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Abstract

Leopards (Panthera pardus) are known to be obligate carnivores with large variety
of prey species and unlike other large felids they can survive in human modified
habitats. The main goal of this thesis was to answer the question: “Does resource
dispersion drive leopard habitat selection?” To answer this question, possible prey
species were firstly identified from camera trap data and then for each prey species the
habitat suitability model was built using MaxEnt software. Output habitat suitability
maps of prey species then served as the input data for modelling the leopard habitat
suitability. The modelling was done by using eight potential prey species — common
duiker, bushbuck, cape grysbok, porcupine, baboon, mongoose, genet and hare, together
with environmental variables (land cover, aspect, slope, cattle and sheep density, river,
roads, protected areas) and GPS collar data form leopards from the Western and Eastern
Cape Provinces. The most important finding of this thesis was that habitat suitability of
leopard is increasing with habitat suitability of prey species and that prey species have
individually higher gains in predicting leopard occurrence than environmental variables
and thus the hypothesis that resource dispersion has greater influence on leopard

distribution than environmental factors was confirmed.

This result has far reaching consequences for leopard conservation and wildlife
management plans. More conservation actions should be done on protecting prey

species in order to better maintain long term leopard survival.

Key words: MaxEnt, Panthera pardus, prey species, South Africa, species distribution

modelling, wildlife conservation.
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1. Introduction and Literature Review

Resource selection in large felids is driven by many environmental and
ecological factors such as climate, landscape cover, prey species and their abundance
and anti —predatory behaviour. Presence of congeners or other competitors might also
play a limiting role in resource selection (Sunquist & Sunquist 1989). It was proven that
on the broad scale, abundance of large carnivores is driven by distribution or abundance
of herbivores. But it was found that at fine scale African lions in Serengeti are not
selecting hunting areas according to high prey densities but according to where is it
easier to catch the pray (Hopcraft et al 2005). The same was found in leopards in Phinda

Private Game Reserve in South Africa (Balme 2007).

Leopards inhabit large scale of habitats from woodlands, grassland savannah and
mountains to shrublands, semi-deserts and coastal scrub (Swanepoel et al. 2016). They
can live in almost every habitat (Sunquist & Sunquist, 2002) even in human modified
ones unlike other large felids (Ray et al. 2005). Leopards are obligate carnivores with
large variety of prey species - 92 (Ray et al. 2005, Hayward et al. 2006) from small to

medium-sized ungulates to rodents, rabbits, birds or arthropods (Nowak 2005).

Habitat and prey losses are major threats to leopards. Human population is
increasing and so is demand for habitat and resources usage. Even though leopards are
still widely distributed, African leopards have lost 36.59% of their range during the past
100 years (Ray et al. 2005). Situation in South Africa is such, that only 20 % (248 770
km2) of the South African range is suitable for leopards as their habitat and is also
fragmented into four major areas which are including Eastern and Western Cape

Provinces (Swanepoel et al. 2013).

Increasing human demand for habitat and resources is often leading to wildlife
having to be in involuntary close contact with humans, and competition for food
resources and space is rising. The result of this rivalry is often human wildlife conflict, a

major cause of carnivore extinctions at local scales (Ray et al. 2005).

Carnivores have higher tendency to get into conflict with humans because of

their large home ranges and dietary habits (Inskip & Zimmermann 2009). Occurrence of
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leopards in areas managed by humans will always lead to predation on livestock
(Athreya & Belsare 2007). People who are dependent on livestock and game animals
are in a position, where predation on their livestock is causing them economical costs
(Constant et al. 2015). But leopards might be unfairly persecuted for livestock losses
which they did not caused, but were committed by other predators such as jackal or
caracal (Ott et al. 2007).

1.1. Why Carnivores?

Large terrestrial carnivores are important group of animals which have
ecological effects on their environment. Many animals from this group are directly
affecting their prey, which may lead to indirect effect as well. As an example can be
declining population of leopards in West Africa. Decline in leopard’s population is
coinciding with increase abundance of olive baboons (Papio anubis) (Wolf and Ripple
2016). As a result prey of baboons, other primates, birds and ungulates has rapidly
declined. Baboons might also get into a conflict with local people, since they feed on

their agricultural crops and livestock (Soulé 2010).

Large carnivores are important drivers of wildlife tourism and they bring
economic and social human benefits with them (Wolf and Ripple 2016).

1.2. Solitary Carnivores

Solitary species are those species which have limited social interactions with
their conspecifics. They avoid them and by this, they gain a greater fitness benefit in
contrast to social animals (Logan & Sweanor 2001). It is known 179 solitary living
carnivores from total number of 247 carnivores. These 179 carnivores are facing
competition between conspecifics which also brings with it some limitations, such as
getting to the shared resources is harder, stalking prey in different habitat types, where
is it sometimes hard to be inconspicuous or undetected. Solitary carnivores have
separated territories or they temporary avoid each other. Times when they meet together

are when there is territorial conflict or during courtship season. Resource dispersion,



animal spatial distribution or kinship are principles which explain occurrence of social
interactions between solitary carnivores. (Elbroch et al 2017).

Savanna is a type of habitat which can with its rich vegetation support
herbivores of different sizes in high densities and carnivores can be occurring there in
high numbers too, due to vide range of prey presence. That might be also reason, why
are interaction between carnivores more frequent there than in other habitats (Hunter &
Hilde 2005).

1.2.1. Resource dispersion hypothesis

Resource dispersion hypothesis (RDH) assumes that places with patchily
distributed resources across space and/or time will have reduced resource-based costs of
sharing territory with conspecific (Johnson et al. 2002). When the RDH is applied to
solitary species it predicts that places with highest richness of resources became zones
where territories of individuals might overlap, even though they are remaining
behaviourally solitary. Pumas had higher chance to hunt in overleaping home range
areas in the winter than in areas without overlaps. Overlaps between home ranges might

be higher on places where migratory prey aggregates (Elbroch et al. 2016).

When young pumas are trying to search for a place to settle, females behave
differently from males. Females are searching for a place which is closer to their mother
and to place where they were raised. This behaviour leads to life where home ranges of
related females often overlap or are next to each other. And in addition leads to benefits
to share resources with relatives. Leopard’s females are also showing this kind of

tendencies (Sunquist & Sunquist 2014).

1.2.2. Resource selection function

Resource selection function (RSF) is a function by which it can be described
distribution and abundance of a species, since each species is dependent on some

resources which are somehow distributed (Boyce & McDonald 1999).

