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ABSTRACT
1. The common hippopotamus Hippopotamus amphibius (‘hippo’) is a keystone
species whose foraging activities and behaviour have profound effects on the
structure and dynamics of terrestrial and aquatic ecosystems within its habitat.
2. Although hippos are typically regarded as obligate herbivores and short-grass
grazing specialists, field studies have demonstrated that hippos are facultative carnivores that consume flesh and intestinal tissues from the carcasses of other
animals. Carnivory by hippos is not an aberrant behaviour restricted to particular
individuals in certain localities, but a behaviour pattern that occurs within populations distributed in most of the hippo’s current range in eastern and southern
Africa. Carnivory is frequently associated with communal feeding involving multiple individuals or entire social groups of hippos.
3. The observed tendency of hippos to feed on carcasses, including those of other
hippos, has important implications for the ecology and epidemiology of anthrax
and other ungulate-associated zoonotic diseases in African landscapes. Scavenging
and carnivory by hippos may explain why the spatiotemporal patterns and
dynamics of anthrax mortality among hippos often differ markedly from those of
other anthrax-susceptible herbivores within the same habitats, and why levels
of hippo mortality from anthrax may be orders of magnitude higher than those of
other anthrax-susceptible ungulate populations within the same localities.
4. Recognition of the role of carnivory as a key factor in modulating the dynamics
of mass anthrax outbreaks in hippos can provide a basis for improved understanding and management of the effects of anthrax outbreaks in hippo and
human populations.
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INTRODUCTION
The common hippopotamus Hippopotamus amphibius
(‘hippo’) is an ecological keystone species whose activities
have significant impacts on landscape structure and dynamics within its habitats. Hippos affect the hydrology and geomorphology of aquatic and wetland ecosystems, the
physical structure and species composition of plant communities in terrestrial ecosystems, and nutrient exchange
between terrestrial and aquatic ecosystems (Field 1970,
Olivier & Laurie 1974, Ellery et al. 2003, Subalusky et al.
2015). The hippo is typically characterised as an obligate
herbivore and short-grass grazing specialist, whose diet may
include limited amounts of aquatic macrophytes, dicotyledonous herbaceous plants, and woody plant browse
(Owen-Smith 1988, Eltringham 1999).
The behavioural ecology of hippos is complex: individuals are typically solitary when foraging but highly gregarious
and territorial in their diurnal aquatic habitats. Hippos
forage primarily at night, during excursions from, or
between, bodies of open surface water (lakes, rivers, and
pans) in which most of the daylight hours are spent (Laws
1968). During dry seasons and drought periods when the
availability of palatable vegetation near aquatic daytime
schooling or resting areas is limited, hippos may range 4 km
or more from water during nocturnal foraging excursions
(Lock 1972, Kanga et al. 2013).
Hippo social groups are unstable aggregations comprised
of individuals of mixed ages and sexes; depending on location and season, the size of hippo aggregations may number
from a few individuals to as many as 100–150 individuals
(Owen-Smith 1988, Eltringham 1999). Male and female
hippos are often highly aggressive and have a documented
ability and propensity for attacking and killing conspecifics,
humans, and other large vertebrates on land and in water.
Male hippos are aggressively territorial and fight for dominance, and may also attack subadults and juveniles
(Kingdon 1982). Infanticidal behaviour by adult male
hippos has been documented (Lewison 1998), and aggression resulting in injuries and death can also occur between
males and females, females and females, or adults and subadults or juveniles (Karstad & Hudson 1986). Aggression
between hippos in savanna landscapes of eastern and southern Africa is often more frequent and intense during dry
season periods, when hippos become concentrated within
areas where water is still present (Olivier & Laurie 1974,
Karstad & Hudson 1986). Although many instances of
attacks by hippos on conspecifics or other species may be
attributable to territorial behaviour, there are documented
instances of hippos feeding communally on the carcasses of
animals killed by members of their herds. They also feed on
the carcasses of animals that may have been killed by crocodiles or mammalian predators, died of injuries sustained in
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attacks by other animals, or died of disease or of other
natural causes (Dudley 1996, 1998, Eltringham 1999, Steyn
1999, Dutton & Subalusky 2011, Dorward 2015; Fig. 1,
Table 1).
Hippos are susceptible to a wide variety of bacterial and
viral diseases and parasites, including anthrax, brucellosis,
Rift Valley Fever, tetanus, trypanosomiasis, shistosomiasis,
salmonellosis, trichinosis, roundworms, blood and liver
flukes, and ticks (Heckel 1879, Garnham 1960, Cowan et al.
1967, de Vos & de Klerk 1980, Despres et al. 1995,
Eltringham 1999, Bengis et al. 2002, Bekker et al. 2012).
Mass outbreaks of anthrax occur periodically within hippo
populations in Zambia and Uganda (Fig. 2). Hippos are
immune to foot-and-mouth disease, a highly contagious
viral disease of major economic importance that infects
most species of artiodactyls, especially wild and domestic
species of cattle and swine (Bengis & Erasmus 1988,
Thomson et al. 2001). Hippos are resistant to rinderpest, a
highly contagious and lethal viral disease of ruminants and
suids (Plowright et al. 1964).

