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a  b  s  t  r  a  c  t

Human-wildlife  conflict  between  carnivores  and  livestock  and  game owners  is an  issue  of high  conserva-
tion  concern  and  has  led to the  global  decline  of  many  large  carnivore  species.  Research  has  shown  that
carnivores  are  often  blamed  for higher  levels  of  predation  of  livestock  and  game  than  actually  occurs  and
this often  leads  to  retaliatory  killing.  The aim  of this  study  was to  obtain  information  via  scat  analysis  on
the  range  of  prey  species  taken  by leopards  in  the Soutpansberg  Mountains,  South  Africa,  and  combine
these  data  with self-reported  accounts  of livestock  predation  from  local  landowners  to  examine  differ-
ences  between  real and  perceived  leopard  predation.  Results  showed  that  despite  landowners  reporting
frequent  events  of leopard  predation  of livestock  and  introduced  farmed  game  across  the  Soutpansberg
farming  community,  no  evidence  of these  species  were  found  in leopard  diets.  The  most  frequently  eaten
species  by  relative  biomass  were  bushbuck,  hyrax  and  vervet  monkeys;  in  contrast,  the farmers  reported
cattle  and  impala  as often  being  taken  by  leopards.  Despite  sharing  the landscape  with  domestic  cat-

tle  and  introduced  game,  leopards  in  the  Soutpansberg  do  not  frequently  utilise  these  species  as  prey
and  instead  focus  their  diets  on  wild  species.  Human-carnivore  conflict  can  be  reduced  by overcoming
the  mismatch  between  actual  and  perceived  levels  of  predation  via  landowner  education,  effective  anti-
predation  measures,  an  improved  government  response  to reports  of livestock  predation  and  potentially
giving  economic  value  to  problem  animals  via  trophy  hunting.

©  2017  Published  by  Elsevier  GmbH.
. Introduction

Conflict between humans and wildlife can be defined as a com-
etition over resources or space and can take the form of threats
o human life, economic livelihood, property or recreation (Treves

 Karanth, 2003). Large predators such as the leopard (Panthera
ardus), are obligate carnivores specialised for the predation of
ngulate species (Loveridge, Wang, Frank, & Seidensticker, 2010).
s a consequence they often come into conflict with farmers and
astoralists when they predate upon domesticated livestock or

armed game. Real or perceived predation of economically valu-

ble species is an issue of high conservation concern and has led
o the global decline of many large carnivore species (Woodroffe,
hirgood, & Rabinowitz, 2005). It often leads to negative attitudes

∗ Corresponding author at: Department of Anthropology, Durham University,
outh Road, Durham, DH1 3LE, UK.

E-mail addresses: j.n.chase-grey@dur.ac.uk, chasegreyj@gmail.com
J.N. Chase Grey).

ttp://dx.doi.org/10.1016/j.jnc.2017.03.002
617-1381/© 2017 Published by Elsevier GmbH.
and retaliatory killing of large predators and can result in their
extirpation from areas where it occurs (Sillero-Zubiri & Laurenson,
2001).

Incidences of human-carnivore conflict are increasing with the
expansion of human populations and agricultural activity into the
habitats of wild predators (Treves & Karanth, 2003). For example,
real and perceived livestock predation by snow leopards (Pan-
thera uncia) has led to their persecution by pastoralists in Nepal,
India and Mongolia (Bagchi & Mishra, 2006; Johansson, McCarthy,
& Samelius, 2015; Oli, Taylor, & Rogers, 1994), jaguars (Panthera
onca) are frequently killed by ranchers in South America for report-
edly taking cattle (Cavalcanti, Marchini, Zimmermann, Gese, &
Macdonald, 2010) and cheetahs (Acinonyx jubatus), lions (Panthera
leo) and leopards are shot and poisoned in retaliation for actual
and perceived game and livestock predation across Africa (Chase
Grey 2011; Kissui, 2008; Ogada, Woodroffe, Oguge, & Frank, 2003;

Woodroffe, Frank, & Lindsey, 2007). Similarly, grey wolves (Canis
lupus) in North America have been subject to widespread eradica-
tion due to the threat they are believed to pose to livestock (Chavez,
Gese, & Krannich, 2005) and wild dogs (Lycaon pictus)  have been

dx.doi.org/10.1016/j.jnc.2017.03.002
http://www.sciencedirect.com/science/journal/16171381
http://www.elsevier.de/jnc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jnc.2017.03.002&domain=pdf
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mailto:chasegreyj@gmail.com
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unted extensively by cattle farmers throughout Africa due to per-
eived and real threats of livestock losses (Gusset et al., 2008).

Increases in human-carnivore conflict may  be linked to percep-
ions of the extent of carnivore predation as much as actual losses.
esearch into actual versus perceived predation has shown that
arnivores are often blamed by farmers and pastoralists for more
osses than they actually cause (Boulhosa & Azevedo, 2014; Chavez
t al., 2005; Mishra, 1997; Naughton-Treves, 1997; Rasmussen,
999; Sillero-Zubri & Laurenson, 2001). In South America, cattle
armers claim that large felids such as jaguars and pumas (Puma
oncolor) have a significant impact on their cattle herds, even
hough studies have discovered that livestock predation rates by
hese carnivores are usually low (Boulhosa & Azevedo, 2014). Cat-
le farmers and rural residents have been found to hold negative
ttitudes towards grey wolves due to their perceived impact on
ivestock (Chavez et al., 2005) but dietary research has shown
hey prey predominantly on native prey species even when wild
ngulate numbers are low and cattle are stocked at high densities
Chavez & Gese, 2005, 2006). In addition, despite being subject to
etaliatory killing, snow leopards in Mongolia have been found to
rey largely on wild ungulates and only kill livestock opportunis-
ically even though livestock abundance is one order of magnitude
igher than that of wild prey species (Johansson et al., 2015).

