, 
Zimbabwe, groups of 20–40 buffalo were regularly seen during a study 
between 2007 and 2012 (Caron, personal observation). In tropical for-
ests of Lope NP in Gabon, Korte (2008) observed a mean group size 
of 12 (range 3–24) Syncerus caffer nanus individuals per group. In the 
Guinean–Congolian Forest of Central African Republic, Melletti et al. 
(2007) studied over two years a herd of the same S. c. nanus subspe-
cies comprising 16 individuals (one adult male, nine adult females, five 
juveniles and one calf) that only increased to 24 individuals through 
reproduction within the herd. Most buffalo groups observed in the OD 
contained 50–200 individuals (54 per cent of groups; Bennitt et  al., 
2016). The core group’s size (and composition) may vary between buf-
falo subspecies and geographical areas. Kinship could form the basis of 
mixed herds, with several core groups sharing the same HR but inter-
mingling at times.

Against this kinship hypothesis is the observation that individuals col-
lared in the same group (i.e. individuals that were together at the time 
of darting and fitting GPS collars) at the beginning of a study engage in 
highly heterogeneous fusion–fission dynamics (Prins, 1989a). Wielgus 
et al. (2020) analysed the associations of 4–6 individual buffalo collared in 
the same groups in GNP, HNP and KNP and found almost no stability 
in dyad observations. In addition, genetic characterization of individuals 
(both males and females) captured in the same herds in GNP and KNP 
revealed low levels of genetic relatedness, which were similar to related-
ness values between individuals from different herds. This suggests that 
herds may contain many unrelated buffalo (Wielgus et al., personal com-
munication). The combination of genetic and GPS data has also shown 
that the strength of female–female associations studied within three herds 
was not strongly influenced by their genetic relatedness. However, these 
observations should be considered cautiously, as few individuals from 
the same herd were both simultaneously monitored and genotyped (n = 
3, 4 and 6 individuals in each herd). Sinclair (1977) observed mixed herd 
size variation around focal marked individuals through direct observa-
tion and aerial photographs. Herd size varied throughout the year and 
between HR areas, ranging from 90 to 428 individuals (Sinclair, 1977). 
In the same study, two cases were reported of buffalo being darted and 
then joining a herd different from their original one. They were chased 
by the hosting herd and remained at the periphery of the herd (and 
one was quickly killed by a lion). In contrast, Grimsdell (1969) found a 
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relative stability of mixed herd size and composition in Queen Elizabeth 
NP, Uganda during a one-year study.

A better understanding of what constitutes a mixed herd therefore 
requires understanding of its inner dynamics and the existence or not of 
core groups. Currently available data indicate that buffalo herds experi-
ence very frequent fusion–fission dynamics, which seem to contradict 
the core group existence, with the exception of the very close associa-
tion between mothers and calves. This fluidity also seems to exist at a 
higher order: numerous observations of groups of 1000–2000 individual 
buffalo suggest that distinct mixed herds could undergo fusion (Sinclair, 
1977; Chardonnet, personal communication; Table 6.1). While there are 
few continuous observation data available on these mega herds, it seems 
that their existence is temporary and responds to environmental drivers 
(Table 6.1). Given the little overlap observed between adjacent herds 
(less than 8 per cent of the HR), the gathering of several mixed herds 
raises the question of the HR of these temporary mega herds. It could 
span over more than one mixed herd’s HR or concentrate at very spe-
cific times on highly concentrated resources (see subsequent sections).

Knowledge of bachelor groups, the specific male-based social unit, has 
not significantly improved in recent years, mainly due to the reduced 
longevity of telemetry devices fitted on male buffalo (i.e. collars usually 
fail within a few weeks after deployment, probably due to the specific 
aggressive behaviour and strength of adult males; Taolo, 2003). Bachelor 
group size ranges from a couple of individuals up to 51, with 20 already 
being an unusual observation (Sinclair, 1977; Prins, 1989a; Hughes et al., 
2017). Larger bachelor groups might form as a response to high levels 
of predation pressure from lions that prefer buffalo prey. They represent 
social associations based partially on similar metabolic requirements, that 
is to build on strength to face better odds of reproduction when join-
ing mixed herds (i.e. re-entrant consecutive polygyny; Prins, 1989b). 
Sinclair indicated that in the Serengeti they could represent 5.7 per cent 
and 15 per cent of the adult male and total populations, respectively 
(Sinclair, 1977), proportions that increased during the dry season.

On the Difficulty of Understanding Social  
Dynamics in Buffalo
The ability of the African buffalo to cope with contrasting environ-
mental conditions throughout most sub-Saharan ecosystems by modu-
lating a large array of biological traits (weight, herd and HR sizes, etc.) 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


166 · A. Caron et al.

highlights a high degree of behavioural plasticity. This plasticity, which 
allows the buffalo to enjoy a very wide distribution range in Africa 
(>200 mm rainfall), is a factor that challenges the understanding of 
the social dynamics of this species (Prins, 1996). In this context, one 
main challenge is the ability to sample social movements and interac-
tions at different scales and over time, between and within ecosystems, 
between and within adjacent social units, and finally within cohesive 
social units.

More recent research presented here has benefited from the use of 
GPS collaring technology, which provides almost continuous, accurate 
information on the location of each collared animal. However, it does 
not provide information about the group size or individual composition 
around the focal individual equipped with a GPS collar. Therefore, a 
dyad identified by telemetry does not indicate whether focal individuals 
associate in dyads within a defined social group (e.g. a core group). A 
limit to this technology is that the impact on the behaviour of individu-
als chased and darted from a helicopter to deploy collars has not been 
extensively measured and could trigger short-and longer-term behav-
ioural responses that could blur the social dynamics studied (e.g. effect 
on mortality; Oosthuizen et al., 2009).

In addition, there is a large number of indices to quantify the overlap 
between HRs (e.g. Fieberg and Kochanny, 2005), which can also be 
delimited in many ways, for example using minimum convex polygon 
(MCP) and utilization distribution (UD) methods. Recently, alter-
native methods that more explicitly consider the temporal compo-
nent of movement data have been proposed, including the Brownian 
bridges methods (Benhamou and Cornélis, 2010). The variability of 
methods can restrain understanding of social dynamics at the species 
level because comparisons between studies using distinct methods or 
applications are limited. For example, we used data from the telemetry 
studies described above (Bennitt et al., 2018; Wielgus et al., 2020) to 
compare four empirical HR estimation methods: MCP, a fixed kernel 
utilization density method (KUD with least squares cross-validation, 
LSCV), a local convex-hull construction method (r-LoCoH) and 
Brownian random bridge model method (BRBMM) for 99, 90 and 
50 per cent isopleths. These methods demonstrated the potentially 
different size estimates of the HR that we can obtain using the same 
data sets. In general, annual HRs obtained using BRBMM and KUD 
were substantially smaller than those estimated from MCP (e.g. 3.2 
and 2.5 times greater than BRBMM and KUD, respectively, for the 
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90 per cent isopleth) and LoCoH (e.g. 2.2 and 1.7 times greater than 
BRBMM and KUD, respectively, for the 90 per cent isopleth), irre-
spective of the isopleth used to define the bounds. For these same 
data, the degree of overlap between seasonal HRs calculated with 
Bhattacharyya’s affinity index was greater than when calculated with 
the Utilization Distribution Overlap Index (UDOI). A similar com-
parison was conducted by Ryan et al. (2006), with the MCP method 
giving a larger range size than the LoCoH method. In the future, stan-
dardizing variables should be used to facilitate comparisons between 
populations and improve our understanding of buffalo herd definition.

Additionally, GPS collars can provide key information about proxim-
ity between buffalo dyads, which can be interpreted in the context of 
social associations, enabling the identification of fusion–fission events 
(Bennitt et al., 2018; Wielgus et al., 2020). However, these studies rely 
on an external definition of a proximity and temporal threshold deter-
mining whether buffalo dyads are ‘together’ or ‘apart’, and variation 
in this threshold can alter interpretation. Definitions of fusion–fission 
events should therefore be informed by buffalo detection capabilities 
rather than those of observers, which could lead to new interpretations 
of buffalo social systems. Knowledge is still missing to determine at what 
distance buffalo still perceive themselves as being together or not (e.g. 
what is the threshold beyond which an individual will react to a flight 
behaviour by the mixed herd?).

Determining the evolution of group size around a focal individual 
is also a crucial parameter to explore fusion–fission dynamics. Regular 
direct observation can in principle estimate this parameter if the focal 
individual is easily identifiable (e.g. with a color tag or collar; Grimsdell, 
1969; Prins, 1996). However, recent studies tend to focus on telem-
etry technology to remotely follow buffalo movements. This technol-
ogy falls short of identifying group size and individuals moving or not 
in association with the collared individuals. Therefore, group size esti-
mations around focal individuals will require direct observation studies 
or approaches combining telemetry and unmanned aerial vehicles, for 
example capturing regularly the group size around the collared individu-
als after locating it. The advent of proximity sensors should be a powerful 
tool for understanding social dynamics in African buffalo. These sensors 
record when two collared animals are close to each other according to 
the specified spatial threshold, and their lower cost compared to GPS 
technology makes it possible to monitor simultaneously a larger num-
ber of individuals, which is especially relevant for this species (Prange 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


168 · A. Caron et al.

et  al., 2006; Hamede et  al., 2009; Walrath et  al., 2011). Additionally, 
when synchronized with GPS data (collected on some animals), the 
use of proximity sensors can help better identify the location of fusion 
and fission events, and therefore, the external drivers of fusion–fission 
dynamics.

Fluidity in Group Dynamics and Its Drivers –  
Conceptual Framework
Given the female-based social units described in the previous sections, 
and using the highly dynamic fusion–fission patterns of adult females 
observed with telemetry, Figure 6.4 presents a revised framework 
including the level of fluidity in social dynamics. In recent studies, the 
number of fusion–fission events between dyads of cows (dyads were 
considered together if at 1 km or less at the same time log) belonging 
to the same herd ranged on average between 4.04 and 5.73 per month 
during the dry season and 8.22 and 10.30 per month during the wet 
season in GNP, HNP and KNP (Wielgus et al., 2020); and in the OD, 
the mean number of fusion events per dyad ranged between 2.7 and 5.5 
during the different seasons of 2008 and 2009 (dyads were considered 
together if at 300 m or less at the same time log; Bennitt et al., 2018). 
These data would indicate fusion–fission dynamics corresponding to the 
right-end panel of Figure 6.4.

These dynamics both respond to a set of external factors, reviewed 
in the next section, and result from individual decision making (Cross 
et al., 2005). A dominance of fusion events will cause the formation of 
larger groups, whereas frequent fission events will lead to smaller groups. 
Prins (1996) observed in Manyara NP, Tanzania, that larger herds tended 
to split more often than smaller herds. Individual decisions may be trig-
gered by resource competition within mixed herds, predation risk (e.g. 
the larger the group in open habitat, the lesser the predation risk per 
individual), kinship bonding (e.g. related to the core group concept), 
activity synchronizing and access to collective knowledge to deal with 
habitat heterogeneity and access to vital resources. Investigating the posi-
tion of individuals within the herd, Prins (1996) hypothesized about the 
use of fission by rear individuals to ‘overcome social inequality’ of not 
accessing good resources compared to animals at the front. Apart from 
this, knowledge of how buffalo decide whether to stay in an association 
or not remains scarce.
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Figure 6.4 Framework of social units and dynamics of African buffalo. The three female-based social units (i.e. core, mixed and mega 
herds) are presented in a fluid diagram. We hypothesize that there is a fluidity between these social units in the same buffalo grouping, 
depending on drivers discussed in this chapter. Source: Authors.
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External Drivers of Fusion–Fission Dynamics

Resource Distribution and Habitat Heterogeneity

Resource availability is closely related to variation in social organization 
in social ungulates (Jedrzejewski et al., 2006; Isvaran, 2007; Fortin et al., 
2009). When forage and water are relatively scarce and/or distributed 
in small, distant patches, animals are expected to form smaller groups 
and aggregate in areas or during times where or when resources are 
abundant. Interestingly, studies investigating temporal variation in group 
size in African buffalo described seasonal changes in group size that hint 
at the role of resource condition as a driver of fusion–fission dynamics 
(e.g. Sinclair, 1977; Melletti et al., 2007; Hughes et al., 2017). However, 
they reported contrasting results depending on the geographical areas 
and the subspecies. For instance, while S. c. caffer groups from Klaserie 
Private Nature Reserve (South Africa; Ryan et al., 2006) and Serengeti 
NP (Serengeti; Sinclair, 1977) occurred in larger herds during the wet 
season, the opposite was reported in S. c. caffer groups from Chobe NP 
(Botswana; Halley et al., 2002) as well as in S. c. nanus herds living in 
Dzanga–Ndoki NP (Central African Republic; Melletti et  al., 2007). 
Conversely, Korte (2008) reported that S. c. nanus herds were relatively 
stable between seasons at Lopé NP (Gabon). Irrespective of the group 
size, the monitoring of adult females in KNP, GNP and HNP revealed 
seasonal differences in the underlying patterns of fusion–fission events 
within herds, with higher fusion–fission dynamics during the wet sea-
son, while fusion–fission dynamics in the OD did not vary seasonally 
(Bennitt et al., 2018; Wielgus et al., 2020). This suggests that environ-
mental heterogeneity affects buffalo group dynamics, but in different 
ways depending on the geographical areas.

In social ungulates, larger and tighter groups are more common in 
open habitats where visibility is higher than in closed habitats. Large 
group sizes facilitate social cohesion, improve protection against preda-
tors and parasites (e.g. ticks, flies) and possibly provide access to more 
abundant forage for grazing (Jarman, 1974; Isvaran, 2007; Pays et  al., 
2007; Sueur et al., 2011). A tendency for buffalo to occur in larger groups 
in open habitats, such as grassland, as well as in more homogeneous areas 
has been noticed in Hluhluwe–iMfolozi Game Reserve during both dry 
and wet seasons (Dora, 2004). Therefore, one hypothesis is that as the 
habitat opens and turns into more (larger patches of) grasslands, fusion–
fission dynamics will tend to create larger herds, up to mega herds, com-
pared to woodland habitats hosting smaller mixed herds (Figure 6.4). 
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This hypothesis is also supported by field observations in Matusadona 
NP, Zimbabwe (Taylor, 1985), Serengeti NP, Tanzania (Sinclair, 1977) 
and forest buffalo in Gabon (Korte, 2008). Mloszewski (1983) proposed 
three types of herds depending on the habitat: open grassland habitat 
that allows the largest herds with water available throughout (e.g. OD or 
Matusadona NP); well-watered woodland habitat hosting smaller herds 
(e.g. forest buffalo in tropical forests); and drier habitats where the need 
to regularly commute between water and pasture encourages smaller 
herds and the greatest degree of herd discipline (e.g. GNP, HNP or 
KNP; Table 6.1). GPS monitoring of adult females revealed that habi-
tat openness had a minor effect on the patterns of associations among 
individuals and the location of fusion–fission events. Similarly, in the 
same study, although the scarcity of water during the dry season in such 
habitats might be expected to affect the social dynamics of buffalo, a 
significant, but weak, effect of distance to water on the patterns of asso-
ciations and the location of fusion–fission events between adult females 
was observed (Wielgus et al., 2020).

Bachelor groups often concentrate around small patches of good-quality 
grazing, too small for larger herds to exploit (Taylor, 1985; Prins, 1996).

Predation and Parasitism

The ‘ecology of fear’ has detailed the behavioural and ecological trait 
changes of numerous prey species and their consequences in response to 
predators in temperate and tropical ecosystems (Buck et al., 2018). For 
instance, Tambling et al. (2012) documented the changes in the behav-
iour of S. c. caffer following the reintroduction of lions (Panthera leo) into 
the Addo Elephant National Park, South Africa. Buffalo responded by 
increasing group sizes and switching habitat preferences towards more 
open grasslands during lions’ hunting hours, which countered the initial 
high levels of predation on juvenile buffalo experienced just after the 
reintroduction of the predator.

Although parasites (broadly including micro- and macroparasites) can 
also cause hosts to adopt defensive strategies that reduce infection risks, 
the ‘ecology of disgust’ has not yet provided strong empirical and theo-
retical evidence of the causes and consequences of such anti-parasite 
behaviours (Buck et al., 2018). The ‘encounter-dilution’ effect provides 
protection when the probability of detection of a group does not increase 
in proportion to an increase in group size provided that the parasites (or 
predator) do not offset the encounter effect by attacking more members 
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of the group (Mooring and Hart, 1992). This mechanism could provide 
larger groups of buffalo with some added protection against parasites 
that actively seek their hosts, such as biting flies (e.g. tabanids, Glossina 
spp). The ‘selfish herd’ effect provides protection from predators to ani-
mals that are in the centre of a group (Hamilton, 1971), which also pro-
tects against biting parasites (Mooring and Hart, 1992). Ungulate hosts 
have evolved adaptive strategies to minimize their exposure to parasites 
(Gunn and Irvine, 2003; Fritzsche and Allan, 2012), and the adoption of 
such grouping and foraging strategies could provide some protection to 
buffalo herds against free-living stages of significant ectoparasites, such 
as ticks in southern African savanna ecosystems (de Garine-Wichatitsky 
et al., 1999; de Garine-Wichatitsky, 2000).

In conclusion, analysing the causes and consequences of predation and 
parasitism on African buffalo grouping strategies is not trivial. Despite 
relatively abundant literature documenting the effects of parasites on buf-
falo populations, including detailed surveys of the complex interactions 
between parasites (Jolles et al., 2008; Ezenwa et al., 2019; Chapter 11), 
there is a need for further empirical data specifically documenting group 
size variations of buffalo herds and their epidemiological consequences. 
Furthermore, it is likely that some consequences of buffalo herding strat-
egies may differ fundamentally between predation and parasitism, with 
contrasted consequences depending on the mode of transmission of par-
asites (density- versus frequency-dependent transmission; Heesterbeek 
and Roberts, 1995).

Anthropological Drivers

Although few buffalo populations remain unaffected by human activi-
ties, little is known about the impact of human activities and infrastruc-
tures on fusion–fission dynamics in African buffalo. Naidoo et al. (2012a, 
2012b) explored the influence of infrastructure such as (wildlife man-
agement or veterinary) fences, roads, fires, cultivated areas and home-
steads on the dispersal and home range of African buffalo in the Caprivi 
strip in Bostwana/Namibia, and noted that they all influenced buffalo 
movements and HRs as no through zones (e.g. fence, roads) or no-go 
zones (e.g. villages or recently burnt areas). In Zimbabwe, in HNP, 
KNP and GNP studies, African buffalo were seldom seen outside of 
protected areas (Miguel et al., 2017; Valls-Fox et al., 2018). In Figure 
6.1, the right-hand side boundary for both herds is a railway line doubled 
with a dirt road crossing through the GNP; no adult female buffalo ever 
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crossed that line even after coming very close to it (Caron, personal 
observation). Buffalo regularly cross over the poorly maintained veteri-
nary fence around the OD, most likely seeking productive forage, and 
several individual male buffalo were seen in Maun in 2021. In Kasane 
town, Botswana, buffalo just ignore the tarmac main road (Chardonnet, 
personal communication).

Besides the impact of humans on buffalo movements and HRs, lit-
tle is known about the impact of cattle encounters on fusion–fission 
dynamics in buffalo mixed herds. Over most of their current distribu-
tion in sub-Saharan Africa, the ranges of buffalo and cattle populations 
extensively overlap, and they often share forage and grazing resources 
(Chapter 10). However, at a fine scale, there are few field observations of 
free-ranging buffalo mingling with cattle on the same grazing grounds, 
drinking together from the same waterholes, or any other activity imply-
ing close direct contact between individuals from the two species. On 
the contrary, most field evidence indicates that buffalo tend to avoid 
areas occupied by cattle herds. For instance, a spoor survey conducted 
to monitor the movements of wildlife and livestock across the damaged 
FMD fence of southern GNP found that cattle and buffalo used different 
sections of the damaged fence (Chigwenhese et al., 2016), while Hibert 
et al. (2010) demonstrated a similar trend, with a clear separation of buf-
falo from cattle tended even at large scales in the WNP in West Africa. 
At a finer scale, Valls-Fox et al. (2018) were able to further quantify the 
movement patterns of sympatric free-roaming buffalo and herded cattle 
using GPS empirical data combined with spatial modelling, according to 
seasonal changes of surface water availability in an interface area of HNP. 
As expected, both cattle and buffalo preferred open grassland habitats 
found close to water, but buffalo avoidance of cattle varied seasonally. 
During the rainy season, buffalo avoided cattle completely at the HR 
scale, whereas during the dry season, when cattle ranged further into 
the protected area in search of forage, buffalo and cattle spatial overlap 
increased as water dependence took precedence over avoidance (Valls-
Fox et al., 2018). The same study observed a more nocturnal use by buf-
falo of shared pastures between both species, at a time when cattle are 
penned in ‘kraals’ close to their owner’s homestead. Although it is still 
unclear whether buffalo avoid cattle, or possibly their herders, dogs or 
other associates, and what cues they use to detect and minimize contacts, 
this could open perspectives for the management of wildlife–livestock 
interfaces (Sitters et al., 2009; Caron et al., 2021). Valls-Fox et al. (2018) 
suggested that long-term planning of both artificial water provisioning 
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and traditional cattle-herding practices could help maintain spatial 
segregation and thus mitigate conservation conflicts such as pathogen 
transmission, crop-raiding and livestock depredation. Finally, if, when 
encounters occur, they result in fusion–fission events as observed when 
one encounters buffalo groups, one would expect that the size of buffalo 
groups closer to park boundaries would be smaller than those further 
from boundaries.

Conclusion
Since Prins (1996), the understanding of the dynamics of mixed herds of 
buffalo has evolved, mainly due to breakthroughs in telemetry technol-
ogy. Associations of buffalo are now considered more fluid than the ini-
tial idea of a stable mixed herd fixed in a home range. Individual buffalo 
belonging to a mixed herd participate in extensive fusion–fission events 
and can spend less than 30 per cent of their time together. In addi-
tion, dyads are not stable over time and patterns of individuals’ associa-
tion within mixed herds are not clear. A mixed herd is therefore better 
defined by a fixed home range shared by individuals, and mixed herd 
switching by young or adult females has been observed on several occa-
sions (Table 6.1). Individuals within mixed herds may associate based 
on kinship or shared metabolic requirements, and attempts to test these 
hypotheses have been inconclusive so far. These two non-exclusive 
hypotheses should attract more attention in future studies. These inter-
pretations are mainly based on studies in southern Africa and their 
 replication in other regions where the species occur would be welcome.

The dynamics of fusion–fission events within mixed herds are largely 
driven by habitat heterogeneity and the quality and quantity of grazing 
and surface water (Winnie et al., 2008). The size of grazing patches and 
water points determine the size of mixed herds that can crop them, and 
their distribution across space trigger fusion–fission dynamics. Additional 
drivers such as predation, parasitism or fires also influence mixed herd 
dynamics. However, most African buffalo populations today are exposed 
to some degree of human activity (traditional and trophy hunting, cattle 
grazing, roads, fences and fire to name a few). Human activities have 
been shown to impact buffalo movements, home ranges and daily activi-
ties (Naidoo et  al., 2012a; Valls-Fox et  al., 2018). The fluidity of the 
buffalo social system as updated in this chapter may help the species to 
adapt to changing environments and expanding buffalo/cattle/human 
interfaces (Figure 6.5). However, given the potential impact of climate 
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change on water availability in Africa (James and Washington, 2013), the 
drier conditions that will be experienced in semi-arid ecosystems in the 
coming decades may alter external drivers (e.g. intensity of buffalo/cat-
tle/human interfaces) and herd dynamics (less), home range (larger) and 
group size (smaller) (Naidoo et al., 2012a; Roug et al., 2020; Wielgus 
et al., 2020).

Some large buffalo populations also remain unstudied. For exam-
ple, 21,000 buffalo are estimated in Maromeu National Reserve in 
Mozambique and 12,000 in Zakouma National Park (Chapter 4). Forest 
buffalo are largely understudied despite their importance to confirm or 
not the existence of a core group for the species. Studies on these popu-
lations could shed light on the ‘natural’ ecology of buffalo populations 
in different contexts, as some remain relatively free of human impact.

In 1977, Sinclair concluded: ‘we need more data on the degree to 
which animals move between herds and whether there are characteristic 
gene frequencies for each herd’. These needs are still valid today, and 
one could add ‘how animals move within herds’. Future studies will 
benefit from more advances in telemetry, using cheaper devices (e.g. ear 
tags, proximity tags), new technologies (e.g. drones to regularly estimate 
group size around focal/collared individuals), new information sources 

Figure 6.5 Herd of Cape African buffalo observed from a helicopter, central 
Botswana. © Rudi van Aarde.
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(e.g. sound recorders) and non-invasive genetic studies to enhance our 
knowledge of buffalo social dynamics. These future studies should not 
forget that longitudinal observational studies based on fieldwork by 
researchers will always bring additional information that new technolo-
gies promoting remote access to data tend to occult.
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7 · Population Dynamics of Buffalo: 
The Effects of Droughts and 
Non-Equilibrium Dynamics
J. W. HEARNE, M. J. S. PEEL  
AND H. H. T. PRINS

Introduction
Population dynamics is concerned with changes in a population over 
time. Understanding these dynamics facilitates the early detection of 
growing or declining trends in a population. If necessary, appropriate 
control or protection strategies can then be introduced timeously to deal 
with undesirable trends (Mertens, 1985; Jolles, 2007). This is needed 
both for the conservation of African buffalo (Syncerus caffer) and for 
designing optimal strategies for their harvesting (e.g. hunting) or even 
ranching (Chapters 13 and 16).

Several studies (e.g. Sinclair, 1977; Mertens, 1985) collected data in 
the field and subsequently processed these data to produce life tables of 
buffalo populations. For humans, actuaries use life tables to determine the 
expected life expectancy of an individual, and hence perhaps the appro-
priate life insurance premium for that individual to pay. Due to practical 
difficulties in collecting data, life tables for buffalo are generally less accu-
rate than those for humans. More importantly, in wildlife management the 
purpose of life tables is different. Forecasting is essential for good manage-
ment and life table data can be used in a model to project a population into 
the future. Even for this purpose, however, the utility of such a model is 
limited. Population dynamics of buffalo populations are frequently event-
driven. For example, droughts, disease and poaching may invalidate any 
forecast based on life tables. Moreover, wildlife managers require scenario-
based rough estimates rather than precise population projections into the 
future. Roughly what proportion of a herd will die if a severe drought 
occurs next year? Hence, should any intervention be considered? Indeed, 
for a herd of 500 buffalo, the answer to this last question is not likely to 
differ whether there is an expected loss of 105 or 125 animals.
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Investigating the dynamics of a population usually involves the use of 
mathematical models. There is a diverse array of such models. Therefore, 
before commencing any formulation or use of a model it is important to 
be very clear about its purpose. What are the questions for which one 
seeks answers? What understanding of system behaviour is sought? Only 
once the aims and the purpose of the model are clear can the appropriate 
type of model be chosen.

In this chapter, we first discuss various exogenous factors that disrupt 
population trajectories. We focus particularly on drought and disease. 
This is followed by a discussion on the constraints that these factors play 
in the types and goals of models that can provide any useful insight. 
Finally, we show the importance of age structure in determining popula-
tion dynamics. We will illustrate how aggregated population data might 
in fact mislead observers.

Factors Affecting Population Dynamics

Droughts

The rinderpest outbreak in Africa in the 1890s reached southern Africa 
around 1896, peaked in 1897–1898 and severely impacted artiodactyl 
populations in Africa. Stevenson-Hamilton (1929) reported that the dis-
ease ‘…reduced the already much depleted buffalo herds to about a dozen 
individuals’ in what is now Kruger National Park (KNP). Impressive 
conservation efforts during the early twentieth century and the recov-
ery of rangelands following the large-scale, disease-related grazer die-off 
contributed to the recovery of game populations. However, African buf-
falo remain susceptible to drought (Sinclair, 1977; Smuts, 1982; Walker 
et al., 1987; Prins, 1996; Peel and Smit, 2020; Smit et al., 2020). As the 
doyen of South African nature conservation, James Stevenson-Hamilton 
observed, ‘During the severe drought at the end of 1935, when the rains 
failed completely, and the Lower Sabie area was quite bare of grass, 
the buffaloes suffered terribly’ (Stevenson-Hamilton, 1947, p. 85). This 
pattern of sensitivity to drought is further illustrated by, among oth-
ers, Walker et al. (1987) describing the impact of the severe 1981–1984 
drought, exacerbated by water provision, that affected most of southern 
Africa, causing extensive grass mortality and grazer mortality in particu-
lar. Peel and Smit (2020) describe declines in the buffalo population of 
between 77 per cent in an area that was minimally managed and declines 
of 29 per cent and 35 per cent, respectively, in areas where management 
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removals were carried out before the 2014/15–2016/17 drought devel-
oped fully. Furthermore, regional buffalo population declines were 
highest in areas with a high density of artificially provided water points 
and associated low herbaceous biomass (Smit et al., 2020).

Stevenson-Hamilton (1947, p. 85) further states, ‘Such few calves as 
were born did not survive…’. This is a very pertinent observation, yet 
more detailed observations appear to indicate that recently weaned juve-
niles are the first to die, followed by suckling calves, both groups being 
very susceptible to drought conditions (Prins and Peel, personal observa-
tions at numerous places during some droughts). During the 1969–1970 
drought in KNP, Smuts (1982) once observed five buffalo calves dying 
while the herd was moving between two water points some 9 km apart. 
Further, observations of calves wandering through the veld alone were 
common, as they could not keep up with the herds moving over large 
areas in search of food and water. The proportions of calf and juvenile 
groups in the buffalo population were extremely low after the 2014/15–
2015/16 drought, and these statistics feature in our detailed discussion of 
individual protected areas.

We examined three protected area (PA) scenarios under varying 
environmental and management regimes in the same semi-arid savanna 
(Lehmann et al., 2011; Luvhuno et al., 2018) in the Lowveld of South 
Africa as described by Stevenson-Hamilton (1947). The three PAs repre-
sent an environmental gradient with decreasing long-term mean annual 
rainfall from south to north (PA 1: 631 mm, PA 2: 552 mm and PA 3: 
430 mm). While focusing on what we consider the ‘long’ 2014/15 and 
2015/16 droughts, it is important to describe the conditions prior to 
the onset of the drought. For all three PAs, the two-year pre-drought 
mean varied from wet (PA 1 and PA 2) to very wet (PA 3). The rainfall 
received as a percentage of the long-term mean annual rainfall in year 
one of the drought varied between 54 per cent for the wetter south to 
around 77 per cent for the ‘drier’ central and northern areas. The second 
year of the drought showed the same pattern for the PAs, with the ‘wet-
ter’ southern PA 1 receiving 38 per cent, the central fenced PA 2 57 per 
cent and the drier northern PA 3 65 per cent of the mean annual rain-
fall, respectively. The post-drought rainfall was at the mean annual rain-
fall for PA 1 and marginally below the mean for PA 2 and PA 3. Rainfall 
correlates well with the grass standing crop (GSC) – the two-year pre-
drought mean for the GSC ranged from 123 per cent for PA 1, 159 per 
cent for PA 2 and 152 per cent for PA 3. The entry point to the drought 
in terms of grass availability was thus very favourable (Figure 7.1a–f). 
Year 1 of the drought was characterized by marked declines in the GSC,  
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Figure 7.1(a–f ) Buffalo population data and rangeland conditions pre-, during  
and post-drought on three protected areas in the Lowveld of South Africa.  
Source: Authors.
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ranging from 70, 67 to 72 per cent of the long-term mean for PAs 
1–3, respectively. The second drought year precipitated an almost 
complete failure of the grassland crop with the mean GSC rang-
ing from 7, 6 to 9 per cent for PAs 1–3, respectively. Recovery of 
the GSC post-drought again tracked a return to improved rainfall 
conditions (Figure 7.1a–f). Similar precipitous declines in standing 
crop (and subsequent yearling mortality) were observed in Tarangire 
National Park (Tanzania) in 1992 when minimal perennial grass cover 
was left, and in KNP in 1993 and again in 2004 with similar effects 
(Prins, personal observation). The periodicity of the droughts in the 
southern African climatic system is well illustrated in Malherbe et al. 
(2020), where it appears to be associated with the Southern Atlantic 
Oscillation (see also Gandiwa et al., 2016 and Poshiwa et al., 2013). 
Droughts in East Africa do not show clear periodicity (Prins and Loth, 
1988) because rainfall there is driven much more by monsoonal effects 
over the Indian Ocean.

We evaluated how buffalo numbers changed after a drought event 
in the three PAs located in the Lowveld of South Africa and located 
along a south–north gradient. In our study, we considered buffalo 
numbers and the susceptible calf groups (up to 2 years old). Buffalo 
numbers were calculated as a percentage of the pre-drought number 
(Figure 7.1a, c and e) and for calves as a percentage of the population as 
a whole (Figure 7.1b, d and f).

In PA 1 (Figure 7.1a – wetter, and open to KNP), the population 
maintained itself in the first year of the drought, followed by a marked 
decline in the second year, but the population remained healthy. It was 
only during the winter of the second year of drought with the collapse 
of the grass layer that the numbers declined spectacularly. The latter was 
a result of a combination of movement out of the heavily stocked PA 
1 into the adjacent KNP (less artificial water point provision and lower 
animal densities), and drought-related mortality through starvation and 
predation due to the animals’ weakened condition. The proportion of 
calves present in the population was maintained during the first year of 
the drought (favourable drought entry conditions), declined markedly in 
the second year and plummeted in the first post-drought year, a func-
tion of the die-off in the winter of year two and reflected in recovery 
year two post-drought as the rangelands recovered (Figure 7.1b). The 
recovery of the ‘rested’ rangeland in these wetter southern areas was 
illustrated by the return to pre-drought calf proportions in the second 
post-drought year. The overall reduced population size after the drought 
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indicates that the older age classes also lost individuals, likely caused by 
increased predation and starvation.

In PA 2 (Figure 7.1c – intermediate rainfall and fenced), 98  buffalo 
(11  per cent of the population) were removed on recommendation 
between 2014 and 2015 with an additional 28 animals removed in 2016 
(11 per cent of a much-reduced population). While these removals were 
commendable, they did not prevent marked declines in year one of the 
drought and steep declines in the following two years resulting in levels 
of around 20 per cent of pre-drought numbers up to three years post-
drought. We consider that this situation was due to the heavy prevailing 
stocking rates at the start of the drought and rapid declines in the grass 
layer at the onset of the drought due to the fenced situation, resulting 
in drought-related mortality through predation on weakened animals 
and starvation. The proportion of calves present in the population was 
maintained in the first year of the drought (favourable drought entry 
conditions), declined steeply in the second year of drought and year 
one post-drought (to 0 per cent) with minimal recovery in year two 
post-drought and improvement in only year three post-drought but to 
levels still below pre-drought (Figure 7.1d). The population contin-
ued to recover slowly due to numbers below the exponential phase of 
the growth curve in this fenced PA. Without supplementation from 
outside sources, the rangeland would have rested in this wetter, albeit 
fenced central area. We would expect the population to recover, the 
rate dependent on the prevailing rainfall conditions and associated range 
condition that in turn affects how quickly the growth curve reaches 
exponential.

In PA 3 (Figure 7.1e, drier open to KNP) there was a decline in 
the number of buffalo in the first year of the drought followed by an 
increase in the second year of drought. This is anomalous as the grass 
layer was already severely limiting and probably the result of buffalo 
moving through the area at the time of the count from the surround-
ing drier waterless areas where conditions were more severe. The steep 
decline in the buffalo population was therefore only recorded in the 
first-year post-drought and continued in the second-year post-drought 
due to a continued decline in the grass layer combined with movement 
out of the PA (see e.g. Hilbers et al., 2015), predation due to the animals 
being in a weakened condition and starvation. This pattern was only 
reversed in the third-year post-drought. Although the buffalo popula-
tion ‘increased’ in year two of the drought, the proportion of calves was 
very low, supporting the argument that the animals present in this PA 
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were in all likelihood moving through the area in search of water and 
grazing. The proportion of calves present in the population was main-
tained in the first year of the drought (favourable drought entry condi-
tions), declined steeply in the second year of drought and continued to 
decline markedly for the three years post-drought (3, 2.6 and 0 per cent; 
Figure 7.1f). We contend that the slower recovery of the population is a 
function of the slower recovery in the calf component and even greater 
susceptibility to drought in these drier, less-resilient areas.

Disease

Buffalo are remarkably resistant to indigenous diseases, but can be nega-
tively affected by anthrax (Bacillus anthracis; e.g. Hugh-Jones and De Vos, 
2002; Clegg et al., 2007). They are not known to succumb easily to dif-
ferent forms of trypanosomes transmitted by tsetse flies (see Garcia et al., 
2018). These parasitic forms, some of which may cause sleeping sickness 
in humans, are destroyed by phagocytes (Young et al., 1975), but other 
forms of trypanotolerance may occur (e.g. Murray et al., 1984). They 
are also resistant to other diseases like corridor disease caused by Theileria 
p. parva and East Coast fever caused by T. p. lawrenci. East Coast fever 
was introduced into South Africa in 1902 by infected cattle imported 
from East Africa to restock depleted cattle numbers after the rinderpest 
epidemic of 1896 (Lawrence, 1979). The subsequent epidemic lead to 
an estimated 5.5 million cattle deaths (Potgieter et al., 1988) but no buf-
falo epidemic was reported. Buffalo are also resistant to Anaplasma forms 
(Sisson, 2017). For an overview of other diseases, see Chapters 9 and 
12. Some exotic diseases, however, were disastrous and buffalo had no 
immunity or resistance. Rinderpest was the most notorious, with a death 
toll exceeding 90 per cent (Prins, 1996, p. 122 and references therein). 
The disease has been eradicated. Other exotic diseases, however, did not 
affect buffalo too badly. A case in point is bovine tuberculosis (bTB). 
We thus think that diseases exert a rather constant pressure in contrast 
to droughts that are punctuated events with frequently severe conse-
quences for young buffalo in particular.

Implications for Modelling

Clearly, there are many factors that may cause major losses in population 
numbers. Furthermore, it is rare to find two consecutive decades within 
which such a loss does not occur. Consequently, a population in the 
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wild will mostly, if not always, be in some transitional stage. Thus, tran-
sient dynamics will dominate rather than any form of density-dependent 
growth or equilibrium, and concepts of carrying capacity become irrele-
vant. In such situations, any analysis involving aggregation of age groups 
may lead to incorrect conclusions. Population trajectories are affected by 
how age structures are distributed. Two populations that have the same 
total number of head at some point in time might exhibit very differ-
ent dynamic behaviour for several years thereafter due to the popula-
tions having different age structures. Distinguishing a population by age 
groups is therefore important both from a data and a modelling perspec-
tive, and the more precise, the better. In the following sections, we will 
explore these issues further.

Modelling
We constructed a model to gain insight into the relationship between 
aggregated population data, such as that available from a field survey, 
and the age structure of a population. We looked at the implications for 
forecasting population trends as well as for drawing conclusions about 
possible density effects. To have a clear, uncluttered focus on this, we 
considered a population for which the following assumptions hold for 
the solution period:

• No migration
• No losses due to disease, predation, culling, poaching or other exog-

enous factors
• No constraining limits related to space and grazing resources within 

the time
• A population large enough so that we can ignore stochastic changes 

in vital rates.

We also assumed that there would be enough males in a population to 
service the females. In this case, the population dynamics are determined 
by the females.

Leslie Model

Let x(t) denote the vector whose ith element, xi(t), is the female popula-
tion in age group i at time t. We can project the population in each age 
group forward one year by the following equation:

 x t Ax t�� � �1 ( )  (7.1)
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The matrix A is known as a Leslie matrix (Caswell, 2001). With 
subscripts denoting the age groups, a Leslie matrix comprises the 
following:

• The first row of A contains the specific fecundity rates
• The ith row of A contains the survival rate si – 1 in column i – 1
• All other elements of the matrix A are zero.

Thus:
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 (7.2)

Stationary Age-Structure

From mathematical theory (Caswell, 2001), we know that applying  
equation (7.1) repeatedly for t = 1, 2, 3, … will eventually lead to a 
stationary age structure. By this, we mean that the population in each age 
group as a proportion of the total population remains constant even as 
the total population might grow or decline. These proportions (i.e., the 
age structure) can be obtained by calculating the eigenvector of matrix 
A corresponding to its largest eigenvalue, λ. Furthermore, the value of λ 
yields information about the annual growth rate of the population. If λ = 
1, the population will remain constant, whereas a value of λ greater than 
or less than one indicates that the population is growing or declining, 
respectively.

Ricker Model

A population subject to density-dependent growth is frequently mod-
elled using the Ricker model:

 p t p t( ) ( )� �1 exp (1 ( ) )r p t /K�  (7.3)

where p is the population, r is the intrinsic annual growth rate and K is 
the maximum stocking rate, often referred to as the carrying capacity. 
For unbounded populations, K is infinitely large. In this case, the rela-
tionship between λ and r is given by:
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 r � � �log �  (7.4)

This quantity will be referred to simply as the growth rate for the 
 remainder of this chapter.

Data
Data from three different studies were used in the analyses that follow: 
namely, Serengeti National Park (Sinclair, 1977), Hluhluwe–iMfolozi Park 
(Jolles, 2007) and Virunga National Park (Mertens, 1985). These data are 
shown in Figure 7.2 (precise values are given in the Appendix, Table A7.1). 
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Figure 7.2 Specific fecundity (a) and survival rates (b) for buffalo as given in three 
different studies: Serengeti (Sinclair, 1977), Hluhluwe–iMfolozi (Jolles, 2007) and 
Virunga (Mertens, 1985). The age group refers to the age of the animals in a cohort.
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Small adjustments have been made to the age groups in Jolles (2007) to 
facilitate comparison.

Analysis
There are three parts to this section. First, we explore the population 
dynamics using the Serengeti data and make some observations. In the 
second and third parts, we examine some of the conclusions drawn in 
the studies of Jolles (2007) and Mertens (1985), respectively.

Serengeti

The data in Sinclair (1977) were a result of several years of work in the 
Serengeti during the 1960s. It is the most cited work on the fecundity 
and survival rates of the African buffalo.

Substituting the Serengeti fecundity and survival rates into the matrix 
(7.2), we find the largest eigenvalue λ and the corresponding eigenvec-
tor. The eigenvector corresponds to the stationary age distribution, which 
we will use as starting values for simulating the population dynamics. 
The eigenvalue λ = 1.054 implies a growth rate of 5.4 per cent for this 
stationary age distribution. However, as discussed, populations are sub-
ject to frequent disruptions. After such a disruption, how long will it 
take before the population returns to this stationary age distribution? We 
consider two plausible scenarios to explore this question.

Serengeti Scenario 1 – A Short Drought
Starting with a stationary age distribution, a population is subject to a 
short, acute drought of 6 months. This results in the deaths of a major 
proportion of the recently weaned calves. Specifically, in our model, 
75 per cent of the second and third age classes die immediately after the 
start of year 2.

To simplify the visual representation of the results we aggregate the 19 
age groups as follows: calves (group 1), juveniles (groups 2–4), subadults 
(group 5) and adults (groups 6–19). A division of adults into ‘young’ 
cows (groups 6–10) and ‘old’ cows is used for some results. This division 
corresponds to specific fecundity rates as given by Sinclair and shown in 
Figure 7.2.

It can be observed in Figure 7.3a that more than a decade after the 
drought event, the population has not yet returned to its previous growth 
rate. In Figure 7.3b, we note that the age structure of the population is 
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also unsettled. A consequence of this is that the number of calves pro-
duced per cow fluctuates as shown in Figure 7.4a. Why should this be, 
given that the specific fecundity rate for each year-age group is constant?

Dividing the ‘adult’ group into ‘young’ (groups 6–10) and ‘old’ 
(groups 11–19), we observe in Figure 7.4b that the proportion of cows in 
each group fluctuates over the solution period. As the ‘young’ and ‘old’ 
cows have different specific fecundity rates of 0.41 and 0.33, respec-
tively, changes in the proportions of each group cause a change in the 
average number of calves produced per adult cow.
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Figure 7.3 The effect of a short, acute drought on the dynamics of a population 
initially in a stable age distribution. (a) Growth rate, (b) age structure. Source: Authors.
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Serengeti Scenario 2 – A Long Drought
Starting with a stationary age distribution, a population is subjected to a 
severe drought lasting 2 years. This results in high mortality for recently 
weaned calves. Specifically, we impose in the model a die-off of 75 per 
cent of females in groups 2 and 3 in year 2. This is followed in year 3 by 
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Figure 7.4 (a) Fluctuations in the rate of calf production by a herd of buffalo cows. 
(b) Changes in the proportion of high fecundity ‘young’ cows to ‘old’ cows. 
Source: Authors.
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a complete die-off of all calves and juveniles, that is all animals in groups 
1–4, and 50 per cent of cows staying barren.

In some respects, Figures 7.5 and 7.6 show exaggerated versions of 
the effects already noted in scenario 1, but there is more to learn from 
these results.

Suppose a field study commences in year 4 and is concluded in year 
10. Further, suppose that no other data were available other than that 
obtained over the six-year study period. Observing the population 
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Figure 7.5 Fluctuations in (a) population and growth rate and (b) age structure. 
Source: Authors.
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trajectory (Figure 7.5a) over this period, it is easy to conclude (wrongly) 
that population growth is density-dependent. In fact, a Ricker model 
with K = 95 and r = 0.61 gives an almost perfect fit to these data. The 
declining number of calves produced per cow over this period (Figure 
7.6a) would tend to confirm a conclusion that the population is subject 
to density-dependent growth. And yet there is no density effect built 
into the model that generated these results as can be seen from the pop-
ulation trajectory beyond year 11. The transient dynamics of a disturbed 
population can easily mislead.
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Figure 7.6 (a) Number of calves produced per adult cow each year. (b) 
Composition of the adult female population. Source: Authors.
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Discussion of the Serengeti Cases

• Even a short disturbance (6-month drought) affects the population 
dynamics for more than a decade.

• A study of 6 years may produce trajectories that lead to misconcep-
tions about the longer-term prospects of a population.

• With no density constraints on a population, transient changes in the 
age structure may lead to a population trajectory mimicking density-
dependent growth over a period lasting a few years.

• Specific fecundity rates cannot be accurately determined using aggre-
gated adult age groups for populations in transition.

Hluhluwe–iMfolozi

Demographic data from 826 buffalo in 12 herds in the Hluhluwe–
iMfolozi Park, captured in 2001–2002, were used by Jolles (2007) to 
parameterize an age-structured population model. The stationary age 
distribution predicted by the model is, according to Jolles, ‘very  similar 
to the age distribution observed in the captured population sample’. 
Jolles goes on to use some of her results to provide evidence of density-
dependent population growth. We analyse whether these conclusions 
stand up to further scrutiny.

The first problem we come across is in the age-structured population 
data given in Jolles (2007) and shown in Table 7.1. Let us assume that 
the given number of subadults (= 42) is correct. The survival rate for 
the juvenile group is given as 0.85. Thus, to get 42 subadults we would 
need to have 42/0.85 = 49.4 juveniles in the age range from 3.5 to 4.5 
years. Similarly, the population in the age range from 5.5 to 6.5 years 
would be 42 × 0.85 = 35.7 and the next year class would be 35.7 × 
0.97 = 34.6. We can continue in this way and determine the numbers 
in all age groups. Then aggregating these into broader groups, we get the 
‘Revised’ values given in Table 7.1. As can be seen, these numbers differ 
significantly from the values reported by Jolles.

Is it possible to understand the discrepancy in the two sets of values in 
Table 7.1 using the simple model presented earlier by equations 7.1 and 7.2? 
The first step to take is to substitute the fecundity and survival rates deter-
mined by Jolles, given in Figure 7.2, into the Leslie matrix (equation 7.2).

The largest eigenvalue of the Leslie matrix in this case indicates a 
growth rate of 3.4 per cent per annum. This is less than the average 6.8 
per cent recorded over the period from 1957 to 2004. The associated 
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Table 7.1 Age structure for African buffalo in 
Hluhluwe-iMfolozi Park, South Africa as reported 
by Jolles (2007). The revised estimates for the number 
of buffalo in the different age classes (N) were obtained 
by assuming the subadult number of 42 (the number 
published) is correct and then using the survival data 
provided in the same article for each year-age group 
to generate the numbers in the ‘Revised’ column as 
described in the previous paragraph.

Age (years) Jolles (N) Revised (N)

Calves (<1) 136 109
Juveniles (1 ≥ 4.5) 366 256
Subadults (>4.5–5.5) 42 42
Mature (>5.5) 247 408

stationary age structure is given in Table 7.2 where it is compared with 
the field data. This difference suggests that a stationary age distribution 
had not been attained at the time the field data were recorded. This is 
not surprising given droughts and removals over this period.

Let us now impose on this system the same drought described in 
Serengeti – scenario 2 to investigate the population dynamics. For this, 
we used equation 7.1 with the same Leslie matrix comprising the fecun-
dity and survival rates. We assume an initial population of 100 head and 
determine the age distribution from the eigenvector of the Leslie matrix. 
Some results are shown in Figure 7.7.

Table 7.2 The stationary age structure for Hluhluwe–iMfolozi 
Park, South Africa as calculated on the basis of the Leslie model 
compared with field data reported by Jolles (2007). Values 
shown (rounded to the nearest integer) are percentages of the 
total population.

Age (years) Leslie model (%) Data (Jolles) (%)

Calves (<1) 17 17
Juveniles (1 ≥ 4.5) 30 46
Subadults (>4.5–5.5) 7 5
Mature (>5.5) 47 31
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We observe in Figure 7.7a that during years 4–11 the population dis-
plays a trajectory that might easily be interpreted as density-dependent 
growth. Applying a Ricker model with K = 117 and r = 0.45 gives an 
almost perfect fit to the population trajectory over this 7-year period, and 
yet the population trajectory has been generated by a model that has no 
density-dependence as is apparent in later years. How can we explain this?

The changes in growth rate observed in Figure 7.7a are purely a result 
of changes in the age structure. It can be seen in Figure 7.7b that the 
proportion of ‘adult’ cows (6–16 years old) is depressed between the 
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Figure 7.7 (a) Fluctuations in the population and its growth rate. (b) The relative 
proportion of ‘adult’ cows (6–16 years old) to ‘senescent’ cows (17+ years). 
Source: Authors.
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years 5 and 17. Recall from Figure 7.2 that ‘adult’ cows in Hluhluwe 
have a specific fecundity rate of 0.37 compared with only 0.3 for ‘senes-
cent’ cows. Therefore, the number of calves produced by a population, 
and thus the growth rate of the whole population, will be affected by the 
ratio of ‘adult’ cows to ‘senescent’ cows.

Finally, it should be noted in Figure 7.7b that the population has 
not settled into a stationary age structure nearly two decades after the 
drought.

Discussion of the Hluhluwe–iMfolozi Case

• If we have accurate fecundity and survival rates, we can easily test 
whether a population has attained a stationary age structure. The 
number in any age group multiplied by the survival rate should give 
the number in the next age group. This will be true for all age groups 
if we have a stationary age structure.

• It takes nearly two decades after a severe year drought before the pop-
ulation settles into a stationary age structure.

• Due to the frequency of droughts a population is likely to always be 
in a transient state.

• For populations in a transient state, determining vital rates from aggre-
gated data can be misleading. Furthermore, even a field study with a 
7-year duration might yield data that lead to an incorrect conclusion 
of density-dependent growth.

Virunga

In an analysis of buffalo in Virunga National Park in the Democratic 
Republic of the Congo (then Zaire), Mertens concluded in 1985 that 
the structure of the population had remained approximately stable 
over the past 25 years. Let us investigate this further. We apply to the 
matrix A, given in equation 7.1, the lifetable data constructed by Mertens 
(Figure 7.2), which differs to some extent from that of Sinclair (1977).

As described previously, the stationary age structure can be obtained 
by calculating the eigenvector of matrix A corresponding to its largest 
eigenvalue, λ. Furthermore, the value of λ can be used in equation 7.4 
to calculate the growth rate of the population.
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For the data given in Figure 7.2, we obtain the value of the largest 
eigenvalue λ = 0.974. This implies that the population will experience 
a continuing decline once it has settled into a stationary age structure. 
Although Mertens provides vital rates for 17 age groups, his popula-
tion counts and age structure are given in only three groups: ‘young’ 
(0–1 years), ‘immatures’ (1–4 years) and ‘adults’ (4+ years). Clustering 
age groups from the eigenvector to enable a direct comparison with 
Mertens’ data, we get Table 7.3.

The two age structures in Table 7.3 differ. To explore this, we first 
note that the age structure reported by Mertens shows that the propor-
tion of each group differs by less than 3 per cent from two previous 
findings at Virunga National Park in 1960 and 1978–1979. Therefore, 
we set initial population values close to those of Mertens and used the 
Virunga vital rates given in Figure 7.2. We then applied equation 7.1 
repeatedly to project the population forward in time. The simulations 
were performed for 30 years, but it is clear from the results that the age 
groups stabilized after about 25 years as shown in Figure 7.8.

In reporting his data, Mertens allowed for the possibility that his 
fecundity data were a bit too low and that Sinclair’s values might be 
more accurate. We thus replaced Virunga fecundity data in Figure 7.2 
with those for Serengeti to determine whether this reduces the differ-
ence between the model output and the field data. In fact, this replace-
ment increased the discrepancy further, as shown in Table 7.4 (Model 1 
as compared to the output based on Merten’s data). Using Serengeti data 
for both fecundity and survival also did not improve matters (Model 2 
in Table 7.4).

Table 7.3 Comparison of the stationary age structure 
of African buffalo in Virunga National Park, 
Democratic Republic of Congo obtained by our model 
with the field data of Mertens (1985).

Age groups (year) Model (%) Mertens (%)

<1 (Young) 14.5 8.7
≥1–4 (Immatures) 22.2 15.9
>4–17 (Adults) 63.3 75.4
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Discussion of the Virunga Case

• Starting with the age structure recorded, it takes nearly two decades 
before the population settles. It then settles into an age structure that 
differs from that recorded by Mertens.

• Given this inconsistency and the frequent disturbances to buffalo 
populations, it seems unlikely that the age structure of the Virunga 
population was stable over 25 years as claimed. We conclude this, 
even though the broad population structure recorded by Mertens was 
similar to that recorded 25 years earlier.
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Figure 7.8 Changing age structure over 30 years. Compared with the initial 
structure at t = 1, both juveniles and subadults ended up representing higher 
percentages of the population, while adults are lower. Source: Authors.

Table 7.4 Comparison of the stationary age structure 
determined from population counts in Virunga National Park, 
the Democratic Republic of Congo by Mertens (1985) and that 
obtained using a Leslie matrix model. Model 1 used Mertens’ 
survival data but with Sinclair’s (1977) fecundity data. Model 2 
used Sinclair’s data on fecundity as well as on survival.

Age group (year) Mertens (%) Model 1 (%) Model 2 (%)

<1 (Young) 8.7 19 18
≥1–4 (Immatures) 15.9 26.3 29
>4–17 (Adults) 75.4 54.7 53
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Conclusion
We have noted that factors such as disease, predation, poaching and 
droughts all have severe effects on buffalo populations, but that droughts 
(because they occur punctuated in time) have the most intriguing con-
sequences. These events happen frequently. Three major droughts, for 
example, have occurred in less than four decades in the Greater Kruger 
National Park (Malherbe et  al., 2020; Smit et  al., 2020) and severe 
droughts were also reported by Stevenson-Hamilton (1947) decades pre-
viously. Such droughts may increase in frequency with climate change in 
some parts of the range of the African buffalo, but perhaps not in others. 
With such disruptions, populations are always in a state of transition (and 
in a form of non-equilibrium dynamics: see for example Ellis and Swift, 
1988; Desta and Coppock, 2002; Vetter, 2005). Their age structures are 
thus always changing. Even without further disruptions, it might take 
more than a couple of decades before a population settles into a station-
ary age structure.

In this chapter, we have shown the importance of detailed age structure 
modelling in determining population trajectories. Time series analysis of 
aggregated populations may lead to significantly incorrect conclusions. 
This includes, for example, misleading ‘evidence’ for density-dependence 
for a case where, in fact, there was no such effect at all.

A concern highlighted by this analysis is that in the field it is often 
difficult to distinguish the exact ages of individuals. This might also 
have implications for calculating vital rates. Suppose fecundity starts 
declining from age 15 and we cannot distinguish between 14- and 
16-year-olds. Then simply counting calves and adults will not give 
a specific fecundity rate that will hold for a different mix of 14- and 
16-year-olds.

We also have shown that vital rates determine an age structure. If the 
survival rate, say 0.9, in a particular age group with 100 individuals is 
known, then the next older age group should comprise 90 individuals a 
year later. If the population is in equilibrium and hence the age structure 
is stationary, the older group will contain 90 individuals now. Thus, if 
numbers in the older group differ from 90 then we know that the popu-
lation is still in a state of transition.

In conclusion, we contend that understanding the population 
dynamics of buffalo requires detailed knowledge of the age structure. 
Furthermore, any data on vital rates should record the extent to which 
age groups have been aggregated. Any studies on population dynamics 
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using these data should explore the full range of disaggregation pos-
sible that is consistent with the aggregated data. Only then can firm 
statements be made about the population dynamics. Indeed, while it 
is easy to do some arm-waving about ‘climate change’ and stating that 
‘there will be more droughts in Africa’, it is much more difficult to 
replace comfortable thinking about ‘carrying capacity’ by the realiza-
tion that animal populations in many parts of Africa are in a state of 
non-equilibrium dynamics, and that a drought some years ago is still 
playing havoc with the population dynamics. Nonetheless, choosing 
the wrong (mathematical) model for predicting future numbers, setting 
offtake numbers (e.g. for hunting quota) or even temporary destock-
ing strategies may have severe repercussions for the sustainability of a 
harvesting operation, for example, or for calculating gene flow in a 
population.

Appendix
Table A7.1 Specific fecundity and survival rates for buffalo as given in three 
different studies: Serengeti (Sinclair, 1977), Hluhluwe–iMfolozi (Jolles, 2007) 
and Virunga (Mertens, 1985). The age group refers to the age of the animals 
in a cohort.

Study Serengeti Hluhluwe–iMfolozi Virunga

Age group Fecundity Survival Fecundity Survival Fecundity Survival

1 0 0.670 0 0.74 0 0.50
2 0 0.860 0 0.85 0 0.97
3 0 0.981 0 0.85 0 0.97
4 0.06 0.979 0 0.85 0.2 0.94
5 0.14 0.962 0.15 0.85 0.2 0.96
6 0.41 0.970 0.37 0.85 0.2 0.94
7 0.41 0.944 0.37 0.97 0.2 0.97
8 0.41 0.959 0.37 0.97 0.2 0.99
9 0.41 0.925 0.37 0.97 0.2 0.90
10 0.41 0.880 0.37 0.97 0.2 0.91
11 0.33 0.884 0.37 0.97 0.2 0.93
12 0.33 0.783 0.37 0.97 0.2 0.85
13 0.33 0.745 0.37 0.97 0.2 0.67
14 0.33 0.714 0.37 0.97 0.2 0.58
15 0.33 0.650 0.37 0.97 0.2 0.33
16 0.33 0.527 0.37 0.97 0.2 0.17
17 0.33 0.458 0.3 0.73 0.2 0.00
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Study Serengeti Hluhluwe–iMfolozi Virunga

Age group Fecundity Survival Fecundity Survival Fecundity Survival

18 0.33 0.318 0.3 0.73 – –
19 0.33 0.000 0.3 0.73 – –

References

Caswell, H. (2001). Matrix Population Models: Construction, Analysis, and Interpretation. 
Sunderland, MA: Sinauer.

Clegg, S.B., P.C.B. Turnbull, C.M. Foggin and P.M. Lindeque (2007). Massive outbreak of 
anthrax in wildlife in the Malilangwe Wildlife Reserve, Zimbabwe. Veterinary Record 
160: 113–118.

Desta, S. and D.L. Coppock (2002). Cattle population dynamics in the southern Ethiopian 
rangelands, 1980–97. Rangeland Ecology and Management/Journal of Range Management 
Archives 55: 439–451.

Ellis, J.E. and D.M. Swift (1988). Stability of African pastoral ecosystems: alternate paradigms 
and implications for development. Rangeland Ecology and Management/Journal of Range 
Management Archives 41: 450–459.

Garcia, H.A., C.M. Rodrigues, A.C. Rodrigues, et al. (2018). Remarkable richness of try-
panosomes in tsetse flies (Glossina morsitans morsitans and Glossina pallidipes) from the 
Gorongosa National Park and Niassa National Reserve of Mozambique revealed by 
fluorescent fragment length barcoding (FFLB). Infection, Genetics and Evolution 63: 
370–379.

Gandiwa, E., I.M.A. Heitkönig, P.H. Eilers and H.H.T Prins (2016). Rainfall variability and 
its impact on large mammal populations in a complex of semi-arid African savanna 
protected areas. Tropical Ecology 57: 163–180.

Hilbers, J.P., F. van Langevelde, H.H.T. Prins, et al. (2015). Modeling elephant-mediated 
cascading effects of water point closure. Ecological Applications 25: 402–415

Hugh-Jones, M.E. and V. De Vos (2002). Anthrax and wildlife. Revue Scientifique et Technique-
Office International des Epizooties 21: 359–384.

Jolles, A.E. (2007). Population biology of African buffalo (Syncerus caffer) at Hluhluwe-
iMfolozi Park, South Africa. African Journal of Ecology 45: 398–406.

Lawrence, J.A. (1979). The differential diagnosis of the bovine theilerias of southern Africa. 
Journal of the South African Veterinary Association 50: 311–313.

Lehmann, C.E.R., S.A. Archibald, W.A. Hoffmann and W.J. Bond (2011). Deciphering the 
distribution of the savanna biome. New Phytologist 191: 197–209.

Luvhuno, L., R. Biggs, N. Stevens and K. Esler. (2018). Woody encroachment as a social–
ecological regime shift. Sustainability 10: 2221.

Malherbe, J., I.P. Smit, K.J. Wessels and P.J. Beukes (2020). Recent droughts in the Kruger 
National Park as reflected in the extreme climate index. African Journal of Range and 
Forage Science 37: 1–17.

Mertens, H. (1985). Structures de population et tables de survie des buffles, topis et cobs de 
buffon au parc national des Virunga, Zaire. Revue d’écologie 40: 3–50.

Murray, M., J.C.M. Trail, C.E. Davis and S.J. Black (1984). Genetic resistance to African 
trypanosomiasis. Journal of Infectious Diseases 149: 311–319.

Table A7.1 (cont.)

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


204 · J. W. Hearne et al.

Peel, M.J.S. and I.P. Smit (2020). Drought amnesia: lessons from protected areas in the east-
ern Lowveld of South Africa. African Journal of Range and Forage Science 37: 81–92.

Poshiwa, X., R.A. Groeneveld, I.M.A. Heitkönig, et al. (2013). Wildlife as insurance against 
rainfall fluctuations in a semi-arid savanna setting of southeastern Zimbabwe. Tropical 
Conservation Science 6: 108–125.

Potgieter F.T., W.H. Stoltsz, E.F. Blouin and J.A. Roos (1988). Corridor disease in South 
Africa: a review of the current status. Journal of the South African Veterinary Association 
59: 155–160.

Prins, H.H.T. (1996). Behaviour and Ecology of the African Buffalo: Social Inequality and Decision 
Making. London: Chapman & Hall.

Prins, H.H.T. and P.E. Loth (1988). Rainfall patterns as background to plant phenology pat-
terns in the Masai ecosystem of northern Tanzania. Journal of Biogeography 15: 451–463.

Sinclair, A. (1977). The African Buffalo: A Study of Resource Limitation of Populations. Chicago: 
Chicago University Press.

Sisson, D. (2017). Health and Fitness Effects of Anaplasma Species Infection in African Buffalo 
(Syncerus caffer). MSc thesis, Melbourne Veterinary School.

Smit, I.P.J, M.J.S. Peel, S.M. Ferreira, et  al. (2020). Megaherbivore response to droughts 
under different management regimes: lessons from a large African savanna. African 
Journal of Range and Forage Science 37: 65–80.

Smuts, G.L. (1982). Lion. Johannesburg: Macmillan.
Stevenson-Hamilton, J. (1929). The Low-Veld: Its Wildlife and Its People. London: Cassell 

and Co.
Stevenson-Hamilton, J. (1947). Wildlife in South Africa. London: Hamilton and Co.
Vetter, S. (2005). Rangelands at equilibrium and non-equilibrium: recent developments in 

the debate. Journal of Arid Environments 62: 321–341.
Walker, B.H., R.H. Emslie, R.N. Owen-Smith and R.J. Scholes (1987). To cull or not to 

cull: lessons from a southern African drought. Journal of Applied Ecology 24: 381–401.
Young, A.S., G.K. Kanhai and D.A. Stagg (1975). Phagocytosis of trypanosoma (Nannomonas 

congolense) by circulating macrophages in the African buffalo (Syncerus caffer). Research in 
Veterinary Science 19: 108–110.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


8 · The Environments 
of the African Buffalo, 
with Different Selection 
Forces in Different Habitats
H. H. T. PRINS, J. OTTENBURGHS  
AND P. VAN HOOFT

Introduction
Every first-year text book in ecology informs students that every species 
has its own niche. This is sometimes taken further with the assertion that 
every species also has its own function (whatever that means). In this 
chapter, we ask what the ‘niche’ is of the African buffalo Syncerus caffer. 
However, ‘the African buffalo’ is not a homogeneous species because 
there is much morphological variation within the species. This variation 
is to some extent geographically restrained, and hence scientists have dis-
tinguished ‘subspecies’. Due to the recent proliferation of ‘recognized’ 
subspecies and species, the reader should be aware that the recognizing 
and naming of taxa, which used to be safely in the hands of systemati-
cists and taxonomists, has become politicized (see O’Brien and Mayr, 
1991; Gippoliti and Amori, 2007). Under U.S. legislation, there may be 
a need to recognize and name taxa because any named taxon that may 
deserve protection can get it, but unnamed taxa cannot. Indeed, the 
U.S. Endangered Species Act considers any subspecies of fish or wildlife 
or any distinct population segment as an entity available for protection 
(Schwartz and Boness, 2017). To our knowledge, this does not apply to 
legislation in African buffalo range states, and so there is no conservation 
need for distinguishing many or few subspecies of African buffalo.

In the scientific literature, there are currently five recognized forms or 
subspecies of African buffalo, namely, matthewsii, aequinoctialis, brachyceros, 
caffer and nanus (Prins and Sinclair, 2013). Confusingly, the Safari Club 
International trophies system (SCI) also recognizes five subspecies, but 
they are not the same (see below). Ecologically speaking, we know next 
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to nothing about matthewsii; this subspecies occurs in mountainous areas 
to the north of Lake Kivu as far as the Virunga Mountains. Whether it 
is justified to separate it from caffer is unclear (Prins and Sinclair, 2013); 
there is no scientific literature available to state whether this form has 
special ecological requirements, except if we consider the buffalo of 
Virunga National Park (a.k.a. Albert NP) in the Democratic Republic 
of the Congo (DRC) and of Parc National des Volcans in Rwanda as 
matthewsii too. In that case, the ecological literature does not provide 
clues to see it as functionally different from caffer (see e.g. Mertens, 1985; 
Mugangu et al., 1995; Plumptre, 1995; Treves et al., 2009).

Another blank spot in our knowledge on buffalo ecology concerns 
aequinoctialis. This subspecies occurs north of the Congo rainforest between 
the Chari River in the west and the Nile in the east. Phenotypically it 
looks very much like caffer, but on the basis of mitochondrial DNA clus-
tering it resembles nanus/brachyceros (Smitz et al., 2013). One study on the 
diet of this subspecies has been published (Hashim, 1987) and does not 
give reason to think it is different from the diet of caffer.

Further to the west, from Senegal to the Chari River in southwest 
Chad, to the north of the Guinea rainforest, roams the third form, 
namely brachyceros (the West African bush cow). Again, we do not know 
much about this subspecies ecologically speaking save for the informa-
tion provided in the PhD thesis of Cornélis (2011). This subspecies may 
grade into the aequinoctialis form east of Lake Chad, noting that the 
buffalo is nearly extinct within the Lake Chad Basin with the excep-
tion of some incursions from elsewhere (Chardonnet and Lamarque, 
1996); genetically speaking, it intergrades with nanus (the forest buffalo) 
of both the Guinea rainforest and the Congo rainforest. Of this latter 
subspecies we have reasonable knowledge. The SCI system does not 
recognize matthewsii and splits the West African bush cow into two 
subspecies, namely, S. c. brachyceros and S. c. planiceros.

And finally there is caffer (the Cape buffalo), of which much is known. 
Its karyotype suggests that it is the most recently derived form. It is the 
only subspecies with a fusion between chromosomes 5 and 20 (2n = 52), 
and it lacks the polymorphism for a 1;13 fusion, as observed in Syncerus 
caffer nanus (2n = 54–56; Wurster and Benirschke, 1968; Anon., 2004; 
Pagacova et  al., 2011). Hybrids between nanus and aequinoctialis have 
been produced in zoos (Gray, 1972; Anon., 2004), as well as between 
nanus and caffer (Cribiu and Popescu, 1980).

There are gradual changeovers but also sharp boundaries between the 
different forms. By and large, three types can be recognized based on 
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body mass, namely, the small S. c. nanus (adults 265–320 kg), the inter-
mediate S. c. brachyceros plus S. c. aequinoctialis (adults 300–600 kg) and 
the massive S. c. caffer (adult cows up to 500 kg, adult bulls from 650 kg 
to 900 kg; Cornélis et al., 2014).

The unclear allocation of individuals to these five forms (matthewsii, 
aequinoctialis, brachyceros, caffer and nanus) is well illustrated by comparing 
Smithers (1983 – who only recognizes ‘caffer’ and ‘nanus’), the Rowland 
Ward trophies system (Smith, 1986 – with a northern savanna buffalo, a 
southern one and the forest buffalo; basically the same as Grubb, 1972), 
Ansell’s (1972) system (which does not recognize ‘matthewsii’) and finally 
the exuberance celebrated by Groves and Grubb (2011), who elevated 
every form to its own species, thus revelling in the same super species-
splitting that was witnessed 100 years ago (Prins, 1996). Would these 
different forms then have different niches?

Now, what is a ‘niche’? Confusingly, there are three niche con-
cepts in ecology, to wit, the Grinellian niche concept, the Eltonian one 
and the Hutchinsonian one (see Prins and Gordon, 2014, p. 7ff.). The 
Grinellian niche concept reflects the habitat in which an organism lives, 
the Eltonian one stresses the functional attributes of the species and its 
position in a food web, while the Hutchinsonian niche is defined by the 
resources and environmental requirements of an individual of a species to 
live and reproduce. In this chapter, we lean towards the Hutchinsonian 
niche concept, but we use the ‘niche’ concept loosely.

It thus would be reasonable to believe that if there are different sub-
species of the African buffalo because they are morphologically distinct, 
then they have different ‘niches’. An alternative explanation could be 
that environmental history ‘accidentally’ led to vicariance, thus result-
ing in phenotypically different forms that were isolated long enough 
to be genetically sufficiently distinct to justify ‘subspecies status’, but 
they (still) have the same ‘niche’. Yet the null hypothesis should not 
be forgotten, namely, that the (normally) morphological characters that 
systematicists use to distinguish species or subspecies have no functional 
meaning (Gould and Lewontin, 1979).

An Ultrashort Recapitulation of the Evolutionary  
History of These Forms
The most direct ancestor of S. caffer was S. acoelotus; Geraads et al. (2009) 
state that it was as large as the modern S. caffer. S. acoelotus was a Plio-
Pleistocene species in Africa that disappears from the fossil record about 
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600,000 years ago (see Kullmer et al., 1999: Late Pliocene; Bunn et al., 
2010; cf. Bibi et al., 2017: Early Pleistocene; O’Regan et al., 2005: Middle 
Pleistocene; Chaix et al., 2000: Middle Pleistocene). This may coincide 
with the expansion of the present-day species between 1,000,000 and 
500,000 years ago as deducted by genetics (Chen et al., 2019; de Jager 
et al., 2021). S. acoelotus may have led to a second Syncerus species too, 
namely S. antiquus. This latter species went extinct only about 2000 years 
ago, and may have been a more drylands-adapted species (see Chapter 
2). The other species, namely, S. caffer, is extant. In the Lake Turkana 
basin, the last record of S. acoelotus was about 1.6 Myr ago, and the first 
S. caffer about 1.2 Myr ago (Bobe and Behrensmeyer, 2004). The genet-
ics and palaeontology of S. caffer shows that it apparently could expand 
its range to southern Africa when S. antiquus went extinct. S. antiquus 
also was able to cross the Sahara Desert, most likely in periods when the 
desert was much greener, and may even have entered the Middle East 
(for details see Chapter 2). The first occurrence of S. c. caffer is from 
Melkbos, South Africa, from the Upper Pleistocene (Hendey, 1969; see 
Groves, 1992). However, there is the possibility that Syncerus caffer and 
S. acoelotus were both derived from an earlier genus, namely Ugandax 
(see Chapter 2).

Genetics shows that ‘subspeciation’ may have arisen as long as about 
one million years ago (de Jager et al., 2021) or as recently as 200 kyr 
(Smitz et al., 2013; de Jager et al., 2021), but does not provide evidence 
(yet) whether S. c. nanus is more ancestral than the other Syncerus forms 
(pace Van Hooft et al., 2002; Smitz et al., 2013, even though they sug-
gest that nanus is the derived form). The observations that the older S. 
acoelotus had the same size as the present S. caffer, and that the older forms 
that looked like S. caffer are known from the Lake Turkana Basin (Bobe 
and Behrensmeyer, 2004) nearly overlapping with the present-day range 
of S. c. aequinoctialis, thus allow for the scenario that the present-day 
buffalo with the simplest horns (S. c. aequinoctialis) is genetically closest 
to the ancestral form. On the basis of genetic analyses, this was already 
suggested by Smitz et  al. (2013), and prior to that by Groves (1992 – 
slightly confusingly, he put forward that this was spp. brachyceros, but he 
did not distinguish spp. aequinoctialis from spp. brachyceros). Groves (1992) 
puts this transition from S. acoelotus to S. c. aequinoctialis at 130 kyr. The 
observation that (pure?) nanus buffalo have one pair of chromosomes 
less than at least aequinoctialis and caffer (we could find no evidence for 
brachyceros) due to a recent fusion (Anon., 2004) also points towards the 
derived status of the forest buffalo.
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In such a scenario, S. c. nanus could be the result of dwarfing (as has 
been observed on islands with the Asian buffalo and humans in the 
rainforest, e.g. pygmies). Additionally, it cannot be ruled out, we think, 
that S. c. brachyceros represents a hybrid of S. c. nanus and S. c. aequinoc-
tialis (a pattern that is very well known from Asian bovines). Indeed, 
the genetic distances between these three subspecies are very small (Van 
Hooft et al., 2002; Smitz et al., 2013). However, there is no evidence 
for two separated lineages of dwarf buffalo and large buffalo that were 
separated for a very long time as has been put forward (for a discussion 
see Chapter 2).

On the basis of the above, different storylines can be constructed, 
namely: (1) there was a large buffalo species (‘acoelotus’) that evolved into 
‘caffer’ and ‘antiquus’. Antiquus was a species adapted to dry conditions 
and could outcompete caffer under these conditions. When antiquus went 
extinct, caffer took over parts of its range but is nowadays limited by the 
isohyet of 350 mm. It could not cross the Sahara, and along the Nile it 
encountered the aurochs (Bos primigenius), which prevented caffer’s estab-
lishment to the north of Khartoum. Storyline (2) is different, with the 
original large buffalo acoelotus able to infiltrate the rainforest (perhaps 
at times when the forest was reduced to gallery forest only). There, 
secondary dwarfing took place. At times when the rainforest nearly dis-
appeared (e.g. during the Last Glacial Maximum), the range of the buf-
falo was probably restricted to one or two refuges in present-day CAR, 
northern Congo and Uganda (Smitz et al., 2013). In such a small area, 
possibly no more than 1500 km across, hybridization could easily have 
taken place with aequinoctialis, thus leading to the form brachyceros. The 
further west one travels, the lesser is the expected imprint of aequinoctia-
lis, thus leading to a possible cline. Alternatively, storyline (3) narrates 
that after S. caffer evolved into a form that looked like S. c. aequinoctialis, 
it developed into the large Cape buffalo (S. c. caffer), but also expanded 
into the Congo Basin where dwarfing took place, producing S. c. nanus. 
Storyline (4) is different. It narrates that there was a large buffalo species 
(‘acoelotus’) that evolved into ‘antiquus’. However, there was an even 
older species (so, not acoelotus), say, Ugandax (see Chapter 2) that evolved 
into Syncerus acoelotus and also into S. caffer, which was much smaller 
and looked like S. c. nanus. Note that this putative predecessor has not 
been unearthed. This S. c. nanus than lived in the ancestral rainforest, 
from which it radiated into the north to form S. c. brachyceros and S. c. 
aequinoctialis, and into the east to form S. c. caffer (which then expanded 
towards the Cape).
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Storylines (1), (2) and (3) make the point that the forest buffalo are 
the product of dwarfing; storyline (4) emphasizes that the northern and 
eastern savanna buffalo became adapted to C4 grasses in their diet and 
had to adapt to a large new predator, namely the lion (Panthera leo), 
because its descendants moved into the savanna after they had evolved 
in the rainforest (see below on the different ‘niches’). On purpose we 
do not use the word ‘hypothesis’ but ‘storyline’ because too much is 
unknown. However, the ramifications are startling, because these sto-
rylines result in very different insights into the buffalo’s ‘adaptations’. 
Thornhill’s is nonetheless a stark reminder of the difficulties one faces in 
deriving notions about adaptation from present-day niche occupation: 

A Darwinian adaptation is an organism’s feature that was functionally designed by the 
process of evolution by selection acting in nature in the past. Functional design rules out 
explanations of drift, incidental effect, phylogenetic legacy and mutation. Elucidation of 
the functional design of an adaptation entails an implicit reconstruction of the  selection 
that made the adaptation. Darwinian adaptations and other individual traits may be cur-
rently adaptive, maladaptive or neutral. (Thornhill, 2007)

The Environmental Envelopes of African Buffalo
For the present discussion, we discern three environmental envelopes (an 
important part of the Hutchinsonian niche) for the three major forms of 
the buffalo, namely, the forest buffalo (nanus), the northern savanna buf-
falo (brachyceros and aequinoctialis) and the Cape buffalo (caffer) (Table 8.1). 
Judging from distribution maps of the different forms of buffalo, we gen-
erally know at which altitudes they occur or once occurred. Altitude is 
the main determinant of ambient temperature. For the forest buffalo, we 
assume that they generally occur below 500 m altitude. However, there 
may be forest buffalo on the slopes of Mt Cameroon (an isolated volcano 
of 4000 m altitude) and they do or did occur on Mt Nimba (a 1750-m 
high mountain on the border between Ivory Coast and the Republic of 
Guinea; the area is now overrun by refugees) and perhaps in the Masisi 
Region (eastern DRC; dominated by civil war and resource extraction; 
P. Chardonnet, personal communication). The northern savanna buffalo 
also is a lowland form, but it occurs up to 1000 m above sea level in, for 
instance, the Bouba Njida area (northern Cameroon; P. Chardonnet, 
personal communication). Yet, this is below the C3-grass zone (see Van 
der Zon, 1992).

