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Abstract

The African leopard (Panthera pardus pardus) has lost much of its historical range within
South Africa. The remaining suitable habitat for the species includes both protected and
unprotected areas in a fragmented landscape mosaic, bringing the species into close contact
with human settlements. In order to make successful management decisions for the
conservation of the species, more information is needed on leopard populations that exist in
these highly fragmented habitats. The aim of our study was to determine the density of a
population of leopards on Loskop Dam Nature Reserve (LDNR), Mpumalanga, South Africa.
LDNR is located in a highly fragmented landscape and is surrounded by a variety of human
settlements including game farms, livestock farms and rural towns. There are several smaller
reserves 20-45 km away from LDNR, which may allow leopard movement and connectivity
within the region. We determined population density by running a 164-day camera trap
survey that covered a total area of 148.77 km? within the reserve. Leopard density was
estimated using Spatially Explicit Capture—Recapture models implemented in the program
‘secr’ in R using four different models. The most supported model was a sex-based model that
allowed for differences in detection probabilities between males and females. The population
density estimated with this model was 7.7 + 2.0 (range 4.7-12.6) leopards per 100 km?. This
density estimate in LDNR is comparable to other leopard populations in protected areas with
similar habitat types and fragmented landscapes within South Africa. This study highlights
that isolated, protected natural areas have the potential to harbour significant populations of
leopards, which is important for the management and conservation of the species.
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Introduction

Large carnivore species throughout the world are under threat with 64% currently facing
extinction and 80% exhibiting a declining population trend (Wolf and Ripple 2018).
Anthropogenic factors such as habitat destruction and fragmentation, retaliatory killings and
poorly managed harvest quotas are the biggest threats (Swanepoel et al. 2015b; Williams et
al. 2017). Typically, large carnivores occur at low densities, have large home ranges and
disperse over large distances (Cardillo et al. 2005); thus, habitat loss and fragmentation due
to expanding urbanisation and agricultural enterprises affects both the extent of available
habitat and the connectivity between populations (Crooks et al. 2011). Widespread habitat
destruction and fragmentation has contributed to a sharp increase in human-carnivore
interactions leading to an increased frequency of livestock (domestic and game species) loss
(Treves and Karanth 2003). This real or perceived threat to livelihood and livestock often
results in the lethal persecution of carnivores (Treves and Karanth 2003). An additional threat
that arises from closer human interaction is the introduction of diseases that can be
transmitted from livestock and other domestic species to free ranging carnivores (Miller et al.
2013). Finally, carnivores also face the risk of over utilisation from trophy hunting in cases
where robust scientific data does not exist on population size or viability (Braczkowski et al.
2015).

The African subspecies of leopard (Panthera pardus pardus, Fig. Al) is currently listed as
Vulnerable on the IUCN Red List of Threatened Species (Stein et al. 2020). The subspecies has
lost an estimated 48—67% of its historical home range across the African continent with much
of this loss occurring in western Africa and South Africa (Jacobson et al. 2016). Across the
continent, leopards are thought to exist as one large, continuous population, but display
genetically structured meta-populations at regional scales (Anco et al. 2018). This observation
is thought to be due to a combination of both geographic separation and an inability of
animals to move across the landscape, which has led to slight differences in the genetic
makeup of the metapopulations (Anco et al. 2018). The leopard population within South
Africa displays genetic differentiation on a smaller, local scale (McManus et al. 2015; Ropiquet
et al. 2015). Genetic differentiation of populations within close geographic proximity, as
observed in areas of South Africa, generally suggests that movement and connectivity
between the leopard population units has been reduced or impeded (McManus et al. 2015).
Within South Africa, only 20% of the land is regarded as suitable leopard habitat, much of
which is highly fragmented and located outside of protected areas (Swanepoel et al. 2013). In
studies conducted in the Limpopo and KwaZulu-Natal provinces, leopard density fell by over
10% over a 4- to 7-year period (Swanepoel et al. 2016). Leopard population estimates for the
Mpumalanga province are 338-1851 individuals (203—1111 mature adults) (Swanepoel et al.
2011).