There are a number of reasons carnivores are often blamed for
igher levels of predation of livestock and game than they actually
ause; these include mistaken carnivore identity, misattribution
f cause of death and the socio-cultural and economic context in
hich the human-carnivore conflict occurs (Kaczensky, Blazic, &
ossow, 2004; Kellert 1985; Naughton-Treves, Grossberg, & Treves,
003). For example, Rasmussen (1999) found that cattle ranchers

n Zimbabwe attributed losses of livestock to wild dogs when they
ad actually been caused by rustling and poaching. The presence
f predators provided an excuse for herdsmen to explain missing

ivestock and hide cattle poaching. In a survey of livestock pro-
uction in community group ranches, Mizutani (1995) found that
erders were more likely to blame predators when livestock losses
ccurred due to theft or animals were missing, particularly if these

osses were due to their own negligence. Mistaken carnivore iden-
ity is another reason for an observed difference between recorded
nd perceived livestock and game predation. For example, domes-
ic predators such as feral dogs may  exist in the same area as
arge carnivores and are capable of killing calves, goats and sheep.
eaths that have been attributed to wild carnivores may  therefore
e caused by domestic predators rather than wild carnivores (Ott,
erley, & Boshoff, 2007).

Variation in attitudes toward large carnivores is partly based
n the extent to which they conflict with human interests, but

s also affected by inherent prejudices of landowners and farmers
Kellert, 1985). These prejudices are shaped by the socio-cultural
nd economic context in which farmers live. Quantitative research
n attitudes towards carnivores has shown that the extent to
hich people tolerate wildlife damage is influenced by socio-

conomic factors such as education, age, sex and the financial
mpact of wildlife associated costs. Ranchers in Brazil with less
ducation showed stronger negative attitudes towards jaguars and
heir attitudes were also negatively correlated with age (Cavalcanti
t al., 2010). Similarly, Ericsson and Heberlein (2003) found that
n Sweden older people, hunters, and those with less education
nd experience of wolf predation held the most negative attitudes
owards wolves.

Gender has also been found to have a significant effect on atti-
udes towards wildlife in certain studies. Men  expressed more

ositive attitudes towards wolverines (Gulo gulo), lynx (Lynx lynx),
rown bears (Ursus arctos)  and wolves (Canis lupus) than women

n Norway (Røskaft, Handel, Bjerke, & Kaltenborn, 2007). In study-
ng preferences for different wildlife species among a rural people
e Conservation 37 (2017) 56–65 57

adjacent to Serengeti National Park, Tanzania, Kaltenborn et al.
(2006) found gender to be the dominant variable in explaining
preferences for non-carnivores with men  showing more positive
attitudes to most species than women. In contrast, gender differ-
ences were lacking for carnivores like leopards, possibly because
the high perceived danger to livestock and human safety posed by
these species resulted in more consistent perceptions. These stud-
ies show that people that tend to hold negative attitudes towards
carnivores work in resource dependent professions such as farm-
ing, live in rural communities and carnivore ranges or have been
affected by economic losses due to predators (Kaczensky et al.,
2004). The socio-cultural effects of identity and occupation in rural
communities also affects attitudes towards carnivores (Naughton-
Treves et al., 2003). These attitudes are connected to individuals’
lifestyles and once established become deep rooted. Within these
specific social groups or professions, members share a social envi-
ronment that reinforces their value laden attitudes towards wildlife
and fosters a sense of shared values and goals (Naughton-Treves
et al., 2003).

In addition, negative perceptions of carnivores may be due to
inflated perceptions of risk that often outweigh economic damage
and drive retaliatory behaviour (Knight, 2000; Naughton-Treves
et al., 2003). These perceptions may  relate to the highly charged
beliefs associated with large carnivores that have the ability to
cause significant damage that can have severe emotional, finan-
cial and political consequences for farmers (Kellert, Black, Rush, &
Bath, 1996; Treves, Wallace, Naughton-Treves, & Morales, 2006).
Such associations are shaped by catastrophic or costly events such
as the predation of a large number of calves within one night (Treves
et al., 2006). Research on farmer and landowner attitudes towards
carnivores has also found that experiencing a lack of control over
one’s life (external locus of control) and a feeling of not being able
to influence policies about resource management, or even com-
prehend them, can negatively affect rural perceptions of predators
(Bjerke, Vitters, & Kaltenborn, 2000; Kleiven, Bjerke, & Kaltenborn,
2004).

The leopard is one of the most geographically widespread of
the big cats and is found across Africa and tropical Asia (Hunter,
Henschel, & Ray, 2013). Leopards can tolerate human activity
and live in human-altered habitats and have an elusive nature
which has enabled them to persist in places long devoid of other
large predators (Hunter, 1999). The persistence of the leopard is
partly due to its opportunistic hunting behaviour and varied diet
(Hayward et al., 2006). However, although fairly abundant in com-
parison to other large cat species, leopard numbers have been
significantly reduced over the last hundred years due to increasing
human population expansion, large scale habitat loss and frag-
mentation, hunting for trade, poaching, and retaliation over real
or perceived human wildlife conflict (Uphyrkina et al., 2001). This
has resulted in a dramatic range loss in parts of Africa such as the
Sahel belt, Nigeria and South Africa (Jacobson et al., 2016).

