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1  |  INTRODUC TION

With increasing human population sizes and the associated ex-
pansion of development, wildlife species including mammalian 
carnivores have been extirpated in historical ranges or forced to 

adapt to continue to live near humans (Kiffner et al., 2014; Treves 
& Karanth,  2003). Many large carnivores persist only in and near 
protected areas, but buffer zones between protected land and local 
communities are becoming smaller or are non-existent (Gusset 
et al., 2009). Additionally, because large carnivores are wide-ranging, 
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Abstract
In much of southern Africa, the leopard (Panthera pardus) is the last remaining large 
carnivore outside protected areas. We collected leopard scat (n = 82) opportunisti-
cally to determine the diet of leopards on small livestock farms and an adjacent na-
tional park in semi-arid Namaqualand, South Africa. We quantified prey availability 
using camera traps (n = 163 stations) in an 810 km2 grid. Leopards strongly preferred 
(D > 0.5) rock hyrax (Procavia capensis), red hartebeest (Alcelaphus buselaphus) and 
klipspringer (Oreotragus oreotragus), but goats (Capra hircus) were consumed in high-
est biomass. Conservation strategies to decrease livestock losses and minimise leop-
ard persecution are needed in Namaqualand and more broadly on livestock farmland 
neighbouring-protected areas.

Abstract
Dans une grande partie de l‘Afrique australe, le léopard (Panthera pardus) est le dern-
ier grand carnivore qui subsiste en dehors des zones protégées. Nous avons collecté 
des excréments de léopards (n = 82) de manière opportuniste afin de déterminer le 
régime alimentaire des léopards dans de petites fermes d‘élevage et dans un parc 
national adjacent de la région semi-aride du Namaqualand, en Afrique du Sud. Nous 
avons quantifié la disponibilité des proies à l‘aide de pièges photographiques (n = 163 
stations) dans une grille de 810 km2. Les léopards préféraient fortement (D > 0,5) le 
hyrax des rochers (Procavia capensis), le bubale roux (Alcelaphus buselaphus) et le 
klipspringer (Oreotragus oreotragus), mais les chèvres (Capra hircus) étaient consom-
mées dans la biomasse la plus élevée. Des stratégies de conservation visant à réduire 
les pertes de bétail et à minimiser la persécution des léopards sont nécessaires dans 
le Namaqualand et, plus généralement, sur les terres agricoles d‘élevage voisines des 
zones protégées.
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they often move beyond the boundaries of small, protected areas 
and into neighbouring unprotected land (Woodroffe, 2000). If the 
land bordering protected areas is used for farming livestock, then 
the movement of large predators out of the protected land will 
greatly increase the chances of livestock depredation (Bagchi & 
Mishra,  2006; Li et al.,  2013) and with that conflict between the 
farmers and managers of the protected areas.

Leopards (Panthera pardus), the world's most widespread large 
felid, are known to have a flexible diet, mostly using prey that are 
commonly available (Ott et al., 2007; Rautenbach, 2010). For exam-
ple, a total of 92 prey items have been recorded for leopards in sub-
Saharan Africa (Bailey, 1993; Hayward et al.,  2006), ranging from 
invertebrates to adult eland (Taurotragus oryx). In southern Africa, 
the leopard's historical range loss is estimated to be between 28% 
and 51%, but only 8%—13% of potential leopard range is inside pro-
tected areas (Balme et al., 2010; Jacobson et al., 2016). Historically, 
ecological research on leopards has been biased towards protected 
land and although most investigations have focused on understand-
ing the feeding ecology of leopards, there is an imperative need to 
study the diet of this species outside protected area boundaries 
(Balme et al., 2013). Analyses of carnivore diet in areas with livestock 
farming are useful to document the extent of depredation and the 
possible need for conflict mitigation but also to get an indication of 
whether wild prey resources may be adequate (Chattha et al., 2015).