Fig. 1. Photographs of hippos feeding on carcasses from documented
observations of carnivory reported in this study. (a) Hippo manipulating a
wildebeest Connochaetes taurinus carcass at the Mara River during the
wildebeest crossing in 2011. Note more wildebeest carcasses in the
background. (photo courtesy of Christopher Dutton). (b) Hippos feeding
communally on an impala Aepyceros melampus carcass at Masuma Dam
in Hwange National Park in October 2014. Note the feeding postures of
the hippos in the left foreground, and the mouth of the juvenile in the
background on the left. The carcass has been separated into several
different pieces. (photo courtesy of Julio de Castro).
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Table 1. Ecological and ethological data for scientific records of carnivory by Hippopotamus amphibius

Location

Prey species

Date

Season

Communal
feeding
(n animals)

Masuma Dam, Hwange National
Park, Zimbabwe
Nyamandlovu Pan, Hwange
National Park, Zimbabwe
Chobe River, Chobe National
Park, Botswana
Shire River, Liwonde National
Park, Malawi
Grumeti River, Serengeti National
Park, Tanzania
Kazungu Channel, Queen
Elizabeth National Park,
Uganda
Mara River, Kenya

Impala (adult)

Jul 1995

Cold dry season drought

Yes (n > 6)

No

Dudley (1996, 1998)

Impala (adult)

Aug 1995

Cold dry season drought

Yes (n = 2)

No

Dudley (1996, 1998)

Elephant (juvenile)

Nov 1995

Hot dry season drought

Yes (n = 5)

No

Steyn (1999)

Hippo (adult)

Dec 1996

Early rainy season

No

No

Eltringham (1999)

Hippo (juvenile)

Dec 2001

Dry season drought

No

No

Woodford (2004)

Hippo (adult)

Dec 2004

Rainy season

No

Yes

Leendertz, this study

Wildebeest (adult)

Sept 2009

Dry season drought

Yes (n = 2)

No

Wildebeest (adult)
Hippo (adult)

Jul 2011
Jul 2011

Dry season drought
Hot dry season

Yes (n = 2)
Yes (n = 2)

No
Yes

Dutton and Subalusky
(2011)
Subalusky, this study
Hang’ombe, this study

Hippo (adult)

Aug 2011

Hot dry season

Yes (n = 3)

Yes

Hang’ombe, this study

Hippo (adult)

Sept 2011

Hot dry season

No

Yes

Hang’ombe, this study

Hippo (adult)

Oct 2011

Hot early rainy season

No

Yes

Hang’ombe, this study

Hippo (adult)

Oct 2011

Early rainy season

Yes (n = 5)

Yes

Hang’ombe, this study

Hippo (adult)

Oct 2012

Hot early rainy season

Yes (n = 3)

No

Hang’ombe, this study

Hippo (adult)

Oct 2013

Hot early rainy season

Yes (n = 5)

No

Hang’ombe, this study

Hippo (adult)

Apr 2014

Late rainy season

No

No

Dorward (2015)

Impala (adult)

Oct 2014

Hot dry season drought

Yes (n > 10)

No

de Castro, this study

Mara River, Kenya
Luangwa River, South Luangwa
National Park, Zambia
Luangwa River, South Luangwa
National Park, Zambia
Luangwa River, South Luangwa
National Park, Zambia
Luangwa River, South Luangwa
National Park, Zambia
Zambezi River, Lower Zambezi
National Park, Zambia
Luangwa River, South Luangwa
National Park, Zambia
Luangwa River, South Luangwa
National Park, Zambia
Sabie River, Kruger National Park,
South Africa
Masuma Dam, Hwange National
Park, Zimbabwe

The role of hippos as potential sources for human infections with zoonotic diseases, and as keystone hosts for
microbial pathogens, is an aspect of hippo ecology that
merits closer investigation. In this study, we review and
discuss the potential importance of the phenomenon of
carnivory by hippos for the ecology and epidemiology of
the anthrax bacterium Bacillus anthracis in sub-Saharan
Africa.