In rural areas in South Africa, where leopards co-exist with
domestic livestock and commercial game on farm land, they fre-
quently come into conflict with farmers due to real and perceived
predation (Balme, Hunter, & Slotow, 2009; Chase Grey, 2011;
Constant, Bell, & Hill, 2015; Daly et al., 2005; Miller, 2015). A few
studies have examined the composition of leopard diets in sub-
Saharan Africa via scat analysis and found that despite the fact
that leopards can and do take livestock and game, either no evi-
dence of livestock was found in leopard diets (Grobler & Wilson,
1972; Schwarz & Fischer, 2006; Stuart & Stuart, 1993), or leop-
ards took much less livestock than would be expected in relation to

their abundance (Mizutani, 1999; Norton, Lawson, Henley, & Avery,
1986; Ott et al., 2007). Livestock such as calves, sheep and goats
fall within the preferred weight range of leopard prey of 10–40 kg
(Hayward et al., 2006), so are certainly potential prey. Norton et al.
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1986) examined the contents of leopard scats in areas surrounded
y intensive cattle farming but found that domestic livestock only
ade up a very small component of leopard diets (0.8%) despite the

act that high numbers of sheep were reportedly lost to leopards
lose to the areas where scats were collected. Similarly, leopards
id not rely on livestock as an important food resource on cattle
anch land in Kenya even when both leopards and calves were
ound at high densities (Mizutani, 1999). Leopards may  also pre-
ate upon commercial game species. Farmed game were found

n 7.9% of leopard scats analysed from commercial game farms
n South Africa, including expensive commercial species such as
lue wildebeest (Connochaetes taurinus), eland (Taurotragus oryx),
strich (Struthio camelus), sable (Hippotragus niger) and waterbuck
Kobus ellipsiprymnus) (Power, 2002). Real or perceived leopard
redation of commercial livestock and game is highly important
s it negatively affects attitudes towards leopards and increases
armer wiliness to take retaliatory action as a result (Sillero-Zubiri

 Laurenson, 2001; Pitman et al., 2016).
The aim of this study was to examine if differences existed

etween landowner perceptions of leopard predation in the west-
rn Soutpansberg Mountains, South Africa, and actual leopard diets
nd if so, to explore the reasons for the mismatches in perceptions.
he western Soutpansberg Mountains were home to the highest
ensity of leopards recorded outside a state-protected area in sub-
aharan Africa (Chase Grey, Kent, & Hill, 2013), but the area has
ecently been identified as a zone where human-mediated leopard

ortality exceeds the annual offtake rate considered sustainable
Pitman, Swanepoel, Hunter, Slotow, & Balme, 2015). Privately
wned land is extremely important for the leopard in South Africa
Swanepoel, Lindsey, Somers, van Hoven, & Dalerum, 2013), and
hus data on levels of human-leopard conflict in the Soutpansberg
ill provide valuable information to inform potential future con-

ervation interventions (Chase Grey et al., 2013; Swanepoel et al.,
013).

ethodology

tudy area

The study was conducted in the western part of the
fro-montane forests of the Soutpansberg Mountains, Limpopo
rovince, South Africa which lie between 23◦ 05′ S − 29◦ 17′ E
nd 22◦ 25′ S − 31◦ 20′ E (Chase Grey et al., 2013). The moun-
ains cover approximately 600 km2 and range in height from 250 m
bove sea level to the highest peak Letjume (1748m) at the west-
rn extremity (Mostert et al., 2008). Temperatures vary in the wet
eason (December-February) from 16 to 40 ◦C and in the dry sea-
on (May-August) between 12 and 22 ◦C (Chase Grey et al., 2013).
he western Soutpansberg is part of the Vhembe Biosphere Reserve
nd is recognised as a hotspot of South African biodiversity and
ndemism (UNESCO, 2009). The Soutpansberg Mountain Range is
ome to highly diverse animal communities (Chase Grey et al.,
013; Gaigher & Stuart, 2003). However, despite its high faunal
iversity, uncontrolled colonial hunting during the 19th century
nd the destruction of habitat from farming practices has led to the
ecline and extinction of numerous animals (Chase Grey, 2011);
frican elephant (Loxodonta africana) and black rhino (Dicero bicor-
is) are now extinct in the mountain range (Chase Grey et al., 2013).

n addition, cheetahs are no longer found on the mountain plateau
nd lions only remain in the far eastern part of the Soutpansberg
Gaigher & Stuart, 2003). The only large carnivores that remain are

eopards, brown hyaenas (Hyaena brunnea) and spotted hyaenas
Crocuta crocuta) (Chase Grey et al., 2013). Twenty five ungulate
pecies also inhabit the Soutpansberg including kudu (Tragelaphus
trepsiceros), bushbuck (Tragelaphus scriptus), red duiker (Cephalo-
e Conservation 37 (2017) 56–65

pus natalensis)  and common duiker (Silvicapra grimmia) (Gaigher
& Stuart, 2003). Other bovid species present have recently been
reintroduced by the game farming industry after being elimi-
nated by overhunting such as impala (Aepyceros melampus),  sable
(Hippotragus niger), roan antelope (Hippotragus equines) and nyala
(Tragelaphus angasii) (Chase Grey, 2011). These species are utilised
in the trophy hunting, eco-tourism and local meat industries. In
addition, several domestic livestock species such as cattle, donkeys,
goats and sheep are found on communal and private farmlands and
used in commercial and subsistence farming (Chase Grey, 2011).

Land use of the farms surveyed in the Soutpansberg was made
up of a patchwork of community, game and cattle farms, eco-
tourism and conservancy areas with property ownership mainly
divided across different cultural groupings. Afrikaners in the study
area owned the majority of the land and were involved in cat-
tle farming or holding recreational land; South Africans of British
heritage managed game hunting and ecotourism properties and
the Venda and Buys communities conducted either commercial or
subsistence livestock farming (Chase Grey, 2011). In recent years
the majority of cattle farms in the Soutpansberg have been con-
verted into game farms for hunting or eco-tourism purposes with
an 84% decline in cattle numbers in arid areas (Chase Grey, 2011).
This shift in land use has come about due to the decreasing prof-
itability of cattle farming and legislative changes allowing farmers
ownership of wildlife on their land and the right to its consump-
tive use (Cousins, Sadler, & Evans, 2008; Lindsey, Frank, Alexander
Mathieson, & Romañach, 2006; Pitman et al., 2016).