We studied the diet of leopards in relation to prey availability in a 
semi-arid region of South Africa within and outside a national park, in a 
system with no protected area buffer zone and where livestock farm-
ing is the primary land use immediately outside the park perimeter. 
We focused our investigation on leopard diet to understand whether 
data support the leopard's feeding habits in this system as a proximate 
cause for human–wildlife conflict. Leopard habitat in Namaqualand is 
largely contiguous (Swanepoel et al., 2012), and if leopards include a 
large proportion of livestock in their diet and prefer livestock over wild 
prey, then depredation incidents could affect farming operations and 
impact the leopard population through lethal control. Researching the 
leopard's diet to help farming practices and the conservation of the 
leopard population is therefore critical in this region.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

The study occurred in the Namaqualand region, Northern Cape, 
South Africa, a semi-arid landscape characterised by moderately 
rugged terrain, the dominance of shrubland, and winter rainfall 
(Cowling et al., 1999). Summers are hot and reach mean maximum 
temperatures of 30°C and above, while temperatures can drop to 
5°C in the winter months (Mucina & Rutherford,  2006). The area 
includes the eastern section of the Namaqua National Park (here-
after, NNP; S30.16, E17.79) and surrounding commercial livestock 
farms to the North, East and South of the park (Text S1). The park is 
delineated by an electrified fence and livestock do not enter the park 

to forage. One exception for a brief period of the year is a small live-
stock flock accompanied by herders and a livestock guardian dog, 
which grazes a narrow eastern section of the park near the main 
park office as part of vegetation management. Persecution of poten-
tially depredating animals including leopards is a conservation chal-
lenge on this landscape with commercial livestock farming and led to 
a broader project to test depredation mitigation techniques which 
were implemented primarily outside the area of sample collection 
for this study (The Cape Leopard Trust unpublished data).

2.2  |  Leopard diet

To quantitatively assess leopard diet, we collected leopard scat 
samples that we analysed macroscopically and microscopically to 
identify food items in scats. Leopard scats were collected oppor-
tunistically across seasons, primarily when accessing areas to set up 
and maintain camera traps (see the section on ‘Prey abundance and 
preference’) and to a lesser extent along road transects from March 
2014 to April 2015. Transects were conducted on foot to supple-
ment opportunistic scat collection, which occurred throughout the 
study area on and off roads. Transect locations were selected along 
randomly chosen park roads and on farms that were monitored in a 
broader predator ecology study in the region (Cristescu et al., 2020; 
de Satgé et al., 2017; Jansen et al., 2019).

We identified mammals to species level by means of cross-
sections of hairs and identification of macroscopic remains. 
Macroscopic and microscopic presence and absence were recorded 
for each scat for the following prey categories: large mammals 
(>40 kg), medium- to large-sized mammals (10–40 kg), medium-sized 
mammals (1–10 kg), small mammals (<1 kg) (Mann, 2014), livestock, 
birds, reptiles, invertebrates, fruit/seeds and herbaceous material. 
In some cases an item could be recorded as ‘unknown ungulate’ or 
‘unknown small mammal’; however, these were all grouped under an 
‘unknown’ category to simplify results.

The frequency of occurrence (per prey type) [FO], corrected fre-
quency of occurrence (frequency of occurrence per scat) [CFO] and 
percentage biomass were calculated (Ackerman et al., 1984; Klare 
et al.,  2011; Mann,  2014) (Text S2). To estimate the biomass con-
sumed by leopards, we used correction factors to account for differ-
ent digestibility among food items and their effect on the volume of 
prey found in scat (Text S2).