In order for governments, non-government organisation (NGOs) and management authorities
to make effective management decisions, there needs to be reliable up-to date information
regarding the status and viability of distinct leopard populations. As leopards are elusive
animals that are notoriously difficult to study due to their shy, solitary behaviour and ability



to persist in secluded hard-to-access habitats, camera trapping surveys have emerged as a
vital technique to collect robust information on their populations (Balme et al. 2009). Camera
trapping allows researchers to collect large amounts of data with relatively little associated
cost and is minimally invasive for the animals (Rowcliffe et al. 2008). Camera trap data can be
used to make inferences about several ecologically-relevant parameters including species
occupancy, abundance, density, activity, behaviour and competition (Caravaggi et al. 2017;
Sollmann 2018).

Information on population density has become an important tool in large carnivore
conservation as it can be an indication of population status and viability (Jedrzejewski et al.
2017). Density estimates that note a declining population can highlight the need to prevent
local extinction, which can lead to deleterious trophic cascade events (Schmitz et al. 2000;
Ripple et al. 2014). Population density is also used for effective conservation management
plans, such as leopard trophy hunting quotas which are currently based on density and
abundance estimates in South Africa (Trouwborst et al. 2019).

Spatially explicit capture-recapture (SECR) modelling is a recently developed method of
estimating population density for animals that can be individually identified (Efford 2004).
This analysis can estimate density by calculating the spatial movements of individual animals
based on when and where they were identified on camera traps. SECR provides more accurate
density estimates than traditional capture-recapture methodologies by accounting for
individual animal movement and allows more sophisticated analysis of spatial parameters
(Borchers and Efford 2008). SECR analysis is now the most commonly used method for
estimating carnivore population density (Grey et al. 2013; Strampelli et al. 2018). SECR studies
have been utilised for a variety of leopard subspecies including the Amur leopard P. p.
orientalis (Qi et al. 2015), Indochinese leopard P. p. delacouri (Gray and Prum 2012; Hedges
et al. 2015) Indian leopard P. p. fusca (Kalle et al. 2011), Javan leopard P. p. melas (Rahman
et al. 2018) and the African leopard P. p. pardus (Grey et al. 2013; Swanepoel et al. 2015a).

As much of the remaining leopard habitat exists outside of protected areas and in areas where
they are in close contact with human settlements (especially agricultural industries such as
game and livestock farms), research on leopard populations that persist in these areas should
receive priority for research (Balme et al. 2014). Mpumalanga province has currently lost 36%
of the total natural area due to conversion of land for use in agriculture, mining and
manufacturing (Ferrar 2007). Loskop Dam Nature Reserve (LDNR) is a protected area in the
province of Mpumalanga, South Africa, that is surrounded by both agricultural industries and
human settlements. The reserve is known to have a leopard population, however this
population has been little studied except for inclusion in national level species management
reports (Mann et al. 2017). The reserve is located close to several smaller nature reserves
including Mabusa Game Reserve which lies 20 km north-west of LDNR, Mdala Nature Reserve
45 km to the north-west, Kwaggavoetpad Nature Reserve 40 km to the north-east and
Ezemvelo Nature Reserve 35 km to the south. Connectivity between these reserves is yet to
be studied however, due to the close proximity it is highly likely that regular movements are
occurring. The Drakensberg Mountain range lies approximately 130 km east of the reserve
and has the potential to be acting as a barrier to leopard movement further east to the
province. Kruger National Park is located approximately 185 km east of LDNR across the




escarpment. There is a pressing need for reserves such as LDNR to be studied to better
understand the population dynamics of leopards in highly fragmented landscapes.