Species will be selecting resources which are the most likely to satisfy their
needs for surviving, as it is presume now, and high quality will be selected more

compare to the lower quality resources. Optimal foraging theory predicts that if the
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availability of resources changes so the usage of resources by the animals might change
as well, hence comparison of available resources with their usage or non-usage is
important to get useful conclusion, how is the resource selection working for particular
species. The amount of resources which is exploited by the animal in certain period of
time is usage of resources. The amount of resources which is accessible to the animal in
that same period of time is availability of resources (Manly et al. 2002) Resource
selection function models have its use in conservation and management and they have
its implications, therefore the key stone of resource selection models is their prediction
reliability (Boyce et al. 2002).

1.2.3. Habitat selection

Habitat selection is a process which includes behavioural decisions with innate
and learned origin which animals make in order to decide which habitat to use at

different scales of the environment (Krausman 1999).

Individuals of all species need to fulfil two fundamental things- to survive and
reproduce. To make that happen they require resources which also include variations in
landscape features such as vegetation cover, den sites, water, places to hide from
predators and food. Availability of food is one of the most important features of all
(Hunter & Hinde 2005).

Habitat selection affects species interactions, population dynamics and long term
survival (Morris 2003). Investigating how environmental changes affect individual
behaviour, as well biological dynamics can improve our understanding of species
biology and evolution, as well as guide conservation management decisions (Johnson et
al. 2006; Takahata et al. 2014).

RSFs have been developed to help us understand and underpin how organisms
use environmental indicators which drive their choices in order to select habitat. If we
understand, how animals are selecting their habitats, we can then find ways how to
improve and restore environments which were damaged due to bad influence of humans
on them. Poor habitat selection choices made in quickly changing environments may

lead the species to select habitat with ecological traps (Schlaepfet et al. 2002).



One individual species can show significant diversity in tis spatial ecology
across different sites (Bothma et al. 1997; Mizutani & Jewell 1998; Marker & Dickman
2005). To fully grasp the species ecology, the research on a broad scale is needed to
provide precise data. A leopard is a good example of such species as it is geographically
widespread and can be found in various habitats across African and Asian continent.
(Nowell & Jackson 1996). It is especially important to understand how and why species
are moving, and are disturbed within human dominated environments (Bothma et al.
1997; Mizutani & Jewell 1998; Marker & Dickman 2005). Leopards in the Western and
Eastern Capes are an example of a top level predator surviving in and around heavily
modified human environments. ldentifying how they select their habitat is crucial for

their long term survival.

RSFs models can be based on scales defined by Johnson (1980). First order
selection (the entire species range), second order selection (home range of individual or
group), third order selection (resource or habitat usage within individual’s home range
or group’s home range) and fourth order selection (resource availability at the sites

within home range).

1.3. Leopard Ecology and Behaviour

1.3.1. Morphology

Leopard morphology varies greatly in South Africa with smaller animals
occurring further south. The head and body length of leopard is 91-191 cm, tail is 58-
110 cm long and shoulder height is 45-78 cm. Males are heavier than females with
weight between 37-90 kg and between 28-60 kg for females. Fur has many variations of
colours and patterns. The base colour ranges from pale yellow straw to brownish
yellow. Belly with inner parts of limbs are white. Back with shoulders, upper legs are
covered with black spots arranged into rosettes. Head with throat and chest are covered

with small black spots and belly with large black spots ( Figure 1) (Nowak 2005).

Small male individuals with weight about 31 kilograms and females with weight
about 21 kilograms could be found in mountainous area of the Cape Province in South
Africa (Sunquist & Sunquist 2002).



Figure 1. Male leopard on the road in Kgalagadi Transfrontier Park, South Africa
(author: Matthew Schurch 2020).

1.3.2. Habitat and geographic distribution

Leopards are found from the southern-most points of Africa through to the
Middle East Asia to the Amur Peninsula in the Russian Far East (Stein & Hayssen
2013). In Arica they are distributed in Southern Africa, East Africa, Central Africa,
West Africa and North Africa (Figure 2). Only isolated populations of leopards are
occurring in North Africa due to restriction of their former range by 97 %. In contrary
probably the healthiest populations of leopards are occurring in Southern Africa, when
we look at their entire distribution (Stein et al. 2020).

Leopards inhabit large scale of habitats from woodlands, grassland savannah and
mountains to shrublands, semi-deserts and coastal scrub, but they prefer rocky and
wooded habitat types (Swanepoel et al. 2017). The possible reason why leopards use
mountainous area is that they can hide from human persecution and do not have to
compete so much for the space with people there, as in less rugged human used areas
(Swanepoel et al. 2013).
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Figure 2. Geographical distribution of leopard (Source: Stein et al. 2020).



1.3.3. Range and space usage

Leopards are territorial solitary animals (Macdonald & Loveridge 2010). Only
period to be seen together with others is when mating or mother with cubs, however
male leopards are often in touch with females and cubs they know and they are even
tolerant to the cubs of a female they have mated with before. Territorial fights between
leopards are unusual, mainly between neighbours which know each other for a long
time and are aware of each other presence (Hunter 2015). Bond between mother and
daughters is really strong and permanent, that might explain tolerance of daughters on
overlapped ranges (Estes 1991). Territories of daughters contain parts of mother’s range

and they share it (Stein & Hayssen 2013).

Habitat, prey availability and threats are influencing leopard’s density, from 1 to
more than 30 individuals per 100km? (Macdonald & Loveridge 2010). Leopards in the
Congo Basin are occurring in small numbers or are even absent in areas where human
villages are. The reason why is so, is that local people are hunting leopards prey and so

the resources for the leopard are depleted (Pitman 2012).

The centre area of a home range is defended by adult individuals against same
kind and sex. There is some sort of tolerance between leopards when it comes to edges
of rages which overlap with edges of neighbour’s territory (Hunter 2015). Large
overlaps between ranges are in areas where prey resources are not abundant so much.
How much the neighbouring ranges overlap is influenced by prey resources and by
presence of other large competitors in the area (Bothma & Walker 1999). Males have
larger range than females which leads to, that one leopard’s range contains a number of
females’ ranges. Size of male range depends on number of females inside it, however,
females’ home range size is influenced by availability of suitable prey (Hunter & Hinde
2005). Small ranges are found in areas with prey abundance and larger ranges are found

in areas with lower prey abundance (Stein & Hayssen 2013).



