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Abstract

Data on the population dynamics and threats to large carnivores are vital to conservation
efforts, but these are hampered by a paucity of studies. For some species, such as the leopard
(Panthera pardus), there is such uncertainty in population trends that leopard trophy hunting
has been banned in South Africa since 2016 while further data on leopard abundance are
collected. We present one of the first assessments of leopard population dynamics, and identify
the key threats to a population of leopards outside of protected areas in South Africa. We
conducted a long-term trap survey between 2012 and 2016 in the Soutpansberg Mountains, and
drew on a previous estimate of leopard population density for the region from 2008. In 24
sampling periods we estimated the population density and assessed population structure. We
fitted eight leopards with GPS collars to assess threats to the population. Leopard population
density declined by 66%, from 10.73 to 3.65 leopards per 100 km? in 2008 and 2016
respectively. Collared leopards had a high mortality rate, which appeared to be due to illegal
human activity. While improving the management of trophy hunting is important, we suggest
that mitigating human-wildlife conflict could have a bigger impact on carnivore conservation.
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1. Introduction

Large mammalian carnivores are incredibly important to ecosystems and environments. As apex
predators, the extirpation of carnivores can trigger trophic cascades that can reduce biodiversity
[1], increase the transmission of infectious diseases to humans [2], increase crop damage [3],
reduce carbon sequestration [4], and even modify river morphology [5]. They are among the
most sought after species by tourists [6, 7] and they are of great economic significance through
the tourism and hunting industries [8, 9]. Carnivores are also incredibly important to human
societies. People tell stories about large carnivores in traditional fables, their likenesses inspire
artwork, they play roles in witchcraft, and their products are used in traditional rituals and
medicine [10]. But despite their value, 59% of large carnivores are now threatened with
extinction [11], and this will be exacerbated as humans continue to modify the environment
[12]. Carnivores frequently come into conflict with humans [13, 14], and anthropogenic threats
such as persecution [15], loss of habitat, and decline in prey base [16] have led to massive
population declines and range contractions for most large carnivores [17].

On average, large carnivore species have lost 53% of their historic range [17]. For some species
this range loss has been much greater, with the leopard (Panthera pardus) having lost 63-75% of
its historic range worldwide [18] and 80% of its past range in South Africa [19], the most
extensive decline in southern Africa [18]. As a consequence, the leopard has recently been
uplisted to Vulnerable on both the global IUCN Red List [20] and the Red List of Mammals of
South Africa, Swaziland and Lesotho [21], highlighting an increasing concern over its
conservation status.

Although it is clear that the range of leopards is contracting, there is a dearth of long-term data
on population size and threats faced by leopards [18]. Insufficient data also hinders the
management of other carnivores such as the brown hyaena (Hyaena brunnea) [22] and black-



footed cat (Felis nigripes) [23]. In South Africa, there is an urgent need to determine the
population trends of leopards to inform leopard management [24], and there is such uncertainty
about the abundance of leopards that leopard trophy hunting has been banned in South Africa
since 2016 while robust data are sought in order to allow hunting quotas to be set at sustainable
levels [18]. This is especially pertinent given the high degree of public scrutiny on trophy hunting
of large carnivores in Africa [25] in the wake of the recent controversial hunt of Cecil the lion
(Panthera leo) in Zimbabwe [26]. Research that assists leopard management is considered a
priority [27], such as determining the population density and trends, demography, and
identifying any threats to local leopard populations [24, 28]. Such information about local
leopard populations, which can be defined as a groups of individuals within investigator-
delimited areas [29], is vital to leopard management and conservation efforts [28].

Assessing leopard population trends, demography and threats is particularly important outside
of state protected areas, such as on private land. In South Africa 68% of remaining leopard
habitat is outside of legally protected areas [19], and leopard conservation efforts should be
focused outside of protected areas [19], where leopards are most at risk [30]. Furthermore,
leopard management strategies are focused on regulating legal and illegal utilization of
leopards, most of which occurs outside protected areas. One area likely to be of great
importance to leopard conservation is the Soutpansberg Mountains in South Africa, of which
very little is formally protected [31]. The Soutpansberg Mountains are a biodiversity hotspot
[32], supporting high species diversity [33, 34] including in 2008 one of the highest reported
densities of leopards in Africa [35]. The current population density, population trends, changes
in leopard demography, and threats to this leopard population are, however, unknown. We
present the first estimates of trends in leopard population density and abundance in the
Soutpansberg Mountains as a case study to inform future research and management focusing
on large carnivore population dynamics. We also assess changes in the demographics of the
population, and identify key threats.