The aim of our study was to estimate the leopard population density on Loskop Dam Nature
Reserve, Mpumalanga province, South Africa. We achieved this by using camera trap surveys
and analysed the data using a maximum likelihood spatially explicit capture-recapture (SECR)
framework. The aims were to (i) provide baseline information so the LDNR leopard population
can be monitored over time, (ii) compare the density estimate with other leopard populations
from other areas around southern Africa (iii) contribute data to making informed
management plans for the LDNR leopard population.

Methods

Study area

Loskop Dam Nature Reserve (LDNR) is a 228.5 km? nature reserve under the authority of the
provincial government entity, the Mpumalanga Tourism and Parks Agency (MTPA). It is
located in the north-western region of Mpumalanga province in South Africa and abuts the
Limpopo border (Fig. 1). The closest town, Groblersdal, is 30 km north of the reserve and
Middleburg is situated 55 km south. The reserve exists in a fragmented landscape surrounded
by local community settlements and villages to the north and a variety of agricultural
enterprises (mostly game farms, sheep/cattle farms and citrus farms) on the eastern, western
and southern boundaries. The main river flowing through the reserve is the Olifants River that
flows from Mpumalanga to Mozambique through Kruger National Park. The Loskop dam was
originally constructed in 1938 for irrigation purposes and area around the dam was declared
a nature reserve later in 1942 with additional land reclaimed and added to the reserve over
time (MTPA 2014). The surface of the reservoir covers a total area of approximately 23 km?.

The climate of the reserve is characterised by hot, rainy summers (October—March; 650 mm
of rainfall; daily average maximum in December is 29.8 °C) and cool dry winters (April—
September; daily average minimum in July is 8.1 °C) (MTPA 2014). The terrain is mountainous
and rocky which has led to the formation of deep drainage lines and cliffs. The elevation of
the reserve varies from 990 to 1450 m above sea level (MTPA 2014). The higher altitude areas
are characterised by large flat plateaus with a vegetation type classed as grassland biome.
The lower lying regions are characterised by deep drainage lines, a large valley, rolling hills
and cliffs of varying steepness and the reservoir. The vegetation type of the lower lying areas
is classed as mixed bushveld within the savannah biome. The reserve is home to a number of
large mammal species including buffalo (Syncerus caffer), white rhinoceros (Ceratotherium
simum), the common hippopotamus (Hippoptamus amphibius), giraffe (Giraffa
camelopardalis), plains zebra (Equus quagga) and sable antelope (Hippotragus niger). A
number of carnivores are found on the reserve including leopard, brown hyaena (Hyaena
brunnea), caracal (Caracal caracal), black-backed jackal (Canis mesomelas) and serval
(Leptailurus serval). The absence of other large carnivores such as lions makes the leopard
the apex predator of this system. Common leopard prey species found on the reserve include
impala (Aepyceros melampus), warthog (Phacochoerus africanus), baboon (Papio ursinus),
vervet monkey (Chlorocebus pygerythrus), bushbuck (Tragelaphus sylvaticus) and mountain
reedbuck (Redunca fulvorufula) (Hayward et al. 2006).
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Fig. 1. Location of Loskop Dam Nature Reserve within South Africa where a spatially explicit capture-recapture
camera trap survey was conducted for 6 months in early 2018. The map highlights the reservoir surface, the
border of the nature reserve, the SECR buffer and the locations in which camera stations were active over the
survey period