2.3  |  Prey abundance and preference

We used camera trapping to obtain data for estimating relative abun-
dance indices (RAIs) (Jenks et al., 2011) of potential leopard prey spe-
cies. From February 2014 to October 2015, one unbaited Cuddeback 
Ambush Black Flash camera trap operated per sampling station lo-
cated at a junction of linear features in a grid of 810 km2 (Text S1 and 
S2). Ninety 3 km × 3 km grid cells (cell area = 9 km2) were sampled, with 
two sampling stations to monitor each cell. Cell size was selected to 
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4  |    JANSEN et al.

correspond to female caracal home range size (Avenant & Nel, 1998; 
Martins, 2010), with caracal being the most widely distributed carni-
vore capable of depredation in the region (Jansen et al., 2019). When 
recording prey species, we used a time interval of 30 minutes be-
tween consecutive camera trap images of the same species as a cut-
off to minimise the chance that we re-counted the same individual 
within a short timeframe (Jenks et al., 2011).

We estimated the leopard's preference for specific prey using 
Jacobs' index (D) calculated based on both the CFO and relative bio-
mass consumed (Jacobs, 1974) (Text S2).

3  |  RESULTS

3.1  |  Leopard diet

We collected 86 leopard scats; however, only 82 scats were used 
for diet analysis. The four scats that were excluded lacked signs of 
leopard hair and/or discrete bone shards. More scats (n = 54) were 
analysed from farmland than from NNP (n = 28).

We recorded 24 prey species consumed by leopards in 
Namaqualand, with mammals representing >95.1% of the total 
diet. According to the CFO, medium-sized mammals (35.0%), live-
stock (27.8%) and medium- to large mammals (21.7%) occurred 
most frequently in leopard diet. Rock hyrax (22.4%) was the most 
frequently occurring prey, which together with goat (Capra hircus) 
(16.3%) and Lagomorpha (10.8%) made up the three main prey 
items (Table S1).

The total biomass ingested based on the 82 scats was 1980.7 kg 
(Table S2). Domestic goats (35.3%) comprised the largest biomass 
consumed, followed by sheep (16.2%), red hartebeest (Alcelaphus 
buselaphus) [14.2%] and cattle (Bos taurus) [12.4%] (Table 1). When 
correction factors were applied, the total biomass consumed based 
on our sample of leopard scats was 257.9 kg. Goats maintained the 
top rank as the most consumed prey item in terms of relative bio-
mass ingested by leopards (21.8%), but rock hyrax (19.1%) was higher 
than sheep (11.3%).

3.2  |  Prey abundance and preference

Overall, of 179 camera stations set, 163 (91.1%) remained active and 
were used in the analyses. Failure of 16 stations was a result of SD 
card malfunction, battery explosion due to high ambient tempera-
ture, or tampering of cameras by animals, particularly baboons and 
cattle, after deployment.

From 19,320 camera trapping nights, 12,756 photographs of 
mammals were obtained. This included 958 photographs of large 
mammals, 4153 of medium-large mammals, 4242 photographs 
of medium mammals, 218 photographs of small mammals, 159 of 
equines (wild and domestic) and 3026 of livestock (562 cattle, 604 
goats and 1860 sheep). Twenty-nine mammal, four bird and one 
reptile (tortoise) species were identified. Three small mammal taxa 
(hairy-footed gerbil, Otomys spp., Soricidae) as well as birds, reptiles 
and invertebrates were not included in RAI calculations due to the 
small body size that was not expected to trigger the camera sensor.

Lagomorpha, sheep, duiker, steenbok and porcupine (Hystrix af-
ricaeaustralis) were the main prey items potentially available to leop-
ards in the study area across both land uses (Text S3). Based on the 
trail camera data in conjunction with the leopard diet information 
from scat, leopards displayed a strong preference (D > 0.50) for rock 
hyrax, yellow mongoose, goat, small spotted genet, red hartebeest, 
striped polecat (only when analysing with CFO) and klipspringer 
(Figure  1). Caracal and porcupine were the only two prey species 
consumed that had D < 0 for both CFO and biomass calculations 
(Table S3).

