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We used scat analysis to study the diet of two
sympatric medium-sized carnivores: brown hyaena
and black-backed jackal, in the North West Province of
South Africa. Seven major dietary categories were
identified from the scats, with mammal remains being
most common for both species. Brown hyaena scats
contained more large mammal remains, which together
with the presence of invertebrates (in 50% of all
brown hyaena scats), suggests that they mainly scav-
enged. Jackal scats contained a higher proportion
of small mammal remains, suggesting that jackals
actively hunted more often than brown hyaenas did.
The diets differed significantly between the two
species, even though diet overlap was fairly high
(0.79). Further analysis, albeit based on small sample
sizes, suggests that diet of these mesopredators differ
between protected reserves with apex predators
and unprotected areas without apex predators, thus
confounding generalizations. Further studies are
therefore required to investigate possible meso-
predator release when apex predators are absent.
Key words: apex predators, carnivore diets, scat
analysis, brown hyaena, black-backed jackal.

The extent of niche differentiation and resource
partitioning determines the degree to which

different species can either coexist or competi-
tively exclude each other (Pianka 1973; Carvalho &
Gomes 2004). An important mode of resource
partitioning is the degree of dietary overlap
between sympatric species (Hayward & Kerley
2008). This overlap is influenced not only by each
species’ physical ability to obtain food (Radloff &
du Toit 2004; Owen-Smith & Mills 2008), but

also by variation in the spatial and temporal
availability of food (Azevedo et al. 2006). Complex
and dynamic patterns of spatial and temporal
coexistence within carnivore guilds therefore
often require long-term studies to disentangle the
interactions between predators and prey species
(Carvalho & Gomes 2004; Azevedo et al. 2006).
However, where resources are limited, the strength
of competition between sympatric species generally
decreases with increased resource partitioning
(Pacala & Roughgarden 1985). These interspecific
competitive interactions are mediated by
inter-specific morphological, physiological and
behavioural differences (Loveridge & Macdonald
2003). Despite marked body size differences,
brown hyaenas (Parahyaena brunnea; Hyaenidae)
and black-backed jackals (Canis mesomelas;
Canidae) (hereafter referred to as jackals) can be
regarded as either mesocarnivores or apex preda-
tors, depending on the presence or absence of
larger carnivores (see Ritchie & Johnson 2009). As
mesopredators, the potential food availability
increases as dietary items previously unattainable
(large herbivore species) are killed by apex preda-
tors, and interspecific competition can be expected
to decline concomitantly. However, when acting
as apex predators in the ecosystem, available food
may be limited and differences in body size can
lead to niche differentiation in terms of food size,
and could also establish an inter-specific domi-
nance hierarchy in which size reflects strength
and superiority (Caro & Stoner 2003). Resource
partitioning based on body size is, however, com-
plicated by group size, e.g. brown hyaenas may
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exclude single jackals (Mills & Mills 1978; Lacruz &
Maude 2005), while groups of jackals may domi-
nate brown hyaenas. The aim of this study was to
explore the dietary overlap between these two
carnivores at a regional level and introduce the
idea of mesopredator release in structuring niche
separation. Although numerous studies have
investigated the diet of each species separately,
few studies have investigated the overlap and
resource partitioning, which may vary with the
presence or absence of apex predators. To achieve
this, we analysed scats collected from inside pro-
tected areas and privately owned farms in South
Africa’s North West Province (26°21’–27°50’E,
24°13’–25°50’S).