2. Materials and Methods

2.1. Study area

The study was conducted in the western Soutpansberg Mountains, Limpopo Province, South
Africa. The mountains cover an area of 6,800 km? [34] and study site (central coordinates
$29.44031° E23.02217°) elevation varies from 750 m to 1,748 m above sea level [36]. Climate is
characterized by a warm, wet season (October to March) and a cool, dry season (April to
September) [37]. Land uses include a private nature reserve, ecotourism, hunting, and farming
of livestock, game and crops. Most of the land is privately owned, but community owned land
was also present within the area.



2.2. Spatially explicit capture recapture

An array of Reconyx Hyperfire HC500 and HC600 camera traps was established to estimate
trends in leopard population density and demography. Forty-six camera traps were placed in
pairs at 23 camera trap stations across the study site, encompassing the study region surveyed
in 2008 [35]. Nineteen camera trap stations remained in the same locations throughout study,
but five stations were relocated due to the withdrawal of one landowner in 2013 (Figure 1,
Table A1), reducing the area covered by the cameras from 73 km? to 59 km?2. Camera trap
stations were situated on roads, drainage lines, and game trails where leopard signs had been
recorded, to maximize the probability of photographing leopards. A maximum spacing of 3 km
between camera traps stations was used [35] to ensure that there were no gaps in the array
large enough to encompass the entire home range of an adult female leopard (20 km? at this
study site [21]), so that all individuals had a capture probability greater than zero [38, 39]. The
home range size of adult female leopards was selected as they tend to have smaller ranges than
adult males [40], so are more likely to have a capture probability of zero. Camera traps were
mounted on trees or poles approximately 40 cm above the ground. The cameras ran
continuously between 2012-01-01 and 2016-02-02 (Table A2), with the minimum delay between
captures (approximately one second). Each camera trap was visited every two to four weeks to
change batteries, ensure that the cameras remained operational, and to download the
photographs. Individual leopards were identified from photographs using their unique coat
pattern, and were allocated into adult male, adult female, and juvenile categories using body
size, the appearance of external genitalia, and secondary sexual characteristics such as build and
the dewlap [41]. Adults were defined as at least two years old, and sub-adults were excluded
from density estimation [35].
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Figure 1. Locations of the camera traps for the survey of leopard population density and
demography in the Soutpansberg Mountains.



2.3. Individual monitoring

Threats to the leopard population were assessed by determining the fate of collared animals.
Leopards were captured using soft-hold foot loops [42], and immobilized by a South African
Veterinary Council-registered veterinarian using Zoletil, or a combination of Zoletil and
Medetomidine delivered using a Dan-inject CO, rifle. Medetomidine was reversed using
Atipamezole. Vectronic GPS Plus collars were fitted to a total of eight adult leopards (Table A3).
The collars recorded the coordinates of the study animals at 200-minute intervals and were
fitted with activity sensors that triggered a mortality signal when no movement was detected for
24 hours. The data were transmitted to the users by UHF radio link, and also over the mobile
GSM network by SMS, enabling the study animals to be located quickly after death to determine
the cause. The collars were also fitted with VHF transmitters to enable locating of collared
animals in real time. Collars were fitted with electronic drop-off devices by Vectronic that
allowed the unit to disengage automatically after a specified duration. The disengagement date
was set at 455 days after deployment, as by this stage the collar batteries would be almost
depleted, but would still have sufficient power to facilitate retrieval of the collar. Ethical
approval for animal trapping and collaring was provided by the Life Sciences Ethical Review
Process Committee at Durham University, and the work was conducted under research permits
from the Limpopo Department of Economic Development, Environment & Tourism, South
Africa.