1.3.4. Prey and suitable habitat for hunting

Leopards are like other large cats obligate carnivores however they are also
opportunistic generalists. Their diet is composed from large variety of prey species but

predominantly they hunt medium-sized ungulates (Ray et al. 2005).

Because leopards are solitary, they usually avoid hunting species which pose
high risk of injury to them. Species to which they avoid to prey on are elephant,
hippopotamus (Hippopotamus amphibius), Cape buffalo (Syncerus c. caffer) and eland
(Tragelaphus oryx) (Hayward et al. 2006). Small animals like Rock hyrax (Procavia
capensis) or klipspringer antelope (Oreotragus oreotragus) are usual prey for leopard in
mountain and rocky areas (Swanepoel et al. 2016).

Mongoose was recorded as potential prey item for a leopard in 7 studies, as an
actual prey item in 4 studies and 6 times in leopard scats (Hayward et al. 2006; Martins
et al. 2011). Porcupine was recorded as a potential prey item in 1 study and there was no
record of being an actual prey item in used studies (Hayward et al. 2006). However,
porcupine was recorded to be occurring 2 times, 1 time and 5 times in leopard scats
(Martins et al. 2011; Fischer & Schward 2006; Williams et al. 2018) and 5 times as a
feeding remains (using clusters of GPS locations) (Martins et al. 2011). Hares (Lepus
sp.) were report as a potential prey item in 9 studies and as actual prey item in 4 studies
(Hayward et al. 2006). Lagomorphs were reported to be occurring 10 times and 7 times
in scats (Martins et al. 2010; Fischer & Schwarz 2006) and 1 time in feeding remains
(using clusters of GPS locations) (Martins et al. 2011). Baboon was recorded as
potential prey item in 10 studies and as actual prey item in 5 studies (Hayward et al.
2006). It was recorded 4 times, 12 times, 4 times and 17 times in scats of a leopard
(Martins et al. 2011; Fischer & Schwarz 2006; Norton et al. 1986; Williams et al. 2018).
Common duiker has been reported as possible prey item in 11 studies as well as actual
prey item. It was recorded 20 times, 2 times, 3 times, 3 times and 16 times in scats
(Fischer & Schwarz 2006; Otto et al. 2007; Norton et al. 1986, Martins et al. 2010;
Williams et al. 2018) and 4 times as feeding remains (using clusters of GPS locations)
(Martins et al 2011). Cape grysbok was reported as potential prey item in 1 study and in
no study as actual prey item (Hayward et al. 2006). It was reported to be occurring 3

times, 4 times and 29 times in scats (Martins et al. 2011; Otto et al. 2007; Norton et al.
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1986). Bushbuck was reported as potential prey in 13 studies and as actual prey item in
12 studies (Hayward et al. 2006). It was reported to be occurring 6 times, 81 times and
81 times in scats (Otto et al. 2007; Fisher & Schwarz 2006; Williams et al. 2018).
Genets were reported to be potential prey item in 7 studies and as actual prey item in 4
studies (Hayward et al. 2006).

Hayward et al. (2006) were using data from published and unpublished sources
ranging from years 1960 to 2005, form different African countries. Martins et al. (2010)
were collecting data in Western Cape (South Africa) in Cederberg Mountains, where
scats were collected between 2004 and 2008, resulting in 93 leopard scats. Leopard
feeding remains located by cluster of GPS localities are coming from 10 adult leopards
collared between 2005-2009. Otto et al. (2007) were working with 40 scat samples
collected in Baviaanskloof regions and adjacent rangelands in Eastern Cape (South
Africa) from April till September 2004. Fischer and Schwarz (2006) were working with
179 scat samples collected in Soutpansberg (South Africa) between 1999 and 2003.
Norton et al (1986) were working with 237 scats collected in south — western Cape
mountains. Williams et al. (2018) were working with 237 scat samples collected in
Soutpansberg Mountains in Limpopo province (South Africa) between July 2011 and
December 2015.

All publications mentioned above, which recorded bushbuck as a prey item or its
occurrence in the leopard scats, have the highest accounts of being a leopard prey.
Moreover bushbuck is significantly preferred prey with impala and common duiker by
leopard (using Jacob’s index) (Hayward & Kerley 2008). Common duiker has the
second highest account of being a prey item, and as it was written it belongs between
the species which are significantly preferred, but common duiker is more frequently
taken as prey item than bushbuck (Hayward et al 2006). However, looking at the studies
which were focusing on Western and Eastern Cape (Martins et al. 2010; Otto et al.
2007; Norton et al. 1986), the highest number of occurrences in the scat analyses had
cape grysbok. That might be caused by the fact that Cape grysbok is an endemic species
to the South Africa and is widespread and locally common within its historical range in
the Eastern and Western Cape provinces (Castell6 2016), so no records of cape grysbok
could be made in studies which were not focused on Western and Eastern Cape.

Common duiker is on the second place and bushbuck on third.
10



Baboons are known to attack and kill leopards in order to defend the trope. Two
studies with focus on Western Cape are recording occurrence of baboon in the scats.
Two remaining studies with focus on northern part of South Africa are recording higher
numbers. According to Hayward et al. (2006), leopards significantly avoid preying on
baboons (based on Jacobs’s index) and are taken significantly less frequently than
expected based on their abundance. This might be caused into some degree by risk of
being injured or even killed (Kiffner et al. 2013). Leopards might prey on baboons
when larger prey is less abundant (Sedensticker 1983), but new findings are showing
that female leopards in Welgevonden Private Game Reserve in Waterberg
Mountaintains in South Africa are predating on baboons unusually high and their diet
was consisting of 20.2% from baboons, and it have become the highest value of
predation on baboons ever recorded (Jooste et al. 2013). However Ott et al. (2007) in
their study focused on Baviaanskloof region, disprove the claim that leopards are easily
preying on baboons, even if the baboons are abundant in the region.

Porcupine was most abundant prey item from the all articles in the study which
was conducted in Cederberg mountains in Western Cape. Porcupines are taken as prey
in accordance to their abundance (Hayward et al. 2006). But Fisher and Schwartz
(2010) found that leopards are taking porcupines less frequently even though they are
widespread species in Lajuma Mountain Retreat, Soutpansbergin in South Africa.
Leopard individuals might develop preference for certain type of prey and specialize on
its hunting and it might be learned. Such example could be a leopard male from
Kalahari Desert, which developed a technique to ambush porcupines when they walked
out from their dens. (Sunquist & Sunquist 2002).