We assessed 1) the relative contribution of differ-
ent broad prey groups to the diet of each species
on a regional scale and 2) the dietary overlap of
the two species. Sites from which samples were
collected included formally protected areas;
Atherstone Nature Reserve (ANR; 23 500 ha),
Pilanesberg National Park (PNP; 50 000 ha) and
privately owned game/cattle farms such as
Mankwe Wildlife Reserve (MWR; 45 000 ha). PNP
is the only location with a fence designed to be
predator-proof (van Dyk & Slotow 2003). Seventy-
five scats were collected (31 brown hyaena scats
(protected areas, 21; private farms, 10) and 43
jackal scats (protected areas, 9; private farms, 34)
along roads within the study sites during August
2006 and in January, February, April, May and
June 2007. Trained observers identified samples to
species level based on colour, dimensions, position
and presence of additional animal signs.
Appropriate spoor guides were consulted where
necessary (Walker 1996; Stuart & Stuart 2000).
Samples were rated from one to five, with a rating
of five indicating high confidence in the species
identification. Only samples rated >3 were ana-
lysed. Dried scats were analysed using routine
methods (Keogh 1983) and their contents macro-
scopically identified and separated into large
mammals (adults >10 kg), small mammals (in-
cluding rodents and shrews), birds, reptiles,
invertebrates, fruit and anthropogenic items. We
identified mammal species by comparing the
physical appearance of hairs combined with
cross-sections and cuticular scale patterns to avail-
able reference collections (Keogh 1979, 1983; Buys
& Keogh 1984). We calculated dietary diversity (H)
from the scats of the two species using Brillouin
indices and plotted the cumulative diversity (Hk)
against the number of scats collected to determine

if the predator diets have been adequately sampled
(see Glen & Dickman 2006). We calculated per-
centage occurrence of each prey category in the
total number of scats for each species as an indica-
tion of how often each species fed on each dietary
component (Loveridge & MacDonald 2003). The
relative percentage occurrence (number of times a
food item was encountered as a percentage of the
total occurrence of all species) indicates the impor-
tance of each food item to the overall diet
(Loveridge & MacDonald 2003). The 95% confi-
dence intervals for both the percentage occur-
rence and the relative percent occurrence were
generated from 1000 bootstrap simulations (Efron &
Tibshirani 1993; Andheria et al. 2007). We assessed
relative differences between the two carnivores’
diets using Fisher’s exact tests, which are suited to
handling small frequencies (Zar 1999). Pianka’s
index (α) (Pianka 1973) was used to calculate niche
overlap between each pair of carnivores for the
seven broad dietary categories where α = 1 indi-
cates complete overlap and α = 0 indicates no
overlap (see Loveridge & MacDonald 2003). The
use of a cumulative Brillouin index (Hk) indicated
that on a regional scale, sample sizes were sufficient
for jackal and brown hyaena when considering
the broad prey categories investigated (Fig. 1). We
found, on average, 1.96 and 1.77 dietary categories
per jackal and brown hyaena scat, respectively.
Large mammal remains were found in more than
50% of the scats for both species and were by far
the most important dietary component for brown
hyaenas (Table 1). We identified 16 species of large
mammal (Artiodactyla and Perissodactyla), with
impala (Aepyceros melampus) the most frequent,
representing 39% and 34% occurrence of the diets
of brown hyaena and jackal, respectively. Blue
wildebeest (Connochaetes taurinus) contributed
19% to the diet of brown hyaena. No other large
mammal made up more than 5% of the diet of
jackal, with small mammals being more important
(Table 1). The differences in large mammal and
small mammal proportions between the diets
resulted in a significant difference between
jackal and brown hyaena diets across the region
(Fisher’s exact test: P < 0.05). However, at 79%, the
niche overlap between the species was still high.
Jackal diet comprised high proportions of small
and large mammals, corroborating previous re-
ports that they both scavenge and hunt compe-
tently (Nowell & Jackson 1996; Walton & Joly
2003). Brown hyaenas, on the other hand, are
predominantly scavengers (Owens & Owens
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1978b). Thus, it is possible that jackals may have
been excluded from carcass sites by the much
larger brown hyaenas, forcing them to hunt more
frequently (Owens & Owens 1978a). This may be
more likely to happen in PNP where brown
hyaenas are abundant. Further investigation into
the jackal diets, albeit with a low sample sizes,
suggested that more large mammals are con-
sumed outside of protected areas whereas more
small mammals are consumed inside protected
areas. This observation supports the idea that
jackal may be excluded from scavenging sites and
forced to actively hunt when competing with
brown hyaena as mesopredators in protected
areas. Giraffe (Giraffa camelopardalis) and buffalo
(Syncerus caffer) remains in the brown hyaena
scats were almost certainly scavenged from lion
(Panthera leo) kills, as brown hyaena kills usually
consist of small prey items such as lagomorphs
(Owens & Owens 1978b). Burgener & Gusset
(2003) found that the dominant remains in brown
hyaena scats from a game ranch in the Waterberg
region of Limpopo Province, South Africa, were