Camera trapping and leopard identification

The camera trap survey ran for a 6-month period from the 9th of February to the 23rd of July
2018 (164 days). We used 26 Cuddeback Professional Colour strobe flash cameras (Model
1347; Non Typical, Inc., Green Bay, WI, USA). Two cameras were used at each station and set
on both sides of the target path in order to attempt to capture both flanks of animals for
identification purposes. Camera trap stations were set on roads, game paths, drainage lines
and along dam edge paths where leopards were most likely to frequent. Sites were also
selected where signs of leopard (tracks and scats) were observed. Cameras were secured in
steel cases and attached to either trees or metal posts at a height of 35—40 cm from the
ground. Thirteen stations were active at a time, and then they were moved approximately
every 4 weeks in order to cover the entire reserve. Camera stations were set 0.5-2 km apart
from each other in order to ensure that there was a probability that every individual in the
population could be captured. Minimum female leopard home range has been recorded at
14 km? in a similar reserve so setting the camera stations this close together meant there
were multiple stations located within an individual’s home range (Balme et al. 2009). The total
area polygon that we sampled measured 148.77 km?. This is important for SECR analysis as
the detector polygon must be larger than the maximum home range of the target species
(Efford 2011). For male leopards in similar habitats and regions, home ranges can vary
between 28 and 56 km? (Hayward et al. 2008; Ray-Brambach et al. 2018). Leopards were
individually identified based on their rosette patterns and by any other unique identifying
features such as scars. Leopards were sexed based on the appearance of external genitalia
and dew lap size (Balme et al. 2012). Cubs were not recorded as a capture for purposes of the
density analysis.

As described in Karanth and Nichols (2002) and Karanth et al. (2004), we concatenated the
data by splitting the capture data set evenly into two blocks, drawing one day sequentially
from each block, then combining the two days of data to form one capture occasion. This
meant that one capture occasion represented two real life days and resulted in a total of 82
capture occasions for the analysis.

Leopard density estimation

Leopard density was estimated using spatially explicit capture-recapture (SECR) models
within a maximum likelihood framework (Borchers and Efford 2008). Analysis was performed
in ‘R’ version 3.4.3 (R Core Team, 2017 using the package ‘secr’ (V3.2.0) (Efford 2019). Data
was fitted with a Bernoulli (binomial encounter) model. This model specifies that individuals
can be captured at several different stations over one sampling occasion, but only once at
each station on a given sampling occasion (Royle et al. 2009, 2014).

For the SECR analysis, a habitat mask is used to define the total area in which density will be
estimated. This generally has areas of non-habitat excluded and an adequately sized buffer
that allows for animal movement outside of the detector polygon. A habitat mask was created
that included a buffer distance of 6000 m and excluded areas of non-habitat. A 6000 m buffer
was selected by running multiple tests while increasing buffer width to determine when the
density estimates stabilised (estimates stabilised at 5700 m), and by using the SECR programs
buffer estimation functions. For all individual animals captured within the detector polygon,



in this case the reserve, it was possible that the animal had a home range that extended
outside of the detector polygon. The buffer ensures that the regions outside of the detector
polygon are taken into consideration in the analysis. It is important to exclude areas of non-
habitat for SECR analysis as the density estimate will be underestimated. In our project, we
removed the entire reservoir water surface area and the nearby densely populated towns of
Thabakhubedu and Elandsdoorn.

The data were analysed with sex as a covariate for each individual. Male and female leopards
have been found to display different spatial behaviours and have different home range sizes
(Mizutani and Jewell 1998). Fitting sex as a covariate in SECR analysis has been shown to
improve density estimates (Sollmann et al. 2011; Tobler and Powell 2013).

In SECR analysis, the data must also be fit with a detection function model. An assumption of
SECR models is that the further an individual is from its activity centre, the lower the
probability of detecting that individual (Efford 2019). The detection function model estimates
the degree to which that probability changes as the distance (d) from the activity centre
changes. The half normal (HN) spatial capture detection function was selected for the data as
it is the most commonly used detection function for this type of spatial analysis and makes
our data comparable to other leopard density studies (Efford 2004; Boron et al. 2016). The
HN detection function has two parameters: go and sigma (o). The parameter go is the
probability of capturing an individual at the exact centre of its home range while ¢ is a spatial
parameter related to home range size (Efford 2004). The HN detection function describes the
probability of capture (P) of an individual (i) at a trap (j) as Pij = go exp (- dij*/20?) (Efford
2004).