Genet, mongoose and hare are all taken as prey in accordance to their abundance
(Hayward et al. 2006). Lagomorphs accounted the highest occurrence in leopard scats in
the study conducted in Cederberg mountains in Western Cape. This area is also the only
one, compare to other areas from other publications mentioned above, with focus on

South Africa, which has reports of mongoose being found in leopard scats

It was found that leopards in Phinda nature reserve in Kwa-Zulu Natal, South
Africa hunt in less dense vegetation. Ideal habitat to hunt for leopards should be dense

enough to provide them safe approach and distance to attack without being spotted by
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the prey, but at the same time it should not slow down the stalking process or reduce
encounter rates with the prey (Balme et al. 2007). Smaller groups of herbivores occur in
the dense vegetation which might yield benefits for the prey, such as lower probability
of being detected and collide with a predator (Dehn 1990). Animals which are gathered
in small herds in habitats with dense vegetation are also the preferred prey species of
leopard, because they pose lower threat of injury (Hayward et al. 2006). Hunting
technique - stalk, chase and kill might change into different technique in dense
vegetation, e.g. hiding close to the food source of the prey and then ambush it from a
short distance (Hart et al. 1996). In case of South African leopards it was recorded that
they prefer ambush-pounce technique in dense, riverine woodland (Balme et al. 2007)
and in contrary north eastern Namibian leopards use stalking phase in an open area
(Stender et al. 1997). Phinda nature reserve in Kwa-Zulu Natal, South Africa leopards
avoided grassland the most. Prey such as nyala and impala are occurring on grassland in
larger herds than in denser vegetation, which is increasing the probability that the
predator will be spotted before making its move (Dehn 1990). Another reason why
leopards might avoid grasslands is that lions and other competing carnivores have
increased occurrence there (Balme et al. 2007). Impala, bushbuck and common duiker
are living in small herds in dense habitats which are ideal place for hunting (Hayward et
al. 2006).

1.3.5. Relationships with other carnivores

Leopards are sometimes killed or their catch is taken by other larger carnivores
(Ray et al. 2005). They tend to hoist their killed prey when dominant competitors are
around, especially when hyaenas come to the kill side. If leopards with a kill are in
presence of lions, they immediately run away after giving up their catch. Females are
hoisting lower proportion of kills than males (Balme et al. 2017). Trees are really
important for leopards since they are using them as a safe spot to hide when larger
competitors are around (Sunquist &Sunquist 2014). Options to climb large trees in
dense vegetation are richer than in open habitats. In northern Namibia where large trees
are sparsely distributed, one leopard was killed by lions after running and hiding
himself in a tree which was not high enough to protect him against lions (Hunter &Hide
2005). Leopards are often followed by black-backed jackals (Canis mesomelas) when
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hunting, keeping from them specific distance 20-30 m. Jackals bark at leopard in
specific way and might even end up like leopards prey (Bothma & Walker 1999).

Presence of other larger competitors is not always connected to changes in
leopard’s population. Reduction in lion population on places where spotted hyenas
(Crocuta crocuta) were still present did not show an increase in leopard population
(Stein & Hayssen 2013).

Confrontations between felids are hostile and driven by dominance, larger
dominate smaller ones. Lions pose a threat not only to leopards but to all other cats.
They are responsible for most of the deaths of cubs of cheetah and leopard. On the other
hand leopard is an only feline which is recorded as killing lion’s cubs (Hunter &Hinde

2005).
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2. Aims of the thesis

The aim of the thesis was to determine the distribution of the leopard habitat in
the Eastern and Western Cape provinces of South Africa as a relation to food resources.

To achieve the aim, following objectives were formulated:

1) To evaluate the presence of various types of prey for leopards in the study

area.

2) To evaluate the criteria for habitat selection in terms of environmental factors

(vegetation type, slope, aspect) compared to resource dispersion (prey distribution).
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3. Materials and Methods

3.1. Study area

Study area is situated in the Western Cape Province in South Africa (Figure 3).
Within this area, four specific areas of interest were selected: Garden Route, Klein
Swartberg, Overberg and “Winelands”. Three of four areas include sub-site areas;
namely for Overberg it is De Hoop, Hermanus and Agulhas; for Garden Route — Crags
and SANParks (South African National Parks); for Winelands - Robertson and Greyton.

Figure 3. Study area- black colour is showing borders of South
Africa and red colour borders of Western Cape Province.

Diverse plant communities such as fynbos (Figure 4), succulent Karoo, Nama
Karoo (Figure 5), patches of Albany Thicket and forest can be found in Western Cape
(de Villiers et al. 2016). Indigenous forest vegetation which is found in Garden Route
makes this area a holder of an important portion of remaining indigenous forest in the
country. Fynbos vegetation type is mostly found in mountains and coastal plains (CNdV
Africa 2005).
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Figure 4. Fynbos(Source: GSDB 2020). Figure 5. Nama Karoo (Source:
Dumbacher et al. 2012).

Topography of the Western Cape province territory extends from coastal plains
bounded by steep cliffs and sandy beaches, often through mountain ranges bounding
distant valleys, to wide empty inland plains of Karoo areas (CNdV Africa 2005).

Western Cape landscape is changing from semi-deserts in the west and north to
forest bounding the south coast. Mountain ranges are found through Western Cape
Province and mountains with elevations between 900-2300 m a.s.l. could be found in
southwest (CNdV Africa 2005; Thompson et al. 2020).

Warm temperate Mediterranean type of climate is found in Western Cape. It is
characteristic with its cool and wet winters and relatively hot and dry summers
(Bargmann 2003). Most of the rains are received in winter and early spring (May to
August). Western Cape has variations in mean annual rainfall across its range, with up
to 3000 mm of rain in mountainous regions and in contrary <200 mm of rain in
lowlands (40 m) (Lakhraj-Govender & Grab 2019).

3.2. Data collection and processing

The data for the research were collected using various techniques. The data on
prey species were collected using a set of camera traps across the study area, the data on
leopard occurrence were collected using GPS collars with satellite receivers, and the
environmental data over the study area were obtained from public databases of remote-

sensed environmental parameters.
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3.2.1. Camera traps

Camera trap data were collected over the years by Landmark Foundation in the
focus area. Only one type of camera was used for data collecting, Cuddeback Attack IR
trail camera 1156. The total number of selected camera sites for the thesis was 128
(Figure 6). Camera sites were selected according to a number of camera trap days in

four mentioned areas.