2.4. Statistical analysis
Camera trap data were analysed following [35] in order to enable comparisons. Data on the
locations and trapping occasions on which individual leopards were captured were used to
create a spatially explicit capture-recapture model [43] employing a Bayesian framework [44] to
estimate leopard density using SPACECAP v 1.0.1 [45] in R v 3.3.0 [46]. The duration of each
trapping occasion was set at 24 hours and the dataset was divided into 24 sampling periods,
each lasting 60 days, with each sampling period separated by 1 day (Table A2). A state space
pixel size of 0.25 km? was used, and a buffer of 20 km around the camera traps was employed to
encompass the home ranges of all leopards that were photographed [47]. Potential home range
centres were scored as unsuitable habitat when they overlapped with urban areas. Spatial
capture recapture models were constructed using the Bernoulli encounter process and half
normal detection function. Between 100,000 and 200,000 iterations were used in the Markov-
chain Monte Carlo simulation, along with a burn-in of 50,000-80,000 iterations, a thinning rate
of 5-10, and data augmentation of 200-700 individuals. Model parameters were adjusted until
convergence was good (Geweke z-scores were between -1.6 and 1.6) [48], Bayesian P-values did
not approach 0 or 1 [49], and data augmentation, state space extent and sample size were
sufficiently large (see Table A2) [45]. Population structure was assessed by summing the number
of unique individuals of each age sex class photographed in each sampling period. Trends in
population density and demography were analysed using linear regression, and Wilcoxon rank
sum tests were used to assess differences in the number of sampling periods for which adult
males and adult females remained present. Statistical analysis was conducted using R v 3.3.0
[46]. All data underlying the analyses are publically available [50].



1. Results

1.1. Population dynamics

A total of 16 adult male leopards and 28 adult females were photographed. Twenty-one sub-
adults were also recorded, of which three became adult males and one an adult female during
the course of the study. The mean adult male to adult female sex ratio was 1:1.65. The tenure of
each individual leopard is shown in Figure 2. There was no difference in the number of sampling
periods for which adult males and adult females remained present (W =276.5,df=1,P =
0.5276). The number of adult males identified in each study period remained stable, while the

number of adult females, cubs and total number of leopards declined significantly between
2012 and 2016 (Figure 3, Table 1).
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Figure 2. Sampling periods in which individual leopards were photographed on camera traps in
the Soutpansberg Mountains between 2012 and 2016 (see Table A2 for dates).
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Figure 3. Change in number of individual leopards identified per sampling period in each age sex
class in the Soutpansberg Mountains between 2012 and 2016. Shading represents 95%
confidence intervals.

Table 1. Results of linear regression of the number of individual leopards identified per sampling
period against date.

Model Coefficients
Age sexclass  F12 R? Estimate :::z:iard P
Adult male 2.057 0.0855 | -0.0008 0.0006 -1.434 0.1656
Adult female 6.761 0.2351 | -0.0019 0.0007 -2.600 0.0163
Sub-adult 5.006 0.1854 | -0.0019 0.0008 -2.237 0.0357
All leopards 13.250 0.3759 | -0.0047 0.0013 -3.640 0.0014

Leopard density in the Soutpansberg ranged from 6.55 in 2012 to 3.65 in 2016 (Table A2).
Leopard density declined linearly across the study (F 2, = 22.04, P = 0.0001, R? = 0.5005, Figure
4) with a decline of 44% over approximately four years (a reduction of 0.75 leopards per 100
km? every year). Incorporating the density estimate available in [35] produced a similar model
(F23 = 57.66, P < 0.0001, R? = 0.7149, Figure 4), but indicated a 66% decline over a period just
over seven and a half years (0.87 leopards 100 km? per year).
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Figure 4. Change in the population density of leopards in the Soutpansberg Mountains between
2008 and 2016. Shading represents 95% confidence intervals.

1.2. Individual monitoring

Only two of eight leopards collared (25.0%) survived to the end of the 455-day collaring period.
Three were killed by snares (37.5%) and one was shot without a permit for perceived cattle
predation (12.5%). Two collared leopards went missing (25%), suspected dead, since they
disappeared from the camera trap photographs at the same time.