FORAGING ECOLOGY
The hippo has been almost universally characterised in the
scientific literature as a herbivore and grazing specialist
whose diet consists mainly of grasses supplemented by
limited amounts of aquatic macrophytes and nongraminoid herbaceous plants (Field 1970, Owen-Smith

Anthrax
outbreak

Reference

1988, Dunham 1990, Mugangu & Hunter 1992, Eltringham
1999, Boisserie et al. 2005, Cerling et al. 2008, de Longh
et al. 2011, Michez et al. 2013). Although grasses may be
their preferred forage, isotope analysis of hair samples from
wild hippos has documented dietary shifts between 100%
C4 grasses and 100% C3 plants on a seasonal basis in some
habitats (Cerling et al. 2008). Analyses indicate that much
higher amounts of C3 biomass from dicotyledonous plant
materials (sedges, forbs, aquatic macrophytes) are found in
the hippo’s diet than would be expected based on the literature (Grey & Harper 2002, Boisserie et al. 2005). This
finding is supported by field studies that have shown that
hippos may feed on dicotyledonous herbaceous plants and
utilise lower nutrient aquatic plants during seasons when
palatable higher quality terrestrial grasses are not available
(Mugangu & Hunter 1992, Michez et al. 2013).
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Fig. 2. Aerial view of hippo mortality in the
Luangwa River, Zambia, during the 1987
anthrax outbreak. At least 50 carcasses of
dead hippos (whitish/grey) and approximately
100 live hippos (brown/black) are visible in this
photo. The many large birds visible roosting in
trees and feeding on hippo carcasses are
marabou storks Leptoptilos crumenifer (photo
courtesy of Richard Bell).

The apparent avoidance of aquatic plants as food by the
hippo is significant in light of the fact that hippos spend much
of their lives in water, and may travel long distances away from
water in nocturnal foraging excursions in search of palatable
forage (Eltringham 1999). Comparative studies of sympatric
ungulates with different foraging habits have shown that the
dietary carbon δ13C isotope ratio of the hippo is intermediate
between those of true obligate grazing species (hartebeest
Alcelaphus buselaphus, wildebeest Connochaetes taurinus,
African buffalo Syncerus caffer, zebra Equus quagga, waterbuck Kobus ellipsiprymnus, and warthog Phacochoerus
africanus) and those of obligate browsers (giraffe Giraffa camelopardalis, dik-dik Madoqua spp.); the degree of overlap
between the isotope ratio of hippos with the obligate grazers
indicates the importance and seasonal dominance of grasses
in the hippo’s diet (Cerling et al. 2008).
There are a growing number of documented instances of
wild hippos feeding on the carcasses of animals killed by
other hippos, crocodiles, or other predators, and of animals
that may have died of natural causes (Dudley 1996, 1998).
Documentation includes online photographs and videos
(e.g.
http://www.dailymail.co.uk/news/article-2687478,
http://www.youtube.com/watch?v=fGYVZdASgUw, http://
www.serengeti-wildlife.com/2015/10/15/never-seen-beforerare-image-series-about-a-hunting-hippopotamus/) as well
as published reports of hippos consuming the flesh or internal organ tissues or both of a broad suite of large mammal
taxa, including, but not limited to hippos, impalas Aepyceros
melampus, elands Taurotragus oryx, elephants Loxodonta
africana, kudus Tragelaphus strepsiceros, wildebeest, African
buffalo, and zebras (Crowther & Whyte 1989, Dudley 1998,
Eltringham 1999, Steyn 1999, Dutton & Subalusky 2011,
Dorward 2015). There are also reports of captive hippos in
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zoos killing and eating a wide variety of vertebrate taxa,
including a pygmy hippo Choreopsis liberiensis, a Malaysian
tapir Tapirus indicus, a wallaby Macropus rufogriseus, as well
as flamingos Phoenicopterus spp. and several other species of
birds (Frost 1996, M. Clauss unpubl. obs.). During the past
two decades, we have documented observations of hippos
feeding on a wide array of ungulate taxa, including hippos
(Table 1), at locations that encompass much of the species’
current geographic range (Fig. 3). While the actual ingestion of animal tissues by hippos feeding in water is often
difficult to observe or photograph (see Fig. 1), we have
documented unequivocal instances of this behaviour at
many sites in southern and eastern Africa (Table 1). Our scientific records, coupled with those of other investigators
and observers, demonstrate that the phenomenon of
carnivory by hippos is not restricted to particular individuals or local populations but is an inherent characteristic of
the behavioural ecology of hippos.