also Artiodactyla, which they assumed were killed
by other large carnivores in the area. The low
frequency of smaller species in the diet of the
brown hyaena may reflect sufficient carrion
resources, as most samples originated in areas
where the hyaenas were relegated to mesocarnivore
status by the presence of apex predators. Both
study species supplemented their diets with fruits,
but not to the same extent as in arid areas where
fruits play a significant role in water provisioning
(Mills & Mills 1978). Invertebrates were consumed
by both species. The presence of invertebrates
in brown hyaena diet may indicate scavenging,
especially invertebrates associated with decompo-
sition of carrion. In the unprotected areas, the
relative dietary occurrence of invertebrates was
lower, and the occurrence of plant matter higher,
than in protected areas. If the consumption of
invertebrates indeed reflects scavenging, then
brown hyaenas may have had less access to
carcasses in the absence of apex predators and
thus have been forced to supplement their diet
with vegetable matter. A niche overlap of ~79% is
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Table 1. Diet of jackal and brown hyaena, expressed as the percentage occurrence and relative percentage occur-
rence, with the 95% CI in brackets.

Percentage occurrence Relative percentage occurrence

Brown hyaena Jackal Brown hyaena Jackal

Large mammals 80.6 (67.7–93.6) 59.1 (45.5–72.8) 45.8 (34.4–56.9) 30.5 (22.9–38.5)
Small mammals 22.6 (9.7–38.7) 77.3 (63.6–88.6) 12.9 (5.4–21.4) 39.6 (33.3–46.7)
Birds 3.2 (0–9.7) 9.1 (2.3–18.2 1.8 (0–5.6) 4.5 (1.2–8.5)
Invertebrates 45.2 (25.8–61.3) 27.3 (15.9–40.9) 25.3 (16.4–33.9) 13.7 (8.3–19.2)
Seeds/fruits 12.9 (3.2–25.8) 13.6 (4.6–22.7) 7.2 (1.8–13.3) 7 (2.4–12.2)
Anthropogenic 3.2 (0–9.7) 4.6 (0–11.4) 1.8 (0–5.6) 2.4 (0–6.1)
Reptile 9.7 (0–22.6) 4.6 0–11.36 5.2 (0–10.9) 2.2 (0–5.1)

Fig. 1. Species accumulation curves based on the cumulative Brillouin index for jackal and brown hyaena scat
samples in the North West Province, South Africa.
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fairly high. Based on the limited sample sizes for
the protected versus unprotected ecosystems,
there was a greater degree of overlap in the unpro-
tected areas than in the protected areas. This
suggests that niche partitioning in protected areas
in the presence of an apex predator results in a
form of competitive exclusion of jackal at carcasses
by brown hyaena, resulting in a greater level of
hunting by the jackals. In the absence of an apex
predator, the diets of the two species are more
similar and brown hyaena may be forced to hunt
more given reduced availability of scavengeable
carcasses. Ultimately, across the region the diets of
the two species are similar, but further work is
needed in identifying how the presence or absence
of apex predators influences the diets across a
range of study sites. We now aim to expand on this
work and explore the role of apex predators in
formally protected and unprotected areas and
their influence on the diets of small to medium-
sized carnivores.

We would like to thank Earthwatch volunteers for
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West Parks and Tourism Board, and all the private land-
owners who allowed us to collect scats on their proper-
ties. We thank Johnny Wilson and two reviewers for
comments that helped improve the manuscript.
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