2. Discussion

Leopard population density in the western Soutpansberg in 2012 (6.55 animals per 100 km?) was
similar to published values at other sites [51-53], but by 2016 had dropped substantially to 3.65
animals per 100 km2. This also contrasts with the relatively high densities reported for the area
in 2008 [35]. The density of leopards in the Soutpansberg Mountains has decreased by 44%
since 2012 and by 66% since 2008, an extremely rapid decline. If this trend continues at the
same rate, the population will essentially disappear from the Soutpansberg Mountains before
2020. Due to the topography of the mountains the western Soutpansberg leopard population
has relatively hard boundaries, due to being surrounded by human-dominated farming
landscapes. This has been identified as an area of sub optimal connectivity of suitable leopard
habitat [54]. As a result the local population is relatively isolated from immigration, making it
particularly sensitive to mortalities, as these are likely to be relatively rarely compensated by
immigration.



There are very few other studies of population trends of leopards with which to compare this
decline [18, 24]. The only other comparable study estimated a 56% increase in the density of
leopards in Phinda Private Game Reserve, South Africa, over four years due to management
interventions [55]. Nevertheless, studies on lions [56] and on black-backed jackals (Canis
mesomelas) and bat-eared foxes (Otocyon megalotis) [57] have noted similar trends where
populations have been monitored over multiple years, suggesting the declines in the density of
African carnivores exemplify global trends [17].

The decline observed in leopard density appeared to be driven by a decrease in the number of
adult females, while the number of adult males was more stable. Although sub-adults were
excluded from the density estimates, the number of sub-adults photographed also declined over
the course of the study, most likely linked to the decline in adult females photographed. Low
sub-adult survival rates would reinforce the population decline, making a future recovery less
likely without compensatory immigration. The reasons why the number of males photographed
per sampling period remained stable while the number of females and sub-adults photographed
was declining is not clear, as we did not expect the main threats to the population to affect adult
males less than adult females. Declines in the number of adult males could have been masked
by the maturation of sub-adults into adult males; during the course of the study three sub-
adults matured into adult males, while only one sub-adult matured into an adult female.
Furthermore, only three adult males were photographed the final two sampling periods, the
lowest level of all 24 sampling periods. Continued monitoring will allow determination of
whether a negative trend in the number of adult males is also evident in the population. The
lower reduction in males might also be buffered in the short term by their greater dispersal and
ranging distances relative to females [40, 58], as unoccupied areas may be more quickly located
and filled by males than females in the population. A limitation of estimating leopard density
using SPACECAP is that it is not currently possible to incorporate covariates such as sex. This
would have been interesting, as the number of individual adult male and female leopards in the
local population appeared to be changing at different rates.

Care must be taken when interpreting data on the threats that are driving these population
declines due to the limited sample size of collared leopards. Nevertheless, the death of six of
eight collared leopards over the 455-day period for which each collar was deployed suggested a
very high rate of mortality. Death was the most likely explanation for the collared leopards that
went missing, as we stopped receiving data from their collars at the same time as they stopped
appearing in images on the camera traps. Emigration or collar failure are thus unlikely. Instead it
is probable that they died either in an area where the signals would be obscured (such as in a
cave), or the collars were destroyed deliberately, indicating anthropogenic mortality. Illegal
hunting was the sole cause of the known deaths of collared leopards. Furthermore, local
conservation actions are known to have prevented poisoning of one collared leopard following a
livestock predation event, without which mortality rates would have been higher.

Our data indicate that illegal human activity could be the primary cause of leopard mortality in
the study area, often in retaliation to perceived livestock predation or for bushmeat, and this
may be driving steep declines in the leopard population. Anthropogenic mortality is often the
biggest threat to leopards outside of protected areas [14] and similar results have been reported
for other large carnivores [30, 59, 60]. The sex ratio was similar to other sites [51, 61], and was
not indicative of overexploitation of males through trophy hunting [62]. As reported in the



Waterberg District Municipality in South Africa [63, 64], legal mechanisms of leopard removal
such as trophy hunting and damage causing animal removals appear to be less important
threats to the leopard population than illegal activities such as snaring [14] in the Soutpansberg.
Snaring can be a serious threat to large carnivores, and additional research is required to fully
understand the impact of this on large felids [65].