We compared four models to estimate density and investigate the impact sex had on the
parameters go and 0. Models were compared using Akaike Information Criterion, adjusted for
smaller sample sizes (AlCc). Model 1 was a null model where sex was not set to have an impact
on either spatial parameter. Model 2 was set where only o differed between sexes and Model
3 was set so that only go differed between sexes. The final model, Model 4, was set so that
both the o and go spatial parameters differed between sexes.

Results
Camera trapping

The survey resulted in a total of 1132 cumulative trap days over 47 trap stations with a mean
of 24.1+6.2 (mean =SD, range 15-38) days per station. The average distance between
camera traps was 1206 m. There was a total of 84 leopard detections over the survey period,
from which we identified 19 individual leopards (12 females, six males and one individual that
could not be sexed based on photographs). A total of eight detections (9.5%) were removed
from the study; six were removed as they were unidentifiable (tail picture, white flushed
photography) and two for only having pictures of cubs. There were a significant number of
individual recaptures with five males (83%), eight females (67%) and the one unknown sex
individual (100%) having been recaptured at other camera trap stations and on different
occasions. A total of 14 (74%) animals were recaptured. Figure 2 highlights how many times
each individual leopard was captured over the survey period.
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Fig. 2. Number of individual leopard recaptures during a camera trap survey that ran from February to July 2018
on Loskop Dam Nature reserve, South Africa

Density estimates

The model with the lowest AIC. was model 3 (AlCc=959.783). This model specified that
detection probability (go) was dependant on sex. The overall leopard density estimate for
model 3 was 7.7+2.0 (95% Cl 4.7-12.6) leopards per 100 km? (Table 1). The density for
females was 5.5 + 1.7 (95% Cl 3.0-10.0) and males was 1.8 £ 0.8 (95% Cl 0.8—4.0) leopards per
100 km?. The detection probability (go) was 0.028 +0.006 (0.018-0.041) for males and
0.006 + 0.002 (0.004—-0.012) for females (Table 1). The o was the same for both sexes due to
the model: 1808 + 148 m (1541-2121 m).



Table 1. Density and spatial parameter estimations and their variations based on sex of the leopard population on Loskop Dam Nature Reserve according to various Spatially

Explicit Capture—Recapture Models

Model (M) Model AlCc AAIC. AIC, Density Density Sex Densityby 95%Cl oxSE 95%Cl go*SE 95%Cl
specification value Weight (D) + SE 95% CI Sex + SE (D) (o) (g0)
3—g0 variesby g0~ Sex 959.783 0 0.734 77220 47-12.6 M 1.8+08 0.8-4.0 1808 =  1541-2121 0.028 £ | 0.018-0.041
Sex 148 0.006
F 5517 3.0-10.0 0.006 £  0.004-0.012
0.002
4—bothg0and g0~Sexo~Sex 962290 2.507 0.210 8221 5.0-13.4 M 1.8+07 0.8-3.9 1887 £ 1574-2262 0.026 £  0.017-0.040
a vary by sex 175 0.006
F 60+19 3.3-11.0 1509+ | 1100-2070  0.008 + | 0.004-0.019
245 0.002
2—ao varies by o~ Sex 964.912 5129 0.057 7919 4.9-12.6 M 1707 0.8-3.85 2043 £ 1692-2466 | 0.019 £  0.013-0.028
sex 197 0.004
F 5717 3.2-10.2 1221+ | 1009-1478
119
1—MNull model g0~1 N/A N/A N/A 6.2%15 3.9-10 N/A

Models are ranked in order of AIC. values (lowest to highest)

D density, go detection probability at centre of home range, sigma (o) spatial parameter related to home range size, AIC. Akaike information criterion adjusted for small
sample size, AAIC. difference from the lowest AIC. score, SE Standard Error, C/ Confidence Interval, M Male, F Female