DIGESTIVE ANATOMY AND PHYSIOLOGY
The hippo is one of the world’s largest living terrestrial
mammals, with an adult body mass of up to 2500 kg
(Owen-Smith 1988). The hippo’s robust mandible, hypertrophied canine teeth, and wide mouth gape have evolved
under strong selection for use as display organs and
weapons for intraspecific dominance fighting (Kingdon
1982), and have no primary functions in feeding on plant
materials (Laws 1968). The interlocking canines of hippos
constrain lateral grinding chewing motion, which is probably why hippos have relatively poor mastication efficiency
compared with most other ungulates (Fritz et al. 2009). The
extremely wide mouth gape of hippos (nearly 180°) is an
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Fig. 3. Map of the current range of the hippo
Hippopotamus amphibius in sub-Saharan
Africa, showing locations where instances of
carnivory by hippos have been documented in
Table 1. (Range Map data courtesy of IUCN
Red List, accessed 5 May 2015).

anomaly among grazing ungulates and is more characteristic of that associated with mammalian carnivores (Herring
& Herring 1974). Hippos are believed to have an unusually
low metabolic rate for a terrestrial mammal of their size,
coupled with a relatively low food intake rate for a herbivorous ungulate species. The average dry matter intake of
forage by wild hippos has been estimated to be 0.5–1.5% of
their body mass per day (Field 1970, Arman & Field 1973)
or approximately 37 g kg–1 body mass0.75 (Clauss et al. 2004,
2007, Schwarm et al. 2006), which can translate to 6 g dry
matter/kg body mass/day for an average hippo (Subalusky
et al. 2015). In hippos, increased levels of forage intake are
correlated with an accelerated rate of gut-content passage
through the digestive tract, which limits the amount of
additional nutrients or energy that can be obtained by
increasing forage intake; these factors could help explain the
comparatively low food intake and short feeding times
exhibited by hippos (Clauss et al. 2007).
The hippo is the largest extant terrestrial mammal that
possesses a foregut fermentation digestive system. All other
living megaherbivore taxa of similar body size (i.e. rhinoceroses, elephants) are hindgut fermenters (Clauss et al. 2003).
The fermentative digestion of plant structural tissues in
both foregut and hindgut fermenting herbivores is performed by commensal microbial floras (Stevens & Hume

1998). The hippo forestomach supports substantial microbial fermentation activity that facilitates the digestion of
plant matter (Thurston et al. 1968, Thurston & Grain 1971,
Arman & Field 1973, Thurston & Noirot-Thimothée 1973,
Van Hoven 1978, Clemens & Maloiy 1982, Ito et al. 2002).
The multi-chambered forestomach of the hippo is distinctively different from those of other extant foregut fermenting ungulates (ruminants, camelids, and peccaries) and
consists of a series of two blind sacs and a massive tubular
chamber with ventral semilunar folds (Langer 1976, 1988).
Several regions of the hippo forestomach are lined with a
papillated epithelium similar to that of ruminants. Differences in the passage rates of fluids and particles in the hippo
forestomach suggest that harvesting of microbial matter
from the forestomach is particularly pronounced in hippos
(Clauss et al. 2004, Müller et al. 2011). Like other foregut
fermenters, the hippo has a forestomach ‘groove’ formed by
muscular ridges and assumed to facilitate the bypass of milk
during suckling, in order to avoid microbial fermentation of
lactose in the forestomach (Langer 1988). The distal part of
the gastrointestinal tract is simple, and the colon is short
and undifferentiated with no caecum (Clemens & Maloiy
1982). One of the colon’s functions is to re-absorb water
from the digesta, so the short colon corresponds to the very
watery nature of hippo faeces with a low dry matter content
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of about 10% (Clemens & Maloiy 1982), and it has been
speculated that such high faecal water losses are linked with
the hippo’s aquatic lifestyle where water is not important as
a critical limiting resource (Clauss et al. 2003).