On the basis of the environmental envelope parameters of Table 8.1, 
we posit that forest buffalo run the real risk of getting overheated when 
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Table 8.1 Approximate climate envelopes of the three main forms of African buffalo; we have taken 
S. c. aequinoctialis and S. c. brachyceros together as ‘northern savanna buffalo’. The lethal zones (based on what 
we know of cattle) may be reached due to a combination of temperature and air humidity for the forest buffalo; for the 
northern savanna buffalo the lethal temperatures can be reached during heatwaves with dry air. Cape buffalo have been 
known to freeze to death, but we do not know of the heat index being excessed.

Elevation 
range (m a.s.l.)

Minimum 
temperature  
and cold waves 
bracketed (°C)

Maximum  
temperature 
and heatwaves 
bracketed (°C)

Radiation 
heat flux

Rainfall 
regime  
(mm yr-1)

Air 
humidity

Wind/
moving air

Forest buffalo 0–700 18 32 (35) Very low 1000–9000 70–95 Absent
Northern savanna 

buffalo
100–1000 (6) 30 42 (52) Very high 400–1000 15–70 Present

Cape buffalo 0–5000 (-5) 10 38 (47) Very high 400–1000 50–80 Present
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the temperature is high and air humidity is very high (thus preventing 
evaporative heat loss; see Figure 8.1). Buffalo do not have much sweating 
or panting abilities. In the much more unvarying warm circumstances 
of a tropical lowland rainforest, wallowing offers much fewer cooling 
opportunities (because of the higher temperature of standing water but 
also because of the windless circumstances) than in a savanna where 
water bodies can cool at night, and more breeze occurs. The northern 
savanna buffalo can take shelter against high heat loading through direct 
sunshine by finding places with a breeze and/or shade. Yet these buf-
falo, we posit, also run a high risk of dying from heat stress during heat 
waves (Figure 8.1).
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Figure 8.1 Heat risk assessment for people. The figures inside the cells are the 
temperatures (oC) as experienced. Thousands of cattle have died from heat 
stroke in India and Australia. The combined effect of relative air humidity and 
temperature is slightly different for cattle and people, but as we do not know the 
exact relationship in buffalo, we use this for illustrative purposes. From Diffey 
(2018) © 2018 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd. For 
more on this issue, see for example Du Preez et al. (1990), Hubbard et al. (1999) 
or Allen et al. (2013).
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Finally, the Cape buffalo runs the risk of being exposed to cold and 
frost. This is especially important in its southern range, but also high in 
the mountains of the volcanoes of East Africa.

From this, it follows that it is likely that there is selection pressure for 
buffalo (and humans, elephants and hippos) to be as small as possible in 
the tropical lowland rainforest, but in the savanna it would be advanta-
geous to be large (see Table 8.6). The reasons are that in a tropical low-
land rainforest where evaporative heat loss is often impossible, heat loss 
must be achieved through radiation. A large body surface to mass ratio 
(typical for small animals) is then advantageous; heat can barely dissipate 
at night because there can be no radiation towards the sky (and thus 
outer space) due to dense foliage and clouds. In a savanna, however, 
evaporative loss is possible and body heat can dissipate at night, while 
a large body mass prevents rapid overheating. Indeed, in areas where 
there is no hunting, buffalo can be seen resting and grazing during the 
middle of the day in the full sun even when it is 32°C. Central African 
rainforest pygmies also separated only recently (i.e. about 70 kyr: Perry 
and Verdu, 2017; to 190 kyr: Hsieh et al., 2016) from Bantu. Yet, the 
adaptive significance of small stature in humans in rainforests is far from 
clear (see e.g. Hsieh et al., 2016; Bergey et al., 2018; Patin and Quintana-
Murci, 2018). It is also unclear as to whether the African forest elephant 
(Loxodonta africana cyclotis a.k.a. L. cyclotis), genetically perhaps distinct 
from the African savanna elephant (L. a. africana, a.k.a. L. africana; but see 
Debruyne, 2005), is a similar case of dwarfing. Grubb et al. (2000) con-
sider the forest form to be more primitive than the savanna form, which, 
if correct, would mean that the dwarfing was not recent. There is, by 
the way, insufficient evidence for the existence of the pygmy elephant 
(‘L. pumilio’; Debruyne et  al., 2003), so it is unclear whether parallels 
may be drawn between the case of the African elephant and the emer-
gence of the forest buffalo. The pygmy hippo (Choeropsis liberiensis) also is 
not a dwarfed form of the large Hippopotamus amphibius, but is a descen-
dant of a much older, original form that is hardly related to the modern 
mega-sized hippo (Boisserie, 2005). True dwarfed hippos did occur on 
Mediterranean islands (Petronio, 2014). The idea could be entertained 
that dwarfing of buffalo in the rainforest took place because of poorer 
quality food. Yet food quality in the rainforest of Cameroon, judging by 
its species composition (Bekhuis et al., 2008) was about equal to or bet-
ter than that of savanna buffalo (Prins, 1996), and generally it is assumed 
that larger ruminants (because they have a slower throughput rate) can 
cope with poorer-quality food. In other words, it is not plausible that a 
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dwarfing of African buffalo after broadening their niche into the tropical 
rainforest was a reaction to food quality.

It is unlikely that very high amounts of rainfall pose a problem to 
forest buffalo. They can swim well, and their large splayed hooves offer 
sufficient movement possibilities in very wet and muddy terrains. Yet 
we have observed them taking shelters in grottoes in Cameroonian rain 
forests (H. Prins, personal observation).

The Food of the African Buffalo Subspecies
For the diet of the different forms of the African buffalo, one must pay 
attention to differential occurrence across its range of C3 grasses versus 
C4 grasses because of their impact on digestibility and intake. Moreover, 
there appear to be differences in the inclusion of browse (including 
forbs) for the different buffalo forms. The main difference between the 
subspecies is that the northern savanna forms have a diet comprised of 
C4 grasses; they take also 10–15 per cent browse in the dry season (de 
Iongh et al., 2011; this is nearly completely in the form of the buds and 
fruits of Caesalpineacea in Benoué NP, Cameroon: Erik Klop, personal 
communication). Indeed, the range of S. c. brachyceros is typically below 
500 m altitude, and that of S. c. aequinoctialis between 200 and 800 m 
a.s.l. The Cape buffalo also takes about 10 per cent browse (mainly in the 
dry season: Prins, 1996) while in the non-montane areas below 2000 m  
altitude, the grasses they forage on are also of the C4 type. However, 
above 3000 m and in wetlands, the grasses are of the C3 type in East 
Africa (Tieszen et  al., 1979); further south this shift occurs at about 
2800 m (Morris et al., 1993). An estimated 10 per cent of the original 
range of S. c. caffer is higher than 3000 m a.s.l., and about 30 per cent 
above 2500 m, so a substantial proportion of the diet of buffalo before 
the expansion of human agriculture may have been comprised of C3 
grass (see altitude maps in SEDAC n.d.). Note that the map of the ratio 
of C3 over C4 plants in Africa proposed by Shanahan et al. (2016) cannot 
be used for this comparison because it includes trees and shrubs (most 
of which use the C3 photosynthetic pathway). The rainforest grass spe-
cies that comprise the diet of the forest buffalo are mainly the C3 type 
(Bocksberger et al., 2016). The digestibility of C3 grasses is much higher 
than that of C4 grasses. In other words, diets of the different subspecies 
are subtly different (Table 8.2).

In East and South Africa, probably all terrain higher than 1500 m 
but lower than 3500 m has been taken over by agriculture since the 
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start of the Iron Age up until the present. These are so-called Tropical 
Highlands (see for a map: IFPRI, 2015). On the basis of this, we posit 
that before the current fragmentation of the range of the African buffalo 
due to human expansion, some populations of the subspecies caffer could 
easily have moved up to areas with C3 grasses during the dry season, 
while other populations could have used that type of grass year-round. 
These buffalo must thus have been buffered against the negative effects 
of a pronounced dry season. The northern savanna buffalo (aequinoctialis 
but especially brachyceros), on the other hand, would have suffered much 
more from droughts and the dry season in general. Indeed, a migration 
centred on rivers would have been a good ‘evolutionary answer’ to that 
challenge (as was found by Cornélis, 2011, for S. c. brachyceros). Proper 
migratory behaviour of S. c. caffer has not been reported, although there 
is a hint of it from the early 1960s in northern Tanzania’s Lake Manyara 
region, where a migration may have been centred on the Tarangire 
River (Prins, 1996). Short-distance migrations of S. c. caffer have also been 
reported from woodlands at a relative short distance from the Okavango 
Delta and from the Linyanti Swamps, both in Botswana (see Chapter 
5 for details). It is not known to the present authors whether buffalo 
forage on C3 grasses in these riverine systems or swamps. Altitudinal 
seasonal migration (still) occurred between the Rift Valley bottom lands 
and adjacent high-altitude areas (volcanoes and Ngorongoro Crater 
highlands) of northern Tanzania in the 1970s and 1980s (P. Chardonnet, 
personal observations and personal communication). These higher areas 
abound(ed) in C3 grasses (see Clayton, 1970; Clayton et al., 1974).

Table 8.2 The different subspecies of buffalo basically have different diets. 
The different photosynthesis pathways of C3 and C4 grasses have major 
repercussions for digestibility of the food and intake rates (see text). A sizeable 
proportion of the original distribution area of the Cape buffalo was above 3000 
m altitude before agriculture displaced them.

Percentage browse Type of grass

Forest buffalo ~30% (Bekhuis et al., 2008) C3 photosynthetic pathway
Northern savanna 

buffalo
~10% (de Iongh et al., 2011) C4 photosynthetic pathway

Cape buffalo ~10% (Prins, 1996) Below 2000 m altitude:
C4 photosynthetic pathway
Above 3000 m altitude:
C3 photosynthetic pathway
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The intake of C3 grasses has two very important advantages over 
C4 grasses: first, the digestibility of C3 grasses is considerably higher, 
and second, intake is determined to a large extent by rumen fill, which 
appears to be mainly determined by NDF (neutral detergent fibre). C4 
grasses are more fibrous than C3 grasses (see e.g. García et al., 2014 for a 
review). The throughput rate also is much lower if the fibre content (as 
in C4 grasses) is higher (Blaxter, 1962, p. 196). In other words, every-
thing being equal, it is easier for S. c. caffer and S. c. nanus to acquire 
energy for lactation and growth than for S. c. brachyceros or S. c. aequi-
noctialis. However, for nanus there may be a disadvantage to forage of 
highly digestible grass because the heat of digestion could be higher than 
if foraging on food that is slower to digest (see Blaxter, 1962).

The Competitors of the African Buffalo Subspecies
Because the different forms of African buffalo live in such different envi-
ronments (habitats), the animal species they (potentially) share resources 
with are very different. A little is known already about the habitat 
requirements of the enormous array of African herbivores, but a striking 
pattern is that the habitat requirements of these many species coupled 
with historical processes (and chance) has led to a spatially very vari-
able distribution of these species (see Prins and Olff, 1998). The African 
buffalo has (together with the leopard Panthera pardus and the African 
elephant) the widest of all distributions of African large mammals, thus 
overlapping with a very variable suite of other herbivores. This insight 
leads to the conclusion that possible competition with most species can 
hardly have shaped the evolutionary pathway of African buffalo because 
the population of African buffalo is characterized by relatively small 
genetic distances, particularly within subspecies (Smitz et al., 2013), and 
has been vast for hundreds of thousands of years (Chen et al., 2019; de 
Jager et al., 2021). In Table 8.3 we present a non-exhaustive overview of 
the ‘constant’ (i.e. occurring everywhere) potential competitors for the 
three African buffalo forms, and the ‘variable’ ones (i.e. large herbivo-
rous species that do not occur everywhere in the range of a particular 
subspecies).

While we posit that the ‘variable competitors’ on a species level do 
not exert particular selective pressure, as an ensemble they could do so 
because in no habitat is a particular ‘subspecies’ of buffalo free from these 
variable competitors. Their omnipresent competitor is the African ele-
phant in its two forms (Loxodonta [a.] africana and L. [a.] cyclotis). Adults 
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Table 8.3 African buffalo are large grazers with a variable admixture of browse 
(from woody species and from herbs) in their diet. Some herbivore mammalian 
species share resources with them, which we tabulated only for those species heavier 
than 50 kg and with some grass in their diet. Of these, the ‘constant competitors’ 
co-occur with African buffalo (or did so in the recent 5000 years or so) nearly 
everywhere (species names in bold). Other potentially competing species, which we 
termed the ‘variable competitors’, co-occur with buffalo only here and there. In this 
table we split the ‘northern savanna buffalo’ in to S. c. aequinoctialis and S. c. 
brachyceros. N = number of species that may show overlap in resource use with 
a particular form of buffalo. Species are arranged alphabetically.

Adult mass
50–100 kg

Adult mass
100–200 kg

Adult mass
200–400 kg

Adult mass
>400 kg N

Forest buffalo
(250–300 kg)

Bushbuck
Sitatunga

Bongo
Okapi

African elephant
Hippopotamus

6

Northern 
savanna 
buffalo: 
brachyceros

(300–600 kg)

Bushbuck
Kob
Sitatunga

Hartebeest
Topi 

(korrigum)
Roan antelope
Waterbuck

Bongo
Giant eland

African elephant
Hippopotamus

11

Northern 
savanna 
buffalo: 
aequinoctialis

(400–700 kg)

Bushbuck
Kob
Nile lechwe
Sitatunga

Greater kudu
Hartebeest
Roan antelope
Topi (Tiang)
Waterbuck

Bongo
Giant eland

African elephant
Hippopotamus
Northern white 

rhino

14

Cape buffalo
(500–800 kg)

Blesbok
Bohor 

reedbuck
Bushbuck
Grant’s 

gazelle
Gerenuk
Hirola
Impala
Mountain 

nyala
Nile lechwe
Nyala
Puku
Sitatunga
Southern 

lechwe
Lesser kudu
Southern 

reedbuck

Black 
wildebeest

Bontebok 
greater kudu

Hartebeest
Roan antelope
Sable antelope
Topi
Waterbuck

Blue 
wildebeest

Common 
eland

Grant’s 
zebra

Mountain 
zebra

Plains zebra

African elephant 
Hippopotamus

Southern white 
rhino

32
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are always much heavier (respectively, 3000–6000 kg and 2700 kg) and 
have much more browse in their diet. So this may suggest that buf-
falo would encounter a negative selection pressure against increasing in 
size. Their main ‘constant’ competitor may be or has been the hippo 
(Hippopotamus amphibius). They are true grazers and twice as heavy as 
buffalo, thus preventing buffalo from getting heavier (see Olff et  al., 
2002). All of their other competitors are smaller or do not compete 
over most of the range of the populations of the three forms (Table 8.3). 
Outside of the rainforest, their most important potential competitor 
would be the two species of eland. The giant eland is a browser over 
nearly the entire year, while the common eland is a browser during the 
dry season when food is scarce. From this we conclude that the other 
herbivores would exert stabilizing selection on the body mass of the 
different forms of African buffalo (see also Prins and Olff, 1998). They 
potentially have a very important facilitatory role for the species men-
tioned to the left of the column in which the different buffalo subspecies 
are located (cf. Prins and Olff, 1998; Olff et al., 2002). This is especially 
the case for the Cape buffalo.

The Predators of the African Buffalo Subspecies
The three main types of African buffalo, namely the forest buffalo, the 
northern savanna buffalo and the Cape buffalo, live in very different 
worlds, or, better expressed, cohabited until very recently before the 
collapse of nature conservation in West Africa in very different worlds. 
The main difference is that adult forest buffalo are basically predator-free 
(except for man). Lions (Panthera leo) are absent from the tropical rainfor-
est proper. The African golden cat (Caracalla aurata) with its maximum 
body mass of only 16 kg is no match, but a 90-kg leopard is. Leopard den-
sity may be approximately equal in rainforest and savanna environments 
(e.g. Jenny, 1996 for rainforest versus Balme et al., 2007, for savanna), but 
spotted hyaena (Crocuta crocuta), a formidable predator in savannas, are 
absent from rainforests proper (see map in Varela et al., 2009), as are wild 
dogs (a.k.a. painted dog, Lycaon pictus; Woodroffe et al., 1997). The for-
est buffalo may encounter African dwarf crocodiles (Osteolaemus tetraspis), 
which are likely to be insignificant predators, like the West African 
 slender-snouted crocodile (Mecistops cataphractus), the Central African one 
(M. leptorhynchus) or even the sacred crocodile (Crocodylus suchus).

The northern savanna buffalo had to deal with lions until this large 
predator basically went extinct, as the Cape buffalo still must do. Lions 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


The Environments of the African Buffalo · 219

are large predators (adult females about 115 kg and adult males about 
220 kg). Wild dogs are now next to extinct nearly anywhere in West 
and Central Africa (Woodroffe et al., 1997). We do not think the sacred 
crocodile was much of a threat to the northern savanna buffalo, nor were 
African wild dogs before they went functionally extinct in West and 
Central Africa. The much larger Nile crocodile (C. niloticus) appears to 
be a predator for the Cape buffalo. Finally, the African python (Python 
sebae) may perhaps be an occasional threat to calves of all buffalo sub-
species. Spotted hyena and African wild dogs prey on buffalo calves and 
juveniles in the northern, eastern and southern savannas, but are rarely 
a threat to adult buffalo (Table 8.4). The different jackal species are 
insignificant.

From this it follows that there has been a selection pressure for becom-
ing big in the savannas to escape predation from lions and perhaps Nile 
crocodiles. In the rainforest we believe that the predation pressure has 
not been high, and buffalo would only have run a risk of major preda-
tion if they had attained the size of duiker antelopes.

Are the Subspecies of the African 
Buffalo Functionally Different?
Currently, maximally five subspecies are considered to be relevant for a 
discussion on what the African buffalo ‘is’. These are Syncerus caffer caffer 
(the Cape buffalo), S. c. nanus (the forest buffalo), S. c. brachyceros (the West 
African bush cow), S. c. aequinoctialis (the Nile buffalo) and S. c. matthewsii 
(the mountain buffalo). The last one is morphologically not well distin-
guishable from the nominate subspecies, and functionally ecological research 
does not provide any clue as to why it would be different if we take the 

Table 8.4 The different subspecies of African buffalo share their habitat with 
different predators. We have taken S. c. aequinoctialis and S. c. brachyceros 
together as ‘northern savanna buffalo’. The subspecies with the biggest horns, 
namely, the Cape buffalo seems to live in the most dangerous environment.

Predator of adults Predator of calves

Forest buffalo None Leopard, African python
Northern savanna 

buffalo
Lion Leopard, spotted hyena, African wild 

dog, African python
Cape buffalo Lion, Nile crocodile Leopard, spotted hyena, African wild 

dog, African python
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Table 8.5 The relationship with other mammals of the African buffalo 
depends on the subspecies (we have taken S. c. brachyceros and S. c. 
aequinoctialis together in this table). Data on predatory species are from 
Table 8.4, data on species that can be facilitated or species that can be 
competitive are from Table 8.3. We use the term ‘embeddedness’ instead of 
‘connectedness’ because the latter is local food-web–dependent while ours is 
based on major regions (i.e. West African Guinea and Sudan savanna, West 
and Central rainforest and the whole region from Ethiopia to the Cape).

Predatory 
species of 
adults

Predatory 
species of 
calves

Large mammal 
species 
that can be 
competitive

Large mammal 
species that can 
be facilitated by 
buffalo foraging Embeddedness

Forest 
buffalo

0 2 4 2 8

Northern 
savanna 
buffalo

1 4 4 4 13

Cape 
buffalo

2 4 8 7 21

Virunga buffalo as matthewsii. If not, and the subspecies must be found closer 
to Lake Tanganyika, then it comprises a blank spot in our knowledge.

The forest buffalo S. c. nanus of the rainforests of Central Africa and 
West Africa are functionally very different from the nominate subspecies. 
Actually, they are morphologically and functionally so different that most 
ecologists would not reject species status. Genetics, however, shows how 
intrinsically they are related to the nominate subspecies (Van Hooft et al., 
2002; Smitz et al., 2013). Their difference does not show up as much in 
their habitat use (see Korte, 2008; Bekhuis et al., 2008: they mainly use the 
small savannas in the forest, logging roads and open marshes) than in their 
relationship with other species of the assemblage, while their morphology 
adheres to a common pattern of ‘forest species’. They have a more red-
dish coat colour, conspicuous white ear fringes (like the riverine bush pig 
Potamochoerus porcus), small body size, smaller incisor width, more ‘stream-
lined’ and smaller horns, and live in much smaller group sizes.

The two forms of the northern savannas pose more problems because 
so little is known of the ecology of this species in these areas (but see 
Cornélis, 2011). Yet the role of the different forms is well illustrated in 
Table 8.5. Cape buffalo appear to be located in the richest web (they 
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show the highest degree of ‘embeddedness’), while the forest buffalo is 
perhaps only loosely connected to the other species in the rainforest, 
possibly indicative that it only recently entered the forest.

The Different Subspecies of the African 
Buffalo in a Human Context
Humans evolved in Africa; the genus to which we belong is about three 
million years old (nicely summarized in Dunsworth, 2010). The genus 
Syncerus is likely younger (Chapter 2). If the ancestral species of Syncerus 
caffer was S. acoelotus, then there is no convincing evidence that it was 
hunted by humans (Bobe and Behrensmeyer, 2004). Homo may have 
started controlling fire some 1.2 Myr ago (James et al., 1989), as long as 
the oldest record of S. caffer (see above).

The Homo–Syncerus relationship has thus been a long-standing one. 
In the pre-Modern, this interaction was comprised of one that ben-
efited buffalo when fire modified the vegetation to their benefit, pro-
ducing more palatable grass, perhaps less tsetse flies and less shrubbery 
or even forest. Buffalo suffered from humans when they became bet-
ter at killing large game. Different ways of killing became available 
over time, for example throwing stones to stampede a herd over a 
cliff (which can only be done if cliffs are available, for example in the 
Drakensberg region or some places along the coast in Transkei for 
instance). We do not think that spears ever made much of an impact 
on the level of populations even though we are aware that some men 
single-handedly killed a buffalo bull with a spear (Mr ole-Konchella as 
young warrior of the Masai did long before he became the Director 
of Tanzania National Parks; H. Prins, personal communication). 
Running prey to ground with weapons is an unlikely strategy for kill-
ing buffalo (Bunn and Pickering, 2010). Bow-and-arrow technology is 
perhaps 300 kyr old (Lombard and Haidle, 2012). We are not aware of 
successful bow-and-arrow hunting with traditional bows, in contrast 
to European-style long-bows or modern crossbows. Using poisons on 
arrows, however, is a successful strategy, as was demonstrated by tradi-
tional Hadza-hunters near Lake Eyasi (H. Prins, personal observation; 
cf. O’Connell et  al., 1988). Bambote hunters of Zambia successfully 
kill buffalo with this technique (Terashima, 1980). Indeed, when a 
good market developed for ivory, Kamba started elephant hunting 
with poisoned arrows (Steinhart, 2000). The oldest written description 
of buffalo refers to a similar hunting technique:
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[In the Kingdom of Mali] there are undomesticated buffalo which are hunted like 
wild beasts, in the following fashion. They carry away little calves such as may be 
reared in their houses, and when they want to hunt the buffaloes they send out one of 
these calves to the place where the buffaloes are so that they may see it, make towards 
it, and become used to it because of the unity of the species which is a cause of asso-
ciation. When they have become used to it the hunters shoot them with poisoned 
arrows. Having cut out the poisoned place, that is, where the arrow has struck and 
round about it, they eat the flesh. (al-Umari ~1347 ce, translated by Levitzion and 
Hopkins, 2000, p. 264)

Netting is a viable strategy to capture game, for instance in a rainforest, 
but needs large groups of cooperating people (H. Prins, personal obser-
vation; Abruzzi, 1979) and the largest prey thus taken may be bushbuck 
Tragelaphus sylvaticus (Terashima, 1980; Sato, 1983). Traditional spring traps 
can catch prey as heavy as bushbuck and yellow-backed duiker Cephalophus 
silvicultur (H. Prins, personal observation; Sato, 1983). Pre-Modern hunt-
ing techniques were likely to be sustainable (Hitchcock, 2000).

We posit that it is really with the invention of steel wire (by Wilhelm 
Albert in 1834), the gin trap and the shotgun that buffalo started directly 
suffering from people. Leg traps made of steel wire attached to long 
lines of hundreds to thousands of metres of steel cable can play havoc 
with buffalo (for a description see Sinclair, 1977, p. 25). In some hunt-
ing concessions, concessionaires removed tens of thousands of steel wire 
snares in northern Tanzania (Hurt and Ravn, 2000). The impact of using 
snares on a population can be severe (cf. Mduma ert al., 1998). The old-
fashioned shotgun basically eradicated buffalo from South Africa, and 
even just before the independence of Mozambique, the Portuguese shot 
some 50,000 buffalo for potential gain. Storehouse rooms filled with 
hooves and dried scrota skins were still a macabre reminder in 1993 (H. 
Prins, personal observation).

Through agriculture, humans started domineering the landscape. 
Instead of simply a supply of proteins and fat, buffalo started becom-
ing a nuisance when they damaged crops. Because browse is unimport-
ant in their diet (see above), they would hardly have been an issue to 
beans, peas or yams. However, even native species such as sorghum 
would not be very attractive to buffalo because many varieties are high 
in prussic acid and lignin. Millet, on the other hand, is a good fodder 
source. Agriculture and associated iron smelting only became important 
in West Africa around 500 bce, around 500 ce in the Great Lakes area, 
around 1000 ce in small mountainous pockets in East Africa, and even 
later in South Africa. In the rainforest zone, the savanna environment 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


The Environments of the African Buffalo · 223

slowly but surely disappeared during the Holocene, and agriculture even 
disappeared (e.g. Tutin and White, 1998). Slash-and-burn cultivation, 
so important in western Africa, enabled the expansion of the Guinea 
savanna and the Sudan savanna, allowing the expansion of buffalo habi-
tat. In other words, African buffalo may have benefited from humans 
perhaps until the advent of Modern days. In contrast to East and south-
ern Africa, the West African kingdoms all used cavalry since about 1000 
ce, indicative of well-developed grasslands (Fisher, 1972; Ukpabi, 1974; 
Sayer, 1977), but how much buffalo hunting on horseback took place 
is not known even though they used stirrups. Plains Indians in North 
America were only able to have a devastating impact on American bison 
when they adopted horseback hunting.

The Cape buffalo, however, may have started suffering from humans 
more than the northern savanna buffalo (which benefited from forest 
conversion). The advent of pastoralism from the Sudan towards the 
Cape was a slow process (at a rate of about 5 km per generation; Prins, 
2000), but as cattle and buffalo largely use the same resources, and as 
people are able to monopolize water sources, pastoralists can outcom-
pete grazers like buffalo (Prins, 1992; Prins and de Jong, 2022).

Speculation on Further Subspeciation 
of the African Buffalo
Table 8.6 summarizes of the selection forces on the different forms of 
buffalo that we envisage.

What would the consequences be of S. c. nanus becoming smaller? 
We would not be amazed that it might be able to cope better with cli-
mate warming, and become much smaller before encountering serious 
negative effects from bushbuck and sitatunga (T. spekii; both as poten-
tially competing species) or leopards (as major predator).

Yet in a world where people allowed the northern savanna buffalo 
to continue to live in protected areas, the reality of the West African 
context would perhaps be that the absence of sufficient shade or wallow-
ing holes would make their lives unbearable, but the extreme scarcity 
or even absence of predators and competing species would not hinder 
further evolution towards bigger sizes. Indeed, in West Africa today 
the lion is nearly extinct, and potentially competing species (Table 8.3) 
are very rare. The east and southern savanna buffalo, if well-protected, 
could also well become bigger under natural selection (Table 8.6).
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Table 8.6 Putative selection forces on body mass of the different forms of the African buffalo in the different 
habitats where they live.

Heat management Food management
Competitor 
management

Predator 
management

Overall 
selection

Forest 
buffalo

Selection to become 
smaller

Selection to become 
smaller

Stabilizing 
selection

No selection Become 
smaller

Northern 
savanna 
buffalo

Selection to 
become bigger

Selection to become 
bigger

Stabilizing 
selection

Selection to 
become bigger

Become bigger

Cape buffalo Selection to 
become bigger

Selection to become 
bigger

Stabilizing 
selection

Selection to 
become bigger

Become bigger
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We started this attempt to understand the differences between the 
forms or subspecies of the African buffalo with three storylines. We did 
not want to use the term ‘hypothesis’ because in science a hypothesis 
is a strong presumption preferably based on theory or a set of coherent 
observations. Too much is missing from the palaeontological records to 
formulate a proper hypothesis concerning the evolutionary (in contrast 
to genetical) relationship between the subspecies or forms of the African 
buffalo. The Popperian instrument of falsifying also is not in our toolkit, 
so we have to fall back on the concept of plausibility instead of falsifiabil-
ity. We do this to stimulate research into the question of whether sub-
species are ecologically (not classificatory) speaking meaningful entities 
without claiming ‘proof’ (see Walton, 1988, 2001), yet the concept of 
‘plausibility’ may become more important in science than it was before 
(see Sinatra and Lombardi, 2020).

Storyline 2 is of importance here. It states that the original large buf-
falo Syncerus acoelotus was able to infiltrate the rainforest (perhaps at times 
when the forest was reduced to only gallery forest during one of the 
Glacial Periods; about 150 kyr; de Jager et al., 2021). Indeed, present-
day forest buffalo mainly use small savannas in the rainforest, which 
savannas have been shrinking in size during the Holocene (Tutin and 
White, 1998). Secondary dwarfing took place there and the subspecies 
S. c. nanus arose. At times when the rainforest nearly disappeared (e.g. 
during the Last Glacial Maximum), hybridization took place with S. c. 
aequinoctialis leading to the form S. c. brachyceros. The further west one 
travels, the lesser the imprint of S. c. aequinoctialis is expected to be visible 
in S. c. brachyceros, leading to a cline. So, how plausible does it sound that 
dwarfing of the descendants of S. acoelotus took place in the rainforest 
but not in the savanna? Table 8.6 summarizes our feeling that dwarf-
ing (or better stated: miniaturization) would be under positive selection. 
The genetics of both dwarfing (Boegheim et  al., 2017) and miniatur-
ization (Bouwman et al., 2018; see also Boden, 2008) are well under-
stood in cattle and other species. ‘Dwarfing’ is often associated with 
negative effects, but miniaturization much less so. Miniaturization has 
been observed in Asian buffalo (weighing only 200 kg: Anilkumar et al., 
2003) and in cattle (mini zebu’s weighing only 150–250 kg: Boden, 
2008; Porter et  al., 2016). Selection can result quickly in small forms 
(Miniature Texas Longhorns, n.d.).

Why would we posit the notion that Syncerus caffer brachyceros could 
be viewed as a ‘hybrid (sub-)species’? There are a number of reasons to 
think so. The first is that when the present-day Sahara was a savanna,  
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other species of buffalo existed there, namely S. antiquus, where it lived  
with the now extinct Equus mauritianum and the white rhino (Ceratotherium 
simum). Because no fossil material of S. c. brachyceros (or S. c. aequinoctialis) 
is available, we do not know whether there was a zone to the south with 
S. c. nanus, a zone to the north with S. antiquus, and in between a zone 
with the two present-day subspecies (brachyceros and aequinoctialis). We do 
not find this very plausible because it assumes quite a lot. Intriguingly, 
the West African Guinea Savanna (between isohyets 1200 and 900 mm) 
and Sudan Savanna (between isohyets 900 and 600 mm), presently the 
habitat of S. c. brachyceros and S. c. aequinoctialis, appears to be largely 
man-made and rather recent due to people bringing slash-and-burn cul-
tivation and fire management to this zone (Klop and Prins, 2008). If we 
are correct, then S. c. brachyceros especially, and to a lesser extent S. c. 
aequinoctialis, can be viewed as hybrid ‘species’ similar to the European 
wisent (or European bison, Bison bonasus). Indeed, based on mitochon-
drial DNA, the European wisent nests more strongly with Bos taurus than 
with Bison bison (Bibi, 2013; Zuranoa et al., 2019); similar results were 
found using nuclear DNA (Druica et al., 2016). The scenario in this case 
is that wisent arose as a hybrid between the aurochs (Bos primigenius) 
and the Steppe bison (Bison [Bos] priscus; see Verkaar et al., 2004), even 
though not all geneticists agree. The modern B. bison may also be the 
result of hybridization between two subspecies of B. antiquus, namely, 
B. a. antiquus and a subspecies that evolved from B. antiquus into B. a. 
occidentalis (McDonald, 1981, p. 82). Presently, hybridization takes place 
between the lowland anoa (Bubalus depressicornis) and the mountain anoa 
(B. quarlesi) even though they are characterized by a very large diver-
gence time of some 2 Myr (Kakoi et al., 1994; Tanaka et al., 1996) after 
they putatively immigrated into Sulawesi independently of each other 
(Takenaka et al., 1987). Similarly, a hybrid zone exists between the two 
different species of Asian water buffalo, namely, the ‘river form’ B. bubalis 
and the ‘swamp form’ B. carabenensis (Mishra et al., 2015; Kumar et al., 
2020). Microsatellite data seem to show that these two buffalo ‘species’ 
were already separated some 1.6 million years ago (Ritz et  al., 2000), 
while cytochrome-b data indicate a separation between 1.7 and 1 Myr 
(Schreiber et al., 1999). Nuclear data, underpinning their separation, also 
shows much introgression between these two forms (MacEachern et al., 
2009). In other words, much precedent exists for thinking that hybrid-
ization can result in new forms or species in large buffalo-like animals, 
strengthening the plausibility of its occurrence at the root of the existence 
of the bush cow (S. c. brachyceros).
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An important consideration here is that the Guinea Savanna and 
Sudan Savanna are to a very large extent man-made environments due 
to shifting agriculture, slash-and-burn cultivation and intense use of fire 
(see Sankaran et al., 2005; Klop and Prins, 2008; Laris, 2008). Grasses 
become quickly unpalatable when growing during the wet season, reach-
ing heights of 2 m or more (see Penning de Vries and Djitèye, 1982; Olff 
et al., 2002). Further north lies the Sahel, but that is too dry for buffalo, 
and does not offer enough food for buffalo in the dry season (or for many 
of the East African grazers such as zebra; cf. Klop and Prins, 2008). To 
describe the influence of human-induced habitat changes on the inci-
dence of hybridization, the botanist Edgar Anderson (1948) coined the 
phrase ‘hybridization of the habitat’. Indeed, numerous hybridization 
events are the outcome of anthropogenic actions (Ottenburghs, 2021). 
In general, novel environments – whether induced by human actions or 
not – can offer opportunities for the evolution of hybrid plant species, as 
has already long been put forward regarding the recolonization of degla-
ciated areas after a glacial period (see e.g. Daubenmire, 1968; Young, 
1970; Kallunki, 1976; Fredskild, 1991; Gussarova et al., 2008). A notable 
example involves the Arunachal macaque (Macaca munzala), a presumed 
hybrid between M. radiata and a member of the M. assamensis/thibetana 
group, which occupies a specialized ecological niche in mountain forests 
(Chakraborty et al., 2007). Similarly, the transgressive phenotype of the 
hybrid rodent species Lophuromys melanonyx allowed it to invade a new 
habitat zone (Lavrenchenko, 2008). These examples and additional cases 
of rapid hybrid speciation in other taxonomic groups (Comeault and 
Matute, 2018; Ottenburghs, 2018; Nevado et al., 2020) indicate that the 
hybrid origin of the brachyceros is a plausible storyline.

Conclusion
O’Brien and Mayr (1991) provide guidelines to help think about sub-
species: ‘Members of a subspecies share a unique geographic range or 
habitat, a group of phylogenetically concordant phenotypic characters, 
and a unique natural history relative to the subdivisions of the species.’ 
We believe that we have made the case that this applies to S. c. nanus 
and S. c. caffer. We are less convinced about a distinction between S. c. 
brachyceros and S. c. aequinoctialis; although they fall into two mtDNA 
clades, their nuclear DNA does not reveal distinction (Chapter 3). We 
do not believe that S. c. matthewsii should be maintained as a possible 
subspecies because phenotypically it is not very different from S. c. caffer 
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and it also does not have a unique natural history. O’Brien and Mayr 
(1991) continue with ‘Because they [the subspecies] are below the species 
level, different subspecies are reproductively compatible … are normally 
allopatric.’ Indeed, evidence of genetic barriers between nanus and caf-
fer is insufficient, which thus precludes independent species status for 
these two forms. There is in effect gene flow between nanus and caffer 
because there are mtDNA haplotypes that are characteristic in nanus 
found in caffer and vice versa (Smitz et al., 2013), and there is thus suc-
cessful hybridization. O’Brien and Mayr (1991) end by stating that ‘most 
subspecies will be monophyletic, however they may also derive from 
ancestral subspecies hybridization’. We believe that this is happening and 
has happened with nanus and brachyceros, but also with aequinoctialis. This 
then would be our motivation to lump the northern savanna buffalo into 
one subspecies like Smith (1986) has done previously. In our weighing, 
we included not only genetic but also ecological and historical reasoning 
as advocated by O’Brien and Mayr (1991). Because the Syrian Mameluke 
geographer Ibn Fadl Allah al-Umari was the first to write about these 
buffalo around 1337 ce (737 AH) (Levitzion and Hopkins, 2000, p. 
264), we propose to name it in his honour Syncerus caffer umarii, but will 
leave a formal decision of course to a taxonomist.

The selection forces for the forest buffalo appear to be very different 
than for the savanna buffalo; the former are expected to further dwarf if 
that is genetically possible, while the latter would benefit under natural 
conditions to increase in size. The critical environmental factor is that 
they should continue having access to sufficient water for cooling. The 
human impact had been negligible on all forms of buffalo until the relent-
less expansion of arable agriculture, monopolization of water resources 
and the widespread availability of steel for snares and gin traps. Indeed, 
if humans were to go extinct, there would be a bright future for buffalo.
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Part III 
Diseases
A. CARON

African Buffalo and Diseases, and the Villain is…
All iconic wildlife species trigger an array of positive and negative feel-
ings, beliefs and values in humans. The lion is the king of the savanna, 
powerful and dangerous but benevolent towards his subjects. The 
African buffalo, on the other hand, is aggressive, naughty and treacher-
ous. These perceptions do not only draw their strength from the fero-
cious opponent that the buffalo represents when hunted. They also are 
deeply rooted in the perceived relationship between the buffalo and 
infectious diseases, and the negative representations associated with the 
buffalo as a villainous animal spreading pathogens to livestock. In Africa, 
and perhaps even beyond, no other species crystallizes so many of per-
ceptions about the health risks that need to be controlled to produce 
livestock. Managing buffalo populations, by culling them, physically 
disconnecting them from livestock and protecting livestock from their 
diseases, has been one of the priorities of colonial and post-colonial vet-
erinary services since their creation at the end of the nineteenth century. 
This section of the book aims to review the current state of knowledge 
on the relationship between the buffalo and infectious diseases, and then 
to reflect on old paradigms and opportunities provided by new knowl-
edge and global contexts.

To do so, we first needed to present recent data and synthetize knowl-
edge about the role of buffalo in infectious diseases in Africa. The buffalo 
is a species that co-evolved with African pathogens and their vectors, 
developing resistance and tolerance mechanisms that has allowed it to 
survive across the continent in different habitat types. However, it is far 
from clear that the buffalo is a maintenance host for all or many endemic 
pathogens. Gaps in knowledge still exist despite the massive amount of 
work that has been done on the species. With regard to European and 
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Asian pathogens that have been imported into Africa since the begin-
ning of the colonial era, buffalo have once again proved to be a quite 
resistant species. The one exception was the deadly and now extinct rin-
derpest, which hammered buffalo populations in Africa. The picture that 
emerges from this section is that compared to exotic cattle breeds, the 
buffalo is a quite robust species well adapted to the African terrain. As a 
result, in the current intensive livestock production systems promoted 
in Africa, the buffalo needs to be separated from livestock because of its 
maintenance of some diseases detrimental for livestock production. Does 
the same hold for extensive subsistence farming systems?

The last decades have seen the emergence of a relatively larger number 
of behavioural studies looking at the buffalo/cattle interface in relation 
to pathogen ecology. These studies have been concentrated in southern 
and eastern Africa and are largely absent in other regions. They require 
interdisciplinary collaboration bridging ecology, spatial epidemiology 
and social sciences, among others. The replication of these studies in 
different ecosystems has indicated that buffalo tend to avoid cattle, lead-
ing to very few observations of direct contacts (only the odd story of a 
buffalo bull hanging around a cattle herd, but probably not a common 
event). Buffalo tend to use similar grazing and water sources because cat-
tle are penned (‘corralled’, ‘kraaled’) at night, adapting their behaviour 
to the contexts of wildlife/livestock interfaces. This means that potential 
interspecies transmission is more likely to involve pathogens that are 
indirectly transmitted (e.g. through the environment or vectors). This 
new science of the wildlife/livestock interface still needs some devel-
opment. More data-heavy modelling will help the testing of manage-
ment options for these interfaces, such as manipulating key resources 
(e.g. water, grazing) or strategically controlling the disease in cattle (e.g. 
seasonal vaccination protecting cattle when contacts with buffalo are the 
highest). The integration of non-invasive tools and genomics should 
considerably impact the understanding of these buffalo/cattle interfaces.

The entanglement of the buffalo in grievances because it was thought 
(unjustifiedly) to cause sanitary issues had the advantages of concentrat-
ing a huge amount of disease ecology work on the species. Today, the 
buffalo belongs to the top five species in the world studied for in vivo 
coinfection. Its gregarious social organization and phylogenetic prox-
imity with cattle, with whom they share a large part of their patho-
gen burden, makes the buffalo a formidable subject to investigate the 
little-known interactions of important viruses, mycoplasmas, other bac-
teria and parasites in coinfected individuals and populations. Interesting 
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coinfection properties emerge from these studies that emphasize poten-
tial cooperation or competition between pathogens through the inter-
mediary of the host immune systems and the relevance of the infection 
history of the host to determine the community of pathogens that it 
harbours. The knowledge and hypotheses produced by these studies can 
inform not only the management of buffalo and buffalo/cattle interfaces 
(e.g. shall we manage pathogens in buffalo populations or not), but also 
the nascent field of pathogen community ecology.

After weighing and sifting through the evidence, it would appear that 
the African buffalo is probably not the health villain invented by colo-
nial administrations. Its coexistence with Western livestock production 
systems is probably impossible and has been fought against during the 
twentieth century. But what have been the costs and benefits for African 
societies? Is the species that is well-adapted to the African environment 
the problem, or is it the imported breed that needs to be kept under 
unsustainable conditions to stay productive? The twenty-first century 
has started with the prospect of massive global changes for the century 
to come that will threaten societies and their productive systems. There 
is a chance that Africans and African societies could emerge stronger 
from this challenging era, and the buffalo could be a flagship of this 
transformation.
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9 · Infections and Parasites of 
Free-Ranging African Buffalo
R. G. BENGIS, F. GAKUYA, M. MUNYEME, 
D. FEKADU SHIFERAW, R. A. KOCK AND 
P. CHARDONNET

Introduction
Infections in free-ranging African wildlife with pathogens normally asso-
ciated with wild animals or domestic livestock can arbitrarily be assigned 
to four or possibly even five categories, as follows.

• Wildlife-maintained infections: African indigenous infections without 
disease expression in sylvatic hosts, such as South African Territory 
(SAT) types of foot and mouth disease (FMD), African theileriosis, 
African swine fever, African horse sickness, bovine malignant catarrh 
fever and African trypanosomiasis.

• Alien, exotic or foreign animal infections: some of the best examples of 
this category are certain pathogens historically alien to sub-Saharan 
Africa that were probably introduced onto the African continent 
with the importation of domestic livestock from Eurasia during the 
colonial era. Indigenous African free-ranging mammals, within simi-
lar taxonomic groupings to these domesticated hosts, are generally 
immunologically naïve to these foreign pathogens, and may suffer 
significant morbidity and mortality when exposed to these disease 
agents. Examples include rinderpest (may it rest in peace), bovine 
tuberculosis, bovine brucellosis, peste des petits ruminants (PPR), 
bovine papillomatosis and canine distemper, which may impact both 
wildlife and domestic species.

• Multi-species infections: these infections usually occur on most continents 
and may affect both wildlife and domestic livestock. Transmission can 
thus occur in both directions, although certain regional dominant role 
players have been identified. These infections are generally cyclical 
in nature, and the epidemic cycles appear to be related to popula-
tion densities of one or more host species, as well as climatic factors. 
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Uniquely, these infections generally have a fatal outcome in both 
wildlife and domestic livestock and are frequently zoonotic. Some of 
the these diseases, such as anthrax and rabies, have been documented 
in African buffalo (Syncerus caffer).

• Newly emerging or recently detected infections: these infections have been 
detected only recently, such as encephalomyocarditis in elephants 
(Loxodonta africana), arthropod-borne flavi- and bunyaviruses in several 
wildlife species, parafilariasis in African buffalo and feline immuno-
deficiency virus infection in wild felids. They also include infections 
that have relatively recently crossed the species barrier, such as canine 
distemper in lions (Panthera leo) and bovine papillomatosis in giraffe 
(Giraffa camelopardalis), zebra (Equus zebra), sable antelope (Hippotragus 
niger) and buffalo.

• Finally, truly novel diseases such as spongiform encephalopathies seen in 
cervids in North America and more recently in Norway and Sweden, 
but not yet seen in African wildlife.

Infectious Diseases Impacting African Buffalo

Rinderpest

Rinderpest, the great cattle plague pandemic of 1889–1905, was intro-
duced with infected cattle from southern Asia to feed troops on mili-
tary expeditions around the Horn of Africa (Hutcheon, 1902). Much 
has been written about the massive die-offs of both indigenous cattle, 
wild ruminants and suids across most regions of Africa, and the massive 
social, political and economic repercussions resulting from the huge 
livestock losses (Mack, 1970). The livelihoods of nomadic pastoral-
ists were devastated. Countless wild artiodactyls also perished, with 
buffalo, tragelaphs (spiral horned antelope), wildebeest, hippotragines 
and wild suids being the most severely affected (Kock, 2006). Being 
social ruminants that occur in large herds, buffalo were massively 
affected by this close-contact transmitted morbillivirus, and in many 
cases, only small relict populations survived in remote pockets or were 
entirely extirpated from their former ranges (Stevenson-Hamilton, 
1957). Impacts were also seen on some keystone species, including 
migrating East African wildebeest (Connochaetes taurinus). This disease 
had major impacts on the scale of migration and the habitat, with 
resultant transformation in vegetation types and distribution (Holdo 
et  al., 2009). This disease may have contributed to certain wildlife 
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distribution anomalies, such as the formation of isolated metapopu-
lations of species such as sable antelope, roan antelope (Hippotragus 
equinus), greater kudu (Tragelaphus strepsiceros) and nyala (Tragelaphus 
angasii). Rinderpest was declared officially eradicated in 2011, the first 
animal disease to be so (FAO report, 2011).

Bovine Tuberculosis

Bovine tuberculosis (bTB) in wildlife in sub-Saharan Africa is probably 
a foreign animal disease introduced into southern Africa with colonial 
cattle breeds imported from Europe during the eighteenth and nine-
teenth centuries. The first report of bTB in wildlife in southern Africa 
was in greater kudu and common duiker (Silvicapra grimmia) in the 
eastern Cape Province of South Africa (Paine and Martinaglia, 1929), 
and then again in greater kudu in the same region in 1940 (Thorburn 
and Thomas, 1940). This region apparently had a high prevalence of 
bTB in cattle at that time. The first report of bTB in African buf-
falo came from the Queen Elizabeth National Park (NP) in Uganda 
(Guilbride et  al., 1963), and confirmed in 1965 (Thurlbeck et  al., 
1965). The disease spilled over into common warthogs (Phacochoerus 
africanus) and has persisted to this day (Woodford, 1982a, 1982b). BTB 
was also discovered in free-ranging Kafue lechwe (Kobus leche kafuen-
sis) in Zambia in 1972 and 1977 (Gallagher et al., 1972; Clancey, 1977), 
and confirmed later (Munyeme et al., 2010). Subsequent screening of 
buffalo from the Greater Kafue NP yielded nothing (Munang’andu 
et al., 2011). In South Africa, the disease was first detected in buffalo 
in the Hluhluwe/Imfolosi Park in Kwazulu-Natal Province in the 
1980s, and in Kruger (KNP) in 1990 (Bengis et al., 1996). It appears 
as though these wildlife populations became infected by contact with 
infected cattle. The outbreak in Kruger followed recorded outbreaks 
of bTB in cattle on farms south of the Crocodile River (southern 
boundary of KNP) during the early 1960s, and again in the 1980s 
(State veterinary reports). During these periods, outbreaks of buffalo-
associated theileriosis were also reported in cattle on these farms, 
indicating that buffalo and cattle had shared range and vector ticks. 
Subsequently in Kruger, the disease spread through all of the buffalo 
herds from the extreme south to the far north of the park, and even-
tually into Zimbabwe (Gonarezhou National Park), over a period of 
19 years (de Garine-Wichatitsky et al., 2010; Figure 9.1). Systematic 
sampling of buffalo herds in the different regions of the KNP between  
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2003 and 2011 demonstrated a gradient of the prevalence of infec-
tion, with a 35 per cent prevalence in the south where the disease 
first entered, 20 per cent in the central district and 3 per cent in the 
far north. Spillover infection also has been detected in 15 other spe-
cies. Only buffalo and lechwe appear to have become true sylvatic 
maintenance hosts of bTB, while greater kudu and warthog appear to 
have maintenance host potential, if their population densities are high 
enough. The long-term effects of this chronic progressive disease on 
African wildlife host populations at sustained high prevalence rates are 
unknown. Initially there was concern that bTB may negatively affect 
the population dynamics and structure of buffalo herds and lion prides 
in KNP. To date, however, no negative impact has been detected at 
the population level in Kruger, illustrating the resilience of these spe-
cies. However, due to the veterinary control measures imposed, this 
disease has definitely had an impact on translocation of wildlife out 
of what are now endemic bTB areas in South Africa. The disease has 
also been reported in buffalo, warthogs, Uganda kob (Kobus kob thom-
asi) and olive baboon (Papio anubis) in Uganda, and in buffalo, Masai 
giraffe (Giraffa camelopardalis tippelskirchi) and topi (Damaliscus lunatus 

Figure 9.1 Advanced pulmonary tuberculosis in African buffalo. © R. Bengis.
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jimela) in the greater Serengeti Ecosystem and in Kenya (Meunier 
et al., 2017). These are unfenced systems and the prevalence of disease 
appears to be relatively stable (Meunier, 2017), although no intensive 
sampling has been reported. In Ethiopia, although bTB is endemic 
in cattle, no infection was detected in a small sample of buffalo from 
Omo/Mago NP, also an open system.

Brucellosis

In the African wildlife context, only Brucella abortus bovis and B. melitensis 
have been recorded in wildlife (Simpson et al., 2021). Both these organ-
isms have zoonotic potential, although no cases of human infection from 
buffalo have been reported.

Bovine brucellosis caused by B. abortus bovis is a foreign chronic 
animal disease thought to have been introduced into sub-Saharan 
Africa by the importation of European cattle breeds by colonial set-
tlers during the eighteenth and nineteenth centuries. This chronic dis-
ease has also crossed the interface with wildlife, and is now endemic 
in wildlife in several countries. In sub-Saharan Africa, Brucella sero-
positivity has been demonstrated in bovids, 12 antelope species, four 
carnivore species, baboons, black and white rhinoceros, hippopotamus 
(Hippopotamus amphibius) and zebras. Of all of these, only African buf-
falo and possibly Kafue lechwe appear to be reservoir species that are 
able to maintain infection in the absence of infected cattle (Simpson 
et al., 2021).

In KNP, Brucella sero-positivity has been detected in most buffalo 
herds (De Vos and van Niekerk, 1969), and at sero-prevalence rates 
of up to 23 per cent (Herr and Marshall, 1981). Similar to the disease 
in cattle, experimental infection with brucellosis causes late-term abor-
tions in buffalo heifers, as well as in buffalo cows during the first preg-
nancy after infection (Gradwell et al., 1977). In addition, it was observed 
that calves born through the following pregnancy tend to be weak and 
poor survivors. Brucellosis in buffalo may also affect synovial structures 
causing arthritic conditions such as carpal hygromata, and may cause 
severe lameness (Figure 9.2). This has been observed in both eastern 
and southern African buffalo populations (Kock, personal communica-
tion). In Zimbabwe, clinical disease also has been reported in eland and 
waterbuck (Condy and Vickers, 1972). Brucellosis caused by B. melitensis 
has only been detected in farmed sable antelope on several Eastern Cape 
wildlife ranches (Glover et al., 2020).
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Anthrax

Anthrax is historically one of the oldest documented diseases, and the life 
cycle of the causative bacterium, Bacillus anthracis, has both biotic and abi-
otic components. The abiotic component is the resistant dormant spore 
phase, which occurs in regions with predominantly alkaline soils and high 
calcium and moisture content. These spores can survive almost indefinitely 
in this dormant state in the soil. The biotic component is the exponen-
tial amplification phase, which takes place within the mammalian body, 
and appears to be the essential reproductive phase (De Vos and Turnbull, 
2004), although germination and amplification of anthrax bacteria in cer-
tain soil-dwelling Amoebas has been reported (Dey et al., 2012). Anthrax 
outbreaks have been documented in most domestic species in the absence 
of a wildlife link. Similarly, localized to extensive outbreaks have occurred 
in various wildlife populations with no livestock link. Large-scale outbreaks 
may cross the interface, especially where livestock and wildlife share ranges 
and resources (Mukarati et  al., 2020). With regard to buffalo, anthrax 
has been reported in buffalo populations in KNP, in Gonarezhou NP in 
Zimbabwe, in the Okavango ecosystem in Botswana, in the Caprivi system 
in Namibia and in Luangwa valley NP in Zambia. In East Africa, anthrax 
has been recorded in Uganda, Tanzania, Kenya and Ethiopia. In Kenya, 

Figure 9.2 Brucella Carpel Hygroma in African buffalo. © R. Bengis.
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an anthrax outbreak in 2015 at Lake Nakuru NP resulted in the death of 
745 out of the 4500 buffalo in the park, with a species-specific mortality 
rate of 17 per cent (Muturi et al., 2018). An analysis of temporal and spatial 
distribution of anthrax outbreaks among Kenya wildlife revealed that out 
of the 51 outbreaks, 23.5 per cent involved buffalo (Gachohi et al., 2019).

In Mago NP in Ethiopia, anthrax outbreaks originating from cattle 
and sheep from nearby pastoralists killed more than 1617 (in 1999) and 
563 (in 2000) wild animals from 21 species, including buffalo. About 
20 people, including one scout, from the area who handled or ate the 
carcasses, including one scout, were infected and developed severe skin 
lesions, but recovered after treatment (Shiferaw et al., 2002).

In a review of seven documented anthrax outbreaks in KNP between 
1960 and 2010, buffalo featured as the second most common species 
affected in an analysis of the carcass counts. Greater kudu were the most 
frequently affected species in these Kruger outbreaks (Bengis, personal 
communication; Figure 9.3).

In Africa, human anthrax is generally contracted when people handle 
or consume carcasses of infected livestock or of any wildlife that have 
succumbed during an outbreak, and this would include buffalo in light 
of the susceptibility of this species as mentioned.

Figure 9.3 Anthrax in African buffalo. Note blood coming from nose and 
generalized putrefactive swelling. © R. Bengis.
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Buffalo appear to become infected mainly by ingestion of contami-
nated water, contaminated grazing or by mechanical transmission by 
biting flies. Buffalo are exquisitely sensitive to the exotoxins produced 
during the exponential replication phase of the anthrax organisms, and 
unlike other ruminants, will often die before developing substantial bac-
teremia. This makes it important for laboratories to microscopically scan 
buffalo diagnostic blood smears thoroughly if this disease is suspected. 
The post-mortem signs commonly seen with buffalo that have died of 
anthrax include sudden death, tarry black blood that does not clot exud-
ing from the natural orifices and swollen carcasses from rapid putrefac-
tion. Suspected anthrax carcasses should not be opened.

Other Bacterial Diseases

There are several other bacterial diseases that have been sporadically 
reported in African buffalo. Localized bacterial abscesses caused by a variety 
of organisms do occur, usually as a result of bacterial infection of pen-
etrating wounds. With the exception of anthrax, bacterial infections that 
cause systemic disease have rarely been reported in free-ranging buffalo. 
Those that have been detected include haemorrhagic septicaemia caused by 
Pasteurella multocida and bacterial entero-colitis caused by  entero-pathogenic 
Escherichia coli or Salmonella spp. (Mitchell et al., 2021). In addition, malig-
nant oedema/gas gangrene, caused by toxigenic Clostridia, have been spo-
radically reported following blunt traumatic injury and bruising.

Buffalo and Other Wildlife-Maintained Infections
In this discussion, it is important to realize that only a few wildlife species 
have been identified and positively implicated in the maintenance and 
transmission of these diseases. These include the African savanna buffalo, 
wild suids including warthogs and bush pigs, brindled wildebeest, black 
wildebeest (Connochaetes gnou), bushbuck, the various species of zebra 
and possibly greater kudu.

Foot-and-Mouth Disease

In the case of FMD in sub-Saharan Africa, cattle-derived imported 
Eurasian serotypes A and O coexist with African serotypes SAT1, 2 and 
3 (SAT for South African Territory). The pivotal role played by the 
African buffalo as a sylvatic maintenance host of the SAT group of FMD 
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viruses was identified in the late 1960s, and initial findings in various 
buffalo populations were published by Condy (1971), Hedger (1972) 
and Falconer and Child (1975). This was followed by further publica-
tions on the characterization of the viruses in several buffalo subpopu-
lations in eastern and southern Africa (Anderson et  al., 1979; Vosloo 
et al., 1996; Thomson and Bastos, 2004). Most buffalo populations in 
southern Africa, with the exception of those relict populations that sur-
vived the rinderpest in the Eastern Cape and Kwazulu/Natal Provinces 
of South Africa, have been shown to be infected. Random serological 
sampling of buffalo herds in KNP in South Africa, the Okavango delta 
in Botswana and the Zambezi valley in Zimbabwe demonstrate that 
over 95 per cent of those free-ranging buffalo have antibodies to at least 
one, but frequently two or even all three SAT virus serotypes, by the age 
of 12 months. Surveys in West, Central and East Africa showed a similar 
picture (Bronsvoort et al., 2008). In addition, FMD viruses of all three 
serotypes can regularly be isolated from oro-pharyngeal probang samples 
collected from these buffalo, and this carrier state may last for years (Jolle 
et al., 2021). The virus apparently survives almost indefinitely in certain 
dendritic cells of the tonsils, even in the presence of humoral antibodies. 
Most free-ranging buffalo show no clinical signs of infection.

Thus, until recently, there could be no doubt that infected buffalo herds 
were the ultimate source of all FMD infections in naive livestock, and 
most SAT-type FMD outbreaks in livestock could also be traced back to 
interface buffalo contact (Guerrini et al., 2019). However, more recently, 
it would appear that certain SAT virus topotypes have adapted to cattle, 
and several outbreaks have recently occurred in South Africa without any 
identifiable buffalo contact (Thomson, personal communication). This has 
been confirmed in Kenya (Wekesa et al., 2015). They found that FMDV 
serotypes O, A, SAT1 and SA2 were circulating among cattle in Kenya 
and cause disease, but only SAT1 and SAT2 viruses were successfully iso-
lated from clinically normal buffalo. The buffalo isolates were also geneti-
cally distinct from isolates obtained from cattle. In another study in Kenya, 
Omondi et  al. (2020) investigated the epidemiology of FMDV in buf-
falo, including the role of buffalo in the circulation of FMDV in livestock 
populations. By sequencing the virus’ VP1 coding region from blood and 
oropharyngeal fluids collected from wild buffalo and sympatric cattle in 
central Kenya, they were able to show that FMDV has a high serop-
revalence in buffalo and targeted cattle populations. In addition, serotype 
SAT1 and SAT2 sequences from buffalo and serotype O and A sequences 
from sympatric cattle were recovered. These results further confirmed the 
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findings of Wekesa et al. (2015), because amongt sympatric buffalo and 
cattle, no SAT1 or 2 sequences found in buffalo were found in cattle, 
which suggests that transmission of FMDV from buffalo to sympatric cat-
tle in this region is rare. Similarly, there was no evidence that serotype  
O and A sequences found in cattle were transmitted to buffalo. Serotypes 
A and O have also been introduced with infected cattle into Ethiopia and 
other countries in the region. In Ethiopia, serology confirmed the pres-
ence of antibodies to serotypes A, SAT1 and SAT2 in clinically normal 
buffalo in Mago/Omo NP, whereas in neighbouring cattle, which have a 
seropositivity prevalence of between 5.6 per cent and 42.7 per cent with 
endemic distributions, serotypes O, A, SAT1 and SAT2 were documented 
(Sahle, 2004; Abdela, 2017). More recently (2021), Eurasian serotype  
O has been reported in cattle in Zimbabwe, Namibia and Mozambique.

FMD is rarely a fatal disease in cattle except for occasional calf mor-
talities, but it certainly does impact animal production, as dairy cows dry 
up and beef cattle lose condition. It is therefore not generally considered 
to be an important disease among pastoralists and subsistence farmers. 
However, due to FMD international control regulations (through the 
WOAH (World Organization for Animal Health, founded as the OIE 
(Office International of Epizootics)) directed by northern hemisphere 
countries, subsistence farmers living close to buffalo populations in 
Africa have been negatively impacted. Fortunately, in recent years there 
has been an increasing realization among world leaders that globalization 
is perpetuating the dominance of the developed world, and there is a 
genuine desire to address poverty issues in Africa (Ferguson et al., 2013; 
Thomson et al., 2013a, 2013b; Chapter 12).

Buffalo-Associated Theileriosis

Theileria parva is a tick vector-borne protozoan infection of buffalo. It is 
transmitted by Rhipicephalus appendiculatus and R. zambesiensis, which are 
three-host ticks. It is naturally a silent infection in buffalo, but is highly 
pathogenic and causes an acute fatal disease in cattle, especially the European 
cattle breeds (Neitz et al., 1955). It is generally a dead-end disease in these 
cattle, because they die before the lymphoid tissue-associated schizonts 
can produce erythrocyte-associated merozoites (small piroplasms), and 
are therefore unable to infect the vector ticks to maintain circulation of 
the infection. Small clustered outbreaks of buffalo-associated theileriosis 
still occur today in southern and East Africa where there is a buffalo/
cattle interface. However, cattle-adapted strains have now also evolved,  
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which cause the diseases known as East Coast fever (ECF) and Zimbabwe 
theileriosis (January disease). These diseases can circulate independently in 
cattle without any buffalo presence because these Theileria parva variants 
can complete their life cycle in cattle, produce small piroplasms, and are 
therefore able to infect the tick vectors (Irvin and Cunningham, 1981). ECF 
occurs widely through the range of the same main vectors (R. appendicula-
tus and R. zambesiensis) in East and southern Africa north of the Zambezi 
River. In these regions, ECF, together with heartwater and trypanoso-
miasis, remain the greatest disease obstacle to agricultural development 
and prosperity. However, T. parva is absent in West Africa and most of 
Central Africa, including the whole Congo basin, because R. appendiculatus 
is absent. In Central Africa, the disease is only present in the far eastern side, 
above 500 m in the region of the Great Lakes: Burundi, Rwanda, Kivu 
in eastern DRC. This is a disease of great concern to most pastoralists in 
the affected countries because it has the potential to threaten food security. 
ECF was also introduced with cattle movement to regions south of the 
Zambezi River in 1901/02, but after resulting in the death of 1.25 million 
of the 4 million cattle present in the affected territories, was subsequently 
eradicated at great expense to governments and both farmers and pastoral-
ists. From an agriculturalist/pastoralist perspective, this was a disaster, but 
for conservation and environmental objectives, these diseases have ensured 
that large tracts of land in Africa remain ecologically intact and viable, a vital 
element in the desired long-term recovery from anthropogenic impacts 
that are of such contemporary global concern. These diseases were eventu-
ally eradicated from southern Mozambique in 1917, from Rhodesia in 1954 
and from South Africa in 1955 (Lawrence, 1992), but continue to circulate 
in cattle north of the Zambezi River.

There are other theilerias frequently found in buffalo blood samples, 
such as T. mutans (transmitted by Amblyomma spp.) and T. taurotragi 
(transmitted by R. appendiculatus). Both of these parasites generally cause 
benign infection in cattle. Buffalo-associated T. taurotragi also generally 
results in a mild infection in cattle, but occasionally causes a disease called 
turning sickness in young cattle, characterized by nervous signs, such as 
circling, head pressing, ataxia, paralysis and uni- or bilateral blindness 
(Lawrence and Williamson, 2004).

Trypanosomiasis

Trypanosomiasis is a very important disease of cattle (known as nagana), 
camels (known as surra), horses, pigs and dogs in parts of sub-Saharan 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


250 · R. G. Bengis et al.

Africa, and certain Trypanosoma species may also affect humans (caus-
ing sleeping sickness disease). The various Trypanosoma spp. have dif-
ferent transmission modes, including biological transmission by tsetse 
flies, an insect genus endemic to Africa that had time to co-evolve with 
buffalo (T. brucei and T. congolense, T. vivax), and mechanical trans-
mission by other biting flies of three main families, Tabanidae (genera 
Chryspos, Haematopota and Tabanus), Stomoxynae (genera Stomoxys and 
Haematobia) and Hippoboscidae (genera Melophagus and Hippobosca) (all 
previous plus T. evansi) (Itard, 1981). With non-tsetse biting flies, try-
panosomiasis expands well beyond the tsetse fly-infested areas.

Historically, the distribution of tsetse flies (known as tsetse belts) 
profoundly shaped and limited the distribution of livestock, and con-
sequently severely hampered the development of the livestock indus-
try. However, the situation has changed dramatically in the last decades 
under pressure from two main driving forces: (i) the drastic reduction of 
the tsetse distribution range, due notably to the destruction of their habi-
tat such as forest galleries for agriculture (Gouteux et al., 1994; Cuisance, 
1996; Reid et  al., 2000), tsetse eradication campaigns, the global cli-
mate change (Courtin et al., 2010) and for savanna tsetse species such 
as Glossina morsitans, the disappearance of large game (Itard, 1981); and 
(ii) the development and now widespread use of trypanocide drugs, 
both preventive and curative, which allow large transhumant cattle 
herds to graze in tsetse-infested areas during the dry season, including in 
Protected Areas, and leads to the degradation of the pastoral rangeland 
though excessive bushfire, overgrazing, tree felling, etc.

Preferred wildlife hosts of tsetse flies include African buffalo, wild 
porcines, spiral horned antelopes (Tragelaphs spp.), elephants, black rhi-
noceros and hippopotami, and these species are all capable of surviving 
well within the tsetse belts. They frequently develop significant infec-
tion rates with detectable parasitaemias, but without developing disease, 
and may therefore serve as natural maintenance hosts for the various 
Trypanosome spp. Interestingly, the respective historical distribution 
ranges of African buffalo and tsetse flies largely match (Olubayo, 1991). 
Buffalo and tsetse flies have co-evolved in the same ecological system 
for millenaries to the mutual advantage of the three stakeholders, the 
parasite, its vector and its host, with the consequence of having made 
the buffalo both a maintenance host and one resistant to the parasite. 
The mechanisms of trypano-resistance of the African buffalo have been 
partially investigated (e.g. Olubayo, 1991; Redruth et al., 1994; Wang 
et al., 2000; Guirnalda et al., 2007).
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Trypano-tolerant cattle breeds, all of them humpless Bos taurus (e.g. 
N’dama and Baoulé cattle), as well as trypano-tolerant goat and sheep 
breeds, have evolved in pastoral societies, mainly in West Africa, but also 
in Central and East Africa (Murray et al., 1979). They are, however, not 
trypano-resistant and may potentially serve as maintenance hosts.

An important conservation corollary is that many of the remaining 
and relatively pristine wildlife conservation areas in Africa owe their 
very existence to the presence of this disease, which made these areas 
unsuitable for agricultural expansion or human habitation (Chapter 12). 
However, as seen above, the situation is changing drastically with the 
wide use of trypanocide drugs. Pastoralists no longer hesitate to enter 
deep inside tsetse-infested Protected Areas with large cattle herds. To 
quote only one striking example from Cameroon, before trypanocid 
drugs no livestock entered Bouba Ndjidda NP and the seven surround-
ing Hunting Areas due to heavy tsetse infestation, while in 2015 the 
wildlife aerial census of these Protected Areas counted 526,233 (over 
half a million) head of cattle (Wildlife Conservation Society, Ministry of 
Forests and Wildlife and Ecole de Faune de Garoua, 2015), which was 
21 times more than in 2008 (Omondi et al., 2008), despite the continued 
presence of tsetse flies there today.

With the contemporary shrinkage of the distribution range of tsetse 
flies, their main remaining strongholds are now largely Protected Area 
complexes, which also are the residual strongholds of the African buf-
falo. In these restricted situations, the coevolution of the tryptic ‘buffalo/
tsetse/trypanosome’ is maintained, including the resistance of buffalo to 
the disease, and buffalo remain there as a maintenance host and maybe 
even a bridge host. The question is raised whether these Protected Areas 
can now be regarded as maintenance sites, including for Human African 
Trypanosomiasis (HAT). HAT originating from wildlife has been 
explored to some extent, but only in a very limited number of wild 
species like bushbuck (Heisch et al., 1958). Much remains to be investi-
gated with regards to the possible role of wildlife, including buffalo, in 
the maintenance of Trypanosoma brucei gambiense, which is responsible for 
HAT in West and Central Africa.

Peste des petits ruminants

The peste des petits ruminants (PPR) virus is closely related to the rin-
derpest virus (serologically indistinguishable with screening enzyme-
linked immunosorbent assays, or ELISAs), from which it likely evolved 
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(rinderpest of small ruminants) over recent centuries in West Africa. It 
spread to much of the rest of Africa and Asia, and this pandemic has gath-
ered pace over the last two decades, entering East Africa and spreading 
south and across Asia, reaching the China seaboard in 2013. Serological 
surveys of wildlife, including mostly buffalo, during the rinderpest eradica-
tion campaign showed cross neutralization between rinderpest and PPR 
antibodies, and ELISA tests during epidemio-surveillance produced con-
fusing results. Once differentiated, this confirmed widespread infection of 
wild artiodactyls, buffalo included, in Africa with the PPR virus where 
livestock were infected, and evidence suggests the small ruminants spilled 
the virus into adjacent wildlife populations (Kock, 2006; Mahapatra et al., 
2015; Fernandez Aguilar et al., 2020). Buffalo were no exception and have 
shown the highest true prevalence for PPR virus infection among sampled 
species (Jones et al., 2021). No evidence of disease in African buffalo is 
reported, while only rare and, epidemiologically unconfirmed, reports of 
PPR disease have been made in sub-Saharan Africa in free-ranging ante-
lope, notably gazelle in Sudan (Asil et al., 2019).

Malignant Catarrhal Fever

In Africa, the most important cause of malignant catarrhal fever (MCF) 
in cattle in the context of this chapter is wildebeest-associated MCF 
caused by Alcelaphine Herpesvirus 1. There is also a sheep-associated 
MCF affecting cattle caused by Ovine Herpesvirus 2. The important role 
played by wildebeest (Connachaetes spp.) in the maintenance and sea-
sonal shedding of Alcelaphine Herpesvirus 1 has been elucidated (Plowright 
et al., 1960; Plowright, 1967; Mushi et al. 1980). Free-ranging African 
buffalo in multi-species systems may be infected with this virus and 
 sero-convert, but do not develop overt clinical signs of disease, or 
detected viral persistence, and thus appear totally unimportant in the 
maintenance or transmission of this important viral disease of cattle. 
West and Central Africa are outside the wildebeest distribution range 
and MCF infection has not been reported in buffalo there.

Rabies

Rabies is an ancient disease, and recognizable descriptions of it can be 
traced back to early Chinese, Egyptian, Greek and Roman records 
(Wilkinson, 1988). In sub-Saharan Africa, sylvatic rabies has been diag-
nosed in 33 carnivorous species and 23 herbivorous species, including 
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African buffalo (Mitchell et al., 2021), with regional variation in dominant 
epidemiological role players (Swanepoel, 2004). In spite of this, by far 
the largest number of rabies cases reported in the developing world occur 
in domestic dogs. In Africa, endemic rabies (caused by both viverid and 
canid biotypes) has been identified in certain communal burrow-dwelling 
wildlife species such as the yellow mongoose, and in bat-eared fox as well 
as various jackal species. African buffalo appear to be incidentally infected 
and do not appear to play any role in the maintenance of this infection.

Buffalo Involvement in Other 
Important Livestock Diseases

Tick-borne Diseases

Heartwater (Cowdriasis, Ehrlichia/Rickettsia ruminantium Infection)
Heartwater is a tick-transmitted rickettsial infection, and is one of the 
most important diseases of domesticated ruminants in sub-Saharan Africa. 
This disease causes high morbidity and significant mortality in cattle 
(especially Bos taurus types), as well as in sheep and goats, throughout the 
range of its biological vectors, which are present in most of sub-Saharan 
Africa with the exception of the extremely arid zones. The important 
biological vectors are Ixodid ticks of the genus Amblyomma, which are 
three-host ticks. Interestingly, in West and Central Africa, the historical 
distribution area of buffalo largely matches with the range of A. variegatum 
(annual rainfall over 500 mm). Some Amblyomma are specific to buf-
falo and suspected to be vectors, namely A. splendidum in forest buffalo 
(Syncerus caffer nanus), A. astrion in Central African savanna buffalo (S. 
c. aequinoctialis), A. cohaerens in East African buffalo and A. hebraeum in 
Southern African buffalo (Morel, 1981).

Free-ranging African buffalo, together with giraffe, black wilde-
beest, blesbok and eland that occur within the distribution range of the 
Amblyomma ticks, frequently harbour this rickettsial organism without 
developing the disease. The infection in these species is generally sub-
clinical due to the evolution of disease resistance over millennia and 
the development of an endemically stable host/pathogen relationship. 
Helmeted guineafowl, leopard tortoises and scrub hares, which are the 
preferred hosts of the larval and nymph stages of this vector, may also har-
bour this pathogen (Oberem and Bezuidenhout, 1987). All of these silent 
carriers may potentially serve as sources of infection for the vector ticks, 
which theoretically could infect livestock in an open interface situation 
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where livestock and wildlife share range and resources. However, it 
appears from recorded spatial and temporal patterns of disease outbreaks 
that the major source of infection for the vectors causing most livestock 
outbreaks are in fact the domestic livestock themselves, and this perpetu-
ates the cycle of infection and disease.

Anaplasmosis
Both Anaplasma marginale subsp. centrale and A. marginale are regularly 
found in buffalo blood samples. Eygelaar et al. (2015) report prevalence 
rates of 30 per cent for A. marginale subsp. centrale and 20 per cent for 
A. marginale in free-ranging buffalo in northern Botswana. These patho-
gens can be transmitted by several one-host and multi-host ticks of the 
genus Rhipicephalus; they can also be mechanically transmitted by biting 
insects, mainly by biting flies of the families Tabanidae and Stomoxynae, 
less so by mosquitoes (Morel, 1981). A. marginale is pathogenic in cattle, 
causing severe anaemia and icterus, mainly in older dairy and beef cattle 
of the Bos taurus type. This disease is commonly known as ‘dry gall sick-
ness’. In endemic areas, most calves are generally immune. A. marginale 
subsp. centrale infection is usually apathogenic in cattle, and is in fact used 
in a blood-based vaccine for cattle. It appears that buffalo have become 
incidentally infected by ticks that have fed on infected cattle and play 
a minor role, if any, in the maintenance of this disease. Buffalo do not 
develop any clinical signs of infection.

Babesiosis
The babesioses are tick-borne infections caused by intra-erythrocytic 
protozoal parasites of the genus Babesia. Four species are known to infect 
cattle in southern Africa, namely B. bovis, B. bigemina, B. occultans and an 
as yet unnamed species. B. bovis and B. bigemina are highly pathogenic 
and both cause redwater disease in cattle, but they have never been doc-
umented in African buffalo. Other pathogenic Babesia occur in sheep, 
goat, pigs and equids. Therefore, buffalo do not appear to play any role 
in the epidemiology of these two important cattle diseases. However, 
B. occultans, which causes benign infections in cattle, is also frequently 
found in buffalo, and a prevalence of 23 per cent has been reported in 
120 buffalo blood samples collected in Northern Botswana (Eygelaar 
et al., 2015). The vector of B. occultans is Hyalomma marginatum rufipes, a 
two-host tick with a wide distribution range in southern Africa.
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African Insect-Borne (Arbo-) Virus Diseases
Serological studies have shown that a whole host of wild artiodactyls, 
including African buffalo, are able to be infected with several of these 
insect-borne viruses, but the infections are naturally subclinical, indicating 
innate resistance or low pathogenicity in these wildlife species. These dis-
eases include lumpy skin disease (LSD), caused by a capripox virus, blue-
tongue and epizootic haemorrhagic disease caused by orbiviruses, bovine 
ephemeral fever caused by a rhabdovirus, Rift Valley fever (RVF) caused 
by a phlebovirus and congenital arthrogryphosis/hydrancephaly caused by 
Akabane virus. In addition, some recent investigations have looked into 
the involvement of buffalo in certain Flavivirus and Bunyavirus infections.