Interviews and scat collection were conducted across twelve
properties in the Soutpansberg Mountains covering an area of
approximately 100 km2. Five of these properties belonged to a
conservancy, two conducted cattle farming, two were used for
commercial game hunting, one for ecotourism and one conducted
mixed game hunting and cattle farming. The final farm belonged
to the conservancy but also had a subsistence small holding with
cattle and donkeys. Land use on conservancy properties included
personal recreation, scientific research or were left fallow (Chase
Grey, 2011).

Dietary analysis

Faecal analysis is an effective method for determining preda-
tor diets (Hayward et al., 2006). To establish key prey species of
leopards on the survey site, 100 leopard scats were collected oppor-
tunistically across the study area from May  2007 to December 2008
(Fig. 1). Leopard scats were identified from their characteristic elon-
gated shape and size, which is often tapered at one end. The scats
were generally found in several pieces between 6 and 13 cm in
length and 2.5–4 cm in diameter. Although scats can be smaller than
2.5 cm in diameter, they were not identified positively unless they
were found in close association with adult leopard tracks (Henschel
& Ray, 2003). African civet and brown hyena scats may have similar
proportions to those of leopards and may  be mistaken for leopard
scats (Henschel & Ray, 2003). However, civet scats contain arthro-
pod exoskeletons, fruit and seeds and brown hyena scats are less
elongated and often have a higher bone content giving them a
chalky white colouration and therefore both could be differenti-
ated from those of leopards (Henschel & Ray, 2003). Scats were not
collected if there was  any doubt regarding identification.

Once identified, each scat sample was  placed in a plastic bag
and the date, property on which it was  collected and GPS location
were noted on the bag. Scats were then washed in water using a

sieve to remove soil, grass and leaves and were dried before all
bones and hair were removed. Scat contents were then transferred
to a plastic bag that was labelled with the sample’s collection date,
location and GPS coordinates. Any soft tissue found in the scat (e.g.
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Fig. 1. Study area in the Soutpansberg Mountains, Sout

esh or cartilage) was placed in a vial of ethanol and included in
he same bag.

The scats were examined for prey contents via microscopic anal-
sis of cuticle scale imprints and cross-sections of hairs. Cuticle
cale imprints were made from the extracted hair samples using a
ethod adapted from Keogh (1983). Clean microscope slides were

hinly coated with PVA wood glue and hairs were placed in position
n the slide using fine forceps. Ten hairs were randomly selected
rom each scat and placed on a slide. The slides were allowed to dry
or approximately 5 min  before the hairs were removed and the
cale imprints were then viewed under a light microscope under
00× and 200× magnifications.

Cross sections of hairs were made using a method adapted from
ouglas (1989). Random selections of 10 hairs were made from
ach scat sample and were placed in a disposable plastic pipette.
he bulb at the end of the pipette was depressed to remove air and
he tube was filled with molten beeswax. Once filled, the tubes were
ooled at room temperature. The pipette was then cut into thin
ections of approximately 1–2 mm using a razor blade and 10–15
f these sections were fixed onto microscope slides using molten
ax. Slides were examined under a 100× and 200× magnifications

sing a light microscope.
Reference slides for cross sections and cuticular scale patterns

ere made with hair samples obtained from local taxidermists
rom known prey animals. These were then compared to existing
eference samples and published hair keys to identify prey species
Dreyer, 1966; Keogh, 1983; Perrin & Campbell, 1980). It was not

ossible to differentiate between the two hyrax species present at
he study site, rock hyrax, (Procavia capensis) and yellow spotted
ca showing locations of interviews and scat collection.

rock hyrax, (Heterohyrax brucei); therefore these two species were
grouped together as hyrax following Stuart & Stuart (1993).

Prey contents were calculated as relative frequencies, i.e., the
frequency at which a certain item is found in relation to the
total number of items (relative frequency = number of items of
one species/total number of items ×100). Correction factors for
the body size of prey species have been devised to prevent the
overestimation of small prey items in scats (Ackerman, Lindzey,
& Hemker, 1984; Floyd, Mech, & Jordan, 1978). Ackerman’s index
was developed based on feeding trials with cougars (Felis concolor)
and was used to compensate for the difference between overrep-
resented small prey and underestimated larger animals based on
the assumption that the digestive system of leopards and cougars
is similar. Ackerman’s Index was  calculated as: Y = 1.98 + 0.035 X,
where X equals the mean weight of the prey animal and Y the intake
of biomass in kg. Using Ackerman’s Index the number of faecal
samples containing particular prey items was then converted into
relative biomass.

Perceptions of human-leopard conflict

Data on leopard predation of livestock and game were collected
via semi-structured interviews and questionnaires with landown-
ers from October to December 2008. Participants were selected to
represent the full range of stakeholders present in the Soutpans-
berg and all farms on which dietary material were collected were

included in the interview survey.

Semi-structured interviews are a widely used research method-
ology to obtain anthropological and social data (Bernard, 2006;
Munn & Drever, 1995). With this methodology, the interview topic
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Table  1
The number of leopard scats collected by season.

Season No of scats collected

Spring 35
Summer 9
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Table 2
The number of leopard scats collected per land use type.

Land use type Percentage of scats collected per
land use type (%)

Cattle farm 20
Conservancy 43
Conservancy and cattle mixed 3
Ecotourism 2
Game 5
Game and cattle mixed 13
Unknown 14
Autumn 11
Winter 43

s chosen in advance but the interviewer is able to follow leads
uring the interview and change the way questions are asked if nec-
ssary. The questionnaire survey was conducted after 15 months
f participant observation with landowners and farmers to ensure

 rapport had been built with respondents before questioning and
hat they were comfortable with both the subject matter and the
nterviewer. Questionnaires took the form of personal, face to face
nterviews. Landowners were asked for information on their stock
oldings, self-reported livestock and game predation events from
007 to 2008, livestock management techniques (where animals
ere grazed, whether they were kraaled or watched at night),

heir attitudes towards the government process for dealing with
roblem leopards, the trophy hunting system in Limpopo Province,

llegal leopard hunting and their attitudes towards leopards and
heir conservation.