CARNIVORY IN HERBIVORES
The concept that an ungulate herbivore possessing a specialised digestive tract and co-evolved gut microflora adapted to
the fermentation and digestion of plant materials would
deliberately ingest animal tissues as food challenges our intuitive understanding of herbivore behaviour and digestive
physiology. Nonetheless, there is a large body of literature that
documents the deliberate ingestion of many types of animal
tissues (including carrion, birds’ eggs, fledging birds, small
mammals, and fish) by a wide range of ungulate taxa, including, but not limited to, antelopes, deer, and cattle (Denenberg
et al. 1959, Dubost 1964, Abraham et al. 1977, Allan
1978, Case & McCullough 1987, Furness 1988, Pietz &
Granfors 2000, Nack & Ribic 2005, Anonymous 2008,
González-Redondo & Zamora-Lozano 2008, Squibb 2008,
Hart 2013). Furthermore, the females of most mammals,
including ungulate herbivores, normally ingest their placental
tissues after giving birth (placentophagia; Kristal 1980). The
primary exceptions to the rule are those mammals that give
birth in water, i.e. cetaceans (Cetacea: whales, porpoises, and
dolphins) and sirenians (Sirenia: manatees, dugongs; Kristal
et al. 2012). It is not clear from the available literature whether
hippos, which frequently, but not always, give birth in water,
exhibit placentophagia behaviour.
All extant ruminants and foregut fermenters possess anatomical structures to divert milk from the developing forestomach (Langer 1988), because the fermentation of lactose
can result in acidosis, maldigestion, malabsorption, and
possible death (Breukink et al. 1988). However, other types
of animal matter (muscle, gut tissues, blood, bone, etc.) do
not contain the high levels of lactose and other easily fermentable carbohydrates present in milk and do not induce
the same types of digestive dysfunction. Studies have demonstrated that feed supplements containing meat-and-bone
meal, blood meal, and other animal tissue by-products can
significantly improve the growth performance of domestic
cattle, sheep, and other ruminants (Loerch et al. 1983, Clark
et al. 1987). The once-widespread practice of feeding such
supplements to domestic ruminants was only banned in
various countries when the practice was identified as being
responsible for the emergence and transmission of bovine
spongiform encephalopathy (BSE) in cattle and linked to
Creutzfeldt–Jakob disease in humans that consumed potentially BSE-infected tissues from infected cattle (Scott et al.
1999, Prince et al. 2003). It should also not be overlooked
that cetaceans, close relatives of hippos and strict carnivores,
also possess complex forestomachs that support an active
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fermenting gut microbiome in representatives of the baleen
whales (Herwig et al. 1984, Olsen et al. 1994, Olsen &
Mathiesen 1996).
Taken together, this body of evidence suggests that opportunistic carnivory could be a widespread trait among mammalian herbivore species and that most mammalian
herbivores can and do consume a certain amount of animal
prey when it is available in a form that they can ingest without
undue difficulty. According to this hypothesis, the general
absence of carnivory by herbivores may not be due to constraints imposed by their digestive physiology, but rather due
to biomechanical limitations in their ability to secure or ingest
animal tissues (or both). Disease transmission and avoidance
may be a selective factor modulating the prevalence of
carnivory by ungulates, however, as carnivory may lead to
exposure to disease pathogens not normally associated with
herbivory. Due to its large body size and unusual mouth and
dental configurations, the hippo may represent an extreme
case in which the predation and scavenging of large mammals
by an ungulate species is not constrained by biomechanical
factors and is facilitated by an existing tendency for highly
aggressive agonistic and territorial behaviour towards conspecifics and other large vertebrates.