Lumpy Skin Disease

Davies (1991) reported the detection of antibodies to LSD in buffalo 
in an endemic LSD area, but no clinical disease. In South Africa, sero-
surveys of 440 free-ranging buffalo from KNP were all negative for 
serum-virus neutralizing antibody. In addition, experimental infection 
of sero-negative buffalo gave negative results (Howell and Coetzer, 
unpublished results). These animals did not even sero-convert. From 
these observations, it can be concluded that African buffalo are not 
susceptible to this virus and play no role in the epidemiology of this 
important disease of cattle.

Bluetongue

Serum-virus neutralizing antibodies have been detected in African 
buffalo, as well as many other wild sympatric ruminants (Davies and 
Walker, 1974). However, clinical disease has not been reported, and the 
role of these wild ruminants in the epidemiology of this livestock disease 
remains speculative.

Ephemeral Fever

Also known as three-day stiff sickness, ephemeral fever occurs in most 
sub-Saharan countries in the form of epizootics in cattle. In between these 
epizootics, limited foci of disease may be encountered and there is evi-
dence of sero-conversion in sentinel herds. The examination of a range 
of wild ruminant sera showed evidence of neutralizing antibody in 54 per 
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cent of buffalo, 62 per cent of waterbuck (Kobus ellipsiprymnus), 9 per cent 
of wildebeest and 2.8 per cent of hartebeest (Alcelaphus buselaphus) (Davies 
et al., 1975). An interesting observation is that there were sero-conversions 
in waterbuck and buffalo in samples collected before the previous cattle 
epizootic of the disease. This would appear to indicate that the virus was 
circulating in wild ruminant populations during a period when no clini-
cal disease was observed in cattle. Thus wild ruminants, including buffalo, 
may play a maintenance role during inter-epizootic periods.

Rift Valley Fever

Rift Valley fever is a zoonotic mosquito-borne virus disease of livestock 
and wild ruminants that has been identified as a risk for international 
spread. Typically, the disease occurs in geographically limited out-
breaks associated with high rainfall events, and can cause massive losses 
of livestock. It is unclear how the RVF virus persists during interepi-
demic periods, but cryptic low-level cycling of the virus in livestock 
and/or wildlife populations may play a role. What is known is that the 
RVF virus can be efficiently maintained by certain floodwater breeding 
Aedine mosquitoes. In these mosquitoes, male/female sexual transmis-
sion as well as transovarial transmission of virus occurs. The eggs are laid 
on grasses, sedges and mud on the edge of rainwater pans, and these eggs 
are dormant and require a drying-out period followed by re-wetting to 
hatch. The time course for this drying out and re-wetting follows cli-
matic cycles and may be weeks, months, years or even decades, and this 
is probably the main maintenance mechanism during the interepidemic 
periods (Linthicum et al., 1984, 1985).

In 1999, an abortion storm caused by the RVF virus occurred at a 
 disease-free buffalo breeding project in KNP, followed by a second out-
break at another buffalo breeding project just south of the park. Serological 
surveys in free-ranging buffalo in KNP revealed generally low levels of 
sero-positivity that spiked during these outbreaks (Beechler et al., 2015). 
In addition, several other aborted buffalo foetuses were also positive for 
RVF (Mitchell et al., 2021). Sero-positivity also has been detected in a 
range of other wild ungulates in South Africa (Swanepoel, 1976) and 
Zimbabwe (Caron et al., 2013). In Kenya, a sero-prevalence of around 15 
per cent of RVF virus neutralizing antibodies has been detected in buf-
falo (Evans et al., 2008; Britch et al., 2013). Many buffalo live in endemic 
RVF areas, and this could explain the seroconversion to this mosquito-
borne disease. It is notable that other wildlife such as gazelles living outside 
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these endemic regions can suffer clinical disease during periods of epizo-
otic expansion, although this has not been observed in sympatric buffalo. 
It also has been observed that significant mortality from RVF occurred 
when naive scimitar-horned oryx (Oryx damma) were translocated into 
the RVF endemic area of Chad from the UAE, whereas the long-term 
resident oryx appeared resistant (Chardonnet, personal communication).

In 2010, during a major outbreak of RVF in the Orange Free State 
and Northern Cape Provinces in South Africa, apart from heavy live-
stock losses, RVF-associated abortions and mortality were recorded in 
ranched buffalo, eland (Taurotragus oryx), sable antelope, waterbuck, 
springbok (Antidorcas marsupialis), blesbok (Damaliscus dorcas phillipsi) and 
bontebok (D. d. dorcas), as well as exotic fallow deer, llamas and alpacas. 
Whether buffalo or any of these other species play a role in low-level 
maintenance cycling of the RVF virus during the interepizootic period 
remains speculative.

Mycoplasma
Contagious bovine pleuropneumonia (CBPP), caused by Mycoplasma 
mycoides subsp. mycoides, is one the three great historic cattle plagues 
of the world (OIE, 2022a), and Contagious caprine pleuropneumonia 
(CCPP), caused by M. capricolum subsp. capripneumoniae, is one of the 
most severe diseases of goats (OIE, 2022b). Moreover, these two diseases 
have gained renewed attention since the eradication of rinderpest and 
the PPR eradication programme. The African buffalo is not susceptible 
to CBPP and does not play any role in its transmission. In contrast with 
CBPP, which affects cattle only, CCPP also affects a number of wild 
ungulates, including some African antelopes; however, it is not known 
to affect the African buffalo. It is difficult to evaluate the prevalence of 
these mycoplasma diseases in wildlife due to sampling and transportation 
constraints. However, the use of specific serological tests and PCR may 
improve information in wildlife.

Emerging Infectious Diseases
So-called emerging animal infectious diseases include recently detected 
diseases (often in new geographies), variants of known diseases, diseases 
that have recently crossed the ‘species barrier’ and finally, truly novel 
diseases. With regard to African buffalo, the following emerging infec-
tious diseases have been reported.
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Bovine Papillomatosis

Infection with bovine papilloma virus types 1 or 2, causing cutaneous 
lesions in giraffe, Cape mountain zebra (Equus zebra zebra), sable ante-
lope and African buffalo, have been described and confirmed by histo-
pathology and immunohistochemistry. These cutaneous lesions varied 
from single or multiple wart-like growths to massive sarcoids (Williams 
et al., 2011; Figure 9.4). This is a good example of a cattle disease that has 
crossed the species barrier.

Diseases Caused by Akabane and Related Simbu-Group Viruses

In KNP, several buffalo calves with arthrogryposis and hydranenceph-
aly were born at a buffalo breeding facility. These congenital defects 
are frequently a result of in utero infection of the foetus with Akabane 
virus during certain critical stages of development. There is no reason 
to suspect that these congenital deformities do not also occur in free-
ranging buffalo, but are rarely seen because most new-born animals 
with congenital defects are taken out by predators. In a sero-survey 

Figure 9.4 Papillomatosis on an African buffalo. © R. Bengis.
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for Akabane virus infection in African wildlife, neutralizing antibody 
was detected in 222/979 buffalo (22.7 per cent; Al-Busaidy et  al., 
1987).

In the past decade, mortalities associated with neurological clinical 
signs have been reported in several free-ranging wildlife species, includ-
ing a variety of antelope, warthogs, white rhinoceros and African buf-
falo. Histopathology demonstrated a viral encephalitis characterized by 
glial apoptosis, neuronal degeneration and/or cerebral oedema (Mitchell 
et al., 2021). A Shuni virus of the Simbu group has been implicated.

Diseases Caused by Flaviviruses

Bovine viral diarrhoea virus (BVDV) and antibody have been detected 
in a whole range of free-ranging ruminants (Hamblin and Hedger, 1979), 
and in Africa, some buffalo and wildebeest populations suffer high infec-
tion rates (Hyera et al., 1992). In a recent report (Mitchell et al., 2021), 
two aborted buffalo foetuses and one neonatal mortality were confirmed 
to be caused by BVDV, using immunohistochemistry.

Macroparasitic Infections in African Buffalo
When reading this paragraph, what needs to be appreciated is that all 
free-ranging wildlife are ‘biological packages’ that are infected subclin-
ically by a variety of endo- and ectoparasites. African buffalo are no 
exception, and host numerous different nematodes, cestode and trema-
tode worms and several external parasites (Boomker et al., 1996). What 
is important is that most of these parasites do not appear to deleteriously 
affect the health of free-ranging wildlife in any way. In free-ranging 
multi-species wildlife systems, certain mammalian species may be sus-
ceptible to certain parasitic infections, and the uptake of larvae or ova 
by non-patent species functions as a natural balancing mechanism that 
reduces infection burden and helps to reduce parasite loads resulting in 
sustainable host/parasite relationships. In addition, in the co-infection 
context in which most wild species live, multiple minor parasitic infec-
tions may result in parasitic competition or in immune stimulation, both 
of which attenuate parasitic pathogenesis and minimize the effect on the 
host health (Chapter 11).

It is beyond the scope of this chapter to attempt to tabulate and 
describe all of the macro-parasites that have been detected in African 
buffalo, and we will limit our discussion to include mainly those parasitic 
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infections of buffalo that are overtly visible in the live animal or in the 
dead animal carcass.

Ixodid Ticks

Most free-ranging wildlife are parasitized to a greater or lesser extent by 
one or more of the life-cycle stages of ixodid ticks. Certain species, such as 
African buffalo, giraffe and black and white rhinos, are preferred hosts for 
the adult stage of several of these ixodid ticks, which is the reproductive stage 
of these ticks. Adult ticks of the important genera Amblyomma, Rhipicephalus 
and Hyalomma are frequently found on these host species. In a study con-
ducted in Ethiopia’s Mago/Omo National Park (Shiferaw and Kock, 
2002), seven species of ticks, namely Amblyomma cohaerence, A.  lepidum, 
A. variegatum, A. nuttali, A. gemma, Rhipicephalus pravus, R. pulchaellus and 
R. evertsi, were collected from buffalo. In southern Africa, A. hebraeum, 
R. appendiculatus and R. zambeziensis are the most common buffalo ticks. In 
Central African Republic, A. variegatum, A. astrion, R.  longus, R. muhsamae, 
R. cliffordi, R. lunatus, Hyalomma nitidus and H. rufipes have been described 
on 100 per cent of 85 examined buffalo (Thal, 1971).

Parafilaria bassoni Infection

Parafilaria bassoni is a spirurid nematode that infects the skin and subcu-
taneous tissues of buffalo, causing bleeding skin nodules (Figure 9.5). 
These bleeding nodules are associated with gravid female worms ovipos-
iting embryonated eggs. These lesions occur mainly on the dorsum and 
lateral sides of the buffalo. Complications of these lesions develop in a 
low percentage of buffalo due to secondary bacterial infections forming 
subcutaneous abscesses, or as a consequence of a Type 1 hypersensitivity 
reaction that may result in vascular occlusion, and skin infarction with 
the development of cutaneous ulcers, which often become enlarged by 
oxpecker worry. A sero-survey using a Parafilaria ELISA in the Greater 
KNP Complex demonstrated that this parasite occurs in buffalo popula-
tions throughout this complex at a seroprevalence rate of approximately 
34 per cent (Keet et al., 1997).

Psoroptic Mange

Psoroptic mange is caused by a large sarcoptiform mite, Psoroptes pienaari, 
commonly found on buffalo. This is a large mite that can be seen with 
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the naked eye. This mite is most commonly found on the head, neck, 
shoulders and rump of buffalo, and causes a pruritic scaley alopecia (hair 
loss), frequently giving the skin a thickened, hairless, greyish appearance.

Demodectic Mange

Demodectic mange is caused by the parasitic mite Demodex caffer, which 
inhabits the hair follicles in the skin of buffalo, and when present in large 
numbers may cause nodular parasitic and sebaceous cysts (Figure 9.6). 
These cutaneous skin nodules are most commonly seen in the younger 
age classes, and are generally limited to the head, neck and shoulder 
regions, but in severe cases, may be present over the entire animal 
(Dräger and Paine, 1980). If one of these nodules is incised and lateral 
pressure applied, a thick, creamy white material exudes, which consists 
of sebaceous cells and masses of Demodex mites. In a study in KNP, 

Figure 9.5 Parafilaria skin ulceration on an African buffalo. © R. Bengis.
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approximately 50 per cent of 203 buffalo examined had clinical signs 
varying from few to multiple skin nodules (Wolhuter et al., 2009).

Parasites Commonly Seen in Buffalo Carcasses

Buffalo serve as intermediate hosts for a number of tapeworms and 
enteric protozoa of sympatric predators, which are the definitive hosts. 
Cysticercosis usually seen in the muscles of the forelimbs, diaphragm 
and heart muscle of buffalo are the intermediate stages of the tapeworms 
of lions, leopards and hyaenas, such as Taenia regis, T. gonyamai and 
T.  crocutae. In some regions where there is a close interface between buf-
falo and humans, cysticerci of the human tapeworm, T. saginata, have 
also been found in buffalo.

Two trematodes of common pathological importance for livestock are 
frequent in buffalo with no clinical signs, namely the giant fluke (Fasciola 
gigantea) and the small fluke (Dicrocoelium hospes), which are found in 
buffalo livers, often together and sometimes in a massive infestation. 
In Central African Republic, 12 of 33 inspected buffalo (36.3 per cent) 
were affected by both flukes with no apparent clinical signs (Thal, 1971). 

Figure 9.6 Nodular demodex on a captured African buffalo. © R. Bengis.
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Other trematodes of the genus Schistosoma also are frequently found in 
the mesenteric blood vessels of buffalo, again causing no clinical signs.

Hydatidosis and Coenurus Cerebralis

Hydatid and coenural cysts are parasitic cysts occasionally observed in buf-
falo carcasses. These cysts are the intermediate stage of the wild preda-
tor and domestic dog tapeworms, Echinococcus granulosis and T. multiceps. 
Hydatid cysts are most commonly found in the liver, lung and occasionally 
brain of buffalo, and may be large and multiple. Coenural cysts are much 
less common, and may be found in the brain or subcutaneous tissues.

Sarcosporidiosis

Sarcosporidia are protozoal parasites that have a two-host life cycle. The 
sexual reproductive cycle takes place in the small intestine of predators, 
and sporocysts are passed in their faeces and contaminate the environment. 
These sporocysts are then ingested by grazing herbivores and undergo 
asexual replication to form merozoites, which in turn form the sarcocysts 
in the muscle. Sarcocysts are cysts filled with thousands of bradyzoites, 
and it is these that will infect a predator when the muscle tissue is eaten, 
and thus the life cycle is completed. In the African buffalo, large macro-
cysts caused by Sarcocystis fusiformis (preliminary identification) are most 
commonly seen in the tongues and pharyngeal muscles of older buffalo, 
but can occur elsewhere (Quandt et al., 1997). Most buffalo appear to be 
infected, and these macrocysts are a common finding at meat inspection 
and may result in partial condemnation of the carcass.

Pentastome Larvae

The larval stages of a pentastome parasite of the paranasal sinuses of 
large carnivores, Linguatula serrata, are frequently found in the mesen-
teric lymph nodes, liver and cardiac chambers of African buffalo at meat 
inspection.

Conclusions and Summary
We hoped to provide a comprehensive view of infections and macro-
parasites of African buffalo, although significant gaps remain in our 
knowledge. All in all, the African buffalo is a resilient and hardy species 
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that is well adapted to harsh African conditions and pathogen chal-
lenges. Much of its reputation as a disease villain is not warranted, and 
its qualities as a resource for nature, ecosystems and humanity speak for 
themselves.
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Introduction
African buffalo (Syncerus caffer) and domestic cattle (Bos taurus, B. indi-
cus) coexist in large tracks of Africa. Both are large bovid species (but 
see Chapter 2) that are principally grazers with similar body sizes, and 
therefore rely on and compete for the same natural resources. Savannas 
are an important biome in Africa that have been maintained for the last 
millennia by the interaction of wild herbivores, livestock and their herd-
ers. Human-induced fire and livestock dung-related nutrient cycling 
play an important role in the enrichment and heterogeneity of these 
habitats (Marshall et al., 2018). Savannas offer important grazing that is 
more or less degraded or constrained by the footprint of human activi-
ties, including agricultural expansion and the scarcity of surface water, 
especially during the dry season (Valls-Fox et al., 2018). Today, most 
savanna African buffalo populations live in protected areas (Chapter 4), 
often with no physical separation to prevent interactions with livestock 
living on the periphery of, and more and more frequently within, 
these protected areas. Savanna buffalo populations outside protected 
areas live in areas where they can also encounter livestock (e.g. Garissa 
district, Kenya). Interactions between buffalo and cattle have increased 
significantly during the second half of the twentieth century due to the 
wider use of anti-trypanosomiasis drugs and the reduction of the range 
of trypanosomiasis vectors, Glossina sp. This provided an opportunity 
for herders to penetrate into grazing areas where cattle previously 
would have simply died, including in protected areas of West, Central 
and Eastern Africa. As livestock populations in these regions grew, so 
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did demand for grazing resources, increasing competition with crop 
producers and placing livestock in closer proximity to buffalo popula-
tions relatively isolated from them until recently (e.g. Cuisance, 1996). 
This phenomenon is not limited to savannas, as it can also be observed 
in rainforests in which forest buffalo (S. c. nanus) are increasingly inter-
acting with intruding cattle.

Buffalo/cattle interactions are a source of conflict not only because 
both species compete for resources, but also due to the risk of disease 
transmission in both directions (Miguel et al., 2017). These interactions 
can contribute to the disease burden of small-scale livestock produc-
tion systems as buffalo can maintain or spread some diseases detrimen-
tal to the health of cattle (e.g. tick-borne diseases, bovine tuberculosis; 
Caron et al. 2013; Chapter 9). Commercial livestock production, espe-
cially that intended for international trade, is very sensitive to some 
diseases that cannot be eradicated in buffalo, and therefore important 
trade regulations are imposed on producers depending on their exposi-
tion to buffalo/cattle interactions (e.g. foot and mouth disease, FMD; 
Scoones et al., 2010; Thomson et al., 2013; Chapter 12). Some of the 
diseases mentioned above are zoonoses, most of them hardly studied 
in African contexts and therefore with an (often unknown) impact on 
public health (e.g. Rift valley fever, brucellosis; Gadaga et al., 2016). 
Finally, the interactions work both ways, and cattle can transmit dis-
eases that can threaten the survival of wildlife such as rinderpest, a cattle 
disease imported during European colonization that decimated wild-
life populations in Africa (van Onselen, 1972; Chapter 12). Buffalo/
cattle interactions are therefore an important aspect of the management 
of African savannas and forests with socioeconomic, environmental 
and political implications. For example, the success of Transfrontier 
Conservation Areas in southern Africa connecting parks across borders 
and promoting wildlife mobility can be weakened by sanitary regula-
tions aiming to protect cattle production from transboundary animal 
diseases (Ferguson et al., 2013).

In this chapter, we will review the knowledge on the characteriza-
tion of the buffalo/cattle interaction, the related ecology of pathogen 
transmission, and how this transmission can be modelled to improve 
the management and control of diseases. The geographical distribu-
tion of studies on buffalo/cattle interactions and the associated dis-
ease ecology is uneven, with almost none undertaken in rainforest 
habitats and most focused on savanna habitats in eastern and mainly 
southern Africa.
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Characterizing the Buffalo/Cattle Interface
Wildlife/livestock interactions occur in wildlife/livestock interfaces that 
exist worldwide and represent a matter of concern for various reasons, 
including predation by wildlife, competition for resources, biodiversity 
conservation, cross-breeding and crop-raiding (Osofsky and Cleaveland, 
2005). However, the risk of disease transmission at these interfaces has 
probably been the most burning issue in modern times (Kock, 2005). 
Frameworks to define and characterize these interfaces have also been 
proposed recently, including the definition of the interface that is used 
in this chapter: ‘the physical space in which wild and domestic species, as 
well as humans, overlap in range and potentially interact’ (Caron et al., 
2021). They principally focus on defining the geographic (e.g. spatial), 
physical (hard–soft edge) and dynamics (e.g. seasonality, small-scale and 
interannual dynamics) properties of the interface to understand if, where 
and when wild and domestic species interact.

For both buffalo and cattle, access to scarce water and grazing resources 
in the savanna ecosystem, including agricultural fields (which attract buf-
falo), is the main driver of buffalo and cattle movements across their 
respective land-use boundaries (i.e. protected areas and communal land). 
In addition, rainfall, natural and human-induced fires, as well as human 
activities and infrastructure are key factors influencing the distribution of 
buffalo and cattle in space and time (Higgins et al., 2007; Cornélis et al., 
2011; Naidoo et al. 2012; Ogutu et al., 2012). These movements deter-
mine a spatial use that may or may not trigger contact between buffalo 
and cattle and create the buffalo/cattle interface.

In Africa, buffalo/cattle interfaces are found mainly in savanna eco-
systems. Forest buffalo (S. caffer nanus) seldom interact with cattle, given 
their exclusive dwelling in forest habitats in which cattle husbandry sel-
dom exists. However, recent changes in pastoral practices in Central 
Africa (e.g. south-west of the Central African Republic) have pushed 
cattle closer to forest buffalo habitat, especially during the dry season 
(Chardonnet, personal commmunication). In savannas, the buffalo/cattle 
interface can exist under the form of a ‘hard edge’, a type of interface 
found mainly in southern Africa and especially South Africa (e.g. the 
fence surrounding Kruger National Park on the South African side), 
but not exclusively (e.g. also in Botswana, Namibia; Figure 10.1). The 
remaining majority of the interfaces found in West, Central, Eastern and 
Southern Africa should be classified as ‘symmetric soft interfaces’ where 
both species can cross the edge and exploit resources a few kilometres 
maximum from the edge (Caron et  al., 2021; see e.g. Figure 10.2). In 
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Figure 10.1 (a) Theoretical conceptual model of a wildlife/livestock (W/L) interface 
including wild buffalo (W) and domestic cattle (D) populations, human actors (H) 
as well as key landscape features including land-use boundaries (dark line separating 
a hypothetical protected area and its periphery) and key resources (pasture and 
surface water for example, represented by icons) that will help define hypotheses 
about the W/L interface (horizontal bidirectional arrow on top); the human 
component is only represented in panel (a) but it is assumed that the human driver 
is one of the most important to define W/L interfaces, defining cattle production 
practices, buffalo management and resource distribution. (b) Hard-edge interface: a 
fence or a natural impassable barrier (e.g. non-crossable river) limits the movements 
of buffalo and cattle: this is a hard edge; this type of interface is theoretical for 
many national park boundaries as animal movement-proof edges are rare. (c) 
Asymmetric semi-hard interface: only one of the two species (i.e. buffalo here) can 
cross the edge to use natural resources; the interface is limited to a small band in 
the cattle side; the reverse is of course also possible. (d) Symmetric soft interface: 
both species can cross the edge and exploit resources across the edge; this type of 
interface exists for many unfenced protected areas. (e) Diffuse interface: there is no 
edge and the home range of buffalo and cattle overlap extensively. In (c)–(e), the 
temporal dimension of the interface is crucial to understanding the dynamics of the 
interfaces. Adapted from Caron et al. (2021), with permission from Springer.
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Figure 10.2 Three asymmetric and seasonal interfaces in southern Africa 
characterized by GPS localizations of cattle and buffalo in protected areas or 
communal land used for extensive subsistence livestock farming. (a) The Dete/
Sikumi Forest interface in Zimbabwe without any fence: a mainly asymmetric 
interface during the rainy season when cattle enter the protected Sikumi Forest. 
(b) The Malipati/Gonarezhou national park interface in Zimbabwe separated 
by the Mwenezi River that dries part of the year: asymmetric interface with 
buffalo entering the communal land most of the year but with some cattle 
incursions into the protected area during the cold-dry (and hot-dry) seasons. 
(c) The Pesvi/Kruger national park in Zimbabwe/South Africa separated by 
the (large) Limpopo River that dries part of the year: an asymmetric interface 
with buffalo entering the communal land most of the year but with seasonal 
variations (Miguel, 2012).
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practice, few ‘diffuse interfaces’, where both cattle and buffalo perma-
nently coexist on the same production unit, currently exist in Africa. 
These may occur locally within extensive mixed ranches associating cattle 
and buffalo for diversified ecotourism, hunting and meat productions. 
However, veterinary regulations applicable in most African countries 
prevent such associations to protect livestock from buffalo-borne disease 
transmission that would put a high burden on meat production both 
from a production and regulatory perspective. Early attempts in southern 
Africa to produce ‘disease-free’ buffalo herds, which could be associated 
with cattle herds on the same ranges, proved technically and financially 
difficult to maintain in the long run. From a spatial perspective, other 
types of interfaces such as ‘asymmetrical interfaces’ can exist but are rare, 
despite their potential to promote buffalo/cattle coexistence systems. The 
asymmetry can, however, emerge from ‘symmetric soft interfaces’ and 
produce some opportunities for coexistence between buffalo and cattle. 
For example, where cattle are penned at night to protect them from natu-
ral predation or theft, buffalo can use this nocturnal temporal window to 
use space previously used by cattle (Miguel et al., 2017).

Characterizing wildlife/livestock interfaces has been the focus of 
recent research, supported by the development of technologies such 
as telemetry and remote sensing technologies (e.g. Richomme et  al., 
2006; Pruvot et al., 2014; Woodroffe et al., 2016; Campbell et al., 2019; 
Triguero-Ocana et  al., 2021). To characterize interfaces, multidisci-
plinary approaches are often required. They can range from behavioural 
studies of wild and domestic species (e.g. telemetry or capture–marking–
recapture techniques) to emerging non-invasive molecular techniques to 
assess the presence or absence of specific species (e.g. faecal or environ-
mental sampling), as well as sociological studies to understand people’s 
perceptions, knowledge and practices regarding the state and manage-
ment of the interface. Focusing on the characterization of buffalo/cattle 
interfaces, satellite remote sensing (SRS) offers an array of methodologies 
to monitor, characterize and quantify how natural resources impact buf-
falo and cattle movements in their respective environments (Rumiano 
et  al., 2020). Optical and radar SRS imagery can be used efficiently 
to discriminate surface water and land covers at a landscape scale due 
to a wide range of sensors, with various spatial and temporal resolu-
tions available (Corbane et al., 2015; Bioresita et al., 2018; Huang et al., 
2018). The effects of fire on vegetation can spatially and temporally be 
detected using vegetation spectral signature as their intrinsic character-
istics change over time (Meng and Zhao, 2017). Whereas precipitation 
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can be measured with advanced infrared (IR), passive microwave (MW) 
and radar sensors provide a complementary alternative to in situ records 
(Camberlin et al., 2019). These SRS techniques are available to char-
acterize interfaces across the range of buffalo and cattle in Africa at the 
spatial and temporal scale deemed most relevant to the issue at hand. 
Combining these SRS methodological approaches with telemetry stud-
ies on both species and the pastoralist and agro-pastoralist practices can 
provide a good understanding of buffalo/cattle interfaces.

Most of this research on wildlife/livestock interfaces has been done 
in the field of ecology (e.g. Hibert et  al., 2010) and especially in the 
emergent field of disease ecology. The study of the ecology of pathogen 
and disease transmission at the wildlife/livestock interface seeks to: (1) 
understand the patterns of contact between wild and domestic species, 
especially the intensity and frequency of these contacts as well as their 
driving factors; (2) assess the proportion of these contacts that could trig-
ger an ‘infectious contact’ defined as the interspecies transmission of a 
pathogen; and (3) model the host and pathogen population dynamics in 
this context and assess the efficiency of potential management options to 
mitigate or control diseases (de Garine-Wichatitksy et al., 2021).

Measuring Infectious Contact at the Buffalo/Contact  
Interface

Measuring Contacts between Two Species

Determining the relative location of two individuals to each other (e.g. 
individual cattle and buffalo) is the first step to be able to estimate if there 
is a risk of interspecies pathogen transmission. This risk will be defined by 
the evaluation of potential infectious contacts between two individuals. 
As the observation of infectious contact per se is almost impossible (i.e. 
pathogens are invisible to the naked eye), interspecies contacts are used 
as a proxy. For a given pathogen, a direct mode of transmission requires 
close contact between an infected and a healthy individual, that is both 
hosts are at the same place and at the same time (Bengis et al., 2002; 
Altizer et al., 2003). Indirect transmission can occur when a pathogen 
is excreted by the infected individuals in the environment at a specific 
location (e.g. directly on the ground or water) and subsequently infects 
a susceptible host using the same location after the infected host. Until 
recently, direct observation was the only way to determine the position 
of wild individuals, a time-consuming technique difficult to implement 
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on two species. The advent of satellite telemetry using a global position-
ing system (GPS) has transformed the possibility to assess the temporal 
and spatial positions of animals in a given area with high precision and 
temporal accuracy (Cagnacci and Urbano, 2008). This breakthrough in 
technology can generate a lot of data: a GPS collar collecting one GPS 
point every hour for two years will produce 17,520 locations of the 
individual in addition to its speed, the position of its head and the tem-
perature among numerous data that can now be collected with captors 
integrated into the GPS collar. This technology has thus enabled new 
insights into the ecology of animal movements (e.g. patterns of bio-
diversity, ecological characteristics of individual species and ecosystem 
function; Kays et al., 2015; Eikelboom et al., 2021). Data describing the 
movements made by individual animals during their entire lifetime, and 
species-wide sampling from multiple populations, are now becoming 
available and offer new opportunities to measure and estimate contacts 
(Flack et al., 2016). Wielgus et al. (2020) used GPS telemetry to describe 
fission–fusion dynamics of buffalo in various groups at several sites. This 
example shows how GPS telemetry can define and improve species-
inherent ecological behaviours that can potentially be used, by exten-
sion, to characterize intra- and interspecies contacts. Proximity loggers 
are another recently developed tool. While they only provide a measure 
of direct contacts between individuals (i.e. they detect and log events 
when tagged individuals are located within a predefined distance thresh-
old; Böhm et al., 2009; Drewe et al., 2013), they cost considerably less 
than GPS collars. This allows a larger number of individuals of a given 
wildlife or livestock population to be equipped, depending on the dif-
ficulties and costs associated with the capture/fitting of the collars.

Both technologies allow researchers to determine when, and for how 
long, two animals have been in proximity and, therefore, describe the 
contact patterns relevant for a directly or indirectly (only for GPS) trans-
mitted pathogen. However, few studies on large herbivores occupy-
ing African savanna environments using these technologies have been 
conducted so far (Owen-Smith et al., 2020). These new technologies 
have several constraints that can potentially limit their use. The most 
apparent is the cost of recording units (until recently between €1500 and 
€2500 per buffalo unit) to be fitted to individual animals (until recently 
between €1500 and €2500 per buffalo unit) (Cooke et al., 2004) and the 
cost of the capture and then recapture to remove the collars (€1000–1500 
per head). These devices are also not robust enough to study adult male 
buffalo and can be damaged by cattle during, for example, dipping for 
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tick-borne disease control (Caron, personal communication). Moreover, 
GPS telemetry can affect animal behaviour, survival and well-being in 
some instances, and its system function is influenced by environmental 
variables (e.g. climatic factors, habitat types, terrain roughness) and ani-
mal behaviour (e.g. movement, orientation of the collar) (Tomkiewicz 
et  al., 2010). As a result, spatial inaccuracy of the acquired locations, 
and missing data in the form of failed location attempts, can potentially 
impact derived GPS telemetry data and lead to mistaken inferences on 
animal spatial behaviour, especially those involving movement paths and 
habitat selection (Frair et  al., 2010). Finally, movement is a continu-
ous process that can only be tracked by sampling, usually at constant 
time intervals. This sampling is constrained by the limits of the technol-
ogy used (battery life), which forces a trade-off between the sampling 
frequency of the displacement and the duration of the tracking. This 
trade-off is especially important when working on contacts between two 
individuals as we can assume that most of these contacts occur between 
sampling points. However, telemetry technology is developing rapidly 
and future systems may overcome some of these constraints.

Contact Estimation at the Buffalo/Livestock Interface

Few studies have investigated wildlife/livestock contacts for epidemio-
logical or other purposes. Some of the main models studied so far are: 
the interface between the European badger (Meles meles) and cattle in 
the UK in relation to bovine tuberculosis (e.g. Woodroffe et al., 2016; 
Campbell et al., 2019); the interface between wild boar (Sus scrofa) and 
cattle in relation to the same disease in Spain (e.g. Barasona et al., 2014; 
Triguero-Ocana et  al., 2019); the interface between white-tailed deer 
(Odocoileus virginianus) and cattle in the United States in relation to 
bovine tuberculosis (Ribeiro-Lima et al., 2017); the interface between 
elk (Cervus canadensis nelson) and cattle in relation to brucellosis in the 
US (Proffitt et al., 2011); and the buffalo/cattle interface in relation to 
FMD and bovine tuberculosis (e.g. Miguel et al. 2013, 2017; Valls-Fox 
et al., 2018).

By combining telemetric and epidemiological approaches to sympatric 
cattle and buffalo, recent studies have provided good evidence that the 
contact rate with buffalo significantly influences FMD dynamics in cattle 
populations living at the periphery of conservation areas in Zimbabwe 
(Miguel et  al., 2013, 2017). In the latter study, 36 GPS collars were 
deployed on African buffalo and cattle to assess proximity patterns at the 
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symmetric soft interface of three protected areas in Zimbabwe, namely 
Hwange and Gonarezhou in Zimbabwe and Kruger in South Africa. 
GPS acquired one location per hour and data collection ran between 14 
and 17 months between 2010 and 2011. One head of cattle was equipped 
per herd (herd size averaged 12) on the assumption that the movement 
of one of the lead cows would significantly represent the daily move-
ment of the herd. At night, cattle herds were penned in ‘kraals’ (a case of 
partial asymmetrical interface between cattle and buffalo at night; Figure 
10.1) to protect them from predation and theft. Adult female buffalo 
were equipped and their movements were assumed to represent mixed 
herd movements (Chapter 6). To assess interspecies contacts relevant for 
FMD, direct and indirect contacts were calculated based on the buffalo–
cattle dyad being: (1) at the same place together (i.e. direct contact); the 
300 m radius accounts for GPS precision and herd size; or (2) one or the 
other being in a 300 m radius from a location of the other up to 15 days 
later; this spatial–temporal window was decided based on the potential 
survival of the FMD virus in the environment.

Contacts between buffalo and cattle varied between sites and sea-
sons and individual cattle. Of importance, almost no direct contact was 
recorded during the entire study. The locations of indirect contacts were 
both inside the national parks and in the communal land and varied 
greatly between sites, with most of the spatial overlap occurring in the 
Kruger–Pesvi interface area (Pesvi is a small village across the Limpopo 
River in Zimbabwe, along the northern section of Kruger National 
Park; Figures 10.3 and 10.4). Contacts increased from the rainy season 
towards the late dry season.
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Figure 10.3 Percentage of cattle/buffalo contacts relative to sites and land-use 
(inside national park – NP – or inside the Communal Land – CL): during the 
study by Miguel et al. (2013).
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Because buffalo and livestock use similar resources, particularly water 
and grazing areas during the dry season, they use similar habitats, which 
explains the contact patterns observed. Quantitative observations of the 
density of vegetation on each side of the boundaries (National Park/
Communal Land) were obtained, for the three interfaces, using satellite 
images and the calculation of NDVI (Normalized Difference Vegetation 
Index). Although NDVI does not allow grassland to be distinguished 
from shrubland and forest areas, this index can be used to measure the 
plant phenology and by extention, the distribution of available vegeta-
tion in communal lands and adjacent protected areas. High variability in 
terms of habitat use was observed across sites with NDVI structuring the 
buffalo habitat use. When NDVI was higher outside the protected areas 
(Kruger–Pesvi interface), buffalo exited from the Kruger NP boundaries 
to range inside the communal land areas (Figure 10.5).

Surface water distribution among study sites varied significantly. 
Two river systems for Pesvi–Kruger (Limpopo River) and Malipati–
Gonarezhou (Nuanetsi River) flow part of the year and only offer a 
few stagnant pools of water during the dry season. In Dete–Hwange, 
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Figure 10.5 NDVI estimations (lines) in communal lands and protected areas of 
the three sites studied in relation to the distance from the interface (dark vertical 
line). The cattle and buffalo pictogram illustrates the localizations of the contacts 
between the two species and the line below these pictograms represents the 95 per 
cent range of these contacts. Source: Miguel (2012).
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scattered water pans provide water across the year, with their number 
decreasing as the dry season proceeds. This contrast in water distribution 
patterns could explain the difference in contact rates between the three 
study areas. For example, in the Hwange–Dete study site, cattle and 
buffalo preferred open grassland habitats found close to water. During 
the rainy season, cattle entered the protected forest area daily, pushed by 
herders to avoid feeding on the crops growing just outside the protected 
forest border, and buffalo avoided cattle completely. During the dry 
season, when cattle ranged further into the protected area in search of 
forage, buffalo and cattle spatial overlap increased as water dependence 
took precedence over avoidance (Valls-Fox et al., 2018).

The role of lions in buffalo–cattle contacts was also explored in the 
same study site (Miguel et  al., 2017). Buffalo and cattle avoided the 
use of the same pasture up to 2 months after one species had used a 
specific location. Lions made frequent incursions in the interaction 
zone a few days to weeks after buffalo had used that zone and buf-
falo avoided areas recently used by lions. Lions could therefore impact 
the spatiotemporal overlap between cattle and buffalo and therefore 
 buffalo–cattle contacts.

Finally, buffalo/cattle contacts were structured by land-use and 
resource gradients (mainly water and grazing) as well as the presence of 
wild predators. The small sample size of these studies (i.e. a few indi-
viduals tracked for a dozen months) limits the extrapolation of results 
at population levels. However, this limit is somehow attenuated by the 
gregarious organization of both buffalo (in mixed herds) and cattle (in 
managed herds) for which the movements of a few individuals represent 
the behaviour of the herd.

From Interspecies Contact to Infectious Contact

Besides direct contacts, the capacity of the pathogen to survive in the 
environment and to be able to infect another host will determine the 
temporal window in which transmission can occur. The same applies 
to vector-borne transmission (e.g. arthropod-borne) with the difference 
that a spatial window will need to be taken into account in addition to 
the temporal window to account for the potential mobility of the vector 
in the environment (Dougherty et al., 2018).

Infectious contacts, that is contacts that result in the transmission of 
one or more pathogens, are invisible ecological processes that are cur-
rently impossible to characterize in real-time. An assessment of contacts 
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as presented in the previous section provides some information about 
the spatial and temporal dynamics of infectious transmission but can-
not be directly translated into an assessment of infectious contacts. For 
example, in the study by Miguel et al. (2013), the GPS protocol at the 
buffalo/cattle interface was completed by a longitudinal survey of 300 
cattle, with five repeated sampling sessions undertaken on known indi-
viduals over 16 months. Immunological assays, which allow the produc-
tion of antibodies following infection or vaccination to be tracked, were 
used to assess serological transitions (i.e. incidence and reversion) in the 
surveyed cattle. The incidence in the cattle populations of FMD anti-
bodies produced following infection varied among sites and as a function 
of contact rates with African buffalo. The incidence was higher for sites 
with higher contact rates between the two species and varied according 
to the season.

The use of genomics on hosts and pathogens can help in inferring 
infectious contacts and their direction. Kamath et  al. (2016) in the 
Greater Yellowstone ecosystem estimated the date and the frequency 
of brucellosis introduction events and found that the disease was intro-
duced into elk (a.k.a. wapiti, Cervus elaphus) from cattle in this region 
at least five times. The diffusion rate varies among Brucella lineages and 
over time. They were also able to estimate the direction of transmission 
between hosts from different species with 12 host transitions from bison 
(Bison bison) to elk, and five from elk to bison. However, up to now, 
such a large-scale study using both telemetry and pathogen genetic stud-
ies has not been implemented for the characterization of buffalo/cattle 
interfaces (but see Musoke et al., 2015).

Space–Time Window as a Proxy of Modes of Transmission

Infectious diseases spread through transmission routes between hosts, 
and each pathogen can use one or more modes of transmission to ‘jump’ 
from one host to another. Therefore, as seen for FMD in the previous 
section, the pathogen of interest and its specific mode(s) of transmission 
will define the space–time window in which a pathogen can spread from 
an infected to a susceptible host. The behaviour of both hosts (e.g. cattle 
and buffalo), the characteristic of the pathogen, and, when relevant, the 
ecology of the vector will therefore be crucial to estimating the risk 
of interspecies pathogen spread. This also means that a given contact 
network between buffalo and cattle can produce very different risks of 
interspecies spread when considering pathogens with different modes of 
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transmission and similar risks when the modes of transmission and the 
characteristic of two pathogens are converging. Finally, the data collec-
tion method also can impact the quality of the assessment.

To define contacts responsible for FMD transmission between buf-
falo and cattle, Miguel et al. (2013) used a spatial window of 300 m and 
a temporal window of 15 days. The spatial window took into account 
both the inaccuracy of the GPS measure and the ability of and cattle to 
move during a one-hour period. The temporal window accounted for 
the potential environmental transmission of the virus. Bovine tuberculo-
sis is most often transmitted by respiratory routes, requiring close contact 
between buffalo and cattle, but the pathogen also can spread by indirect 
contacts, as the mycobacteria Mycobacterium bovis can survive in faeces 
for up to 1 month in natural conditions in southern Africa (Tanner and 
Michel, 1999). A space–time window to assess the probability of bovine 
tuberculosis transmission between buffalo and cattle (or vice versa) must 
take into account direct contacts between both hosts, as well as indirect 
contacts, with up to 30-day intervals to reflect the survival of the patho-
gen in faeces. Therefore, a single data set of contact patterns between 
buffalo and cattle will result in different estimations of the risks of patho-
gen transmission between species depending on the modes of transmis-
sion of the pathogen considered.

Modelling Pathogen Transmission  
at the Buffalo/Cattle Interface
The dynamics of pathogens in multi-species assemblages are complex. 
They are influenced by the interaction of each host–pathogen dyad 
(e.g. morbidity, mortality rate), host population dynamics (e.g. social 
dynamics, size of groups, intergroup contacts) and interspecies contacts. 
Various approaches exist to model each of these components, but they 
have yet to be integrated to produce a holistic model of the buffalo/
cattle interface. Here we present examples of modelling approaches 
to buffalo and cattle population dynamics as well as of interspecies 
contacts that could support the integration of a pathogen or disease 
transmission model.

Contact Network and Graph Models

Contact networks, where individuals are represented as nodes and inter-
actions between them as edges, expand the relevance of epidemiological 
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models by capturing the patterns of interaction between individuals 
(Hamede et  al., 2009, 2012; Yin et  al., 2020). However, realism and 
precision can limit the applicability of contact data to general con-
texts (White et al., 2015), especially as contact networks are rarely fully 
described for wildlife species. To address these issues, we can infer the 
rules behind the generation of contacts within the network and use them 
to extrapolate the contact structure in the entire population. Exponential 
random graphs models (ERGMs) provide an appropriate framework to 
do so. The purpose of ERGMs is to describe parsimoniously the local 
forces that shape the global structure of a network (Silk et  al., 2017, 
2018). To this end, a network data set may be considered as the response 
variable in a regression model, where the predictors are based on indi-
vidual traits (gender, age, group), such as ‘the propensity for individuals 
of the same sex to form partnerships’, or structural metrics of the net-
work (degree, two-stars, triads), such as ‘the propensity for individuals 
to form a cluster’. The information gleaned from the use of an ERGM 
may thus be used to understand how contact networks are generated and 
to simulate new random realizations of networks that retain the essential 
properties of the observed network, which can be used to simulate dis-
ease dynamics (Reynolds et al., 2015). Such an approach was attempted 
using the GPS data of 84 collared African buffalo from four popula-
tions (Wielgus et  al., 2020). Unfortunately, no non-random structure 
of contact was found within the sampled networks because they were 
missing individuals representing, for example, adult males or juveniles. 
Nevertheless, ERGMs hold great potential for pathogen transmission 
modelling within buffalo populations if GPS data from a significant 
number of individuals within the same population can be sampled for 
several years.

Spatialized Mechanistic Modelling Approaches

Spatial models integrating the environmental drivers of buffalo and cat-
tle mobility can be developed to assess the potential contacts between 
the two species and their variations in space and time. For example, 
the Ocelet domain-specific language and open modelling platform 
(www.ocelet.fr), based on the tool of interaction graphs (Degenne 
and Seen, 2016), allows the implementation of spatialized mechanistic 
modelling approaches (e.g. Grégoire et al., 2003) that connect ‘enti-
ties’ of different nature (e.g. buffalo, cattle, water bodies, grazing areas), 
define their interactions (e.g. interspecies relations, species-natural 
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resources dependencies), and simulate their spatiotemporal dynamics. 
As a result, such models allow the assessment and visualization of the 
location and frequency of potential contacts between different species 
based on a wide range of variables that can evolve through time (e.g. 
animal behaviour, natural resources distribution, human-based social 
and economic processes, pathogen transmission). Such an approach 
was used to simulate the impact of the surface water spatial distri-
butions and its seasonal variation on African buffalo movements in 
a given area (Rumiano et  al., 2021; Figure 10.6). From there, cattle 
movements can be added to assess the potential contact areas between 
the two species (Rumiano et  al., in prep.), provided that ecological 
empirical knowledge on focal species is available to feed the model 
and determine its design. Of note, GPS telemetry data collected from 
previous works (Miguel et  al., 2013; Valls-Fox et  al., 2018) provide 
necessary information for calibration (conceptual phase) and validation 
(assessment phase) of the models.

Combining Host Contact and Pathogen  
Transmission

Once interspecies host population dynamics have been modelled using 
one of the methodologies presented above, pathogen data can then 
be coupled with host population modelling to better understand the 
relationship between environmental drivers, host contacts and patho-
gen dynamics. This coupling will resolve an important limitation 
of most epidemiological models that assume homogeneous mixing 
between naïve and infected hosts, and thus omit the heterogeneity 
of host behaviour (Lloyd-Smith, 2005; Paull et  al., 2012). Thus far, 
the use of such applications in disease ecology has been limited, espe-
cially at an interspecies level, despite the importance of interspecies 
contact patterns on pathogen transmission and the impact of infection 
on host behaviour (Dougherty et al., 2018). New insights into buffalo 
social dynamics will modify the dynamics of pathogens spread in buf-
falo groups (Chapter 6; Wielgus et al., 2020, 2021). Gregarious species 
with connected and unfragmented social units (classical definition of 
a mixed herd) should facilitate pathogen spread compared to gregari-
ous species with a higher level of fusion–fission dynamics (Sah et al., 
2017). Similarly, these fusion–fission patterns will have an impact on 
the risk of pathogen spread between cattle and buffalo (both ways) at 
interface areas.
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Figure 10.6 Designed mechanistic model of buffalo movements according to surface 
water seasonality, geographic location and type of land cover. This movement 
model is divided into five behavioural phases per 24-hour period (Feeding phase, 
Rumination phase, To water phase, Watering phase, Free wandering phase) that 
are based on buffalo behaviour (i.e. median speed per hour) derived from collected 
telemetry data of three study sites (Miguel et al., 2013; Valls-Fox et al., 2018). All 
individuals move from their starting location to the next at discrete time steps by 
a fixed distance, their direction defined for each time step as an angle. This angle 
is correlated to the alignment (α) of each individual with respect to their close 
neighbours, thus allowing simulation of a collective movement of interdependent 
individuals (Grégoire et al., 2003). The value given to α will determine the 
behaviour of the buffalo. During the ‘Feeding phase’, the buffalo will move until 
they reach a ‘feeding’ land cover type. During the ‘Rumination phase’, the buffalo 
stay in motion in the same land cover type. For these two behavioural phases, land 
cover selections occur within a determined buffer area corresponding to the mean 
distance travelled per hour (Rumiano et al., in prep.). In the ‘To water phase’, 
buffalo move towards the closest surface water (varies seasonally) from the buffalo’s 
herd centroid position at the beginning of the phase. Once buffalo individuals are 
within 10 m of the targeted surface water point, the ‘Watering phase’ starts and 
all individuals stop their movements. During the ‘Free wandering’ phase, buffalo 
move freely in space. Land cover and surface water have been characterized at 
the landscape scale (10 m of spatial resolution) using supervised and unsupervised 
classifications on a selected time series of Sentinel-2 satellite images (Rumiano, 
2021). The spatialized classifications have then been integrated into the model 
thanks to the spatial modelling language Ocelet (Degenne and Seen, 2016).
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Perspectives and Conclusion
Buffalo and cattle interactions and the sustainability of the systems that 
maintain both species are relevant to the coexistence between humans 
and nature in Africa. The potential spillover and spillback of pathogens 
between sympatric buffalo and cattle populations threaten biodiver-
sity conservation, local and national agricultural economies and public 
health. If buffalo and cattle are to coexist in an open landscape, the sani-
tary risk will need to be managed according to a new paradigm relative 
to the level and types of risks that are acceptable. Currently, production 
systems have not managed to conceive a management process in which 
both species coexist (Chapters 12 and 14).

Different spatial models of animal movement, contact and interaction 
taking into account biotic and abiotic ecological features as well as behav-
ioural mechanisms have been developed in recent years (Rastetter et al., 
2003; Moorcroft 2012; Westley et al. 2018). Nonetheless, there is a need 
to further develop mechanistic animal movement, contact and inter-
action models that integrate independent and validated environmental 
SRS data enabling landscape-scale analysis of interspecies contact and 
interaction. Such models could benefit from the integration of especially 
characterized environmental SRS data while extending their application 
capacities to different environmental and ecological contexts (Neumann 
et  al., 2015; Rumiano et  al., 2020). Several SRS methodologies have 
already been developed to characterize spatial and temporal variations of 
environmental drivers, such as surface water (Naidoo et al., 2020) and 
vegetation (Zengeya et al., 2015), in relation to buffalo and cattle move-
ments. By allowing the characterization of these environmental drivers 
at the landscape scale, SRS can improve the understanding of buffalo/
cattle contacts and associated disease transmission estimations where in-
situ environmental data are lacking.

Mechanistic models, even if they involve significant development 
and implementation costs, are less dependent on a correlation between 
ecological processes and environment properties than empirical model-
ling approaches (Dormann et al., 2012). By mathematically simulating 
interactions and mutual constraints among animal species, mechanistic 
models improve the transferability to different environments (Kearney 
and Porter, 2009). Such models can therefore be adapted specifically for 
interspecies contacts and interactions by improving focal species ecologi-
cal behaviour simulations regarding habitat selection and spatial and tem-
poral distributions of natural resources. Advances in GPS telemetry, such 
as decreasing size, weight and cost of tags, computing power enhance-
ment, and improving battery autonomy and durability, are allowing this  
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technology to be used more efficiently on an expanded range of ani-
mal species, but also on animal population subcategories (e.g. female, 
juvenile, male) while increasing their temporal resolution (Kays et al., 
2015). Improved GPS telemetry technology combined with the rapid 
growth of SRS use in functional ecology and the enhancement of spe-
cialized mechanistic models offer tremendous potential for evaluat-
ing  inter-species interactions (Rumiano, 2021). This type of approach 
can prove to be very valuable in environments such as the buffalo/ 
cattle interfaces in African savannas that are limited in terms of natural 
resources, highly sensitive to climate condition fluctuations and prone to 
constant changes in land-use/management practices.

Despite the limits and constraints of these studies, the  understanding 
of buffalo/cattle interactions is crucial to managing the interface 
and mitigating its negative consequences. Modelling is important to 
 investigate the consequences of some management options that cannot 
be tested in situ. For example, as resources drive these interactions, 
appropriate water management could reduce contacts between buffalo 
and cattle (e.g. Mwakiwa et al., 2013; Hilbers et al., 2015). One could 
suggest manipulating cattle management practices or buffalo behav-
iours, taking into consideration ethical aspects of animal welfare and 
transdisciplinary approaches when working with local stakeholders. 
Modelling also can be important to explore how these interactions will 
evolve: buffalo/cattle interactions are a moving target as both cattle 
herding (e.g. pastoralism and agro-pastoralism) and wildlife popula-
tions are currently adapting to changing environments (e.g. climate 
change, human demographic explosion, global markets; Kock et  al., 
2014). Modelling can also trigger essential discussions and debates 
between different actors (e.g. scientists, breeders, political institutions, 
etc.) and different research disciplines. This implies a participatory 
platform potentially allowing the integration of virtuous solutions for 
all (e.g. One Health).

In combination with other emerging initiatives such as commodity-
based trade in southern Africa (Thomson et al., 2013), the management 
of buffalo/cattle interactions can be a pillar of a sustainable coexistence 
between humans and nature in African landscapes (du Toit et al., 2017). 
The current focus of the study of these interfaces in southern Africa 
(and to a lesser extent to East Africa) calls for more studies in different 
contexts including pastoralism of Central Africa, and different biomes 
including rainforests in which encroachment by cattle creates new types 
of interfaces.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Characterization of Buffalo/Cattle Interactions · 289

References

Altizer, S., C.L. Nunn, P.H. Thrall, et  al. (2003). Social organization and parasite risk in 
mammals: integrating theory and empirical studies. Annual Review of Ecology, Evolution, 
and Systematics 34(1): 517–547.

Barasona, J.A., M.C. Latham, P. Acevedo, et al. (2014). Spatiotemporal interactions between 
wild boar and cattle: implications for cross-species disease transmission. Veterinary 
Research 45: 122.

Bengis, R.G., R.A. Kock and J. Fisher (2002). Infectious animal diseases: the wildlife/live-
stock interface. Revue Scientifique et Technique de l’OIE 21(1): 53–65.

Bioresita, F., A. Puissant, A. Stumpf and J.-P. Malet (2018). A method for automatic and rapid 
mapping of water surfaces from Sentinel-1 imagery. Remote Sensing 10(2): 217.

Böhm, M., M.R. Hutchings and P.C.L. White (2009). Contact networks in a wildlife–live-
stock host community: identifying high-risk individuals in the transmission of bovine 
TB among badgers and cattle. PLoS One 4(4): e5016.

Cagnacci, F. and F. Urbano (2008). Managing wildlife: a spatial information system for GPS 
collars data. Environmental Modelling & Software 23(7): 957–959.

Camberlin, P., G. Barraud, S. Bigot, et al. (2019). Evaluation of remotely sensed rainfall prod-
ucts over Central Africa. Quarterly Journal of the Royal Meteorological Society 145(722): 
2115–2138.

Campbell, E.L., A.W. Byrne, F.D. Menzies, et al. (2019). Interspecific visitation of cattle and 
badgers to fomites: a transmission risk for bovine tuberculosis? Ecology & Evolution 9(15): 
8479–8489.

Caron, A., J.A. Barasona, E. Miguel, et al. (2021). Characterization of wildlife/livestock inter-
faces: the need for interdisciplinary approaches and a dedicated thematic field. In J. 
Vicente, K. Vercauteren and C. Gortazar (Eds.), Disease at the Wldlife/Livestock Interface: 
Research and Perspectives in a Changing World. Wildlife Research Monographs. New 
York: Springer.

Caron, A., E. Miguel, C. Gomo, et al. (2013). Relationship between burden of infection in 
ungulate populations and wildlife/livestock interfaces. Epidemiology and Infection 141(7): 
1522–35.

Cooke, S.J., S.G. Hinch, M. Wikelski, et al. (2004). Biotelemetry: a mechanistic approach to 
ecology. Trends in Ecology & Evolution 19(6): 334–343.

Corbane, C., S. Lang, K. Pipkins, et al. (2015). Remote sensing for mapping natural habitats 
and their conservation status – new opportunities and challenges. International Journal of 
Applied Earth Observation and Geoinformation 37: 7–16.

Cornélis, D., S. Benhamou, G. Janeau, et al. (2011). Spatiotemporal dynamics of forage and water 
resources shape space use of West African savanna buffalo. Mammalogy 92(6): 1287–1297.

Cuisance, D. (1996). Réactualisation de la situation des tsé-tsé et des trypanosomoses animales 
au Tchad. Phase II/Zone du Lac, Guera, Salamat. Enquête réalisée du 22 mars au 20 
avril 1996.

de Garine-Wichatitksy, M., E. Miguel, D. Cornélis, et al. (2021). The Ecology of Disease 
Transmission at the Wildlife-Livestock Interface: Beyond Disease Ecology, Towards 
Socio-Ecological System Health. In J. Vicente, K. Vercauteren and C. Gortazar (Eds.), 
Disease at the Wildlife/Livestock Interface: Research and Perspectives in a Changing World. 
Wildlife Research Monograph. New York: Springer.

Degenne, P. and D.L. Seen (2016). Ocelet: simulating processes of landscape changes using 
interaction graphs. SoftwareX 5: 89–95.

Dormann, C.F., S.J. Schymanski, J. Cabral, et al. (2012). Correlation and process in species 
distribution models: bridging a dichotomy. Journal of Biogeography 39(12): 2119–2131.

Dougherty, E.R., D.P. Seidel, C.J. Carlson, et al. (2018). Going through the motions: incor-
porating movement analyses into disease research. Ecology Letters 21(4): 588–604.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


290 · A. Caron et al.

Drewe, J., H. O’connor, N. Weber, et  al. (2013). Patterns of direct and indirect contact 
between cattle and badgers naturally infected with tuberculosis. Epidemiology & Infection 
141(7): 1467–1475.

du Toit, J.T., P.C. Cross and M. Valeix (2017). Managing the livestock–wildlife interface 
on rangelands. In D.D. Briske (Ed.), Rangeland Systems: Processes, Management and 
Challenges. Cham: Springer Nature, pp. 395–425.

Eikelboom, J., W. Spruyt and H. Prins (2021). Timely poacher detection and localization 
using sentinel animal movement. Scientific Reports 11(1): 4596–4596.

Ferguson, K.J., S. Cleaveland, D.T. Haydon, et al. (2013). Evaluating the potential for the 
environmentally sustainable control of foot and mouth disease in Sub-Saharan Africa. 
EcoHealth 10(3): 314–22.

Flack, A., W. Fiedler, J. Blas, et al. (2016). Costs of migratory decisions: a comparison across 
eight white stork populations. Science Advances 2(1): e1500931.

Frair, J.L., J. Fieberg, M. Hebblewhite, et  al. (2010). Resolving issues of imprecise and 
habitat-biased locations in ecological analyses using GPS telemetry data. Philosophical 
Transactions of the Royal Society B: Biological Sciences 365(1550): 2187–2200.

Gadaga, B.M., E.M. Etter, B. Mukamuri, et al. (2016). Living at the edge of an interface area 
in Zimbabwe: cattle owners, commodity chain and health workers’ awareness, percep-
tions and practices on zoonoses. BMC Public Health 16(1): 84.

Grégoire, G., H. Chaté and Y. Tu (2003). Moving and staying together without a leader. 
Physica D: Nonlinear Phenomena 181(3–4): 157–170.

Hamede, R., J. Bashford, M. Jones and H. McCallum (2012). Simulating devil facial tumour 
disease outbreaks across empirically derived contact networks. Journal of Applied Ecology 
49(2): 447–456.

Hamede, R.K., J. Bashford, H. McCallum and M. Jones (2009). Contact networks in a wild 
Tasmanian devil (Sarcophilus harrisii) population: using social network analysis to reveal 
seasonal variability in social behaviour and its implications for transmission of devil 
facial tumour disease. Ecology Letters 12(11): 1147–1157.

Hibert, F., C. Calenge, H. Fritz, et al. (2010). Spatial avoidance of invading pastoral cattle by 
wild ungulates: insights from using point process statistics. Biodiversity and Conservation 
19(7): 2003–2024.

Higgins, S.I., W.J. Bond, E.C. February, et al. (2007). Effects of four decades of fire manipu-
lation on woody vegetation structure in savanna. Ecology 88(5): 1119–1125.

Hilbers, J.P., F. Van Langevelde, H.H. Prins, et al. (2015). Modeling elephant‐mediated cas-
cading effects of water point closure. Ecological Applications 25(2): 402–415.

Huang, C., Y. Chen, S. Zhang and J. Wu (2018). Detecting, extracting, and monitoring surface 
water from space using optical sensors: a review. Reviews of Geophysics 56(2): 333–360.

Kamath, P.L., J.T. Foster, K.P. Drees, et al. (2016). Genomics reveals historic and contem-
porary transmission dynamics of a bacterial disease among wildlife and livestock. Nature 
Communications 7(1): 1–10.

Kays, R., M.C. Crofoot, W. Jetz and M. Wikelski (2015). Terrestrial animal tracking as an 
eye on life and planet. Science 348(6240).

Kearney, M. and W. Porter (2009). Mechanistic niche modelling: combining physiological 
and spatial data to predict species’ ranges. Ecology Letters 12(4): 334–350.

Kock, R. (2005). What is this infamous “wildlife/livestock interface?” A review of current 
knowledge. In S. Ososfsky, S. Cleaveland, W. B. Karesh, et  al. (Eds.), Conservation 
and Development Interventions at the Wildlife/Livestock Interface: Implications for Wildlife, 
Livestock and Human Health. Gland, Switzerland/Cambridge, UK: IUCN.

Kock, R., M. Kock, M. de Garine-Wichatitksy, et al. (2014). Livestock and buffalo (Syncerus 
caffer) interfaces in Africa: ecology of disease transmission and implications for conser-
vation and development. In M. Melletti and J. Burton (Eds.), Ecology, Evolution and 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Characterization of Buffalo/Cattle Interactions · 291

Behaviour of Wild Cattle: Implications for Conservation. Cambridge: Cambridge University 
Press, pp. 431–445.

Lloyd-Smith, J.O. (2005). Disease transmission in heterogeneous populations. PhD disserta-
tion, University of California.

Marshall, F., R.E.B. Reid, S. Goldstein, et al. (2018). Ancient herders enriched and restruc-
tured African grasslands. Nature 561: 387–390.

Meng, R. and F. Zhao (2017). Remote sensing of fire effects. A review for recent advances 
in burned area and burn severity mapping. In G.P. Petropoulos and T. Islam (Eds.), 
Remote Sensing of Hydrometeorological Hazards. Boca Raton: CRC Press, pp. 261–276.

Miguel, E. (2012). Contact et diffusion de pathogènes des ongulés sauvages aux ongulés 
domestiques africains. PhD, Ecole Doctorale SIBAGHE, Université de Montpellier II.

Miguel, E., V. Grosbois, A. Caron, et al. (2013). Contacts and foot and mouth disease trans-
mission from wild to domestic bovines in Africa. Ecosphere 4(4): art51.

Miguel, E., V. Grosbois, H. Fritz, et al. (2017). Drivers of foot-and-mouth disease in cattle 
at wild/domestic interface: insights from farmers, buffalo and lions. Divers Distrib 23(9): 
1018–1030.

Moorcroft, P.R. (2012). Mechanistic approaches to understanding and predicting mammalian 
space use: recent advances, future directions. Journal of Mammalogy 93(4): 903–916.

Musoke, J., T. Hlokwe, T. Marcotty, et  al. (2015). Spillover of Mycobacterium bovis from 
wildlife to livestock, South Africa. Emerging and Infectious Diseases 21(3): 448–30(8): 51.

Mwakiwa, E., W.F. de Boer, J.W. Hearne, et al. (2013). Optimization of wildlife manage-
ment in a large game reserve through waterpoints manipulation: a bio-economic analy-
sis. Journal of Environmental Management 114: 352–361.

Naidoo, R., A. Brennan, A.C. Shapiro, et  al. (2020). Mapping and assessing the impact 
of small-scale ephemeral water sources on wildlife in an African seasonal savannah. 
Ecological Applications 30(8): e02203.

Naidoo, R., P. Du Preez, G. Stuart-Hill, et al. (2012). Home on the range: factors explaining 
partial migration of African buffalo in a tropical environment. PLoS One 7(5): e36527.

Neumann, W., S. Martinuzzi, A.B. Estes, et al. (2015). Opportunities for the application of 
advanced remotely-sensed data in ecological studies of terrestrial animal movement. 
Movement Ecology 3(1): 1–13.

Ogutu, J.O., N. Owen-Smith, H.-P. Piepho, et al. (2012). Dynamics of ungulates in relation 
to climatic and land use changes in an insularized African savanna ecosystem. Biodiversity 
and Conservation 21(4): 1033–1053.

Osofsky, S.A., & S. Cleaveland (Eds.) (2005). Conservation and Development Interventions at the 
Wildlife/livestock Interface: Implications for Wildlife, Livestock and Human Health: Proceedings 
of the Southern and East African Experts Panel on Designing Successful Conservation and 
Development Interventions at the Wildlife/Livestock Interface – Implications for Wildlife, 
Livestock and Human Health, AHEAD (Animal Health for the Environment and Development) 
Forum, IUCN Vth World Parks Congress, Durban, South Africa, 14–15 September 
2003 (No. 30). Gland: IUCN.

Owen-Smith, N., G. Hopcraft, T. Morrison, et al. (2020). Movement ecology of large herbi-
vores in African savannas: current knowledge and gaps. Mammal Review 50(3): 252–266.

Paull, S.H., S. Song, K.M. McClure, et al. (2012). From superspreaders to disease hotspots: 
linking transmission across hosts and space. Frontiers in Ecology and the Environment 10(2): 
75–82.

Proffitt, K.M., J.A. Gude, K.L. Hamlin, et al. (2011). Elk distribution and spatial overlap with 
livestock during the brucellosis transmission risk period. Journal of Applied Ecology 48(2): 
471–478.

Pruvot, M., D. Seidel, M.S. Boyce, et  al. (2014). What attracts elk onto cattle pasture? 
Implications for inter-species disease transmission. Preventive Veterinary Medicine.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


292 · A. Caron et al.

Rastetter, E.B., J.D. Aber, D.P. Peters, et al. (2003). Using mechanistic models to scale eco-
logical processes across space and time. Bioscience 53(1): 68–76.

Reynolds, J.J.H., B.T. Hirsch, S.D. Gehrt, et  al. (2015). Raccoon contact networks pre-
dict seasonal susceptibility to rabies outbreaks and limitations of vaccination. Journal of 
Animal Ecology 84(6): 1720–1731.

Ribeiro-Lima, J., M. Carstensen, L. Cornicelli, et al. (2017). Patterns of cattle farm visitation 
by white-tailed deer in relation to risk of disease transmission in a previously infected 
area with bovine tuberculosis in Minnesota, USA. Transboundary and Emerging Diseases 
64(5): 1519–1529.

Richomme, C., D. Gauthier and E. Fromont (2006). Contact rates and exposure to  inter-species 
disease transmission in mountain ungulates. Epidemiology and Infection 134(1): 21–30.

Rumiano, F. (2021). The combined use of remote sensing and spatial modelling for animal 
movement – application to the study of wildlife/livestock contacts and the risk of patho-
gen transmission in Southern Africa. PhD dissertation, Ecology, University of Montpellier.

Rumiano, F., C. Gaucherel, P. Degenne, et al. (2021). Combined use of remote sensing and 
spatial modelling: when surface water impacts buffalo (Syncerus caffer caffer) movements 
in savanna environments. International Archives of the Photogrammetry, Remote Sensing and 
Spatial Information Sciences XLIII-B3-2021: 631–638.

Rumiano, F., E. Wielgus, E. Miguel, et al. (2020). Remote sensing of environmental drivers 
influencing the movement ecology of sympatric wild and domestic ungulates in semi-
arid savannas, a review. Remote Sensing 12(19): 3218.

Sah, P., S.T. Leu, P.C. Cross, et  al. (2017). Unraveling the disease consequences and 
mechanisms of modular structure in animal social networks. Proceedings of the National 
Academy of Sciences of the United States of America 114(16): 4165–4170.

Scoones, I., A. Bishi, N. Mapitse, et al. (2010). Foot-and-mouth disease and market access: 
challenges for the beef industry in southern Africa. Pastoralism: Research, Policy and 
Practice 1(2): 135–164.

Silk, M.J., D.P. Croft, R.J. Delahay, et al. (2017). Using social network measures in wildlife 
disease ecology, epidemiology, and management. Bioscience 67(3): 245–257.

Silk, M.J., K.R. Finn, M.A. Porter and N. Pinter-Wollman (2018). Can multilayer networks 
advance animal behavior research? Trends in Ecology and Evolution 33(6): 376–378.

Tanner, M. and A.L. Michel (1999). Investigation of the viability of M. bovis under different 
environmental conditions in the Kruger National Park. Onderstepoort Journal of Veterinary 
Research 66(3): 185–190.

Thomson, G.R., M.L. Penrith, M.W. Atkinson, et al. (2013). Balancing livestock production 
and wildlife conservation in and around southern Africa’s transfrontier conservation 
areas. Transboundary and Emerging Diseases 60(6): 492–506.

Tomkiewicz, S.M., M.R. Fuller, J.G. Kie and K.K. Bates (2010). Global positioning system 
and associated technologies in animal behaviour and ecological research. Philosophical 
Transactions of the Royal Society B: Biological Sciences 365(1550): 2163–2176.

Triguero-Ocana, R., J.A. Barasona, F. Carro, et  al. (2019). Spatio-temporal trends in the 
frequency of interspecific interactions between domestic and wild ungulates from 
Mediterranean Spain. PLoS One 14(1): e0211216.

Triguero-Ocana, R., E. Laguna, S. Jimenez-Ruiz, et  al. (2021). The wildlife–livestock 
interface on extensive free-ranging pig farms in central Spain during the “montanera” 
period. Transboundand and Emerging Diseases 68(4): 2066–2078.

Valls-Fox, H., S. Chamaillé-Jammes, M. de Garine-Wichatitsky, et  al. (2018). Water and 
cattle shape habitat selection by wild herbivores at the edge of a protected area. Animal 
Conservation 21(5): 365–375.

van Onselen, C. (1972). Reactions to Rinderpest in Southern Africa 1896–97. The Journal of 
African History 13(3): 473–488.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Characterization of Buffalo/Cattle Interactions · 293

Westley, P.A., A.M. Berdahl, C.J. Torney and D. Biro (2018). Collective movement in 
ecology: from emerging technologies to conservation and management. Philosophical 
Transactions of The Royal Society B: Biological Sciences 373(1746): 20170004.

White, L.A., J.D. Forester and M.E. Craft (2015). Using contact networks to explore mecha-
nisms of parasite transmission in wildlife. Biological Reviews of the Cambridge Philosophical 
Society.

Wielgus, E., A. Caron, E. Bennitt, et al. (2021). Inter-group Social behavior, contact pat-
terns and risk for pathogen transmission in Cape buffalo populations. Journal of Wildlife 
Management 85(8): 1574–1590.

Wielgus, E., D. Cornélis, M. de Garine-Wichatitsky, et al. (2020). Are fission–fusion dynam-
ics consistent among populations? A large-scale study with Cape buffalo. Ecology & 
Evolution 10(17): 9240–9256.

Woodroffe, R., C.A. Donnelly, C. Ham, et al. (2016). Badgers prefer cattle pasture but avoid 
cattle: implications for bovine tuberculosis control. Ecology Letters 19(10): 1201–1208.

Yin, S., H.J. de Knegt, M.C. de Jong, et al. (2020). Effects of migration network configura-
tion and migration synchrony on infection prevalence in geese. Journal of Theoretical 
Biology 502: 110315.

Zengeya, F.M., A. Murwira, A. Caron, et al. (2015). Spatial overlap between sympatric wild 
and domestic herbivores links to resource gradients. Remote Sensing Applications: Society 
and Environment 2: 56–65.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


11 · Host–Parasite Interactions in  
African Buffalo: A Community-  
Level Perspective
B. BEECHLER, E. GORSICH, C. GLIDDEN, 
A. JOLLES AND V. O. EZENWA

Introduction
Parasites, spanning viruses, bacteria, helminths, protozoa and arthropods, 
live within or on a host, often affecting individual host health, survival 
and reproduction. Furthermore, these individual-level effects of parasites 
can have consequences that cascade to the population, community and 
ecosystem levels (Wilson et al., 2019). Historically, host–parasite interac-
tions were studied from a one host–one parasite perspective. However, 
given that most hosts are infected with more than one type of parasite 
simultaneously (Cox, 2001), the study of concurrent infection (i.e. coin-
fection) has gained increasing attention from ecologists, epidemiologists, 
veterinarians and biomedical scientists (Hoarau et  al., 2020; Mabbott, 
2018; Salgame et al., 2013). Crucially, wildlife studies occupy a unique 
niche in this research area because they can help uncover the real-world 
contexts in which coinfection, and the interactions occurring between 
coinfecting parasites, are most important (Ezenwa, 2016).

Just like free-living species in ecological communities, parasite species 
live in communities within their hosts where they interact by compet-
ing against or facilitating one another, with consequences for parasite 
community structure, host health and host fitness (Beechler et al., 2019; 
Graham, 2008; Pedersen and Fenton, 2007; Telfer et al., 2010). Many 
of the initial efforts to study parasite interactions in wildlife focused on 
co-occurrence patterns, revealing that coinfection is common, and that 
parasites and pathogens interact within hosts both directly and indirectly 
(e.g. Bush and Holmes, 1986; Lello et al., 2004). For instance, parasites 
may compete for space or resources (Budischak et al., 2018a; Clerc et al., 
2019), such that the presence of one parasite decreases the likelihood 
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another succeeds at growth and replication. Alternatively, one parasite 
may increase the success of another by providing resources or space 
(Dutt et al., 2021; Zélé et al., 2018). Parasite community interactions are 
further governed by the host immune response, where cross-immunity 
may cause one parasite to negatively affect the establishment and growth 
of another (Raberg et  al., 2006), or where one parasite may suppress 
the host immune response in a way that is beneficial to other para-
sites (Graham, 2008). Recently, advances in molecular, immunological 
and statistical methods have enabled an increasingly mechanistic and/or 
predictive understanding of these types of parasite interactions in wild 
species (e.g. Clerc et al., 2019; Fountain-Jones et al., 2019; McDonald 
et al., 2020).

Studies of African buffalo have played a key role in advancing research 
on wildlife coinfection. Multiple facets of African buffalo ecology and 
life history make them an excellent system for understanding parasite 
interactions in free-living animals (Ezenwa et  al., 2019). Buffalo are 
relatively long-lived, large-bodied, gregarious animals that are com-
mon throughout sub-Saharan Africa. Furthermore, buffalo are host to 
a broad diversity of parasites, including bacteria, viruses, protozoa and 
helminths (Ezenwa et al., 2019). These attributes allow parasite studies 
to be conducted on relatively large numbers of individuals across mul-
tiple spatiotemporal scales (Garabed et al., 2020). Physiological similar-
ity between domestic cattle and African buffalo further enables the use 
of readily available physiological (Couch et  al., 2017), immunological 
(Beechler et  al., 2012) and diagnostic tools (Glidden et  al., 2018), as 
well as therapeutics to measure animal responses to infection, describe 
parasite community composition (Beechler et  al., 2019), and manipu-
late host–parasite interactions (Ezenwa and Jolles, 2015). In this chapter, 
we describe insights on parasite interactions derived from the study of 
African buffalo. Focusing on results drawn from two large studies per-
formed in Kruger National Park (KNP), South Africa (see Box 11.1), we 
discuss how pairwise and multi-parasite perspectives have been used to 
understand which parasite taxa interact most strongly, the mechanisms 
accounting for these interactions and the implications for both hosts and 
parasites. We also highlight general patterns that have emerged across 
parasite systems. We outline key technical tools, both computational and 
laboratory, that facilitate the ability to draw strong inferences and link 
phenomena across scales. We conclude by identifying future research 
directions that will help advance scientists’ understanding of the causes 
and consequences of parasite interactions.
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Box 11.1 Studying Parasite Interactions in the Wild

Experimental and longitudinal approaches are important ingre-
dients for studying parasite interactions in natural systems. By 
directly manipulating parasites in situ, researchers can identify 
how co-occurring parasites, as well as hosts, respond to changes 
in the parasite community and simultaneously investigate fac-
tors both internal and external to the host that govern variation 
in observed responses. Likewise, longitudinal approaches allow for 
parasite and host characteristics to be tracked over time, providing 
insight about the order in which events occur and helping to dis-
tinguish cause from effect. Either approach is valuable on its own, 
but in combination, these two methods represent a powerful tool 
for unravelling the causes and consequences of parasite interactions 
in free-ranging wildlife. Studies on wild African buffalo in KNP 
used these approaches to address a range of questions about parasite 
interactions.

Study 1 followed ~200 free-ranging young female buffalo captured 
from two herds in southern KNP over a four-year period. The ani-
mals were fitted with VHF collars (see Figure 11.1a) with recaptures 
occurring every 6 months to monitor changes in parasite communi-
ties, host physiology, health and performance (see Table 11.1). These 
animals were captured in the south-eastern portion of the park and 
animals were allowed to move and disperse as normal (Spaan et al., 
2019). A goal of the study was to understand how gastrointestinal 
worms and bovine tuberculosis (bTB) interact, so half of the study 
animals received a long-acting anthelmintic drug applied every 6 
months to reduce their worm burdens, while the other half were 
used as controls. Study animals were bTB-free at the onset of the 
experiment so that effects of anthelmintic treatment on bTB infection 
incidence and severity could be quantified.

Study 2 followed one herd of ~80 mixed age and sex buffalo, 
housed in a 900 ha semi-natural, predator-free enclosure in central 
KNP (see Figure 11.1b) that had been in place since the early 2000s 
and managed by KNP veterinary wildlife services. In this ‘mesocosm’ 
setting, study animals were captured every 2–3 months to collect 
finer-scale information on parasite communities and host traits. This 
short capture interval allowed for a better understanding of transmis-
sion patterns of microparasites like viruses and bacteria that are quick 
to spread throughout a population.
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Figure 11.1 (a) African buffalo fitted with a VHF collar. (b) Double fence 
surrounding the 900 ha semi-natural enclosure containing the buffalo herd of 
Study 2.
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For both studies, samples (e.g. blood, faeces) collected at capture 
were used to quantify and describe the parasite community. These 
samples were also used to perform a suite of assays to assess host physi-
ology, immunity and overall health (see Table 11.1). In combination 
with information about external environmental conditions (e.g. sea-
sonality), the data on host traits and parasites were used to test a range 
of hypotheses about the nature and implications of parasite interac-
tions. For both studies, animal handling and scientific permits were 
acquired from appropriate institutions (see Ezenwa and Jolles, 2015 
for Study 1 and Jolles et al., 2021 for Study 2 permit information).

Table 11.1 Measures of health and immunity used in African buffalo.