Both quantitative and qualitative data were gathered during the
nterview survey. Quantitative data are useful for identifying broad
rends in attitudes but qualitative data can be used for obtaining
ich socio-cultural information from study participants. Qualitative
ata such as landowner perceptions of governmental processes for
ealing with problem leopards were required to understand the
ttitudes and perceptions of respondents towards leopards in the
omplex socio-cultural mixture of communities that make up the
outpansberg.

Before the interview, the participants were given informa-
ion about the study and were informed that they would remain
nonymous in any information gathered. All interviews were fully
ranscribed and where given permission were also recorded using
n Olympus digital voice recorder (Olympus UK Ltd). Data from
nterviews were transcribed and coded to identify key reoccur-
ing themes relating to the research area (Strauss & Corbin, 1990).
n order to examine the difference between real versus perceived
eopard predation of livestock and game, the relationship between
he frequency of reported leopard predation events and the con-
ents of leopard scats were analysed using a Spearman’s rank order
orrelation. Statistical tests were conducted using SPSS for Win-
ows 20.0.

. Results

ietary analysis

100 leopard scats were collected across all four seasons, with a
eak of scat collection in winter and spring due to ease of access to
ertain properties and a lack of rainfall at this time improving scat
reservation (Table 1). 43% of leopard scats were collected from
onservancy properties, 20% from cattle farms, 16% from mixed
and use farms, 7% from farms containing farmed game and 14%
rom properties with an unknown land use type due to (Table 2).
nalyses were only conducted on scat samples from known land
se types (n = 86).

Of the 86 leopard scats analysed for prey contents, nine con-
ained unidentifiable prey remains. From the identifiable scats

n = 77), 10 mammal  prey species were detected. Bushbuck proved
o be the most frequently taken prey item by relative frequency
42.9%) followed by hyrax (26%) and vervet monkeys (10.4%)
Table 3). These three species made up 79.3% of the total prey items
100

consumed by leopards by relative frequency. Mountain reedbuck,
thick tailed bush baby and kudu calf were only found in single scats.
No remains of members of the Lagomorph family, birds, reptiles
or carnivores were found in the scats analysed and no livestock
or farmed game species were detected. Converting the results of
the dietary analysis from relative frequency to relative biomass,
increased the importance of larger prey items such as the bush-
buck from 42.9% to 49.6% and reduced the importance of smaller
species such as hyrax from 26.0% to 21.3%.

In scats found on cattle farms, the majority came from bushbuck
(37.5%) and hyrax (31.25%); on the cattle/conservancy mixed land
use property hyrax formed the highest relative frequency of prey
items (66.7%), whereas on conservancy properties hyrax and bush-
buck were the major items found in leopard scats (74.35%) (Table 4).
On the ecotourism farm leopard scats were formed equally of com-
mon  duiker and hyrax (100%), whereas leopard scats from game
farms contained a mixture of bushbuck, duiker, hyrax and porcu-
pine (100%). Bushbuck showed the highest relative frequency in the
game and cattle mix  farm (41.7%).

Perceived leopard predation events

Predation events were pooled via land use and grouped into
reports of cattle losses, other livestock (dogs, sheep and donkeys),
naturally occurring game (bushbuck and kudu), and fenced farmed
game (blue wildebeest, eland, impala, ostrich, sable and waterbuck)
(Table 5). In total there were 125 reports of leopard predation. Of
the 27 cattle predation events, cattle farmers reported more cattle
losses than any other land use type (37%), followed by conservancy
properties (29.6%). There were six reports of leopard predation of
other livestock with conservancy properties reporting the largest
perceived losses (50%). Of the reports of predation of free ranging
and fenced game, game farmers claimed the bulk of losses at 85.6%
and 84.6% of predation events.

Data from interviews showed that many respondents perceived
the levels of loss to leopards to be extensive, and this was particu-
larly true of ecotourism operators. One stated that leopards caused
expensive losses on her property as they annually killed most of
her sable and wildebeest calves. Another ecotourism property man-
ager said that 65–70% of all zebra and blue wildebeest calves were
killed by leopards per year. Impala were also commonly reported
as being eaten by leopards. One cattle farmer stated that of his herd
of 400 impala, leopards had taken 350 individuals over the last few
years and a hunting game farm manager said that leopards eat 1–2
impala per week on his property. Other introduced farmed game
species such as eland and waterbuck were also reported as being
killed by leopards. Landowners and farmers perceived high levels
of livestock and commercial game predation by leopards but no
evidence of livestock and farmed game species were found in the

scats analysed. As a consequence a significant negative correlation
was found between the frequency of reports of leopard predation
by species and the frequency of species observed in scats but this
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Table  3
Relative frequency of occurrence and biomass of prey in leopard scat in the western Soutpansberg Mountains, South Africa (unidentified prey items not included).

Species Relative Frequency of occurrence (%) Relative biomass consumed (%)

Bushbuck (Tragelaphus scriptus) 42.9 49.6
Hyrax  (Procavia capensis) 26.0 21.3
Vervet  Monkey (Chlorocebus pygerythrus) 10.4 8.63
Porcupine (Hystrix cristata) 5.2 5.12
Common Duiker (Sylvicapra grimmia) 5.2 5.49
Chacma Baboon (Papio ursinus) 4.2 4.14
Red  Duiker (Cephalopus natalensis) 3.1 2.91
Mountain Reedbuck (Redunca fulvorufula) 1 1.16
Kudu  calf (Tragelaphus strepsiceros) 1 0.86
Thick  tailed Bushbaby (Otolemur crassicaudatus) 1 0.79

Table 4
Relative frequency of occurrence of prey in leopard scat in the western Soutpansberg Mountains, South Africa via land use type.