ANTHRAX IN HIPPOS
Anthrax is a potentially fatal disease caused by the bacterium Bacillus anthracis. Anthrax is one of the most widely
distributed of all zoonotic diseases, and no other infectious
disease is known to affect such a wide range of mammalian
species, including humans (Beyer & Turnbull 2009).
Anthrax is found on most continents, occurring at elevations from sea level to up to 4000 m, in biomes ranging
from the subarctic taiga regions of Eurasia and North
America southward into the humid and arid tropics of Asia,
Africa, South America, Australia, New Guinea, and the
Caribbean islands (Hughes-Jones 1999, Gainer & Oksanen
2012). Vaccination of livestock has greatly reduced the incidence of anthrax in many historically endemic areas, but
sporadic outbreaks among wildlife and unvaccinated livestock are still a problem in many areas of the world
(Hughes-Jones 1999).
All mammals and some species of birds are susceptible to
anthrax infections, although high levels of anthrax mortality during outbreaks are most frequently associated with
large herbivores and ungulates (e.g. cattle, deer, antelopes,
bison, zebras, elephants, and hippos). A recent study from
the Etosha National Park in Namibia indicates that sublethal anthrax infections among zebras and certain other
ungulate species may be more common than has been
recognised in the past (Cizauskas et al. 2014). Ruminant
ungulates are typically the most susceptible species, with
anthrax causing major mortality among livestock and
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wildlife populations worldwide, whereas mammalian carnivores, swine, and vultures tend to have relatively high levels
of resistance to anthrax infections (Beyer & Turnbull 2009,
Bengis & Frean 2014).
Anthrax infections can occur from exposure through skin
contact, ingestion, inhalation, or insect vectors (biting flies
and blowflies); infections acquired through ingestion and
inhalation routes are typically associated with higher rates
of mortality than cutaneous infections (Turnbull 2008).
Carnivores typically contract gastrointestinal or oropharyngeal anthrax by feeding on infected animals. Humans most
commonly contract anthrax via cutaneous infection when
handling infected animals or carcasses, meat, hides, wool, or
bones of infected animals, inhalation of spores from wool
or animal hides, and more rarely by eating meat from
infected animals (Beyer & Turnbull 2009).
Most anthrax infections in herbivores are believed to
occur from the ingestion or inhalation of spores from contaminated forage or soils (Hugh-Jones & De Vos 2002,
Fasanella et al. 2014). Hippos and other grazing herbivores
may ingest spores in soil particles while grazing on short
grasses, or by direct consumption of contaminated soils at
mineral licks (Viljoen et al. 1928, Mapesa et al. 2008, Turner
et al. 2013, Havarua et al. 2014). Animals grazing over dry,
dusty, and contaminated soil can also inhale spores, and
respiratory anthrax has been reported in cattle (Beyer &
Turnbull 2009). Contamination of plant forage by anthrax
spores regurgitated by necrophagous flies (blowflies: Calliphoridae) that have been feeding on the carcasses of
anthrax-killed animals is an important driver of mass
anthrax outbreaks among browsing ungulates such as
African antelopes (impala, kudu, sable antelope Hippotragus
niger) and American white-tailed deer Odocoileus
virginianus (Braack & de Vos 1990, Hughes-Jones 1999,
Blackburn et al. 2010, Bengis & Frean 2014).
Haemophagous biting flies, including stable flies (Muscidae:
Stomoxys) and horse flies (Tabanidae), can have a significant
role in the long-distance dispersal and proliferation of
anthrax outbreaks among livestock and wild ungulates in
Africa and North America (Turell & Knudson 1987, de Vos
& Turnbull 2004, Hugh-Jones & Blackburn 2009, Blackburn
et al. 2014, Fasanella et al. 2014).
Although it is possible that gastrointestinal infections
could occur through drinking of water contaminated with
anthrax spores or bacteria, there is little available evidence to
demonstrate that wild mammals frequently acquire fatal gastrointestinal infections through this mechanism (Hugh-Jones
& De Vos 2002, Cizauskas et al. 2014). However, the apparent
low colonic water reabsorption capability of hippos (Clauss
et al. 2003) may increase drinking water requirements, and
the high levels of water contamination from hippo carcasses
(Fig. 2) could increase their susceptibility to infection via this
route. The antibacterial properties of hippo subdermal gland
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secretions (Hashimoto et al. 2007, Galasso & Pichierri 2009),
on the other hand, could limit the susceptibility of hippos to
cutaneous anthrax infections from contaminated water. In
summary, hippos may be peculiar among susceptible herbivores in having increased susceptibility to anthrax exposure
from carnivory, scavenging behaviour, and consumption of
contaminated water.
Mortality rates from anthrax infections are modulated by
the type of exposure, level of exposure, type of infection
(cutaneous, gastrointestinal, and respiratory), and by
species-specific variations in susceptibility and immunity
(Hugh-Jones & De Vos 2002). Within any given area,
anthrax outbreaks often affect one species more than others;
other susceptible species in that area may be only marginally affected. This phenomenon has usually been attributed
to ecological and behavioural factors, but strain differences
may also be involved (Beyer & Turnbull 2009).
The life cycle of Bacillus anthracis is markedly different
from that of most other pathogenic bacteria, in that its replication and persistence are associated with extreme virulence and rapid death of the host, followed by an extended
period of dormancy within the environment in a sporulated
form (Bengis & Frean 2014). Upon entry into a susceptible
host, Bacillus anthracis spores germinate into rapidly reproducing vegetative cells that produce toxins. Vegetative cells
produce environmentally resilient and metabolically
dormant spores, which are resistant to desiccation. Sporulation does not occur at temperatures below 9 °C (Beyer &
Turnbull 2009), and the mechanisms that trigger sporulation in Bacillus anthracis vegetative cells in host tissues are
poorly understood, although exposure of bodily fluids to air
following host death apparently helps trigger sporulation
(Hugh-Jones & De Vos 2002, Bellan et al. 2013).
Viable Bacillus anthracis spores can persist in the environment for many years; viable anthrax spores were recovered
from bone collected at an archaeological site in South Africa
estimated to be at least 200 years old (de Vos 1990). Anthrax
spores exhibit their highest rates of survival in alkaline soils
with relatively high calcium and organic matter content
(Bengis & Frean 2014). Recent experimental research indicates that Bacillus anthracis may have mycorrhizae-like symbiotic relationships with the roots of certain grass species
that can promote plant growth, independently of any
organic matter fertilisation effect from contaminated blood
or carcasses (Ganz et al. 2014).
Anthrax outbreaks in African wildlife may result in the
death of 10–90% of the populations of affected ungulate
species within outbreak areas (Viljoen et al. 1928, Pienaar
1961, Prins & Weyerhaeuser 1987, Lindeque & Turnbull
1994, Clegg et al. 2007, Muoria et al. 2007, Lembo et al.
2011). Mass anthrax outbreaks in hippo populations tend to
be associated with late dry season periods or drought conditions, when hippos are concentrated in high densities within
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river channels and lakes where perennial surface water is
available. However, hippo mortalities from anthrax have
also been reported during rainy seasons (Turnbull et al.
1991, Mapesa et al. 2008, Hampson et al. 2011).
Anthrax outbreaks involving the deaths of thousands of
hippos, with estimated population mortality rates of
15–20%, have been reported from the Rift Valley Lakes
region in Uganda and the Luangwa River Valley in Zambia
(Kingdon 1982, Turnbull et al. 1991, Mapesa et al. 2008). An
exceptionally large and protracted anthrax outbreak among
hippos in Queen Elizabeth National Park (QENP), Uganda,
during 2004 and 2005 resulted in the deaths of approximately 15% of the resident hippo population (Mapesa et al.
2008, Coffin et al. 2015). Media reports indicate that there
were at least 10 human anthrax cases linked to this outbreak
(Anonymous 2004). Other significant episodes of hippo
mortality from anthrax are reported to have occurred in
QENP in 1937, 1959, 1962 and 1991 (Kingdon 1982,
Mapesa et al. 2008). The 2004/2005 anthrax outbreak in
QENP was particularly notable in that it appeared to be
largely restricted to hippos; very few wild mammals of other
species were affected (Mapesa et al. 2008; Fig. 4). The spatial
and temporal distribution of hippo anthrax mortality
during the 2004/2005 outbreak indicates that the outbreak
progressed in an upstream-to-downstream direction from
Lake George to Lake Edward through the Kazinga Channel,
a pattern consistent with the hypothesis that the outbreak
spread was associated with the downstream dispersal of the
floating carcasses of anthrax-killed hippos. During a field
investigation of the 2004/2005 QENP anthrax outbreak,
Leendertz (this study) observed a hippo feeding on the
extruded intestines of an anthrax-killed hippo carcass, and
it appears possible that the proliferation of the anthrax outbreak among hippos at this site may have been exacerbated
by hippos feeding on anthrax-infected tissues from the carcasses of dead hippos.
Anthrax is considered hyperendemic in the semi-arid
savanna regions of Zambia. The highest prevalence of outbreaks occurs in the Luangwa River Valley of eastern
Zambia and the upper Zambezi River floodplain region of
western Zambia. Human cases occur frequently in conjunction with outbreaks in livestock and wildlife in Zambia,
from the handling and butchering or consumption of
meat from infected carcasses (Hang’ombe et al. 2012,
Munang’andu et al. 2012). A mass anthrax outbreak among
hippos in the Luangwa Valley of Zambia during June–
November 1987 may have killed more than 4000 hippos, as
much as 21% of the resident hippo population (Turnbull
et al. 1991). The initial outbreak in South Luangwa National
Park during 1987 was followed by another outbreak among
hippos approximately 100 km upstream in the North
Luangwa National Park and the Musalangu Game Management Area during 1988 (Turnbull et al. 1991, Siamudaala
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Fig. 4. Anthrax mortality reported in hippos Hippopotamus amphibius,
buffalo Syncerus caffer, elephants Loxodonta africana, zebras Equus
burchelli, and waterbuck Kobus ellipsiprymnus (a) in the central
Luangwa Valley, Zambia, during 1987 (data from Siamudaala 2005)
and (b) in Queen Elizabeth National Park, Uganda, during 2004–2005
(data from Mapesa et al. 2008). Mortality is expressed as a percentage
of the population size under each bar.