Measure Method Citation

Physiology and health

Body condition Manual palpation of  
buffalo

Ezenwa et al. (2009)

Pregnancy status Rectal palpation Beechler et al. (2015)
Lactation status Manual milking of teats NA
Cortisol as a measure  

of stress
Radioimmunoassay of 

faecal samples
Spaan et al. (2017)

Haematocrit and  
red blood cell 
measurements

Haematological  
assessment of whole 
blood

Beechler et al. (2009)

Total protein, albumin, 
kidney and liver 
enzymes

Chemistry profile  
on plasma

Couch et al. (2017)

Immunity

White blood  
cell counts

Blood smear on whole 
blood

Beechler et al. (2009)

Bacteriacidal ability Bacterial killing assay on 
plasma and whole blood

Beechler et al. (2012)

Lymphocyte proliferation 
ability (LPA)

Whole blood LPA Beechler (2013)

Cytokines (IFNy, IL4, 
TNFa, IL12)

Enzyme-linked 
immunosorbent assay 
(ELISA) of plasma

Beechler et al. (2015); 
Ezenwa and Jolles 
(2015); Glidden  
et al. (2018)

Acute phase proteins 
(SAA, Hapto)

ELISA of plasma Glidden et al. (2018)

Total globulins Chemistry profile on 
plasma

Couch et al. (2017)
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Parasite Interactions: Combining Pairwise 
and Multi-Species Perspectives
Studies of parasite interactions in African buffalo have ranged in scale 
from studies focused on pairwise parasite interactions to studies exam-
ining interactions among multiple co-occurring parasites using taxo-
nomic and trait-based approaches (Table 11.2). In most cases, a key 
goal of the work has been to uncover how the presence of more than 
one parasite modifies host and parasite responses to infection. Below, 
we review these studies to identify notable commonalities across 
them as well as methods used to develop a multi-parasite perspective. 
Findings highlight the value of pairwise and multi-parasite perspec-
tives: integrating both perspectives identified immunological and eco-
logical mechanisms underlying pairwise interactions and assessed the 
relative importance of those mechanisms in more complex parasite 
communities.

The studies of pairwise parasite interactions cover a broad taxonomic 
scope, including bacteria, viruses, protozoa and helminths (Table 11.2, 
Theme 1). They investigate parasite interactions and the consequences 
for hosts and parasites in real-world settings. For example, in labora-
tory studies, immunological mechanisms of interaction between par-
asites are well described, but if and how these interactions manifest 
in wild populations has been unclear. Early work in African buffalo 
provided seminal evidence that cross-regulated immune responses 
can shape parasite population dynamics (Jolles et  al., 2008), and that 
as in laboratory rodents, infection with parasites like gastrointestinal 
helminths can induce immune cross-regulation (Ezenwa et al., 2010). 
Studies in the KNP buffalo population (Box 11.1) expanded on this 
foundation using manipulative experiments and longitudinal tracking 
of individuals to confirm that in a wild setting, clearance of one type 
of parasite (gastrointestinal helminths) has ramifications for host immu-
nity and the severity of infection with a second parasite, in this case 
Mycobacterium bovis, the causative agent of bovine tuberculosis (bTB) 
(Ezenwa and Jolles, 2015). Another key result from the pairwise studies 
was the broad importance of bTB on host immunity, health and sur-
vival. M. bovis infection was associated with lower innate immunity and 
higher inflammatory cytokine secretion, measured as Escherichia coli kill-
ing capacity and interleukin-12 concentration, respectively (Beechler 
et al. 2012, 2015). Accordingly, prior infection with bTB was associated 
with an increased likelihood of acquiring both Brucella abortus (the caus-
ative agent of brucellosis) and Rift Valley fever virus (RVF) (Beechler 
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Table 11.2 Summary of research on parasite interactions in African buffalo. The studies span a range of designs, including experimental 
(E), longitudinal (L) and case control (CC) studies. The design column indicates the study design type and whether the data were derived 
from Study 1 or 2 as described in Box 11.1. The scale column indicates whether the study focused on two parasites (pairwise), a group 
of parasites (e.g. helminths or Theileria), or all of the parasites that were screened (WC, for whole community). It also describes whether 
the interaction was between microparasites (micro–micro), macroparasites (macro–macro) or both (macro–micro). The interaction type and 
effects columns define whether the parasites positively (facilitation) or negatively (competition) influenced each other during a subsequent 
observation or across multiple observations (succession).

Parasites (diseases) Design Scale Interaction type Effects on other parasite/parasite communities/host Citation

Theme 1: Pairwise studies

Mycobacterium bovis 
(bTB) vs.  
Brucella abortus 
(brucellosis)

L – 1 Pairwise.  
Micro–micro

Facilitation  
and 
competition

Effects on other parasite: Brucellosis infection was twice as 
likely in buffalo with bTB compared to uninfected  
buffalo, but brucellosis infection was not correlated with 
risk of bTB. Mathematical modelling suggests the net 
effect of bTB on transmission and mortality results in 
competition at the population-level: R0 and endemic 
prevalence predictions for bTB were lower in populations 
in which both pathogens co-occur.

Effects on host: Mortality rates were higher after individuals 
became infected with either bTB or brucellosis, with the 
highest risk occurring in co-infected buffalo. Neither 
infection reduced fecundity, measured by calf observations.

Gorsich 
et al. 
(2018),

bTB vs. helminths E – 1 Pairwise.  
Micro–macro

Competition Effects on other parasite: Experimental anthelmintic 
treatment did not influence risk of bTB. The predicted 
R0 of bTB is 8-fold higher in treated populations due to 
decreases in mortality when worm burdens decline.

Effects on host: Mortality rates were lower in buffalo that 
received the treatment compared to controls.

Ezenwa 
and Jolles 
(2015),
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(cont.)

bTB vs. helminth 
resistance

L/E – 
1

Pairwise,  
Micro–macro

Competition Effects on other parasite: There was no effect of natural 
host resistance to worms on bTB infection risk.

Effects on host: Worm-resistant individuals were more likely  
to die of bTB than were non-resistant individuals despite 
having lower worm burdens, and bTB progressed 
more quickly in the lungs of non-resistant individuals. 
Anthelmintic treatment moderated but did not eliminate 
this pattern, implicating ‘resistance’ to worms and not simply 
current worm infection as a driver of the interaction.

Ezenwa 
et al. 
(2021)

bTB vs. Rift Valley 
fever virus

L – 1 Pairwise.  
Micro–micro

Facilitation Effects on other parasite: RVF infection was twice as 
likely in buffalo with bTB compared to uninfected  
buffalo. Mathematical modelling suggests this results in 
larger and faster spreading RVF outbreaks.

Effects on host: Foetal abortion rates were 6.6 times higher in 
coinfected buffalo compared to infection with RVF alone.

Beechler 
et al. 
(2015)

Helminths, namely 
Haemonchus 
spp. vs. Cooperia 
fuelleborni

E – 1 Pairwise.  
Macro–macro

Effects on host: Host body condition was lower in buffalo  
that underwent experimental anthelmintic treatment 
compared to controls. In controls, increases in Haemonchus 
egg counts were negatively associated with changes in 
condition, while increases in Cooperia egg counts were 
associated with increases in condition. Neither parasite 
directly influenced survival or fecundity (likelihood of being 
pregnant or lactating). However, treated buffalo had higher 
survival and both treated and untreated buffalo in good 
condition had both higher survival and fecundity.

Budischak 
et al. 
(2018b)

Schistosoma  
matthei vs. 
Cooperia  
fuelleborni

–L – 1 Pairwise.  
Macro–macro

Facilitation Effects on other parasite: Schistosome burdens varied 
seasonally. Wet season gains in burden were not 
correlated with helminth coinfection, but coinfection 
did influence the magnitude of dry season reductions in 
burden. Buffalo infected with Cooperia maintained higher 
schistosome burdens throughout the dry season.

Beechler 
et al. 
(2017)
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Theme 2: Multi-parasite studies applying taxonomic approaches

6 gastrointestinal 
helminthsa

–E – 1 Helminths Succession Effects on parasite community: After anthelmintic treatment, 
helminth communities in treated buffalo had a lower total 
abundance and higher diversity compared to communities 
in undisturbed control buffalo. With increasing time since 
treatment, treated helminth communities resembled those 
found in undisturbed control buffalo.

Budischak 
et al. 
(2016)

6 respiratory 
pathogens 
associated 
with bovine 
respiratory 
diseaseb

L – 1 WC Facilitation Effects on parasite community: Five of the respiratory 
pathogens were continuously circulating. Viral 
coinfection was the best predictor of viral infection;  
host physiology and season had little effect on odds of 
viral infection. Coinfection with bTB was positively 
associated with risk of BRSV but none of the other 
pathogens. Anti-helminthic treatment was not associated 
with any of the respiratory pathogens.

Glidden 
et al. 
(2021)

10 Theileria 
phylotypesc

–L – 1 Theileria Facilitation, 
competition, 
succession

Effects on parasite community: Interaction networks  
change over time; young animals are infected with 
Theileria interaction networks composed of many 
negative and positive interactions, while adult interaction 
networks are composed of three positive interactions. 
7/10 phylotypes exist with 80–90% prevalence in adult 
animals, this coexistence is likely the result of phylotype-
specific immunity and facilitation. Two phylotypes infect 
young animals early (within 1 month), but are later 
displaced in adult animals and facilitation.

Glidden 
et al. 
(2021),

Parasites (diseases) Design Scale Interaction type Effects on other parasite/parasite communities/host Citation

Table 11.2 (cont.)
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Theme 3: Multi-parasite studies applying trait-based perspectives

bTB, brucellosis, 3 
haemoparasites,d 
6 respiratory 
pathogensb 
coccidia, 
strongyle 
nematodes, 
Schistosoma matthei

C–C 
– 1

WC – Effects on parasite community: Animals that acquired  
bTB experienced a greater increase in parasite  
assemblage richness and functional richness compared 
to age-matched buffalo that did not acquire bTB. The 
traits of parasite communities after bTB were less variable 
(measured as multivariate dispersion) and dominated by 
contact-transmitted parasites with simple life cycles and 
fast replication times.

Beechler 
et al. 
(2019),

11 haemoparasitesd 
vs. BTB, 
brucellosis, 
helminths, 
coccidia, ticks 
(Ambylomma 
hebraeum, 
Rhipicephalus spp.)

L – 1 WC Facilitation and 
competition

Effects on parasite community: Parasites infecting the  
same tissue type were associated with the probability  
of haemoparasite infection (e.g. other haemoparasites). 
For pairs of haemoparasites, the direction of the 
association can be predicted based on shared resources, 
cross immunity, and having a shared vector. In contrast, 
associations between haemoparasites and parasites 
infecting other tissue types were weak or non-existent.

Henrichs 
et al. 
(2016)

Tick-borne 
parasites
Gastrointestinal 
parasites
Respiratory 
pathogens

–L – 2 WC – Effects on parasite community: Parasite communities  
follow patterns of succession similar to free-living 
communities. The median age of first infection differs 
between parasite taxa, with tick-borne and helminths 
parasites first occurring in animals less than 1 year old and 
directly transmitted infections first occurring after 2 years.

Combrink 
et al. 
(2020)

 a Cooperia fulleborni, Haemonchus sp., Parabronema sp., Trichostrongylus sp., Africanastrongylus giganticus, Africanastrongylus buceros. 
 b Bovine adenovirus-3 (AD-3), bovine herpes virus (BHV), bovine parainfluenza-3 (Pi-3), bovine respiratory syncytial virus (BRSV),  Mycoplasma 

bovis (MB), Mannheimia haemolytica (MH).
 c T. parva, T. sp (buffalo), T. sp (bougasvlei), T. velifera, T. velifera B, T. mutans-like 1, T. mutans-like 2, T. mutans-like 3, T. mutans, T. mutans MSD.
 d Anaplasma centrale, A. marginale, A. sp. Omatjenne, A. phagocytophilum, Babesia sp., Ehrlichia ruminantum, Theileria parva, T. mutans, T. sp  (buffalo), 

T. sp (sable), T. velifera.
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et al., 2015; Gorsich et al., 2018). These studies provide a starting plat-
form for investigating the consequences of bTB for a wider range of co-
occurring parasites. Given the broad effects of bTB on African buffalo 
survival, health and susceptibility to other parasites, mechanistic mod-
els are useful to predict the consequences of bTB for the population-
level dynamics of a second parasite. For example, Gorsich et al. (2018) 
parameterized a mechanistic model of bTB–brucellosis dynamics that 
represented a host’s increased likelihood of acquiring brucellosis and 
increased mortality rates if the host was also infected with bTB. The 
model predicted the net consequences of these effects for prevalence 
and R0, thereby linking the within-host mechanisms explored in previ-
ous papers (Beechler et al., 2012, 2015) to population-level patterns of 
disease spread.

Further studies investigated multi-parasite interactions by applying 
a multi-parasite approach (Table 11.2, Themes 2 and 3). These stud-
ies can be conceptually divided into those that quantify higher-order 
association patterns that emerge from complex multi-parasite interac-
tions (Theme 2) and those that simplify complex multi-parasite inter-
actions into generalizable patterns (Theme 3). The former relies on 
taxonomic approaches where parasites are classified according to their 
taxonomy, while the latter applies a trait-based perspective where para-
sites are classified by their biological features, such as how they differ in 
physiological, morphological or life-history traits. The two approaches 
reveal how different dimensions of the parasite community respond to 
change. However, because traits or trait distributions can be directly 
linked to host or environmental conditions, trait-based approaches allow 
for more mechanistic predictions about how a community may change 
in response to coinfection (see McGill et al., 2006 for a review of traits-
based approaches in ecology).

Importantly, the multi-parasite approaches (Table 11.2, Themes 2 
and 3) and the pairwise approaches (Table 11.2, Theme 1) have proven 
highly complementary. For example, Beechler et  al. (2019) applied 
a trait-based approach to evaluate how parasite community compo-
sition – including 14 parasites ranging from viruses, bacteria, proto-
zoa and helminths – differed before versus after buffalo were infected 
with bTB. Interestingly, parasite communities tended to have higher 
taxonomic and functional richness (e.g. unique parasite traits) after 
hosts acquired bTB infection (Figure 11.4a). Furthermore, while the 
number of unique parasites tended to increase after bTB, the traits of 
these parasites were functionally similar to each other, as quantified by 
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multivariate dispersion. Multivariate dispersion measures the amount of 
trait space occupied by a given community; thus, after bTB infection, 
parasite communities became more homogenous in terms of their traits 
even though the communities contained more species. This pattern was 
associated with communities becoming dominated by certain traits (e.g. 
contact transmission, fast replication rate), with less representation of 
other traits (slow transmission rate, environmental transmission).

Taxonomic studies occurring in the same system corroborate this 
result. The dominance of contact-transmitted, fast-replicating parasite 
taxa is supported by a longitudinal, multi-parasite study investigating 
associations among five contact-transmitted, fast-replicating respira-
tory pathogens (Theme 2). This analysis showed that after accounting 
for bTB infection, pathogen co-occurrence explained the largest pro-
portion of variation in three focal viruses (bovine adenovirus-3, bovine 
herpes virus-1, bovine parainfluenza-3), with all three positively influ-
enced by coinfection (Glidden et al., 2021). Additionally, the lack of 
slowly transmitted or environmentally transmitted pathogens is sup-
ported by pairwise-longitudinal and experimental studies investigating 
associations between bTB, brucellosis and  gastrointestinal nematodes 
(Theme 1). Coinfection with both gastrointestinal nematodes and 
 brucellosis was associated with higher mortality in  bTB-positive 
 individuals (Ezenwa and Jolles, 2015; Gorsich et  al., 2018). These 
examples illustrate the value of combining approaches to investigate 
parasite communities.

Notable Commonalties Across Studies
Studying diverse parasite interactions can reveal commonalities across com-
binations of parasites that provide new insight into how the consequences 
of coinfection manifest in nature. At least one such common thread has 
emerged from studies of parasite interactions in wild African buffalo – the 
presence of conflicting outcomes across scales. Two studies of pairwise 
parasite interactions, one focused on interactions between gastrointestinal 
helminths and bTB (Ezenwa and Jolles, 2015), the other focused on inter-
actions between brucellosis and bTB (Gorsich et  al., 2018), both found 
evidence that from a host perspective, whether the outcome of coinfection 
is negative or positive differs at the individual host versus population scale.

Understanding the mechanisms that cause interactions between para-
sites is a cornerstone of coinfection research, in large part because uncov-
ering these mechanisms should facilitate the development of effective 
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disease intervention and control strategies. Immunological mechanisms 
are widely implicated as a driver of interactions between helminth para-
sites and many microbial pathogens (e.g. viruses, bacteria). For exam-
ple, in mammals, helminth infections typically trigger a T-helper cell 
2 (Th2)-type immune response, but the upregulation of this response 
can suppress T-helper cell 1 (Th1)-type immune responses directed 
against microbial pathogens (Mosmann and Sad, 1996). The individual-
level repercussions of this immune cross-regulation can include any or 
all the following: increased susceptibility to microbial infection, faster 
disease progression and more severe disease (Ezenwa and Jolles, 2011). 
Moreover, these individual-level effects may scale up to influence the 
spread of microbes at the population-level if their combinatorial effects 
are sufficient to alter microbial population growth rates (Fenton, 2008). 
Consequently, in populations where hosts are faced with concurrent 
helminth and microbe infection, treating individuals for their worms 
(e.g. via anthelmintic drug therapy) may be an effective strategy for miti-
gating the negative health impacts of certain microbial infections and 
reducing the population-level spread of these microbes (Hotez et  al., 
2006). However, how eliminating helminths will affect the population 
dynamics of a coinfecting microbe depends on the net effect of hel-
minths on the different parameters relevant to microbial transmission.

The anthelmintic treatment study of wild buffalo in KNP (Box 
11.1, Study 1) tracked the effect of experimental deworming on two 
key parameters that influence bTB dynamics in buffalo: (i) the prob-
ability that an individual becomes infected with the disease, and (ii) the 
 disease-associated mortality rate. Results showed that although treatment 
boosted buffalo anti-bTB immunity, treated animals were equally likely 
as untreated controls to acquire bTB (Ezenwa and Jolles, 2015). In con-
trast, treatment drastically reduced bTB-associated mortality, with treated 
animals almost nine times less likely to die of their bTB infections com-
pared to controls (Ezenwa and Jolles, 2015). The population-level con-
sequences of these effects were estimated by considering the impact of 
treatment on the basic reproductive number (R0) of bTB, a metric that 
generally reflects how fast a pathogen can spread in a host population. 
Theoretically, anthelmintic treatment can either decrease or increase the 
R0 of bTB, but in this case, treatment was associated with a nearly eight-
fold increase in bTB’s R0 (Ezenwa and Jolles, 2015). As R0 is defined as the 
number of secondary cases produced by a single infected individual in a 
fully susceptible population, this means that, on average, an anthelmintic-
treated buffalo infects eight conspecifics with bTB for every one infected 
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by an untreated buffalo. Thus, although anthelmintic treatment has a 
positive outcome for individual health (i.e. bTB infected buffalo that 
receive treatment survive better), there appears to be a population-level 
cost of this strategy in terms of faster bTB spread (Figure 11.2a). This con-
flicting outcome likely arises because of the asymmetrical effects of worm 
treatment on bTB infection probability and  mortality – as anthelmintic-
treated, bTB-infected buffalo live longer (positive individual-level effect), 
they have more time to spread the disease to others (negative population-
level effect). In the real world, therefore, broad-scale anthelmintic treat-
ment and elimination or eradication of helminth parasitism may have 
unintended effects on the dynamics of certain microbial infections like 
bTB, despite vastly improving individual health outcomes.

In many cases, the within-host mechanisms underlying interactions 
between parasites are unknown, and a priori hypotheses about potential 
modes of intervention or control are lacking. Nevertheless, longitudinal 
studies can be used to understand the impacts of coinfection on both 
individuals and populations and extract insight about potential conse-
quences of control strategies. Interactions between bTB and brucellosis in 
buffalo were studied in this way, with results pointing to another intrigu-
ing case of conflicting outcomes for individuals and populations. Taking 
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Figure 11.2 (a) The estimated reproductive number (R0) of bTB in buffalo 
subpopulations that did (treated) versus did not (control) receive anthelmintic drug 
treatment. R0 was approximately eight times higher for treated individuals (2 vs. 
15.5), with upper and lower estimates of 3.4 and 69.8, respectively. (b) The estimated 
prevalence of bTB in buffalo populations with single bTB (left panel, line with circle) 
or concurrent bTB and brucellosis (left panel, line with triangle) infections. bTB 
prevalence declined in the presence of brucellosis, but there was no reciprocal effect 
of bTB on Brucella prevalence (right panel, line with circle vs. line with triangle).
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advantage of the coupled longitudinal design of Study 1 (Box 11.1), the 
interactions between these two chronic bacterial infections on the risk 
of infection of buffalo to each pathogen and mortality were examined. 
While bTB infection increased brucellosis risk, there was no consistent 
effect of brucellosis on bTB infection risk, revealing an asymmetry in 
the effects of these pathogens on one another (Gorsich et al., 2018). In 
terms of mortality risk, buffalo infected with both bTB and brucellosis 
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Figure 11.3 The succession of Theileria subtypes in African buffalo demonstrates the 
unique applicability of combining longitudinal study designs with high-throughput 
sequencing to identify how pathogen communities change over time. By 
combining infection time series with information on host traits (Table 11.1) we can 
determine the assembly processes that shape African buffalo parasite communities. 
Here, the bTB axis represents within-host parasite relative abundance, the x-axis 
represents animal age. The regression line is the output of a general additive 
mixed model with a Dirichlet-multinomial distribution, allowing for modelling 
composition and clustered data.
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Figure 11.4 Bovine tuberculosis (bTB) infection altered the parasite communities in 
buffalo. By assessing changes in parasite communities both taxonomically (by species 
and genus) as well as functionally (e.g. using parasite traits such as speed and site 
of replication), Beechler et al. (2019) showed that animals that acquired bTB had 
higher parasite richness after bTB (phase 2) than before (phase 1) both taxonomically 
(panel a) and functionally (panel b). Furthermore, the magnitude of this increase 
was greater than that experienced in non-bTB infected control animals. Additional 
analysis suggested that becoming infected with bTB shifted the parasite community 
to be dominated by parasites with three key traits (panel c): direct contact 
transmission, fast replication time and simple life cycle (rather than complex with 
intermediate hosts). These results suggest that bTB altered the parasite community in 
buffalo in particular ways, lending the ability to predict how the invasion of bTB in 
other host populations may affect parasite communities.
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experienced a more than eightfold increase in mortality compared to 
uninfected buffalo (Gorsich et al., 2018). A mathematical model explor-
ing how these changes in infection risk and mortality affected the R0 and 
prevalence of both pathogens showed that the presence of brucellosis 
reduced both the R0 of bTB and population-level prevalence, whereas 
the presence of bTB had no consistent effect on brucellosis (Gorsich 
et al., 2018). Thus, even though bTB infection renders individual buffalo 
more susceptible to brucellosis, the presence of brucellosis moderates the 
prevalence of bTB at the population level (Figure 11.2b), highlighting yet 
another conflicting pattern across scales. In this case, the conflict arises 
because buffalo infected with bTB are more likely to acquire brucellosis 
and die (a negative individual-level outcome); however, this decreases 
the timeframe over which they can spread bTB to others, thereby reduc-
ing bTB prevalence at the population level (a positive population-level 
outcome). This result means that coinfection can help moderate the 
 population-level spread of pathogens in certain circumstances, even if the 
individual-level outcomes of coinfection are undesirable.

These two case studies reveal an intriguing contrast between  individual- 
and population-level consequences of infectious diseases in  multi-parasite 
systems. Both examples suggest that the presence of one parasite or 
pathogen (helminths, brucellosis) can moderate the spread of another 
(bTB). In both contexts, cross-scale contrasts arise because the relative 
effects of helminths and brucellosis on individual host susceptibility to 
bTB are negligible compared to effects on mortality during coinfection 
(Gorsich et al., 2018). If this imbalance between mortality and susceptibil-
ity/transmission effects is general, the implications for designing disease 
control and intervention strategies may be applicable to multiple host–
pathogen systems. In wildlife, single-pathogen focused disease control 
and management programmes may inadvertently increase the prevalence 
of non-target infections or facilitate the invasion of novel pathogens. 
More generally, the presence of conflicting cross-scale outcomes raises 
intriguing new questions about parasite interactions. Among these ques-
tions, identifying the circumstances in which such conflicting outcomes 
are most likely, including the host and parasite attributes that contribute 
to this pattern, represent new frontiers in research on coinfection.

Tools for Studying Parasite Interactions
The growing understanding of the community ecology of buffalo para-
sites is in part attributable to the variety of empirical approaches (e.g. 
experiments, longitudinal tracking, case control designs) that have been 
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used to draw inference as well as the parallel development of new com-
putational and laboratory tools. Here, we highlight these tools as they 
apply to the studies described in Table 11.2.

Pairwise Interactions: Causes and Consequences

Expanding our knowledge of host- versus parasite-level outcomes of 
coinfection is one of the largest contributions the buffalo study system 
has made to parasite community ecology. The ability to track large 
numbers of individual buffalo make them well suited for revealing 
these processes. Specifically, following animals through time allowed 
for parameterization of dynamical compartmental models as the num-
ber of susceptible, infected, coinfected and recovered (in some cases) 
individuals could be accurately assessed in real-time, and fecundity and/
or survival rates could be parameterized using time-to-event analyses 
(Beechler et al., 2015; Ezenwa and Jolles, 2015; Gorsich et al., 2018). 
As dynamic compartmental models integrate multi-scale information to 
describe mechanistic processes, this methodological framework paints a 
clear and robust picture of multi-scale outcomes of parasite coinfection. 
Notably, in Ezenwa and Jolles (2015), the application of an anthelmintic 
drug typically used for cattle supported causal inference as well as guar-
anteed a relatively even sampling design of helminth infection status 
across animals.

A longitudinal study design and application of an anthelmintic drug 
also aided Budischak et  al. (2016) in revealing patterns of parasite suc-
cession and in characterizing the outcome of a gain in infection on host 
health. Likewise, Beechler et al. (2017) benefited by uncovering season-
ally dependent effects of helminth infection on schistosome loss. In both 
of these studies, mixed effects models were able to parse out the effect of 
explicit covariates and animal-level random variation. As such, not only 
do these methods account for repeated measures and non-independence 
among samples, but they also identify the presence of latent animal traits 
not included in the model.

Community-Wide Analyses: Characterizing 
Complexity and Emergent Patterns

Advancing statistics and diagnostic approaches have been crucial in under-
standing communities beyond pairwise interactions. The ubiquity of 
concomitant infections in African buffalo has made it an ideal system for 
application of these techniques. For example, Glidden et al. (2021) used 
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diagnostic tools initially developed for cattle to identify five respiratory 
pathogens infecting buffalo. Conditional Markov-random field models 
were then used to estimate the relative effect of the associations among all 
pathogens versus animal traits related to animal exposure and susceptibil-
ity on odds of infection. Notably, these methods can also be used to esti-
mate how association strength among pathogens varies with host traits. 
In the study described here, the authors found that association strength 
differed with herd membership and animal lactation status (Glidden et al., 
2021). If examining interaction networks at multiple scales (individual, 
population, meta-population) joint-species distribution models can yield 
similar results (Fountain-Jones et al., 2019; Tikhonov et al., 2017).

Advanced time series analyses can also be used to detect causal 
associations (i.e. true interactions) between parasites in longitudinal 
observational data, without an experimental component, thereby 
making it possible to quantify multidimensional parasite communities. 
In Glidden (2020), empirical dynamical modelling, a technique that 
uses time series to detect information transfer among variables (Clark 
et al., 2015), was paired with high throughput sequencing of an 18S 
genus-specific marker specific to describe non-linear and time-varying 
interactions among 12 subtypes of Theileria. This empirical dynami-
cal modelling revealed that parasite interaction complexity decreases 
as animals age, with adult animals’ interaction networks containing 
only four facilitative interactions and no competitive interactions, 
whereas the Theileria community was connected via a dense web 
of both facilitative and competitive interactions in juvenile animals. 
General additive mixed models were then used to estimate the non-
linear relationships among interaction strengths and host immune 
response, detecting a correlation between antibody concentration and 
mean interaction strength, suggesting that change in interaction net-
works may be related to shifts in immune dynamics. In this context, 
panel regression models are also a powerful tool as they use time 
series of multiple units (e.g. individuals) to detect causal relationships 
(Dudney et al., 2021). If considering linear interactions, autoregressive 
models (Solvang and Subbey, 2019) can similarly leverage time series 
data to identify causal interactions and characterize true interaction 
networks (Clark et al., 2015). Overall, increasingly accessible compu-
tational tools have expedited insight on the complex and interacting 
factors shaping high-dimensional pathogen community assemblages, 
with particularly novel tools allowing for causal inference from obser-
vational studies.
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Trait-Based Analyses: Bridging Complexity 
to Prediction and General Rules

In recent years, the community ecology of free-living organisms has 
moved to expand characterization of biodiversity to include func-
tional and trait-based descriptions. The sharing of pathogens of vet-
erinary importance between livestock and buffalo has resulted in a 
fairly detailed knowledge of pathogen traits in African buffalo (e.g. 
infected tissue, transmission route), enabling classification of func-
tional diversity. Unsupervised machine learning methods were used 
by Beechler et al. (2019) to cluster pathogen communities by func-
tional traits pre- and post-bTB infection. Classification by traits has 
also eased interpretation of grouped analyses such as in Combrink 
et al. (2020), where time-to-event analyses were used to measure age 
of first infection across a range of parasite and pathogen taxa, and clear 
patterns emerged based upon pathogen transmission route and taxo-
nomic group where animals were typically first infected by tick-borne 
protozoa and last infected with directly transmitted respiratory viruses 
and bacteria. Combrink et al.’s (2020) investigation was made possible 
by the ability to track African buffalo from birth, allowing observation 
of natural parasite succession. The same study system (Study 2, Box 
11.1) was used to identify patterns of succession of Theileria subtypes, 
while the application of non-linear regression and high-throughput 
sequencing allowed for a fine-scale identification of groups of Theileria 
subtypes with unique life-histories (colonization, relative abundance 
in adults; Figure 11.3).

Advances Making Work More Feasible
Advances in genomic techniques have accelerated the ability to describe 
pathogen communities in African buffalo across a multitude of taxa from 
the genera to strain level (Glidden et al., 2020) and explore relationships 
between pathogens and microbiomes (Couch et al., 2021; Sabey et al., 
2021). Pairing genomic tools with non-invasive sampling, such as 18S 
sequencing of faecal samples to exhaustively characterize gastrointesti-
nal parasite communities (e.g. Gogarten et al., 2020), will continue to 
further our understanding of pathogen community assembly, the effect 
of coinfection on host fitness, and variation in pathogen communities 
across scales. Improvement in contact and GPS collars will support a bet-
ter integration of pathogen exposure and host movement data into our 
understanding of pathogen community dynamics (Owen-Smith et al., 
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2020). The development and reduction in cost of transcriptomics will 
further help to characterize complex immune responses to infection and 
coinfection (Sallé et al., 2020).

At the forefront of parasite community ecology, these genomic tools 
are starting to be used to uncover evolutionary drivers of observed 
coinfection patterns, helping to explain how trade-offs among evolved 
pathogen defences may drive responses to coinfection (Ezenwa et  al., 
2021). These tools have the capacity to answer long-standing ecological 
questions, in a range of wildlife host–parasite systems.

Conclusions and Future Directions
Our past studies on parasite communities in African buffalo have con-
tributed novel insights into the mechanisms by which parasites interact 
within their hosts, and how these interactions scale up to affect indi-
vidual hosts, population-level disease dynamics, and parasite community 
structure. We have employed experimental and longitudinal approaches 
to infer causal links between infection patterns by different parasites, 
and have viewed coinfections both through the lens of pairwise species 
interactions, and at a broad community-wide scale. Along the way, we 
have developed and refined methods for diagnosing a range of infec-
tions in African buffalo and quantifying buffalo immune responses, other 
aspects of host physiology, and fitness. We have also taken advantage of 
new methods for analysing multivariate longitudinal data sets including 
interacting networks of dozens of parasite taxa. This work has set the 
stage for African buffalo to serve as a tractable model system for the study 
of disease processes in natural populations. However, our studies have 
raised more questions than they have answered. With new technologies 
and tools becoming available for data collection and analysis, there is 
broad scope for future disease ecological investigations in African buf-
falo. In particular, this model system is poised to: (i) help advance our 
understanding of ecological and evolutionary disease dynamics in the 
context of environmental change, and (ii) provide an empirical basis for 
evaluating whole-system impacts of disease interventions.

Current environmental changes are presenting wild animals with 
novel physiological challenges and assemblages of infectious organisms. 
In this context, mechanistic disease models are essential to providing 
robust predictions of disease dynamics and impacts of disease control 
interventions. Statistical extrapolation relies on previously observed 
variation to predict future conditions; however, when environments 
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shift outside the boundaries of previously observed state space, non-
linearities in host and pathogen functional responses may lead to novel 
infection patterns and outcomes (Kock et al., 2018). Improvements in 
animal tracking technologies and metabolic loggers can provide con-
tinuous, fine-scale data on animal movement, interactions, activity levels 
and metabolic rate. Coupled with high-resolution environmental data 
streams, and non-invasive sampling for infectious diseases, these tech-
nological advances set the stage for studies connecting environmental 
variation with host physiological and behavioural responses (Williams 
et  al., 2021), contact patterns (Hamilton et  al., 2020) and, ultimately, 
disease dynamics (Devan-Song, 2021). Building on this, assessing the 
metabolic and fitness costs of infections in natural populations becomes 
tractable, yielding insights on selection gradients imposed on hosts by 
parasites and pathogens. Complementary to this, quantitative molecular 
diagnostics provide detailed information on life-history variation among 
parasite strains and across different hosts. Faster, cheaper, deeper genetic 
sequencing techniques can elucidate host immunogenetic variation 
and parasite population genetics (Galen et  al., 2020; Jax et  al., 2021). 
Taken together, these data streams promise to provide an unprecedented 
empirical foundation for coevolutionary studies in model natural host–
pathogen systems, such as African buffalo and their parasite community.

Our previous work has uncovered the ubiquity of interactions among 
coinfecting parasites, and their importance in shaping disease dynam-
ics and host fitness. However, host–microbe interactions include the 
full spectrum of mutualistic to parasitic interactions. Elucidating the 
involvement of the microbiome in host health and disease in natural 
populations confronted with the full gamut of environmental variabil-
ity and infectious challenges is an exciting frontier in disease ecology 
(Leung et al., 2018; Williams et al., 2018). Importantly, disease control 
interventions are likely to affect not only the specific target organisms, 
but also – directly or indirectly – the host’s extended infracommunity 
of parasites and microbiota. Previous work on successional processes in 
parasite communities of African buffalo has used novel analytical tech-
niques for disentangling host and microbial factors that shape micro-
bial infracommunity dynamics (Budischak et al., 2016; Combrink et al., 
2020; Glidden, 2020). However, the glimpse into parasite life-history 
variation and succession that we have provided is far from comprehen-
sive. The intersection of quantitative molecular diagnostics (e.g. Glidden 
et  al., 2020; Sisson et  al., 2017) and analytical techniques for resolv-
ing community dynamics in complex, interacting species networks (e.g. 
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Sugihara et al., 2012) as applied in Glidden (2020) allows causal infer-
ences to be drawn from observational parasite community data sets. This 
places a much broader understanding of parasite community responses to 
perturbations – such as disease control interventions, pathogen invasions 
or environmental change – within reach.

Overall, the foundational work on parasite interactions and commu-
nity dynamics in African buffalo we describe in this chapter helps sets 
the stage for future studies in this model system addressing what is one 
of the central challenges in disease ecology: how to predict and mitigate 
infectious disease threats during a time of unprecedented, rapid environ-
mental change.
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Introduction
The African buffalo (Syncerus caffer) has historically been maligned in 
African colonial and post-colonial veterinary and livestock communities 
because of its reputation for being maintenance hosts for several infec-
tious diseases that can impact the viability of the commercial livestock 
industry (Michel and Bengis, 2012). We provide here some historical 
context that justified this position, but will argue that this is an unfortu-
nate and perhaps misguided and out-of-date narrative. The dogma per-
petrated throughout colonial times that African livestock systems would 
naturally follow northern hemisphere production systems and disease 
control models has been, through retrospective social and economic 
analysis, challenged: ‘(…) the assumptions that the high-value/high 
cost option [in terms of livestock industry] is necessarily the best [in 
Africa] – and the one that should be striven for – and the low value/low 
cost [of extensive livestock] is automatically bad news are not upheld’ 
(Scoones et al., 2010). The mandates of veterinary services are almost 
exclusively set up to protect intensive animal-based agriculture invest-
ments and trade. This paradigm is promoted by high-income industri-
alized countries, and most international trade ignores the impacts on 
wildlife economic opportunities and the realities of domestic livestock 
limitations in African countries that face restricted international trade 

 * Joint first authors.
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opportunities. There is also a vested interest in maintaining this situ-
ation of perceived risk from disease, especially for the expansion of 
European breeds and modern intensive systems of livestock agriculture, 
which are often described as ‘improved, productive and efficient’ in 
contrast to African extensive and pastoral systems, reflecting a kind of 
neo-colonialism.

We argue that as the ‘new deal’ required by recognition of the Anthro-
pocene becomes accepted, the dogma will change. Future economic, 
agricultural and overall development models will need to fit into the finite 
environmental envelop that will constrain human activities by choice or 
by force. There is a greater appreciation of the negative environmental, 
climate, health and socioeconomic externalities of intensive livestock sys-
tems, and of the need for more inclusive landscapes where biodiversity 
conservation and local citizens’ well-being meet and more value is put 
on indigenous knowledge and value systems (cf. Gordon et  al., 2016). 
African continental ownership of future policy has been controversial for 
decades and may well be the final arbiter on this controversy (Artz et al., 
1991; Prins, 1989).

The Development of Coexistence 
of African Pastoralism with Wildlife
Contemporary views on buffalo reach back to the introduction of 
Eurasian cattle along with the colonization of the African continent. 
In the following sections, we focus on eastern and southern regions of 
Africa where most of the ‘conflict’ is expressed, and mostly exclude 
western and northern regions of the continent, where cattle herds 
have deep histories, including truly African breeds (Prins, 2000). Issues 
between cattle and buffalo in relation to disease are less pronounced in 
these regions, if only because buffalo are absent in the north and there 
are only small, scattered buffalo populations in the west where pastoral 
systems dominate (Kock et al., 2014; Chapter 4).

Before colonization, in the seventeenth century, large areas of the 
southern and western regions of southern Africa were sparsely popu-
lated by the nomadic hunter-gatherer San people and nomadic farmers 
(Khoikhoi/Khoisan) who were probably the first livestock owners in 
these southern lands. The more eastern and northern areas of southern 
Africa were inhabited by primarily Bantu groups who were also pasto-
ralists, owning Sanga (Nguni) cattle, sheep and goats, and also growing 
edible crops (Maggs, 1986).
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The situation in East Africa in the pre-colonial context was composed 
of extensive grasslands and traditional cattle owning coexisting with 
abundant wildlife. Wildlife behaviour and traditional livestock practices 
such as pastoralism and transhumance coevolved in East Africa, sharing 
space and participating in the engineering of open grassland savannas 
(Chapter 2). Bos taurus africanus or Sanga cattle is generally considered 
the indigenous African cattle from eastern African origins. African cattle 
were likely derived from complex introductions over centuries, and even 
from aurochs in Egyptian times from the Near East (Prins, 2000). Some 
species from North Africa are recognized to have existed beyond Egypt 
but are now extinct, for example Bos primigenius mauretanicus (Tikhonov, 
2008). Along with hybridization between B. taurus and B. indicus or 
zebu cattle, a variety of breeds now constitute cattle populations in sub-
Saharan Africa. These breeds coexisted with wildlife for over a thousand 
years and developed some resilience to infection, parasites and drought. 
Both pastoralism and wildlife may have benefited from each other, co-
creating integrated landscapes. Wild ungulates used human-occupied 
areas to avoid predation by wild carnivores or, in the case of smaller 
antelopes, to benefit from areas grazed by cattle, feeding off early shoots 
after heavy cattle grazing (Augustine et al., 2011; Georgiadis et al., 2007; 
Odadi et al., 2011). In the case of the hirola antelope (Beatragus hunteri), 
the most endangered artiodactyl in Africa today, its survival in a narrow 
range in Kenya was closely linked to local pastoralists. Hirola, having 
become extinct elsewhere apart from a small part of Kenya, often con-
centrate, feeding around nutrient-rich old boma sites and short grasses 
established by livestock grazing pressure where predators are persecuted. 
Hence, they benefited inadvertently from traditional pastoralism while 
indigenous people considered the presence of hirola as a good sign for 
their cattle (Andanje, 2002). The relationship with wildlife was used to 
predict resource availability (tracking movements) and as a source of 
culture and food when necessary (Lankester and Davis, 2016). Presently, 
with the wide availability of guns, rifles and other weaponry in the hands 
of pastoralists, this has changed, and the hirola is now next-to-extinct 
and features on the IUCN Red List.

Archaeological data indicate that diseases at the wildlife/livestock 
interface may also have been an important component of this interac-
tion. Even with indigenous breeds of cattle, the establishment of pas-
toralism in some African ecosystems was constrained by wildlife and 
vector-mediated diseases, such as tick-borne diseases (e.g. East Coast 
fever, ECF), trypanosomiasis and malignant catarrhal fever (MCF). 
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Practices such as fire, bush-clearing and contact avoidance, respectively, 
have taken time to evolve to counter sanitary threats and allow pasto-
ralism to colonize new landscapes (Gifford-Gonzalez, 2000). Most of 
Africa’s livestock farmers practiced (and still do) unfenced extensive sys-
tems with indigenous breeds of cattle (historical hybrid B. indicus and 
B. taurus africanus). These breeds and systems have proven to be more 
sustainable and resilient to infectious diseases, parasites, heat and droughts 
when compared to most B. taurus breeds and livestock systems imported 
from Europe (Mattioli et al., 2000; Morris, 2007). Under conditions of 
widespread vectors and pathogens in Africa, acquired resistance enables 
greater sustainability of traditional livestock keeping and resilience in 
the face of epidemic and endemic diseases. Little control is practiced, 
and fencing is very limited in its use in African rangeland, mostly to 
separate a few historical ranches from open range. Most of the separa-
tion between buffalo and African cattle herds derives from behavioural 
determinants, mostly human aggression and use of dogs for reasons other 
than disease, with an avoidance response from buffalo herds leading to 
their predominance in protected areas where humans and domestic ani-
mals are mostly excluded.

Re-Drawing of the African Landscape – Colonization 
and De-Colonization – Emergence of 
Production-Oriented Livestock Systems in Africa
Southern Africa was one of the earliest subregions to be colonized by 
European settlers, which took place in the seventeenth and eighteenth 
centuries. The settlers landing in the southern Cape were European with 
a drive towards settled agriculture and land tenure, which was not part 
of indigenous tribal cultures. These moves led to major conflicts not 
only between different European cultures but with several tribes over 
land and resources. This territorial expansionism by the settlers acceler-
ated in the nineteenth century and culminated in the forming of several 
nation-states. These included the Boer republics in South Africa and 
periods of British sovereignty over large areas of southern Africa up to 
the miombo belts and forests of East and Central Africa, as well as the 
German colonization of South West Africa (Namibia) and East Africa 
(Tanganyika, Ruanda-Urundi). In addition, around the end of the nine-
teenth century, serious colonization of East Africa by the Germans and 
British happened with Tanganyika ultimately falling under British rule 
on behalf of the League of Nations.
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During these territorial expansion periods, settlers, European hunt-
ers, war and disease all eventually had major impacts on wildlife popula-
tions. The settlers were heavily reliant on hunting to supply their daily 
protein needs, and there are many historical accounts of wild herds 
stretching from ‘horizon to horizon’ (e.g. Beard, 1977; Prins and De 
Jong, 2022). There was also a large amount of commercial hunting for 
dried meat and hides as well as sport hunting for trophies, the slaughter 
continuing unabated as though the resource was limitless and infinite. 
These practices were also used to clear land to make space for grazing 
domestic stock, with wildlife numbers suffering through depredation 
and competition. In South Africa, the kwagga (Equus quagga), Cape 
lion (Panthera leo melanochaita) and bluebuck (Hippotragus leucophaeus) 
were driven to extinction, and the bontebok (Damaliscus dorcas dor-
cas), white rhinoceros (Ceratotherium simum) and Cape mountain zebra 
(Equus zebra) were pushed to the brink. Countless animals were killed 
to feed trading safaris, and colonial armies also were fed meat from 
game. Lands were cleared of wildlife species to create space for white 
settlers and local farmers alike, as in Kenya (Adamson, 1968, pp. 97 ff, 
120) and many other places. The total number of African elephants 
(Loxodonta africana) killed by elephant control officers in East and south-
ern Africa may perhaps be equal to the number that was poached for 
their ivory. The onslaught on Kenyan wildlife during World War II is 
jaw-dropping, where herds of game were used as targets to represent 
enemy troops and elephant herds were even bombed (Prins and De 
Jong, 2022).

In southern Africa, the power lay with cattle keeping and agriculture 
communities during colonization, while National Parks (NPs) were 
seen as the only way to address perceptions of irrational pastoralism 
(Lankester and Davis, 2016). Ironically, the strong militarization of pro-
tected areas, including the post-independence exclusion of people from 
traditional lands and even the banning of hunting (both sport and tradi-
tional), generated animosity which may even have laid the foundations 
for the poaching of elephant, rhinoceros and other species after the 
colonies collapsed. In each of these arenas, there was inevitably conflict. 
For example, in southern Rhodesia, wildlife were culled extensively 
to create buffer zones between wildlife-rich areas and colonial farmer 
production areas for various reasons (Mutwira, 1989), and to target the 
preferred hosts of tsetse flies in order to reduce tsetse-infested areas 
and the occurrence of trypanosomiasis (e.g. Zululand; Andersson and 
Cumming, 2014).

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


African Buffalo and Colonial Cattle · 325

With colonization, pastoralism was also catastrophically reduced 
through the introduction of contagious bovine pleuropneumonia, fol-
lowed by the great rinderpest pandemic (the Masai–Maa cultural group 
was reduced by two-thirds: Prins and De Jong, 2022; Box 12.1). Some 
wildlife species also suffered huge losses in East and southern Africa, 
deregulating African savannas’ trajectories in the following decades 
with alteration of the habitat (e.g. bush encroachment; Holdo et  al., 
2009) and wildlife diversity and abundance (reduction then increase 
following the space liberated by human populations). The phyloge-
netic relationship between African buffalo and cattle, although quite 
distant (Chapter 2), leads to shared pathogens and led to the frequent 

Box 12.1 Impact of the Great African Plague Rinderpest on Livestock 
Development

A major event that influenced agricultural thinking was the emer-
gence of novel pathogens exotic to Africa, for example, rinderpest 
and contagious bovine pleuropneumonia or CBPP (Chapter 9). The 
great pandemic of the late nineteenth century caused by Rinderpest 
(a morbillivirus) killed almost all cattle it infected and wiped out 
a large proportion of the indigenous wildlife herds from North to 
South Africa, resulting in huge epidemics in buffalo with massive 
mortality. In many cases, only small relict populations of some spe-
cies survived in remote pockets or were entirely extirpated from their 
former ranges. Impacts were seen on some keystone species including 
migrating East African wildebeest (Connochaetes taurinus). This had 
major impacts on the scale of migration and habitat with a transfor-
mation in vegetation types and distribution (Holdo et al., 2009).

Veterinary services were launched at about the same time as 
 colonial administration became established, with the task of disease 
control to support the further development of livestock systems. 
Ironically, the loss of indigenous breeds made way for the colonists to 
import European breeds and hybrids favoured for their high poten-
tial for milk and meat production. These colonial cattle herds, with 
their innate vulnerabilities, soon came into conflict with buffalo in 
southern Africa.

These changes were reversed, with the elimination of the virus 
(officially in 2011) proving a strong disease and ecology relationship, 
uncommonly proven.
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accusations of the buffalo being a reservoir of key livestock diseases dur-
ing colonial and post-colonial eras. The buffalo became synonymous 
with the early concept of the so-called wildlife–livestock interface in 
Africa (Kock, 2006), showing the buffalo’s prominent role in several dis-
eases (Chapter 9). During colonial times, the epidemiology was poorly 
understood and quantified, and most of the evidence was derived from 
a few human-altered ecosystems, mainly in southern Africa. At least 
in this region, the negative perception of wildlife and diseases led to 
clear segregation of land uses dedicated to livestock production and the 
separation of domestic and wild ecosystems. New diseases and pressure 
from white colonialists forced traditional pastoralists and their livestock 
into newly emerging tsetse fly (Glossina spp.) belts (Prins and De Jong, 
2022). In East Africa, this was less of an issue because local livestock 
and forestry, for instance, could be combined (Brasnett et  al., 1948). 
This divergence between concepts of ‘modern’ livestock agriculture 
and traditional pastoralism, between the south and the north, took on 
sociocultural and political dimensions. During colonial or European 
rule, a narrative against traditional local livestock keeping in Africa 
developed, and this has persisted to some extent, frequently justified 
by the disease paradigm and from where the power in control policies 
lies, which is mostly within industrialized western nations. This was 
understandable given that epidemic and vector-borne livestock diseases 
were a major constraint to the expansion of European livestock systems 
in southern Africa (e.g. Gunn, 1932), while in the east and west of 
the continent, the pastoral systems thrived. Attempts at ranching cattle 
gradually declined over the twentieth century in East Africa, with large 
landholdings reverting successfully to wildlife–cattle integrated man-
agement with meat and tourism activities and, sometimes, communal 
ownership (NRT, 2020).

Positively, the colonial era inspired protection of game and areas of 
land in law. However, as royalty had given hunting rights exclusively 
to the wealthy in Europe, colonialists discriminated against local people 
and limited people of pastoral communities’ access, making wildlife a 
preserve of the rich behind a conservation banner. People and animals 
were negotiated or shifted away and excluded from extensive productive 
rangelands, and this has persisted to this day.

The pattern of wildlife decline was repeated in eastern and Central 
Africa during the period of decolonization from the mid-twentieth 
century. Indigenous communities and rebel armies slaughtered game 
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in the transition periods, partly during conflict for food, and to push 
back against colonial masters, conducting revenge killings after years 
of exclusion and to avoid future restrictions by eliminating game. 
However, some positive post-colonial developments based on the 
colonial systems should be noted. For example, in Kenya, these 
included much-debated bans on hunting (Anon., 1977) in attempts to 
slow the decline in wildlife; improved protection agencies; and eradi-
cation of rinderpest, a big killer of buffalo (Kock, 2006). These mea-
sures appear to have stabilized buffalo numbers, at least in Kenya, over 
the last three decades (Grunblatt et al., 1996; KWS, 2021). Ironically, 
after the end of the colonial era, the same colonial model of disease 
management was adopted by emerging states with identical results. 
For the natural ecologies in these areas to recover, old paradigms had 
to be overturned or remain to be challenged. Interestingly, in the 
fields of human health and global health, this theme has also been 
gathering momentum as shackles remain on poor countries and a few 
high-income countries dictate the human health and health industry 
agenda (Büyüm et al., 2020).

Current Situation at The Interface, The Burden 
of History and the Weight of Changes
Today, many new pressures, including climate change, human  population 
growth, associated buffalo–cattle–human conflicts (Matseketsa et  al., 
2019) and agriculture (Prins and De Jong, 2022) are reducing the via-
bility of buffalo populations, now highly dependent on protection. In 
much of sub-Saharan Africa, with under-investment from abroad, land-
use pressure is mounting with heavy investment in extractive industries, 
including forestry, and mining, while the human population is growing 
at a particularly high rate. This human population impact on land is, to 
some extent, compensated by urbanization, but demand for food contin-
ues to grow. As a result, the lands that were designated for wildlife and 
pastoralism are being encroached on and put under increasing pressure. 
Increasing populations of livestock, more or less replacing wild ungulates, 
have been documented in some countries and regions such as Ethiopia 
(Gebretsadik, 2016), and countries with strong wildlife economies like 
Kenya have also been affected, but at a slower rate (Ogutu et al., 2016). 
Political power lies in the hands of urban communities and agricultur-
alists, while pastoralists are weakly represented in government. These 
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communities have historically been persecuted and discriminated against 
through land-use policy that removes key resource areas from their con-
trol. Some of these conflicts, especially in West and Central Africa, remain 
serious and violent, with recent examples within the Fulani (a.k.a. Peul) 
pastoralists community around the Lake Chad basin. Today, there is an 
East and Central African model, where open rangeland remains available 
and true pastoralism and transhumance are still practiced, and a southern 
African model, where land tenure has dominated the scene for the past 
200 years, and little ‘open’ rangeland still exists.

The ‘trade sensitivity’ around the main diseases impacting livestock 
production that were prominent in Europe at the time of colonization 
was simply transplanted into African colonial systems (see, for instance, 
Empire Marketing Board, 1930). In some regions of sub-Saharan Africa, 
disease in wildlife is still seen by animal health agencies as a significant 
barrier to agricultural development. However, we posit, that is mostly 
a result of residual dogma and supporting narrow policies that benefit 
the main agribusinesses trading in a globalized world. Veterinary fenc-
ing, with a primary role to separate buffalo from cattle populations, has 
been used extensively across southern Africa (Chigwenhese et al., 2016; 
Ferguson and Hanks, 2010), but is cropping up in Europe too (like the 
wild boar fence separating Denmark from Germany) and has been in 
place in Australia since the end of the 1800s. Even until the present 
day, the government veterinary services of South Africa, Zimbabwe, 
Botswana and Namibia all practice so-called ‘hard edge’ disease control 
measures, which include barrier fences such as the Kruger NP (KNP) 
western and southern boundary fence (restricting contact with livestock 
in South Africa – while the eastern Mozambique fence is only partially 
closed), the Ngamiland buffalo fence (partly separating the Okavango 
Delta from livestock areas in Botswana) and the Namibian veterinary 
cordon fence to prevent contact between commercial livestock and 
wildlife, particularly buffalo. In Zimbabwe, 55 per cent of the buf-
falo population is fenced today, and this policy is sometimes supported 
by conservation non-governmental organizations (NGOs) sharing an 
interest in preventing cattle and people from entering the protected 
areas and wildlife from getting out. A similar cordon line exists between 
Western Zambia and Angola. These veterinary measures clearly sepa-
rate commercial livestock production that is protected for their markets 
versus wildlife systems and small-scale livestock production imprisoned 
in the fenced areas and unable to be marketed. Indeed, Botswana’s 
fences protect blocks that are designated for commercial trade with a 
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foreign region (European Union) and certainly constrain local pro-
duction and compromise local food security, with devastating conse-
quences on wildlife communities and ecosystems. To show the tenacity 
of such beliefs and practices, the Veterinary Cordon Fence in Namibia 
was enacted by the German Reichstag in 1905, and still discriminates 
between livestock producers from beyond the fence and those ‘on the 
right side’ of it (e.g. Miescher, 2012; Tjaronda, 2008). In addition, 
certain designated geographical control zones have been declared for 
diseases such as foot and mouth disease (FMD), African swine fever 
and corridor disease (buffalo-associated theileriosis) in South Africa. As 
in Botswana, these are primarily intended to protect designated pro-
duction zones exporting to high-end meat markets. Its mirror side, 
however, is that by framing cattle meat as coming from potentially 
‘dangerous’ areas where veterinary control may be wanting, farmers in 
these importing countries are enabled to prevent competing meat from 
coming to ‘their’ market (Robinson, 2017; Whittington et al., 2019). 
This fencing policy, mostly imposed by the state on local stakeholders 
is costly, opposed by pastoralists and accepted by commercial livestock 
and crop farmers for obvious reasons. In all but a few cases (UNEP, 
2011), fences are detrimental to wildlife movements and conservation, 
and they require significant maintenance (De Jong et al., 2020; Gadd, 
2012). In the absence of good maintenance, fencing deteriorates and 
becomes porous (Chigwenhese et al., 2016).

However, to some extent fencing for disease control and for reduc-
ing wildlife conflict with people and agriculture has taken hold in 
much of the continent. In East Africa, arguments against this approach 
seem to have helped to slow any progression down this path for rea-
sons of disease control (Kock, 2010). In many situations, with open 
interfaces between protected areas and communal land, buffalo’s 
natural and adaptive avoidance of cattle reduces the risk of disease 
spillover, and these systems show high tolerance to infection without 
many diseases expressed (Caron et  al., 2016; Meunier et  al., 2017; 
Valls-Fox et al., 2018). In times of drought, contact rates can change 
dramatically and disease epidemics are more likely to occur (Bengis 
et al., 2002; Kock, 2005). A severe drought in Kenya from 1993 to 
1994 probably precipitated the large rinderpest outbreak in the 1990s 
in East Africa (Kock et al., 1999, 2006), killing 60 per cent of buffalo 
in the Tsavo National Park ecosystem. However, this drought killed 
some 70 per cent of the buffalo in the Masai Mara even before the 
disease arrived (Dublin and Ogutu, 2015). In East Africa, livestock 
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remained in open pastoral systems and coexisted with wildlife, which 
thrived (Homewood et al., 2012), but mostly with buffalo only sur-
viving in protected areas and buffer zones. Agropastoral, farm or 
ranching communities and pastoralists are known to use self-managed 
movement control to avoid epidemics. However, increasing densities 
of people and their livestock ultimately can continue to lead, in the 
absence of new policy, to the demise of wildlife (Prins, 1992; Prins 
and de Jong, 2022). This is not inevitable; for example, more inte-
grated developments in pastoral land use, such as in Kenya, have led 
to remarkable overall stability in wildlife populations over decades, 
despite rapid development, human population expansion and declines 
of wildlife on state lands (KWS, 2021).

When there is insistence on disease elimination rather than control in 
livestock, the interface becomes more threatening. De Vos et al. (2016) 
clearly described, for example, the challenge in South Africa of percep-
tions around certain species and diseases stating, 

The majority of endemic pathogens found in protected areas do not kill large num-
bers of wild animals or infect many people, and may even play valuable ecological 
roles; but occasional disease outbreaks and mortalities can have a large impact on 
public perceptions and disease management, potentially making protected areas 
unviable in one or more of their stated aims. Neighbouring landowners also have 
a significant impact on park management decisions. The indirect effects triggered 
by disease in the human social and economic components of protected areas and 
surrounding landscapes may ultimately have a greater influence on protected area 
resilience than the direct ecological perturbations caused by disease.

In more extensive pastoral systems, wildlife and livestock remain inte-
grated to some degree, with designated protected areas allowing the sur-
vival of core buffalo populations. The protected area models adopted in 
West and Central Africa, with core protected areas surrounded by buffer 
zones with limited human activities (e.g. game hunting, some pastoral 
activities) offered management of the buffalo/cattle interface that has 
allowed the survival of core buffalo populations, even if isolated (Bauer 
et al., 2020), as long as there was no security crisis. That system has sub-
sequently collapsed in many places in West and Central Africa (Scholte 
et al., 2021), and perhaps only timber concessions and privately managed 
reserves appear to maintain buffalo (Chapter 4). Even though open sys-
tems have allowed wildlife to thrive, buffalo are not tolerated by pastoral 
livestock owners due to the aggression sometimes shown by buffalo to 
pastoralists and direct competition for water and grazing. This has led to  
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the virtual extirpation of buffalo from some communal lands (Metzger 
et  al., 2010). There are a few exceptions with forest buffalo (Syncerus 
caffer nanus) and some savanna buffalo in forested areas such as Boni 
Dodori in Kenya, where large populations >10,000 share habitat with 
 hunter-gatherer/small-scale cropping communities (Chapter 4). A similar 
peaceful coexistence can be seen in along the Kazinga Channel between 
Lakes Edward and George in Uganda (Kock, personal observation).

Where a wildlife economy dominates as a source of foreign exchange 
revenue over agriculture, such as in Kenya and Tanzania, the political 
establishment lends a more sympathetic ear. In addition, and perhaps 
as a result, all attempts at draconian veterinary measures detrimental to 
the wildlife and pastoral economy have never been applied successfully, 
even if policies exist on paper. A sustainable balance is often achieved, 
allowing for livestock keeping and healthy wildlife populations to be 
conserved and contributing to tourism and the economy. Increasingly 
this tourism industry is locally owned and beneficial to indigenous com-
munities (Mureithi et al., 2019; Tyrrell et al., 2017; Western et al., 2020). 
While in the south of the continent, where livestock owners were well 
connected politically and largely dominated the land-use arguments in 
favour of agriculture for over a century (Munangándu et al., 2006), this 
has been reversed to some extent more recently, with an expansion 
of wildlife ranching and conservancies (Chapter 13). In many of these 
ranches and conservancies in South Africa, integrated farming with live-
stock and wildlife now takes place, but with the exclusion of buffalo and 
large predators. Legislation dictates that buffalo and cattle may not be 
kept on the same property.

In addition to these influences, a failure to invest in local communities 
around wildlife protected areas brings more pressure. Estimates of locally 
shared revenue from conservation areas like the Serengeti are only 5 per 
cent of total annual income and only go to a few households, with the 
majority of beneficiaries being a distant private sector and government 
exchequers (Homewood et  al., 2012; Lankester and Davis, 2016). In 
Zimbabwe, where Operation CAMPFIRE first resulted in much higher 
revenue sharing with local communities, this community benefit fell to 
only a few euros per year after the CAMPFIRE strategy was ‘invaded’ 
by local politicians and bureaucrats (Poshiwa et al., 2013a, 2013b). We 
are not judging what was or is right or wrong in this debate on ‘human 
versus biodiversity rights’, but are trying to present the different perspec-
tives and historical precedence around disease which may explain past 
and current actions.
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Recovery of African Pastoralism and Wildlife 
in Africa – Is This Possible?
With ongoing climate change and continuing human population growth, 
as resources decline and drylands increase, the use of available water from 
rivers and wetlands will probably increase the likelihood of buffalo and 
cattle meeting. Increased grazing pressure may result in ecological distur-
bance and degradation of natural resources. If this progresses, the natural 
disease regulation benefits of the ecosystems may begin to decline and 
vector–host–pathogen dynamics may be disturbed, which will impact 
livestock more. Eventually, wildlife may also suffer as malnutrition and 
stress erode even their resilience to disease, and whole ecosystems may 
begin to decline with population crashes. As buffalo are removed from 
pastoral or agriculturally designated lands, they are still frequently blamed 
as a source of diseases for livestock kept by communities surrounding the 
conserved areas where buffalo are mostly found. In addition, the eco-
logical consequences of agriculture, ranching and overall degradation of 
fenced land, especially with high stocking rates, create poor conditions for 
ungulates and increased vulnerabilities to disease irrespective of the pres-
ence of carrier animals peripherally or in the parks (Glover et al., 2020; 
Kinne et al., 2010). However, the conflict remains high in livestock keep-
ers’ minds. As populations of cattle grow, the domestic animals themselves 
become more epidemiologically significant, through a mere numerical 
relationship, and become the main carriers of diseases and a preferred food 
source for disease vectors (Channumsin et al., 2019; Clausen et al., 1998). 
This can change the epidemiological dynamics of pathogens locally, shift-
ing the role of wild and domestic species, and can drive the further spread 
of disease within the domestic population, the community of wild and 
domestic ungulates, which may include spillback to wildlife.

With today’s improved epidemiological knowledge, better diagnos-
tic tests and better livestock vaccines, it is hoped that African endemic 
disease control can become less conflictual and more environmentally 
friendly. The movement of diseases between wildlife and livestock is in 
fact bi-directional. With dwindling wildlife numbers in many countries 
(especially in West and Central Africa: Chapter 4), wild animals can also 
be threatened by persistent livestock disease spillover (e.g. bovine tuber-
culosis, peste des petits ruminants and brucellosis) to naive and some-
times critically endangered wildlife (Pruvot et  al., 2020; Shury et  al., 
2015; Viggers et al., 1993; White et al., 2011; Chapter 9).

More recently, changing views on livestock management and val-
ues of wildlife have resulted in the fading away of earlier red lines 
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on diseases such as FMD (Ferguson et al., 2013; Weaver et al., 2013). 
Strengthening wildlife-based economies in Africa, and innovative 
thinking around integrative management of wildlife and livestock and 
the rangelands in which they coexist, are increasing environmentally 
friendly land uses (Ferguson et al., 2013). Development of softer disease 
policies such as the use of commodity-based trade (CBT) to circum-
vent FMD trade restrictions renders FMD elimination an obsolete goal 
(Thomson et al., 2013) even if currently its acceptance remains slow. 
Nevertheless, there are now increasing opportunities for trade without 
disease control burdens. The emphasis on intensive husbandry of live-
stock with production and profit as the main goal is shifting towards 
more sustainability in food systems. Other benefits of mixed rangeland 
management include climate change mitigation and reduction in disease 
control costs. Perhaps the ultimate arbiter of future livestock systems 
will be the concerns over their role in biodiversity loss, as competitors 
for food crops which might otherwise be used for humans and climate 
change ramifications. A shift from animal- to plant-based diets is gain-
ing momentum in many countries in Africa where meat consumption 
remains low per capita compared to other continents while biodiversity 
remains high (Figure 12.1).

In South Africa, a buffalo production model emerged in the 1990s 
and has evolved to this today with controversial outcomes (Box 12.2). 
The more visionary wildlife ranching and community-based natural 
resource management (CBNRM) practiced in Namibia and Zimbabwe 
since the 1970s, utilizing mainly the extensive and relatively free-range 
systems and conservancies, has been important in bringing communi-
ties on board. Kenya and Tanzania have taken strides in recent decades, 
with integrated pastoral livestock and wildlife ecosystems such as the 
Northern Rangeland Trust and Ngorongoro Conservation Area, respec-
tively. However, upheavals and violence in the latter area in 2022 may 
throw another light on the success of this narrative (Kihwele et al., 2021; 
ROAPE, 2022). In regard to such initiatives, South Africa is lagging 
behind, with Uganda and Ethiopia and countries in West Africa (with 
large and small buffalo populations) even more so.

Under several proposed future alternative development scenarios, if 
land is released from animal production for rewilding, disease epidemics 
are likely to decrease without abundant domestic animal host popula-
tions. Historic concerns about wildlife as disease reservoirs will dissipate, 
resource competition will decline and wildlife-based economic opportu-
nities will arise.
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Figure 12.1 Meat supply per person in 2017 (Source: FAO, see interactive map at https://ourworldindata.org/meat-production). 
This illustrates how the narratives around Africa and meat consumption are largely distorted. Africa has much more sustainable 
low-impact animal-based agriculture and wild meat consumption in terms of environment, biodiversity and climate change. A 
wildlife economy continuing and developing alongside an agricultural economy in Africa could address and prevent many of the 
challenges currently facing advanced economies.
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Box 12.2 Buffalo as a Production Animal in South Africa: A Case Study

The uses of buffalo as a production animal or for trophy hunting are 
covered in Chapters 13 and 16. However, it is pertinent to show-
case the intensification of buffalo production (semi-intensive and 
intensive production systems: Chapter 13), separated from cattle 
production but along the modern northern hemisphere economic 
model (privatization, compartmentalization, commodification of 
nature for capitalist markets) within a sector sometimes discon-
nected from nature.

In South Africa, KNP authorities developed a project between 
1996 and 2006 in response to concerns about invasive bovine tuber-
culosis (bTB) and the unique genetics of their infected buffalo popu-
lation, as well as commercial interests (Bengis and Grobler, 2000). 
The objective was to breed specific pathogen-free (SPF) buffalo 
calves from infected parent stock. Approximately 460 SPF buffalo 
calves free of FMD, theileriosis, bTB and bovine brucellosis were 
produced during the lifetime of the Kruger project. Many more so-
called SPF calves were also produced from infected parent stock in 
private facilities within the FMD control zone. The offspring of these 
original buffalo were translocated to other NPs that did not have 
buffalo, which was in itself a major conservation goal, and today, 
Pilanesberg, Vaalbos, Marikele, Mountain Zebra and Mokala NPs all 
have viable, relatively free-ranging populations of Kruger buffalo in 
multi-species and extensive systems. Some SPF offspring were also 
supplied to private wildlife ranches throughout South Africa. Today, 
these privately owned SPF buffalo are being kept under intensive, 
semi-intensive and extensive conditions. Under more ‘controlled’ 
and intensive ranching conditions, population health appears to dete-
riorate and any resilience benefit of wildlife over cattle is diminished. 
Diseases in intensively managed captive buffalo further show this ten-
dency for a shift in pathogenicity when animals are removed from 
their natural ecosystems with, for example, FMD expressed through 
weight loss and lymphadenopathy (Vosloo et al., 2007), bTB and Rift 
Valley fever-associated morbidity and mortality also expressed under 
certain conditions (Beechler et  al., 2015). With these more inten-
sive systems, endo- and ectoparasite control also became important. 
In addition, some SPF buffalo raised under conditions of minimal 
exposure to disease vectors have actually died from theileriosis, MCF 
and even heartwater after significant tick exposure or contact with 
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wildebeest or sheep. These are diseases to which buffalo are normally 
totally resistant.

The fact that these SPF buffalo are now present on wildlife 
ranches in all nine provinces of South Africa has been problematic 
for the State Veterinary Services. Legislation requires that all farms 
that have buffalo must be registered, and any buffalo movement 
from one property to another requires animals to be retested for all 
four diseases. There is also concern over veterinary management 
options should an outbreak of any of these dreaded diseases occur in 
this diffuse privately owned population. This concern has contin-
ued to lead to discrimination against buffalo in the last decades; for 
example, SPF buffalo breeding project expansion in South Africa 
has been curtailed by the Veterinary Department. As the evidence 
shows, replacing a commercial domestic cattle model with a wildlife 
ranch model may not work as any intensification and interruption 
of natural ecological processes is fraught with problems and disease 
is clearly one.

Some of these trends relate to the veterinary controls and historical 
separation of animals and subsequent commercialization of wildlife 
species. In this regard, the difference between extensive versus more 
intensive forms of buffalo production needs to be appreciated. While 
extensive systems can certainly achieve important conservation goals, 
in contrast, the more intensive forms of production, despite claim-
ing to be contributing to species conservation, are not recognized by 
conservation bodies such as IUCN. The recent legal change in South 
Africa where some of these species may be listed as farming animals 
for intensive commercialization further demonstrates this shift and 
effectively disconnects these populations from nature. Animals raised 
in these intensive production systems should not be used for conser-
vation purposes, such as reintroductions or reinforcements of natural 
populations, due to the risk of introduction of production diseases 
or of animals which are ‘disease-free’ becoming exposed to natural 
disease cycles. In addition, a potential genetic shift and/or altered 
production genes may be deleterious to natural ecologies (cf. wild 
boar Sus scrofa; Martínez-Avilés et al., 2020). Land uses in which SPF 
buffalo are produced intensively and artificially selected should not be 
connected to natural ecosystems or protected areas for conservation 
purposes.
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Are Buffalo and the Diseases They Carry Still 
a Concern in the Modern African Landscape?
As observed, the diseases which have been much thought of in the 
context of buffalo and cattle are African strains of FMD, corridor dis-
ease (theileriosis), bTB, brucellosis, trypanosomiasis, heartwater and 
Rift Valley fever (Michel and Bengis, 2012; Chapter 9). African buffalo 
are believed to serve as maintenance or incidental hosts and amplifiers 
of these cattle diseases with potential spillback (Musoke et al., 2015). 
However, there is relatively little supportive evidence for spillback 
happening, and new evidence is challenging long-held assumptions. 
In truth, cross-species infections are rarely documented or confirmed, 
but epidemics can occur, especially where there is a policy on dis-
ease elimination in livestock, and a hard boundary between disease-free 
and infected populations created by fencing. The following paragraphs 
 provide examples to illustrate the trends.

There is no doubt that FMD SAT strains are maintained by buffalo, 
and they may represent the original coevolved host (Anderson et  al., 
1979; Thomson and Bastos, 2004). However, as with many ‘emerging’ 
infectious diseases, confirming origins retrospectively is nearly impos-
sible. Cattle that are FMD-free can be at risk of a breakdown in status 
at any interface with buffalo and other carriers of the virus (Guerrini 
et al., 2019; Hargreaves et al., 2004; Miguel et al., 2013). However, even 
this strong narrative of buffalo being the original sole ‘source’ of SAT 
strains of FMD in Africa is now in question. Buffalo may perhaps have 
been so historically, but more recent evidence in certain regions of the 
continent shows that cattle can also maintain cattle-adapted SAT strains 
for extended periods (Omondi et al., 2020; Wekesa et al., 2015). Not all 
cattle outbreaks with SAT viruses might have been from buffalo, but in 
several southern African countries, cattle outbreaks have been shown to 
be caused mainly by buffalo isolates. Many of these buffalo isolates that 
are regularly mutating have subsequently been incorporated into cattle 
vaccines.

Some vector-borne diseases – for example, the tick-borne disease 
theileriosis and heartwater – can cause very high mortality (up to 100 
per cent) in naive African cattle (Lawrence, 1992; Neitz et  al., 1955), 
while certain exposed cattle populations living at extensive buffalo/cattle 
interfaces suffer fewer losses (Young, 1981). As with FMD, cattle-adapted 
Theileria strains have evolved and emerged, causing the diseases known 
as East Coast fever (ECF) and Zimbabwe theileriosis (January disease), 
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and these diseases can circulate independently in cattle without any buf-
falo presence. In addition, with regards to heartwater, the development 
of premunity and endemic stability has resulted in fewer losses. Other 
vector-borne diseases can have multiple reservoir hosts. With trypano-
somiasis, wildlife certainly provides reservoir hosts, some preferred by 
tsetse flies, such as buffalo, wild porcines, spiral-horned antelopes and 
elephants, but from a risk perspective, these populations can also dampen 
environmental infection loads away from livestock and humans, reduc-
ing disease risk and impacts (Channumsin et  al., 2019; Clausen et  al., 
1998). As with the Rift Valley fever virus, buffalo are susceptible but are 
only one among a myriad of susceptible wild and domesticated rumi-
nants (Swanepoel, 1976).

On the bacterial side, even if livestock-origin brucellosis and bTB have 
crossed the ‘species barrier’ many times, their impact on  free-ranging 
populations of buffalo appears to be ecologically insignificant. For bru-
cellosis, this is true even in populations where brucella spp. antibody 
prevalence is quite high, as in KNP, South Africa (De Vos and van 
Niekerk, 1969; Herr and Marshall, 1981; Ndengu et al., 2017) with occa-
sional reports of disease in buffalo and spillover to other species (Condy 
and Vickers, 1972; Gradwell et  al., 1977). Certainly, the observation 
of hygromas in older buffalo is not uncommon throughout the buffalo 
range. Much more has been published on bTB in buffalo, but almost 
exclusively focused on South Africa (but see Sintayehu et  al., 2017a), 
where it is thought to have been introduced with cattle imports in the 
eighteenth and nineteenth centuries (Paine and Martinaglia, 1928). The 
most attention is given to the ‘compressed’ fenced or semi-fenced pro-
tected areas such as KNP and Hluluwe/Umfolozi NP (Bengis et  al., 
1996; de Garine-Wichatitsky et al., 2010), with high buffalo densities. 
Here, there are concerning trends with buffalo apparently suffering some 
disease and mortality. There is evidence that this species is also driv-
ing infection in other wildlife species such as lions, Panthera leo (Keet 
et al., 1996), greater kudu, Tragelaphus strepsiceros (Keet et al., 2001) and 
chacma baboons, Papio ursinus (Keet et al., 2000). This has raised conser-
vation concerns regarding less-populous species and predator/scavenger 
impacts. In more open unfenced systems in Uganda, bTB was confirmed 
around the 1960s and seroprevalence for bTB has been consistently high 
in buffalo over the intervening years, yet the disease is rarely reported 
(Guilbride et al., 1963; Meunier et al., 2017; Woodford, 1982a, 1982b). 
In Ethiopian pastoral systems, and likely in other pastoral systems too, the 
patterns of bTB are closely linked to human social networks (Sintayehu 
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et al., 2017a). There are also efforts in Ethiopia to establish risk factors 
for cattle TB associated with wildlife (Sintayehu et  al., 2017b). These 
are multi-species and slowly developing diseases with a long time course 
before clinical expression, and they are both zoonoses, so need to be 
monitored.

Anthrax is another multi-species disease that occurs on most conti-
nents, and in Africa epidemics occur in wildlife and these are some-
times associated with epidemics in livestock (Mukarati et  al., 2020). 
Epidemiologically, this spillover may well be mostly driven by insect 
mechanical vectors such as blowflies and biting flies and through con-
tamination of browse, pasture or water (Bengis, 2012; De Vos and 
Turnbull, 2004; Ebedes, 1976; Hugh-Jones and De Vos, 2002; Prins and 
Weyerhauser, 1987). Evidence from Ethiopia suggests some significant 
recorded events in wildlife occurred after a series of livestock outbreaks 
(Shiferaw et al., 2002), and in the Serengeti, wildlife anthrax epidem-
ics tend to occur during droughts, clustered around contaminated sites 
such as water holes/salt licks and similar locations where aggregation and 
mixing of species can occur (Hampson et al., 2011).

It certainly can be argued that introduced cattle diseases on the African 
continent have had impacts on both the cattle industry and wildlife. 
Indirectly, the impact on wildlife has been seen through the implemen-
tation of control measures. Fortunately, in open mixed rangelands sys-
tems, these introduced diseases and the buffalo-endemic diseases are of 
little consequence to wildlife populations, other than rinderpest. There 
is a need to re-evaluate historic and modern disease dialogues, rather 
than perpetuating the old narratives and the prejudice against wildlife as 
disease reservoirs.

Buffalo have attracted significant research, often becoming the centre 
of investigations, with this focus perhaps reinforcing preconceptions of 
their relative disease role and significance. Of 79 publications recorded 
in a scoping review on viruses in ungulates (Swanepoel et al., 2021), 41 
were on FMD in buffalo. This high number is most probably due to 
the funding available and international interest among researchers for this 
disease. Buffalo are overstudied without considering other species found 
in the same environment or the role of cattle themselves in the persis-
tence and spread of infection. As a consequence, the roles of these other 
wild ungulates (e.g. greater kudu, Thompson’s gazelle [Gazella thomsonii], 
impala [Aepyceros melampus] or blue wildebeest [Connochaetes taurinus]) are 
relatively unknown despite evidence of their role in a few specific break-
downs and cattle epidemics historically (Weaver et al., 2013). In KNP, 
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which has an endemically infected buffalo population, clinical spill-
over FMD has also been confirmed in impala, greater kudu, bushbuck 
(Tragelaphus scriptus), common warthog (Phacochoerus africanus) and giraffe 
(Giraffa cameleopardalis), but with relatively mild symptoms observed rarely 
(e.g. impala; Vosloo et al., 2009).