In this case study, the leading causes of leopard mortality were snaring, shooting and poisoning,
either in response to the perceived risk of livestock predation or poaching for bushmeat or
animal parts. In this case we thus recommend increasing efforts to engage with local
communities to reduce the level of these activities, for example through education [66] and
enhancing livestock husbandry [67, 68]. Efforts to reduce human-carnivore conflict can be very
successful at promoting the recovery of leopard populations [55]. Further investigations,
drawing on approaches from the social sciences [69], into the underlying causes of illegal activity
leading to leopard mortality should also be undertaken in order to guide conservation actions.
Effective strategies for managing damage causing animals should also be developed and
adhered to [24], such as the draft national norms and standards recently published for South
Africa [70].

Although retaliatory killings may present the largest threats to leopard populations outside
protected areas [64], this study calls into question the sustainability of additive off take through
legal mechanisms of leopard removals such as trophy hunting and damage causing animal
destruction permits [71]. Furthermore, trophy hunting of large carnivores can be associated
with elevated levels of human-wildlife conflict and increased mortality from persecution [72].
Declines in leopard density may also increase human-wildlife conflict through the mesopredator
release effect [73] since caracals (Caracal caracal), black-backed jackals, and baboons are
responsible for significant agricultural damage [74]. Since leopards cause less livestock damage
than farmers perceive [75], this would result in elevated levels of livestock and crop damage and
increased retaliatory killing.

In some cases, trophy hunting can be the main driver of population declines [55, 59], and
improved management of leopard trophy hunting is urgently required [24]. Before the national
ban on trophy hunting leopards came into effect in 2016 [18] leopards were over-harvested in
South Africa [76], which was partly responsible for predicted population declines [64]. An
adaptive management system for managing leopards in South Africa is currently being
developed, and much effort to date has centred on the regulation of leopard trophy hunting
[77]. Under the new adaptive management system, before the trophy hunting ban female
leopards were removed from hunting quotas and leopard hunting effort was spread across
leopard hunting zones [76] in relation to leopard habitat suitability [19]. If the ban is lifted we
recommend closure of the hunting zones [76] in which leopard populations are declining until
the population has recovered. Such an approach will require intensive monitoring. In order to
assess trends in carnivore population density we advocate conducting multiple surveys over
several years, as this mitigates the problem of variation in estimates and enables determination
of population trends with a high degree of confidence. Few other studies have attempted this,
with most calculating a single point estimate [35, 51, 52] rather than conducting multiple
assessments over time [but see 55, 57].
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3. Conclusions

The density of leopards in the case study declined by 66% over seven and a half years. The
number of adult males was relatively stable, while the number of adult females and cubs
declined over the course of the study. lllegal anthropogenic threats such as snaring, shooting
and poisoning appear to be the main threats to the population. To date much attention has
focused on improving trophy hunting of large carnivores, but our data suggest that and the
importance of other sources of anthropogenic mortality should not be overlooked, and efforts
to mitigate these threats could have a bigger impact on the conservation status of large
carnivores than improving legal trophy hunting.
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Supplementary information

Table Al. Dates camera trap stations were moved.

Cam_era Date set up Date taken
station down

1 14/06/2011 N/A

2 14/06/2011 N/A

3| 14/06/2011 N/A

4| 14/06/2011 N/A

5| 14/06/2011 N/A

6| 14/06/2011 N/A

7 | 14/06/2011 N/A

8| 14/06/2011 N/A

9 17/06/2011 N/A
10| 17/06/2011 N/A
11 | 23/06/2011 N/A
12 | 24/06/2011 N/A
13 | 30/06/2011 N/A
143 12/07/2011 03/09/2013
14b | 16/10/2013 N/A
15 | 13/07/2011 N/A
16a | 12/07/2011 | 03/09/2013
16b | 16/10/2013 N/A
17 | 09/08/2011 | 04/08/2013
18a | 26/08/2011 | 01/09/2013
18b | 10/12/2013 N/A
19a | 26/08/2011 | 27/03/2012
19b | 23/06/2012 N/A
20a | 01/09/2011 | 03/09/2013
20b | 16/10/2013 N/A
21a | 03/09/2011 | 20/01/2012
21b | 20/01/2012 N/A
22 | 08/09/2011 N/A
23a | 15/01/2012 | 23/06/2012
23b | 23/06/2012 N/A
24 | 20/01/2012 N/A
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Table A2. Results and parameters of spatially explicit capture recapture.