Land use type Scat contents (Relative frequency %)

N Baboon Bushbuck Common duiker Hyrax Kudu Porcupine Mt  reedbuck Red duiker Bushbaby Vervet

Cattle farms 20 6.25 37.5 6.25 31.25 0 6.25 0 0 0 12.5
Cattle conservancy mix 3  0 0 0 66.7 0 0 0 0 0 33.3
Conservancy properties 43 5.12 43.55 0 30.8 1.3 5.12 0 2.56 1.3 10.25

0 

0 

.33 

w
P

u
o
c
b
t
o
l
o
t

2

n
l
l
d

d

k
o

T
F

Ecotourism 2 0 0 50 5
Game 5 0 40 20 2
Game cattle mix 13 8.33 41.68 8.33 8

as not statistically significant (Spearman Rho, rs = − 0.229, N = 8,
 = 0.293).

Attitudes towards leopards were split across the different land
ses (Table 6). Landowners with farmed game (both the ecotourism
perator and the game farmers) felt that leopards were economi-
ally valuable although for differing reasons; either because they
rought in money from tourists paying to view them (the eco-
ourism operator) or because paying clients came to shoot them
n legal hunts (the game farmers). It is because of this view of

eopards as bringing in money to their properties that members
f both of these landowner groups were willing to sustain what
hey perceived to be as high game losses.

.1. Cattle farmer attitudes towards leopards

The cattle farmers interviewed in the survey showed marked
egative attitudes towards leopards and perceived them to be prob-

em animals. Every cattle farmer interviewed stated that they had
ost calves to leopards. One landowner said when asked about pre-
ation events on his cattle farm:

“I’ve had a lot of trouble with leopards.”

Cattle farmers were all also very clear in describing how they
ealt with these perceived losses:

“Most of the farmers kill the leopard when it is a problem, catch
it with snares, if it is a problem just kill the bloody thing.”
The detail with which some cattle farmers illustrated their
illing methods during their interviews demonstrates the strength
f feeling they have against leopards as pest species:

able 5
requency of leopard predation reports by land use type.

Land use (No of properties) Predation reports (%)

Cattle Other lives

Cattle farms (2) 37 16.7 

Cattle conservancy mix  (1) 22.3 16.7 

Conservancy properties (5) 29.6 50 

Ecotourism (1) 0 0 

Game (2) 0 0 

Game cattle mix (1) 11.1 16.7 
0 0 0 0 0 0
0 20 0 0 0 0
0 0 8.33 0 0 25

“With a gin trap the leopard can turn its leg and take its own
leg off and walk without it. Let me  tell you how to kill them. I
could shoot five leopards per year. I try to shoot them but if the
damage is too big I use poison. It is against the law but I don’t
compromise with losses.”

Some of cattle farmers interviewed perceived that losses to wild
animals could totally destroy their source of income. One farmer
stated:

“Older generation farmers will pay anything to kill a leopard, if
there are no calves how can they carry on?”

As a result of the high perception of risk they felt leopards posed
to their livelihoods, some cattle farmers displayed an embattled
attitude towards dealing with them. One cattle farmer stated:

“I shot a leopard that took a calf, I have a constitutional right to
kill them” and “I am trying to make a living and have to fight
animals.”

Cattle farmer attitudes towards the government process for
dealing with livestock losses

The interview survey showed that cattle farmers felt a lack of
control over the official process of dealing with livestock losses and
that this frequently drove them to retaliatory killing in order to sort
out the problem as quickly as possible. If a cattle farmer suspects

that they have a problem animal and has supporting evidence, such
as a kill, they are supposed to call a local government officer who
will send out a team to investigate (Chase Grey, 2011). If the inves-
tigators find a problem animal, they will translocate it or the farmer

tock Free-ranging game Farmed game

7.2 0
0 0
0 0
7.2 14.1
85.6 84.6
0 1.3
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Table  6
Landowner attitudes towards leopards via land use type.

Land use (No farms) Attitude to leopards Actions

Cattle farms (2) Pest species Illegal hunting/poisoning
Cattle  and game (1) Pest species Illegal hunting/poisoning
Conservancy land (5) Should be conserved Conserve leopards
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Conservancy and Cattle mix (1) Should be conserved 

Ecotourism (1) Economically valuable as it brin
Game  farms (2) Economically valuable as it brin

ill be given a destruction permit to shoot the leopard. However
ue to staff shortages it can take weeks for an investigation team
o check a property. This time lapse means that when investigators
nally arrive, any animal carcasses which could be used as evidence
f leopard predation may  have disappeared or decomposed or the

eopard could have killed again. A farmer who had worked in the
attle farming industry said:

“If you have a problem leopard . . .by the time you get the permit
that same leopard has either left or has done so much damage
and that’s why some farmers resort to trapping and poisoning
and just keeping quiet about it.”

Another cattle farmer stated:

“Yes, if you are a farmer with a leopard, you have to deal with
it. I have never run to the government about it.”

Part of the motivation for this response appears to emerge from
he fact that Government regulations state that cattle farmers in
impopo Province cannot trophy hunt damage causing leopards
Chase Grey, 2011). While the law is in place to avoid false claims
f leopard predation and illegal hunting, one cattle farmer stated:

“People would not care about the damage leopards caused if
they could hunt them. If the system was so that if I report I lost
cattle to a leopard they could be here within a day or two at
least to see if it was a leopard and say ok on the grounds of what
we’ve seen we can give you a permit and you can find a guy that
wants to shoot a leopard, I’d say ok let’s do this.”

This frustration also extended to the potential for trophy hunt-
ng. None of the cattle farmers interviewed undertook trophy
unting and many said that they found the permit system to be
omplex and confusing. As one cattle farmer explained:

“I am not into (trophy) hunting as there are too many regula-
tions.”

.2. Game farmer attitudes towards leopards

Game farmers also reported losses to leopard predation but
howed positive views towards leopards and did not view them
s problem animals. One game farmer who used her property for
cotourism purposes said:

“Leopard predation has caused a reduction in the wildebeest
population, no young survive because of the leopards.”