4  |  DISCUSSION

In Namaqualand, South Africa, where leopards are the only sur-
viving large carnivore, we showed that their diet most frequently 
includes rock hyrax, a medium-sized mammal (3.0 kg) associated 
with rugged and rocky habitats (Estes, 2012). Our work supports 
previous research showing that hyrax are a major prey source for 
leopards in South Africa's Cape region (Bothma & Le Riche, 1994; 

F I G U R E  1  Jacobs' index (D) showing 
leopard preference and avoidance 
of potential prey for consumption in 
Namaqualand, Northern Cape, South 
Africa. Index values calculated based 
on biomass consumed and corrected 
frequency of occurrence (%) are 
illustrated. Prey species are arranged 
according to prey weight categories.
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Martins et al., 2011; Mann et al., 2019), although this is not always 
the case for leopards in the Cape (Drouilly et al., 2018). Hyrax were 
also the main prey item of caracal in our study system (Jansen 
et al., 2019).

Although disproportionately selecting for certain prey items, 
leopards in our semi-arid study region showed opportunistic feed-
ing behaviour, which has also been documented in other systems 
(Bothma & Le Riche, 1984; Mann, 2014). This is evident from the 
variety of prey items consumed (i.e. 24 prey items recorded), as well 
as the fact that there was no largely disproportionate use of one 
specific prey species compared with the others. In South Africa's 
Cape region, leopards have persisted by finding safety in mountain-
ous areas (Mann et al., 2020) where wild prey are diverse but mostly 
small-bodied (Mann et al.,  2019). Although rugged areas serve as 
refugia from habitat loss through urbanisation and crop cultivation, 
they can result in local extinction if leopards are persecuted on 
free-ranging livestock farms (Martins & Martins, 2006; Swanepoel 
et al., 2012).

Previous work has suggested that livestock predation by leop-
ards occurs mostly opportunistically (Chattha et al.,  2015; Ott 
et al., 2007). Livestock might be easier to capture than wild prey, due 
to poor antipredator response of domestic animals compared with 
their wild counterparts (Dwyer,  2008; Flörcke & Grandin,  2013); 
but  see Laporte et al.  (2010). Leopards range widely in semi-arid 
and arid ecosystems (Mann et al.,  2020), and in our study system 
they move across park boundaries (Cristescu et al., 2020). When on 
farms, the likelihood of leopards encountering livestock is probably 
substantial due to their abundance and visibility. Vantage points af-
forded by the rugged terrain, sparse tree cover that does little to ob-
struct views, congregating behaviour and pelage colour (often white) 
mean that goats and sheep can be detected from great distances. 
Goats (Boer goat breed) in particular are agile climbers venturing 
into rugged terrain where they are likely exposed to high risk of pre-
dation by leopards. Indeed, goats were a preferred prey item in leop-
ard diet in Namaqualand, more so than sheep. As sheep use flatter 
terrain, preying on sheep would require a leopard to travel further 
from the refuge of mountains and therefore incur more risk, even 
though sheep are more abundant in our study system and subduing 
a sheep might be easier than a goat (Rafiq et al., 2010).

To reconcile the need to minimise depredation while conserving 
leopards as the last remaining large carnivore in Namaqualand and 
many other systems, we emphasise the need for non-lethal mitiga-
tion of livestock depredation. Livestock guardian animals and enclo-
sures (kraaling) can be effective if applied appropriately (Khorozyan 
& Waltert, 2021). A suitable and healthy wild ungulate prey base that 
complements smaller prey such as rock hyrax could possibly also 
contribute to depredation mitigation for leopards on farms. Lethal 
management of large felids to reduce livestock losses has had only 
mixed successes both locally (McManus et al., 2015) and elsewhere 
in the world (Herfindal et al., 2005; Teichman et al., 2016), and thus 
non-lethal alternatives are currently being widely explored as po-
tential win-win scenarios for wildlife and commercial farmers living 
close to protected areas. Financial incentives (Dickman et al., 2011) 

and creative non-lethal solutions backed by strong experimental 
designs (van Eeden et al., 2018) are required for conservation and 
economic successes.
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