Towards a New Vision
In the context of disease transfer between buffalo and cattle, who is to 
blame? The most significant problems for wildlife and cattle stem from 
the introduction of exotic breeds and their diseases into Africa and the 
production and trade model that came with them. Models of coex-
istence between buffalo and African cattle breeds existed during the 
pre-colonial era only to be disturbed by the introduction of susceptible 
European breeds and their northern hemisphere pathogens during the 
colonial period. In addition, the endemic disease risks to introduced 
cattle, especially for the so-called improved breeds, are very high. The 
full benefits of buffalo (as a comparable bovid) in the context of the 
animal and land use are clear but are not being realized, except in 
some specific land use examples. Most buffalo populations have been 
reduced to small relict herds, especially in West and Central Africa. 
If buffalo go extinct, cattle will provide poor compensation for this 
highly adapted species.

On the other hand, from a disease risk perspective, the manage-
ment of wildlife species such as buffalo along similar lines to livestock 
production makes little sense. Extensive free-ranging unfenced sys-
tems are already of proven value for harvesting, sport hunting and 
tourism, and as bulk grazers in maintaining ecosystem’s integrity and 
function. The history of the development of both cattle and wildlife 
managed systems in Africa and trends in associated disease problems 
provide abundant evidence for this conclusion. The resilience and 
health of species are highly connected to the ecological resilience of 
the systems in which they have coevolved. Therefore, it is likely that 
community-based (pastoral) systems that can be mixed, rather than 
agribusiness-driven fenced monoculture (wild or domestic), are a 
route to sustainable tourism and animal-based food production sys-
tems and economies in Africa. Much of African livestock and wildlife 
will remain more or less in open conditions for the foreseeable future, 
and thus these systems should be reinforced by appropriate policy and 
investment rather than discriminated against. This approach has the 
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added value of ecological recovery of highly degraded landscapes from 
over-intensive livestock agriculture, reinforcing biodiversity conser-
vation, supporting the delivery of natural ecosystem goods and services 
as well as related income streams. It could innovatively contribute to 
the target of 30 per cent of land protected by 2030 recently set by the 
High Ambition Coalition adopted by 69 countries (HAC, 2021). The 
ambition is high indeed, but realities on the ground suggest it will 
simply be too late in many countries to progress before major land-use 
changes and settlements have degraded habitats, especially in Central 
African savannas (Scholte et  al., 2021). Climate change mitigation 
benefits will also accrue, while still contributing high-quality protein 
and food security, in a continent that has the lowest meat consump-
tion per capita on Earth. However, to achieve this means shedding 
colonial legacies around land use and tenure, livestock development 
and animal health production systems imposed on Africa. It may 
require reversion to more traditional views on extensive animal use, 
harvesting and integrated low-cost–low-risk systems of management 
that are not new and were widely discussed in the twentieth century 
(Asibey,1974; Dasmann, 1964; Ledger, 1964).

As a new community of scientists and veterinarians emerges across 
Africa with a novel vision, knowledge from the past and ideas about 
future agro-ecologies and mixed land use will likely come into play. 
What may help is that there is now a major shift in perception of 
 animal-based food systems in the very countries that promoted intensive 
livestock production in Africa. The question that really matters is what 
do Africans think of alternate futures? Will they remain embedded in 
old development dogma, or will they surf on the economic and cul-
tural opportunities offered by wildlife? Could mixed land use become 
a dominant policy? Already, new land management, with mixed live-
stock and conservation initiatives, has shown considerable success in 
Namibia and Kenya, building on earlier innovation in Zimbabwe under 
the CAMPFIRE project, which under difficult political and economic 
circumstances remains nascent.

New ideas and opportunities beyond conventional systems of agri-
culture and wildlife protected areas will undoubtedly emerge, becom-
ing hopefully more conducive to both local economic growth, 
ecosystem stability, resilience and biodiversity conservation. Planetary 
health demands it. In this chapter, we have shown the need for a reap-
praisal of history and the risk in the context of buffalo and diseases 
of concern to the livestock industry. Much of the narrative for ‘land 
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clearing’ of wildlife is historic and ‘blames’ buffalo for diseases such as 
FMD, tick-borne infections, brucellosis and bTB, which early on justi-
fied fencing and the compartmentalization of land. In many cases their 
roles in the epidemiology of these pathogens are tangential and no lon-
ger highly significant in evolving contexts in which cattle populations 
are exploding and buffalo populations are maintained or decreasing in 
many ecosystems.

The genetic modification of farmed animals for objectives of higher 
production creates breeds more susceptible to pathogens when buffalo 
are disease-resistant in African contexts. Putting them together does not 
make the buffalo the culprit. The current industrial approach may work 
in highly transformed temperate systems but not in Africa’s landscapes, 
where there is high microbial and vector diversity and a multitude of 
hosts. This failure of livestock intensification to develop in Africa with-
out subsidization has led to the narrative that it is only through pro-
moting greater separation and higher biosecurity that animal-based food 
economies can develop and reduce the risk of catastrophic disease epi-
demics in heavily invested livestock industries. This is basically under-
pinning policy on disease control and has been supported by unrealistic 
standards in disease management generated by the World Animal Health 
Organization (WOAH). These industries are effectively highly subsi-
dized through international funding, and agencies are dedicated to forc-
ing through these agricultural development agendas. Ironically, most of 
the benefits from these policies accrue to high-income countries that 
are not African, for instance through blocking access to their lucrative 
markets. Globally, these policies have come at a major cost to biodi-
versity and ecosystems in return for little more than cheap protein and 
high profits for agribusinesses. Africa now stands to gain substantially 
from shifts in diet, with reduced meat consumption and an increasing 
acknowledgement of the value of natural land and biodiversity. None 
of the externalities from, for example, climate change impacts to the 
loss of habitats or biodiversity are currently born by the livestock indus-
try, although the internalization of these externalities has been called 
for by the Ecosystem Approach (Principle 4) under the Convention of 
Biological Diversity (CBD Decision COP V/6) and again under the 
Principles for Sustainable Use by the same (binding) Convention (CBD 
Decision COP VII/12). This situation will change as there is increasing 
pressure for accountability and determination of externalities of various 
industries for future sustainable development. Buffalo may well still have 
a bright future.
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Part IV 
Management
P. CHARDONNET

From a Commodity to a High-Value Species
The African buffalo has always been taken for granted. Due to its 
massive body size and vast herds, the species has constantly been per-
ceived as an infinite source of wealth. Local hunters were fairly certain 
to bring home lots of valuable meat for their neighbours, friends and 
family. Scientists paid little attention to this abundant and rather unat-
tractive cattle-looking beast compared to charismatic creatures threat-
ened with extinction. Foreign hunters knew that a hunt for buffalo 
would not be in vain, that they would most certainly be challenged 
by a formidable adversary, with at least a thrilling fair chase as a result. 
Even conservationists were disinterested after the spectacular recovery 
of the species from the rinderpest onslaught. It is no surprise that such 
a commodity animal remained largely unnoticed and overlooked for 
so long.

Until things changed. With the human demographic upsurge, the 
escalating demand for game meat overtook the ability of wildlife – 
including buffalo – to match the needs. Buffalo habitats shrunk under 
unrestrained assaults of agro-pastoral encroachment. With the spread of 
modern weapons all over the continent, the fear of stalking buffalo faded. 
Buffalo started to struggle to cope with death tolls that were exceeding 
birth rates. They disappeared from large parts of their range, and were 
cornered in a few strongholds, mainly National Parks. Hunting Areas, 
another category of Protected Areas, became their last frontier outside 
National Parks, acting as critical buffer zones of National Parks and cor-
ridors in between.

Then the time came when visionary scientists such as Anthony 
Sinclair and Herbert Prins focused their minds on the species. Increasing 
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numbers of tourists were excited to tick buffalo off their wish list as one 
of the Big Five. A new generation of veterinarians became conscious of 
the unique capacity of the indigenous African buffalo to resist or tolerate 
diseases that devastated exotic livestock. They also gained expertise in 
capturing and moving buffalo individuals and herds. Innovative cattle-
ranchers initiated buffalo ranching as a new animal production system 
for multiple uses, both consumptive and non-consumptive, with a wider 
scope than dairy and beef, and as a means to rewild former cattle ranches.

Nearly restricted to very few countries in southern Africa, the private 
ownership of wildlife has changed the picture quite dramatically. By 
adapting livestock farming science and technology, the productivity of 
buffalo herds in captivity has improved. With optimized nutrition, espe-
cially during the dry season, buffalo ranchers get rid of the seasonality 
for breeding year-round and obtain earlier attainment of sexual maturity. 
However, the quest to produce ever larger trophy horns, driving prices 
up to at times unsustainable levels, is resulting in contentious breeding 
practices that include genetic manipulations such as outbreeding with 
East African buffalo and extreme inbreeding. Therefore, the large stock 
of captive buffalo is not considered part of the wild free-ranging popula-
tions for the long-term conservation of the taxon.

More recently, several non-African countries started to peremptorily 
impose bans on the importation from Africa of hunting trophies from 
charismatic wildlife species such as elephant and lion. This effectively 
posed an embargo on hunters from their jurisdictions to hunt for most 
trophies in range states of the African buffalo. Although buffalo (a non-
controversial species) is not targeted by the bans, it is impacted by them. 
By downsizing the hunting market, the bans leave many Hunting Areas 
vacant and exposed to poaching and habitat conversion, rendering the 
buffalo a collateral victim of bans directed at other species. In the mean-
time, the bans are elevating the value of the buffalo, making it a foremost 
game in an attempt to compensate for the loss of other huntable game. 
Although less profitable than more prominent game, the buffalo finds itself 
in a position to financially contribute more to sustain hunting concessions 
so that they can continue to function as Protected Areas for preserving 
vast tracts of wilderness and their biodiversity. Hunting the African buf-
falo, if done judiciously and with restraint, could showcase the concept of 
sustainable use, which is one of the two pillars on which the Convention 
on Biological Diversity rests, the other being conservation.

When well-managed, the buffalo is a typical example of a high-value 
species producing high income from a low percentage of the population 
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harvested. After being a commodity species throughout history, the 
African buffalo is now appearing as a promising prospect for Africa. It 
is time for buffalo to be considered a prominent asset for people rather 
than a banal species.

However, there are limitations that constrain the necessary change in 
paradigm. One is related to southern Africa, where the modified (“aug-
mented”) buffalo stock in captivity makes an ex-situ population incom-
patible with conservation. Another is external to Africa, because foreign 
standards dictated by non-African countries are working hard to prevent 
Africa from using its own renewable natural resources such as wildlife, 
including buffalo (meat and trophies). This is leading the intrinsic values 
(existence values) advocated by many in the North to prevail over the 
use-values (utilitarian values) needed by the South. It is as if African 
wildlife only exist to make nice movies and serve as tourist attractions for 
temporary visitors. One more constraint is the need to make more prog-
ress in some fields, notably in veterinary science, for example how to 
manage diseases where cattle and buffalo cohabitate, and how to develop 
physical restraint technologies that rely less on chemical immobilization, 
especially opioids.

The information provided in this section is not only based on differ-
ent forms of academic research, but also on extensive field experience, 
gained by hard work, successes and also failures. As such, the expertise 
acquired from field experience forms part of what is known as ‘experi-
ential knowledge’, important in fields such as conservation science, bio-
medical research, farming and veterinary science. While often difficult 
to collate, this information is commonly useful in practice. Therefore, in 
this section, we formalize some of the experiential knowledge that we 
have acquired over the years.
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13 · African Buffalo 
Production Systems
D. FURSTENBURG, E. GANDIWA, 
Pa. OBEREM AND Pe. OBEREM

Historical Perspective and Current Situation
Before the eighteenth century, the African buffalo Syncerus caffer 
was widespread and abundant in Africa (Furstenburg, 2015). Across 
the African continent, humans had used buffalo for millennia, well 
before domestic cattle were introduced, as a source of meat and 
 co-products such as hides. The meat from buffalo and other game was 
the product of hunting, including trapping and even kleptoparasitism. 
Unfortunately, the use of buffalo has not always been sustainable, 
in particular since European explorers and settlers arrived with their 
guns (Chapter 12). In more modern times, human population growth, 
associated agricultural encroachment and modern weaponry has 
greatly impacted the conservation status of the African buffalo across 
its continental range, reducing its natural habitat and population size. 
In southern Africa especially, culling by white settlers from the 1650s 
to 1800s had a major impact. The great rinderpest epidemic of the 
1890s spread south across the continent, further reducing the remain-
ing buffalo population while also eradicating large numbers of other 
wildlife. This compounded the earlier impacts on the geographic dis-
tribution, population size, structure of herds, migration patterns, and 
hence production of buffalo.

Buffalo are asymptomatic carriers of SAT serotypes of foot-and-
mouth disease (FMD), various species of Theileria causing East Coast 
fever, corridor disease and January disease, as well as tsetse-transmitted 
nagana (Chapter 9). To control and prevent the spread of these dis-
eases to domestic stock, veterinary fences to control the movement 
of buffalo, other disease carriers and susceptible animals consequently 
have been used in southern Africa. This has had a further dramatic 
impact on the buffalo’s range and numbers (Oberem and Oberem, 
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2016). It is only recently, with the introduction of community-based 
natural resource management, private ownership and game ranching, 
that the concept of sustainable utilization has again, this time con-
sciously, become widely practiced in southern Africa. Regional wild-
life populations have grown in southern Africa with the increase of 
private ownership.

Globally, from the year 1900 to 2000, domestic animal numbers increased 
by a multiple of 4.5 while wildlife numbers were halved (Smil, 2011). Across 
African savanna areas, after evolving at varying times and speeds in differ-
ent regions, the conservation status of habitat and species is today similar, 
with up to 80 per cent of wild animals lost and replaced in large areas by 
domestic stock, especially cattle. These developments across the continent 
have reached a point today where domestic livestock, although an exotic 
taxon, has virtually replaced buffalo, an indigenous taxon, and restricted the 
remaining buffalo populations to residual scattered wilderness.

Today, buffalo populations across Africa are broadly conserved in 
three major land-use systems, that is public protected areas owned by 
the State, communal land and private properties, the latter in only about 

Figure 13.1 Various categories of African buffalo production systems. Adapted from 
Chardonnet, 2011; background picture: © Christophe Morio.
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five countries, all in southern Africa, out of the 37 African buffalo range 
countries. Variations in management objectives across these land-use 
regimes strongly influence the resultant production systems and the 
extent of the species’ utilization by land managers. Consequently, buf-
falo production systems have evolved and diversified between extensive 
models with free-ranging buffalo at low densities on large land areas 
and, at the other extreme, intensive models with enclosed buffalo at 
high stocking rates on small, fenced properties (Figure 13.1). The various 
categories of buffalo production systems are not compartmented; there 
is a continuum between categories.

Buffalo farms are always fenced, most buffalo ranches are fenced, while 
most hunting areas with buffalo as a game animal are unfenced. In South 
Africa, however, all reserves, parks, ranches and farms where buffalo 
production occurs are enclosed by fences that restrict animal movement.

Buffalo Production Systems
Wildlife production systems can be classified on a scale of intensity of 
management. Here they are structured into three categories of property 
size and management intensity: (1) extensive production systems, (2) semi-
extensive systems (game ranches) and (3) intensive systems (game farms).

In Zambia, the 200 game ranches existing there in 2012 (with a growth 
rate of six (6 per cent) per year over the past 32 years) were classified in three 
similar categories: (i) large-size game ranches of over 500 ha (75 ranches, 
that is 38 per cent of the national total), (ii) intermediate-size game farms of 
between 50 and 499 ha (27 game farms, 13.5 per cent of the national total) 
and (iii) small-size ornamental properties of less than 50 ha (98 ornamental 
properties, 49 per cent of the national total) (Chomba et al., 2014).

This structure and these definitions are made in a quest to clarify 
and better understand the concepts. However, there are no strict limits 
between the three categories, it is rather a gradient of intensity.

Extensive Production Systems

In extensive production systems, buffalo are free-ranging and occur at 
natural densities, with or without the ability to migrate between natu-
ral resources and without managerial or veterinary intervention, as seen 
through most of the range states in Africa. Wildlife in extensive produc-
tion systems is managed to be utilized for ecotourism and/or regulated 
hunting (Bothma and Du Toit, 2016).
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Multispecies Bushmeat Hunting in Natural Ecosystems
Africa’s diverse ecosystems are endowed with wild large carnivores and 
herbivores that hold both ecological and socio-economic importance, 
and bushmeat hunting is probably as old as humans and still occurs today 
throughout Africa, both legally (hunting) and illegally (poaching).

In large areas, managers generally employ a more hands-off (exten-
sive) management style utilizing multi-species in natural ecosystems. 
The smaller the area, the higher the likelihood that fewer species are 
more intensively managed.

The Cape buffalo Syncerus caffer caffer (hereafter, buffalo), given its 
large size and gregarious gathering in herds, was once one of the south-
ern and eastern African mega-herbivores with the largest distribution 
(Hildebrandt, 2014). In Africa, humans have, with some exceptions, 
mostly been transformed from traditional hunter-gatherers into seden-
tary village hunters and farmers (Wilkie et al., 2016). Historically, subsis-
tence hunting for consumption (bushmeat) in traditional systems was not 
considered to have a detrimental effect on wildlife populations, because 
hunting was regulated (Fa and Brown, 2009). Traditional hunting or 
human predation in multi-species natural wildlife production systems for 
animal protein (bushmeat) and other wild animal products characterize 
many tropical indigenous communities (Marks, 1977a; Manyanga and 
Pangeti, 2017). For example, the African buffalo is among the important 
target species for the Valley Bisa community in the Luangwa Valley, 
Zambia. Their hunting techniques and selection of prey is related to the 
ecology and behaviour of the prey and influence the hunting patterns 
and timing of hunts (Marks, 1977a, 1977b). This traditionally organized 
form of wild animal hunting has facilitated the persistence of wild ani-
mals due to its selectivity and associated cultural conservation practices 
(Marks, 1973). However, with the general decline in large wildlife pop-
ulations (Craigie et al., 2010; Mabeta et al., 2018), species such as buffalo 
tend to be progressively substituted by medium to small-sized wild her-
bivores in response to the increasing demand of bushmeat consumption 
and trade in urban markets (Davies and Brown, 2007).

Around the start of the twentieth century, the declines in wildlife 
populations prompted many African countries, most then under colonial 
rule, to criminalize the traditional livelihood strategy of bushmeat hunt-
ing (Child et al., 2012). This led to negative relationships and conflict 
among local people, wildlife and the state as most local communities’ 
access to bushmeat was controlled. Any local hunting of wildlife now is 
labelled as poaching, and wildlife are mostly confined to protected game 
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areas and national parks (Child et al., 2012; Hildebrandt, 2014; Mutanga 
et al., 2015).

Today, bushmeat hunting is generally non-selective and indiscrimi-
nate with regard to the animal’s sex and age and, when it is com-
mercial, to the number of individuals taken. As rural populations 
grew, hunting methodologies became more modern, effective and less 
selective (firearms as opposed to the more traditional methods). As 
the land available for wild animal populations became limited by the 
expansion of farming and agriculture, bushmeat hunting concentrated 
in the remaining natural habitats was reported to threaten wildlife 
populations (Child et al., 2012; Wilkie et al., 2016). Literature points 
to hunting by humans, since the advent of modern firearms, having 
led to the extinction of wildlife species inclusive of large carnivores 
and herbivores (Martin, 1966; Ripple et  al., 2019). Today, wildlife 
provides many ecosystem services in the form of ecotourism, trophy 
hunting, meat, medicinal products, aesthetic enjoyment and inspira-
tion (Tchakatumba et al., 2019).

Community-Based Natural Resources Management  
and Multi-Species Hunting
The introduction of community-based natural resources management 
(CBNRM) in the early 1980s was perceived as a necessary interven-
tion to benefit wildlife and communities (Child et  al., 2012). Where 
CBNRM is implemented properly, wildlife can be used sustainably as 
an economic engine in communal lands while simultaneously encourag-
ing conservation (Child et al., 2012). For example, the Communal Areas 
Management Programme for Indigenous Resources (CAMPFIRE) is an 
example of a CBNRM programme that was designed and implemented 
by the Government of Zimbabwe in 1989 to stimulate the long-term 
development, management and sustainable use of natural resources in 
the country’s communal farming areas adjacent to state-protected areas. 
Thus, under CAMPFIRE, extensive natural wildlife areas were actively 
managed by local communities in order to reduce unsustainable exploi-
tation of wildlife and human–wildlife conflicts, while also providing 
local communities with conservation benefits and incentives (Muboko 
and Murindagomo, 2014). A major shift in the business model was the 
sharing of benefits inclusive of bushmeat derived from organized trophy 
hunting of multiple species of wild animals based on a participatory and 
sustainable quota setting system.
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In 2022, a total of 58 of 60 districts in Zimbabwe were under 
CAMPFIRE programmes with a total area of 50,000 km2 (12 per cent of 
Zimbabwe’s surface area), which supports approximately 200,000 house-
holds (Machena et al., 2017; Campfire Association Zimbabwe, 2022). On 
average, CAMPFIRE generates about €1.85 million per year with trophy 
hunting, constituting the major source of revenue while other sources of 
revenue include ecotourism and lease fees (Machena et al., 2017). Thus, 
under CAMPFIRE, local communities realize both direct and indirect 
benefits from the sustainable management of local natural resources 
(Figure 13.2). The buffalo is identified as one of the ‘Big Five’ species, 
is valuable for both meat and trophy hunting and is a high-value species 
for photographic tourism. Local communities are tasked with conducting 
anti-poaching patrols and general resource monitoring in CAMPFIRE 
areas. Studies on CAMPFIRE show that wildlife habitats are being main-
tained well and have created conditions for increased wildlife popula-
tions outside protected areas (Gandiwa et al., 2013; Musiwa and Mhlanga, 
2020). Nonetheless, there has been some criticism of the CAMPFIRE 
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Figure 13.2 Flow of direct and indirect benefits from CAMPFIRE programmes 
(Tchakatumba et al., 2019). *RDC refers to Rural District Council. Source: with 
permission of Taylor & Francis.
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experience (e.g. Dzingirai, 2003). Elsewhere, similar CBNRM pro-
grammes (e.g. Botswana and Namibia) have led to enhanced conserva-
tion, benefits for local communities and recovery of wildlife populations 
(Mogomotsi et al., 2020; Stoldt et al., 2020).

Semi-Extensive Production Systems: Game Ranches

A semi-extensive production system is a natural area that is large enough 
for self-sustaining wildlife populations to be managed, that is a game 
ranch or a national, provincial or private park or reserve (Cloete et al., 
2015). It can be fenced or unfenced, but humans need to intervene to 
provide either water, supplementary and/or complementary feeding, 
control of parasites, control of predation or the provision of health care 
(Cloete et al., 2015). Camp sizes (subportion of a game ranch/reserve) 
vary from several hundred to several thousand hectares depending on the 
habitat, climate, environment, other herbivore species, topography of the 
land and the nature and scope of the business. Every production system 
is unique, with specific ecological and animal management parameters 
addressed scientifically and professionally by experts. Game ranches may 
be considered as an innovative, sustainable form of agriculture or animal 
husbandry where an important outcome is the rewilding of an area.

Buffalo ranching often occurs in semi-extensive multi-species pro-
duction systems as one element of the herbivory with or without natural 
predation. Stocking rates may exceed the natural carrying capacity of the 
rangeland; hence, in such cases, the need to supply supplemental feed 
during the dry season. Without careful rangeland management, there is 
subsequently a risk of ecological deterioration of natural habitat condi-
tions. Buffalo ranching is often practiced on marginal agricultural land 
that was formerly severely degraded due to monocropping or domestic 
stock farming, and there is a need over time for sophisticated habitat 
rehabilitation programmes to be implemented (Chapter 14).

Such systems also require the management of sex and age structure by 
(i) limiting the number of mature breeding bulls (selective per individual 
animal profiling), normally 1 bull per 20–40 mature cows; (ii) removing 
surplus young bulls, mostly allowing only one bachelor group of <10, or 
complete removal of all young bulls, to limit social confrontation and fight-
ing with the usually very valuable breeding bull; and (iii) removing and/
or replacing post-age and non-productive females from the population.

Its reputation has given the buffalo the status of being recognized 
worldwide as one of the ‘Big Five’. The buffalo is the most dangerous of 
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all African game species, especially if wounded or solitary. Its economic 
value has been further enhanced (Figure 13.3) by veterinary restrictions 
that prevent its translocation due to the danger of spreading disease. 
Consequently, the captive breeding of disease-free buffalo in semi-
extensive confinement has become a lucrative business, but one which 
must be approached properly to ensure success. There was a boom in 
prices after the worldwide economic crises of 2008, reaching a record 
high in 2017 (Figure 13.3), followed by a fall to more normal pricing 
trends during 2018–2019.

Intensive Production Systems: Game Farms

Intensive wildlife production systems occur in small fenced areas where 
wild animals are intensively managed for the production of meat, hides 

Annual average life sale prices - African Buffalo (D Furstenburg, AFRI WILD)
Data from: Vleissentraal; T. Eloff, Univ. Potchefstroom; Cloete, Cloete & Taljaard,
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Figure 13.3 Auction prices of live breeding buffalo bulls over time and illustrating 
the value initially placed by purchasers on buffalo of East African origin for reasons 
discussed in the section dealing with production of buffalo with large horn size, 
below. East African buffalo, formerly recognized as a subspecies, is phenotypically 
12 per cent larger in body size, 10–20 cm higher shoulder height, with greater 
horn spread, lesser curve-drop and smaller bosses, than the southern African 
buffalo. East African buffalo was introduced into the South African production 
systems adding specific value market traits. © Deon Furstenburg.
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and live animals. Buffalo farming is also sometimes practiced intensively 
in small camps on game farms, mainly to produce highly priced ani-
mals for live sales, that is specific disease-free and specifically selected 
for phenotypes (e.g. body size, horn size and shape) of trophy buffalo 
(Figures 13.5 and 13.6; Bothma and Du Toit, 2016). A camp is fenced 
off to more closely manage rare and valuable animals that cannot move 
freely. These small camps vary in size from 5 ha pens to 80 ha camps. As 
a result of the small surface areas of the camps, daily supplement feeding, 
or even a complete feed, is provided all year round, the ratio depending 
on the camp size and quantity (biomass) and quality (nutritional contents) 
of the grass production. The animal load in the camps exceeds natural 
vegetative carrying capacity generally by two- to threefold or more. One 
mature bull (selected by its animal and genetic profile) and 10–40 mature 
cows depending on the specific situation are usually kept as a herd in 
a camp. As a result of socio-spatial restrictions, only one bull is kept 
and all male progeny are removed to a different camp before reaching 
sexual maturity and the risk of intersocial confrontation, that is fighting. 
However, because of the recent dramatic decline in prices attained for 

Figure 13.4 Horizon, the most expensive African buffalo bull ever bred so far, was 
sold at an auction for €10.8 million. Horizon was bred by Jacques and Caroline 
Malan of Lumarie. According to the SCI method (following the external curve of 
the horns, in inches), he measures an impressive 55 6/8". © Nyumbu Game.
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Figure 13.5 Aerial view of a 460-ha intensified multi-camp buffalo production 
system in savanna habitat with centred pens for handling, supplement feeding 
and rotation of stocking between camps. Optimal habitat management entitles 
(i) a 2-camp system per buffalo herd and rotated every 8 months, or (ii) a 3-camp 
system per herd and rotated every 4 months (Furstenburg, 2017a).

Figure 13.6 Example outlay of a semi-extensive buffalo production camp system 
(2-camps, on average 230 ha each, per breeding herd, including two free-roaming 
areas >4,000 ha each for surplus animals) constructed per vegetation survey map in 
arid Kalahari savanna habitat (Furstenburg, 2017b).
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buffalo and due to the cost of management, feed, veterinary services and 
medication in these intensive systems, the truly intensive breeding facili-
ties have begun to turn more to semi-intensive methods of ranching.

Buffalo Products
All of the above production systems rely on one or more of the four 
sustainable use pillars of ‘game ranching’, namely (i) breeding for sale 
to new properties being converted to game ranches and rewilding; 
(ii) non-consumptive tourism, that is ecotourism; (iii) consumptive 
 tourism, that is hunting; and (iv) production of meat and other animal 
products such as skins/leather, curios from horns, skins, hooves, bones, etc.

Live Sales of Breeding Animals

Many game ranchers took the opportunity to breed game animals for 
live sales. Most of these specialized in specific so-called rare species, 
for example bontebok, black wildebeest, sable antelope, roan antelope. 
Others specialized in specific, sought-after characteristics such as buffalo 
and sable with trophy-quality horns and body conformation. Yet others 
focused on multiplying colour variants that occur naturally but rarely in 
nature, such as black impala, golden wildebeest, etc. The breeding, sale 
and translocation of these animals resulted in the rewilding of marginal 
conventional agricultural land that was converted into game ranches. 
Today, this market segment is less lucrative than at its summit in 2017 
but is still thriving.

Non-Consumptive ‘Ecotourism’/Wildlife-Viewing Tourism

Non-consumptive tourism in the form of wildlife-viewing tourism can 
also be regarded as a production system where the product or service is a 
photographic, educational or recreational safari sold to clients who buy a 
period of time spent in nature to watch fauna and flora including buffalo. 
Buffalo, as one of the ‘Big Five’ and with a reputation of being dangerous, 
are highly prized by wildlife-viewing tourists. With appropriate manage-
ment, both consumptive and non-consumptive tourism can be conducted 
in the same area to increase and diversify the value of the ecosystem service.

Consumptive Tourism/Hunting Tourism = Sustainable Utilization

By definition, hunting tourism harvests a very low percentage of indi-
viduals within populations, old males or excess animals only, with the 
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ecological and economic objectives of (i) conserving a buffalo popula-
tion and its habitats through sustainable hunting and (ii) sustaining the 
hunting enterprise as well as the ranch. The trophy-hunting model aims 
to produce large trophies, while the sport-hunting model aims to offer 
fair chase hunts to tourist hunters who are more interested in the quest 
than in the trophy.

These buffalo-hunting production systems operate over large to very 
large areas where the buffalo densities appear at their natural levels, which 
are low compared to intensive systems. In all of the countries where buffalo 
tourism hunting occurs, hunting areas are unfenced open range extending 
in size from between 50,000 and 300,000 ha. South Africa, where buffalo 
are hunted in fenced hunting areas of smaller but still physically substantial 
sizes such as a few thousand hectares, is an exception. Given the demand 
and value realized by these forms of buffalo hunting, hunting buffalo for 
meat in these semi-extensive systems is rare, in contrast with the hunting 
of more common, less expensive game species (Chapter 16).

Animal Products

Game meat is considered a delicacy in many parts of the world where 
it is in demand for its rarity and its health benefits, such as high protein 
and low fat content. There are specialist harvesters who harvest excess 
animals for the purpose of supplying specialist game meat processors. 
The jurisprudence with respect to the South African Meat Safety Act 
40, 2000 still needs (after >12 years of negotiations) to be amended to 
ensure that game meat can reach its true potential as a source of good, 
healthy, natural protein.

Many different curios are manufactured, formally and informally, 
from many parts of carcasses used for trophies and meat, including from 
skins (leather goods such as skin floor mats, shoes, handbags and belts, 
even furniture coverings), horns (door handles, lamps, wall decorations), 
bones (carved salt and pepper cellars, knife handles, lamp stands), etc.

Case Study: The Wildlife Ranching Industry 
in South Africa

The Buffalo in South Africa

In South Africa, the game ranching industry was born with the prom-
ulgation of the Stock Theft Act in South Africa in 1991, which confers 
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ownership of game to the owner of the land so long as the land is adequately 
fenced. It got a further growth boost in 1996 when the new South African 
Constitution was adopted; Section 24 of this constitution recognizes the 
principle of the sustainable use of natural resources in South Africa.

The 2008 economic crisis played a further role with investors seeking 
different ways to invest their money. At its summit in 2015/2017, 8,000–
10,000 game ranches covered almost 20 million ha (i.e. 14 per cent of 
the national estate, an area 2.2 times larger than the formally protected 
areas of the country). Many game ranches were established on marginal 
land, that is farmland with low agricultural production potential. Others 
were established on degraded agricultural farmland that was previously 
occupied by monocultures of domestic stock and/or crops such as maize 
(Cloete et al., 2015), thus rewilding and converting former farms into 
wildlife-based enterprises.

Sustainable use as a form of conservation was at the beginnings of a 
massive private and privately funded ‘rewilding’ of the country. This 
brought about a major turnaround in the numbers of many endangered 
species, as well as in the ‘ownership profile’ of animals in the coun-
try. As can be seen from Table 13.1, the numbers of species, including 
endangered species, are much higher on privately owned game ranches 
compared to state land.

The same successful contribution has been made by private owners 
on private land to the survival of buffalo in South Africa. Table 13.2 

Table 13.1 Percentage of various species, some 
endangered, on private land owned by private game 
ranches versus those on state reserves in South 
Africa (Nel, 2021; Furstenburg et al., 2022).

Species
% on private  
land

% on state  
land

Black wildebeest 87 13
Blesbok 90 10
Bontebok 88 12
Buffalo 63 37
Oribi 97 3
Roan antelope 95 5
Sable antelope 97 3
White rhinoceros 65* 15*

 * Of the world population.
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indicates the number of buffalo in national and provincial parks versus 
game ranches as well as their disease status. There are only 645 disease-
free buffalo in state parks compared with 75,000 disease-free buffalo on 
private ranches.

Legal Status of Buffalo in South Africa

The South African Government Gazette No. 42464 dated 17 May 2019 
amended table 7 of the Animal Improvement Act (Act no. 62 of 1998) 
and now lists 32 new wild animal species, including 24 indigenous 
mammals (e.g. the African buffalo), to provide for the breeding, iden-
tification and utilization of genetically superior animals to improve the 
production and performance of animals in the interest of the Republic. 
By declaring these wild animals as landrace breeds (in table 7 of the 
regulations), the Act typically provides for landrace breeds to be bred 
and ‘genetically improved’ to obtain superior domesticated animals with 
enhanced production and performance. Similarly, provision is made for 

Table 13.2 Numbers and disease status of buffalo in South Africa; bTB = 
tuberculosis; CA = brucellosis; FMD = foot and mouth disease (personal research 
of P.T. Oberem).

Facility:
State Protected Areas 
versus private ranches Size (Ha)

Buffalo 
numbers Sanitary status

Kruger NP 2,000,000 >35,000 bTB, CA, FMD positive, 
theileriosis positive

Addo Elephant NP 170,000 440 bTB, CA, FMD, Theileria free
Mountain Zebra NP 28,400 80 bTB, CA, FMD, Theileria free
Hluhluwe–Imfolozi 96,000 >7000 bTB, theileriosis positive

CA free, FMD free?
Camdeboo 19,400 75 bTB, CA, FMD, Theileria free
Marakele 61,000 20 plus bTB positive?, CA, FMD, 

Theileria free
Mokala 26,485 50 bTB, CA, FMD, Theileria free
Madikwe 72,000 800 CA, Theileria, FMD free, bTb 

positive
Total in State 

Protected Areas
2,401,285 >43,465 Only 645 disease-free

Total on private 
ranches

>7,000,000 
(available)

>75,000 ALL DISEASE-FREE
bTB, CA, FMD, Theileria free
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the Breeders Association to lay claim to the breed and to establish spe-
cific breed standards for animals to be included in stud books. Animals 
declared as landrace breeds can also be used for genetic manipulation, 
embryo harvesting, in-vitro fertilization and embryo transfers.

Numerous concerns about the new legislation have been raised, 
including from scientists, over negative genetic consequences, ecologi-
cal and economic risks, as well as direct conflict with other biodiversity 
laws in South Africa (e.g. IUCN SSC Antelope Specialist Group, 2015; 
IUCN, WCC 2016; Somers et al., 2020). However, many if not all of 
these concerns could be mitigated by the Code of Conduct of the game 
breeder association (Wildlife Ranching South Africa), which intends to 
become the administrative and implementing agent under this legislation.

Macroeconomics

On the 20 million hectares occupied by game ranches, an income stream 
of €1.2 billion (ZAR 20 billion; €1 = ZAR 16.31) is generated annu-
ally, resulting in numerous decent jobs and outperforming the national 
economy (Oberem and Oberem, 2016).

Surveys of game ranch usage in South Africa (Taylor et al., 2020) revealed 
important facts about the benefits of private game ranching. Eighty per cent 
of private ranches utilized some form of consumptive sustainable use, with 
5 per cent of the total land area covered by these private properties uti-
lized for intensive breeding of rare species or colour variants. While prof-
itability varied greatly between the properties, they produced an average 
return on investment (ROI) of 0.068 and employed more people at higher 
wages than equivalent domestic livestock operations. From the survey, it 
was concluded that the South African model could be a suitable option for 
other African countries seeking sustainable land-use alternatives.

A further survey (Taylor et al., 2021) assessed how the wildlife ranch-
ing sector (including intensive and semi-extensive) contributes to the 
conservation of herbivores. It concluded that individual ranches had a 
mean of 15.0 (±4.8) species, 1.9 (±1.5) threatened species and 3.6 (±3.1) 
extralimital species per property. In comparison to 54 state Protected 
Areas, wildlife ranches had significantly higher species richness, more 
threatened species but also more extralimital species, with total herbi-
vore numbers estimated to be as many as 7.5 million. The report con-
cluded that private game ranching in South Africa represents one of 
the few examples on earth where indigenous mammal populations are 
thriving and demonstrating how sustainable use can lead to rewilding.
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Nel (2021) reported that 50 per cent of game ranches obtain an 
income from hunting, with hunting being the main income stream for 
30 per cent of these ranches. Of these game ranches, 5 per cent conduct 
photographic tourism and 52 per cent are engaged in all four of the eco-
nomic activity pillars. Table 13.3 indicates the income obtained from the 
economic activity pillars on game ranches.

In South Africa, buffalo was the number one income-generating spe-
cies in 2016 (North-West University, 2017; Table 13.4), although it does 
not appear on the list of the top ten most hunted species. This is an 
outstanding demonstration of a high-value species that produces high 
income with a small number of harvested individuals.

Basics of the Game Ranching Technology

In general, smaller properties require far more management inputs than 
larger ones where the size, diversity and lower density levels of animals 
allow for less close oversight and interventions.

Infrastructure
Fences around game farms in South Africa are regulated by law. To own 
wild animals the property is required to have a Certificate of Adequate 
Enclosure (CoAE), which is issued by the Department of Environmental 
Affairs. The specifications (height, number of stands, etc.) are dictated by 
the law. In order to introduce and release African buffalo onto the prop-
erty, a permit (WR number for the property) is required from Veterinary 
Services. Properties with buffalo also have specific minimum fencing 
requirements. Fences are not generally electrified, they are so usually 
only when very valuable animals are kept in small camps (<80 ha), and 

Table 13.3 Income from various economic activity pillars on game 
ranches in South Africa (Nel, 2021) (€1 = ZAR16.31).

Activity Annual income (€1 = ZAR16.31)

Subsistence hunting (meat) €735.9 million (ZAR 12 billion)
International hunting (sport/trophy) €122.7 million (ZAR 2 billion)
Processed products (meat/leather/curios) €306.6 million (ZAR 5 billion)
Live animal sales @ formal auctions €61. million (ZAR 1 billion)
Total €1.2 billion (ZAR 20 billion)
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this to keep aggressive bulls in adjacent camps from fighting and to pre-
vent predation of the calves.

In order for any buffalo to be moved from one property to another, 
both properties need to be approved and registered (WR numbers) by 
Veterinary Services, the animals have to be tested for the four controlled 
diseases, namely FMD, corridor disease (i.e. theileriosis), bovine brucel-
losis/contagious abortion (CA) and bovine tuberculosis (bTB). Permits 
must then be issued by the Department of Environmental Affairs in the 
provinces involved (two if moving the animals from one province to 
the other).

Bomas, or small, sturdily built camps of 1 ha or less, are not often used. 
When they are, it is mainly only for temporary housing, for example 
when holding animals while waiting for disease test results and permits 
(no animals may be moved without permits, see above), while in quar-
antine and/or for adaptation purposes to new farms in new and different 
geographic areas (Figures 13.7 and 13.8).

Table 13.4 Top 10 income generators (€1 = ZAR16.31) (North-West 
University, 2017).

Species 2014 2015 2016
% 
CHANGE

Buffalo €7.8 million
(ZAR127 million)

€8.9 million
(ZAR145 million)

€13.5 million
(ZAR220 million)

+73

Sable €3.5 million
(ZAR57 million)

€4.5 million
(ZAR73 million)

€7.2 million
(ZAR117 million)

+106

Lion €12 million
(ZAR195 million

€11.1 million
(ZAR181 million)

€6.8 million
(ZAR111 million)

–43

Kudu €4.8 million
(ZAR78 million

€6.4 million
(ZAR104 million)

€6.7 million
(ZAR110 million)

+40

White  
rhino

€4.4 million
(ZAR72 million)

€4.7 million
(ZAR76 million)

€5.1 million
(ZAR83 million)

+14

Nyala €2.8 million
(ZAR45 million)

€2.8 million
(ZAR46 million)

€4.7 million
(ZAR76 million)

+71

Waterbuck €2.2 million
(ZAR36 million)

€2.5 million
(ZAR40 million)

€3.1 million
(ZAR51 million)

+39

Blue wilde-
beest

€2.2 million
(ZAR36 million)

€2.4 million
(ZAR39 million)

€3.1 million
(ZAR50 million)

+39

Burchell’s 
zebra

€2.4 million
(ZAR39 million)

€2.8 million
(ZAR45 million)

€3.1 million
(ZAR51 million)

+29

Oryx/gems-
buck

€2.4 million
(ZAR39 million)

€3.1 million
(ZAR51 million)

€3 million
(ZAR49 million)

+27
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Figure 13.7 Buffalo in boma. © Q. Strauss – MLP Media.

Figure 13.8 Buffalo in boma. © J. Malan.
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The sectoral focus that is the main economic driver and the size of 
the game ranch determine the need and type of water provision and/
or water facilities provided. The biggest ranches would most likely 
rely mainly on natural water resources and sources such as rivers, dams 
and wetlands with perhaps (as is seen even in the 2 million ha Kruger 
National Park) some additional artificial drinking reservoirs and troughs 
to supplement the resource and ensure better utilization of the available 
habitat (pasture). At the other extreme, smaller farms and camps may rely 
entirely on such artificial sources.

Habitat and Feeding Management
Habitat management includes restoring the natural habitat and vegetation 
that generally has/had been damaged to varying degrees by earlier agri-
cultural practices, including ploughing, overgrazing with a monoculture 
of species (e.g. cattle) and internal fencing/camping. It also includes pro-
viding artificial water sources, boreholes, reservoirs and dams to improve 
the utilization of the natural habitat across the property. Many of these 
former cattle farms also may be damaged as a result of bush encroachment 
(e.g. Dicrostachys sp., Stoebe vulgaris, various thorn trees of Senegalia and 
Vachellia sp.), which requires expensive interventions to restore the veg-
etative value and carrying capacity. It may also entail the removal of toxic 
invasive plants (often aliens) such as Lantana camara and Asclepias spp.

Especially on smaller properties, supplementary feeding needs to be 
practiced, in particular during the dry season (in South Africa this is 
mainly during the austral winter months) to ensure optimum health 
and reproductive rates. This would include vitamin and mineral supple-
ments, protein supplements during the winter, and compounds to coun-
teract the plant’s own defences, for example inclusion of polyethylene 
glycol (PEG) and propylene glycol (PG) to bind terpines and tannins 
allowing better utilization of especially browse but also lignified sour 
grasses  during the winter (van Hoven and Oberem, 2018).

Breeding and Health Management
The first most important breeding management interventions are reduc-
ing the number of male animals that are kept for breeding to allow a 
higher percentage of female animals, that is altering the sex ratio from 1:1 
to 1 male for 25–40 females. Males that are not selected for breeding are 
used either for trophy/sport hunting or for harvesting game meat. The 
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second most important breeding management intervention is the selec-
tion of specific males for breeding to (i) maintain the natural characteris-
tics of the species, (ii) improve adaptedness to that specific environment 
and (iii) improve general health by selecting against characteristics pre-
disposing to parasites and diseases. For example, it is not recommended 
to breed with animals, in particular bulls, that habitually carry large 
numbers of ticks (‘tick taxis’). In the case of buffalo, selection is often 
specifically to restore the ‘lost’ horn length and character, which was 
selected against by heavy trophy hunting over many decades. A further 
important reason for selecting specific males and keeping records thereof 
is to prevent inbreeding.

Reproductive performance can be greatly improved by supplementary 
feeding in particular, and by reducing the numbers of male animals – and 
hence competition. Production management reduces the average inter-
calving rate of cows from extensive areas (as seen in the larger protected 
areas) from 22 to 14.5 months. This increases the maximum number of 
progeny per lifespan (20 years, first mating at age 5) from a natural n = 
8 calves to n = 12 per lifespan (i.e. a 50 per cent increase per breeding 
cow). The age at first calving can also be reduced through the provision 
of constant quality feeding.

Wild animals have various adaptations to reduce the impact of para-
sites such as ticks and helminths on them. In some cases, this consists of 
migrating away from heavily parasitized areas, which often is not possible 
on fenced properties. This requires management interventions to reduce 
parasite numbers. Various ‘self-medication’ forms of acaracide applica-
tions have been developed. However, they all have negative aspects (e.g. 
not being able to control which animals are treated, frequency of dose 
and/or rate/size dose are difficult to control). Recently, acaricidal balls 
have been developed, shot by paintball sporting guns, meaning that the 
correct pour-on acaricide dose can be applied to the correct animal at 
the required time. Helminth treatment is usually only necessary on small 
properties with a higher numbers of animals per hectare and is most 
commonly applied to the supplementary feed.

Genetic Perspective of Buffalo Ranching

In South Africa, all buffalo are in fenced areas, either on private game 
ranches or National or Provincial Protected Areas. Similarly, veterinary 
fences and national boundaries in many cases prevent the migration and 
free movement of buffalo. This has created separate genetic pockets in 
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regions, countries, reserves and private ranches. Given the earlier genetic 
bottlenecks the African buffalo has suffered, namely the great rinderpest 
epidemic, and hunting and veterinary controls, this further genetic isola-
tion is of great concern. Private game ranchers, however, have by the 
nature of their businesses traded and moved animals, in particular bulls, 
from farm to farm, a practice of metapopulation species management. 
The purpose was and is twofold, namely to (i) mitigate against inbreed-
ing and loss of genetic diversity and (ii) enhance the quality of the ani-
mals on a property by being healthy specimens of the typical buffalo in 
line with the descriptions recorded by Skinner and Chimimba (2005).

A study of 4,000 buffalo from 26 private ranches (Greyling et al., 2013) 
revealed that 11 ranches had a genetic diversity 3 per cent lower, and 
nine ranches had a genetic diversity greater than that of Kruger National 
Park. The latter indicates the enhancement obtained from metapopula-
tion outbreeding because of frequent trading between private populations. 
In comparison, relative heterozygosity of private production populations 
ranges from 1.05 to 0.7 (disease-free) compared to protected conservancy-
based populations of (i) Kruger National Park = 1 (diseased, meaning with 
the four main diseases cited above, that is bTB, CA, FMD and theleirio-
sis), (ii) Hluhluwe–iMfolozi = 0.85 (diseased), (iii) Addo = 0.65 (disease-
free) and St Lucia Estuary = 0.62 (diseased) (Greyling, 2017).

Metapopulation macro-genetic management by private production 
systems could not only enhance, but also restore historically depleted 
genetic diversity of game species, with a positive contribution to 
the survival of the species. The combination of climate change and 
human industrial development poses increased risk to species adapta-
tion and survival (Furstenburg and Scholtz, 2009; Scholtz et al., 2010). 
Consequently, increased species and population heterozygosity (genetic 
integrity) has become directly essential for species survival, and sustained 
species marketing traits as incentive for production breeding being indi-
rectly essential (Chapter 3).

Production of Specific Disease-Free Buffalo

After detecting bTB in Kruger National Park in 1990, a project 
was developed to preserve the Kruger buffalo genotype. In 1998, 11 
 disease-free calves were successfully bred and moved to private land out-
side of Kruger National Park. As a result of the subsequent successful 
breeding of more than 27,000 privately owned disease-free buffalo in 
South Africa, the project was terminated in 2011 (Bengis et al., 2016). 
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In contrast to state and provincial parks, all buffalo in the private buffalo 
sector are thus currently disease-free (Table 13.2; Chapter 12).

Production of Large Horn Size Buffalo

Early travellers’ journal entries and many scientific studies indicate that 
buffalo, like many other species (e.g. sable, Hippotragus niger; greater 
kudu, Tragelaphus strepsiceros; eland, Tragelaphus oryx; elephant, Loxodonta 
africanus; and more), were exploited during the eighteenth and nine-
teenth centuries by continuous selective hunting. Trophy hunters in 
particular often first shot the largest individual in a herd, consequently 
possibly gradually depleting the natural genetic integrity and quality of 
the species. Studies of kudu populations by Furstenburg (2005) in both 
free-roaming conservancy production and semi-extensive production 
systems in the Eastern Cape and in Namibia revealed genetic quality 
depletion in under 20 years by continuous selective harvesting/hunting.

During the wildlife price boom of the 2010s, East African buffalo 
had greater trade value for having a 12 per cent larger body size and a 
greater horn spread than the Kruger and Addo phenotypes. Kruger buf-
falo are known for thick bosses and a deep drop at the side of the head 
before curving upwards, and Addo buffalo have smaller body sizes and 
smaller bosses. East African buffalo were introduced and bred with the 
Southern African private populations during the late 1990s. Gradually, 
trophy quality increased, and the first 50-inch trophy bull was auctioned 
in September 2013 for €1.6 million (ZAR 26 million), and re-auctioned 
in February 2016 at an all-time record for buffalo of €10.8 million (ZAR 
176 million; the animal shown in Figure 13.4). Indications from auctions 
are that today there are more than 50 bulls with greater than 50-inch 
trophies among the breeding stock in private production systems in 
South Africa.

The extent to which this is manipulated genetic engineering versus the 
restoration of historic natural genetic integrity continues to be debated at 
the national and international levels. At the national level, disagreements 
between various organizations are flaring, including between hunting 
organizations (Selier et al., 2018). Somers et al. (2020) point out numer-
ous concerns in the new legislation, including the process of consulta-
tion, and argue that the law will not improve the genetics of the species 
mentioned but will have considerable negative genetic consequences 
and pose ecological and economic risks. At the international level, there 
is much concern about intentional genetic manipulations of wildlife, for 
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example (i) the World Conservation Congress at its session in Hawaii, 
United States of America, 1–10 September 2016, adopted the recom-
mendation WCC-2016-Rec-100-EN on management and regulation of 
selective intensive breeding of large wild mammals for commercial pur-
poses (IUCN WWC, 2016); and (ii) the Antelope Specialist Group of 
IUCN released in 2015 a position statement warning about intentional 
genetic manipulation of antelopes (IUCN SSC Antelope Specialist 
Group, 2015).

The twin impacts of indiscriminate hunting of the better trophy buf-
falo bulls in the rest of Africa and the managed breeding and sustainable 
use of these animals in South Africa are clearly visible in Figure 13.9 
(Safari Club International, 2022). The growth of hunted buffalo’s aver-
age horn length in South Africa can be seen in the graph of records from 
the 1990s. In comparison, the horn lengths of hunted buffalo from the 
rest of eastern and southern Africa have shown a steady decline, probably 
as a result of indiscriminate hunting of the better horned bulls.

Average buffalo horn length: RSA & Rest of Africa (RoA)
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Figure 13.9 Average horn length in Cape buffalo (Syncerus caffer caffer) in South 
Africa (n = 777, 22 per cent) and in the ‘Rest of Africa’ (RoA), a variable 
composed of data from 11 countries from eastern and southern Africa: Angola, 
n = 19; Botswana, n = 35; Kenya, n = 89; Mozambique, n = 100; Namibia, 
n = 16; Rwanda, n = 3; Tanzania, n = 857; Uganda, n = 4; Zambia, n = 482; 
Zimbabwe, n = 811. All buffalo were hunted for trophy hunting in South Africa 
when buffalo in other countries may have been hunted for other reasons. Graph 
drawn from data published by Safari Club International (2022).
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Domestication

Domestication of a species is a process whereby, over time, and via genetic 
selection and modification of a species, it may be adapted for human asso-
ciation and use. Some species, through their genetic plasticity, are better 
suited for this process (e.g. the dog). It is important to distinguish domes-
tication from ‘taming’ and ‘habituation’, both processes being short-term, 
individual- or small group-based and not involving genetic modification. 
Habituation can occur even in areas as large as Kruger National Park, 
where animals of all types become accustomed to and accepting of, for 
example, tourists in their vehicles on the roads and behave as if the lat-
ter were not there. Similarly, the concept of buffalo herding as practiced 
recently in Zimbabwe and historically in Mozambique is another exam-
ple of habituation rather than domestication.

Domestication of the African/savanna buffalo, although unsuccessfully 
attempted on a few occasions, is not something to consider. First, the 
buffalo’s aggressive temperament, massive size and huge horns renders 
this a risky exercise. Second, its value as a tourism (both consumptive 
and non-consumptive) icon would be eroded. As domestication would 
require genetic selection for docility and other ‘agriculturally favourable’ 
traits it might, if not very carefully managed, lead to a weakening of the 
desirable survival traits/genes of the species.

Perspectives and Prospects
The hunger for land to feed the growing human population is rapidly 
driving the spread of agriculture into the remaining wilderness areas of 
Africa. With the disappearing wilderness and the loss of species, the need 
for formal conservation through the declaration of National Parks and 
the like increases. This in turn often leads to growing wildlife–human 
conflicts. Governments in many of the poorer developing countries just 
do not have the financial resources to fund, create and manage Protected 
Areas or compensate adequately those evicted from the declared areas, 
fuelling illegal bushmeat harvesting or, in other words, poaching.

Community-based resource management and private rewilding, 
funded through sustainable use, of the huge areas of marginal land 
already in use for other forms of agriculture should be considered to 
ensure the restoration and conservation of biodiversity, such as has been 
the case in South Africa. When the natural human inclination to want 
to determine one’s own destiny on one’s own piece of land is overcome 
through cooperation and the formation of a cooperative landscape on 
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much larger areas, then it becomes so much easier to sustainably cre-
ate wealth and create decent jobs for communities previously excluded 
from tourism (consumptive and non-consumptive), meat harvesting 
and processing, and the production of many other products. This is a 
system somewhere in-between the CAMPFIRE programme and the 
smaller private game ranching as currently found in some southern 
African states, particularly South Africa. The benefits are habitat con-
servation, improved biodiversity, improved production, sustainable job 
creation, integrated community economic development and improved 
food security and welfare through sustainable use. The iconic buffalo, 
as one of the Big Five, and valuable as a hunting trophy, for photo-
graphic tourism and for meat production, plays a pivotal role in such 
developments.
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Introduction
The objective of most buffalo production systems is to produce 
offspring that meet specific requirements. In the case of captive-
bred African buffalo in South Africa, the main aim is to produce 
trophy-quality animals for breeding and hunting. Managing nutri-
tion and feeding is of the utmost importance when working with 
high-value species such as the African buffalo, as their nutritional 
status has a direct effect on their (re-)production and the profit-
ability of the enterprise. In natural systems (game reserves, national 
parks), droughts cause buffalo numbers to decline due to animals 
not being able to source the necessary nutrients for reproduction 
in the available dry grazing (Chapter 7), thus reducing the animals’ 
reproductive performance and production. Within intensive systems 
focusing on individual and herd performance, particularly reproduc-
tive performance, there is a need to create management programmes 
and practices to assuage potential poor performance due to a lack of 
necessary nutrients at different times of the year. Although numer-
ous factors, such as sexually transmitted diseases, libido, age of first 
mating, season and nutrition, influence reproduction rate, this sec-
tion will discuss how nutrition may be used to support reproduction 
and production in intensively and semi-extensively housed/ranched 
African buffalo herds. In this chapter, we discuss the feeding prefer-
ences under semi-extensive systems together with the estimation of 
stocking rates for buffalo of differing physiological stages, as well as 
the nutritional requirements of buffalo, the effects of season on these, 
and how supplementary feeding may be used to ensure adequate 
nutrition – most of the knowledge/experience presented in this chapter  
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comes from southern Africa, given their development of the private 
wildlife sector (see Chapter 13).

Furthermore, fundamental information regarding buffalo reproduc-
tion and their utilization for meat production is summarized using real-
time ranch experience originating from the disease-free buffalo breeding 
ranches that flowed out into commercial buffalo ranching in South 
Africa. It is essential to give credit where it is due; the origin of buffalo 
ranching started with the cattle industry’s husbandry techniques, and 
as time progressed, more and more scientific data were collected. This 
scientific knowledge allowed the game industry to not only gain the 
knowledge of breeding disease-free buffalo, but also to introduce these 
animals back into the wild.

Nutrition
Buffalo are broadly classified as bulk grazers, spending 40–80 per 
cent of their time feeding and ruminating depending on the season. 
Rumination is the process through which selected forage, already in 
the rumen, is repeatedly regurgitated into the mouth and back to the 
rumen to decrease particle size and buffer rumen pH via saliva; these 
fine food particles are degraded in the rumen by microbial action and 
fermentation. These small particles pass through into the omasum, 
then the abomasum, and then the small and large intestine for further 
degradation, digestion and nutrient absorption. The African buffalo 
consumes a wide variety of grass species, with grass constituting a 
relatively high proportion of their diet (75–100 per cent), but utilize 
more browse during the dry season or in different vegetation zones 
(woodlands or forest) when they are forced to graze less selectively 
and browse on woody shrubs, increasing the browse proportion of 
their diet.

African buffalo are relatively unselective grazers, but prefer highly pal-
atable nutrient-rich grass. In extensive systems of southern Africa within 
granite and basalt landscapes (Macandza et al., 2004), they depend pri-
marily on Panicum spp. (mostly P. maximum) throughout the year, and 
as the dry season progresses, Digitaria eriantha and Urochloa mosambicensis 
(previously also known as U. usambarensis) and Cynodon dactylon are the 
predominant species consumed. Some Bothriochloa spp. become impor-
tant contributors to the buffalo’s diet during the transition from wet to 
dry seasons, but mostly not B. insculpta, while Eragrostis spp. contribute 
towards the end of the dry season. On the other hand, important cattle 
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forage species, like Themeda triandra, which generally hold more fibrous 
content during the dry season, are less favoured by African buffalo under 
low-input management conditions Furthermore, Cymbopogon plurinodis, 
Bothriochloa spp., Pogonarthria squarrosa, Aristida spp. and Setaria spp. tend 
to be rejected by buffalo, regardless of the season.

The quantity (amount) and quality (nutrients) of grazing is influ-
enced by soil type, topography, rainfall, ambient temperature and 
animal stocking rate/density. In semi-extensive ranching systems, 
these factors need to be taken cognisance of, as the manager only has 
control over the number of animals placed in the ranch/camp/pad-
dock (stocking rate/density), keeping in mind factors such as carrying 
capacity (see below).

Extensive Grazing and Stocking Rates

Safe stocking rate (referred to as ‘carrying capacity’ by many game and 
livestock ranchers) can be defined as the number of animals that a spe-
cific piece of land can accommodate annually without degrading the 
quality of the forage, and can be measured in different animal units, 
generally known as large stock or large animal units (LSU or LAU), 
grazing and browsing units (GU/BU) in southern Africa. With irregu-
larities existing in stocking rate methodology and the interpretation of 
the animal units in these methods, researchers developed a model where 
the different methods could be interpreted on a metabolizable energy 
basis measured in megajoules (MJ ME), establishing a calculated large 
stock unit (LSUC), grazing and browsing unit (GUC/BUC) to be used 
in the model. One LSU is equivalent to a steer (cattle) with a body mass 
of 450 kg that is growing 500 g per day by feeding on grazing that has a 
mean digestible energy concentration of 55 per cent, thus supplying 75 
MJ ME per day (Meissner, 1982). A grazing unit (GU) is a 180 kg blue 
wildebeest and a browsing unit (BU) is a 180 kg kudu (Van Rooyen 
and Bothma, 2016) requiring 29.71 MJ ME per day (Shepstone et al., 
2022). These methods are conservative ways to calculate a piece of land’s 
safe stocking rate if its grazing and browsing capacity has been assessed. 
This prevents overutilization of the available forage and ensures that the 
quantity and quality of grazing do not deteriorate over time.

When estimating the carrying capacity and stocking rate on semi-
extensive systems, the average LSUC or GUC/BUC value for the spe-
cific species should be used. Using averages for all production phases 
mentioned in Table 14.1 will undersupply energy to lactating females, 
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as well as growing and adult males. Intensive systems should either use 
the fixed values in Table 14.1, where the number of animals is multi-
plied by the LSUC or GUC/BUC value for each respective physiologi-
cal state in a spreadsheet, or use the lactating cow (cow with calf ) LSU 
value of 1.32 as the baseline parameter. For example, using the LSUC 
value of 1.32, a herd of 20 breeding buffalo will need 264 ha if the car-
rying capacity of the property is 10 ha/LSU. On commercial ranches in 
southern Africa, stocking rates vary and range between 2.6 and 13.3 ha/
LSU (Hildebrandt, 2014). The methodology behind calculating the ME 
requirements, calculated large stock, grazing and browsing unit values 
and dry matter intake (DMI), is described by Shepstone et al. (2022).

When the stocking rate exceeds the assessed safe stocking rate, the 
property is overstocked, making it necessary to purchase or supply stored 
roughage of a suitable quality to reach the desired reproductive goals. In 
circumstances where the stocking rate equals, or is lower than, the assessed 
safe stocking rate, and the quality of the available grazing is not suitable for 
optimal reproductive performance, the specific nutrients that nature can-
not supply must be provided so the ranch can reach the desired production 
goal. The production constraining nutrients normally found in dry grasses 
are digestible protein, minerals and vitamins. It is important to note that 
no specific nutrient guidelines currently exist for buffalo, so cattle data are 
used to extrapolate the nutrient requirements for buffalo and other simi-
lar species. When supplying animals with supplemental feed formulated 
to mitigate a deficiency, it is important to understand that content and 

Table 14.1 Calculated large stock unit equivalents and metabolizable energy 
values for different physiological stages of African buffalo.

Physiological stage Mass (kg) ME (MJ/day)* LSUC# BUC/GUC#

Calf, 8 months 145 29.6 0.39 1.00
Heifer, dry, 4 years 460 78.1 1.04 2.63
Cow, dry, 10 years 530 72.6 0.97 2.44
Cow, with calf, 4 years 460 99.1 1.32 3.34
Cow, with calf, 10 years 530 93.2 1.24 3.14
Young bull, 4 years 500 80.2 1.07 2.70
Adult bull, 10 years 640 81.9 1.09 2.76

 * Calculated metabolizable energy.
 # Calculated large stock, grazing and browsing units.
  Adapted from Shepstone et al. (2022).
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quantity of a particular nutrient will differ from one production system to 
another, and from one ranch to another. The nutrient concentration and 
the amount to be fed are directly influenced by the nutrient requirements 
of the animals/herds at that specific time, the quantity and quality of the 
natural grazing (high correlation with rainfall) or supplied roughage, sea-
sonal changes, availability of raw materials, manufacturing equipment and 
storage of the mixed feed and raw materials. In order to ensure optimal 
rangeland utilization on a piece of land, and to limit rangeland degrada-
tion by overutilization (i.e. too many animals), routine vegetation studies 
are necessary to calculate its respective annual safe stocking rate and to 
take measures to ensure a conservative stocking rate using either or both 
the calculated LSUC, GUC and BUC methods. Similar animal unit meth-
ods are used internationally, such as the animal unit (AU) used in North 
America and the tropical livestock unit (TLU) used in tropical countries. 
Be aware of the differences before translating values 1 to 1.

Nutrient Requirements

When considering nutrient requirements for wild animals, a similar well-
studied species is used as a proxy when formulating feeds; when consid-
ering the bulk-grazing African buffalo, other bulk grazing species such 
as beef cattle and water buffalo (Bubalis bubalus) data can be used. In this 
document, we use nutrient requirements of beef cattle in the United 
States (National Academies of Sciences Engineering and Medicine, 2016) 
as the baseline comparative nutrition proxy because rangeland beef cattle 
in southern Africa select a similar diet, live in similar habitats and have 
a similar daily water requirement to the African buffalo. On the other 
hand, water buffalo are animals housed and raised similarly to how the 
dairy industry houses and raises their dairy cattle, making this species less 
comparable to the African buffalo from a comparative nutrition point of 
view. Using cattle nutrient requirement data to estimate the daily nutrient 
requirements of buffalo is of little value if the buffalo’s average weight, 
physiological state and daily DMI are unknown; thus, these are important 
factors to account for when formulating a supplement/feed for buffalo. 
Knowing the physiological state and average weight aids in calculating the 
animal’s nutrient requirements, and nutrient analysis of the grass or rough-
age supplied to the animals will aid in calculating what shortfalls exist.

In addition to providing sufficient quantities of feed, the quality (nutri-
ents) of feed, which includes the energy, protein, fibre and trace ele-
ments (vitamins and minerals) content, is important for ensuring optimal 
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production and reproduction based on the animals’ nutrient require-
ments. The calculated LSUC, GUC and BUC methods discussed above is 
currently the most accurate method to calculate the energy requirements 
for game animals (Shepstone et al., 2022), where the energy used by the 
animal is expressed as ME, measured in megajoules (MJ). When condi-
tions are favourable, ruminants eat to meet their energy requirements 
rather than to fill their rumens (intake capacity). However, during the 
dry season, when the available ME in the selected grazing is too low to 
meet maintenance/lactation requirements, the animals cannot consume 
more grass or browse to satisfy their requirements, the main reason being 
that the total amount of feed intake per unit of time is restricted by 
their thoracic cavity (restricted rumen capacity). Furthermore, a cow in 
her last trimester of pregnancy has even less space (as the calf is taking 
up a lot of the abdominal cavity) for food in her rumen. The average 
voluntary feed intake (VFI) for buffalo is calculated to be approximately 
1.8–2.3 per cent of their live body mass (530 kg) for a dry cow and a lac-
tating cow, respectively (Shepstone et al., 2022), which compares well 
to the published value of 2.5 per cent of live body mass on a dry mass 
(DM) basis (Prins, 1996).

The supply and intake of protein are the main factors controlling 
production performance in ruminants like cattle (Köster et al., 1996) and 
buffalo on dry rangeland. The minimum crude protein requirement of 
buffalo is 7–8 per cent (Prins, 1996), which may be provided by browse 
when available. When considering dietary protein supply in ruminants, 
it can generally be broken down into rumen-degradable protein (RDP) 
and rumen-undegradable protein (UDP). Ruminants require protein 
(nitrogen and amino acids) for two important functions. First, specific 
amino acids are needed for their metabolic processes (UDP). Second, and 
more importantly, protein from grass and supplemental feed is needed to 
supply the necessary nitrogen (RDP) to the rumen microbes to multiply, 
playing a pivotal role in increasing the VFI of dry forage. A ruminant’s 
RDP requirement in general can be calculated using the following equa-
tion: RDP = live body weight0.75 × 4. The VFI of dry grass is directly 
related to the concentration of RDP in the forage and/or feed.

While buffalo can increase their dietary protein intake by increas-
ing their VFI, they are constrained by the need to ruminate, which 
competes with grazing time. In addition to selecting more browse dur-
ing periods when high quantities of mixed quality food are available or 
under food scarcity/poor quality conditions, buffalo apply bulk grazing, 
whereby they graze during periods of adequate or high grazing volume 
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availability and spend equal amounts of time grazing and ruminating 
(Prins, 1996). When the quantity and quality of grazing is poor,  buffalo 
spend more time in search of food, therefore they have less time for 
rumination and digestion on a daily basis, and are limited by rumen fill 
(capacity) regardless of passage rate. Feed supplementation should be 
considered to meet the nutrient requirements of buffalo, especially with 
regards to RDP during the dry season or during periods of increased 
productive/reproductive performance.

The most important goal of supplementation, particularly RDP (nitro-
gen), is to maximize the VFI of dry roughage during the dry season to 
ensure optimal ruminal microbe proliferation and supply of microbial pro-
tein. With a limited supply of RDP (nitrogen), fewer microbes are avail-
able to ferment the finer particles of grass that have been masticated into 
small particles by rumination, thereby reducing the fermentation rate of the 
ingested food, causing food to stay in the rumen for longer periods. As it 
takes the animal a longer amount of time to degrade and digest the food, the 
animal starts losing condition, forcing it to mobilize stored energy (fat) and 
protein (muscle) to survive. When this problem can be diminished or even 
prevented by increasing the VFI of dry grass, the animal will have more 
nutrients to maintain its good body condition. This can be done by ensur-
ing adequate amounts of RDP are available all year round. Green grazing 
normally has sufficient RDP to maintain the animal’s condition, but as the 
dry season progresses the plants dry out, causing the quality and supply of 
protein to become limited for the rumen bacteria first, thereby making 
it necessary to supply additional RDP. Supplements formulated to supply 
the appropriate amount and ratio of RDP and other nutrients will enable 
beneficial microbes to proliferate. With a larger microbe population, the 
animals can degrade and ferment more food, thereby increasing their VFI of 
dry grass, resulting in improved production, body condition, health, milk, 
and colostrum quality and strong calves. As buffalo are ruminants, they can 
utilise nitrogen from non-protein nitrogen (NPN) sources such as urea and 
convert this into microbial protein (McDonald et al., 2002), making it pos-
sible to design supplements that include NPN sources such as urea.

In addition to energy and protein, minerals (macro-minerals > 100 
mg/kg feed and micro-/trace minerals < 100 mg/kg feed) and vita-
mins are nutrients important for herbivorous animals including buffalo. 
Macro-minerals, micro-minerals and vitamins are important components 
of supplementary feed if optimal reproductive performance is desired. 
As grass is the main component of a buffalo’s diet, the animal relies on 
the minerals and vitamins that grass supplies. The mineral content and 
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the availability of grass to the animal are influenced by different factors, 
including grass species and stage of maturity of the grazing, the type of 
soil, climate and seasonal conditions, and the condition of the soil, such 
as pH and mineral content as well as fertilization and liming (McDonald 
et al., 2002). The (trace) elements that are typically deficient are phos-
phorous, sodium, chloride, sulphur, iron, iodine, copper, cobalt, man-
ganese, and selenium (Schmidt and Snyman, 2016), although there may 
be specific minerals that are deficient in specific areas.

Vitamins are needed in small quantities by herbivorous animals, and 
ruminants require even less as they have microorganisms that synthe-
size some vitamins in the rumen that can be used in the buffalo’s body. 
Under natural extensive conditions, vitamin levels in green grazing are 
generally high enough to meet the animals’ requirements. The excep-
tion is vitamin A, which normally is found in low concentrations in dry 
mature grass and grains used in formulated feeds. As with most supple-
mentation of shortages, the most effective starting point to control or 
manage a mineral or vitamin shortage is to accurately predict its extent. 
A possible way of predicting the mineral shortages of buffalo is to analyse 
the grass species selected by the animal on the ranch at different stages 
of growth, and then formulate a mineral supplement that makes up for 
the shortfalls of the grazing (Schmidt and Snyman, 2016). However, 
this method might prove impractical and/or costly. Alternatively, basic 
knowledge of the animal’s well-being and behaviour, regular observa-
tion and accurate record-keeping combined with basic knowledge of 
the environment (type of veld, general shortages in the area, weather 
patterns, parasites, etc.) should suffice to identify most shortages. The 
buffalo themselves are the best indicators of mineral shortages, and if the 
animals maintain good health with 13-month intercalving periods, and 
the calves display optimal growth and health, then any changes made are 
likely unwarranted. Any unnecessary changes to the ‘environment’ may 
have an adverse effect on production and cause monetary losses.

The planting of additional grazing (pastures) is an effective manage-
ment method in areas that provide low-quality natural grazing (such 
as sourveld in the dry months; ‘sourveld’ is the term used in Southern 
Africa for nutrient-poor, dystrophic savannas and grassland types), espe-
cially for overwintering. By irrigating these planted pastures, the feed 
production of the pasture can be raised substantially, and the expense 
of feed costs can be lowered. Nonetheless, these planted pastures can be 
a potential reservoir for parasites, especially in cases where the grazing 
forms a thick matt at the base, such as kikuyu (Pennisetum clandestinum, 
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also known as Cenchrus clandestinus) and should be managed accordingly. 
Additional advantages include the fact that many of these grasses are 
perennial grasses, and once established, all that is needed for growth is 
sufficient water and, depending on the soil type, at times fertilizer. The 
grass not used for grazing can be baled and either stored for drought 
years or sold as an additional source of income.

Influence of Season on Nutrition and Feeding

Three factors need to be taken into consideration to estimate what 
nutrient shortfalls exist, if any, namely: (i) a nutrient analysis of the 
grass or roughage supplied to the animals; (ii) an assessment of the 
physiological state of the particular class of animals, including body 
condition, to gauge their nutrient requirements; and (iii) for the same 
reason, an estimate of the typical weights of the particular class of ani-
mals for which one wants to estimate the possible nutrient shortfall. 
The available grass on reserves and game ranches is normally a combi-
nation of annual and perennial grass species. These grasses have a green 
growing phase and a dry phase (Figure 14.1). During the dry phase, 
perennial grasses go into dormancy and store most of their nutrients in 
their roots and seeds, while the annual grass species release their seeds 
and die. Under free-ranging conditions, many buffalo populations 
would migrate shorter or longer distances, grazing higher-quality food 
elsewhere, but within ranches they are stuck in an area (due to fenc-
ing) where the grass nearly always deteriorates to a point where the 
buffalo lose condition. Buffalo in a poor body condition have lower 
conception rates, fewer calves, less milk and fewer calves that reach 
adulthood (see Chapter 7); in addition, the general health of the adult 
and subadult deteriorates over time.

The changes in nutrient quality from a high-/higher-quality green 
plant to a dry, brownish, poor-quality plant have a direct effect on the 
buffalo’s ability to break down and digest the available grass. Protein, 
energy, macro-minerals, trace minerals and vitamin concentrations 
decrease as the plant dries out, while the fibre portion increases. The 
drastic decrease in nutrient concentration, particularly RDP, results in 
fewer microbes proliferating, slowing down the degradation and diges-
tion of the ingested fibrous feed, and thus the production of volatile fatty 
acids (VFA). VFAs produced by these microbes are the main energy 
source for ruminants and thus buffalo. The small population of microbes 
present when buffalo feed on poor-quality feed takes longer to degrade 
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the fibrous feed, resulting in the feed remaining in the rumen for a lon-
ger period, forcing the animals to mobilize stored nutrients to survive 
(Figure 14.1) and resulting in the animal losing body condition.

As shown in Figure 14.1, the nutrient-rich green grass available from 
January to April supplies enough nutrients for increased VFI. Bulk 
grazing ruminants like buffalo then only need between 8 and 24 h to 
digest the green grass, resulting in an improved body condition (poor 
to improved body condition). However, in the dry season (June to 
November), buffalo can take as long as 3.7 days to digest the nutrient-
poor grazing available, resulting in poorer body condition. The lower 
the RDP concentration in the dry grazing, the longer it takes to be 
digested in the rumen. Supplying the correct amounts of the necessary 
nutrients in the dry season will aid in reaching the desired production/
reproduction goals, reducing feed digestion time from 3.7 days (worst 
case scenario) to 24 h.

For optimal production, managers should pre-empt the negative 
effects of the upcoming dry season and supply supplemental feed in 
small amounts before the grass deteriorates and the animals start losing 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

8-24 hours (1/2 day) 24 hours and longer (up to 3.7 days)

Figure 14.1 How the season affects the quality of the grazing and animals’ body 
condition in southern Africa. Considering the months of January through to 
December (a full year), each month has a shade of green (rainy season), or yellow 
to orange (dry season). The green blocks correspond with the rumen and plant 
(in green) and the green arrow below it, portraying the time of the year when the 
selected feed gets degraded and digested in less than 24 h. The yellow to orange 
blocks correspond with the rumen and plant (in yellow/orange) and the orange 
arrow below it, portraying the time of the year when the selected takes longer 
than 24 h to be degraded and digested. Source: Craig Shepstone.
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condition. As the dry season progresses, it may be necessary to supply 
more nutrients for optimal body condition; the reason for this is that 
grass nutritional quality deteriorates further as the dry season progresses, 
particularly the protein and energy contents. Supplementing ranched/
managed animals with the feed nutrients they need during the times 
when nature cannot supply these nutrients will not only speed up the 
time taken to digest the ingested food, but will also improve body condi-
tion, conception, milk production and general health. Not unimportant, 
it will assist in raising healthy calves. Furthermore, when considering 
optimal production in times of drought where the quality and the quan-
tity of the available feed gets poorer, it is imperative that animal numbers 
are reduced, or additional high-quality roughage be supplied. Droughts 
have deleterious effects on production, reproduction and growth, with 
young and weaned animals being the most vulnerable (Chapter 7).

Supplementary Feeding of Ranched Buffalo

High-quality feeds can be used to supplement buffalo during critical 
periods (without having to decrease the number of animals) and can 
be found in different forms. These include everything from pellets to 
home-mixed rations, which are normally supplied in an amount smaller 
or equal to one-third of total daily intake. Supplementary feed for buf-
falo on dry grazing focuses on supplying RDP, energy, minerals and 
vitamins. In situations where grazing is limited or not available (in a 
‘boma’, also known as ‘kraal’ or ‘corral’), feed must be supplied daily 
with all of the above nutrients together with ample high-quality rough-
age. In the rainy season, when the quantity and quality of grazing are 
high, supplying adequate amounts of protein and energy, some minerals 
may nonetheless remain deficient. For example, phosphorus, copper and 
zinc are deficient in most parts of southern Africa, making it advisable to 
supply some minerals to the animals throughout the year. Mineral licks 
composed of salt, macro-, and trace minerals will supply the nutrients for 
the animals to reach their owners’ production goals.