She also perceived leopards to be frequently feeding on her valu-
ble sable antelope herd:

“Leopards also antagonise sable and have taken out most of
them.”
However despite these losses, when asked whether she viewed
he leopard as a pest species she stated:

“Tourists see leopards and that is a big advantage, that is why
leopards are not considered to be a problem animal. I see the
Conserve or kill illegally
money from tourism Conserve
money from commercial hunting Commercial leopard hunting

leopard as an economic resource. It is part of what we are selling,
we sell two of the Big Five. I don’t mind losses because of this.”

All game farmers shared this more positive and accepting view
of having leopards on their properties. This attitude was encapsu-
lated by one game farmer when he said:

“If it’s a game farm there must be leopards on there, that’s the
risk you take with a game farm” and “I think (game farmers) just
have to roll with those punches, it’s part of the industry.”

A game farmer that conducted licensed trophy hunting
explained why he did not see leopards as problem animals:

“(Hunting) is a way of utilising a resource and it brings in foreign
currency and creates jobs. If people cannot hunt leopard it will
have no value for some people.”

3. Discussion

Ten mammalian prey species were identified in the scats ana-
lysed in this study. Bushbuck were the most frequently taken prey
item by frequency, followed by hyrax, and vervet monkeys. In the
same region, Schwarz and Fischer (2006) also found bushbuck to
be the most commonly occurring prey species in leopard scats (rel-
ative frequency of occurrence 45.3%), but Power (2002) and Stuart
and Stuart (1993) found hyrax to be the most frequently taken prey
species representing 41.3% and 43% of the relative frequency of
occurrence, respectively. The prey spectrum of species consumed
by leopards here is thus similar to that found by other studies on
leopard diets in the Soutpansberg Mountains.

Nine scats contained hair that was  unidentifiable but were
checked against reference material from livestock and farmed game
and did not contain any of these species. This was despite being
collected from properties that hold livestock and economically
valuable game species such as sable, zebra, blue wildebeest and
nyala. This suggests that livestock and farmed game are not impor-
tant prey species for leopards in the Soutpansberg Mountains and
may  reflect the high abundance of preferred prey species such as
bushbuck and common duiker (Chase Grey et al., 2013). These
results also agree with research on diets of leopards living on
African rangelands, ranches or areas close to cattle farms (Mizutani,
1999; Norton et al., 1986; Ott et al., 2007) which found that leop-
ards either did not predate on livestock or livestock made up a much
lower proportion of the diet than would be expected on the basis
of their availability as potential prey.

Amongst perceived leopard predation events, cattle farmers
reported more cattle losses than any other land use type despite
the fact that no livestock were found in the scats analysed on those,
or any other of the properties. On cattle farms the bulk of prey
items came from bushbuck and hyrax. Conservancy properties also
reported high losses of cattle and other livestock (sheep and dogs).
The main prey items on these properties were hyrax and bushbuck.
Of the reports of predation of free ranging and fenced game, game

farmers claimed the majority of losses despite no evidence of these
species being found in the scats.

The wide discrepancy between reports of livestock and expen-
sive game predation and the lack of presence of these species in



 Natur

l
i
a
m
h
i
b
e
h
l
d
t
o
4
b

u
s
2
b
p
n
t
t
n
t
o
c
f
p
(

l
2
p
a
k
l
p
n
h
R
a
t
b
s
c
t
p
g
a
o
2
c

e
e
S
e
b
n
K
c
l
o
a

J.N. Chase Grey et al. / Journal for

eopard scats may  be due to a number of factors. Some methodolog-
cal considerations may  have contributed to the difference between
ctual and perceived predation of livestock and game. For example,
isidentification of certain scats may  have occurred and this could

ave caused a bias in the results. However, all scats were exam-
ned thoroughly against reference material and checked for errors
y a number of researchers. It is known that problem animals do
xist in the study area (unpublished data) and their scats may  also
ave been missed in the survey. In addition, leopard predation on

ivestock will not necessarily produce a scat on that particular farm
ue to the time taken for food passage in the gut. This is especially
rue given the large home ranges of leopards in relation to the size
f properties. Some properties in the study area were as small as

 km2 and a female leopard home range in the Soutpansberg has
een measured at 13.9 km2 (95% MCP) (Chase Grey, 2011).

Nevertheless the fact that livestock and farmed game only make
p a very small percentage of leopard diets in the Soutpansberg is
upported by the results of other dietary studies (Schwarz & Fischer,
006; Stuart & Stuart, 1993). One of the main reasons for the gap
etween actual and perceived leopard predation may relate to the
erceptions of the landowners themselves. Landowners may only
otice the loss of species on their land that hold economic value for
hem such as livestock or expensive introduced game. Leopards in
he Soutpansberg predate mainly upon bushbuck and hyrax which
aturally occur in the area and hold little or no economic value in
he trophy hunting or ecotourism industry. The loss of a bushbuck
n a farm may  therefore go unnoticed by a landowner unless a
arcass was found. Sable and blue wildebeest, however, are located
requently on game properties for trophy hunting or eco-tourism
urposes and therefore losses of these species are quickly noticed
Chase Grey, 2011).

Some livestock and game deaths attributed by landowners to
eopards may  have also been caused by other predators (Ott et al.,
007). Domestic hunting dogs used to poach wildlife and sympatric
redators such as caracals, brown hyena and black-backed jackal
re all present in the study site and these species are capable of
illing calves, goats and sheep. The gap in perceived predation of

ivestock and game may  therefore also be in part due to mistaken
redator identity. Similarly, farmers may  use the presence of car-
ivores to provide an excuse for explaining livestock losses that
ave actually been caused by theft or negligence (Mizutani, 1995;
asmussen, 1999). Farmers may  blame leopards for livestock losses
s it may  be easier to hold a predator responsible rather than admit
heir own negligence and improve their livestock protection or hus-
andry measures; drought, lack of food, unequal sex ratios in prey
pecies or a low reproduction rate due to infertile males may  all be
auses of loss. In addition, some of the livestock and game losses
hat occur in the Soutpansberg that landowners attribute to leopard
redation may  actually have been caused by poaching. Poaching of
ame species by local communities does occur on private farmland
nd is undertaken to supplement income from rural manual labour
r subsistence farming with the meat or skins obtained (Chase Grey,
011). Snaring for consumable bush meat or for leisure may  also
ontribute to game losses.