Sampling  Start date End date State pixel size Trap C-R Model Detection Capture Numberof Burn-in Thinning Data Effective Geweke z Gewekez Gewekez Gewekez Gewekez Bayesian Density- Density- Density- Density- Density-
period space (km2) resonse function encounter McMC period rate augmentat posterior score for score for score for score for score for p-value  posterior posterior posterior 95% lower 95% upper
buffer s iterations ion sample sigma lam0 beta psi Nsuper mean mean SD HPD HPD

1 01/01/2012 29/02/2012 20 0.25 absent  spatial half norm bernoulli 200,000 80,000 10 700 2726 0.75984 0.04331 -0.32055 -0.24953 0.704417 7.59 0.0759 0.02 0.038 0.115
2 02/03/2012 30/04/2012 20 0.25 present spatial  half norm bernoulli 200,000 80,000 10 700 3040 0.1884 0.04521 0.29366 -0.67189 -0.45493 0.54225 6.44  0.0644 0.016 0.035 0.095
3 02/05/2012 30/06/2012 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 700 1370 0.2359  0.4716 0.2573  0.2928 0.530833 6.48  0.0648 0.015 0.036 0.093
4 02/07/2012 30/08/2012 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 700 2342 -0.96367 -0.5387 0.24306  0.06019 0.613417 6.64  0.0664 0.016 0.038 0.099
5 01/09/2012 30/10/2012 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 700 786 -0.1214 -0.9103 -0.1196  -0.1034 0.890917 6.81  0.0681 0.019 0.033 0.106
6 01/11/2012 30/12/2012 20 0.25 absent  spatial half norm bernoulli 200,000 80,000 10 500 3021 -0.2125 0.9199 -0.294 -0.3792 0.61425 6.82 0.0682 0.018 0.034 0.103
7 01/01/2013 01/03/2013 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 2792 -1.126 -1.014 1.437 1.444 0.473333 539  0.0539 0.015 0.026 0.083
8 03/03/2013 01/05/2013 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 300 1290 0.1157 -0.1351 -0.3109 -0.3934 0.538167 418  0.0418 0.012 0.02 0.065
9 03/05/2013 01/07/2013 20 0.25 present spatial  half norm bernoulli 200,000 80,000 10 300 2446 -0.1822  0.3164 -0.6054 -0.9197 -1.0226 0.760833 528  0.0528 0.014 0.027 0.08
10 03/07/2013 31/08/2013 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 2033 0.09128 -0.88794 0.96542 0.85639 0.795583 493  0.0493 0.013 0.026 0.074
11 02/09/2013 31/10/2013 20 0.25 absent  spatial half norm bernoulli 200,000 80,000 10 300 532 1.2115 -1.4176 -0.7004 -0.8233 0.474167 4.8 0.048 0.015 0.021 0.078
12 02/11/2013 31/12/2013 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 300 2613 0.7301 -1.4078 0.1409  0.1712 0.603583 519 0.0519 0.014 0.028 0.082
13 02/01/2014 02/03/2014 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 400 1560  1.3799 0.49707 0.06171  0.0708 0.452 5 0.05 0.013 0.023 0.071
14 04/03/2014 02/05/2014 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 583  0.3913 -0.3837 -0.2152  -0.1462 0.735083 2.63  0.0263 0.009 0.011 0.043
15 04/05/2014 02/07/2014 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 2709  0.9412  -1.4982 -0.284  -0.3449 0.60975 4.78  0.0478 0.013 0.024 0.073
16 04/07/2014 01/09/2014 20 0.25 absent  spatial half norm bernoulli 200,000 80,000 10 500 1219 -0.5456 -0.17119 0.5422 0.2901 0.6548 4.69 0.0469 0.014 0.022 0.073
17 03/09/2014 01/11/2014 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 921 -0.3046 -0.9873 0.1396  0.1342  0.6883 4.3 0.043 0.014 0.019 0.069
18 03/11/2014 01/01/2015 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 2638  0.9846 -1.1559 -0.6148 -0.66 0.552333 5.42  0.0542 0.015 0.027 0.085
19 03/01/2015 03/03/2015 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 1809 05771  0.2772 -0.715 -0.6769 0.587083 3.56  0.0356 0.011 0.016 0.057
20 05/03/2015 03/05/2015 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 1010  0.4481 -0.5358 -0.8234 -0.8727 0.728 35 0.035 0.011 0.016 0.057
21 05/05/2015 03/07/2015 20 0.25 absent  spatial half norm bernoulli 100,000 50,000 5 300 2199 -1.1387 0.4871 0.6978 0.9314 0.514167 5.42 0.0542 0.014 0.028 0.082
22 05/07/2015 02/09/2015 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 500 1730 -1.1016 -0.5784 0.9878 0.821 0.51775 413  0.0413 0.012 0.021 0.064
23 04/09/2015 02/11/2015 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 200 1706  1.3204  0.2933 -0.9214 -0.8369 0.702333 31 0.031 0.01 0.013 0.05
24 04/11/2015 02/01/2016 20 0.25 absent  spatial  half norm bernoulli 200,000 80,000 10 300 1660 0.1648 -0.6227 -0.427 -0.2607 0.622583 534  0.0534 0.016 0.024 0.055