Discussion
Leopard density

The total density of leopards on Loskop Dam Nature Reserve was estimated to be 7.7 £ 2.0
leopards per 100 km? (4.7—-12.6) using model 3. Model 3 was selected as it has the lowest AIC.
score (959.783) and carried the majority of the model selection weight (73.4%). Density for
males under model 3 was 1.8 + 0.8 (0.8-4.0) leopards per 100km? and the density of females
was 5.5+ 1.7 (3.0-10.0) leopards per 100 km?2. Model 3 allowed for the spatial parameter (go)
to vary based on sex while o remained constant across sexes. Male leopards on LDNR had a
higher detection probability at their activity centres than females (go; Table 1), reflecting
lower recapture rates in females (1-4 captures/individual) compared to males (1-13
captures/individual; Fig. 2). Male leopards generally display more territorial behaviours than
females and actively patrol their established home ranges more frequently than females
(Mizutani and Jewell 1998). This could explain why we captured more male activity on the
camera traps compared to females. As the two sexes have different ranging and behavioural
traits, including sex as a covariate in the models gives more accurate density estimates
(Sollmann et al. 2011; Tobler and Powell 2013).

While model 3 was the most supported model based on AIC. scores, model 4 (AIC. =962.29)
only had a delta AIC. score of 2.507. Model 4 was the model that allowed both go and o to
vary based on sex. We expected that o (spatial parameter closely related to home range size)
would also vary as male leopard home ranges are generally larger than females (Mizutani and
Jewell 1998). In model 4, the o value for males was 1887 + 175 m and for females was
1509 £ 245 m. The overall density of leopards estimated when using model 4 was 8.2+2.1
leopards per 100 km? (5.0-13.4). The o estimate of model 3 was similar to that for model 4
for males but larger than that for females, which is likely to have caused the overall density
estimate to be slightly higher in model 4. We suggest that this could explain why model 3 was
more supported by AIC. scores and is thus, the more robust model for the density estimates.

In SECR analysis, one of the main assumptions is that the population remains closed over the
sampling period (Dupont et al. 2019). This assumption aims to minimise the chance that
immigration, emigration or deaths bias density estimates. Some researchers have suggested
that shorter time periods ensure that the population is closed (Tobler and Powell 2013), while
others suggest that for some species, such as wide-ranging large carnivores, longer sampling
surveys provide more accurate density estimates (Jedrzejewski et al. 2017; Devens et al. 2019;
Dupont et al. 2019; Harmsen et al. 2020). Due to the large area of the reserve and the limited
number of camera traps, we decided to run a longer survey period (6 months) to increase the
likelihood of capturing all adult leopards present on the reserve. This was achieved by
ensuring that the camera trapping polygon covered the vast majority of the reserve. We
followed the methods in Karanth et al. (2004) to concatenate data from the divided dataset
and defined one sampling occasion as 2 real-life camera trap days. This resulted in a dataset
that consisted of 82 capture sampling occasions. This was done in order to help meet the final
requirements of population closure (Karanth and Nichols 2002; Balme et al. 2009).
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Comparison to other regions

The estimated density on LDNR (model 3: 7.7 + 2.0 leopards per 100 km?) is similar to the
density of leopard populations found in other areas across southern Africa that also have a
mixture of grassland and mixed bushveld biomes (Table 2). SECR studies on leopard
populations from these regions on protected areas and reserves found a density found a
density between 7.0 - 10.8 leopards per 100 km on various protected nature reserves in
KwaZulu-Natal (KZN), South Africa (Balme et al. 2010; Chapman and Balme 2010; Braczkowski
et al. 2016). Population densities between 7.4 and 8.4 leopards per 100 km? were recorded
across the St Lucia Wetlands Reserve in KZN (Ramesh et al. 2017). Leopard densities were
recorded to be lower in unprotected areas, despite having similar habitat. Balme et al. (2010)
reported a density of only 2.5 leopards per 100 km? for the unprotected regions surrounding
the reserves studied in KZN. Densities ranged from 4.6 to 6.6 leopards per 100 km? in
unprotected regions in Limpopo (Swanepoel et al. 2015a).