Fifty four cameras were coming from Winelands (Robertson 50, Greyton 4), 29
from Overberg (De Hoop 6, Hermanus 6, Agulhas 17), 38 from Garden Route (Crags
14, SANParks 24) and 17 from Klein Swartberg. Cameras were set in 3 minutes interval
and checked every 70 — 90 days.

Cameras at selected sites were working in different periods in different areas.
From November 2011 till August 2013 in Overberg (De Hoop, Hermanus, Agulhas)
from March 2012 till November 2014 in Garden Route (SANParks, Crags), from May
2012 till August 2012 in Winelands (Robertson, Greyton) and from June 2015 till July
2016 in Klein Swartberg area (Table 1).

For the first objective camera sites with 76 camera trap days were selected to get

the highest number of different camera sites as possible because more presence points is

better for species distribution modelling (Watt 2018).

Figure 6. Yellow points indicate selected camera sites with 76 camera trap days.
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Table 1. Information about selected cameras in different areas and the period of their
records.

De Hoop 76 November 2011 - Jamuary 2012 1
76 November 2011 - Febuary 2012 1
76 March 2012 - May 2012 4
Hermanus 76 November 2011 - Febuary 2012 1
76 March 2012 - May 2012 5
Agulhas 76 March 2013 - May 2013 8
76 June 2013 - Auvgust 2013 9
SANParks 76 March 2014 - May 2014 17
76 June 2014 - Auvgust 2014 5
76 August 2014 - November 2014 2
Crags 76 March 2012 - May 2012 3
76 June 2013 - Auvgust 2013 9
76 March 2014 - May 2014 1
76 May 2014 - August 2014 1
Klein Swartberg 76 June 2015 - August 2015 5
76 March 2016 - May 2016 9
76 May 2016 - July 2016 3
Robertson 76 May 2012- July 2012 4
76 June 2012 - August 2012 9
76 October 2012- December 2012 27
Greyton 76 May 2012 - August 2012 4
Total 128
3.2.2. Collar data

Data from the sampled leopards used in this study form part of a broader leopard
conservation project initiated in 2004 in Eastern and Western Cape, South Africa.
Collars were set for some individuals with 6 hour data collection interval (*) and for
some with 4 hour data collection interval (Table 2). GPS or satellite collar was used
(Vectronic-aerospace, berlin, Germany, or Animal Wildlife Tracking, South Africa).
Data were downloaded remotely, using an ultra-high receiver (UHF), or by satellite

transmission.

Data were then mapped in ArcGis to see if any obvious outliers existed. If they
did, they were removed. Then points with a Degree of Precision of more than 20 metres
were excluded from the analyses as well. Data were then saved as excel sheet csv
format.
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Table 2. List of collared leopards with information about place of collaring, sex, tracked
period, collar number and number of positions (data points).

Location Province Collar number Period tracked Sex Data points
Baviaanskloof Eastern Cape 1015* Jan. 2015 - Feb. 2016 M 230
Addo Eastern Cape 2996 Dec. 2006 - Dec. 2007 M 1875
Cockscomb Eastern Cape 2997 Jun. 2007 - May 2008 M 2504
Swartberg Western Cape 3805* Sep. 2012 - Oct 2014 M 1133
Baviaanskloof Eastern Cape 3809* Jan. 2008 - Apr. 2009 M 1828
Baviaanskloof Eastern Cape 6776 Apr. 2009 - Sep. 2010 M 2222
Baviaanskloof Eastern Cape 6667* Jan. 2009 - Jul. 2010 M 2457
Garden Route Western Cape 6666* Mar. 2009- Jun. 2010 M 1368
Langeberg Western Cape 8182* Jun. 2010 - Mar. 2011 M 1053
Ceres Western Cape 8578* Jun. 2011 - Aug. 2012 M 1384
Ceres Western Cape 8677* Nov. 2012 - Jun. 2014 M 376
Hermanus Western Cape 9536* Jun. 2011 - Sep. 2011 M 377
Hermanus Western Cape 9648* Feb. 2012 - Apr. 2012 M 472
Baviaanskloof Eastern Cape 1412 Jun. 2014 - Jan. 2016 F 2439
Baviaanskloof Eastern Cape 3704 Sep. 2007 - Jul. 2008 F 2388
Baviaanskloof Eastern Cape 3710 Aug. 2007 - Dec. 2007 F 649
Garden Route Western Cape 3809* Sep. 2009 - Jun. 2010 F 997
Cockscomb Eastern Cape 3805* Jan. 2009 -Aug 2009 F 1126
Baviaanskloof Eastern Cape 6775* Apr. 2009 - Aug 2009 F 457
Cockscomb Eastern Cape 6777* Jul. 2009 - Sep. 2009 F 2013
Baviaanskloof Eastern Cape 8183 Jun. 2010 - Jul. 2011 F 876
De Hoop Western Cape 8294* Mar. 2011 - Jan. 2012 F 1363
Rooihoek Eastern Cape 8642* Jan. 2011 - Mar. 2012 F 1384

3.2.3. Environmental variables

Following environmental layers were used: land cover of South Africa
consisting of 46 classes (FAO 2009); roads (Meijer et al. 2018); rivers (DIVA-GIS,
2003); protected areas consisting of formally protected areas (type A and B) and
informally protected areas (CapeNature 2017, SANParks/SANBI 2010); cattle and
sheep density map (heads/100km2) (FAO 2014) and DEM layer (DIVA-GIS 2003)
from which slope and aspect were created. DEM raster layer was first re-projected from
Geographic Coordinate System WGS84 to Projected Coordinate System WGS84 World
Mercator in ArcMap10.7.1. to create Z factor parameter, which is needed for correct
creation of a slope and an aspect (Frye 2007). Both aspect and slope were created in
QGIS 3.12.1. (QGIS Development Team 2020), using analysing raster tools. After
creating slope and aspect, both layers were then re-projected back to WGS84 in
ArcMapl10.7.1. Values in aspect layer were additionally reclassified in QGIS 3.12.1.
from 0-360 degrees to values 10-80 where 10 indicates North (0-22.5; 337.5-360), 20
Northeast (22.5-67.5), 30 East (67.5-112.5), 40 Southeast (112.5-157.5), 50 South
(157.5-202.5), 60 Southwest (202.5-247.5), 70 West (247.5-292.5), 80 Northwest

(292.5-337.5) (Reades 2016). Formally protected areas of a type A are those which are
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managed by government. Formally protected areas of a type B are those areas which are
managed by shared management (e.g. collaboration of institutions or trans-boundary
states) (Mitchell et al. 2018).