For any rancher/manager interested in obtaining well-balanced feeds, 
licks in both meal and block form for supplying buffalo the nutrients 
nature cannot, feed companies throughout southern Africa (South 
Africa, Namibia, Zimbabwe, Zambia) can be contacted, who will for-
mulate and supply custom diets for the game ranches’ specific need. 
Purchased or self-mixed feeds usually come in the form of a supple-
ment (concentrated feed) providing ≤ 1

3  of total DMI a semi-ad-libitum 
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feed supplying approximately 2
3  of total DMI and full feeds, otherwise 

known as total mixed rations (TMR). Semi-ad-libitum feeds are usually 
50:50 concentrated nutrients: high-quality roughage. Some pellets on 
the market, known as high-fibre pellets, are designed to be fed as semi-
ad-libitum feeds. A TMR for buffalo usually contains roughly one-third 
(33–40 per cent) of the total daily amount of feed as concentrated nutri-
ents that supply all of the desired trace minerals and vitamins, and most 
of the protein and energy, with the rest of the roughage making up the 
difference. To ensure optimal rumination in the bulk-grazing African 
buffalo, fibre length should be at least 2.5–3.5 cm.

Intakes of concentrated supplemental feed, known in Africa as lick, 
in a meal (powder) or block form can be controlled by increasing or 
decreasing the concentration of salt, ammonium sulphate and mono-
calcium phosphate and by hardening the licks in block form by adding 
binders like calcium hydroxide, magnesium oxide and molasses syrup.

When pellets or fine meals are used as 2
3  of the total DMI, the con-

centrations of the nutrients, particularly protein, energy and copper, 
should be kept in mind. Do not supply a pellet or fine meal that is 
designed as a supplement as a semi-ad-libitum feed at approximately 
two-thirds of DMI or as a full feed at three-thirds. This will result in 
the overconsumption of some nutrients or minerals, which could cause 
deleterious effects. Additives like Poly Ethylene Glycol (PEG) can be 
added to a supplemental diet to aid the buffalo in degrading and digest-
ing tannin-rich browse when they need to consume browse as a food 
source. Mycotoxin binders should be added to all self-mix recipes. If 
self-mix recipes are stored for periods longer than 2 or 3 days, the addi-
tion of a mould inhibitor is advised. The addition of an active yeast 
product will aid in the control of rumen pH (reducing the risk of acido-
sis) and enhance fibre digestion (Chaucheyras‐Durand et al., 2016). All 
dry or semi-dry feed should be stored in a well-ventilated (dehumidi-
fied if necessary) storeroom or container (rodent-, insect- and bird-free), 
preferably on pallets, and never in direct sunlight.

Buffalo should receive good-quality grass hay as the largest portion of 
their diet. When hays (alfalfa, grass, oat or other cereal hays) are supplied 
to the animals in the camp (ad-libitum if limited or no grazing is avail-
able), place them in or near the feeding area, in a separate bowl or hay 
rack that keeps the hay off the ground (reducing losses and cost). All hay 
that falls on the ground should be removed, preventing young animals 
from eating wet/soiled/mouldy hay. Mouldy or dusty hay can cause 
pneumonia, colic and/or heaves. All roughage with any visible signs of 
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mould should not be used, as it usually contains high levels of mycotox-
ins. If poor-quality grass is the only source of grass hay available to the 
animals, it would be advisable to mix 10–20 per cent legume hay (alfalfa) 
into the roughage diet to augment the amount of protein. Legume hay 
roughage, such as soya bean or peanut, can be used as a roughage source 
if the products are free of mycotoxins, as the pods often house the fun-
gus. When in doubt, use a suitable mycotoxin binder when using any 
such roughage as feed. Macronutrient analysis of all hay should be done 
routinely. This will not only help illustrate what the buffalo are eating, 
but it will also assist in deciding how much legume hay is needed to be 
mixed into a ration if the grass hay is of poor nutrient quality. Exclusive 
use of small grain hay and alfalfa hay for the Cape buffalo is discouraged 
as it may lead to mineral imbalances, laminitis, colic and diarrhoea, and 
other dietary abnormalities.

When the season changes and the nutrient quality of the grass drops to 
levels where it is necessary to supplement the animals with a supplemen-
tal (concentrated) feed to keep them in good condition, it is critical to 
remember that the animals need to be slowly adapted to the feed (over 5 
weeks) to avoid conditions like acidosis, rumenitis and Clostridium-related 
illnesses, which can be fatal. This is also important when changing con-
centrated feeds, where the new feed is mixed with the old in increasing 
increments of 1

5  over the 5 weeks. Animals should be vaccinated against 
red gut (frequently caused by sudden feed changes to ruminant diets, 
thought to be caused by excess growth of Clostridium perfringens type A, 
which causes an enterotoxaemia or torsion of the gut). During the grow-
ing season, it is necessary to supply a well-balanced mineral lick, and a 
well-balanced supplement/semi-ad-libitum feed in the dry season.

When a particular spot in a camp is used continuously as a feeding site, 
problems could arise in the long term, namely parasite build up (wire 
and other roundworms and coccidia) and a breeding place for disease 
due to the high number of flies and mould growing in old food, lead-
ing to possible mycotoxicosis. Unfortunately, feeding sites that are used 
continuously are often associated with accumulated faeces and urine. To 
prevent the build up of the abovementioned problems, and to encour-
age the animals to eat grass in a different part of the reserve or game 
ranch, feeding sites should be moved regularly. Small enclosures are an 
exception, making dedicated feeding sites necessary. These feeding areas 
need to be designed so they can be cleaned and disinfected routinely. 
Feed should not be placed near water troughs, and placing feed bowls a 
short distance away will limit the amount of collected feed falling out of 
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the animal’s mouth into the water. Water troughs and feed bowls must 
be cleaned routinely, and new feed should not be added on top of old 
remaining feed.

A rule of thumb suggested to ranchers who keep animals where both 
male and female animals have horns is to place a bowl per animal and 
an extra bowl for every four animals, but observation of the compe-
tition at feeding is necessary, and it may be necessary to increase the 
number of bowls. Place the bowls 2.5 animal lengths apart in a rectan-
gular  chessboard-like fashion and only feed the animals when they are 
near the feed bowls. Move one line of bowls every second or third day 
(Figure 14.2). This not only saves time but also gives the keeper the 
chance to clean all the bowls at least once a month.

Water Provision

The importance of water in ruminant nutrition is often overlooked; 
water being the basis of rumen fluid creates a suitable environment in 
which the beneficial anaerobic bacteria can degrade (ferment) and digest 
the selected food, making it imperative that animals like buffalo need a 
regular supply of clean water.

The water requirements of buffalo differ according to the different 
circumstances and environments. Factors affecting water requirements 

Figure 14.2 Feed bowl placement in a camp and movement suggestions. The 
circles represent bowls, and the figures refer to a column of bowls that need to be 
moved together periodically, from left to right as shown in the diagram. Spaces 
between bowls should be 2.5 the animal’s length. Source: Craig Shepstone.
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include the gestation, age and physiological condition of the buffalo, 
the composition of the vegetation fed on and environmental conditions. 
Watering points are needed at regular intervals to supply adequate water 
without the buffalo having to travel long distances. Buffalo can utilize 
most types of water sources but seem to prefer artificial water holes and 
dams over troughs. In the case of intensive ranching, it is advisable to 
use water sources that can be controlled. Controlled water points can be 
tested and analysed for quality and contaminants (which is advised when 
ranching intensively with high-value species) and filtered if harmful 
agents are found in the water, as opposed to open and stagnant ground-/
rainwater which could contain toxin-producing bacteria or other harm-
ful agents. Open groundwater also doubles as a potential mud hole for 
wallowing, which is a part of daily activity in warm months, especially 
by bulls. As buffalo tend to urinate or defecate in these mud holes, it is 
advised to limit these to only wallowing (and not drinking as well) to 
prevent any potential diseases emanating from these activities.

Reproduction
The reproduction efficiency of buffalo is influenced by body condition 
(like cattle), and thus nutrition plays a crucial role in a herd’s reproduc-
tive performance. It is influenced by the fact that buffalo show some 
degree of seasonality in their breeding activities under extensive condi-
tions, with most births occurring during seasons when food quality and 
availability are at their highest (Bertschinger, 1996). However, the degree 
of breeding seasonality may differ under semi-extensive/intensive con-
ditions where nutrition is optimal and health challenges are minimized. 
The attainment of sexual maturity is primarily influenced by body con-
dition and thus nutrition; sexual maturity in buffalo is estimated to occur 
when they attain two-thirds of their genetically determined adult body 
mass which, depending on their condition, is generally 4–5 years of age 
for wild free-ranging southern African buffalo heifers. Typically, mature 
males can weigh 650–850 kg while females can weigh 520–635 kg at 
maturity. In captive-bred/supplemented herds, buffalo heifers, due to 
better nutrition and consequently faster growth rates, regularly become 
sexually mature in the latter stages of their third year. The average lifes-
pan of the buffalo is 11 years under wild conditions (disease and preda-
tion being mostly responsible for mortalities) and 16 years in captivity. 
Females become senescent at 15 years (Prins, 1996). Maximum lifespans 
are 24 and 20 years on average, for males and females, respectively.
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African buffalo are promiscuous, and under extensive, so-called natu-
ral conditions, adult buffalo bulls constitute 10–15 per cent of the herd 
and adult females 55 per cent (Sinclair, 1977), and thus a 1:5 adult sex 
ratio typically exists. As reported in the survey of Hildebrandt (2014), 
southern African ranches tend to have a male:female ratio of 1:2 under 
intensive ranching conditions, with a ratio of active breeding bulls:cows 
being 1:27, within herds that ranged from 56 to 290 buffalo (mean = 
156 animals/enterprise). Hildebrandt concluded that the optimal ratio 
of breeding bulls:cows would be 1:30, provided that their nutritional 
requirements are met and body condition is maintained.

The buffalo cow is polyoestrous, and her oestrous cycle is 23 days 
long, with oestrus lasting 24 h, and the ovulation of two ova is rare (the 
second is often resolved). The buffalo is a long-day breeder, being sensi-
tive to photoperiod effects. The gestational period of buffalo is ~340 days, 
with an intercalving period varying from 13 to 29 months, depending 
on nutritional conditions (Prins, 1996). Hildebrandt (2014) conducted 
surveys of a number of ranches in southern Africa and reported an aver-
age intercalving period of 443 days (14,6 months), with the optimum 
period being under 400 days. Typically, lactation lasts 10–15 months 
(Carmichael et al., 1977). Calves are on average 40 kg at birth. When the 
calf is removed shortly after birth (3 days), oestrus occurs within 5 weeks, 
but post-partum anoestrus depends on the conditions of the cow and 
population dynamics. Cows with good body condition at parturition, 
receiving a high-energy diet, resume oestrus within 90 days post-partum. 
On the contrary, poor nutrition of the cow may result in low fecundity 
for up to 2 years thereafter (Ryan et al., 2007). The body condition of the 
cow during gestation also affects the calf’s growth and survival.

Thus, prior to parturition and during lactation, the cow would benefit 
from improved nutrition and her body condition should be monitored. It 
is important to remember that as soon as implantation of the embryo takes 
place during gestation, the feed intake of the cow becomes the feed intake 
of the calf too. This continues after parturition, as the calf is now depen-
dent on the milk from the cow, although less direct than when in the 
uterus, but the quality of the milk has a direct effect on the development 
of the calf and its performance as an adult (McDonald et al., 2002). The 
energy requirement of lactation is extremely high and can reach between 
93 and 99 MJ/day at peak milk production (~5 weeks after parturition; 
Shepstone et al., 2022). The weaning age of buffalo in southern African 
ranches ranges from 6, 12 to 18 months (Hildebrandt, 2014). In the wild, 
it appears to tend more to 18 months than to shorter periods (Prins, 1996).
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The feeding of weaned male buffalo bulls is often neglected, as most 
of them are placed in a bull camp to grow out with as little expense as 
possible to the rancher. As some of the weaned bulls might prove to 
be the best sellers, especially when from a good genetic background, it 
may be worthwhile to also attend to their feed requirements to optimize 
growth and obtain the maximum expression of their genetic potential.

From a trophy-hunting perspective, the ‘solid boss’ of a bull is its 
most desirable characteristic. Wild, free-ranging southern African buf-
falo, which occur south of the Zambezi River in areas with 450–750 
mm of annual rainfall, become sexually mature in their fifth year, but 
their bosses only become sufficiently hard enough to become a desir-
able ‘trophy’ by their ninth year (Pienaar, 1969). This is the same in East 
Africa (Prins, 1996). Better nutrition enables captive-bred bull buffalo 
to grow faster and attain their sexual maturity weight at a younger age, 
which makes their bosses develop sooner; a 6-year-old bull buffalo may 
have the appearance of a solid-bossed 9-year-old simply by providing 
better nutrition, which in turn enables them to be hunted as ‘trophies’ 
at a much younger age.

Meat Production
Presently, with the exception of Kruger National Park (KNP, South 
Africa), no other entity in southern Africa has sufficient numbers of 
buffalo to ensure a constant supply of buffalo carcasses. However, as 
commercial ranchers reach their safe stocking rates and the supply of 
trophy bulls surpasses the demand, more inferior animals will become 
available (and cheaper) for so-called ‘biltong’ (traditional dried lightly 
salted/spiced meat product) or meat hunters to hunt, or to start har-
vesting on a more commercial scale. Nonetheless, there are still some 
buffalo hunted for trophy purposes whose meat is available to enter the 
consumption market. In addition, the culling of animals for various 
management reasons is an essential component of wildlife management, 
and there is interest in economic opportunities for game ranchers and 
ecotourism. However, concerns have been raised over the practical-
ity and financial benefits of using culled buffalo as a source of meat in 
South Africa, where buffalo are not normally utilized for their meat. 
Cape buffalo have carcass yields similar to those of domestic beef cattle 
and produce meat with favourable organoleptic properties (Van Zyl 
and Skead, 1964). Cape buffalo carcasses are typically from subadults 
(280–430 kg live weight), adult cows (450–680 kg) or adult bulls 
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(600–850 kg), who yield carcass weights of 140–220 kg, 260–330 kg 
and 300–440 kg, respectively (Grobler, 1996). Thus, buffalo typically 
have a dressing percentage of 48–58 per cent depending on their gut 
fill at point of slaughter – similar to that of Bos taurus cattle (Hoffman 
et al., 2020). Under extensive conditions, the mass gains (kg/year) from 
up until 42 months can be expected to be for different regions of Africa 
(Bothma and van Rooyen, 2005):

• Kruger National Park, South Africa: 113 kg/year for bulls and 108 kg/
year for cows

• Serengeti, Tanzania: 103 kg/year for bulls and 99 kg/year for cows
• Ruwenzori, Uganda: 103 kg/year for bulls and 92 kg/year for cows
• Northern Uganda: 105 kg/year for bulls and 100 kg/year for cows.

Currently, there is a lack of scientific information regarding expected 
growth rates for intensively farmed buffalo.

As outlined in Figure 14.3, the culling and processing of African 
savanna buffalo meat typically involve five stages, namely (1) field opera-
tion, (2) slaughter, (3) deboning, (4) production of products, and finally 
(5) marketing. Moreover, these logistical points (phases) will utilize a 
set of activities required to process a raw material into a value-added 
product.

Field Operation and Slaughter

Two of the challenges involved in the large-scale harvesting of buffalo in 
the field is to shoot a sufficient number of animals rapidly and efficiently 
ensuring that the procedures comply with animal welfare standards and 
human safety requirements, and to ensure that the carcasses all fall in an 
area as small as possible to facilitate the further slaughtering and loading 
of the carcasses for transport to the abattoir. Due to these challenges, a 
typical system that has been shown to work efficiently is to shoot a group 
of buffalo out of a helicopter with darts containing scoline (suxametho-
nium chloride, also known as suxamethonium or succinylcholine). This 
is a medication used to cause short-term paralysis; in most countries the 
use of scoline has to be managed by a veterinarian. The helicopter pilot 
can herd the darted group of buffalo (four to eight, depending on ter-
rain, herd size and abattoir capacity) into a small compact group until 
all of the darted animals have dropped (±5 min from the first dart). 
Before the cull, careful selection of the ‘killing zone’ needs to be made 
to ensure that the animals are close to this area and that it is accessible to 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


400 · L. C. Hoffman et al.

Management of buffalo meat in KNP
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Figure 14.3 Standard operating system for the major logistical operational points 
to be considered in a typical buffalo culling scheme, as demonstrated in Kruger 
National Park (KNP, South Africa). LTL = longissimus thoracis et lumborum; 
BF = biceps femoris; SM = semimembranosus muscles; WPS = Wildlife Processing 
Structure. Source: Louwrens Hoffman.
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the ground team and all vehicles. After dropping, the animals are killed 
with a free bullet shot in the head with a heavy-calibre rifle.

Although cost-effective, safe for the operators and widely used since 
the 1980s, the use of scoline is prone to ethical issues. Herding, darting 
buffalo with scoline and resulting asphyxia was shown to generate high 
levels of cortisol concentrations compared to animals shot at a stand-
still (Hattingh et  al., 1984). Such response could partly be ascribed to 
conscious perception of asphyxia in conscious animals with resulting 
fear (Button and Mülders, 1983). Previous studies suggested that residues 
of scoline in meat and biltong are apparently considered acceptable by 
public health authorities (Button et  al., 1981). This statement should 
be re-examined in the light of recent technologies and standards, also 
taking into consideration that using scoline alters physical meat quality 
attributes (pale, soft and exudative meat; Hoffman, 2001). In a context of 
evolving animal welfare standards, the cost–benefits associated with the 
use of scoline should also be reconsidered.

After shooting, the animals are bled/exsanguinated, preferably on a 
slope or suspended. Using a terrain vehicle that is equipped with a con-
veyer belt whereupon the buffalo carcasses are placed helps to speed up 
the time between exsanguination and the hanging process. Removal of 
the internal organs from the carcass takes place in the field to ensure that 
there is no bloating of the carcass (which increases the risk of contamina-
tion). Ideally, transportation to the abattoir should not take longer than 
2 h. It is important to ensure that knives are sterilized throughout and 
that hand-cleaning facilities are available. The primary meat inspection is 
conducted by a state veterinarian in the field and includes inspecting the 
head, pluck (red offal), feet, abdominal and reproductive organs of a par-
tially dressed game carcass with the pluck and carcass then being sent to 
a registered game abattoir. Most of the white offal is left in the field for 
predators or vultures. However, some of the white offal will be cleaned 
and taken for consumption by the staff, such as the plies (third stomach) 
and set of tripe (weasand, first, second and fourth stomach and rectum).

Following the field operation, buffalo arrive at the abattoir offload-
ing section (Figure 14.3). The carcasses are hoisted up, suspended from 
both Achilles tendons, and weighed. The head is removed, and trophy-
worthy heads are cleaned and dried in the sun to be sold as trophies to 
hotels and restaurants as decoration or to individuals, while the smaller 
heads and the condemned (i.e. rejected) carcasses go to the rendering 
plant to produce an end product known as bone meal that can be sold 
as  fertilizer. The skin is then removed, and to prevent contamination, 
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removal of the hides should be done carefully, preferably when the car-
cass is warm, and all of the cuts are made from the inside to the outside to 
prevent contamination of the meat, using the two knife principles. The 
hides are normally processed (salted and dried) to be sold at auctions.

Red offal is preferably removed at the abattoir and is hung on a sepa-
rate line, in the same order as the carcasses, for inspection by the vet-
erinarians so that they may be correlated with the carcass, which is also 
individually inspected. The carcasses should be split with a saw blade 
along the spinal column to promote chilling. Lastly, the carcasses are 
washed with potable water, to remove all blood and bone sawdust, quar-
tered between the ninth and tenth ribs, and weighed before being placed 
in the cold room (<7°C).

If only the red offal is affected, and the rest of the carcass is normal, 
only the red offal is condemned (lungs, heart and liver). However, if 
the intestines are linked to general diseases such as enlargement of the 
lymph glandes, fever, or hepatitis, etc. the whole carcass is condemned. 
The condemned carcasses and condemned organs are sent to the ren-
dering plant to create bone meal. Carcasses can be partially or totally 
condemned. Affected areas are condemned for various reasons, such as 
infections caused by systematic or generalized lesions.

Older buffalo, depending on where they have been reared and with 
which other species (generally wild dogs and carnivores) they have inter-
acted, can contain intermediate stages of tapeworm parasites (cysticerci 
and hydatid cysts) and need to be frozen for a minimum of 72 h with 
an air temperature of at least –18°C before being deemed fit for human 
consumption. However, the freezing compromises the quality of the 
meat and it is no longer suitable for selling as tender prime meat and 
should thus be processed further.

Deboning and Products

While no official carcass grading system is currently used for buffalo, or 
any other game species really, Table 14.2 provides a suggested grading 
system that could be utilized to class buffalo carcasses according to age. 
The application of a grading system helps to categorize buffalo carcasses, 
guiding the deboning team to know which carcasses will go for prime 
steaks, ageing, value-added products and processed meat. Incorporating 
the grading of buffalo at the abattoir will help speed up the process and 
prevent adult/old buffalo meat from being sold as prime tender (and 
expensive) steaks.
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Table 14.2 Suggested grading of African savanna 
buffalo (Syncerus caffer caffer) carcasses.

Grade
Permanent  
incisors Buffalo age Category

A 0 <2 years Juvenile
AB 1–2 2.5; 3–3.5 years Subadult
B 3–6 4; 4.5; 5; 5.5 years Adult
C 7–8 6; 6–10; >12 years Old

Grades A and AB (subadult) buffalo carcasses should be used for aged 
primal cuts as well as processing for value-added products. Grades B, C 
(adult) and detained (frozen) buffalo carcasses can be used for processed 
meats (mainly biltong, a traditional dried lightly salted/spiced meat prod-
uct) and value-added products. However, the fillets of all the carcasses 
can be sold as primal steaks at the highest price.

Deboning is the process whereby the fore and hind quarters of the car-
cass are taken and processed into various primal cuts (similar to those from 
beef carcasses, and illustrated in Figure 14.4) at 24–36 h  post-mortem. 
The primal cuts from the hind quarter are silverside (biceps femoris),  fillet 
(psoas major and psoas minor), sirloin (longissimus thoracis et lumborum), 
prime rump (gluteus medius), T-bone, topside (semimembranosus), knuckle 

Chuck

Neck

Hump

Fillet

T-boneRump
Tail

Topside

Silverside

Thick
flank

Shin

Thin flank Short rib Brisket

Shin

Head

Figure 14.4 Primal cuts of African buffalo carcasses for further processing and 
marketing. Source: Tersia Needham.

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


404 · L. C. Hoffman et al.

(vastus medialis and other related muscles) and hind shin (Peronaeus terius, 
extensor digitorum longus and extensor digiti terii proprius).

Block tests are a measure established for wholesalers and retailers to 
price a variety of cuts given a certain producer price. By using the block 
test, the quantity of meat that will be produced can be predicted, and the 
price per carcass can be calculated. Therefore, block tests (Table 14.3 on 
a buffalo with a carcass weight of 277 kg) should ideally be conducted 
regularly to help determine the number of different cuts that will be 
produced from a buffalo carcass.

Primal cuts should be vacuum-packed and matured for a minimum of 
25 days under refrigerated conditions (and labels should clearly indicate 
the day in and suggested sale date) before being sold, with the sirloin 
and topside muscles in particular identified as valuable cuts. The fil-
lets of all animals can be sold as soon as they are removed; due to their 

Table 14.3 Block test conducted on an African 
savanna buffalo (carcass weight of 277 kg).

Retail cuts Weight (kg) % whole carcass

Topside 11.4 4.11
Silverside 15.2 5.49
Rump steak 10.9 3.93
Thin flank 8.5 3.07
Thick flank 8.9 3.21
Short fillet 1.9 0.68
Soft shin 11 3.97
Shin 3.3 1.19
Tail 0.5 0.18
T-bone steak 15.8 5.7
Blade steak 13.7 4.94
Brisket 17.3 6.24
Short rib 6.3 2.27
Chuck/prime 22.7 8.19
Neck 11 3.97
Trimming 21 7.58
Stew 43.6 15.74
Goulash 3.1 1.12
Hump 4.5 1.62
Bones 34 12.27
Sinew and fat 10.7 3.86
Band saw loss 1.7 0.67
Total 277 100
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inherent nature/composition, they need not be aged. In contrast, the 
silverside is ideal for biltong production, as toughness will not decrease 
over a more extended ageing period, and it will thus remain a tough 
muscle. The offcuts and trimmings could be used for value-added meat 
products, including biltong, droëwors (traditional dried sausage product 
made from meat off-cuts, sheep/beef fat and traditional spices), patties, 
boerewors (traditional fresh sausage) and minced meat. Biltong can be 
produced from frozen-thawed (detained) carcasses using different drying 
methods, which creates a larger profit margin because frozen carcasses 
can only be used for processing biltong, stewing meat and mince.
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Introduction
Archaeology and literature provide evidence that African wild animals 
have been live captured for a very long time, at least since the ancient 
Egyptians (e.g. Trinquier, 2002; Mark, 2016) and Romans (e.g. Bertrandy, 
1987; Mackinnon, 2006; Christesen and Kyle, 2014). However, modern 
wildlife capture methods are only a few decades old, and considerable 
progress has been achieved recently in innovative chemical and physical 
restraint techniques for all wildlife species. While these methods are now 
used all over the continent, southern Africa appears today as the leading 
region in wildlife capture. In South Africa, the Wildlife Translocation 
Association’s members annually capture and translocate approximately 
130,000 game animals, and the game capture industry now has an annual 
turnover in excess of €7.4 million (Snyman et al., 2021).

As a member of the famous ‘Big Five’, the African buffalo (Syncerus caffer) 
adds significantly to the value of the wildlife economy everywhere, both 
for consumptive and non-consumptive use. However, with its histori-
cal range severely impacted by human activity, attaining this value today 
is often dependent upon being able to physically ‘manage’ them. The 
conservation of buffalo is consequently massively enhanced and facilitated 
today by being able to capture, handle and move the species. All of these 
actions are very specialist undertakings because buffalo are large-bodied, 
live in sizeable herds and can become aggressive and dangerous to humans.

Reasons for Capturing and Moving Buffalo
Buffalo may need to be captured and released on-site for diverse rea-
sons. Depending on the type of management (extensive or intensive; 
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Chapter 13), a manager can request a licensed veterinarian to exam-
ine or treat injured or sick individuals. Similarly, buffalo populations at 
risk of disease outbreaks, posing a sanitary risk to other species (such as 
livestock or humans) or subject to sanitary regulations may be required 
to be captured for mass vaccinations to control the targeted diseases. 
Under extensive management (i.e. natural conditions), contexts neces-
sitating the capture of buffalo may be more restricted (i.e. for a suffering 
individual).

Disease investigations or pre-movement health checks, notably for 
foot and mouth disease (FMD – including setting up FMD-free herds), 
bovine tuberculosis (bTB), tick-borne diseases (especially theileriosis) 
and other zoonotic or livestock diseases, are additional reasons to sample 
buffalo populations after immobilization. In addition to sanitary knowl-
edge for production purposes, ecological or ecosystem research, for 
example collaring individuals with satellite tracking devices, may require 
captures for a few minutes in order to fit or release the devices.

Finally, buffalo may be captured for translocation for diverse reasons 
(Box 15.1). These include establishing founder populations, either for 
reintroduction or introduction purposes; numerically or genetically 
reinforcing depleted, isolated or small populations; moving vulnerable 
individuals or populations; and finally moving individuals to mitigate 
human–wildlife conflicts. Table 15.1 provides a sample of recent trans-
location events in eastern and southern Africa showcasing these diverse 
reasons for moving buffalo.

Box 15.1 Definitions of Translocations (IUCN/SSC, 2013)

Conservation translocation is the intentional movement and 
release of a living organism where the primary objective is conserva-
tion. This will usually comprise improving the conservation status of 
the focal species locally or globally, and/or restoring natural ecosys-
tem functions or processes. Conservation translocations are classified 
according to the intended benefit of the process, entailing releases 
either within (population restoration) or outside (conservation intro-
duction) the species’ indigenous range.

• Population restoration involves:
 ◦ Reinforcement, which is the intentional movement and release 
of an organism into an existing population of conspecifics,  aiming 
to enhance population viability.
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 ◦ Reintroduction, which is the intentional movement and release 
of an organism inside its indigenous range from which it has 
 disappeared, aiming to re-establish a viable population of the focal 
species.

• Conservation introduction involves:
 ◦ Assisted colonization, which is the intentional movement 
and release of an organism outside its indigenous range to avoid 
extinction of populations of the focal species.

 ◦ Ecological replacement, which is the intentional movement 
and release of an organism outside its indigenous range to per-
form a specific ecological function. This is used to re-establish an 
ecological function lost through extinction and will often involve 
the most suitable existing subspecies, or a close relative of the 
extinct species within the same genus.

For whatever reason a capture operation is decided, it should be care-
fully thought through, and planned with strict adherence to veterinary 
regulations with respect to disease control, dangerous drugs, etc. The 
planning exercise should pay particular attention to behavioural charac-
teristics and stress management.

Most of the knowledge and information presented in this chapter is 
based on massive experience and skills developed after many years of 
practice by the authors and other colleagues (La Grange, 2005, 2010).

Behavioural Characteristics to Consider 
for Capturing Buffalo
Like most bovids, buffalo are herd-orientated animals occupying dis-
tinct home ranges (Chapter 6). Therefore, they try to stay with one 
another while being driven towards the boma (a large funnel-shaped 
enclosure to physically capture buffalo – see below). Once in the boma, 
they will continue to follow the lead individual, who is likely to exploit 
any weakness in the integrity of the boma and try to initiate an escape 
response. Consequently, identifying and managing the lead individual 
effectively manages the herd.

Surprisingly, under capture pressure, the individual taking the lead to 
escape or attack is more often a cow that both defends and leads the way to 
safety. In the wild, bulls will join and separate depending upon age; subadult 
males will often leave to form bachelor groups while post-breeding old bulls 
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Table 15.1 A few examples of capture and translocation operations of African buffalo

Date Place
Number of 
buffalo involved Reason Operations Results

1984 Zambezi valley, Zimbabwe Groups of around 
100 each

Investigation of foot and 
mouth disease (FMD)

Capture, process,  
and release

Establishing strains  
and level of disease

1985,  
1986

From Zambezi valley  
to central Zimbabwe

3 herds of around 
100 each

Removal of female calves 
to establish FMD-free 
herds

Capture entire  
herds and remove 
calves

Release natal herds 
on site and remove 
calves to safe haven 
to be quarantined

1990  
to  
2020

Harare, Zimbabwe Several groups  
of 1–10 
individuals

FMD-free herds and 
redistribution of blood 
lines

Individual darting, 
loading and 
transportation

99% survival rate 
despite 5-day turn 
around

1995 Malilangwe, Zimbabwe Several herds Individual vaccination for 
anthrax

Capture, vaccination 
in crush and release

The buffalo population 
was saved

1997,  
1998

Kariba dam, Zimbabwe 400, then 400 Rescue from lake Kariba Capture in Bumi 
Hills, transport by 
ferry and release in 
Gache Gache

Successful relocation: 
98% survival rate

2004 From Lake Nakuru National 
Park (NP) to Il Ngwesi 
Conservancy, Kenya

54 Population management 
at source and improving 
genetic diversity at 
recipient site

Capture, transport 
and release

100% survival rate

2004 From Lake Nakuru National 
Park to Il Lewa Wildlife 
Conservancy, Kenya

19 Population management 
at source and improving 
genetic diversity at 
recipient site

Capture, transport 
and release

100% survival rate
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2008 From Solio Ranch to Aberdare 
National Park, Kenya

60 Mitigation of habitat 
destruction

Capture, transport 
and release

100% survival rate

2009 From Kibiku Forest, Ngong  
to Nairobi NP, Kenya

17 Mitigate human–wildlife 
conflict (HWC)

Capture, transport 
and release

100% survival rate

2009 Hwange NP, Zimbabwe 500 Reintroduction in 
Mwenezi Ranch

Capture and 
translocation from 
Robins camp to 
Mwenezi Ranch

Successful 
reintroduction

2010 Marromeu National Reserve 
(NR), Mozambique

99 Investigation of bovine 
tuberculosis (BTb)

Capture, sampling 
and release

Status of bTB in 
Marromeu buffalo

2012 From Marromeu NR and 
Gorongoza NP to Gilé  
NR, Mozambique

20 Reintroduction of buffalo 
in Gilé NR (species 
formerly extinct)

Capture, transport, 
and release

Species reintroduced 
in Gilé NR

2013 From Niassa NR to Gilé  
NR, Mozambique

47 Reinforcement in Gilé 
NR (consolidation of 
the reintroduction)

Capture in Niassa 
NR, transport over 
900 km and release 
in Gilé NR

The reintroduction 
of the species is 
consolidated (150 
buffalo in 2021)

2015 to 
2017

From Marromeu NR to 
Coutada 9, Mozambique

50 in 2015 and 
200 in 2017

Reinforcement of the 
relict buffalo population 
in Coutada 9

Capture in Marromeu 
NR, transport and 
release in  
Coutada 9

Successful 
reinforcement in 
Coutada 9 (380 
buffalo in 2020)

2017 From Marromeu NR to 
Zinave NP, Mozambique

250 Reintroduction Capture, transport 
and release

Successful 
reintroduction,  
99% survival rate

2017,  
2018

From Chinhoyi, Zimbabwe, 
to DRC

50, then 50 Introduction Airlift to Luanda 
and drive to 
Lubumbashi

99% survival rate

2019 From Kitengela to Nairobi  
NP, Kenya

8 Mitigation of HWC Capture, transport 
and release

100% survival rate

Source: Author.

https://doi.org/10.1017/9781009006828 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/9781009006828


412 · M. La Grange et al.

will separate. These older bulls, often referred to as ‘dagga’ bulls in southern 
Africa, frequently have impaired eyesight and hearing. They sometimes seek 
the safety (i.e. from natural predators) of areas surrounding human habita-
tions and can become exceedingly dangerous if stumbled upon.

Mothers are strongly bonded to their calves, recognizing them imme-
diately from the bawling vocalizations of their respective offspring. They 
will respond aggressively to investigate and retrieve them even under 
stampede situations. Yearlings are reliant on parent herd knowledge, 
become lost in unrecognizable environments and need to be close to 
their mothers and other herd members. The cow–calf bond lasts for 
longer periods than for many other species (a comparatively long time 
between birth and puberty).

Home range dispersal is generally forced through large predator inter-
actions or human-induced disturbances. Individual adult animals driven 
out into surrounding communities because of forced dispersal tend 
to be harassed and therefore can become exceedingly dangerous and 
often attack with little provocation. These individuals are unlikely to be 
returned successfully to the area they originated from.

Behaving in many respects like sable, once cornered and unable to 
escape in a boma, the buffalo herd will form a tight circular gathering 
often referred to as ‘laager’ in southern Africa, providing an effective 
defence strategy, especially against predators such as lions. This strategy 
prevents losses which likely would occur if the herd panicked and ran in 
several directions.

However, in a herding situation during capture, depending upon 
the pressure exerted on them, buffalo will readily attack when deemed 
threatened. The correct reading of the situation is necessary and relies on 
experience in order to apply just enough pressure to solicit the required 
response. It may be necessary to back off before this pressure becomes 
too much and invokes an attack or unnecessary panic. In this way, the 
lead cow becomes both ally and foe, and given the opportunity, would 
prefer to find a way out of the capture boma. She and the herd may be 
cleverly manipulated through good boma design and management to 
achieve smooth capture of the herd. Experienced operators and helicop-
ter pilots do make a difference!

Stress Management
Fifty years of capture experience by professional operators have proven 
that for all species, stress cannot be removed completely, but its 
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intensity can be minimized during every stage of the capture opera-
tion. Observations indicate that the main activity compounding stress 
is uncontrolled panic and running with attempts to attack or to escape. 
Struggling and overexertion prior to restraint must be quickly brought 
under control. Uncontrolled running up and down a boma, for exam-
ple, is sufficient to overexert animals, resulting in potential health com-
plications. Similarly, continued stress observed during physical restraint 
requires quick, deft action to control and calm animals throughout the 
operation. Basic application, for example, of a blindfold prior to or dur-
ing immobilization and tranquillization, will provide a calming effect. 
Fortunately, buffalo are less prone to panic than many other species, but 
these principles still apply.

Any capture operation must minimize mortality and stress. Currently, 
advances in translocation knowledge have resulted in minimal mortali-
ties, even when moving entire herds over long distances. An acceptable 
mortality rate is considered to be <2 per cent. However, modern cap-
ture techniques have been so refined that almost zero or very low mor-
tality is now achievable. A thorough understanding of the subtleties of 
buffalo herd behaviour is important to overall success. Such knowledge 
allows potential problems to be anticipated before they occur, provid-
ing for timely management decisions that can be corrected and adapted 
throughout the entire capture process, effectively minimizing stress at all 
stages with the goal of zero mortality.

Physical Capture/Mass Capture
Physical capture is the capture of wild animals without using drugs. Mass 
capture of herd animals using a temporarily erected boma is a revolution-
ary technique of physical capture that originated in the 1960s in Namibia 
(Oelofse, 1970). In the animals’ natural habitat, opaque or ‘blind’ plastic 
polyweave sheeting is erected on poles and supported top and bottom by 
tension cables in the formation of a large funnel-shaped enclosure, usu-
ally named mass boma capture, often referred to simply as boma capture 
(Figure 15.1). The principle employed is that animals are herded into the 
large open end of the funnel, and while being forced to traverse it to 
the narrow end, will not challenge the tall, flimsy barrier because they 
cannot see an escape route to the outside. The funnel ends in a crush 
in which animals can be individually selected or handled and thereafter 
either released or loaded onto a custom-made transporter vehicle already 
situated on an exit road.
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Using a small, manoeuvrable helicopter is the preferred method of 
driving animals to a boma (using horses, vehicles or people would be 
cheaper but is impractical for many reasons). It is absolutely essential that 
the pilot is not simply a commercially rated licence holder but someone 
who has experience in both low-level game capture flying and wild 
animal observation and behaviour. While flying the pilot has to be able 

Figure 15.1 (a) Diagram of a temporary mass capture boma constructed out of 
woven plastic sheeting. (b) In practice, the boma is camouflaged in the vegetation 
and the narrow ‘crush’ section curves towards a ramp into transport vehicles on an 
exit road (transport vehicle on the top). Source: Author.
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to separate a workable number of animals from a herd, move them as 
calmly as possible in a downwind direction towards the boma, and avoid 
having them panic, separating far from each other and escaping from 
the group. At the same time, the pilot must communicate via radio and 
thus coordinate the activity of members of a ground team strategically 
positioned in and around the capture boma. The helicopter pilot flies 
alone to reduce helicopter mass enabling more power for manoeuvring.

The overhead noise and presence of a helicopter provide sufficient stim-
ulus to move most wild animals including buffalo. The disturbance read-
ily groups them while moving them in the required direction. The pilot 
must vary altitude and position judiciously, strategically moving around 
the herd, and applying varying levels of pressure to direct and keep the 
selected herd/group together. Directional pressure is gradually increased 
(lower altitude, closer distance) as the herd approaches the well-concealed 
wide boma entrance. Near the mouth of the boma, the helicopter is flying 
low, and finally activates a loud siren to provide the final stimulus while 
directing ground staff to close the main gate, with the process repeated to 
close secondary gates as the herd funnels down through the boma.

Ground teams stationed on the boma partition gates rapidly draw 
these plastic curtains across in sequence behind the buffalo as the herd 
progresses forward towards the narrow end of the boma. Employing 
this strategy, the herd is confined in a manageable sized space (a boma 
compartment), with individual movement restricted and less chance of 
escape. It is essential to limit outside stimuli while the boma is occupied 
to allow buffalo to regain their rest composure following the stressful 
chase. In large capture operations, the manageable number of animals 
driven in per helicopter drive is around 30–40 buffalo. This number is 
considered practical to handle and load, adding further subdrives to fill 
additional boma compartments if required or carrying out additional 
drives after the loading of the previous subdrive.

Placing buffalo under stress during mass capture is akin to them being 
hunted as prey in the wild where they display equivalent behavioural 
responses. Initially, they bunch into a circular defensive formation to 
prevent losses that would likely occur from individuals panicking and 
running in several directions. They often attack under extreme or per-
sistent pressure, with a number of individuals charging in one direction 
behind a leader.

Pushing captured wild buffalo one by one into a narrow ‘cattle-like 
crush’ is obviously not easy and cannot be done by people on foot inside 
the boma. A modified four-wheel drive vehicle with strong front and side 
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protection can be used to achieve this by slow ‘persuasion’ (Figure 15.2). 
Buffalo will attack the vehicle, especially the front and wheels, rather 
than target the people inside. Adding a curve to the handling facility, or 
hanging vegetation at the far end of the boma to camouflage the dead 
end, leads the herd into thinking that there is an attractive way of escape, 
and its leaders will eventually move on towards that (Figure 15.1).

All procedures in the capture of wildlife are in effect stress manage-
ment exercises. Put simply, physical capture without drugs is achieved 
through a sequence of induced animal behaviours: naturally moving 
away from the disturbance source, encouraged to take the escape oppor-
tunity given, enabled by loss of geo-location and reluctance to challenge 
the unknown (see some tips in Box 15.2).

Chemical Capture/Individual Capture
Chemical immobilization of buffalo is achieved by darting or injecting 
drugs. Darting and handling of immobilized wild animals require very 
comprehensive training in specialized courses that are available in a few 
selected countries. Even veterinarians are advised to attend these courses 
because this very detailed and specialist field is usually not fully covered 
in general veterinary training. Dangerous drugs, especially opioids, fall 
under very strict veterinary regulations. In cases of accidental exposure 

Figure 15.2 Final stage of a buffalo mass capture: (a) buffalo are chased into the 
boma by the helicopter; (b) then pushed into desired sections of the boma or lorry 
using an adapted vehicle. © Philippe Chardonnet.
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Box 15.2 Tips for Managing Buffalo within the Mass Boma

• The helicopter drive for separating the required number of buf-
falo is important to avoid driving too many in at once. Too many 
animals will be difficult to manage in the boma. Instead, position 
the main herd nearby ±200 m and separate 30–40 animals for each 
subdrive into the boma, filling the respective boma compartments 
providing further options. Rather than filling each compartment, 
more often additional drives are conducted after the loading of the 
previous subdrive.

• Identify and work with the lead cow as discussed. This requires lots 
of patience – offer a way to escape and capitalize on any advantage 
emerging.

• Provide a suitable boma herding vehicle within the boma as operat-
ing on foot would be extremely dangerous. As indicated, prevent 
direct confrontation, applying targeted pressure, following or back-
ing off, observing the response. Any old 4×4 vehicle will do as 
buffalo tend to attack the vehicle, especially the front and wheels, 
rather than the people inside.

• The secret is: ‘Give n’take!’ Avoid applying too much pressure and 
AVOID direct contact!

• The boma is flexible in design to provide for a wide range of cap-
ture applications, including:
 ◦ Combining physical and chemical capture to enable the selec-
tion of specific animals for testing or capture. Basically, instead 
of a crush, providing a sufficiently large circular working area at 
the boma end to drive the herd in and dart individual animals 
selected from a vehicle. Individual animals can be marked and 
released back to the herd or following bulk knockdown, for 
example, veterinary testing, before releasing the herd back to 
the wild.

 ◦ Calf removal for FMD-free buffalo breeding programmes is basi-
cally a variant of this technique, capturing the entire herd, then 
employing a vehicle to drive among the herd as they mill around, 
‘fishing’ out the calves individually with a rope and pole noose. 
Male calves are separated from the females into different bulk 
crates. Finally, the males are released back to the herd before the 
final herd is released back to the wild.
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to these, such as the potent opioids used for buffalo, humans are unfor-
tunately extremely susceptible to the same effects, which can rapidly be 
fatal. Safety procedures are paramount and must be thoroughly applied.

Darting on the ground requires approaching a buffalo within close 
range (maximum about 40 m), which requires knowledge of the behav-
iour of the species and judgement of each circumstance. It is safest and 
easier to approach by vehicle if the terrain allows. However, in West and 
Central Africa where many landscapes do not allow driving off track, 
and where helicopters are difficult to hire, buffalo darting is often car-
ried out on foot (Figure 15.3). Compared to many other large mammals, 

Figure 15.3 Individual darting on foot of a West African savanna buffalo. © Daniel 
Cornélis.

 ◦ Conducting large immunizing programmes against diseases such 
as anthrax. This is done by providing an extended crush at the 
boma end to hold 30–50 buffalo. These are pole syringed and, 
importantly, marked for identification before release.

 ◦ The first gate (Figure 15.1) serves to first contain the driven buf-
falo herd, aiming to keep the area between it and the main gate 
pristine for subsequent drives.
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buffalo are quite easy to approach on foot provided the stalking is done 
very strictly against the wind. However, approaching buffalo by foot 
close enough for darting becomes a difficult exercise in poorly man-
aged areas where harassed buffalo become very shy. Operational success 
hence may drop from darting a few buffalo each day to just one buf-
falo every few days, especially if specific individuals are targeted (e.g. an 
adult female or collared individual for device removal). Lone males are 
the easiest to get close to, followed by male coalitions. Herds are more 
difficult, however, often with males following behind.

Darting from a helicopter requires a pilot with experience in both low-
level flying techniques and interpreting animal behaviour (Figure 15.4). 
The darter and the pilot must have excellent intercom communication 
in the air. Aircraft reliability and aviation and veterinary safety proce-
dures must be established and adhered to as there is very little margin for 
error (see tips in Box 15.3).

The darting of individual buffalo or small groups uses combinations of 
opioid drugs and tranquillizers (Table 15.2). Such combinations are designed 
to provide synergistic effects; the opioid is the ‘knockdown’ component, 
inducing a physiological state called ‘narcosis’ which is much different from 
the deeper unconscious state of ‘anaesthesia’, familiar to most humans. The 

Figure 15.4 Chemical capture of a free-ranging herd of Cape buffalo by 
individual darting from a helicopter. © Samy Julliand.
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Box 15.3 Tips to Consider with Aerial Darting of Buffalo

• Capitalize on the ‘window-of-opportunity’ offered by confusion, 
separating out smaller, manageable subgroups of buffalo, driving them 
to more accessible open ground away from the principal herd, forcing 
them to circle on themselves to promote confusion, and quickly dart-
ing all the individuals comprising the group. It is important to keep 
them together in suitable recovery terrain until they all go down. This 
process requires skill and experience from the helicopter pilot and 
darter working together with ground teams, who should be directed 
in to render timely assistance to potentially compromised animals. It is 
important to minimize the total downtime of the group.

• Positive knockdown of the targeted animals is paramount, requir-
ing correct dart placement and the appropriate drug combination. 
Generally, with free-range darting of wild buffalo, apply the high-
dose opioid protocol (Table 15.2), avoiding underdosing that 
is more problematic with the potential for complications. Buffalo 
herded by a helicopter are more likely to be stressed and hyper-
thermia can be a problem, especially with a dark-skinned animal. 
Consider combining thiafentanyl with etorphine in a 50:50 com-
bination dose, which significantly reduces the excitement phase, 
reducing time running and therefore distance travelled. Thiafentanyl 
alone in combination with azaperone provides quick knockdown, 
but thousands of buffalo in southern Africa have been successfully 
immobilized with etorphine and azaperone.

• It is especially recommended to immediately redart if poor dart 
placement is suspected rather than waiting for drug sign. Be 
 prepared to manage possible overdose using butorphanol.

addition of a tranquillizer reduces stress by smoothing the ‘induction period’ 
(the time for a drug’s full effect over several minutes), counters muscle rigid-
ity during the immobilization phase, and improves the recovery process.

Historically, the traditional choice of drug combinations has been etor-
phine hydrochloride (M99, Captivon® Wildlife Pharmaceuticals): 5–8 
mg etorphine combined with 40–50 mg azaperone for a free-ranging 
adult, reducing this marginally (by 20 per cent) for penned and tamer 
animals (Figure 15.2). With free-range darting of wild buffalo, apply the 
high-dose opioid protocol. In holding boma situations, pens or where 
buffalo are calm or habituated, the low-dose opioid protocol can be 
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Table 15.2 Drug recommendations for the African buffalo (taken with the kind permission of Kock and Burroughs, 2021).

Buffalo Opioid Tranquillizer Opioid antagonist α-2 agonist

High-dose opioid protocol

Free-ranging bulls Etorphine 7–8 mg or Azaperone 40–60 mg Naltrexone 140–160 mg

None

Thiafentanil 7–8 mg Azaperone 40–60 mg Naltrexone 70–80 mg
Mix etorphine 4 mg and 

thiafentanil 4 mg
Azaperone 40–60 mg Naltrexone 120 mg

Free-ranging cows Etorphine 4–6 mg Azaperone 40–60 mg Naltrexone 80–120 mg 
Diprenorphine at 12-18 mg 
is useful in loading

Thiafentanil 4–6 mg Azaperone 40–60 mg Naltrexone 40–60 mg
Mix etorphine 3 mg and 

thiafentanil 3 mg
Azaperone 40–60 mg Naltrexone 90 mg

Adults in boma Etorphine 3–5 mg Azaperone 40–60 mg Diprenorphine 9–15 mg or
naltrexone 60–100 mg

Low-dose opioid protocol

Adult bull Thiafentanil 1.5–2 mg Medetomidine 4 mg plus Naltrexone 15–20 mg Atipamezole 4 mg 
plus yohimbine 
at 0.5 ml per mg 
of medetomidine

Azaperone 40mg

Adult cow Thiafentanil 1–1,5 mg Medetomidine 3–4 mg plus Naltrexone 10–15 mg Atipamezole 4 mg 
plus yohimbine 
at 0.5 ml per mg 
of medetomidine

Azaperone 40 mg

0–6 months Thiafentanil 1 mg Naltrexone 10 mg
(cont.)
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Buffalo Opioid Tranquillizer Opioid antagonist α-2 agonist

6–12 months Thiafentanil 1 mg Medetomidine 0.5 mg plus 
azaperone 15 mg

Naltrexone 10 mg Atipamezole 
0.5 mg plus 
yohimbine at 
0.5 ml per mg of 
medetomidine

12–24 months Thiafentanil 1 mg Medetomidine 1 mg plus 
azaperone 20 mg

Naltrexone 10 mg Atipamezole 1 mg 
plus yohimbine 
at 0.5 ml per mg 
of medetomidine

24–36 months Thiafentanil 1 mg Medetomidine 2 mg plus 
azaperone 30

Naltrexone 10 mg Atipamezole 2 mg 
plus yohimbine 
at 0.5 ml 
per mg of 
medetomidine

Notes:
• Azaperone is recommended in all buffalo immobilizing combinations.
• Ketamine given intravenously (IV) is effective as a ‘top-up’ drug in animals that are not sufficiently immobilized by the opioid and sedative/ 

tranquillizer mixture. Administer 100–200 mg IV and further doses can be given if required. Doses of 50–100 mg will often be sufficient.
• Naltrexone for free release is preferred and for transport a mixture of diprenorphine and naltrexone is useful.
• Diprenorphine at 12–18 mg is useful in loading.
• In forest buffalo, the same drug combinations can be used but reduce doses accordingly due to smaller size. Carfentanil (4 mg) has been 

used successfully to immobilize this subspecies – reverse with 200–300 mg naltrexone. The use of carfentanil may result in knuckling 
problems post-recovery in savanna buffalo and is not recommended for them.

• The addition of hyaluronidase to the mixture in the dart is advisable in buffalo, particularly with the high-dose opioid protocol.
• Azaperone is the better drug to use. Buffalo are generally sensitive to the effects of the α-2 agonists so take due precautions in free-living 

animals. When complete reversal of the α-2 agonist is required, use atipamezole.

Table 15.2 (cont.)
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substituted. Either on the ground or from the air, if poor dart placement 
occurs or dart failure is suspected, it is generally recommended to redart 
immediately rather than waiting for signs of drug effect.

Following chemical capture, the recumbent buffalo is given an opi-
oid antagonist, a rapidly acting antidote drug which allows the animal 
to regain full consciousness to normal mobility with all its vital func-
tions intact. Recovery drugs (variously called ‘antidotes’, ‘reversals’ or 
‘antagonists’) and their dosages vary according to what management 
procedure is required following capture. If a buffalo needs to be moved 
from an area inaccessible to transport, ‘partial antagonists’ drugs may be 
used. The remarkable efficacy of these drugs is to allow the buffalo to 
get to its feet and be slowly physically guided by well-trained handlers. 
Obviously, this is while it is still blindfolded and well restrained with 
ropes, but in a heavily tranquilized state and not sufficiently awake to 
injure the handlers or escape uncontrollably.

It is far easier to manage the effects of ‘overdosage’ of immobilizing 
drugs on a wild animal than ‘underdosage’. To most people, this would 
seem counterintuitive. The reason, however, is that if a recumbent ani-
mal is physiologically compromised, there are various ways of quickly 
improving its vital functions to keep it alive while it remains recumbent 
and manageable. In the worst-case scenario, should the procedure not be 
able to continue, an intravenous opioid antidote drug can quickly wake 
the animal up and bring it back to normality. By contrast, if the animal 
receives an insufficient dose, it will remain ‘half-immobilized’ on its feet 
and continually try to escape, whereupon its uncontrolled mobility and 
associated high stress levels can cause it to become rapidly compromised 
physiologically, which is often fatal (see tips in Box 15.4).

The choice of a commercially available darting system is a matter 
of personal preference. There are two main types of ‘remote injection 
devices’, distinguished by the method of dart propulsion from the gun 
and drug injection from the dart. Powder-charged guns use small blank 
cartridges while gas-powered guns are fitted with small cylinders con-
taining compressed carbon dioxide (CO2). Drugs are expelled from darts 
by either small powder charges or the release of compressed air. Two 
of the most used systems are called ‘Pneudart®’ and ‘DanInject®’. These 
darting systems are versatile enough that they can be used with darts 
from different manufacturers (11 mm and 13 mm barrel bore size), such 
as Palmer Cap-Chur® (0.50 calibre or 13 mm). It is important to select 
the correct needle size and length (2 × 50 mm) when darting buffalo 
(Kock and Burroughs, 2021).
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Transport of Buffalo
Transporting wild animals as large as buffalo by road is a very detailed 
and specialized undertaking, requiring large amounts of equipment, 
logistical support and organizational capability. Unless only a few indi-
vidual buffalo are to be transported a very short distance (which could 
be done by tranquillizing and transporting them recumbent in a pickup 
truck), moving buffalo requires experienced ‘capture operators’.

Box 15.4 Tips for Monitoring the Immobilized Buffalo

• The immobilized animal should be approached slightly from 
behind. A blindfold should be gently lowered over its eyes, this 
will significantly reduce stress, effectively assisting in relaxing the 
animal and protecting the eyes. Earplugs are optional.

• Immediately upon approach, the buffalo must be placed and main-
tained in a sternal recumbency position with the head lowered. 
Over the years the potential for regurgitation and aspiration of 
ruminal contents into the lungs has proven an issue, especially with 
drug combinations using α-2 agonists.

• Throughout the whole procedure until the end, respiration must be 
monitored with a normal rate of 6–8 breaths/minute. Less than this, 
butorphanol can be injected in increments of 5 mg but beware of 
complete reversal at doses higher than 30 mg. Doxapram given at 5–15 
ml IV also provides respiratory stimulation, but is short-acting and can 
produce some arousal, so constant monitoring is required. A rate of 
10–12 means the animal is light and, depending on the time from dart-
ing, may require a top-up of 100–200 mg of ketamine. Avoid adding 
more opioid into the animal, ketamine is highly effective and safe.

• A large buffalo’s limbs folded under a heavy body are very suscepti-
ble to lack of blood supply during longer procedures; thus, the body 
position must be regularly adjusted to maintain adequate circulation 
to the limbs and to avoid any nerve damage due to pressure.

• The drugs to either terminate or prolong immobilization must be on 
hand and the required procedures known in detail by the operators. 
For reversal, a combination of naltrexone (25 to 100mg depending 
on opioid dose) and diprenorphine (12-18mg) can be used IV or IM, 
especially when more than one animal are woken up at the same 
time in a recovery crate – the lower dose of naltrexone helps with 
the recovery of buffalo. A significant cost reduction can be achieved 
using this in combination with the full diprenorphine dose.
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In some African countries, there may be detailed veterinary and 
other legal requirements for moving buffalo, resulting in extensive prior 
paperwork. Buffalo can share several diseases and parasites with live-
stock, so official health requirements can be very stringent, expensive 
and time-consuming.

Customized crates replicating ‘shipping containers’ are the most used 
equipment for road transport. Obvious requirements for these containers 
are non-slip flooring, good ventilation, sliding doors and operator access 
via the roof for observation or animal behaviour intervention. Buffalo 
travel well in groups when well-designed crates and good management 
practices are used, and can travel for up to 36 hours after capture without 
food and water en route. Watering and feeding can be done at both ends 
of the journey. Tranquillization using injectable drugs should be limited 
to bulls and/or truculent animals only. Never tranquillize juveniles or 
yearlings because there is the risk that they may lie down in transit and 
be trampled by adults (see tips in Box 15.5).

Box 15.5 Tips for Loading Buffalo and Managing Their Transportation

• Buffalo travel well as mixed groups.
• Need to employ fully enabled management crates to properly dis-

tribute the captured animals – considered essential.
• Compartments fitted with fully functional sliding doors – capable 

of separating buffalo, allowing the movement of animals back and 
forth between compartments as required.

• Cross-loading capabilities – extra truck units may be needed to 
cross-load as required.

• Crates providing full access from the top to inspect, move, sort, 
tranquillize and operate partition gates.

• Watch packing density. Buffalo are prone to hyperthermia, 
which can be exacerbated by too many animals packed into a 
compartment.

• Not too many animals at one time should be in a crush. It is a 
good idea to split the load into 20–25 subgroups at the crush (a 
suitable number for a truck and trailer load). Where large numbers 
are to be moved, consider cross-loading into additional truck units 
linked up.

• Generally, calves at foot do not load and transport well; therefore, 
avoid the breeding season.
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Box 15.6 Checklist Tips Prior to Transportation

• Ensure animals are settled before transporting! Unload and reload 
should animals remain unsettled requiring group resorting.

• Tranquillize as required.
• Ensure correct paperwork is in hand: wildlife permits, vehicle clear-

ance, border crossing. Experience dictates that it is best to use the 
services of an experienced clearing agent to facilitate border crossing.

• Consider best travel route: terrain, condition and directions.
• Weather conditions en route are more often overlooked. Consider 

potential for chill factor problems en route when travelling through 
the coldest part of the night. Wherever possible, avoid these situa-
tions, remembering the chill factor may often reduce ambient tem-
peratures by a factor of 4–8°C.

• Consider GPS track monitoring of the vehicle.
• Cell/smartphone–satphone enabled.
• Stop and rest frequently, every 200 km. Select quiet stopping places, 

not near gatherings of people, for example, a village.
• Watering and feeding are not normally an issue if delivering within 

24 hours. Empty one compartment and place flat troughs and fresh 
grass should this become necessary.

• It is very important to ensure rehydration on final release.
• Consider refuelling requirements for the trucks: identify places and 

the currency required. Think logically through all these requirements, 
addressing any that have the potential to interrupt smooth passage.

• Drivers should be experienced and well briefed.

• Bulls tend to be easier to load, but they will occupy a larger space 
and should be appropriately tranquillized.

• Tranquillization of truculent individuals only.
• Never tranquillize calves and yearlings that are then prone to be 

trampled upon!
• Buffalo can travel for up to 36 hours after capture without food and 

water.
• Should watering and feeding prove necessary, this may be achieved 

by moving animals into an adjacent compartment, for example, 
when undertaking time-consuming cross-border operations.
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Long-distance considerations

• Use alternate drivers.
• Stop and rest frequently, every 200 km.
• Emergency tranquillization may be needed (azaperone and diaz-

epam) for particularly truculent individuals.
• An accompanying ‘chase’ vehicle is important with a qualified per-

son to assist the animals for cross-border deliveries.
• May need to water down animals, drinking considerations become 

more important with long distances (avoid excessive water in crate, 
beware of danger of slipping).

• Monitor weather en route, especially whether hot or cold spells.

To transport live animals, drivers of heavy vehicles must be exten-
sively trained and experienced. The best travel route must be researched 
and planned, and very reliable communications guaranteed between 
drivers and support staff. The weather en route is often overlooked: in 
hot daytime conditions buffalo can overheat if too tightly packed; on the 
other hand, when travelling during the coldest part of the night, a wind 
chill factor can reduce the ambient temperature by up to 8°C. On long 
journeys, vehicle stops in quiet locations at a maximum of every 200 
km are essential. Extra requirements for unforeseen problems arising are 
a senior staff member in an accompanying 4WD ‘chase vehicle’ and an 
empty crate for cross-loading should some animals need to be removed 
during transit (see checklist in Box 15.6).

Release at Destination
Herbivores with social behaviour like buffalo are easier to translocate 
than many other taxa, but a successful capture does not end upon reach-
ing the destination, where much remains to be done. Possibly one of the 
greatest pitfalls to concluding a successful capture and translocation is the 
problem of subsequent maladaptation when wild animals are introduced 
to new surroundings.

If the transport arrives late at night, leave the buffalo inside the crates 
and unload them early the following day. Allowing buffalo immediate 
and full rehydration at the destination is essential. Immediate free release 
(also named ‘hard release’) might be practiced in a fenced environment. 
However, the construction of an adaptation boma is recommended 
where the buffalo can settle into new surroundings via an initial captive 
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period. If the new habitat is substantially different from the source area, 
for example, subtle complications involving rumen microflora adaption 
can be very important. Dietary maladaptation can seriously impact the 
animals’ health and future survival.

When boma management is carried out correctly, buffalo do settle 
down relatively quickly compared to some other wild herbivores (see tips 
in Box 15.7). A few main points relating to this phase of handling are to 
allow an area of about 1 ha (100 × 100 m) for up to 25 buffalo and increase 
accordingly. As in a capture boma, the walls must be opaque or blanked off 
(e.g. woven plastic sheeting on fences), adequate shade for the entire group 
should be available, and good-quality grass and/or hay ad libitum should be 
provided, concentrate supplements can be added but only in small quanti-
ties daily. Human activity inside the pen (cleaning/animal sorting) should 
be kept to a minimum and during the cooler hours of the day and any 
disturbance, especially from spectators, must be strictly limited and only 
outside the boma. Domestic dogs should never be allowed anywhere near 
wildlife-holding bomas or pens. For final release back to the wild, pick a 
quiet day early in the morning and simply leave the enclosure gate open to 
allow the buffalo to find their own way out in their own time.

Box 15.7 Tips for Pen Management

• In carrying out the daily chore management of the pens, it is impor-
tant to establish a routine. Animals are naturally routine-orientated as 
they go about their daily business of feeding and resting. This should 
be maintained as much as possible during the penning process.

• It is extremely important to respect the midday siesta routine. 
Naturally, animals rest in shade during the hot part of the day, so 
pen cleaning, sorting and animal feeding should be limited to early 
morning before 11h00 and late afternoon from 16h00 onwards.

• Move animals to a new pen once a week. This allows for pen 
cleaning and rotation, which greatly helps when they finally need 
to be loaded and transported.

• Ensure that any disturbances remain on the outside of the pens, never 
on the inside. The pen attendant and family should be accommo-
dated nearby the pen complex, effectively providing disturbance to 
the outside but not invading the privacy within. This greatly assists 
with the taming process; animals realize that the pens represent safety.

• For further reading, refer to Raath (1996).
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The Case of Virtual Boundary
The more that wildlife are managed, the more there are indications that 
a virtual component is playing out. This is particularly noticeable upon 
releasing animals into a new environment that they do not know; essen-
tially, they are rendered lost. In the wild, animals are fully geo-located 
to their home ranges and always know accurately where they are. The 
establishment of ‘remembered’ boundary positions, risky areas and food 
and water locations is information imprinted virtually in their mindset, 
logged against time and season. If they are suddenly uplifted and moved 
in a dramatic fashion to where a new reality is foisted upon them, it 
renders them rather lost and unable to recognize much of their new 
surroundings. Experience over the years has demonstrated that release 
stress is best cushioned by placing animals in a blanked off and confined 
space (boma or pen) that they cannot see out of. In this, they quickly 
establish the basic information relating to the whereabouts of food, 
shelter and most importantly, a refuge. This position becomes ‘virtu-
ally logged’, so that release into a new wild area is undertaken from this 
remembered position as they gradually move away from it, exploring 
their new surroundings. The virtual boundary concept is interesting for 
future management in that this virtual knowledge is proving invaluable 
in developing innovative approaches to mitigate capture complications 
and human–wildlife conflict (La Grange et al., 2022).

Conclusion
The cardinal rule of buffalo or any wildlife capture, translocation and 
release is to regard all human interventions as potentially stressful to the 
animals, and therefore to strive to conduct them as far as possible as 
‘short-term and low-stress management exercises’. Achieving this objec-
tive involves well-coordinated teamwork with individual team members 
practicing an eclectic mixture of activities that add up to ‘an art as much 
as a science’. However, that said, there is still room for progress. The 
chemical capture of large mammals remains overly dependent upon opi-
oids, which are problematic for two main reasons: (i) they are extremely 
dangerous for humans and animals, and (ii) strict procurement protocols 
have severely hampered access for most countries outside the few with 
substantial experience in wildlife capture. Hence, there is a real need to 
actively research non-opioid drugs, especially the alpha-2s (e.g. medeto-
midine) and combinations thereof. Physical capture methods also could 
be improved, and maybe even new strategies developed, including for 
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example virtual applications such as a drone capture technique (under 
review), and applying scent technology through a guided, one-way 
camouflaged crush arrangement into a compacted mobile crate manage-
ment arrangement, obviating the necessity for large plastic mass boma 
equipment, helicopters and expensive labour commitment.
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A Story Longer Than Thought

Early Days

January 1895. Makanga country, now in Mozambique. Edouard Foa, 
a French explorer, is struggling to gain an audience with the powerful 
and feared Chief Tchanetta Mendoza. Foa had come there on his way 
to cross the continent by foot from the Indian Ocean to the Atlantic 
Ocean. Eventually, after having threatened Foa, the Chief consented 
to grant him a clearance to walk across and hunt on this land. At that 
time, the country was rich in game and Tchanetta forbade unnecessary 
shooting. Because Arabs used to come there from the North once a year 
for times immemorial, the Chief had them hunt elephants exclusively, 
measuring the powder for each hunter himself. Buffalo (Syncerus caffer), 
antelope, and other game were reserved to indigenous hunters for feed-
ing his people. The tribute to be paid to the Chief for hunting elephant 
was one tusk per elephant killed. When the beast had fallen, the tusk that 
was on the ground side was the property of the Chief of the territory. 
Locally, in Portuguese, this tax was named ‘o dente da terra’, the Earth’s 
tooth (Foa, 1900).

The price to pay for the right to hunt existed long before Foa. As 
early as the sixteenth century, Portuguese records state that no elephant 
could be killed and consumed without the consent of the Chief in the 
lands south of the Zambezi, where the ‘dente da terra’ tax already existed 
by unwritten law (Manyanga and Pangeti, 2017). Such hunting levies 
were not only restricted to this area. In western Tanzania, Foa had to 
pay the ‘hongo’, a tribute to walk and hunt on a Chief’s land (Foa, 1900). 
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In western Zimbabwe, Lobengula (1836–1894), Chief of the Ndebele, 
was issuing hunting concessions for foreign hunters as a way to protect 
Ndebele hunting rights (Moyo et al., 1993).

These ancient situations reveal extremely important historical traits: 
systems of governance and management of wildlife were already in place 
in precolonial times, mainly enacted by traditional leaders and their rul-
ing families (Sansom, 1974; Campbell, 1995; Carruthers, 1995), even 
endorsed by spirit mediums, at least in the Zambezi valley (Hasler, 1996). 
These systems did not disappear abruptly under colonial rule and often 
coexisted with new foreign regulations.

Today, the current trophy fee paid by the hunting tourist is nothing 
other than a modern form of the historical ‘dente da terra’. The present 
listing of particular species as fully protected is nothing other than ancient 
rules such as the prohibition by Lobengula of hunting hippopotamus, 
and the fee paid by the hunting operator to lease a hunting concession 
from the State is nothing other than the historical tribute to be paid to 
the landlord for being allowed to walk and hunt on his land. Today, by 
delegating the appropriate authority from central to local levels, the now 
widespread mechanism of community-based natural resources manage-
ment is in a way reviving precolonial systems, but with more democratic 
efforts than under the past feudal regimes.

Colonial Times

With the establishment of colonies, foreign powers assumed that the 
traditional sanctions and precolonial institutions that regulated hunting 
were an inadequate means of conserving wildlife in the face of grow-
ing human populations and competition for wildlife resources (Child, 
2004). By transposing their foreign laws, many colonial regimes pre-
scribed wildlife as res nullius: with wildlife now belonging to no one 
and managed by the State, traditional rulers were disempowered from 
controlling hunting. It is even assumed that some of them let poaching 
happen to steal State goods in revenge for having lost control.

The settlers who began arriving at the Cape of Good Hope in 1652 
hunted wildlife for food and commercial gain (Booth and Chardonnet, 
2015), and to open land to develop agriculture and livestock hus-
bandry. In less than two centuries, wildlife had been deeply impacted 
by the introduction of millions of muzzleloaders, metal gin-traps, etc. 
(Richards, 1980), the development of agriculture, and the expansion 
of livestock accompanied by several exotic diseases. The rinderpest 
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outbreak in the 1880s wiped out up to 95 per cent of the buffalo popula-
tions (Robertson, 1996; Spinage, 2003; Chapters 9 and 12). Regarded as 
common game, buffalo did not benefit from special protection and were 
even destroyed in southern Africa in the attempt to eradicate tsetse flies. 
Most colonial regimes maintained special, relatively cheap meat hunting 
licences to feed populations and plantation workers (Anderson, 2017).

At the end of the nineteenth century, a number of hunters through-
out Africa recognized the harm of uncontrolled hunting and played a 
key role in establishing protected areas (Kruger National Park in 1894 
in South Africa, Selous Game Reserve in 1896 in Tanzania). In the 
meantime, they also introduced modern protective game laws. All over 
Africa, many if not most of the Hunting Reserves that were gazetted 
at that time are the ancestors of today’s National Parks. The turn of 
the century was the period when hunting for trading ivory and skins 
or for collecting specimens for museums (Roosevelt, 1910) gave birth 
to hunting for sport, adventure and exotic travels named safari (safari 
means travel in Swahili). Hunting tourism arose in East Africa with 
pioneer farmers and explorers guiding foreign hunters (Lindsey et  al., 
2007). After the First World War, the hunting safari industry expanded, 
policed by law and administration. After the Second World War, sport 
hunting became more organized and regulated as a business (Booth and 
Chardonnet, 2015).

Independence

After independence, game and hunting laws were progressively mod-
ernized and the network of Protected Areas developed. Safari hunting 
continued except for a few countries like Kenya, where it was banned in 
1977, which precipitated the steep decline of game numbers in the coun-
try (Western et al., 2009; Ogutu et al., 2016). In contrast, neighbouring 
Tanzania, after a temporary hunting ban between 1973 and 1977, has 
maintained until today safari hunting on vast areas while also succeeding 
in maintaining the highest numbers on Earth of large mammals such as 
lion and buffalo. Unexpectedly, the bans on hunting in Kenya and tem-
porarily in Tanzania made both safari hunting clients and professional 
hunters look for new hunting fields in other regions of Africa, which 
boomed following the bans in East Africa (Hurt and Ravn, 2000).

While buffalo remained common in some areas, more and more 
situations were arising, especially in West and Central Africa, where 
local buffalo populations were diminishing as human population growth 
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drove demand for more land at the expense of wilderness, with agricul-
ture and livestock encroachment, and with increasing poaching pressure 
for bushmeat. Gradually, hunting became controlled by sustainability 
norms and integrated into conservation strategies. The rationale was 
to create sustainable revenue streams for rural communities and State 
wildlife agencies, thus providing incentives to preserve Hunting Areas 
as duly gazetted Protected Areas, in a challenging attempt to prevent 
their conversion into agriculture or other environment-unfriendly land 
uses (Prins and de Jong, 2022). In several African countries, there was 
a gradual alignment of trophy-hunting industries with conservation and 
development policies, supported by a number of international donor 
agencies (Lindsey et al., 2007).

Starting in the 1980s with the Communal Areas Management 
Programme for Indigenous Resources (CAMPFIRE) programme in 
Zimbabwe, new approaches aiming at increasing benefits from hunting 
and other wildlife uses for local populations led to a paradigm shift towards 
connecting sustainable use and hunting with rural development and liveli-
hoods (Murphree, 2000; Chapters 1 and 13). This approach progressively 
expanded throughout Africa with the Administrative Management Design 
programme (ADMADE) in Zambia, the Programme de Développement 
des Zones de Chasse Villageoises (PDZCV) in CAR, the Zones d’Intérêt 
Cynégétique à Gestion Communautaire (ZICGC) programme in Cameroon, 
the Gestion Participative des Ressources Naturelles et de la Faune (GEPRENAF) 
programme in Burkina Faso, and the Ecosystèmes Protégés d’Afrique Soudano-
Sahélienne (ECOPAS) programme (Lindsey et al., 2007). The foundation 
of this Community-Based Natural Resources Management (CBNRM) 
approach is to allocate user rights to local people, thereby allowing for 
benefits from wildlife use and creating conservation incentives (Baldus, 
2009). However, the implementation of this approach is not always that 
simple. In south-eastern Zimbabwe, for example, Poshiwa et al. (2013) 
show the limitations of revenues from wildlife diversification, even though 
wildlife income is less volatile than income from the agro-pastoral system, 
and wildlife can be used as a hedge asset to offset risk from agricultural 
production without compromising on return.

In these utilization schemes, hunting tourism has in most cases the 
highest income potential (Booth, 2010). As one of the most numerous 
large game animals, the buffalo is a core species for high-income hunt-
ing tourism (Lindsey et al., 2012). Buffalo hunts contribute a high share 
to community hunting income under CBNRM, for example in CAR 
(Bouché, 2010) and Tanzania (TAWA, 2019).
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Hunting Buffalo Today

Hunting Buffalo for Meat and Other Reasons

Informal Bushmeat Hunting Throughout Africa
Hunting for food began millennia ago with the first humans. Today, 
many rural communities across the continent still heavily rely on bush-
meat, both for food security and income (e.g. Loibooki et  al., 2002; 
van Vliet and Mbazza, 2011; Friant et al., 2020). Consumption of buf-
falo meat occurs broadly across the wide range of wild animal species 
consumed (Table 16.1). The pay-off for hunting a buffalo is high: a sin-
gle buffalo represents one of the greatest amounts of meat that can be 
obtained per capita, and buffalo meat is one of the most nutritive among 
the wild species usually hunted (Cawthorn and Hoffman, 2015). Buffalo 
is highly prized in urban markets and restaurants. While not the case 
everywhere, in some places like in Bangui, Central African Republic 
(Fargeot et al., 2017), or Manica Province, Mozambique (Lindsey and 
Bento, 2012), its meat is among the most expensive. This makes buffalo 
one of the species most targeted by poaching in several areas (Skikuku 
et al., 2018; Gaodirelwe et al., 2020). Buffalo meat may also be obtained 
as a by-product of conflicts between the species and the local communi-
ties; several communities hunt buffalo in retaliation after the species has 
raided their crops or attacked people (Long et al., 2020).

Local communities also hunt buffalo for purposes other than meat 
(Table 16.1). In Ethiopia, for instance, poachers hunt buffalo as trophies 
to increase their social acceptance and respect in society (Erena, 2014). 
For the Bisa people in Zambia, there are multiple dimensions to hunt-
ing buffalo, including social positioning and cohesion of their society 
(Marks, 1976). In many areas, buffalo body parts are used for cultural 
ceremonies and in traditional medicine (Whiting et al., 2011).

There are some communities that are reluctant to hunt buffalo. First, 
because hunting buffalo may be perceived as too dangerous by local 
hunters (Dell et al., 2020). In many traditional systems, hunters also have 
to share the meat from their hunts with a large number of community 
members. They therefore tend to avoid large species such as buffalo to 
limit the expense of delivering parts of the hunted animals to relatives 
living in distant places (Eniang et al., 2017). Finally, for some communi-
ties, the buffalo is regarded as a totem or taboo animal, and its hunt is not 
allowed (FAO/CIG, 2002; Duda et al., 2018; Chapter 1).

That said, hunting for bushmeat largely contributes to local declines of 
buffalo populations, even sometimes to the vanishing of the species (Prins, 
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Table 16.1 Uses (either legal or illegal) of African buffalo by local communities: examples across the species range by region, in West, 
Central, East and Southern Africa (based on data/sources in the table).

Region Country Area
Buffalo 
product Use Details Reference

West 
Africa

Burkina  
Faso

Bobo-Dioulasso Meat Food Buffalo hunted in groups for commercial 
purpose, sold to restaurants

Montcho et al. 
(2020)

Testis Traditional 
medicine

Aphrodisiac potions

Trophy Social prestige
Ghana Meat Food Species previously regarded as totems, such  

as buffalo, started to appear openly on 
major bushmeat markets because of 
increasing poverty and the growing 
scarcity of preferred wildlife species

FAO/CIG 
(2020)

Ivory Coast Comoé National 
Park

Meat Food All the local residents surveyed feed on 
buffalo flesh and/or skin

Atta et al. 
(2021)

Organs and 
other body 
parts

Traditional 
medicine

E.g. tail, heart, leg bones, horns, poop,  
urine fat, brain, bile to cure diarrhoea,  
eye aches, folie, heartache, bone 
weakness, sexual impotence, etc.

Witchcraft Turning away bad luck, banish fear,  
repulse bad spells, etc.

Meat Food Near extinction of buffalo because of 
hunting for food

P. Henschel, 
unpublished 
data in 
Lindsey et al. 
(2015)

https://doi.org/10.1017/9781009006828 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/9781009006828


Nigeria Abia, Bauchi, Edo, 
Kogi, Ondo and 
Zamfara State

Meat Food Alarape et al. 
(2021)

Penis Traditional 
medicine

Used as an aphrodisiac Adeola (1992)

Ibadab, Oyo State Bone Traditional 
medicine

Used as anti-vomiting Oduntan et al. 
(2012)

Cross River State Meat Food Hunters prefer not to hunt buffalo because  
the traditional system demands them to 
share the meat with community  
members, sometimes in distant places. 
However, Fulani herdsmen reported  
that they responded to the conflict  
between buffalo and cattle by setting wire 
snares along trails and shooting buffalo

Eniang et al. 
(2017)

South-western  
towns

Skin, eyeballs, 
liver, tail, 
penis, etc.