Areas of southern Africa that displayed the highest leopard density estimates (between 11.8
and 14.5 leopards per 100 km?) are protected areas where savannah and woodland biomes
are present (Maputla et al. 2013; Balme et al. 2019). The two highest density estimates from
South Africa are from Kruger National Park (KNP) and Sabi Sands Game Reserve (SSGR). SSGR
is a private game reserve that is open to KNP and forms part of the Greater Kruger National
Park area. The largest leopard density estimates on unprotected land was 10.7 leopards per
100 km? in the western Soutpansberg, Limpopo, South Africa (Grey et al. 2013), while the
lowest density estimates were observed in the Eastern and Western Cape provinces of South
Africa (Devens et al. 2018, 2019). Density estimates range from 0.2 to 1.9 leopards per
100 km? in these regions (Table 2). The major biomes present in these areas are Fynbos and
Karoo and the studies were conducted on either unprotected or partially protected land.

Both habitat type and protection status appear to be linked to leopard density (Table 2).
Habitat can affect both prey species and prey density which in turn can affect leopard density.
Prey species generally occur at lower densities in drier areas such as fynbos and karoo biomes,
due to the lower availability of food. This directly impacts the ecosystem’s carnivore species
carrying capacity. Noack et al. (2019) noted that the Okonjima Nature Reserve, which has the
highest leopard density estimate of 14.5 leopards per 100 km? has an unusually large number
of game species, which ensures a high density of animals for tourism purposes. While areas
that are protected generally have the highest leopard densities, other protected areas like
LDNR in Mpumalanga and the St Lucia Wetlands Park/Phinda-Mkhuze complex in KZN exist in
highly fragmented, human dominated, agricultural landscapes. Leopards in these areas are
more likely to cause conflicts with humans due to predation on livestock and game. This can
often threaten livelihoods and lead to negative perceptions within communities (Thorn et al.
2012; Constant et al. 2015). Retaliatory killings due to livestock predation has been identified
as the biggest threat to the conservation of the species (Treves and Karanth 2003). This might
explain why protected areas that occur within fragmented landscapes close to human
settlements, only display a moderate population density. Much of the only remaining suitable
leopard habitat within South Africa is located in these unprotected and/or highly fragmented
landscapes (Swanepoel et al. 2013).

11



Table 2. Leopard density estimates reported across various areas in southern Africa

Location Density Habitat type Protected Density estimation Reference
(leopards/100 km?) (Y/N) methods

Langeberg 0.5 +0.1 Thicket/Fynbos/Succulent Partially SECR {Devens et al. 2019)

Garden Route 04+02 Karoo/Savannah

Overberg 0.2 +0.1

Western Cape, South Africa

Angulhas 07+03 Thicket/Afro-temperate forest/Fynbos  Partially SECR (Devens et al. 2018)

Baviaanskloof 0.2 0.1 /Succulent Karoo

Garden Route 1.0+£03

Langeberg 19+03

Eastern/Western Cape

Cederberg Mountains, Western Cape, South 0.6-0.9 Fynbos/Succulent Karoo N CR (Martins 2010)

Africa

Little Karoo, 1.3+03 Sub-tropical Thicket/Succulent N SECR (Mann et al. 2020)

Western Cape, South Africa Karoo/Fynbos

Xonghile Game Reserve, Mozambique 26+10 Sandveld Y SECR (Strampelli et al.

2018)

Surrounding Farmlands 36 Acacia Scrubland/Woodland N CR (Stein et al. 2011)

Waterberg Plateau Park 1.0 Bush Savannah/Woodland Y

Namibia

Welgevonden 46+14 Waterburg Mountain Bushveld N SECR (Swanepoel et al.

Lapalala 52+28 2015a)

Farming Matrix 66+52

Waterberg Biosphere, Limpopo, South

Africa

Kwalusi 55+11 Acacia scrub and Woodland/Grassland Y SECR (du Preez et al.