3.3. Data analysis and building the model

digikam (digiKkam team 2001-2020), R-studio (RStudio Team 2015) and
MaxEnt- (maximum entropy modelling) (Phillips et al. 2017) softwares were used for
the first objective, i.e. to identify the prey species within the area of interest. Some of
the camera trap data were already sorted into a species files by Landmark Foundation.
These data were then double checked and tagged with remaining unsorted data in
digikam software. To extract all necessary information about camera trap data from
digikam and putting them into a excel sheet format, R software package (R Core Team,
2020): camtrap R (Niedballa et al. 2016) was used. Camtrap R package was also used
for eliminating possible repeated records of the same individual of the same species
within one hour set interval. Individual prey species records where then filtered and
saved in csv format. It was filtered 12 possible prey species using various publications
(Hayward et al 2006; Martins et al 2010; Fischer & Schwarz 2006; Williams et al. 2018;
Norton et al., 1986) as a reference. Individual species records where then adjusted so
they would contain in first column only name of the species, in second column

longitude and in third column latitude.

All environmental layers were aligned into same resolution (1km) and extent in
QGIS 3.12.1. and saved into ASC format, which is required by MaxEnt.

To build the best model for each species, some of the settings stayed the same
through whole building process and some settings were changed due to different
number of individual species occurrence points and changes in replicate run types.
Following settings remained the same the whole time: number of background points
(default 10 000), maximum iterations (set 5000) and regulation multiplier (default 1).
Maximum iterations was set to 5000 because it gives the model satisfying amount of
time for convergence. If number is set low the model might not have enough time to
converge and as a result it may produce over or under predicted relationships (Castilho,

2015). Default 10 000 background points was left as it was found that with 10 000
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background points more accurate results are obtained (Barbet-Massin et al. 2012).
Regularization multiplier was left to default 1 because it is known for well performing
and its reliability (Elith et al. 2011). Number of replicates was set to 10 as it is common
value in the literature and random test percentage was set to 20 (Castello 2019).
Depending on the number of occurrence points of each species different features types
were used. For species with at least 10 points linear and quadratic feature type were
used. For species with at least 15 points linear, quadratic and hinge feature types were
used. (Elith et al. 2011). Default replicate type (crossvalidation) was used in the first
runs for each species and variables with low gain or those which were reducing
predictive performance were excluded from the model. After having selected variables
other two replicate types were used as well (subsample and bootstrap) and model with

the best performance was then selected.

Habitat suitability maps were created as an output of final run of Maxent for
individual species, where 1- red colour, represented the greatest habitat suitability, 0-

dark blue colour represented the lowest habitat suitability.

To avoid spatial autocorrelation, GPS collar data were spatially thinned, using
spThin R package (Aiello-Lammens et al. 2015). The thinning parameter was set to 800
m distance. Then the data were used as an occurrence points into the MaxEnt with
habitat suitability maps for individual prey species as input environmental layers
together with other environmental layers mentioned above, to generate model for

leopards. To get the best model, same procedure as for prey species was applied.
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4, Results

Twelve possible prey species were captured on the camera traps, however only
eight of them had enough occurrence points to build a good model. Those are common
duiker (Sylvicapra grimmia), bushbuck (Tragelaphus scriptus), cape grysbok
(Raphicerus melanotis), porcupine (Hystrix africaeaustralis), baboon (Papio
cynocephalus), mongoose (Herpestes sp.), genet (Genetta sp.) and scrub hare (Lepus
saxatilis). Potential prey species with low number of occurrence points were bat-eared
fox (Otocyon megalotis), kudu (Tragelaphus strepsiceros), grey rhebok (Pelea
caprelous) and Klipspringer (Oreotragus oreotragus). All final MaxEnt models were
produced by subsample replicate type. Roads and rivers were only variables which were
always excluded from the analyses after first run of MaxEnt, as their gains were low and

the variables by themselves were not useful for estimating prey species occurrence.

Common duiker was caught at 43 camera sites in total and final model was built
from 5 environmental layers, which included: land cover, cattle and sheep density, slope
and aspect. Cape grysbok was caught at 61 camera sites in total and the model was built
from 6 environmental layers in total. Five of them were matching to those used in
common duiker and one additional was protected areas. Bushbuck was caught on 40
camera sites in total and the model was built from 5 environmental layers, which
included land cover, protected areas, aspect, slope and cattle density. Porcupine was
caught at 84 camera sites in total and the model was built from 5 environmental layers
including land cover, sheep and cattle density, slope and protected areas. Baboon was
caught on 76 camera sites in total and the model was built from 5 environmental layers
which included land cover, protected areas, sheep and cattle density and slope.
Mongoose was caught at 55 camera sites and final model was built from 5
environmental layers, where 4 of them were matching to those used for bushbuck, and
one additional was sheep density layer. Genet was caught at 49 camera sites in total and
4 environmental layers were used to build the model. The layers were matching to
those, used to build a model for mongoose, except the slope layer. Hare was caught at
35 camera sites in total and only 3 environmental variables were used to build the final

model, slope, land cover and cattle density (Table 3).
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The AUC (area under the curve) values for all modelled prey species were close
to 1 (Table 3.), which indicates that the model performance was good. AUC value is
one the most important evaluation of a model performance. If the value is closer to 0.5,
it is an indication that the model has no ability to distinguish between presence and
absence. (Narkhede 2018).

Table 3. AUC values with layers used in modelling for individual species and number
of camera capture sites
Species AUC Environmental Layers Number of Sites

land cover, cattle density, sheep denstty,
Common duker 0.968 slope, aspect 43

land cover, cattle density, slope, aspect,
Bushbuck 0.986 protected areas 40

land cover, cattle density, sheep denstty,

Cape grysbok 0.972 slope, aspect, protected areas 61
land cover, cattle density, sheep denstty,
Porcupme 0.969 slope, protected areas 84
land cover, cattle density, sheep denstty,
Baboon 0.965 slope, protected areas 76
land cover, cattle density, sheep denstty,
Genet 0.966 protected areas 49
land cover, cattle density, sheep denstty,
Mongoose 0.966 slope, protected areas 55
Srub hare 0.939 land cover, cattle density. slope 35 ]