2005). The vast majority of anthrax mortality among wildlife species during the 1987–1988 outbreak occurred in
hippos; relatively few individuals of other ungulate species
were reported to have died (Fig. 4ab).
At least 85 hippos died during another anthrax outbreak in
the Luangwa River in August–September 2011. Bacillus
anthracis was isolated from dried and smoked hippo meat
confiscated from local residents, and no other species of
wildlife or livestock were known to have been affected
(Hang’ombe et al. 2012). A total of 511 human cases, including at least five deaths, were linked to handling or consumption of meat from hippo carcasses during the 2011 outbreak
(Anonymous 2011, 2012a). Hippos were observed feeding on
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carcasses of dead hippos on several occasions in widely separated locations during this outbreak (Hang’ombe, this study),
and we hypothesise that this same behaviour may have been a
key factor in the mass hippo mortality observed during the
1987–1988 outbreak (Figs 2 and 4).
Anthrax outbreaks in South Africa’s Kruger National Park
(KNP) are seldom associated with mass mortality among
hippos on the scale reported from Zambia and Uganda,
although sporadic anthrax mortality of hippos has been
reported (Pienaar 1961, de Vos 1990, de Vos & Bryden 1995).
Major outbreaks occurred in 1959–1960, 1970, 1990–1991,
1993, and 1999 (Bengis et al. 2003). Highest rates of mortality
from anthrax outbreaks in KNP tend to occur among African
buffalo and browsing antelope species such as kudu, nyala
Tragelaphus angasii, sable antelope, and roan antelope
Hippotragus equinus. Gastrointestinal anthrax from the consumption of leaves contaminated by anthrax spores regurgitated by blowflies that have fed on the carcasses of infected
animals appears to play a dominant role in the epidemiology
of anthrax outbreaks among ungulates within the KNP, and
outbreaks within KNP usually cease following the onset of the
rainy season (de Vos 1990, Bengis et al. 2003). At least 18
hippos in the Letaba River of KNP were suspected to have died
from anthrax at the end of the 1990 dry season, followed by
another seven suspected anthrax hippo mortalities during the
1991/1992 drought, or approximately 4% of an estimated
total population of 650 hippos (Viljoen & Biggs 1998). At least
30 hippos were reported to have died from anthrax in the
Letaba and Olifants River areas of KNP during a two-week
period in October 2012, late in the course of an extended
anthrax outbreak that killed nearly 50% of the KNP roan
antelope population between August and November 2012
(Anonymous 2012b, c). Carnivory by hippos may be a contributing factor to anthrax mortality among hippos in the
KNP, given that Dorward (2015) observed and photographed
an adult hippo feeding on the carcass of a dead adult hippo in
April 2014.
Hippos, and also pygmy hippos, could play an important
role in the epidemiology of anthrax and other diseases in
tropical rainforest landscapes of West Africa and the Congo
Basin. Hippos and pygmy hippos could be susceptible to
infection with the novel type of forest anthrax caused by
Bacillus cereus biovar anthracis, which has been documented
from chimpanzees Pan troglodytes in the Ivory Coast and
gorillas Gorilla gorilla in Cameroon (Klee et al. 2006). Very
little is currently known about hippo populations in rainforest habitats of the Congo Basin region, or about the
behaviour and ecology of pygmy hippos in the Guinean
rainforest region of West Africa (Hentschel 1990, Nchanji &
Fotso 2006, Mallon et al. 2011). Although no disease-related
deaths of pygmy hippos have been identified in more than
15 years of intensive wildlife monitoring in Tai National
Park, Ivory Coast (Calvignac-Spencer et al. 2012), pygmy
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hippos occur at low densities and are solitary in their habits,
and the detection and identification of carcasses is much
more difficult in tropical rainforests than in savanna habitats (Rouquet et al. 2005).