Mazunga 2.8 il 2014)

Bubye Valley Conservancy, Matabeleland

South Province, Zimbabwe

Mangwe District, 51+06 Savannah Bushveld, N SECR (Grant 2012)

Zimbabwe

Grassland/Woodlands
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Zululand Rhino Reserve, KwaZulu-Natal, 70+£26 Bushveld/Open Savannah Thornveld Y CR (Chapman and
South Africa Balme 2010)
Phinda Private Game Reserve 72+1.1 Woodland/Grassland Y CR (Balme et al. 2010)
Mkhuze Game Reserve 108+18 Y

Non-protected area surrounding Phinda 25+09 N

and Mkhuze

KwaZulu-Natal, South Africa

Phinda Private Game Reserve, T3+2 Woodland/Grassland Y SECR. (Braczkowski et al.
KwaZulu-Natal, South Africa 93+29 2016)

Loskop Dam Nature Reserve, Mpumalanga, 7.7 +2.0 Grassland/Mixed Bushveld Y SECR Current Study
South Africa

Western Shores 84 (6.8-104) Dry Forest and Thicket/Grassland Y SECR (Ramesh et al. 2017)
Eastern Shores 74 (6.1-9.1) Grassland/Coastal Dune Forest Y

St Lucia Wetland Park

Tembe Elephant Reserve 4.8 (3.8-5.7) Woodland/Sand Forest Y

Ndumo Game Reserve 1.6 (1.3-2.9) Broadleaf Woodland/Sand Y

KwaZulu-Natal, South Africa Forest/Makatini Clay Thicket

Western Soutpansberg, Limpopo, South 10.7 Montane Woodland N SECR (Grey et al. 2013)
Africa

Sabi Sands Game Reserve, Mpumalanga, 11.8+£26 Savannah/Grassland Y SECR (Balme et al. 2019)
South Africa

N°wanetsi concession Kruger National Park, 12.7 Savannah Y CR (Maputla et al. 2013)
South Africa Woodland

Okonjima Nature Reserve, Namibia 14.5 Savannah Y SECR (Noack et al. 2019)

Density estimation methods were either Capture-Recapture (CR) or Spatially Explicit Capture-Recapture (SECR)
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Management implications

Data are lacking on leopard population dynamics in the Loskop region of Mpumalanga, but it
is likely that the leopards would be experiencing similar threats faced on other reserves across
southern Africa. Retaliation killings, habitat destruction/fragmentation, accidental or
deliberate poisoning and road kills, often exacerbated by the edge effects that occur when
protected areas are densely surrounded by human enterprises, all contribute to reduced
population viability (Balme et al. 2010; Swanepoel et al. 2015b). The matrix of protected
reserves occurring in the greater Loskop region, including nearby protected regions such as
Mabusa Game Reserve, Mdala Nature Reserve and Ezemvelo Nature reserve are all separated
by high concentrations and densities of human settlements. From a national perspective, a
map of suitable leopard habitat highlights that leopards from LDNR are likely to be most
connected to regions to the north (Limpopo) and east (KNP/Mozambique), however leopard
movements and connectivity from Loskop to and between these regions have yet to be
studied (Swanepoel et al. 2013).

Despite the large number of potential threats to leopards in the region, we found a moderate
density of leopards on Loskop Dam Nature Reserve, which was comparable to other protected
areas within similar human dominated landscapes with similar biomes in the neighbouring
provinces of Limpopo and KZN. This study highlights that isolated protected natural areas,
even in highly fragmented landscapes, have the potential to harbour significant populations
of leopards. These populations will be important in the management and conversation of the
species and play a key role in leopard meta-population dynamics. Further studies on leopard
movements between protected reserves and population genetic analyses are needed to
characterise the connectivity of isolated protected leopard populations across Mpumalanga
province.
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