The variables which contributed the most (when all the variables were run
together while building the model) and therefore had the highest impact on predicting
prey species occurrence of all mentioned potential prey species, except for hare, was the
land cover. Layers with the second highest impact on predicting prey species occurrence
were cattle density (porcupine, hare) or sheep density (common duiker, cape grysbok)
and protected areas (bushbuck, baboon, genet, mongoose). The highest impact on hare
occurrence had the slope layer. The lowest impact on predicting species occurrence
varies among the species: slope layer for common duiker, aspect layer for bushbuck and
cape grysbok, sheep density layer for baboon and genet, cattle density layer for

mongoose, and finally land cover layer for hare.
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The greatest habitat suitability for all prey species was found at four land cover
types: closed needleleaved deciduous or evergreen forest, closed broadleaved deciduous
forest, open broadleaved deciduous forest and closed to open broadleaved evergreen or
semi-deciduous forest. Habitat suitability was greatest at protected area category type B
for all species, except for bushbuck were it was category type A. Habitat suitability was
greatest at slope with orientation (aspect) to South. With increasing slope habitat
suitability was increasing for the species, except for hare and bushbuck. Bushbuck’s
habitat suitability was increasing with an increasing slope till the value of slope reached
around 3.5 degrees, then the habitat suitability started to decreasing. Same trend was
seen in hare when the slope reached value around 3 degrees. All habitat suitability maps

can be found in Appendix 1.

The final model for the leopard was also produced by using subsample replicate
run type and roads with rivers were excluded from the analyses for the same reasons as
in prey species together with aspect layer. The model was built from 13 layers which
included eight habitat suitability maps of a prey species (porcupine, mongoose, scrub
hare, genet, common duiker, bushbuck, cape grysbok and baboon), five environmental
layers (slope, aspect, land cover, sheep and cattle density) and 2201 GPS points, derived
from the collared leopards. Habitat suitability output map of the final model for leopard
can be seen in Figure 8.

The AUC value was 0.989, which once again indicates good model
performance. The variables which contributed the most (when all the variables were run
together while building the model) and hence had the highest impact on predicting the
occurrence of the leopard, were: mongoose, porcupine, scrub hare and baboon. The

lowest impact had genet, bushbuck and land cover.

The environmental variable with the most useful information by itself (when it
was run in isolation and then was compared to training gain, when it was run with all
other variables) and which contributed the most individually on predicting leopard
occurrence was: porcupine, followed by mongoose, baboon and other prey species
(Figure 7). What can be seen from the Figure 7 resource dispersion has greater influence

on predicting leopard distribution than environmental factors.
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Figure 7. Jackknife of regularized training gain for the leopard (bushb-bushbuck,
mongo- mongoose, porcu- porcupine, landcover092- landcover2009).

Figure 8. Habitat suitability map of leopard (red- greatest habitat suitability, blue-
lowest habitat suitability)
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Habitat suitability for a leopard was increasing with the increasing habitat
suitability for all mentioned prey species (Apendix2: Chart graphs A). It indicates that
where the habitat suitability for the prey species is higher, so is the probability of
finding the prey species on those places and so is the probability of finding a leopard
there as well. Figure 9. shows how the habitat suitability of a leopard is influenced by
habitat suitability of a common duiker.

Habitat suitability of leopard

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Habitat suitability of common duiker

Figure 9. Relationship between the habitat suitability of leopard and habitat suitability
of common duiker

The habitat suitability was greatest within protected area category type B,
followed by A (Appendix 2: Bar graphs). With increasing sheep density habitat
suitability was increasing as well till the density reached around 94 animals per 100km?.
Then the habitat suitability started to decrease with increasing sheep density (Figure
10). The cattle density showed that with increasing density, habitat suitability for
leopard was firstly decreasing, then increasing and once again decreasing after the

density reached around 60 animals per 100km? (Appendix 2: Chart graphs B).
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Figure 10. Response of leopard (in terms of habitat suitability) to sheep density
(head/100km2).

The habitat suitability was greatest within land cover type: open needleleaved
deciduous or ever green forest, followed by open broadleaved deciduous forest and
closed broadleaved deciduous forest (Appendix 2: Bar graphs); and with increasing
slope habitat suitability for a leopard was increasing as well (Appendix 2: Chart graphs
B).
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5. Discussion

The results indicate that the habitat suitability for a leopard was increasing with
an increasing habitat suitability of prey species. Swanepoel et al (2013) used in their
study only environmental variables (such as land cover, surface ruggedness, DEM etc.)
to estimate extent of suitable leopard habitat in South Africa. This study has extended
these previous analysis techniques by combining prey distribution models with
environmental variables. The results indicate that prey species information has a greater
contribution in explaining leopard distribution. Therefore my results are supporting the
hypothesis that resource dispersion has greater influence on predicting leopard
distribution than environmental factors. The probability that leopard could be occurring
at some place is increasing with the probability that the prey species will be occurring
there as well. This result is supported by the work of Creel et al (2001) and Carbone &
Gittleman (2002), where the authors found that great influence on carnivore densities

and distributions has distribution and density of prey.

Figure 7 shows that antelope species (cape grysbok, common duiker and
bushbuck) explain leopard occurrence in order which can be matched to order of
antelope accounts found in leopard scats, where cape grysbok was the most accounted
prey item followed by common duiker in Western Cape Province but no records are
made for bushbuck (Martins et al. 2010; Norton et al. 1986). However in Ott et al.
(2007) the order of antelopes accounts in scats are different and most accounted species

in leopard scats was bushbuck, followed by cape grysbok and common duiker.

Non-prey species layers showed (when they were run individually) that the
highest gain and therefore contributed the most on predicting leopard occurrence was
slope layer. With increasing slope the habitat suitability of leopard was increasing as
well. A possible reason why it is so, might be as Swanepoel et al (2013) suggested, that
leopards use mountainous areas because those are places where they can hide from
human persecution and they do not have to compete so much for the space with people
there, compare to less rugged human used areas. The increasing habitat suitability of
leopard with increasing slope might have also caused, why bushbuck as a potential prey

species, even though to be recorded in high numbers in scats in Williams et al. (2018)
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and Fischer and Schwarz (2006), end up in this study between species with lowest
contribution in prediction of leopard occurrence, as its habitat suitability was decreasing
with increasing slope. Same reason might be stated for hare, as its habitat suitability was
decreasing with increasing slope. However, attention should be paid to a fact that, prey
species samples for this study were taken only from Western Cape Province and leopard
samples from Eastern and Western Cape Provinces.