Table A3. Details of eight leopards collared in the Soutpansberg Mountains between 2012 and
2015, including likely fate of each animal.

Individual Age sex Date Status at Date died Days of
class collared end of collar
study data
collected
AMO04 Adult male | 08/06/2012 | Snared Approximately 2013-08- 278
09
AMO3 Adult male | 15/06/2012 | Shot 12/12/2012 180
AF03 Adult 21/07/2012 | Snared 17/10/2012 88
female
AMO7 Adult male | 12/02/2013 | Disappeared | Unknown 31
SAO01 Adult male | 12/06/2013 | Survived N/A 280
AF16 Adult 20/09/2013 | Survived N/A 445
female
AMOS8 Adult male | 19/04/2014 | Disappeared | Unknown 69
AM12 Adult male | 18/07/2014 | Snared 14/06/2015 331




Afrikaans translation of the abstract

Bevolkingsdinamika en bedreigings vir roofdiere aan die bopunt van die voedselketting buite
beskermde gebiede: Implikasies vir die beheer van karnivore

Samual T. Williams, Kathryn S. Williams, Bradley P. Lewis, Russell A. Hill

Royal Society Open Science (2017)

Data oor die bevolkingsdinamika en bedreigings vir groot karnivore is noodsaaklik vir
bewaringspogings, maar dit word in die wiele gery deur 'n gebrek aan studies. Vir sommige
spesies, soos die luiperd (Panthera pardus), is daar so min inligting oor bevolkingstendense
beskikbaar, dat luiperdtrofeéjag sedert 2016 in Suid-Afrika verban is, terwyl verdere inligting oor
die luiperdgetalle ingesamel word. Ons bied een van die eerste studies oor die luiperdbevolking
se dinamika en identifiseer die belangrikste bedreigings vir die luiperdbevolking buite
beskermde gebiede in Suid-Afrika. Ons het 'n langtermyn kamerstrik-opname tussen 2012 en
2016 in die Soutpansberg gedoen en gebruik gemaak van 'n vorige opname oor die luiperd
bevolkingsdigtheid vir die streek in 2008. Oor ‘n tydperk van 24 steekproewe het ons die
bevolkingsdigtheid geskat en die bevolkingstruktuur geévalueer. Ons het agt luiperds met GPS
halsbande toegerus om bedreigings vir die luiperdbevolking te identifiseer. Die luiperds se
bevolkingsdigtheid het met 66% afgeneem, van 10,73 tot 3,65 luiperds per 100 km? in 2008 en
2016 onderskeidelik. Daar is ‘n hoé sterftesyfer onder luiperds met GPS halsbande, wat die
gevolg blyk te wees van onwettige menslike aktiwiteite.Terwyl die verbetering van die bestuur
van trofeéjag belangrik is, stel ons voor dat verminderde mens-dier-konflik 'n groter impak op
die bewaring van groot karnivore kan hé.

Vertaler: Annaline Smit

Note: Any differences in wording between the English and Afrikaans versions of the abstract do
not affect the overall meaning.