The socio-cultural and economic context in which the landown-
rs live may  also prejudice their views of predators and so further
xplain the gap between actual and perceived leopard predation.
tudies on farmers’ attitudes towards predators have found that
xperiencing a lack of control over one’s life and a feeling of not
eing able to influence policies about resource management can
egatively affect their perception of carnivores (Bjerke et al., 2000;
leiven et al., 2004). Data from the interview survey showed that

attle farmers felt that the official process of dealing with suspected
ivestock killing leopards in Limpopo Province is inefficient. It can
ften take days for the local authorities to come out to a property
nd verify that livestock has been killed by a leopard by which time
e Conservation 37 (2017) 56–65 63

further kills may  have taken place. Cattle farmers expressed a lack
of faith in the ability of local authorities to effectively handle live-
stock raiding leopards and they instead preferred to deal with the
situation themselves by poisoning livestock carcasses or shooting
the suspected individual. The lack of control cattle farmers felt over
the official process of dealing with livestock losses drove them to
retaliatory killing in order to sort out the problem as quickly as
possible.

Research has shown that social identity and occupation in rural
communities also affects attitudes towards carnivores (Naughton-
Treves et al., 2003). Members of rural farming communities share
a social environment within these specific social groups that rein-
forces their value laden attitudes towards wildlife and fosters a
sense of shared values and goals (Naughton-Treves et al., 2003). The
majority of private cattle farmers in the Soutpansberg belong to the
culturally distinct Afrikaner group. Many are older farmers whose
families have lived in the area for generations and their attitudes
towards carnivores have been passed down from the Europeans
that settled in the area over 150 years ago. Afrikaner cattle farm-
ers’ attitudes towards carnivores were found to be highly negative
and they frequently admitted to killing leopards via illegal means
such as using poison or the ‘shoot, shovel and shut up method’
without informing the authorities they had killed a suspected live-
stock killer. The strength of negative feeling against leopards as
a widespread problem animal is in part to do with membership of
this distinct social group whose deeply ingrained negative attitudes
towards wild animals have been handed down for generations.
Afrikaner livestock farmers also work in rural, resource dependent
professions, live in carnivore ranges and may have been affected by
economic losses due to predators. People that belong to these cate-
gories have been found to hold the most negative attitudes towards
carnivores (Kaczensky et al., 2004).

In contrast to cattle farmers, all game farm owners interviewed
showed much more positive attitudes towards leopards and even
if they reported losses of expensive commercial game on their
properties, this did not drive retaliatory action towards them. The
reason for this difference in attitudes towards leopards relates to
the value each type of landowner places on them. Leopards hold
economic value for game farm owners as they can utilise them for
trophy hunting or eco-tourism purposes. Therefore any losses that
they perceive leopards may  cause can be offset by money obtained
from hunters killing leopards for trophies or tourists coming to see
leopards on their properties. They are therefore willing to accept
a certain level of loss of commercial game. Cattle farmers on the
other hand are not able to commercially hunt problem leopards
and therefore only see leopards as problem animals that cause an
economic drain on their resources due to their perceived predation
of livestock.

Finding conservation solutions for leopard human conflict in the
Soutpansberg

The large gap between real and perceived predation of livestock
and to a lesser extent game is a problem of high conservation con-
cern as negative attitudes towards leopards can affect landowner
actions and lead to retaliatory killing. In the case of cattle farmers in
the Soutpansberg, the majority of landowners interviewed admit-
ted to illegally killing leopards on a regular basis over many years
(Chase Grey, 2011).

A number of solutions may  help to close the gap between actual
and perceived predation of cattle and therefore foster more posi-
tive attitudes towards leopards. Education can improve tolerance

towards carnivores (Lindsey, du Toit, & Mills, 2005; Woodroffe
et al., 2005). However a focus on ways in which cattle farmers’
feelings of loss of control over their resources and environment
can be improved may  yield the greatest benefits. For example, an
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mproved government response to reports of livestock predation
y cattle farmers may  create an increased sense of control over
heir resources. This could include faster response times from local
uthorities when livestock farmers perceive that they have a dam-
ge causing animal and more local government staff on the ground
o verify reports of leopard predation (Chase Grey, 2011). Tro-
hy hunting of verified problem animals could also be instituted

n Limpopo Province in order to compensate livestock owners for
osses caused by leopards (Balme et al., 2010). This could improve
ttitudes towards leopards, foster the perception of them as eco-
omically valuable rather than as a pest species and therefore
educe retaliatory killing. However, the Department of Environ-

ental Affairs, South Africa, has set a zero quota for the hunting
f leopards in 2016 and 2017 following evidence that they were
ver-harvested in South Africa prior to that point (Pitman et al.,
015). Nevertheless, a sense of economic value is critically impor-
ant across the range of stakeholders in this multi-use landscape.
f significant populations of carnivores are to persist outside of
tate protected areas then such value is critical to the landown-
rs. In addition, farmers with livestock and expensive fenced game
ould improve their anti-predation measures to minimize preda-
ion risks. Effective methods to reduce carnivore predation include
orralling animals at night in predator proof enclosures close
o human habitation, grazing in open habitat and using meth-
ds such as livestock guarding dogs to deter predators (Gehring,
erCauteren, Provost, & Cellar, 2010; Woodroffe et al., 2007).
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