CONCLUSIONS
Mass anthrax outbreaks in hippo populations can occur in the
absence of evident contemporaneous anthrax mortality
among other anthrax-susceptible herbivore species within the
same habitat, or asynchronously and at orders-of-magnitude
higher levels than that recorded among elephants, buffalo,
and other anthrax-susceptible ungulate species within their
habitats. We hypothesise that the observed anomalies associated with mass anthrax outbreaks among hippos can be
attributed, at least in part, to carnivory and scavenging of
anthrax-infected animal carcasses by hippos, including, but
not limited to, those of dead hippos.
The available data indicate that carnivory by hippos is an
inherent dimension of their fundamental ecological niche.
The available data do not allow us to identify factors contributing to the expression of carnivory, as the behaviour
was observed in different situations. Carnivory by hippos
has been observed during droughts with putative nutritional stress, and also in situations of superabundant opportunistic resources, such as during mass anthrax outbreaks in
hippos or mass drowning of wildebeest crossing the Mara
River. Further observational studies and field experiments
should be conducted to evaluate the behavioural response
of hippos at different sites to the presence of nearby animal
carcasses, and whether such a response varies seasonally.
Additionally, the use of stable isotope analyses should be
investigated. Such analysis could help us to identify the contribution of animal tissues to hippo diets, as has been done
in chimpanzees (Fahy et al. 2013), in order to test whether
carnivory in hippos has a nutritional relevance beyond an
increased likelihood of anthrax infection.
Our hypothesis that carnivory and scavenging by hippos
may serve as a principal driver for mass anthrax outbreaks
in hippo populations has important implications for the
management of anthrax outbreaks. The findings of this
review indicate that the standard practice of burying or
burning suspected anthrax-infected animal carcasses may
be especially effective for the control of mass anthrax outbreaks in hippo populations, and that the effect of this
measure should be scientifically evaluated.
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