Traditional 
medicine

Elephantiasis, loss of hearing/speech/
eyesight vertebral column fracture, 
prolonged pregnancy; extrusion of 
placenta after parturition, human  
skull fracture, fertility

Sodeinde and 
Soewu (1999)

Nose, head Witchcraft Invoking witches appeasing traditional gods

(cont.)
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Central 
Africa

Cameroon Kimbi-Fungom 
National Park

Meat Food Buffalo hunting is a source of income Nda et al. 
(2018)

Buffalo is generally avoided in the Pygmy 
groups because it is considered as having  
a potential harmful effect on humans

Duda et al. 
(2018)

Central  
African 
Republic

Bangui Meat Food Buffalo, with snakes, are the most  
expensive species sold in the markets

Fargeot et al. 
(2017)

Yangambi  
Landscape, 
Yangambi 
Biosphere Reserve 
and the Ngazi 
Forest Reserve

Meat Food The local extirpation of buffalo is explained  
as the result of overhunting by armed 
groups (Armed Forces of the DRC, 
Congolese, Rwandans, and Ugandans 
from eastern DRC) during the periods of 
rebellion

Van Vliet et al. 
(2018)

Democratic 
Republic  
of Congo

Around Lomani 
National Park

Meat Food Buffalo nearly disappeared because of 
overhunting

Batumike et al. 
(2021)

Garamba National 
Park

Meat Food During peacetime, protected species such  
as elephant and buffalo rarely appeared 
in the rural markets, but they comprised 
more than half of all bushmeat sales in  
the urban markets. During wartime, the 
sales of protected species in the urban 
markets increased fivefold

De Merode and 
Cowlishaw 
(2006)

South of the 
Salonga–
Lukenie–Sankuru 
Landscape

Meat Food Buffalo meat sold in large quantities, 
accounting for the highest percentage  
of total weight of carcasses found in the 
local market

Steel et al. 
(2008)

Table 16.1 (cont.)

Region Country Area
Buffalo 
product Use Details Reference
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Democratic 
Republic  
of Congo and  
Republic of the 
Congo

Kinshasa and 
Brazzaville

Meat Food Buffalo meat illegally sold in the  
restaurants. Buffalo is the most  
expensive meat among the ungulate 
species

Gluszek et al. 
(2021)

Gabon Gambia Complex  
of Protected  
Areas

Meat Food In most locations with buffalo, signs of 
poaching were found as well. Buffalo 
meat sold at a price of 2200 CFA-Franc

Litjens (2017)

Republic of the 
Congo

Pointe Noire Meat Food Buffalo is among the species most frequently 
bought and sold in markets and 
restaurants

Boratto and 
Gore (2018)

East  
Africa

Ethiopia Western Ethiopia Bushmeat and illegal trophy hunting are the 
key causes of buffalo collapse. Bushmeat 
hunting is carried out by local poachers or 
local militias, whereas most illegal trophy 
hunters come from the remote parts of 
Limu, Gidda Ayana and Ebantu districts 
of the East Wollega Administrative Zone

Erena et al. 
(2019)

Oromia  
Regional State

Trophy Social prestige Hunting buffalo for trophies was frequently 
practised in the area

Erena (2014)

Kenya Mount Elgon 
Biosphere  
Reserve

Meat Food Buffalo is the mostly targeted species, after 
antelopes. Also hunted by poachers from 
Uganda

Skikuku et al. 
(2018)

Tail Cultural 
ornamentation, 
sign of prestige

Nationwide Retaliatory  
killing

Buffalo is the second most commonly killed 
species in retaliation for damage caused

Long et al. 
(2020)

(cont.)
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Rwanda Volcanoes  
National Park

Meat Food Hunting buffalo for meat was the most 
common forest activity in the past. Less 
common now because of increased law 
enforcement

Munanura et al. 
(2018)

Sudan Dinder Biosphere 
Reserve

Meat Food During periods of famine, conflict and critical 
fallback of food sources (crop and domestic 
livestock), many Sudanese consume all 
types of wild fauna, including buffalo

Adam (2019)

Tanzania Uzungwa Scarp 
Forest and 
Mwanihana  
Forest

Meat Food Locally extinct in the Reserve by the early 
1970s as a result of intensive hunting for 
bushmeat trade

Rovero et al. 
(2012); 
Hegerl et al. 
(2017)

South West  
Rungwa Game 
Reserve

Meat Food Communities get meat through resident 
hunting. Buffalo meat is mostly used for 
trade to generate income

Nachihangu 
et al. (2018)

Western Serengeti Meat Food The ethnic groups in Western Serengeti 
prefer medium–large wildlife such as 
buffalo for protein and income

Holmern et al. 
(2006); 
Ndibalema 
and 
Songorwa 
(2007); 
Mfunda 
and Røskaft 
(2010)

Table 16.1 (cont.)

Region Country Area
Buffalo 
product Use Details Reference
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Tarime District Meat Food The harvesting rates of buffalo are alarming. 
Buffalo was reported to be reduced by 
50–90% out of their range

Holmern et al. 
(2002, 2006); 
Kideghesgo 
et al. (2006)

Uganda Northern Uganda Meat Food Buffalo meat found in local markets Dell et al. 
(2021)

Near Murchison 
National Park

Meat Food Buffalo is perceived by poachers as the most 
dangerous wild animal to hunt and the 
most dangerous to trap

Dell et al. 
(2020)

Southern 
Africa

Botswana Okavango Delta Meat Food Approximately 1800 illegal hunters each 
harvest an average of 320 kg of  
bushmeat annually, although some 
reported harvesting ≥1000 kg. While 
impala was the most commonly hunted 
species, buffalo accounted for 30% of all 
bushmeat production

Rogan et al. 
(2017)

In and outside 
Wildlife 
Management Areas 
around the Moremi 
Game Reserve

Meat Food CBNRM communities mostly target 
impala, followed by Cape buffalo

Gaodirelwe 
et al. (2020)

Mozambique Meat Food Illegal hunters commonly use gin traps, which 
are manufactured from steel car springs and 
used to kill animals as large as buffalo

Lindsey and 
Bento (2012)

Manica Province Meat Food Bushmeat from large species such as buffalo 
is less frequently sold today than during 
the civil war. However, buffalo is one 
of the most commonly cited bushmeat 
species by interviewees

Lindsey and 
Bento (2012)

(cont.)
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South Africa Pafuri in the 
Makuleke 
concession

Meat Food Cable from the dilapidated western 
boundary fence frequently stolen by 
illegal hunters to make snares to capture 
hippo and buffalo

C. Roche, 
unpublished 
data in 
Lindsey et al. 
(2015)

Xhosa and Sotho 
communities in 
the Western  
Cape Province

Bones Traditional 
medicine

Buffalo bone is one of the most expensive 
animal items sold

Nieman et al. 
(2019)

Faraday market, 
Johannesburg

Skull, horns, 
skin

Traditional 
medicine

Buffalo is one of the ungulate species most 
represented in the market

Whiting et al. 
(2011)

Zambia Luangwa Valley, 
Upper and 
Lower Lupande, 
Lumimba and 
Sandwe game 
management  
areas

Meat Food Declining population of buffalo in areas 
close to human settlements, close to 
boundary of the National Park

R. McRobb, 
M. Becker 
and D. 
Lewis, 
unpublished 
data in 
Lindsey et al. 
(2015)

Table 16.1 (cont.)
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1996; Batumike et al., 2021). Basically, bushmeat hunting is unselective 
and unlimited; where snares and gin-traps are set for buffalo and other 
game, any calf, female or male can be taken, and with no limitation in 
numbers given that traps can be reset. Bushmeat hunting is often con-
sidered one of the greatest threats to biodiversity in African savannas and 
forests, often ahead of other major threats such as deforestation and habi-
tat fragmentation (Wilkie et al., 2011; van Velden et al., 2018).

Regulated Bushmeat Hunting
Some countries, such as Tanzania, allow hunting quotas for meat pur-
poses (including buffalo), while others allow subsistence community 
hunting, like CAR (Snyman et  al., 2021). In most countries, trophy-
hunting concessionaries are mandated by their lease agreements to pro-
vide local communities – free of charge – the meat obtained by tourist 
hunters. This is quite stringent in West and Central Africa, where wild 
meat is extremely sought after. In Zambia, 130 tons of fresh game meat – 
of which 24 per cent is from buffalo – are provided annually by the 
hunting tourism industry to rural communities at an approximate yearly 
value for the meat alone of over €500,000 exclusive of distribution costs 
(White and Belant, 2015).

In some southern African countries, the production of wild meat con-
stitutes a real industry, one that is organized and regulated. In Namibia, 
with an annual mean of between 60 and 75 kg of venison produced per 
square kilometre in 2013 on farmland, hunting for venison is an impor-
tant sector which contributes more to national food security than live-
stock, as beef is mainly exported (Lindsey et al., 2013). However, most 
of the venison is from antelopes, not from buffalo, which is restricted 
by veterinary regulations. In South Africa, ‘biltong hunting’ is a recre-
ational hunting by local hunters who harvest wild meat and process it 
into biltong (dried meat) or sausage (Taylor et al., 2015). It is a major 
value chain in this country, much larger than trophy hunting; however, 
it mainly targets common game rather than buffalo.

Buffalo Hunting Tourism

What Are We Talking About?
This section addresses lawful and regulated hunting only, in contrast 
with outlawed and unregulated hunting, commonly called poaching (see 
Prins, 2020). The terminology of hunting categories has been debated 
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at length (Booth and Chardonnet, 2015). One reason is that the terms 
used in each language are often difficult to translate literally into other 
languages. Another reason is that the various categories of hunting often 
overlap (IUCN, 2016). For IUCN, ‘trophy hunting is hunting of animals 
with specific characteristics and involves the payment of a fee by a for-
eign or local hunter for a hunting experience, usually guided; it may be 
a distinct activity or overlap with recreational or meat hunting’. While 
trophy hunting reflects the quest for an outstanding trophy, sport hunting 
rather reflects the quest for a challenging fair chase of the game by track-
ing on foot, whatever the trophy. The trophy is a key part of a safari, but 
the hunting experience and adventure in the bush are also what attracts 
clients, and there also has to be the feeling of a fair chase to the proper 
hunter with no guarantee of success (Hurt and Ravn, 2000). While some 
authors prefer the term ‘regulated hunting’ (Dickson et al., 2009; Booth 
and Chardonnet, 2015), many other terms are commonly used, for exam-
ple safari hunting, recreational hunting, tourism hunting, hunting tour-
ism. For Spenceley (2021), ‘hunting tourism is a consumptive mode of 
nature-based tourism that uses renewable natural resources in a wild or 
undeveloped form for the purpose of enjoying natural areas or wildlife and 
contribute to conserve and value wilderness areas’. It is a typical tourism 
value chain with (i) emitting countries, that is countries of origin of the 
clients (hunting tourist or tourist hunter), and (ii) receiving countries, that 
is countries selling operating rights to tourism operators (hunting com-
pany or hunting operator or outfitter), themselves selling tourism services 
(hunting safari or hunting trip or hunting party or hunt) to their clients.

Throughout Africa
To most hunters, the buffalo is a fascinating game for being (i) one of 
the so-called ‘dangerous game’ and (ii) one of the ‘Big Five’, the term 
commonly used to describe the five major big game species. Hunting 
accidents with buffalo are not uncommon, even with experienced pro-
fessional hunters. The buffalo is widely regarded as dangerous to hunt, 
which certainly adds to the attractiveness of its hunt: ‘He looks as if you 
owe him money’ (Ruark, 1987, italics added for emphasis). In 2022, buffalo 
can be legally hunted by hunting tourists in 16 sub-Saharan African coun-
tries, that is in 43 per cent of the 37 buffalo range countries (Figure 16.1). 
The COVID-19 pandemic in 2020 and 2021 prevented hunting tourists 
from travelling, which severely impacted hunting tourism like all forms 
of tourism. The situation slightly returned to normal in 2022.
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West African Savanna buffalo

Central African Savanna buffalo

Forest buffalo

Cape buffalo

African buffalo hunting countries (2022)

African buffalo range (IUCN 2019)

Figure 16.1 Buffalo range countries where hunting tourism is lawful in 2022 for 
the four subspecies of buffalo recognized by the IUCN Red List so far. Note: 
Buffalo in northern and central Angola were categorized as ‘Cape buffalo’ by 
IUCN (2019), but phenotypically and perhaps even genetically they are ‘forest 
buffalo’. Source: Author.

Among the four subspecies thus far recognized by the IUCN Red List 
(Chapters 3 and 4), the Cape buffalo is by far the most hunted, being 
legally hunted in nine countries. This obviously reflects its much higher 
abundance than the other subspecies, but also other factors like a greater 
development of the tourism industry, a safer security situation, a larger 
expansion of CBNRM programmes, etc. The forest buffalo is the least 
hunted subspecies with only three countries where it can be hunted 
legally, a situation resulting from a more restricted range, landlocked 
hunting grounds, the difficulty of the hunt in thick habitats, and also 
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probably a degraded conservation status. The West and Central African 
savanna buffalo, both subspecies being rather similar and intermixed, 
can be hunted in eight countries. However, the overall number of buf-
falo trophy-hunted annually in these two regions has always been quite 
low, about 300 a year. We need to mention that the hunting com-
munity recognizes a fifth subspecies, the Nile buffalo, which ranges in 
Ethiopia, northern and western Uganda, and appears as an intermediate 
form between the Central African savanna buffalo and the Cape buffalo. 
The reality of the transitional shape of its trophy explains that hunters 
specifically hunt this particular buffalo and register their trophies dis-
tinctly in the records books.

Hunting quotas (the maximum number of adult male buffalo allowed 
to be hunted per year per Hunting Area) and offtakes (number of buffalo 
effectively harvested per year per Hunting Area) vary greatly between 
regions, with the highest figures in Tanzania and Southern Africa and 
the lowest in West and Central Africa (Table 16.2). The national offtake 
rate (ratio of offtake to quota) is not only the result of the number of 
buffalo taken per Hunting Area, but also of the percentage of Hunting 
Areas being leased and operational, which is a sign of the functionality 
of the industry in the country. In nearly all of the hunting countries, the 
hunt concerns free-ranging buffalo in unfenced Hunting Areas. South 
Africa, where buffalo hunting happens behind fences, is a major excep-
tion. Another peculiar feature of South Africa is that hunting quotas 
are set by the landowner, while they are generally set by government 
authorities quasi-everywhere else.

West Africa
Three countries of West Africa allow legal hunting of buffalo. In Senegal, 
with a relict population of West African savanna buffalo in the far south-
eastern corner of the country, buffalo trophy hunting is anecdotal. In 
contrast, Benin and Burkina Faso have developed a well-organized and 
regulated big game hunting tourism industry with the West African 
savanna buffalo as the main attraction together with the roan antelope 
(Hippotragus equinus). Buffalo hunting there is renowned for being a 
challenging, fair chase by stalking on foot with excellent local trackers.

In Burkina Faso, in 2017, 303 hunting tourists (9 per cent of all tour-
ists) harvested 424 mammals for a production of 86 tons of meat and 
a direct revenue of about €827,000 (Ouedraogo, 2018). Over seven 
years between 2012 and 2018, the average national annual quota was 166 
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Table 16.2 Buffalo hunting quotas and offtakes in selected countries throughout Africa.

2011/ 
2012

2012/ 
2013

2013/ 
2014

2014/ 
2015

2015/ 
2016

2016/ 
2017

2017/ 
2018

2018/ 
2019

2019/ 
2020 Average

West 
Africa

Benin (PNP, 2018,  
2019; PNW, 2018, 
2019)

Buffalo quota  
(N buffalo)

n/a n/a n/a n/a n/a n/a 75 75 n/a 75

Buffalo offtake  
(N buffalo)

n/a n/a n/a n/a n/a n/a 57 59 n/a 58

Buffalo offtake 
rate (%)

n/a n/a n/a n/a n/a n/a 76 79 n/a 77

Burkina Faso (DFRC, 
2018)

Buffalo quota  
(N buffalo)

147 163 153 153 183 183 181 n/a n/a 166

Buffalo offtake  
(N buffalo)

115 136 129 82 115 81 81 n/a n/a 106

Buffalo offtake 
rate (%)

78 83 84 54 63 44 45 n/a n/a 64

Central 
Africa

Cameroon (MINFOF, 
2020)

Buffalo quota  
(N buffalo)

n/a n/a n/a n/a n/a 352 341 356 381 358

Buffalo offtake  
(N buffalo)

n/a n/a n/a n/a n/a 156 184 125 99 141

Buffalo offtake 
rate (%)

n/a n/a n/a n/a n/a 44 54 35 26 39

East 
Africa

Tanzania (Wildlife 
Division, personal 
communication,  
2021)

Buffalo quota  
(N buffalo)

2130 2130 2130 1948 1456 1456 1456 1456 1456 1735

Buffalo offtake  
(N buffalo)

1129 901 889 940 828 672 655 625 737 820

Buffalo offtake 
rate (%)

53 42 42 48 57 46 45 43 51 47

(cont.)
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2011/ 
2012

2012/ 
2013

2013/ 
2014

2014/ 
2015

2015/ 
2016

2016/ 
2017

2017/ 
2018

2018/ 
2019

2019/ 
2020 Average

Southern 
Africa

Zimbabwe (ZPWMA, 
personal 
communication,  
2022)

Buffalo quota  
(N buffalo)

n/a n/a 1794 1751 1205 1308 1343 1252 1289 1420

Buffalo offtake  
(N buffalo)

n/a n/ 717 699 593 642 592 585 200 575

Buffalo offtake 
rate (%)

n/ n/ 40 40 49 49 44 47 16 41

Namibia (only for 
Communal 
Conservancies)  
(MEFT and NACSO,  
personal 
communication, 2022)

Buffalo quota  
(N buffalo)

n/a n/a 106 106 108 122 122 122 132 117

Buffalo offtake  
(N buffalo)

n/a n/a 88 93 93 110 99 114 61 94

Buffalo offtake 
rate (%)

n/a n/a 83 85 86 90 81 93 46 80

Table 16.2 (cont.)
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buffalo/year (147–183), and the average national annual offtake was 106 
buffalo hunted/year (81–136) for a national annual offtake rate of 64 per 
cent (44–84) (DFRC, 2018; Table 16.2).

In Benin, over the two hunting seasons 2017–2018 and 2018–2019, 
the five existing Hunting Areas (only four of which were operational) 
harvested an annual average of 58 buffalo out of an average annual quota 
of 75 for an average annual offtake rate of 77.3 per cent (PNP, 2018, 
2019; PNW, 2018, 2019; Table 16.2). In 2018, the W National Park eco-
system earned 76 per cent of its revenue from 19 hunting tourists visiting 
the Mekrou Hunting Area and 2 per cent from 476 photographic tour-
ists visiting the W National Park (PNP, 2018, 2019; PNW, 2018, 2019; 
Table 16.2).

Since 2019, the severe degradation of the security situation in the 
region (with terrorism taking over vast wilderness areas) has prevented 
many National Parks and Hunting Areas from operating in West Africa.

Central Africa
Central Africa is the region where buffalo are the most diverse, with 
three subspecies occurring out of four. Buffalo there is not the first game 
of appeal for tourist hunters, who mainly look for the Eastern giant 
eland (Tragelaphus derbianus gigas) and the Western or lowland bongo 
(Tragelaphus eurycerus eurycerus). However, buffalo is part of the hunting 
package and is sought after for providing serious stalking by foot with 
outstandingly skilful trackers from local communities.

Cameroon is the country with the highest number of legal big game 
hunters in all of West and Central Africa in recent years. In 2018, 285 
tourists came to Cameroon for hunting (MINFOF, 2019). In this coun-
try, Hunting Areas are a major component of the national network of 
Protected Areas: 71 gazetted Hunting Areas (Zones d’Intérêt Cynégétique) 
cover 57,000 km² (11.9 per cent of the country), that is 1.5 times the 
size of National Parks and Reserves (39,000 km², 8.2 per cent of the 
country; MINFOF, 2019). Over four hunting seasons between 2016 
and 2020, the average annual quota was 358 buffalo (341–381) with 
69 per cent savanna buffalo and 31 per cent forest buffalo. During this 
period, an annual average of 141 buffalo (99–184) were hunted for an 
average annual offtake rate of 39 per cent (MINFOF, 2020; Table 16.2). 
Such a low offtake rate reflects an important proportion of unleased 
Hunting Areas, as a number of them are no longer operational due 
to degradation by all sorts of activities which are illegal in protected 
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areas: poaching, livestock invasion (Figure 16.2), cotton encroachment, 
gold mining, logging, and the charcoal trade.

The Central African Republic (CAR) could be named the ‘buffalo 
country’, as it is the only one on the continent where three subspecies 
of buffalo occur and can be legally hunted, although the forest buffalo 
is rarely hunted there. In this country, 89 gazetted Hunting Areas cover 
220,000 km² (35 per cent of the country), that is 3.6 times the size of the 
National Parks and Reserves (61,000 km², 10 per cent of the country). 
Before the political unrest initiated in 2012, CAR was a prime destina-
tion for big game hunting. It is still practiced in 2022, but so far remains 
marginal. Before the collapse of tourism, the buffalo was the second 
most abundant large game species after the giant eland in the Zones cyné-
gétiques villageoises (ZCV, Village Hunting Zones) of northern CAR, 
with a density of 1.1 buffalo per km² (Bouché, 2010). In these ZCV only, 

Livestock Observations

Survey Implementation
Sampled transects
Survey strata

BSB Yamoussa Landscape
National Park
Zic

0

Map date: 18-Oct-2018

5 10 15 20 25 30 km

Cattle
0–50
50–200
200–400

 400–800

Figure 16.2 Livestock sightings in the BSB landscape covering the transboundary 
national parks of Bouba Ndjidda (Cameroon) and Sena Oura (Chad) as well as the 
seven neighbouring Hunting Areas (Cameroon), during the aerial wildlife survey 
in 2018 (total surface of about 10,500 km²). The estimated livestock population 
(117,134 heads) was six times higher than the estimated population of the 11 largest 
wild mammals (20,136 individuals), and located mostly within the Hunting Areas 
surrounding the National Parks (data and illustration reproduced from WCS and 
MINFOF, 2018, with permission).
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the buffalo was the most hunted game species: in the 2008–2009 hunt-
ing season, 44 buffalo were harvested by hunting tourists, ahead of 26 
giant eland (Bouché, 2010).

Chad is renowned for hosting the typical form of Syncerus caffer aequi-
noctialis with its wide, flattened horn shape. The country used to be 
famous for big game hunting until the contemporary civil turmoil. 
Despite these constraints, hunting tourism continued to be practiced in 
2022, but at a lower scale.

In the Republic of Congo, hunting tourism has recently resumed 
with only a few forest buffalo harvested per year.

The security situation in Central Africa has been deteriorating for 
a longer time than in West Africa, and this has undermined the hunt-
ing industry as well as conservation. The region is experiencing what 
Scholte et al. (2021) call a conservation overstretch: with increasing inse-
curity and declining revenues, governments find themselves confronted 
with too few resources to protect vast areas.

East Africa
In East Africa, three countries have developed a well-structured hunt-
ing tourism industry. In Ethiopia, few buffalo are hunted for the simple 
reason that the Hunting Areas are not exactly located within the buffalo 
range in this country. The buffalo is not the game of appeal for tourist 
hunters coming to this country. In Uganda, the hunting industry has 
developed over the last 20 years to a point where it is now a real alterna-
tive to the other East and Central African hunting destinations. A special 
attraction is the so-called Nile buffalo, and Uganda is the place to find it 
(Siege and Siege, 2020).

Tanzania, which hosts the largest number of African buffalo on Earth, 
unsurprisingly comes first among all African countries for regulated 
hunting of free-ranging buffalo. Tanzanian buffalo are famous for their 
large herds and their magnificent wide horns.

The hunting domain is an essential pillar of the national network of 
Protected Areas in this country. In 2004, proclaimed Protected Areas 
gazetted as Hunting Areas covered over 250,000 km² (26.4 per cent of 
the country), nearly twice the size of the National Parks (134,881 km², 
14.1 per cent; Baldus and Cauldwell, 2004). The number of Hunting 
Areas was progressively reduced from 164 to 113 in 2020 with the gazett-
ing of several Game Reserves as National Parks. However, Hunting 
Areas still cover nearly a quarter of Tanzania’s surface. Many if not most 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


452 · P. Chardonnet et al.

Hunting Areas are not viable for other conservation options such as eco-
tourism due notably to remoteness, lack of scenery and poor visibility of 
wildlife compared to the top National Parks.

Hunting tourism is an important and organized sector in Tanzania. 
For the 2013–2018 period, out of 164 Hunting Areas, 149 were awarded 
to 60 hunting companies. However, there was considerable financial 
pressure during this period due to adverse publicity regarding sport 
hunting, and the impact of hunting bans on elephant and lion trophy 
imports to the USA, Europe and Australia (TAWA, 2019). With fewer 
hunting clients visiting Tanzania than in previous years, hunting tourism 
revenues dropped from €44 million in 2008 with 1673 hunters (Booth, 
2010) to €28.3 million in 2014 with 708 hunters (Booth, 2017). When 
the cost of maintaining Hunting Areas became higher than the income, 
many hunting companies returned their Hunting Areas to the wildlife 
authorities. By the end of 2018, 81 Hunting Areas were handed back, 
representing slightly less than 130,000 km² (approximately 52 per cent) 
of the area set aside for hunting (TAWA, 2019).

This downtrend also impacted buffalo conservation in two contrast-
ing ways. First, when the Hunting Areas formerly leased for hunting 
were abandoned, these 13 million ha of wilderness became vacant, and 
hence were exposed to poaching and encroachment by other land uses 
detrimental to the environment. Highly susceptible to these threats, buf-
falo became a collateral victim of the bans on the importation of hunting 
trophies directed at elephants and lions, two species listed on CITES 
Appendices. Second, as the buffalo is not a CITES-listed species, the 
bans turned the buffalo, once considered a secondary game species, into 
a first-choice species for hunters travelling to Tanzania. The character of 
the Tanzania hunting industry has changed over the last 10 years from 
being a ‘big four’ game hunting destination to one that is now heavily 
dependent on leopard and buffalo (TAWA, 2019).

However, although the trophy fee for buffalo is cheaper than that of 
the flagship game species, buffalo remains the first tax-earning species 
in this country due to the larger number harvested: in 2019/2020, the 
trophy fees (€2080 per buffalo) of 737 buffalo hunted in 77 Hunting 
Areas earned €1.53 million, to which all other revenue sources should be 
added, that is hunting block fees, licences, daily fees (Wildlife Division, 
personal communication).

Over eight years between 2012 and 2020, the average national annual 
quota was 1681 buffalo/year (1456–2130), and the average national 
annual offtake was 781 buffalo hunted/year (625–940) for a national 
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annual offtake rate of 46.3 per cent (41.7–56.8; Wildlife Division, per-
sonal communication). A yearly offtake of 781 individuals represents an 
annual taking of about 0.3 per cent of the roughly evaluated 250,000 
buffalo population in Tanzania (see Chapter 4 for actual best estimates).

Southern Africa
In Southern Africa, there are six countries with legal hunting tourism, 
and the Cape buffalo is a major game. In Botswana, buffalo hunting was 
resumed in 2020. Hunting is organized in registered Hunting Areas cov-
ering 75,000 km² (13 per cent of the country) for an annual revenue of 
€40 million in 2012 (Di Minin et al., 2016). In Zambia, buffalo is a major 
game species for 36 hunting concessions within Game Management Areas 
covering 170,000 km² (23.6 per cent of Zambia; Snyman et  al., 2021). 
In Zimbabwe, hunting is undertaken in 78,000 km² (20 per cent of the 
country) and generated €24.4 million revenue in 2015 (Chitauro, 2016 
in Snyman et al., 2021). Buffalo is an important game outside the central 
plateau in both State land and in the 10 CAMPFIRE communal areas. In 
Mozambique, buffalo is also a major game species for the various catego-
ries of Hunting Areas (Coutadas, Fazendas do bravio, etc.) covering 135,000 
km² (17 per cent of the country) (Di Minin et al., 2016). In Namibia, buf-
falo hunting is restricted to the Caprivi strip because existing veterinary 
policies prevent the reintroduction of buffalo, although it is a key species 
for tourism and safari hunting (Lindsey et al., 2013). Hunting is a major 
driver of the wildlife-based tourism in Namibia, with €26.6 million direct 
revenue in 2016 (Snyman et al., 2021) over 287,000 km² (Lindsey et al., 
2013). Hunting is undertaken in two land categories: (i) communal con-
servancies (86 of them in 2021 cover 166,000 km², i.e. 20.2 per cent of 
Namibia), which collect 100 per cent of the hunting fees (€2.3 million in 
2018) in their 48 hunting concessions (Snyman et al., 2021); and (ii) private 
game ranches (so-called ‘freehold lands’), which contain 21–33 times more 
wildlife than Protected Areas (Snyman et al., 2021).

South Africa has the largest African hunting industry in terms of num-
bers of operators, visiting hunters, animal collected, and revenues gener-
ated (Lindsey et al., 2007). South Africa also hosts the highest number 
of buffalo in southern Africa, yet with a peculiar situation that contrasts 
sharply with the rest of the continent: there are no free-ranging buffalo 
in this country, all of them being enclosed, so that buffalo are always 
hunted behind fences (Chapter 13). Hunting Areas there are hence con-
siderably smaller in size than anywhere else in Africa, largely due to the 
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requirement for fencing (Taylor et al., 2020). The average size of a game 
ranch is slightly less than 3000 ha (Cloete et al., 2015), that is in the order 
of between 10 and 100 times smaller than Hunting Areas in the rest of 
Africa (e.g. the average size of the 17 Hunting Areas of Niassa Special 
Reserve in Mozambique is 2486 km²). Overall, Hunting Areas cover 
150,000 km² in South Africa, that is 12 per cent of the country (Snyman 
et al., 2021). Since the Game Theft Act of 1991, properly fenced wild-
life in South Africa is the property of the landowner, a situation almost 
non-existent in most other African countries. This ownership of wild-
life allowed the private sector to develop a dynamic wildlife industry 
providing substantial benefits to local and national economies (Snyman 
et  al., 2021). For half of the nearly 10,000 game ranches, hunting is 
a source of income, and for 30 per cent of them hunting is the main 
source of income (Nel, 2021).

Buffalo in South Africa is a typical example of a high-value species 
producing high income from a very low percentage of the population 
harvested. It does not appear on the list of the 10 most hunted game spe-
cies in South Africa (NWU, 2017 in Snyman et al., 2021), yet it is the top 
income-earning species with €13.2 million generated in 2016 and €9.2 
million in 2019 (South African Professional Hunters statistics, 2019), well 
ahead of the second high-value game species, sable (Hippotragus niger).

Since the amendment in 2019 of the Animal Improvement Act of 
1998, buffalo are legally subject to selection programmes for enlarging 
and reshaping their horns in order to raise their commercial value for 
live sales and hunting trophies (e.g. the first 50-inch-wide trophy live 
bull in South Africa was auctioned at an all-time record for buffalo of 
€10.5 million). The selection methods combine (i) extreme inbreed-
ing among the most desired individuals and (ii) outbreeding with East 
African buffalo, which have greater horn spread than South African 
buffalo. Whether this development is a matter of manipulated genetic 
engineering or the restoration of historic natural genetic integrity is an 
issue of tense debate, including in the international arena (IUCN SSC 
Antelope Specialist Group, 2015; IUCN WCC, 2016). There is con-
siderable concern about the negative genetic consequences of intensive 
selective breeding of wildlife, as well as about the image and tourism 
economy of South Africa (e.g. Selier et  al., 2018; Russo et  al., 2019; 
Somers et al., 2020). Game ranching in South Africa is certainly a suc-
cess story in many ways (socioeconomic, rewilding, recovery of endan-
gered species, etc.; Chapter 13), for example there are roughly three 
times more wildlife in private game ranches than in the National Parks 
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(Kitshoff-Botha, 2020). The sustainable-use approach of wildlife ranch-
ing has furthermore proved to be a legitimate way to conserve biodiver-
sity, and one that may even be advisable for other African countries to 
be considered (Taylor et al., 2020). However, a great many stakeholders 
and observers disapprove of the creation of so-called ‘superior’ bigger 
trophy animals, as well as of introducing exotic taxa and canned or put-
and-take hunting (Snyman et al., 2021).

Administration and Management of Buffalo Hunting

Legal Framework at a Glance

International Scene
The Convention on International Trade in Endangered Species of Wild 
Fauna and Flora (CITES) does not list the African buffalo in any of its 
Appendices of protected animals (CITES, 2022). No CITES Party has 
passed stricter domestic measures for the African buffalo to date. For 
example, the European Union does not list this species in the Annexes 
of the EU Wildlife Trade Regulations (European Commission, 2010), 
and the USA do not include this species in the list of foreign species of 
its Endangered Species Act (ESA) (US Fish and Wildlife Service, 2022). 
Therefore, international trade of buffalo and their parts including tro-
phies is not subject to specific controls beyond general custom, wildlife 
and veterinary regulations. In 2022, the African buffalo is listed in the 
‘Near Threatened’ Category of the IUCN Red List, the second lowest 
category on the risk scale (IUCN SSC Antelope Specialist Group, 2019). 
Thus far, the Red List does not distinguish between buffalo subspecies, 
a matter for discussion as the conservation status of each subspecies is 
evolving differently (Chapter 4).

National Settings
Each buffalo range country has established its own environmental leg-
islation with an array of laws and regulations to protect and manage 
biodiversity. All of the countries that allow the legal hunting of buffalo 
have set their respective permit systems with precise rules, so that hunt-
ing buffalo without the proper licences is taken as poaching and subject 
to penalties. In most countries, the rules, taxes and fees are different 
between citizens, resident expatriates and foreigners. The cost to hunt 
a buffalo is much higher for foreign hunting tourists than for citizens. 
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Costs consist of government levies, payments for the services of safari 
operators and royalties or retention schemes for local communities and 
landowners (Hurt and Ravn, 2000). The revenues generated by buffalo 
hunting provide incentives for (i) the State to preserve the national net-
work of Protected Areas, and (ii) communities and landowners to keep 
game on their lands and avoid landscape conversion into alternative land 
uses that are environmentally unfriendly.

Monitoring Buffalo Hunting

Monitoring is an essential process for the assessment of population trends 
in evaluating the conservation status of species at multiple scales over 
time. For management purposes, monitoring helps determine whether 
an intervention like hunting is on track to meet its objective and, if not, 
when, where and how changes may need to be made (Bell, 1983, 1984; 
CSIR, 1983; Martin, 1984).

Monitoring Buffalo Populations
Knowing how many animals there are in a given area at different times 
helps to measure the population trend. However, this is not simple, and 
a selection of appropriate methods and techniques (Collinson, 1985) is 
crucial, underpinned by clear objectives and a decision-making process 
(Caughley, 1977). While the aerial survey is often the method of choice 
in open savanna landscapes (Norton-Griffiths, 1978), it is not appropri-
ate for forest or savanna–forest mosaics. However, as a herding species, 
buffalo are usually non-randomly distributed in clusters, which makes 
the count less reliable than for more evenly distributed species (Norton-
Griffiths, 1978; Taylor and Mackie, 1997). Nevertheless, the aerial sur-
vey (with photography) remains the most cost-effective approach in 
large savanna landscapes (1000–10,000 km² and above). Ground counts 
using distance sampling methods (Buckland et al., 2001), also referred 
to as road strip or line transect counts, are also used either on foot or in 
vehicles, including for community-based game counts (NACSO, 2021).

Counting buffalo in forest landscapes is much more tedious and time- 
and money-consuming, using either transect surveys (line, recce or 
strip transects) or point sampling in, for example, forest clearings. More 
recently, camera traps have been utilized to assess densities by using dis-
tance sampling methods (Hofmeester et al., 2017; Howe et al., 2017). 
Another method, the Pooled Local Expert Opinion (PLEO) method, is 
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based on traditional knowledge. A number of local hunters are asked to 
estimate wildlife abundance in a specified area, after which densities are 
calculated per species, and the estimates are pooled and extrapolated for 
the whole area (Van der Hoeven et al., 2004). Using citizen science and 
local communities as resource managers contribute to improving con-
servation monitoring (Rigava et al., 2006; Keeping et al., 2018).

Quota Setting for Hunting
The primary objective of monitoring a hunted population is to assess 
the demographic trend in that population in order to set hunting quotas 
that allow sustainable hunting. However, detecting trends on a regu-
lar basis is often fraught with the difficulty of making decisions based 
on inadequate and/or imprecise data (Taylor, 2001). Consequently, it 
is important to consider multiple sources or lines of evidence that can 
provide more robust data or information on the species being hunted. 
In addition to survey data, other indices of abundance should be used as 
well as the local knowledge of multiple stakeholders ultimately involved 
in the management and use of the species. Fortunately, the buffalo lends 
itself comparatively easily to this approach.

In a number of African countries, annual trophy hunting quotas are 
still set by the wildlife management authorities as a percentage of the 
total population size of the given species, for example 1–2 per cent of 
the buffalo population size. However, such a method appears impracti-
cal in most African conditions where population sizes are usually either 
unknown or imprecisely known or not updated on a yearly basis (Bell, 
1984). Quota-setting methods relying on wildlife censuses face serious 
limitations because estimating the density or population size of large her-
bivores with high precision and accuracy is difficult, especially over large 
areas, and requires considerable investment of time, people and money 
(Morellet et al., 2007). In these situations, it is meaningless to attempt to 
set quotas on a percentage basis, and it is preferable to set quotas either 
(i) by specifying biological rules such as minimum trophy size or age 
of individuals to be taken (Morellet et al., 2007) and/or (ii) by adjust-
ing quotas according to participative assessments of population trends 
(WWF, 1997, 2000) as has been done with success for decades in several 
southern African countries as well as in North America and Europe.

The quota-setting method based upon trends requires the involve-
ment of an ‘extended peer community’ consisting of those with a stake 
in the issue of concern (Funtowicz and Ravetz, 1993). This is counter 
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to conventional wisdom, which seeks to maintain centralized control 
(Bell, 1987). Failure to integrate knowledge held among all stakeholders 
undermines effective resource management (Hulme and Taylor, 2000). 
Participatory quota setting for the harvesting of wildlife species reflects a 
relatively recent departure from the conventional norm, whereby local 
resource managers become active participants in an adaptively man-
aged process with greater devolution of responsibility and accountability 
(Taylor, 2001; Rigava et al., 2006).

The Participatory Quota-Setting Process
The process should ideally bring together all of the parties involved in 
establishing a quota and its subsequent use. Typically, this would include 
wildlife authority managers and ecologists, land occupiers (farmers or 
resource managers), safari operators and hunters, local communities and 
even hunting trackers as applicable, regardless of background, education 
or training. Each stakeholder brings different sets of information, recog-
nizing the importance and value of the information and its source. The 
use of a facilitator provides greater understanding and demystifies the 
process of establishing and using a quota. This information provides a set 
of matrices that can be triangulated. Triangulation comprises an iterative 
process of examining, assessing and sense-making of information, which 
results in a reliably informed decision being made (Greyson, 2018). 
Trend data are assembled by participants and graphically represented for 
each species and entered into the matrix. The current quota is assessed 
against the available data and information, and the proposed quota adap-
tively determined using the full set of indices (Table 16.3). The proposed 
quota can be submitted to the regulatory wildlife authority for review 
and approval with or without adjustment, and subsequently used by the 
safari operator in the coming hunting season.

Monitoring Buffalo Hunts
Hunting during the season is monitored by representatives of the 
stakeholders and in compliance with applicable laws and regulations as 
required by specific countries. Regardless of such requirements, com-
pletion of a ‘Hunt Return Form’ (HRF) is essential. This is a crucially 
important monitoring tool that captures key biological and economic 
variables associated with every individual hunt. At the end of the hunt-
ing season, the set of HRFs collected per hunting area is analysed and 
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Table 16.3 An example of the participatory triangulation matrix summarizing the trends in key indicators for individual species in 
view of proposing new hunting quota.

Species 
(males only)

Current 
quota 
(Year N)

Aerial 
survey 
grounds

Ground 
count 
trends

Trends from 
other monitoring 
methods

Trophy 
quality 
trends

Catch-
effort

Illegal 
activity

HWC 
and PAC

Other 
type of 
info

New 
quota 
(Year N 
+ 1)

Greater kudu 8 ⇐⇒ ⇐⇒ UNK ⇐⇒ ⇓ ⇑ ⇑ X 6
Buffalo 10 ⇑ ⇐⇒ UNK ⇓ ⇐⇒ ⇐⇒ ⇓ X 8
Impala 20 ⇑ ⇑ UNK ⇐⇒ ⇑ ⇐⇒ X X 20
Other species … … … … … … … … … …

X, information not available or irrelevant; UNK, information unknown; HWC, human–wildlife conflict; PAC, problem animal control.
⇑, indicator shows a population increasing trend; ⇓, indicator shows a population decreasing trend; ⇐⇒, indicator shows a stable population.
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used at both national and hunting area levels for the establishment of 
further sustainable hunting quotas. Subsequent data analysis provides 
insights into trends in quotas, offtakes, trophy quality and assessments of 
‘catch-effort’ (Grobbelaar and Muselani, 2003).

Using Quotas for Buffalo
Hunting quotas for buffalo are only set for adult males, ideally old 
ones. Neither females nor subadult males are hunted by trophy hunt-
ers. However, hunting buffalo for trophies is challenged by the fact that 
the size of the trophy does not well reflect the age of the individual 
because the horns of old buffalo tend to wear down (Grobbelaar and 
Muselani, 2003). The largest trophies are thus obtained from animals 
at or just above middle age, which coincides with the age at which 
males are breeding bulls. Males aged 5–10 years constitute the breeding 
cohort, a period when they wear their largest horns. Moreover, trophy 
males have to be replaced by maturing younger males in order to have 
trophies available in the next seasons. Trophy hunting will be unsus-
tainable if inappropriate hunting practices take place that remove these 
younger males in their prime instead of harvesting the oldest bulls. For 
this reason, trends in trophy quality and age should be carefully moni-
tored (Crosmary et al., 2013).

Trophy Quality
For most species, trophies only represent a small fraction of the older 
adult males in the population, mainly after their breeding time, and 
therefore a very small proportion of the total population. Removing this 
segment of the population does not impact the survival of the popula-
tion because no females are hunted and only a tiny proportion of the 
old males are harvested as trophies. However, selection pressure on bulls 
actively breeding can impact on characters in a population such as horn 
length. Removing breeding animals with superior horns can possibly 
result in a decrease in such specimens in the population, and increase 
specimens with inferior horns (Crosmary et al., 2013). Therefore, trophy 
quality should be monitored per hunting area per hunting season. The 
trophy quality is indexed by the trophy size of hunted individuals.

The Rowland Ward (RW) system of measurement, founded in 1870, 
has been the traditional method for measuring hunting trophies, for 
example 30th Edition for Africa in 2020 of Rowland Ward’s Records 
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Cape, Central African, and Nile Buffaloes
Method 12-a
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Figure 16.3 Method for measuring the trophies of Cape, Central African and 
Nile buffalo according to Rowland Ward’s Records of Big Game, Rowland-
Ward-Method-12-a-Cape.pdf (rowlandward.org). Illustration reproduced from © 
RowlandWard.org with permission.

of Big Game (Rowland Ward, 2020). In 1977, North American trophy 
hunters introduced the Safari Club International (SCI) Record Book of 
Trophy Animals (SCI, 2022) with a measurement system built upon the 
original RW system, but nonetheless quite different. For buffalo, the 
RW system measures the greatest outside spread of the horns, which 
is not affected by the wear of the horns (RW method 12-a for Cape, 
Central African and Nile buffalo, rowlandward.org; Figure 16.3). Note 
that RW uses a different method (12-b) for West African and Dwarf 
buffalo. The SCI system measures the so-called ‘tip to tip length of the 
horns’ following the curves all along both horns, which is obviously 
much affected by the horns’ wear (SCI method 4 for African buffalo, 
 safariclub.org). Thus, by penalizing worn horns, the SCI system encour-
ages hunters to hunt younger breeding bulls with longer tip-to-tip 
lengths (Grobbelaar and Muselani, 2003; Taylor, 2005). Using Taylor’s 
(1988) predictive tooth wear and age relationship, and relating this to 
trophy score with both RW and SCI systems (Taylor, 2005), it is clear 
that the SCI scoring system favours the attributes of younger individu-
als and leads to rates of offtake that are too high for sustaining trophy 
quality. The Namibian Professional Hunters Association is considering 
adopting an Age-Related Measuring System that scores according to age 
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in addition to other criteria, and where immature animals are disquali-
fied (NAPHA, 2021).

While determining the age of individual hunted animals provides an 
additional refinement to monitoring, it can also be considered as a further 
imposition on safari operators, professional hunters and their hunters. 
However, where there may be concern over sustainability and possible 
diminishing trophy size, the measurement of the first molar tooth for age 
determination of hunted buffalo (Taylor, 1988) should be implemented 
as part of good adaptive management. This will necessitate the proper 
collection, labelling and storing of lower jaws (mandible).

Overall and simply, when hunting a male trophy buffalo, ideally:

 (i) do not hunt buffalo males in herds; rather, hunt males in bachelor 
groups or individually,

 (ii) think RW not SCI when selecting the individual to hunt,
 (iii) select the oldest of the old males; however, if none of the bulls is old 

enough refrain from hunting,
 (iv) post-hunt measure trophy using RW should be mandatory and SCI 

optional,
 (v) hunter/hunting guide/hunting operator must determine age of 

hunted buffalo by extracting the first permanent molar and measur-
ing tooth cusp height.

Strengths and Weaknesses of Buffalo Trophy Hunting

Buffalo Hunting, Conservation and Livelihood

According to IUCN (2016), legal, well-regulated trophy hunting can, 
and does, play an important role in delivering benefits for both wildlife 
conservation and for the livelihoods and wellbeing of indigenous and 
local communities living with wildlife.

Hunting Areas More Than Double the Land Area 
Dedicated to Wildlife Conservation
Buffalo hunting tourism is conducted in officially gazetted Hunting 
Areas proclaimed as such by the law of each country. Hunting Areas are 
recognized by IUCN as Protected Areas under both IUCN Categories 
IV and VI. They contribute to the national networks of Protected Areas 
covering the percentage of a country’s surface internationally declared 
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as set aside by the country as Protected Areas. In sub-Saharan Africa, 
Hunting Areas cover a minimum area of 1,394,000 km², exceeding the 
area encompassed by National Parks (Lindsey et al., 2007). This means 
that financial incentives from trophy hunting effectively more than dou-
ble the land area that is used for wildlife conservation, relative to the area 
that would be conserved by national parks alone (Lindsey et al., 2007). 
Hence, trophy hunting sustains these immense wilderness areas acting 
as biodiversity reservoirs, carbon sinks and ecosystem service providers.

The large proportion of Hunting Areas that neighbour National 
Parks act as buffer zones amortizing the human pressure from out-
side. Many Hunting Areas are also the last ecological corridors link-
ing National Parks that otherwise would become conservation islands 
in a human landscape devoid of wildlife. In the final analysis, Hunting 
Areas are the ‘last frontier’ of buffalo and large wildlife outside National 
Parks. Typical examples are two buffalo strongholds: the three National 
Parks (W, Arly, Pendjari) of the transboundary WAP complex (Benin, 
Burkina Faso, Niger) in West Africa, and the three National Parks (Faro, 
Bénoué, Bouba Ndjidda) of northern Cameroon in Central Africa. 
These National Parks are all embedded in Hunting Areas that also link 
the parks together with no discontinuity.

In South Africa and Zimbabwe, trophy hunting has been the entry 
point for the conversion of thousands of livestock ranches to wildlife 
ranches with the reintroduction of locally extinct species like buffalo 
and the subsequent multiplication of wildlife populations (Bond et al., 
2004; Leader-Williams et al., 2005). Similarly, trophy hunting was the 
initial driver for local communities to establish the CAMPFIRE pro-
gramme in Zimbabwe, Community Conservancies in Namibia, Wildlife 
Management Areas in Tanzania, and Village Hunting Zones in CAR, 
etc. where wildlife often are more abundant than in neighbouring 
National Parks. In Mozambique, trophy hunting played an important 
role in facilitating the recovery of wildlife populations in Hunting Areas 
after the war (Lindsey et  al., 2006) by permitting income generation 
from wildlife without jeopardizing wildlife population growth (Bond 
et al., 2004). Buffalo in particular is making a remarkable comeback in 
this country, with Hunting Areas within Niassa Special Reserve and 
Marromeu complex as sources of founders for reintroducing locally 
extinct or depleted buffalo populations in National Parks like Gilé and 
Zinave (Chardonnet et  al., 2017; Fusari et  al., 2017; Macandza et  al., 
2017). Trophy hunting may be a viable alternative for Protected Area-
based wildlife conservation in countries or areas where National Parks 
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fail to protect their wildlife (e.g. Western et  al., 2009), in regions of 
political instability, in remote wilderness areas, or where wildlife densi-
ties are low (Lindsey et al., 2006).

Conservation Funding from Buffalo Hunting
Not only are Hunting Areas the only Protected Areas that cost nothing 
to the State, they also provide funds to the State through leasing taxes, 
hunting taxes, income taxes, etc. that sustain wildlife administrations 
and, in several countries, even represent the main source of income for 
the wildlife administration. In Tanzania, while the funding of TANAPA 
(Tanzania National Parks, in charge of wildlife within National Parks) 
mainly comes from park entry fees, 80 per cent of the funding of TAWA 
(Tanzania Wildlife Management Authority, responsible for wildlife all 
over the country outside the jurisdiction of TANAPA) comes from 
hunting tourism (TAWA, 2019). Buffalo is the top tax-earning game in 
this country (TAWA, 2019), making it crucial for TAWA to maintain 
all of the Protected Areas other than National Parks in a country where 
68 per cent of the Protected Areas rely on income from trophy hunting 
(Lindsey et al., 2020). In South Africa, becaue buffalo is the top income-
earning game species for the hunting tourism sector (DEA, 2016; South 
African Professional Hunters statistics, 2019), it is a pillar sustaining the 
privately owned wildlife conservation areas. In this country, trophy 
hunting contributed more than €341 million and supported more than 
17,000 employment opportunities in 2015/2016 (Saayman et al., 2018). 
In Zimbabwe, 80 per cent of the budget of the Zimbabwe Parks and 
Wildlife Management Authority comes from tourism, including trophy 
hunting (Lindsey et al., 2020). In Benin, in 2018, the W National Park 
ecosystem earned 33 times more money from hunting tourism in the 
neighbouring Hunting Areas (which provide income to the State) than 
from photographic tourism within the National Park (which costs the 
State) with 25 times fewer hunting tourists (19) than photographic tour-
ists (476) (PNW, 2019). In South Africa, in 2013, each foreign leisure 
hunter spent about €8250, that is about 14 times more than that spent 
by the average foreign tourist arriving by plane (Oberem and Oberem, 
2016). According to Hurt and Ravn (2000), safari hunting produces an 
income per hectare some seven times higher than that from cattle or 
game ranching and from far fewer animals harvested. They also reckon 
that wildlife-viewing tourism can generate even higher returns, but only 
in areas that are scenic and have very high concentrations of wildlife, 
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and from massive numbers of tourists (Earnshaw and Emerton, 2000). 
Lindsey et  al. (2012) hold a different view, observing that net returns 
from livestock in semi-arid African rangelands ($10–30/km2/year in 
areas with 400–800 ml of annual rainfall according to Norton-Griffiths 
2008) are similar to those from trophy hunting in some areas ($24–164/
km2). However, they conclude that maximizing returns from hunting is 
key to ensuring the competitiveness of wildlife-based land uses.

Some critiques of the socioeconomic effects of trophy hunting suggest 
that its contributions to country-level gross domestic product (GDP) 
are small relative to non-hunting wildlife tourism (Ghasemi, 2021). 
’t Sas-Rolfes et al. (2022) disagree, arguing that the claim is misleading 
because national GDP contributions are a poor indicator in terms of 
both broader socioeconomic relevance and appropriate scale of analysis: 
(i) GDP metrics fail to consider essential ecosystems services and natural 
capital (Costanza et al., 1997) and (ii) nation states are an arbitrary level at 
which to make such assessments. More relevant are the global benefits of 
effective species conservation and ecosystem services provided by intact 
habitats, functionally populated with large game, and the more localized 
benefits that flow to specific rural landowners and communities, who 
are thereby incentivized to actively support conservation (’t Sas-Rolfes 
et al., 2022).

Overall, hunting tourism drives a virtuous chain with financial flows 
of hard currency originating from developed countries (tourist-emitting 
countries) and directed to developing countries (tourist-receiving coun-
tries), from wealthy individuals to poorer people, and supporting vast 
conservation areas and local communities, as well as providing States of 
the South with revenues from their renewable natural resources.

Buffalo Hunting Sustaining Livelihood
When sustainable, consumptive utilization of wildlife can promote con-
servation beyond the borders of National Parks while at the same time 
generating revenue for local communities (Crosmary et al., 2015a). Where 
properly managed, trophy hunting can provide income for impoverished 
and often landlocked rural communities (IUCN, 2016), that is royalties, 
employment, venison, community infrastructures, social services, etc. 
Namibia is one of the best examples in this regard, well ahead of many 
other countries. Trophy hunting finances the budgets of 82 communal 
conservancies, which cover ~20 per cent of the country (162,000 km²) 
and encompass ~189,000 community members, or 9 per cent of Namibia’s 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


466 · P. Chardonnet et al.

population (Naidoo et al., 2016). However, a number of other countries 
or areas are not as successful for various reasons, for example when the 
benefits from hunting are captured by local elites (Leader-Williams et al., 
2009) or when the benefits are substantial at the community level but 
too small at the household level. In northern Cameroon, Mayaka et al. 
(2005) proposed a series of recommendations to improve the benefits of 
wildlife harvesting, notably by increasing the return to local communities 
for resource custodianship. In the same area, Akito Yasuda (2011) pointed 
out that while sport hunting certainly generates tax revenues and provides 
profit sharing and employment opportunities to local communities, the 
latter two are too limited and inequitably distributed in the community. 
Similarly, in south-eastern Zimbabwe, Poshiwa et  al. (2013) described 
the benefits of wildlife tourism but emphasized their limited magnitude. 
Because high levels of poverty (Matseketsa et al., 2022) and poor gover-
nance, such as the leakage of hunting revenues for communities (Burn 
et al., 2011), are powerful drivers to poaching by local communities, the 
allocation of sufficient benefits of Hunting Areas to communities is an 
absolute critical factor for a successful deal between the local community 
(living on the land), the State (owning the land) and the hunting operator 
(protecting and valorizing the land).

Access to natural resources is also important for the livelihoods of 
local communities. In northern Cameroon, populations complain that 
locals’ rights over natural resource use are regulated (Akito Yasuda, 
2011). However, while National Parks are strict exclusion areas for local 
communities, most Hunting Areas are less stringent and allow for some 
activities by local communities, such as harvesting firewood and non-
timber forest products.

Finally, concerns about the negative cultural and environmental 
impacts of tourism are growing with mass wildlife tourism in Africa 
(Spenceley, 2005; Lindsey et al., 2007), for example in the Okavango 
Delta, Botswana (Mbaiwa, 2003). However, due to their very small 
number, the impacts of hunting clients, such as habitat conversion for 
infrastructure development and all sorts of pollution, are considerably 
lower compared to mass tourism.

Threats to Buffalo Hunting

Ill-Managed Hunting Undermines Well-Managed Hunting
There have been and there are cases of hunting poorly conducted by 
some hunting operators and of hunting sectors poorly regulated by some 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


Buffalo Hunting · 467

wildlife administrations (IUCN, 2016). A variety of problems may ham-
per the proper functioning of the hunting tourism industry and under-
mine the conservation role of sustainable wildlife utilization, for example 
depending on countries, poor governance of the hunting sector (Burn 
et  al., 2011), lack of professionalism in the administration and control 
of the hunting activity (Booth and Chardonnet, 2015) and risk of cor-
ruption (Leader-Williams et al., 2009). We concur with Lindsey et al. 
(2007) that the inequitable distribution of hunting revenues represents 
the most serious threat to the long-term sustainability of the industry. 
In some countries, there is insufficient sharing of hunting taxes by gov-
ernment administrations reluctant to decentralize and empower com-
munities. Too often, benefits are centralized into the hands of elites 
or captured by local rulers so that promises from trophy hunting fail 
to materialize at the grassroots level (Nelson et al., 2007). In a number 
of situations, the management of Hunting Areas certainly needs to be 
improved. One failure, for example, is the reduction of anti-poaching 
activity outside the hunting season. Another is the lack of proper moni-
toring by hunting operators, which weakens their credibility and con-
straints the sustainability of the activity (Selier and Di Minin, 2015). 
Nevertheless, all of these problems are far from being specific to the 
hunting industry, they are also fully shared by other industries, including 
photographic ecotourism (Christie and Crompton, 2001; Walpole and 
Thouless, 2005). Finally, poorly managed trophy hunting can cause local 
wild population declines (Packer et al., 2011). However, in the case of 
buffalo, no example is known of a buffalo population driven to extinc-
tion by hunting tourism, while poaching is well recognized as being 
responsible for many local extinctions across the buffalo’s range.

Hunters Their Worst Enemies?

While the hunting community is certainly skilled, with a great deal of 
field experience and knowledge of the bush, members rarely produce 
or publish peer-reviewed scientific articles which nevertheless largely 
make the basis of conservation politics. Moreover, a number of hunting 
professionals tend to be reluctant to seek the collaboration of scientists. 
As a result, reliable standardized data on the hunting sector are cer-
tainly missing (Lindsey et al., 2007; Snyman et al., 2021). This situation 
appears detrimental to the hunting industry at a time it badly needs more 
science in all sorts of domains, for example biological, socioeconomic, 
management. In Western Zimbabwe, Crosmary et al. (2015b) showed 
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that harvested populations of large herbivores in trophy Hunting Areas 
may perform as well, and sometimes even better, than in National Parks 
where trophy hunting is not authorized. However, Buckley and Mossaz 
(2015) pointed out that this study represented only one example, con-
cluding that more studies are needed to understand the benefits of hunt-
ing tourism to wildlife conservation. Crosmary et al. agree and concur 
with Selier and Di Minin (2015) that scientists are needed to establish 
long-term wildlife monitoring systems that also integrate the social and 
financial benefits of trophy hunting for local communities.

There is probably some kind of misunderstanding on the part of 
hunting stakeholders, who find it difficult to accept critics in a polemic 
context. However, and counterintuitively, the hunting activity holds 
a broad set of very strong assets in favour of conservation, not only of 
the hunted game, but also of non-game species and their habitats, of 
the entire biodiversity in fact (fauna and flora), of all ecosystem ser-
vices, without even talking about the livelihoods of local communities. 
In other words, hunters are poor advocates of their achievements. This 
said, some poorly performing individuals, companies and administra-
tions certainly jeopardize the profession, like in any profession, whether 
because they lack training, professionalism, ethics or something else. 
While these kinds of internalities probably affect all sectors, they cannot 
be hidden in the hunting industry.

Beyond these internalities, there are also powerful externalities that fall 
beyond the responsibility of the hunting community and severely affect 
Hunting Areas and the hunting activity. The current hunting industry 
inherited ancient situations that are no longer suitable today, for example 
Hunting Areas that are very (too?) large to take care of in view of the 
fast-growing human population, and which require much more fund-
ing than before for their proper management (Scholte et al., 2021). The 
profession is also facing newly arising tricky situations such as increasing 
numbers of all sorts of new arrivals claiming to be local communities 
despite not being indigenous people, more pastoralists with ever larger 
herds of livestock replacing wildlife in Hunting Areas (e.g. Figure 16.2 
in Cameroon; Bouché et al., 2012 and Aebischer et al., 2020 in CAR; 
Musika et al., 2021 and Musika et al., 2022 in Tanzania), illegal gold-
miners, wild loggers, without mentioning bandits and even terrorists. 
Other contemporary constraints are the intense pressure of lobbies pro-
moting commercial crops at all costs, especially the cotton value chain, 
which are heavily supported by national and international agencies with 
hardly any exception. Overall, many externalities have appeared on the 
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scene and reshuffle the game, making hunting work more difficult, less 
viable and threatening ever more the conservation of natural resources. 
There is definitely a need to reform the governance and administra-
tion of hunting tourism (Booth and Chardonnet, 2015), but given the 
above-mentioned externalities, the reform should not be considered in 
isolation (Leader-Williams et al., 2009).

Poaching Versus Hunting
The African buffalo does not give the impression of being a fragile ani-
mal. However, it is indeed extremely sensitive to poaching, notably 
because it is quite easy to stalk on foot provided you strictly approach 
against the wind. The buffalo shows little resilience under poaching pres-
sure. Poaching means limitless and indiscriminate offtake of any kind of 
buffalo, whatever sex and age, whereas tourism hunting harvests a tiny 
percentage of only old bulls (Table 16.4). Legal and illegal hunting are 
mutually exclusive: where poaching flourishes, hunting tourism dete-
riorates and even fails. Just like National Parks, Hunting Areas require 
anti-poaching engagement to be protected and avoid wildlife depletion.

Hunting Bans and the Future of Buffalo
One of the biggest challenges facing the hunting industry is the prescrip-
tive unilateral decision by Western countries to ban imports of hunting 
trophies from Africa (Ares, 2019), which could have a long-lasting nega-
tive impact on many economies, and in turn on conservation, in Africa 
(Snyman et al., 2021). For local communities in northern Botswana, the 
safari hunting ban of 2014 led to a reduction of tourism benefits to local 
communities, for example income, employment opportunities, social 
services and scholarships. This led to the development of negative atti-
tudes by community-based organizations of rural residents towards wild-
life conservation and to an increase in incidents of poaching (Mbaiwa, 
2018; Blackie, 2019; Strong and Silva, 2020). For game ranchers and 
other owners of private conservation areas in South Africa, most believe 
that the economic viability of their enterprises, biodiversity conserva-
tion and the livelihoods of owners and employees would be lost follow-
ing a hunting ban (Parker et al., 2020). Without hunting activity, most 
Hunting Areas would no longer protect buffalo, which means that the 
persistence of buffalo outside of National Parks would be short-lived, 
as experienced in CAR after the 2012 political events when buffalo was 
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Table 16.4 Comparison between poaching and tourism hunting.

Illegal unregulated hunting (poaching) Legal regulated tourism hunting

Wildlife offtake Species All wildlife species with value as food 
or trophy, e.g. ivory, claws, etc.

Only a few selected game species

Number of individuals Unlimited Small % (approx. 1%) of the population
Sex of individuals Males and females Only males (exceptions in South Africa)
Age of individuals Any age including calves Mostly old individuals, often beyond 

reproductive age
Impacts of the 

wildlife offtake
For local communities Meat and other wildlife products Meat

Livelihood but with limited income 
from trade of meat and trophies

Livelihood and formal employment by hunting 
companies

Negative impact due to 
overexploitation leading to depletion 
of the wildlife resource

According to countries: share of the taxes  
(% of leasing tax, trophy fees, etc.), royalties

Conflict with law enforcement leading 
to fines and prison sentences

Community infrastructures and services 
(schools, dispensaries, wells, etc.)

For illegal wildlife traders High financial gains No business
For the Government 

finances
Negative impact due to absence of 

revenue from the activity
Taxes (income tax, etc.)

For the wildlife 
administration

Negative impact due to the cost of 
anti-poaching

Taxes (leasing fees for hunting areas, trophy 
fees, hunting permits, operating licenses, etc.)
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For the private sector Negative impact due to the cost of 
anti-poaching and the depletion of 
the wildlife resource

Return from daily fees, paid hunting services

For the national network 
of Protected Areas

Negative impact due to the degradation 
of the Protected Areas

Hunting Areas as Protected Areas of the 
IUCN Cat. VI are maintained by the 
income of hunting tourism (ecotourism 
rarely viable in these areas)

For animal welfare Long death and suffering for animals 
caught by snares, gin traps, pits or 
other trapping devices

Instant death in most cases

For the conservation of 
biodiversity

Negative impact due to the 
degradation of the wildlife 
conservation status leading to loss of 
biodiversity

Improved conservation status of (i) the few 
income-generating game species, and (ii) all 
the non-game species of fauna and flora
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one of the first large mammals to disappear from the Hunting Areas 
(Matthieu Laboureur, personal communication). With the authoritar-
ian restrictions by Western countries on imports of elephant and lion 
hunting trophies from Africa, many Hunting Areas were returned to the 
governments in Tanzania and Zambia. Without funding or surveillance, 
these areas are left to poaching, greatly impacting the fate of buffalo.

Hunting trophies import bans dictated by some northern countries 
without an alternative global conservation framework providing conser-
vation incentives will likely reverse the gains in wildlife conservation and 
rural development in some southern countries where sustainable utiliza-
tion is an integral part of the wildlife conservation practice (e.g. Di Minin 
et al., 2016; Dickman et al., 2019; Nyamayedenga et al., 2021). Where 
trophy hunting is planned to end, alternatives should be implemented to 
avoid land conversion and biodiversity loss in Hunting Areas (Di Minin 
et al., 2013). However, most of these areas appear unsuitable for alterna-
tive wildlife-based land uses such as photographic ecotourism because of, 
for example, difficult and expensive access, absence of infrastructure, lack 
of attractive scenery and of high densities of viewable wildlife (Wilkie and 
Carpenter, 1999; Lindsey et al., 2006; Winterbach et al., 2015). IUCN 
(2016) states that unless better land-use alternatives exist, hunting reforms 
should be prioritized over bans, while such reforms have proved effective 
(Booth and Chardonnet, 2015; Begg et al., 2018).

Surprisingly, bans and restrictions on importing hunting trophies of 
game species listed on CITES Appendices diverted the attention of the 
hunting industry to buffalo, a non-CITES-listed species. While becom-
ing a new focus, the buffalo has either reinforced or taken the lead as 
a flagship game in an attempt to compensate the loss of CITES-listed 
game, even though it does not attract as much income. Buffalo hunting 
does not draw much public awareness, in contrast with the hunting of 
the four other representatives of the Big Five, a bit like the wild boar in 
Europe compared to red deer or chamois. Therefore, the  less-charismatic 
member of the Big Five is now gaining more importance for sustaining 
Hunting Areas and for wildlife conservation outside National Parks. In 
other words, from a commodity game, buffalo is turning out to be a 
high-value game species.

In 2021, Van Houdt et al. surveyed international networks to investi-
gate the divergent views on trophy hunting in Africa. Unlike European 
respondents, African respondents showed significantly more support for 
trophy hunting and, unlike North Americans, African respondents sup-
ported external subsidies of wildlife areas presently funded by hunting. 
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Oddly, while Europeans and North Americans carry out trophy hunt-
ing in their own countries, they tend to oppose it in African countries. 
The inquiry concluded that policies on African hunting should better 
integrate African perspectives, in particular those of rural communities 
(Van Houdt et al., 2021). While opponents to hunting tourism in Africa 
often qualify this activity as a colonial relic, it cannot be denied that most 
Protected Areas have deep roots in the colonial period, either National 
Parks for wildlife viewing tourism or Hunting Areas for hunting tour-
ism, ‘but that makes it even more important that today, the decisions-
making and rights of African countries and communities are respected; 
Westerners must not continue to externally impose their own ideals 
upon Africans, such as pushing trophy hunting bans and restrictions’ 
(Dickman et al., 2021). A group of African countries called for a ‘New 
Deal’ for rural communities (Southern Africa Trust, 2019) that allows 
them to achieve the self-determination to sustainably manage wildlife 
and reduce poverty. Dickman et al. (2019) stated that it is incumbent on 
the international community not to undermine that. More recently, in 
response to the call of a UK parliamentary committee in 2022 for ending 
trophy hunting in Africa (but not in the UK), the Community Leaders 
Network of Southern Africa responded: ‘It’s a form of colonialism to tell 
us Africans what to do with our wildlife’ (Louis, 2022).
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17 · Knowns and Unknowns 
in African Buffalo Ecology 
and Management
H. H. T. PRINS, D. CORNELIS, A. CARON 
AND P. CHARDONNET

On Knowledge
The definition of ‘knowledge’ is ‘a justified true belief’. Philosophers 
of science took a few centuries to arrive at this definition. The reason-
ing on which it is based is that knowledge is a ‘belief’ because a belief 
is defined as ‘conviction of the truth of some statement’ and is related 
to the verb ‘to believe’, which means ‘to hold something as true’ or ‘to 
give credence that something is true’. Because science does not deal 
with revelations or their interpretation, the justification of holding a 
particular belief can only be found in evidence, which thus makes it 
a ‘true belief’. Finally, as many things are seen by people and taken as 
evidence (even if not true – think of Cold Fusion), the belief and the 
evidence for it must be ‘justified’. Justification is found in an entire 
corpus of other, related, evidence.

Ecologists have been studying the African buffalo in the wild for 
about 70 years. Before that time, most knowledge came from hunt-
ers, and with hindsight it is reasonable to assume that the information 
so gathered was often more closely related to storytelling than to what 
we consider science. Prins and Sinclair (2013) and Cornélis et al. (2014) 
provide good recent summaries of what we think we know about the 
African buffalo. New knowledge added since the publication of these 
works is reported in the different chapters of the present book. We dare 
to assert that with this book and all of the publications referred to in 
it, the African buffalo is now the best-known animal of all Bovidae, so 
even better known than the American bison (Bison bison), the European 
wisent (B. bonasus) or any antelope, wild sheep, or goat. Are there 
other terrestrial wild mammals that are better known than the African 
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buffalo? We believe that two or three species can compete for that 
honour, namely the red deer (wapiti, American elk; Cervus elaphus), the 
white-tailed deer (Odocoileus virginianus) and, perhaps, the mule deer 
(O. hemionus). The white-tailed deer is said to be the most studied large 
mammal in the world (Hewitt, 2011). Many books have been pub-
lished on this species, but, like for the mule deer, most are on its man-
agement for hunting. However, the knowledge gathered on reindeer 
(Rangifer tarandus) (Leader-Williams, 1988; Forbes et al., 2006; Tryland 
and Kutz, 2019) and especially red deer has contributed much more to 
science, as exemplified by Clutton-Brock et al. (1982). The other mam-
mal species that has been of great significance for science is the elephant 
seal (Mirounga angustirostris; Le Boeuf and Laws, 1994; Le Boeuf and Le 
Boeuf, 2021). Yet of all these species, the African buffalo may present 
the biggest challenge because of its intricate relationships with domestic 
cattle in its network of diseases and parasites.

However, after exulting and crowing about how good we, students 
of the African buffalo are and have been, we would like to identify the 
knowledge deficits that remain. Our aim is to bring our science of ‘nya-
tology’ (from ‘Nyati’ = buffalo in kiSwahili and other Bantu languages) to 
such a level that it morphs into deep-seated contributions to the theory 
of evolutionary ecology, behavioural ecology, functional ecology, dis-
ease ecology and, perhaps, biology. Too much of our ‘nyatology’ remains 
basically descriptive and is, at best, testing hypotheses derived from more 
general science. Yet we believe that this amazing species, comprising 
phenomenally robust and well-adapted individuals with a social orga-
nization so intricate that it approaches eusociality, has more in store for 
us to learn, and its students will be able to generate hypotheses that can 
be tested on other organisms. Indeed, the house mouse (Mus domesti-
cus) or the fruit fly (Drosophila spp.) may be wonders of adaptation too, 
but they became model organisms probably more as historical accidents 
than because of their wonderful resistance against diseases, their enor-
mous distribution associated with complicated clinal variations in (eco-)
morphs and richness of genetic patterning, or their social organization. 
So, where are the knowledge deficits that we must fill? To identify the 
holes in our knowledge, we surveyed this book’s authors, who collec-
tively may be the most knowledgeable group of scientists and practitio-
ners concerning the African buffalo alive (Figure 17.1).

Former Secretary of Defence of the United States of America Donald 
Rumsfeld once made a famous distinction between the different sorts 
of knowledge that one has. He said on 12 February 2002, ‘There are 
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known knowns; there are things we know we know. We also know 
there are known unknowns; that is to say we know there are some 
things we do not know. But there are also unknown unknowns – the 
ones we don’t know we don’t know …it is the latter category that 
tends to be the difficult ones’. We scientists are very good at reporting 
on ‘known knowns’. This book and earlier publications such as those 
of Sinclair (1977), Prins (1996) and the many, many good papers on the 
African buffalo (check all references in this book) offer a wealth of infor-
mation about what we know on African buffalo. However, what about 
the ‘known unknowns’ and ‘unknown unknowns’? And we would like 
to add a category, namely, ‘unknown knowns’ – which we posit refers 
to sound scientific knowledge that appears to have been forgotten. Too 
many scientists do not read scientific papers that are older than 10 years 
or so, or they only read abstracts, and knowledge that used to be in the 
scientific domain thus tends to fall out of it. This is called ‘knowledge 
decay’. The term does not describe the process through which knowl-
edge becomes outdated, but rather one through which knowledge is 
forgotten.

Figure 17.1 Four African lions about to kill a juvenile male of Cape African 
buffalo, Mana Pools National Park, Zimbabwe. © Alexandre Caron.
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On purpose, we have not formulated ‘hypotheses’ in this chapter 
for several reasons. We believe that what we need most is ‘descriptive 
ecology’ and ‘natural history’ (see Prins and Gordon, 2014; Gordon 
and Prins, 2019), while the use of storylines (linked to the assessment 
of their plausibility) probably offers better heuristic tools to approach 
best understanding (see De Jong and Prins, 2023; Prins and Gordon, 
2023). The following knowledge deficits were identified in a pro-
cess of questioning the collective of authors who contributed to this 
book.

Known Unknowns – These Are the Next Research 
Questions Sitting in the Backs of Our Minds
These research issues represent, relatively speaking, low-hanging fruit – 
others already have given them much thought, allowing one to delve 
deeper. The following thoughts and ideas were shared among us, which 
we have collected under a suite of subsections.

Natural History, Climate Change and Conservation

 1. As compared to the Cape buffalo from the area ranging between 
Kenya and South Africa, precariously little is known about the buf-
falo ranging between Senegal and Sudan. Perhaps the only exception 
is the work of Cornélis et al. (2011), and only little is known on forest 
buffalo despite the work of especially Korte (see Cornélis et al., 2014) 
but also of others (e.g. Bekhuis et al., 2008).

 2. In a number of countries where African buffalo still occur or did 
occur in the recent past, the respective ‘departments of wildlife’ 
(whatever their name) are not allocated sufficient funds to survey 
animal populations on a regular basis. In some of these countries, 
trend analyses and/or population estimates are thus frequently not 
very reliable. Offtake quotas are ideally set on reliable and precise 
population estimates (from which reliable and trustworthy trends can 
be deduced), and thus may not be set correctly (see e.g. Hagen et al., 
2014; Milner-Gulland and Shea, 2017; see also Pellikka et al., 2005; 
Morellet et al., 2007). Additionally, offtake quotas may be set on the 
wrong premise of population stability (Chapter 5). Does this uncer-
tainty in the data and the application of the wrong models negatively 
impact some local populations of buffalo?
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 3. The IPCC (2022) predicts that temperatures will rise in coming 
decades over much of the African buffalo’s range. Heatwaves are 
on the increase (ACSS, 2021), implying that heat stress for African 
buffalo (and other large mammals) may become severe. The search 
terms ‘heat stress’ associated with ‘cattle’ or ‘water buffalo’ yield 
thousands of publications. Much more research on the thermal 
ecology of the species is needed (see Hetem et  al., 2009, 2010, 
2013; Shrestha et al., 2012, 2014; Fuller et al., 2014, 2021; Strauss 
et al., 2016).

 4. Increasing CO2 levels could lead to a strengthening of the woody 
layer, resulting in an inexorable march to a thicker tree layer com-
peting strongly with the grass layer (e.g. Bond and Midgley, 2000; 
Kgope et al., 2010), although the simplicity of the mechanism has been 
contested (Gosling et  al., 2022; Raubenheimer and Ripley, 2022). 
Regardless, many former grasslands in African savannas have densified. 
In extreme circumstances where grazing pressure is high and the grass 
layer is stressed, a drought pushes grazers such as buffalo into a marginal 
space for survival. Most past research findings may hence no longer be 
applicable.

 5. Even though there is much arm-waving about climate change and its 
impact, there is a significant lack of fundamental knowledge on the 
habitats of the African buffalo (in the Sahel, the savannas of East and 
Southern Africa, but also in the rainforests).

 6. What are the exact workings of the transcription of DNA, the trans-
lation of RNA and the functionality of proteins in relation to the 
development and physiology of the African buffalo? In cattle, much 
progress has been made (see e.g. Drackley et al., 2006; Beerda et al., 
2008; Kirkpatrick, 2015; Cesar et  al., 2016; Barshad et  al., 2018). 
There are some intriguing findings by Van Hooft et al. (2007) that 
have yet to be clearly explained (Van Hooft et  al., 2018). Indeed, 
many techniques are already in place (see e.g. Smitz et al., 2016) for 
tackling this.

 7. For the forest buffalo, there may be more unknowns than for the 
Cape buffalo. As shown elsewhere in this book, it appears as if the 
forest buffalo evolved later than the savanna buffalo. Yet there are 
many gaps in our knowledge concerning gene flow between the dif-
ferent forms. Too much credit is given to subjective assessments of 
horn forms or the proportions of calves with reddish coats versus 
blackish ones. The exchange of individuals between groups of forest 
buffalo is an identified knowledge gap.
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Ecology

 1. Research is needed to understand the causal factors underlying 
behavioural avoidance between buffalo groups. Many studies have 
shown very little spatial overlap between neighbouring groups of 
buffalo, but the mechanism by which segregation is maintained 
remains poorly understood (scent marking, perhaps). Research is 
also needed that goes beyond mere speculation about the function-
ality of this spatial segregation of groups. One can think, of course, 
about competition for resources or the prevention of transmission 
of pathogens. However, exhaustive systematic reviews of the litera-
ture to discover whether competition has been proven show a lack 
of evidence for interspecific competition (Prins, 2016; Schieltz and 
Rubenstein, 2016) but good evidence for intraspecific competition 
(see e.g. Prins, 1989b).