Closed broadleaved deciduous forest was found to be in all prey species as well
in leopard as one of the land cover types with the greatest habitat suitability. Two
factors are driving leopard when it comes to hunting — the abundance of prey and
satisfying land cover, so that successful hunt would be ensured. Leopards in
Welevonden in South Africa accounted most of their hunts in higher levels of
vegetation covers like mixed closed woodland, as chances being detected while hunting
are lower. This even outweighs that in these habitats number of prey species is low.
These factors might have enable leopards to prey successfully upon species which are
usually considered as dangerous or hard to catch, such as baboons (Pitman et al. 2013).
However, leopards in Phinda Private Game Reserve in South Africa are using less dense

vegetation for hunting (Balme et al. 2007).

Species distribution models are based on precondition that the sample data
which are used for the modelling are representing the whole ecological range of the
species and they are able to predict probability of a species being present at areas which
were not sampled (Proosdij et al. 2015). In species distribution modelling, possible lack
of data is disturbing, as a creation of good quality models is plainly influenced by
number of samples which are used for the modelling (Wisz et al. 2008). Moreover
larger sample sizes of occurrence points might be required to describe precisely range of
conditions under which the species are occurring (Austin 2002). Besides, the way how
the environmental variables interact between each other is in many cases important for
characterizing relationships between the species and the environmental variables. With
increasing number of predictor variables, the number of parameters to be assessed for
interactive effect is exponentially growing (Rushton et al. 2004). However, there are
studies which produced models only from small sample sizes 5, 10, 25 which had
higher accuracy than models with 100 sample size. On the other hand, it is known that
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modelling with small sample size like 20 or 15, decreases model performance (Proosdij
et al.2015).

As mentioned above, occurrence points (samples) are meant to reflect the whole
ecological range of that species, and with increasing sample size the characterization of
the relationships between the environment and species improves. In this study only
smaller sample sizes were used ranging from 35 to 84. Therefore the predictions for the
prey species or leopards must be interpreted with caution and should be mostly used for
leopards in Western and Eastern Cape provinces, as all occurrence points for prey
species were derived from areas in Western Cape and leopard occurrences from Eastern
and Western Cape provinces. Caution must be taken when interpreting habitat
suitability map for cape grysbok as MaxEnt predicted suitable areas outside of its

historical rage.

Layers which were causing most of the problems in interpretation of results were
sheep and livestock density layers. In most of the cases habitat suitability was firstly
decreasing with increasing livestock density, which was at really low values, as the
density started to increase more, habitat suitability for the species started to be
increasing as well and after certain peak of livestock density, value of habitat suitability
started to decrease with increasing density. In general expected result for the leopards
should be that the habitat suitability is decreasing with increasing density of a livestock
from the begging. Especially, when the farmers are posing increasing threat to leopards
when they are trying to protect themselves from economical losses. On the other hand
the depredation on the livestock and how often it is happening is related to availability
of a natural prey and which husbandry approaches are applied by farmer. As an example
could be a farm in Kenya which had high numbers of livestock animals but no leopard
was accused of any depredation on a livestock. The reason for this was that the
availability of natural prey in the area was high and farmers were in addition
accompanying their animals on pastures (Pitman 2012). For further investigation, it
would be worth trying to use different layer source and compare those results with

current ones.

For the future it would be good to try to do same analyses with bigger sample
size for the prey species, maybe from different provinces as well, and compare the
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results with current ones to see if there was a significant change in habitat suitability for
prey species and leopard as well. As significant change in habitat suitability for prey
species might influence driving factors in leopard habitat selection. And even thought
this study has proven that habitat selection of leopard is driven rather by prey
distribution than by environmental layers, more studies like this are need to be fully

sure.
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6. Conclusion

The goal of this thesis was to answer the question whether resource dispersion
drives leopard habitat selection. My results are supporting the hypothesis that resource
dispersion has greater influence on leopard distribution than environmental factors. This
might have implications to conservation actions and research, as we might start to fully

understand what is driving leopards in their habitat selection.

More studies like this should be conducted in order to be truly sure that driving
force of leopard habitat selection is resource dispersion. Conservation and land
management organizations should take the results of this thesis into account in their
long term planning so that prey species and leopard suitable habitat is preserved. More
efficient protection of prey species might have a positive outcome on leopard survival
and farmer — leopard conflicts, because distribution and abundance of natural prey have

an influence on livestock depredation by leopard.

Another reason why the natural food resources should be protected and more
research to be done on diet composition of leopard in different areas is that leopards
might have changes in their diet depending on how close to human settlements they are.
It was found that leopards in the Congo Basin Rainforest increasingly predate on
primates and rodents in areas close to settlements, compared to areas which are further

away where the diet was dominated by ungulates (Henschel et al. 2011).

When protecting leopard we should not overlook the result that protected areas
and higher slope played also an important role in predicting leopard occurrence, because
in such places leopards are not facing persecutions and do not have to compete for space

with people.
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Appendix 1: Habitat suitability maps of prey species

Figure 11. Habitat suitability map of a baboon.

Figure 12. Habitat suitability map of a bushbuck.



Figure 13. Habitat suitability map of Cape Grysbok.

Figure 14. Habitat suitability map of common duiker.



Figure 15. Habitat suitability map of genet.

Figure 16. Habitat suitability map of hare.



Figure 17. Habitat suitability map of mongoose.

Figure 18. Habitat suitability map of porcupine.
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Appendix 2: Chart graphs

A) Relationships between habitat suitability of leopard and habitat
suitability of prey species
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Figure 19. Leopard response to the habitat suitability of Cape grysbok.
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Figure 20 Leopard response to the habitat suitability of bushbuck.
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Figure 21. Leopard response to the habitat suitability of baboon.
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Graph 22. Leopard response to the habitat suitability of mongoose.
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Figure 23. Leopard response to habitat suitability of porcupine.
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Figure 24. Leopard response to habitat suitability of genet.
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Figure 25. Leopard response to habitat suitability of hare.




Appendix 2: Chart graphs:

B) Relationship between habitat suitability of leopard and

continuous environmental variables
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Figure 26. Response of leopard to cattle density (head/100km2).
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Figure 27. Leopard response to the slope (in degrees).
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Appendix 2: Bar graphs:

Relationship between habitat suitability of leopard and

categorical environmental variables
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Figure 28. Response of leopard to different land cover types. The greatest habitat
suitability was at land cover categories 60, 90 and 50 (chart with land cover category
types is in Appendix 3).
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Figure 29. Response of leopard to different protected area category types. The
greatest habitat suitability is found in category type 2 (formal protected area type B)
followed by 1 (formal protected area type A) and 3 (informal protected area). Type 0
indicates no protect area.
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