 2. Information is needed on male contact patterns – males could be 
important vectors of pathogens at the population level due to group 
affiliation behaviour between groups of females and bachelor groups. 
More work should focus on understanding the movements of adult 
males (e.g., how often they encounter mixed groups, how long and 
where). Such work also is needed to better understand the socioeco-
logical organization of the species (see also Prins, 1989a). For forest 
buffalo, this lack of knowledge is even more prevalent.

 3. Research is needed on how extractive industries (notably, for instance, 
mining gold using mercury) might impact buffalo and their habitat 
across their range. It is known that extractive industries influence the 
habitat (e.g. Foster et al., 2019). In water buffalo, health effects have 
been measured (e.g. Singh et al., 2018), in cattle as well (e.g. Ranjan 
et al., 2008; Pati et al., 2020), and mining has been shown to have 
unexpected consequences for African elephant distribution (Sach 
et al., 2020). The effects of gold mining using mercury have been 
studied in South America (e.g. Markham and Sangermano, 2018), 
North America (e.g. Eagles-Smith et al., 2016) and the Arctic (e.g. 
Dietz et  al., 2013). It appears that most problems can be expected 
in aquatic environments (Basu et al., 2018), but because buffalo are 
closely tied to water, the problem may be large.

 4. The expansion of cotton growing (most of it Gossypium hirsutum, a 
native to Central America), especially in West and Central Africa 
(but also elsewhere in Africa), is a threat especially to the north-
ern savanna buffalo because cotton appears to thrive where this 
buffalo form has its native range. Cotton growers rely heavily on 
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phytosanitary procedures, and the widespread use in Africa of highly 
dangerous chemicals prohibited by, for example, the Stockholm 
Convention since 2001 (see, for instance, Hagen and Walls, 2005) is 
putting at risk entire ecosystems but is very much understudied. The 
presence of these chemicals has been found in African animals living 
in ‘cotton regions’ (e.g. Aïkpo et al., 2017; Houndji et al., 2020). 
Simple toxicology analysis would easily help to describe and mea-
sure the phenomenon, its magnitude, risk analysis, etc. (cf. Baudron 
et al., 2009).

 5. Do buffalo use auditive clues in their communication? There is 
much we do not understand concerning hearing (see e.g. Benoit 
et al., 2020) in ungulates and there is much to learn about vocaliza-
tion (e.g. Blank, 2021). Who would have thought that Sumatran 
rhinoceros (Dicerorhinus sumatrensis) have song-like vocalizations 
(Von Muggenthaler et  al., 2003) or that giraffe (Giraffa camelopar-
dalis) and okapi (Okapi johnstonii) use infrasound (Badlangana et al., 
2011; Von Muggenthaler and Bashaw, 2013)? Given the fact that 
buffalo are generally so silent in the audible range for humans, one 
would not be surprised if they use infrasound too in their commu-
nication, especially in dense vegetation.

 6. The mechanisms underlying collective movements, particularly at the 
time of group fission, are still unknown in buffalo. In other words, 
how do individuals decide to join one of the subgroups that form at 
the time of fission? The probability of following one of the subgroups 
could depend on the number of individuals already involved in the 
movement, regardless of their identity, social or affiliative relationships 
with individuals already moving or still at rest or their needs at the time. 
It would be interesting to examine decision-making during group fis-
sion in buffalo to measure the weight of social influence, compared to 
ecological influence (often examined), on group stability. This lack of 
knowledge appears to be even stronger in the forest buffalo.

 7. Group decision-making has been studied in buffalo (e.g. Prins, 1996, 
p. 218 ff), but also in other mammals. Theory has been developed by 
for example Conradt and Roper (2003) and reviewed by Conradt 
and Roper (2005). See also Couzin et al. (2005). Much can be gained 
by further studying this under different ecological circumstances.

 8. What is the effect of genetic relatedness on fission and fusion pat-
terns (see Prins, 1996, p. 77 ff; p. 54 ff)?

 9. What are the impacts of human disturbance on buffalo grouping 
patterns and social decisions? Do buffalo groups tend to be more 
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transient when encounters and disturbances from human activities 
are higher (human–wildlife interfaces versus within a park)? A test-
able idea could be that the higher the intensity and frequency of buf-
falo–human (including livestock) interactions, the higher frequency 
of the fission–fusion events, which would perhaps lead to smaller 
groups of buffalo closer to the borders of protected areas without 
fences (as compared to areas that are fenced). This ought to be con-
trolled for possible competitive effects and poaching (see for instance 
Clegg, 1994; Leweri et al., 2022; cf. Dave and Jhala, 2011). One can 
also imagine that undisturbed animals maintain diseases within their 
own groups (e.g. Delahay et al., 2000), but disturbed animals do so 
less (cf. Smith and Wilkinson, 2003). Network analysis (e.g. Jacoby 
et al., 2012; Yin et al., 2020) will need to be applied to buffalo in 
disturbed and undisturbed situations.

 10. What are the effects of poaching on social cohesion and fission–
fusion patterns in buffalo? In the African elephant (Loxodonta afri-
cana), poaching has been shown to affect social patterns (e.g. Prins 
et al., 1994; Archie et al., 2008), but it is not known how poaching 
affects buffalo.

 11. While more is understood about the functioning of key resource 
areas in animal migrations (e.g. Scholte and Brouwer, 2008; Moritz 
et  al., 2010; Cornélis et  al., 2011, 2014; Fynn et  al., 2015; Moritz 
et al., 2015), much less is understood regarding how buffalo main-
tain themselves in areas without such green floodplains during the 
late dry season, for example in Kruger National Park (South Africa). 
Where do buffalo get sufficient (crude) protein and energy to sup-
port foetus development or peak lactation, which is even more 
demanding? Indeed, perhaps it can be found in the maintenance of 
grazing lawns (e.g. Vesey-FitzGerald, 1969; 1974; Cromsigt et al., 
2013; Muthoni et al., 2014; Hempson et al., 2015). Gut morphology 
(e.g. Hofmann, 1973) is key to gaining a better understanding, as is 
the digestibility of the forage.

 12. There is no understanding of the forage traits that buffalo select 
under different constraints and demands. In other words, the prox-
imate factors in food selection are not understood, and a simple 
description, ‘roughage selector’, does not do justice to either the 
animals or the plants. What forage traits help buffalo to maximize 
intake of energy, protein and minerals for growth and reproduc-
tion, and what is the optimal height of the sward? What forage traits 
provide optimal reserves of forage for the early dry season, the late 
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dry season and during droughts? For example, we know that buffalo 
rather select for leafy, medium-height grasses such as Themeda trian-
dra, Digitaria eriantha and the lawn-forming grass Cynodon dactylon, 
but what is it about these grasses that they like? Are the leaves more 
digestible, is it the leaf-to-stem ratio, is it the height and the bite size 
they offer for a tongue-sweeping forager, or some combination of 
the above? What are the traits of drought refuges – that is what level 
of leaf and stem toughness can they tolerate to avoid severe loss of 
body stores and starvation during droughts? See also below under 
‘unknown knowns’, point ii.

 13. Much modern buffalo research nowadays depends on darting ani-
mals, immobilizing them and fitting them with a measuring device 
(like a GPS collar). The assumption is that the animal, once given 
its antidote, ‘immediately’ reverts to its normal behaviour, finds its 
herd and assumes its normal social position. In human patients, the 
standards are set high, but much has still to be learned before one 
really knows what one does to memory (Borrat et al., 2018; Galarza 
Vallejo et al., 2019; Veselis and Arslan-Carlon, 2021). In companion 
animals, rather in-depth analysis is carried out to investigate what is 
done to the animals (e.g. Biermann et al., 2012; Reader et al., 2019; 
Abouelfetouh et al., 2021) and likewise in horses (e.g. Hubbell and 
Muir, 2006; Schauvliege et  al., 2019; Cock et  al., 2022). Even in 
ruminants, precious little is known about the effects of key processes 
in the intact animal (e.g. Nicol and Morton, 2020; Waite et al., 2021). 
Research is urgently needed not only on the effects on the animals’ 
well-being, but also on their social behaviour and ranging behaviour.

 14. Time series of total population alone may lead to erroneous predic-
tions about the population without detailed knowledge of its age 
structure (Chapter 5). Without this detailed knowledge, incorrect 
deductions may be made about possible density-related effects or 
sustainable harvesting regimes. Nyatiologists need to find a way to 
more precisely identify the age of individuals in the field.

Disease

 1. Some key resource areas, like floodplains, play a critical role in sup-
porting buffalo over the late dry season. Yet, these areas also may 
harbour internal parasites, such as giant fluke (Fasciola gigantea) and 
the small fluke (Dicrocoelium hospes), and many other Platyhelminthes 
and Trematodes that can make cattle very sick if they are not properly 
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treated (e.g. Swai and Wilson, 2017). How do buffalo contend with 
liver flukes? Indeed, they are widely infected (Hammond, 1972), 
but in the Central African Republic, 12 of 33 inspected buffalo that 
were infested with both flukes had no apparent clinical signs (Graber 
et al., 1972). It is worrying to note that African buffalo that are not 
infected with such parasites are resistant to bTB (Ezenwa et al., 2010; 
c.f. Budischak et al., 2012), but it is gratifying to know that a grazing 
alternation between ruminants and hindgut fermenters may reduce 
parasite burdens (Odadi et al., 2011).

 2. Do buffalo use natural plant chemicals to treat themselves for flukes 
and other parasites? Species that spring to mind are Lippia javanica and 
Tarchonanthus camphoratus (e.g. Koné et al., 2012; Kosgei, 2014; Hassen 
et al., 2022), and an evolutionary arms race may already have been on 
for a long time (see Beesley et al., 2017). By and large, however, evi-
dence is scant and the literature abounds with ‘potential effects’ versus 
real ones, and ethnoveterinary storytelling instead of proven remedies.

 3. What is the influence of group formation dynamics on pathogen 
dynamics in buffalo? Cross et  al. (2004) and Wielgus et  al (2021) 
studied the influence of contact patterns within groups on pathogen 
dynamics. However, the aggregation of contact indices across time 
(e.g. per month) may lead to a misleading prediction of pathogen 
dynamics, as it ignores short-term interactions that change due to 
ecology and social behaviour (i.e. fission–fusion behaviour), which 
could have a significant effect on pathogen transmission patterns. 
See also Prins (1989a), Cross et al. (2012), Sintayehu et al. (2017a, 
2017b) and Davis et al. (2018).

 4. What are the veterinary standards for health, or good reproduc-
tion, in buffalo (or for other wild mammals)? Little is known about 
the normal parameter values of blood, liver or other tissue, and too 
often one must rely on cattle standards. However, African buffalo 
are not at all closely related to cattle or Asian buffalo (see Chapter 2), 
and it is thus not very plausible that cattle standards are informative 
for African buffalo.

 5. More research is needed on foot and mouth disease (FMD), (bovine) 
tuberculosis ([b]TB) and brucellosis in free-ranging buffalo popula-
tions in unfenced ecosystems of central, eastern and western Africa; 
for the latter, these diseases pose public health problems as they are. 
Work on FMD in cattle in East Africa has shown how the model 
developed for this disease in southern Africa does not capture the 
whole story, nor do controls need to be so draconian with the options 
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of commodity-based trade. This potential for a different perspective 
in terms of management of landscape and animal agriculture/wildlife 
economy and tolerance/control of the disease needs to be investigated 
further. This will need an integrated programme of socioeconomic, 
cultural, environmental (including climate change), biodiversity, agri-
cultural, political and ecological benefits of living with FMD. The 
work of Sintayehu (2017a, 2017b) provides good pointers.

 6. Buffalo are resistant to a number of diseases, but the mechanisms for 
such resistances are not well known (for trypanosomiasis it remains 
quite unclear). Strikingly, even livestock-focused scientists have 
expressed little interest in understanding how to take advantage of 
such mechanisms in buffalo to apply to livestock production. Cases 
in point are: how are African buffalo capable of maintaining FMD 
on a permanent basis without expressing any symptoms (asymptom-
atic, or are they healthy carriers)? Applied to domestic artiodactyls, 
meat commercial trade rules would be reshuffled with new FMD 
policies. How do African buffalo resist African trypanosomes (genus 
Trypanosoma) and how can they live and thrive in areas that are heav-
ily infested with the vector tsetse flies? What causes buffalo to be 
insensitive to CBPP (contagious bovine pleuropneumonia), Peste des 
petits ruminants (PPR), East Coast fever (ECF), heart water, babe-
siosis, streptothricosis/dermatophylosis and many other potential 
diseases which are so deadly for cattle? If we knew, we would not 
need to spend billions in yearly national cattle vaccination campaigns. 
Once again, African buffalo are probably not bovids (Chapter 2).

 7. The role of closed (i.e. fenced) versus open (i.e. non-fenced) sys-
tems with bTB expression and prevalence needs further research, but 
again in areas other than the southern African region where much of 
the work has been done already. The nature of the force of infection 
in a mixed livestock–buffalo system needs to be explored in the con-
text of different cattle breeds. The potential risks of buffalo zoonotic 
bTB transmission through hunting or sustainable use of infected buf-
falo herds (managed culling and processing) needs to be explored.

Management

 1. What is the economic value of different land uses, namely, buffalo 
hunting (but also other species), agriculture (without buffalo but with 
livestock), conservation without hunting (but with buffalo) or any 
form of co-management including cattle and buffalo? Some work 
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has been done on this (e.g. Hearne et al., 1996; chapters in Hearne 
et al., 2000; Prins et al., 2000; Mayaka et al., 2005; Mwakiwa et al., 
2016; Poshiwa et al., 2013a, 2013b; Mwakiwa, 2019). Yet these eco-
nomic analyses seem to encounter difficulties in entering more freely 
formulated, data-free discourses espoused by many conservationists. 
The implications of this are severe (see e.g. Scholte et  al., 2022). 
These economic value assessments could be placed in the context 
of climate change scenarios in the contexts of Africa too. This lack 
of knowledge is even more pertinent for the forest and northern 
savanna buffalo.

 2. The often-positive role of controlled trophy hunting is insuffi-
ciently acknowledged by too many conservationists even though 
the Sustainable Use Principles of the Convention on Biological 
Diversity, in which its role is acknowledged, have been endorsed 
by all signatory States (COP Decision VII/12: see www.cbd.int/ 
 decision/cop/?id=7749). There is much disagreement between 
NGOs, but also for instance Kenya does not acknowledge the 
acceptability and effectiveness of hunting as a conservation tool 
(although it is under ministerial review). This contrast between dif-
ferent parties is intensified by a lack of reliable data on the impact 
of trophy hunting on wildlife. Much information on African trophy 
hunting is still available only as unpublished grey literature, and thus 
is difficult to access (for instance, Snyman et al., 2021; but see Baker, 
1997; Hurt and Ravn, 2000; Lindsey et al., 2007; Schalkwyk et al., 
2010) and more efforts should be done to collate information.

 3. Even though theories of non-equilibrium dynamics were formu-
lated some 40 years ago (e.g. Ellis and Swift, 1988) and have been 
tested for savanna systems (e.g. Gillson, 2004; Accatino and De 
Michele, 2016; Engler and von Wehrden, 2018), too much work on 
buffalo and their ranging still is not placed in that context. African 
rangelands necessitate management strategies that acknowledge the 
unpredictability of weather, markets and politics. Many pastoralists 
realize this (e.g. Mace and Houston, 1989; Mace, 1990), but many 
managers do not (e.g. Shawiah, 2016) and are thus overwhelmed by 
so-called black swan events. In modelling for game ranching, some 
progress has been made (e.g. Joubert et al., 2007; Dlamini, 2011), 
but this is still unsatisfactory. The collapse of live buffalo prices, for 
example, made many an enterprise in South Africa suddenly unprof-
itable, and the effects of drought reverberate for many years through 
a population’s age structure (Chapter 5).
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 4. The effect of trophy hunting is contested, as evidenced by parlia-
mentary debates in, for example, Great Britain in 2022. Intriguingly, 
parliamentary members from western countries allow themselves to 
take decisions that would affect an industry (and positive outcomes 
for local people) in Zimbabwe or Namibia without encouraging par-
liaments in those countries to discuss red deer (Cervus elaphus) hunt-
ing (a.k.a. ‘deer stalking’) in Great Britain. Much more research along 
the lines of Gandiwa et al. (2014) is called for to reveal the hypocrisy 
in this debate (c.f. Curtin, 1940, p. 162 ff). Yet typical examples of 
successful management, at least partly based on utilization, occurred 
in South Africa where trophy hunting has facilitated the recovery 
of bontebok (Damaliscus dorcas), black wildebeest (Connochaetes gnu), 
cape mountain zebra (Equus zebra) and, until recently, southern white 
rhino (Cerathoterium simum). Furthermore, in recent years, trophy 
hunting has also facilitated the recovery of the buffalo and its habitat 
in several hunting areas of Mozambique and South Africa. It can be 
thought, however, that trophy hunting has a negative impact on buf-
falo and other wildlife (cf., #2), and the necessary data should lead to 
clear evidence to move the debate away from only emotions.

 5. The fact that large buffalo herds are mobile also means that they sel-
dom ‘camp’ on a patch for a long period of time but are continually 
moving through different landscapes. This means that unlike selec-
tive water-dependent grazers, buffalo will utilize an area and then 
move on, thus reducing the chance of overgrazing (a function of 
time and not necessarily number – the vegetation needs rest accord-
ing to a number of range ecologists). On fragmented (fenced) areas, 
excessive artificially supplied surface water results in high densities of 
sedentary water-dependent species (e.g. impala Aepyceros melampus) 
and less space for buffalo to move. So, where and when should ani-
mal control (including culling) be exercised? Even in unfenced areas, 
animal control may need to be implemented where water point pro-
vision has resulted in increased animal numbers due to their increased 
distribution, resulting in insufficient forage for animals during dry 
periods (obviously more critical in fenced or fragmented situations). 
The alternative is that the population is allowed to fluctuate with 
the prevailing resource conditions, that is a die-off in drought (of 
buffalo in a poor condition or recent weanlings). This may be appro-
priate in unfenced, ‘open’ situations, but is it acceptable in fenced 
areas where animals are unable to move widely? The tricky issue 
if the ‘laissez-faire’ option is pursued is the long-term effect on the 
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resources resulting from overgrazing (see Peel and Smit, 2020) apart 
from the ethical issues surrounding enclosing animals in fenced-off 
areas where droughts occur.

 6. Horn size and horn shape drive much of the economics of buffalo 
breeding in South Africa and buffalo hunting. However, little is 
known about the genetics around the inheritance of horn size and 
shape. Equally little is known about the effects of levels of nutrition 
(macro- and micro-nutrients) or of hormones on horn growth. In 
other species, the situation is slightly better (e.g. big horn sheep Ovis 
canadensis: Reich, 2021; domestic sheep: Pan et al., 2018), but even in 
cattle this field is understudied.

 7. What are the effects of nutrition on calving rate, calf birth and wean-
ing weight, intercalving interval, milk production, and calf growth? 
Similarly, what are the effects of nutrition on milk composition? 
Milk quality comparisons should be carried out on the milk of wild 
buffalo and those living in different forms of captivity (game ranches, 
farms and zoos). Apart from the scientific importance of these ques-
tions, they could lead to the formulation of standards for the nutrient 
requirements for African buffalo based on real research on buffalo 
rather than on comparative nutrition from cattle or water buffalo (as 
done at present). This is a common problem in wildlife ecology, and 
nutritional knowledge is detailed enough only in deer to have proper 
feeding standards (e.g. Hynd, 2019, p. 263 ff; Anonymous, 2020; 
Kim et al., 2020; Bao et al., 2021).

 8. The former Resource Ecology Group under H.H.T. Prins has most 
consistently reported on forage quality parameters as espoused by 
Peter Van Soest (so, apart from crude protein, potassium, phospho-
rus, digestibility parameters such as neutral digestive fibre (NDF) and 
acid digestive fibre (ADF), but also in-vivo digestibility using rumen 
fluid; Van Soest, 1994). An important caveat is that the rumen fluids 
came from domestic cattle, and that NDF and ADF calibration was 
never done with African buffalo (or other African large mammals 
with the exception of blue wildebeest). To really understand buf-
falo fitness or merely performance, it is of paramount importance to 
establish a captive group of buffalo on which depth nutritional mea-
surements can be done. There is not much known about the need for 
micro-nutrients either, and there are no feeding standards.

 9. The reliance on opioids for buffalo immobilization (and other large 
mammals) is still enormous. Veterinary authorities and regulators are 
making very little progress to get rid of these substances that are very 
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dangerous to animals and humans. Similarly, we know little of the 
health effects of the use of helicopters for the mass capture of buffalo 
herds, and we are not aware of reliable and stress-free alternatives 
under development.

Unknown Knowns – Evidence-Based 
Scientific Knowledge on Buffalo That 
We Appear To Have Forgotten
The collective of buffalo scientists did not signal many insights that were 
forgotten. Of course, this may simply mean that this older knowledge 
truly has been forgotten or, alternatively, that the corpus of knowledge 
that has been garnered over the last decades is well integrated into our 
present-day knowledge. Finally, it may indicate that we have collectively 
reached the verdict that much of the older knowledge does not meet 
our standards and is thus rejected. However, there are three knowledge 
domains that were flagged as probably forgotten.

 i. There was possibly good knowledge of pastoral systems in which 
buffalo also could find a place, or, alternatively, good knowledge 
of systems that could not accommodate buffalo. If this knowledge 
exists or existed, it is probably indigenous knowledge of integrated 
pastoral systems tolerant/intolerant of buffalo. If such indigenous 
knowledge (still) exists, it is extremely likely that it was never writ-
ten down and thus would need a socio-anthropological approach. 
If this knowledge could be ‘tapped’, or somehow ‘resurrected’, it 
could provide valuable insights into future land use possibilities.

 ii. In contrast, the second field of knowledge that appears to have been 
forgotten can be found in the scientific literature. This relates to the 
bioenergetics of herbivores, including African buffalo. This field is, 
however, getting renewed attention (see e.g. Malishev and Kramer-
Schadt, 2021). The great measuring systems of herbivores in meta-
bolic chambers that were extremely important for understanding 
the physiology of ruminants (e.g. Blaxter, 1966; Moen, 1973) were 
hardly used for large African mammals. The great exception was the 
work of Martyn Murray. Careful feeding experiments of wild herbi-
vores in captivity have been extremely rare (but see e.g. Murray and 
Brown, 1993) even though very important insights were obtained 
from shot individuals (e.g. Gordon and Illius, 1996). Much is known 
about domestic ruminants and small lagomorphs and geese, but we 
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know little about large tropical wild ruminants (see e.g. Illius and 
Jessop, 1996). Proper measurements of energy expenditure of wild 
ruminants are rare, and non-existent for African buffalo.

Work that was nearly forgotten concerned the horns of bovids 
as possible cooling organs (Taylor, 1966; see also Picard et al., 1999; 
Cain et al., 2006), which was not used in some important reviews 
on thermal adaptation (e.g. McKinley et al., 2018) or just mentioned 
in passing (e.g. Henning et  al., 2018), and experimental evidence 
has hardly been collected since (see Knierim et  al., 2015). Many 
other important works on thermoregulation and water usage from 
the early 1970s by scientists like Taylor (Taylor, 1969, 1970a, 1970b; 
Taylor and Lyman, 1972; Taylor et  al., 1969) deserve to be inte-
grated better into tropical ungulate ecology, and especially that of 
the African buffalo. The current generation is, however, exploring 
this (e.g. Hetem et al., 2009, 2010, 2013; Shrestha et al., 2012, 2014; 
Strauss et al., 2016).

Lastly in this category is the non-use of non-Anglophone pub-
lished literature. A good case in point are the books of Riviere 
(1978), De Vries and Djitèye (1982) and Boudet (1984) on forage 
and foraging, and those on parasites (e.g. Troncy, 1982).

 iii. A third issue that has been flagged is the knowledge that is or was 
locked in the grey literature. Le Houérou’s (1980) review of the 
knowledge on browse in Africa perhaps still has not been surpassed, 
but in July 2022 it had been cited only 149 times. Knowledge that 
remains hidden in the grey literature is especially relevant for wildlife 
inventories, game censuses and pest control reports in the archives 
of ministries or of consulting companies. All of this contributes to 
intergenerational amnesia and to the so-called ‘shifting baseline syn-
drome’ (e.g. Papworth et al., 2009; Soga and Gaston, 2009; Prins 
and De Jong, 2022).

Unknown Unknowns – Knowledge That, Once 
Obtained, Will Upset Our Present Thinking, Perhaps 
About African Buffalo, Perhaps About Ecology 
Evolution, or Aspects of Veterinary Sciences
We share these ‘unknowns’ without too much comment, but we hope 
that some of these thoughts may influence your own thinking and 
creativity.
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Overarching in our thinking is Darwinism, which represents life 
as a continuous struggle, and which leaves scientists to think in terms 
of functionality and (negative) selection. To what extent does this 
paradigm cause us to overlook or misinterpret natural patterns and 
processes? The central tenet is that many features of an organism are 
not necessarily adaptive but may arise as a by-product of evolution, 
whatever their subsequent exaptive utility (Gould 1979; Gould and 
Lewontin, 1979). For example, it is assumed too easily that ungulates 
have coevolved with their food, yet the average duration of existence 
of a large mammalian chronospecies is about 1.5 million years (Prins 
and Gordon, 2023) while that of plant chronospecies is about 10 times 
longer (cf. Stanley, 1978). Plant families arise much slower than may 
be thought (see Harris and Davies, 2016). A trait-based approach may 
give false certainty (cf. Gordon and Prins, 2019), as many traits are 
interrelated and should not be viewed in isolation as promoted by the 
‘adaptationists’.

Much selection took place during the bull market for ‘trophy animals’, 
where especially in South Africa much effort was spent on breeding 
bulls with massive horns. We know very little of the possible pleiotro-
pic effects of genes (or of proteins; pleiotropy is the property of a single 
gene or protein to act in a multiplicity of ways). If these occur in African 
buffalo, they immediately throw a stark light on the basis of the selec-
tion for adaptability of traits (see previous paragraph). In cattle, these 
pleiotropic effects have now been discovered (see e.g. Bolormaa et al., 
2014; Saatchi et al., 2014; Xiang et al., 2021). It is intriguing to learn that 
many QTL (quantitative trait locus, a section of DNA that correlates 
quantitatively with phenotype) effects are linked to weight at birth, age 
of weaning, weaning weight and carcass weight in cattle, and that plei-
otropy is involved (Saatchi et al., 2014; Gershoni et al., 2021; Li et al., 
2021; Tiplady et al., 2021; Widmer et al., 2021). One may also assume 
that these vital life-history parameters are governed in a similar way in 
African buffalo. With the effects of inbreeding on the genetic make-up 
of the species and calving and weaning percentages, the lack of connec-
tivity between buffalo populations across the continent may thus affect 
the essential life history of the remnant populations. We would think 
that an effective and rapid first approach would be to assume that genes 
and QTLs that have been discovered in cattle could be looked for as 
candidate genes in African buffalo. A next question to address would be: 
after what level of ‘breeding’ is a buffalo no longer ‘natural’ and thus lost 
to conservation? (See Child et al., 2019). We thus advise much caution 
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when breeding for ‘maximum trophy value’, especially when the spill-
back of animals into nature is not rigorously prevented.

Because African buffalo are very distantly related to other Bovini, 
and perhaps should not even be viewed as bovine but as boselaphine 
(Chapter 2), it is unlikely that ‘genetic pollution’ will occur at the level 
of interspecies hybridization. At the level of crossings between animals 
from widely different locations, as was done for the breeding of ‘bet-
ter’ trophy buffalo (e.g. buffalo from Tanzania and Zimbabwe bred 
in South Africa), we know next to nothing. The genetic distance is 
not small (see Chapter 3). It is thus not clear really why IUCN voices 
concerns because the so-called intra-taxon biodiversity in reality may 
be minimal. Moreover, the suggested argument concerning the associ-
ated growing risk of diminishing the capacity of the taxon to resist ‘all 
sorts of shocks, either expected or not expected’ if buffalo from differ-
ent regions within the same taxon (‘Syncerus caffer caffer’) are crossed, is 
countervailed by concepts of hybrid vigour. In red deer (Cervus elaphus) 
this type of crossbreeding has been measured and evaluated (De Jong 
et al., 2020), but not in buffalo. We thus call for an in-depth evaluation 
of this issue, taking into account societal effects, conservation consider-
ations and genetics.

This crossbreeding and ranching of African buffalo may, under as yet 
unknown circumstances, perhaps lead to a change of perspective of wild-
life versus domestic animals. For 150 years, the Midwest of the United 
States was nicknamed the ‘Red Meat Republic’ (Specht, 2019; Dolan, 
2021), yet it became possible to ‘bring back the bison’. What would hap-
pen if in some African cultures the societal perceptions of ‘bringing back 
the African buffalo’ took hold? Would that be possible through greater 
use of communal land rather than limiting protected areas? That would 
herald a societal earth slide away from seeing wildlife merely as ‘nyama’ 
(in kiSwahili, ‘game’ [alive] and ‘meat’ [the dead product]), towards a 
highly valued, iconic, cultural symbol for a form of African Renaissance. 
What if, as has rarely happened, an African leader actually embraced the 
conservation, sustainable use and pride of African wildlife?

This issue is important, because currently cattle populations are sup-
planting those of buffalo across much of Africa. In West and Central 
Africa this process nearly came to its fulfilment (Chapter 4; Scholte et al., 
2022). The consequences of this replacement – from grazing by a once-
dominant wild herbivore to its domestic surrogate – on soil, animal 
ecologies, resilience and animal and human health are totally unknown, 
although it has been speculated about through what was termed ‘holistic 
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management’ (see Savory, 1983). Conversely, we also know next to 
nothing about the effects of compartmentalization of natural habitats 
and reinforcement (through protection) of buffalo enclaves on ‘mini-
ecosystems’ (i.e. small protected or small game farms) from a variety 
of perspectives, including health and disease. There is much ecological 
thinking about the effects of isolation (and shrinking) of protected areas 
(based on Island Theory; e.g. Prins and Olff, 1998; Olff et al., 2002), but 
we are not aware of so-called ‘before–after’ evidence-based comparisons 
of ecosystem functioning during the process of this isolation and shrink-
ing of protected areas with African buffalo.

The most extreme ‘unknown unknown’ could be this: what would 
happen if the proverbial black swan event occurred that conceivably 
could knock the whole wildlife system off its axis? From the experience 
of COVID-19, one may deduce that some horizon scanning to cre-
ate anticipatory awareness (and perhaps the development of early warn-
ing systems) to build system recoverability after a major disturbance of 
nature and its wildlife is needed. Ecosystem managers should, we think, 
engage much more in scenario-thinking like big industry does (Chapter 
18). We could possibly anticipate the effects of four major processes that 
take place in savanna Africa, namely rising CO2 levels, changing weather 
systems, woody thickening which seem to supress the grass layer and 
probably African buffalo numbers, and the human population explosion 
with associated land hunger and need for fuel wood. Buffalo may feature 
in the development of scenarios not only as a casualty but perhaps also as 
some ecosystem architect (Prins and Van Oeveren, 2014).

Perhaps one day we will finally come to grips with the fact that we do 
not know much about buffalo communication (Figure 17.2). We hardly 
understand their cognitive processes, cognitive maps, or communal deci-
sion making (cf. Prins, 1996). Like most mammals, it is very likely that 
their sense of smell is linked to their perception of other buffalo, the world, 
and their detection of predators and strangers. This world of pheromones 
and smells is for us a closed book, but the emergence of ‘electronic noses’ 
may open this world. Indeed, dogs have learned to understand our lan-
guage (e.g. Grassmann, 2014; Reeve and Jacques, 2022), while we – with 
our ‘superior’ brains and AI tools – do not understand theirs (e.g. Harris, 
2017). When will we then understand African buffalo?

The number of doctoral candidates needed to answer the research 
questions presented in this chapter must be in the order of 100 or 
more (as compared to the 30-odd so far); after they are done, we defi-
nitely will be closer to understanding this splendid species. But truly 

https://doi.org/10.1017/9781009006828 Published online by Cambridge University Press

https://doi.org/10.1017/9781009006828


506 · H. H. T. Prins et al.

understanding your partner and family takes a lifetime of study, and be 
honest – did you succeed?
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AND H.H.T. PRINS

Introduction
While the health of the African buffalo (Syncerus caffer) population in 
Africa is generally good, it is threatened in some regions of the conti-
nent, as described in Chapter 4. A few African buffalo are kept outside 
Africa, for example, in parts of the United States (e.g. Texas) where they 
can be hunted, and in zoo collections across the world (e.g. in European 
collections there are estimated over 100 Syncerus caffer caffer and 150 S. c. 
nanus). Yet it is utterly unlikely that modern governments will allow the 
population of an exotic mammal, one that can become an exotic inva-
sive species, to be built up. It is consequently unlikely that relatively safe 
havens for the African buffalo will develop outside Africa; if the species 
is going to survive, it must be in Africa. On the other hand, the build-
up of large populations of nilgai (a.k.a. blue bull, Boselaphus tragocamelus) 
in the USA provide food for thought (Presnall, 1958; Butts, 1979; Foley 
et  al., 2017), as does that of the Canada goose (Branta canadensis) and 
raccoon (Procyon lotor) in Europe and banteng (Bos javanicus) in northern 
Australia. Nonetheless, it seems reasonable to anticipate that the futures 
of the African buffalo will take place in the context of the African con-
tinent only. As a result, these futures will depend on how the many and 
multidimensional factors that impact them develop or unfold.

It is not easy to forecast the fates of biodiversity and biodiversity con-
servation in Africa. On the one hand, African biodiversity is unique. In 
some parts of Africa, biodiversity is well conserved compared to other 
continents, and some African economies (e.g. Namibia) have managed 
to rely on its sustainable use, mainly through international tourism. 
Other countries are losing their biological heritage hand over fist, mainly 
in West and Central Africa (e.g. Scholte et  al., 2022). On the other 
hand, Africa is currently undergoing significant transformations gener-
ated by, among other factors, a booming human population, growing 
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urbanization, shifting geopolitical relationships, increasing pressures on 
natural resources and political variability and sometimes volatility. These 
transformations are likely to induce conflicts over land between agricul-
tural production and biodiversity conservation if the land-sparing versus 
land-sharing debate does not deliver a sustainable framework to con-
ciliate both dynamics (e.g Fischer et al., 2014; Kremen, 2015; Baudron 
et  al., 2021). The fate of the African buffalo residing in and outside 
protected areas will be impacted by both the politics of conservation 
(currently mainly centred on protected areas and less so on sustainable 
use) and the relationship between the people of Africa and Nature in the 
decades to come. Both the COVID-19 crisis and several bans on hunting 
also have profoundly incapacitated the international tourism industry, 
cutting a significant material incentive for protecting wildlife in Africa. 
The consequences of these crises could say a lot about the resilience of 
natural resource management on the continent.

Is there any chance that the African forest buffalo (Syncerus caffer nanus) 
will survive in the ransacked forests of West Africa? Or that the north-
ern savanna buffalo will survive in the swath of land stretching between 
Senegal and Ethiopia? And if so, what has to be realistically and con-
cretely done to safeguard a future for this magnificent animal?

Methodology
The more than 60 contributors to this book, many members of the 
African Buffalo Interest Group (AfBIG) belonging to the IUCN 
Antelope Specialist Group, hold a large body of knowledge and expe-
rience on the focal species. Drawing from their collective and diverse 
expertise on the species, and from the updated information contained in 
the chapters of this book, we created a list of factors of change based on the 
question: what are the factors of change that could impact (positively 
or negatively) African buffalo populations in the future? We chose a 
time horizon of 30 years because it is approximately equivalent of one 
human generation. From this perspective, looking backwards is then 
what is termed ‘within living memory’ (e.g. Fanta et al., 2019), while 
looking forward is what most people feel capable of imagining within 
their lifetime (see e.g. Ebel, 2009; Vecchi and Gatti, 2020). We drafted 
a preliminary list of factors and submitted it to all co-authors of this 
book for comments and additions. For each ‘factor of change’ added 
to the list, a definition was agreed upon and its relevance was discussed 
and assessed.
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From the list of factors of change, we also implemented a structural 
analysis (Godet, 1986). Structural analysis is performed on a set of fac-
tors that are considered as interconnected, thus forming a ‘system’. Its 
final purpose is to uncover driving forces that are transforming the system 
(Godet, 2000). Through structural analysis based on expert knowledge 
(in this case the authors of this chapter), a systematic pairwise discussion 
of the direct influences of each factor on all other factors makes it pos-
sible to discover how we perceive the structure of the system, that is, the 
set of dominant factors and their interactions that may shape futures for 
African buffalo populations. This analytical process leads to the creation 
of an influence/dependence matrix associated with graphs displaying the 
position of each factor of change in different categories according to 
their level of influence on the other factors, and dependence to other 
factors, as per Table 18.1.

Subsequently, we discussed the list of the important factors of change 
based on the authors’ selections, and the most influential factors of change 
(based on the structural analysis). Hence, we identified the driving forces 
that we think drive the futures of African buffalo populations (i.e. the 
most influential factors of change), and then reflected about the potential 
future states of these driving forces. Given that the most influential factors 
of change were ‘external’, that is beyond the control or influence of the 
core actors involved in the management of the buffalo population, we 
applied the critical uncertainty matrix approach (Curry and Schultz, 2009) 
to explore alternative futures for buffalo. This approach, also called the 
2×2 matrix or the 2×2 scenario method, has been developed and widely 
used in strategic foresight for exploring contextual futures (Ramirez and 
Wilkinson, 2014) to the point of being called a ‘golden tool’ (Bradfield 
et al., 2005). It consists of (i) selecting one pair of driving forces with 
a strong impact on the system and a very uncertain development, (ii) 
imagining for each of the driving forces two contrasting future states 
by the time horizon selected and (iii) combining these future states to 

Table 18.1 Influence/dependence matrix used to categorize the factors of change 
that are thought to shape the African buffalo’s futures over the next three decades.

Factor of change Weakly dependent Strongly dependent

Strongly influent Driver Leverage
Weakly influent Outlier/singular Outputs

Adapted from Godet (1986).
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Figure 18.1 The methodological steps used for the development of alternative futures of the buffalo population in Africa. Source: Authors.
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portray four alternative futures. Thus, each future represents a possible 
systems context for the question, here the potential futures of buffalo 
populations. This approach has well-known advantages and drawbacks 
(Ramirez and Wilkinson, 2014) and the most important ones for our 
study will be discussed later. Due to these shortcomings, we modified 
the approach, applying it to several pairs using all of the driving forces 
selected. For this, the pairwise combination respected the rule of non-
related forces and privileged a combination of different dimensions such 
as societal, technical, economic, environmental, political and values 
(‘STEEPV’ dimensions). We then used an adapted morphological analysis 
(Álvarez and Ritchey, 2015; Duczynski, 2017) to combine these differ-
ent sets of four alternative futures, thus producing a final set of mutually 
exclusive and contrasting synopses incorporating the different states of 
these driving forces.

Each synopsis was then further developed with plausible states of the 
factors of change that the authors considered as being directly related to 
the description of the state of the buffalo population and its management 
in Africa. Figure 18.1 displays the entire sequence of the methodology.

Results

Factors of Change and Structural Analysis

The first outputs of this methodological approach included a list of 29 
factors of change with their definition and some examples (Table 18.2).

Each of the five authors then conducted a structural analysis of these 
29 factors and the results were combined into a merged influence/
dependence matrix where each cell was filled with the value that was 
attributed to it by at least three of five authors. Figure 18.2 displays the 
position of the factors of change in accordance with their respective rela-
tive direct influence on the other factors, and their respective relative 
dependency on the other factors.

To select the key variables for the 2×2 matrix approach, we decided 
to temporarily discard climate change because the selection of inputs for 
the matrix was based on a criterion of high uncertainty. For the selected 
time horizon of 2050, there is a relatively low level of uncertainty about 
the future state of this factor for much of sub-Saharan Africa. We also 
decided to put aside ‘Colonial legacy’, as this factor of change was closely 
linked to, and therefore represented in, the ‘External influence’ and 
‘Western worldviews’ factors of change. Although thought to be highly 
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Table 18.2 List of factors of change (in alphabetical order) potentially impacting positively or negatively African buffalo populations 
at the continent level. The most influential factors of change are displayed in grey. The fourth column indicates the domain(s) 
in which a factor of change falls using the STEEPV dimensions: S, societal; T, technical; Ec, economic; En, environmental, 
P, political; V, values.

Factor of change Acronym Definition STEEPV Notes

African buffalo 
production systems

Prod_Sys The use of African buffalo for production 
purposes as a domestic species

Ec e.g. trophy/meat production, 
selective breeding

African worldviews Afr_WorldV African cultural values regarding wildlife  
and nature

V e.g. relation with wild meat 
consumption, wildlife as cultural 
heritage

Buffalo uses in natural 
systems

Buff_Use The types of use of African buffalo under 
extensive and natural systems

Ec e.g. trophy hunting, sustainable 
harvesting, subsistence hunting

Climate change Clim_Chg The change of local climate in terms of 
frequency and intensity of events

En

Climate mitigation 
measures

Clim_Mit The measures adopted to mitigate the  
effects of climate change

T e.g. forest conservation, carbon 
sequestration in savannas

Colonial legacy Col_Leg The influence of colonial era on current 
international political processes

P e.g. current conservation models 
were designed in the context of 
colonial era

Conservation funding Conserv_Fund The status and modalities of conservation 
funding

Ec

Conservation models Conserv_Mod The diversity and specificities of conservation 
models

En, Ec e.g. co-management, role of state, 
non-governmental organizations, 
local communities
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Conservation priorities Cons_Prio The orientation of conservation towards 
particular species or habitats

V e.g. focus on large carnivores and 
pachyderms

Food production Food_Prod The quantity and quality of food production, 
including the balance of animal-based to 
crop-based agriculture

Ec Land sparing versus land sharing

Genetic adaptability of 
African buffalo

Buf_Gen On an evolutionary timescale, the capacity of 
the African buffalo to adapt to its changing 
environment

En e.g. gene flow and inbreeding 
depression, deleterious alleles

Habitat fragmentation Hab_Frag The emergence of discontinuities 
(fragmentation) in a given environment

En

Human/livestock 
diseases

H/L_Dis Political and economic importance of animal 
and zoonotic diseases involving the African 
buffalo

Ec e.g. foot and mouth disease, 
brucellosis

Human population 
growth

Hum_Pop The growth of the human population S e.g. ratio urban/rural population

Influence of 
environmental 
movements

Env_Mouv Nature and influence of environmental 
movements of societal values, perceptions 
and actions

P e.g. shift towards plant-based diet 
(versus meat-based diet)

Influence of non-
African states

Ext_Infl The level of political and economic influence 
of external state in African politics and 
economy

P, Ec e.g. land grabbing, infrastructure 
development

Intersectoral 
collaboration

Inter_Coll State of intersectoral collaboration between 
ministries/governmental services

P

Land tenure Land_Cons The quantity of land converted for agriculture P, Ec e.g. green revolution/State versus 
private ownership

Livestock production Liv_Prod The quantity of land use for extensive 
livestock production

Ec

(cont.)
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Political governance Pol_Gov The quality of state and local political 
governance

P e.g. threat of state capture

Political stability Pol_Stab The political stability of states and regions P e.g. war, terrorism

state of african tourism Afr_Tour The state of African nature tourism Ec e.g. dependency to international 
tourism

State of global tourism Glo_Tour State of global tourism Ec e.g. restriction of global tourism due 
to COVID-19 pandemic

State of poverty Stat_Pov The extent of poverty in African populations S
Surface water 

availability
Surf_Wat The state of natural and human-induced 

availability of water
En e.g. changes in rainfall, water 

abstraction, leading to loss of 
wetland habitats

Technological 
innovation

Tech_Inov Capacity for researchers and practitioners 
to access and use new technologies and 
knowledge to study the African buffalo

T e.g. democratization and 
improvement of drones and/or 
telemetry tools

Transfrontier activities Trans_Front Activities implemented from one state into 
another, formally or informally

Ec e.g. poaching, transfrontier tourism

Western worldviews West_WorldV The state of Western public opinion on 
African wildlife, nature and it uses

V e.g. ban on hunting by European 
and African states

Factor of change Acronym Definition STEEPV Notes

Table 18.2 (cont.)
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Figure 18.2 Structural analysis direct influence matrix (some squares overlap). The dotted lines represent the ‘average’ influence and 
dependence of the factors in this system centred on the value 1. They define for quadrants or categories of factors as indicated in Table 18.1. 
Each factor of change is visualized on this graph with its influence and dependence coordinates. As a result, eight factors of change appeared 
to be located in the ‘drivers’ (top-left) quadrant plus one very influential leverage (i.e. conservation models) as summarized in Table 18.2.
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significant, we set aside ‘Conservation model’ due to its extremely high 
dependency, which implies that it is not really a driving force. ‘Human 
population’ as a global variable is also quite predictable for the next 30 
years, but it is much less predictable when its meaning in terms of rural/
urban ratios is considered. We therefore kept it with this specific mean-
ing after checking that this would not change the results of the struc-
tural analysis. The key variables selected are thus ‘Political governance’, 
‘Political stability’, ‘External influences’, ‘Western worldviews’, ‘African 
worldviews’ and ‘Human population’.

Creating Pairwise Alternative Futures with the 2×2 Matrix

We combined these six variables into three pairs, avoiding closely linked 
dimensions in these pairs and ensuring that diverse STEEPV dimensions 
were mixed. The resulting set of three pairs comprised ‘Political stabil-
ity and African worldviews’, ‘Political governance and Western world-
views’ and ‘External influence and Human population’. For each driving 
force, the authors together selected two contrasting alternative states by 
2050. These are included in the three sets of matrices presented below. 
The resulting 12 alternative futures were each given a metaphoric name 
or descriptive phrase as a way to refer to them, but also to help others to 
imagine such an alternative future.

The ‘Political Stability and African Worldviews’ Matrix

Positioning on an axis for ‘Political stability’ the two opposite states, 
‘political chaos’ versus ‘generalized political stability’, and on another 
axis for ‘African worldviews’ the two opposite states, ‘Preservation of 
nature’ versus ‘Exploitation of nature’, and placing them in a Cartesian 
coordinate plane results in what has been named a ‘scenario cross’ con-
sisting of two axes with extremes and four scenario stories. The resulting 
four futures with their metaphoric names are displayed in the quadripar-
tite graph in Figure 18.3.

The ‘Political Governance and Western Worldviews’ Matrix

This matrix yields four alternative futures when the two states of ‘Political 
governance’, that is ‘fulfilling the aspiration of all the people’ versus ‘serv-
ing the interest of a few’ and the two states of ‘Western worldviews’, that is 
‘preservation with sustainable consumptive use’ versus’preservation without  
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Figure 18.3 Alternative futures from the ‘Political stability and African worldviews’ matrix.
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consumptive use’ are placed in an orthogonal Cartesian plane. The  resulting 
four futures are displayed in a quadripartite graph in Figure 18.4.

The ‘External Influence and Human Population’ Matrix

This matrix yields four alternative futures when the two states of ‘External 
influence’, that is ‘Africa independent from the world economy and poli-
tics’ versus ‘external influence dictates politics and economy’ and the two 
states of ‘Human population’, that is ‘people live in rural areas’ versus ‘peo-
ple live in urban areas’ are placed in an orthogonal Cartesian plane. The 
resulting four futures are displayed in a quadripartite graph in Figure 18.5.

Using Morphological Analysis to Create Integrated 
Synopses of the Six Driving Forces

We proceeded by developing a morphological table combining the 
future states of the first two matrices where we discarded incompatible 
futures, that is futures whose combination would make an inconsistent 
synopsis (results displayed in the first two columns in Table 18.3). For 
example, we discarded futures where ‘political chaos’ was associated with 
‘political governance fulfilling the aspirations of all the people’ under 
the postulate that political stability figures among the aspirations of at 
least some people. In a second morphological analysis step, the eight 
resulting combinations were put in relation with the four alternative 
futures produced with the third matrix (Table 18.3). The purpose was to 
identify where each of these four futures best fitted with the preceding 
eight ones. We ensured that all four futures were used in the results. We 
noted that the presence of the future state, ‘independent from the rest of 
the world’ of the ‘External influence’ driving force made automatically 
inessential some of the first eight futures whose differences came from 
discrepancies between African worldviews and Western worldviews on 
Nature. Hence, not all eight futures were selected.

We gave a metaphoric name to each of the seven resulting differentiated 
futures and scripted them in the form of synopses combining the related 
states of the six driving forces. Each synopsis thus represented a contextual 
future environment for the buffalo population that was detailed enough to 
logically conjecture what would be the credible state of the buffalo popula-
tion and its related internal factors, that is the factors that the actors directly 
involved in the management of the buffalo population could influence/
control. Among these, the factor ‘Conservation model’ plays a crucial role 
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Figure 18.4 Alternative futures from the ‘Political governance and Western worldviews’ matrix.
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Figure 18.5 Alternative futures from the ‘External influence and human population’ matrix.
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Table 18.3 Second morphological analysis step: after putting in relation the first 2×2 matrices and developing metaphoric names and 
short synopses (first two columns), the eight resulting combinations were put in relation with the four alternative futures produced with the 
third matrix. White backgrounds indicate the 7 combinations of 6 driving forces’ states selected, including the metaphoric names of these 
synopses, ensuring that all driving forces’ states were used in the results. Dark backgrounds indicate combinations that were discarded 
because of an incompatibility between the driving forces’ states. Light grey backgrounds indicate possible combinations that were not selected 
because of inessential selected combinations.

Synopsis of 2×2 matrix: External 
Influence × Human population

1. Urban freelance 2. World urban 
dwellers

3. Farmers in their 
villages

4. Farmers for the 
world

Metaphoric 
names  
of 2×2 
matrix

Combination of the future states 
of the first two matrices: African 
worldviews × Political stability  
and Western worldviews × 
Political governance

African population 
lives in urban 
areas and Africa 
is independent 
from the world 
economy and 
politics

African population 
lives in 
urban areas 
and external 
influence dictates 
Africa’s politics 
and economy

African population 
lives in rural 
areas and Africa 
is independent 
from the world 
economy and 
politics

African population 
lives in rural 
areas and external 
influence dictates 
Africa’s politics 
and economy

1. Noah’s 
universal  
Ark

By 2050, political stability has become 
generalized and the governance system 
fulfils the aspiration of all people. 
African worldviews concentrate on the 
preservation of nature while Western 
worldviews concentrate on preservation 
with sustainable consumptive use.

African 
renaissance

(cont.)
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2. Noah’s 
controversial 
Ark

By 2050, political stability has become 
generalized and the governance system 
fulfils the aspiration of all people. 
African worldviews concentrate on the 
preservation of nature while Western 
worldviews concentrate on preservation 
without consumptive use.

Happy nature Even more difficult 
if Western 
dictates wilderness 
and all people live 
in rural areas

3. Into the 
wild

By 2050, political chaos reigns 
everywhere and governance system 
fulfils the aspiration of few people. 
African worldviews concentrate on  
the preservation of nature as do 
Western worldviews but without 
consumptive use.

Even more difficult 
if Western 
dictates wilderness 
and all people live 
in rural areas

4. Private 
games

By 2050, political chaos reigns 
everywhere and the governance system 
fulfils the aspiration of few people. 
Western worldviews concentrate 
on preservation with sustainable 
consumptive use while African 
worldviews concentrate on the 
preservation of nature.

Pauper’s hell Conservation 
islands

Table 18.3 (cont.)

Synopsis of 2×2 matrix: External 
Influence × Human population
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5. We  
profit all

By 2050, political stability has become 
generalized and the governance system 
fulfils the aspiration of all people. While 
Western worldviews concentrate on 
preservation with sustainable consumptive 
use, African worldviews concentrate on 
the exploitation of nature.

Self-service Not very consistent: 
opposition of 
worldviews while 
Western dictates

6. All against 
the West

By 2050, political stability has become 
generalized and the governance systems 
fulfil the aspiration of all people. 
African worldviews concentrate on the 
exploitation of nature while Western 
worldviews concentrate on preservation 
without consumptive use.

Agro-Africa Not very consistent: 
opposition of 
worldviews while 
Western dictates

7. The lords  
of nature

By 2050, political chaos reigns 
everywhere and the governance systems 
fulfil the aspiration of few people. 
African worldviews concentrate on the 
exploitation of nature while Western 
worldviews concentrate on preservation 
without consumptive use.

Not very 
consistent: 
opposition of 
worldviews 
while Western 
dictates

Not very consistent: 
opposition of 
worldviews while 
Western dictates

8. The 
hunting 
lords

By 2050, political chaos reigns 
everywhere and the governance systems 
fulfil the aspiration of few people. 
African worldviews concentrate on the 
exploitation of nature while Western 
worldviews concentrate on preservation 
with sustainable consumptive use.

Battleground 
2050

Not very consistent: 
opposition of 
worldviews while 
Western dictates
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Table 18.4 Resulting synopsis setting contextual futures for the future of buffalo population in Africa.

African 
renaissance

By 2050, external influences dictate Africa’s politics and economy; political stability has been reached in Africa 
now for one generation and the governance system fulfils the aspiration of all people. In the context of the 
doubling of the human population, the urban population remained stable while the rural population tripled. 
Western worldviews have changed and adopted relevant preservation of nature modes that promote sustainable 
consumptive use in recognition of local culture and knowledge, echoing re-emerging African worldviews rooted 
in ancestral beliefs about the interconnectivity between all human beings and nature and the need to respect 
them. These ancestral beliefs are now ruling once again the relationship of man to nature. New locally relevant 
conservation models have emerged, promoting land sharing between conservation and local development for the 
benefit of both. As external influences led to improved agriculture, agricultural intensification took place as the 
rural population embraced conservation, preventing expansion into the bush. Climate change has pushed most 
farmers to focus on livestock production systems integrated within rangeland management programmes, sustainable 
resource use and local livestock markets to maintain a low livestock density. The state of poverty thus drastically 
reduced in Africa.The African buffalo is a key economic asset of these new conservation models (for tourism, hunting, 
meat) and free-roaming populations thrive in protected areas and community-based managed areas.

Happy nature By 2050, external influences dictate Africa’s politics and economy; political stability has been reached in Africa now 
for one generation and the governance system fulfils the aspiration of all people. The African human population 
has almost doubled, the urban population more than tripled while the rural population drastically decreased, 
leading to extreme agricultural intensification. Africans live in urban areas, allowing for biodiversity to flourish in 
almost deserted rural areas since Western worldviews pushed for and imposed preservation without consumptive 
use over African worldviews. African cities are fed by international trade and some local concentrated intensive 
livestock production units. A luxury local agricultural market exists for citizens on the little land left in African 
landscape protected at 50%. The state of poverty in rural Africa is now much lower because fewer people live 
there with a few job opportunities such as those generated by the private sector, which has developed a highly 
profitable wildlife economy, for example in southern Africa. The dominant conservation model is still largely based 
on National Parks with no human activities apart from safari tourism. In southern Africa, the private sector has 
developed a highly profitable wildlife economy that generate many jobs. The African buffalo is free-roaming in 
protected areas and a large private population, genetically selected, exists in intensively managed farms.
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Pauper’s hell By 2050, Africa is independent from the world economy and politics. Political chaos reigns everywhere and the 
governance system fulfils the aspiration of few people. African populations find shelters in cities to make a living. 
The ones who stayed in rural areas can only produce for subsistence and rely on nature for the rest of their needs. 
The state of poverty has remained as in the 2020s. Due to shrinking state services, the tsetse fly and sleeping 
sickness have returned in large parts of the continent and therefore prevent livestock production in large tracks of 
land. The dominant African worldviews is the preservation of nature, not because the pauperized people would 
not like to harvest it, but because the elite want to hunt or enjoy these animals for themselves and they enforce 
strict rules about the (inequitable) access to wildlife. The Western worldviews focusing on sustainable use cannot 
reach Africa, which is completely disconnected from the rest of the world.The African buffalo is free-roaming in 
protected areas that are classified as ‘National Parks’ but are, in reality, more like royal domains.

Self-service By 2050, political stability has become common and widepread and the governance system fulfils the aspiration of 
all people. Africa is independent from the world economy and politics. Thus, while Western worldviews try to 
promote preservation with sustainable consumptive use, the worldviews of the African populations, who live in 
urban areas, concentrate on the exploitation of nature. As a result, a small rural population exploits unsustainably 
most of the landscape, which is becoming drier and subject to extreme events. Livestock is produced in vast 
quantities feeding the local markets but the density on the land is high. Poverty has increased as the land produces 
less and less. Conservation models advanced by the West do not convince African populations to change their 
mind on the preservation of nature apart from a few places. The African buffalo populations are isolated in protected 
areas, under the pressure of livestock farming and numbers are decreasing. The highest number of living individual 
buffalo are private property in intensive farms, profiting a few.

Conservation 
islands

By 2050, political chaos reigns everywhere and the governance systems fulfil the aspiration of few people. Africa is 
independent from the world economy and politics. The worldview of African populations, who live in rural areas, 
concentrates on the exploitation of nature while Western worldviews still try to promote preservation without 
consumptive use where it can. Thirty per cent of the land is under strict conservation since 2030, following 
international agreements, but the need for land for the ever-increasing rural population puts pressure on protected 
areas. Livestock farming is dominating in the arid landscape and the level of poverty has increased since the 
2020s. There are no conservation models beside the willingness of the powerful to keep a few animals for their 
own pleasure in their private holdings. The African buffalo is not a key species for conservation in Africa and its 
populations have declined and are on the brink of extinction.

(cont.)
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AgroAfrica By 2050, political stability has become common and widespread and the governance systems fulfil the aspiration of all 
the people. Africa has taken independence from the world economy and politics and now concentrates on its food 
security with African populations living mostly in rural areas. African worldviews concentrate on the exploitation 
of nature against the Western worldviews incapable of imposing the preservation of nature without consumptive 
use anymore. The land use is dominated by agriculture as a booming sector sustained by intensification principles 
that have been adapted to African contexts. Livestock production is integrated in crop–livestock systems. Poverty 
is on the verge of being eradicated in Africa. The conservation of nature is an old story of Western dreamers: as 
Europe, Africa has made its green revolution to the expense of nature. African states have conserved National Parks 
to follow international treatiesn but their state is poor. The African buffalo population remains in protected areas, 
isolated, including fading populations in small parks under human pressure.

Battleground 
2050

By 2050, external influence dictates Africa’s politics and economy; political chaos reigns everywhere and the 
governance systems fulfil the aspiration of few people. Western worldviews are preservation with sustainable 
consumptive use. As most people now live in cities, land tenure has shifted towards dominant conservation 
landscapes at low human density with integrated management of livestock and rangeland management. The level 
of poverty is relatively low. However, urban African populations have developed worldviews that concentrate on 
the unsustainable exploitation of nature, creating a demand for natural resources. This includes bush meat, which 
makes environmental criminal organizations thrive. Conservation models that have emerged are now locally 
relevant, promoting land sharing between conservation and agriculture. The unsustainable exploitation of wildlife 
threatens this fragile equilibrium. The African buffalo is an important asset of the new conservation models, but the 
constant poaching activities prevent a true success story of the sustainable use for the benefit of all.

Table 18.4 (cont.)
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as a leverage as its future is determined by the contextual environment set 
by influential factors and at the same time an influential one for the buffalo 
system in particular. Three other factors also play roles, to a lesser extent, 
as leverages as indicated in Table 18.2, namely ‘Land Tenure’, ‘Livestock 
Production’ and ‘State of Poverty’. We thus incorporated them in the 
refinement of the synopses along with the other internal factors directly 
associated with the buffalo population as indicated in Table 18.4.

Discussion
The list of factors of change identified by the co-authors of this book 
who responded to our calls for input includes two groups of separate fac-
tors. The first consists of external factors (e.g. ‘Climate change’, ‘External 
influence of States’), which put together sets a general context for Africa. 
The second group consists of more internal factors (e.g. African buffalo 
production systems, conservation funding). The results of the structural 
analysis shows that the first group strongly influences the second group, 
and thus contributes largely to shaping the future of African buffalo pop-
ulations in Africa (Figure 18.6).

Regarding the full process, we considered Africa as a whole for the 
sake of the exploratory nature of this reflection. The resulting synop-
ses (Table 18.4) should not be understood as continent-wide alternative 
futures. A synopsis represents a possible contextual situation, which could 

Figure 18.6 Herd of Cape African buffalo, central Botswana. © Rudi van Aarde.
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occur only in parts of the continent or of countries, coexisting with oth-
ers in other parts as discussed later. These alternative futures are not pre-
dictions either. They are exploratory imaginaries of possible futures, and 
as such constitute only one way of anticipating amidst several alternative 
ways (Amer et al., 2013; Crawfords, 2019). They serve as a basis to enlarge 
our reflection on the future of the buffalo population beyond and in com-
plement to the conventional use of trends and projections. As such they 
are intended to shed additional lights on how we ‘…make sense of change 
(difference) in the emergent present’ (Miller, 2015), that is the current sit-
uation of the buffalo population, and what that could mean for the future.

While we discarded ‘Climate change’ from our selection of drivers 
due to its high level of predictability at the time horizon selected, this 
factor of change cannot be removed from the discussion. Climate evolves 
‘slowly’, will exert continuous pressure across the century and cannot be 
represented by different and contrasting states in the 30-year horizon 
that we set for this futures exercise. The climate is already changing 
and symptoms of these changes already can be felt in the buffalo range, 
especially in semi-arid areas (e.g. southern Africa; Kupika et al., 2018). 
Future buffalo in Africa will most probably live under a changed climate 
including more extreme events but also with a larger human popula-
tion. Droughts or lack of surface water, their frequency and intensity in 
particular, will be a direct threat for buffalo that are quite susceptible to 
them, with substantial declines in some populations as witnessed in the 
Sahel at the end of the 1960s and during the 1990s in Tsavo, Serengeti/
Mara, Gonarezhou and Kruger (East, 1999; Cornélis et al. 2014) and in 
2022 in Amboseli, Lewa Downs and Tsavo in Kenya (Prins, personal 
observation). Without access to drought refuge resources such as exten-
sive wetlands, some populations could suffer high mortality.

Against this general backdrop, the other factors of change that we per-
ceived as setting the context of Africa in 2050 are mainly political and 
value-based. First, the quality and stability of African States’ political sys-
tems, including their governance, seem to be decisive with regard to their 
capacity to design and implement environmental policies, and to con-
trol or enable illegal activities. Consequently, the occurrence of wars and 
other conflicts can have serious impacts on wildlife populations, especially 
buffalo herds that can feed troops with good quantities of quality meat, 
as observed in the past. For bygone centuries, African politics have been 
largely impacted by the influence of colonial powers, and since indepen-
dence by the influence of former colonial powers and emerging players 
on the African continent such as China, Russia, Israel and Turkey. The 
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status of these future international relationships will impact the global 
context in terms of development, politics and ultimately the manage-
ment of natural resources (e.g. extractive industries). Alternative futures 
with stronger or ruptured ties can be framed with secondary impacts on 
other factors of change (e.g. differences between ‘Pauper’s hell’ and ‘Self-
service’ synopses). The influence of external States is impacting African 
conservation. Historically, the pre-eminence of Western countries in 
African affairs was associated with their capacity to globally impose the 
now dominant Western worldviews regarding conservation. Today, these 
Western worldviews have shown some limits (e.g. a land-sparing system 
too often neglecting local communities triggering negative local percep-
tions towards conservation and conflicts) and some voices have expressed 
the need for a decolonization of conservation policies (Domínguez and 
Luoma, 2020). This process, only started recently, could create a space for 
the re-emergence of the multiple African worldviews that pre-existed the 
colonial era and fell silent or went extinct since then, such as in ‘African 
renaissance’. If and how these African worldviews will reinvent them-
selves in the new contexts and redefine the relationship between African 
populations and nature is a major uncertainty for the future of conserva-
tion in Africa, and therefore for buffalo.

This group of contextual factors of change sets the scene in which future 
conservation models will succeed or fail to preserve African buffalo and 
perhaps associated biodiversity. The different synopses in Table 18.4 depict 
alternative futures considering different states of each of these factors of 
change articulated together to build a possible future. The aim is once 
again not to predict the future but to explore the maximum range of the 
possible futures in which the African buffalo could exist. As for most large 
wild mammals, the fate of the buffalo in Africa will be mirrored by the 
fate of conservation. The current status of buffalo in the West and Central 
savannas, where they only remain as a few isolated (but relatively robust) 
populations in national parks and well-guarded hunting areas and reserves, 
can serve as a picture of the future of African buffalo populations in a con-
text of fortress conservation imposed by strong pressure from human activi-
ties (e.g. mobile pastoralism, both nomadic and transhumant and sedentary 
livestock husbandry, the former impacting more buffalo populations) such 
as in the ‘AgroAfrica’, ‘Self-service’ and ‘Conservation islands’ synopses. 
However, even if this future is possible, it does not mean that future buf-
falo populations will be restricted to protected areas only. In many parts of 
Africa today, the expansion of cotton growing (with unsustainable farm-
ing practices), pastoralism and the development of mining are only a few 
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examples of elements that are already putting growing pressure on land, 
pushing buffalo into protected areas and sometimes encroaching into pro-
tected areas, including rainforests in the central parts of the continent. The 
demand for land for the growing human population superimposed on cli-
mate change could drive the conversion of more land for agriculture and 
other extractive activities and leave less land for natural habitat and buffalo. 
This will create a difficult context for achieving the objective of 30 per cent 
of land under protected areas by 2030 (even if some African countries have 
already reached this proportion, albeit some areas have been called ‘paper 
parks’; Blom et al., 2004; Di Minin and Toivonen, 2015; IUCN, 2022; e.g. 
‘Conservation islands’). Another key for the future of buffalo in Africa will 
be its capacity to exist outside protected areas.

Disruptive developments could unfold in the management of land, its 
uses and the relationship between conservation and local development. 
These developments could be attractive for all stakeholders, but would 
require quite systemic changes in conservation. The previous paragraph 
demonstrates that land conversion for conservation could take place in 
two cases: either if conservation delivers decent livelihoods for the local 
human population (e.g. ‘African renaissance’), or if the majority of African 
populations live in cities as the current trend points at (e.g. ‘Happy 
nature’). In relation to the former, community-based natural resource 
management programmes (CBNRM) have been tested in Africa since the 
mid-1980s with failures and successes (Dressler et al., 2010). Their central 
tenet is the devolution to local communities of the right to access natural 
resources such as wildlife, and to encourage the sustainable management 
of the resources through consumptive (e.g. hunting, meat production) 
and/or non-consumptive (e.g. ecotourism or photographic safari) uses. 
Given many cases where this CNBRM failed (for instance, because of 
resource capture by local elites, weak safeguarding against short-term 
profiteering versus long-term sustainability, rent-seeking behaviour, weak 
embedding in existing legislation if at all, non-understanding of cultural 
differences, etc.), we do not plea for a blanket application of CBNRM 
at all. We thus call for a critical analysis of success factors as was done 
for fisheries (e.g. Cunningham and Bostock, 2005; Squires et al., 2017) 
instead of blind faith in self-regulation of natural resource use not by local 
peoples. Possible futures could go beyond the initial CBNRM concept to 
embrace further the framework of environmental justice that not only calls 
for more equal distribution (i.e. benefits) between stakeholders, but also 
for more equal involvement in decision-making processes, an aspect par-
tially covered by CBNRM, and more recognition of local identities and  
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cultural difference, meaning more recognition of local (African) world-
views (Martin et al., 2016; e.g. ‘African renaissance’). This would mean a 
progressive shift from (conservation) projects that are designed outside of 
local contexts, without the involvement of the final beneficiaries and are 
imposed on the latter by national or international external experts. The 
decision for a community to use its land for some form of conservation 
would be their own decision (they would have the right not to do so as 
well), under their terms and their governance and management system, 
and with enough benefits to be sustainable in the long term (after the end 
of external funding if this is not long term). The result would be mixed 
conservation–agricultural or conservation land, preferentially adjacent to 
protected areas to promote connectivity between natural habitats and/
or between protected areas (e.g. ‘African renaissance’ and ‘Battleground 
2050’). Pockets of this future already exist today, although they remain in 
a minority, with a progressive paradigm shift in some stakeholders (donors, 
practitioners, researchers) towards exploring these new forms of land use 
(Caron et al., in prep.). Any form of Half Earth concept (50 per cent of 
land protected globally) could only emerge in Africa through these types 
of new conservation models that would not concentrate solely on the 
management of protected areas as disconnected land use, but on larger 
landscapes in which protected areas are integrated with pro-conservation 
or coexistence land uses, benefiting a larger set of (local) stakeholders and 
benefiting from them. The concept of ‘Other effective area-based con-
servation measure’ (or OEACM) means ‘a geographically defined area 
other than a Protected Area, which is governed and managed in ways that 
achieve positive and sustained long-term outcomes for the in situ conser-
vation of biodiversity, with associated ecosystem functions and services 
and, where applicable, cultural, spiritual, socioeconomic, and other locally 
relevant values’ and was adopted in 2018 by the 14th Conference of the 
Parties of the Convention on Biological Diversity and could provide a 
framework for such land-sharing options (OECMs, 2019; Figure 18.7).

The African buffalo could be a key species, if not the most important 
species, for these new conservation models that would be based on the 
consumptive use of wildlife. The reason for this is that only a small fraction 
of African landscapes and wildlife communities can offer proper products 
for clients of wildlife viewing. Alternative uses are  trophy hunting and 
meat production through sustainable management. Today, trophy hunt-
ing is a very sensitive topic that divides Western opinion, sometimes vio-
lently (Chapter 16). An influential and powerful part of Western opinion 
opposes consumptive use in Africa and has succeeded in imposing bans 
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on trophy imports in countries from which important populations of 
hunters come from, reflecting a combination of three drivers, ‘Western 
worldviews’, ‘External influence of States’ and ‘Colonial legacy’. There 
is no such fracture in mainstream African worldviews, where consump-
tive uses of natural resources are often allowed with access rules (e.g. 
seasonal, geographical, social, mystical, specific hunting rules). Chapters 
13 and 16 present the central role that buffalo already play in the wildlife 
and trophy-hunting industry (i.e. it would be difficult to run a trophy-
hunting business without buffalo except in cases where very iconic spe-
cies can be hunted), and Chapter 14 focuses on meat production, which 
is also a valuable use of buffalo if markets for this meat exist. The new 
land-use options in which the buffalo may play an important role could, 
in possible futures (e.g. ‘Battleground 2050’), compete with traditional 
agricultural land uses such as rainfed crops, irrigated crops and livestock 
production (Cumming et al., 2014). They would require a new paradigm 
in which African populations take ownership of the buffalo as an indig-
enous species replacing the exotic breeds of cattle imported during the 
colonial era (as in ‘African renaissance’). This paradigm could percolate 
into the tourism industry by developing tourism products that offer the 
exploration of these rich and diverse landscapes in which biological and 

Figure 18.7 Forest buffalo calf, Odzala National Park, Republic of Congo. © 
Thomas Breuer.
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cultural diversity are nurtured. These products could attract emergent 
African middle and rich urban classes that may desire to reconnect with 
their culture and localities. In this future, African buffalo would thrive 
in and outside protected areas and be a symbol of the decolonization of 
Africa and the ownership of its landscapes and natural resources.

African worldviews also could fail to embrace the conservation of 
nature and do the minimum for conservation to respect signed treaties 
(as in ‘Battleground 2050’) or completely ignore their wildlife in order to 
make sure they reach food security through conventional agriculture (e.g. 
‘AgroAfrica’ and ‘Self-service’). These contexts would restrict buffalo 
populations in protected areas while raising issues related to genetic bot-
tlenecks if metapopulation management does not exist. The relationship 
with non-African states would be important as the funding for conserva-
tion would be, as it is today, dependent on external sources. Modalities 
for subsidizing nature for its conservation by local stakeholders would be 
a way to maintain protected areas in good shape. The conditions linked 
to this funding would be important if a sustainable management of natural 
resources and habitats is targeted; notions of appropriation, empower-
ment and recognition would still be important in these contexts.

Among possible futures, the commodification of buffalo through 
private ownership and under semi-extensive or intensive management 
(Chapter 13) could spread beyond South Africa as a business model in 
which buffalo already play an important role. However, this alternative 
raises two important questions: can this model produce enough benefits 
(through employment) to local communities to be accepted, and not only 
for a rich elite (as in ‘Self-service’ or ‘Conservation ‘islands’)? To what 
extent can artificially genetically selected (e.g. for horn size) or  disease-free 
buffalo (including endemic diseases to African wildlife) still be considered 
as suitable to join free-roaming populations and benefit conservation? In 
recent decades, a few countries in southern Africa have also experienced 
strict sanitary measures regarding important cattle diseases (the main one 
being foot-and-mouth disease – see Chapters 9 and 12) that imposed 
strict separations between buffalo and cattle land uses, with devastating 
consequences for wildlife populations and small-scale subsistence farmers 
living close to protected areas with buffalo (Ferguson and Hanks, 2010; 
Cumming et al., 2015). In a context of higher economic dependence on 
external states, fencing to control diseases with consequences for wildlife 
and costs to the poorest farmers could spread to other region of Africa, 
mainly to the benefit of states. Due to these consequences, and to the fact 
that Africa needs to produce for itself, the disease issue did not appear as 
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very important in the synopses. However, this vision could become a 
possible future for southern Africa.

The synopses of Table 18.4 draw possible futures that may or may not 
seem relevant for the different regions of Africa regarding the context and 
the future of African buffalo. Projecting current trends into the future, 
buffalo populations in West and Central savannas appear to follow some 
elements of the synopses ‘AgroAfrica’, ‘Self-service’ and ‘Conservation 
islands’ with a restriction in protected areas under pressure from human 
activities. The existing harsh competition between agro-pastoralists and 
pastoralists in these areas would require massive investments to keep 
conservation land as it is, and neo-military approaches currently appear 
to be the only short-term solution to protect what exists in war zones. 
Too little information exists on the state of the forest buffalo in West 
and Central Africa (albeit to a lesser extent in the latter; Chapter 4); the 
connectedness between populations, the impact of hunting, subsistence 
slash-and-burn agriculture and the relation with extractive industries are 
unknowns (Chapter 17), which prevent wild guesses. Sustainable man-
agement of forests by the timber industry is emerging and it could be 
interesting to further consider the place that the African buffalo could play 
in these managed forests, and likewise in well-managed, well-guarded 
oil concessions. Finally, Eastern and southern Africa are the regions in 
which pockets of the future are currently visible, such as some innova-
tive conservation models (e.g. Kenya, Zambia, Mozambique) and expe-
riences of the commodification of buffalo through private ownership.

The selected methodology has some inherent limits. It is widely 
acknowledged that the 2×2 matrix carries a very reductionist and quite 
Manichean view of the world, based on the opposition of extremes. 
This methodology helps to define a ‘framework of the extremes’ within 
which potential futures will likely be located on a region or country 
basis. In addition, one could very well criticize the results as ultimately 
the products of Westerners’ perceptions about Africa and the dynamics 
of the African buffalo. While this seems quite opposed to the philosophy 
of some recent publications about decolonizing the future (Bourgeois 
et al., 2022), what needs to be taken into account here is that in this pro-
cess our ways of imagining the future do not intend to frame anyone’s 
future. To the contrary, we wish to contribute to opening imaginaries 
and not closing or restricting them. If this work and its methodology 
give ideas to different people with different origins and backgrounds to 
undertake such a study, producing additional non-Western imaginaries, 
we would consider our endeavour successful.
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Table 18.5 The seven synopses ranked according to what is perceived as good 
for African buffalo.

#1 African 
renaissance

Excellent for  
buffalo and 
probably stable

Because this is so good for buffalo, 
conservationists should support these 
factors in the coming years.

#2 Happy nature Very good for  
buffalo but 
undermining 
perhaps in the  
long term

Even though this is good for buffalo 
there may be inherent danger of 
changing the genetic disposition of the 
species, thus making it less resilient. 
Conservationists should support these 
socioeconomic factors now, but 
probably not the selective breeding.

#3 Pauper’s hell Excellent for buffalo 
but probably not 
stable

Even though this is very good for 
buffalo, its inherent risk of lack 
of (social) stability leads to the 
conclusion that the factors leading to 
this scenario should not be supported 
by conservationists at present.

#4 AgroAfrica Reasonably  
acceptable for 
buffalo

This appears to be reasonably good for 
buffalo, but this scenario necessitates 
on the long term the exchange of 
buffalo between large protected areas 
as already is the case for African wild 
dogs (Lycaon pictus) in southern Africa.

#5 Battleground 
2050

Not good for  
buffalo

This scenario is quite bad for 
buffalo, necessitating present-day 
conservationists not to support this 
political reality and avoid unsustainable 
use in a land-sharing context.

#6 Self-service Bad for buffalo as  
this will not sustain 
them in the longer 
term

Even though this appears to be 
reasonably good for buffalo in the 
short term, this synopsis is not 
sustainable, leading to the conclusion 
that the factors leading to this 
scenario should not be supported by 
conservationists at present.

#7 Conservation 
islands

Very bad for buffalo Even though this appears to be 
reasonably good for buffalo in the 
short term, this scenario is not 
sustainable, leading to the conclusion 
that the factors leading to this 
scenario should not be supported 
by conservationists at present even 
though it appears to be the mainstream 
conservation model at present.
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Figure 18.8 West African savanna buffalo female, Konkombri Hunting Area, 
Benin. © Christophe Morio.

Implications for the Futures of the African Buffalo
The seven synopsis that emerge from Table 18.4 generate different pos-
sible futures for African buffalo based on extreme states of the most influ-
ential factors on buffalo populations. Among these, some are more or less 
‘good’ for African buffalo populations, at least if we consider the number 
of buffalo as a good indicator of the robustness of the species (as one can-
not yet measure the well-being of a buffalo and they cannot tell us when 
and where they are happy). We have therefore ranked these seven syn-
opses in a gradient of what we perceived as good for buffalo in Table 18.5 
and their consequences for conservationists (and others of good will).

The best scenario appears to be characterized by (i) good governance 
for all, (ii) sparing land for conservation, (iii) economic intensification on 
agricultural lands and (iv) land sharing with conservation in combination 
with sustainable use. The worst scenarios appear to be  characterised by  
(i) African autarky, (ii) high numbers of people farming and/or high 
numbers of livestock in the countryside and (iii) any unsustainable use of 
natural resources, including buffalo. A futures analysis can thus  objectively 
guide present-day priority setting and conservationists’ programme choices 
in a way that is independent of political leanings or contemporary foibles 
(Figure 18.8).
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