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INTRODUCTION
The South Africa Leopard Monitoring Project aims to provide robust data on leopard population trends
in South Africa to inform conservation policy and management. As Limpopo Province contains a large
proportion of South Africa’s leopard habitat (Swanepoel et al. 2013), monitoring in this province is key
to understanding the status of South Africa’s leopard population, as well as identifying potential threats
and monitoring interventions. Here we report on a camera-trap survey undertaken on Welgevonden
Nature Reserve (hereafter ‘Welgevonden’). This is the fifth annual survey run by Panthera on
Welgevonden.

METHODS
We deployed paired camera stations were setup at 40 locations for a total of 57 days. To ensure all
individuals within the sampled areas had a probability > 0 of being captured, camera-traps were
distributed an average of 1,871 m from one another. To maximize the probability of photographing
leopards, camera-traps were placed in high-use areas, such as drainage lines, animal paths, and roads.
Camera-traps were mounted on trees or steel poles located 2–4 meters from the focal movement
pathway. To reduce false photographic captures, we cleared any vegetation that might obstruct the
camera-trap’s field of view. Camera-traps were not moved during the surveys. Camera-trap images were
catalogued using camtrapR (Niedballa et al. 2016), within the R Statistical Environment (R Core Team
2015). We identified individuals based on their unique pelage patterns within the pattern recognition
software, Hotspotter (Crall et al., 2013). In addition, all computer-assisted identifications were manually
verified.
Bayesian spatially-explicit capture-recapture models
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We followed the capture re-capture analytical methods, and hierarchical model formulation, described
by Goldberg et al. (Goldberg et al. 2015) and Royle et al. (Royle et al. 2009). The model relates the
observations, yijk, of individual i in trap j during sampling interval k to the latent distribution of activity
centers. Observation, yijk, took the value of one for a capture, and zero if not captured, to produce a
capture history for all individuals in all traps over all sampling intervals. Multiple detections of the same
individual, within the same sampling period, were taken as a single capture. Individuals could be
captured on multiple traps during a sampling interval (24 hours). We followed the formulation of the
observation process used by Goldberg et al. (Goldberg et al. 2015), Gardner et al. (Gardner et al. 2010),
and Russell et al. (Russell et al. 2012).
Our spatially-explicit capture-recapture models were implemented within a Bayesian framework
using data augmentation (Royle & Young 2008; Goldberg et al. 2015). Data augmentation adds a
sufficiently large number of all-zero capture histories to create a dataset of size M individuals (Goldberg
et al. 2015). Augmentation was considered large enough when the number of augmented individuals did
not truncate the posterior estimates of population size (Goldberg et al. 2015; Proffitt et al. 2015). Data
augmentation in this study was set to 400. We chose a uniform prior distribution from 0 to M on
population size (Goldberg et al. 2015). Starting values for parameters were: s = 1, q = 0.75, ln(a0) = 0, b
= 0, Y = 0, Ysex = proportion of males sampled. We used improper priors (-¥,¥) for a0 and all b
parameters, (0, ¥) for s, (0.5, 1) for q, and (0, 1) for Y and Ysex. Models were fit using Markov chain
Monte

Carlo

(MCMC)

methods

within

R,

using

the

SCRbayes

package

(available

at:

https://sites.google.com/site/spatialcapturerecapture/scrbayes-r-package). To account for individual,
sex-specific effects, we included a sex covariate within all models. We only included adults and subadults within our analyses. To account for heterogeneity in habitat use across the study area, we
modelled our density estimate using an existing resource selection function (Pitman et al. in press) as a
density covariate (Royle & Chandler 2013; Proffitt et al. 2015).
All analyses were run using a statespace of 20 km. Models were run for 30,000 iterations, with a burn-in
of 5,000. To reduce autocorrelation, we thinned the MCMC chains by skipping every other iteration,
resulting in 12,500 iterations in our posterior sample. We evaluated model goodness of fit using a
standard Bayesian P-value approach (Royle et al. 2013). Convergence of the MCMC chains were
assessed by examining posterior parameter-wise traceplots and histograms. The mean and 95%
credibility intervals, for each model parameter, were then computed from these converged samples
(Goldberg et al. 2015).
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In addition to estimating population density, we assessed the demographic composition of the sampled
population. We estimated the age and sex of captured leopards using their relative body dimensions,
the presence of a well-developed dewlap, and facial scarring (Balme et al. 2012). We classified leopards
into three age classes: juveniles (≤ 2 years), subadults (>2 years; ≤3 years) and adults (>3 years). For
adult males, we distinguished between individuals <7 years and ≥7 years.

RESULTS
Camera-trap surveys:
The total area covered by camera-trap stations at Welgevonden amounted to 203 km2. The survey ran
from the 2 May 2017 to the 27 June 2017, and sampling effort comprised 2 150 camera-trap nights.
Leopards were photographed at 72.5% of camera-trap stations (29 stations; Fig. 1).

Figure 1. Leopard capture frequencies recorded at camera-trap stations in Welgevonden during the
2017 survey. Larger circles indicate greater leopard activity.
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We identified 20 individual leopards captured on 86 occasions during the survey period. Of these, five
were classed as adult females, nine as adult males. The sex of six other individuals could not be reliably
ascertained, although five of these individuals appeared to be subadults. Two of the adult males
appeared to be over 7 years old. The demographic composition of the population appears to be heavily
skewed towards adult males (Figure 2), although occurrence of male leopards over 7 years old is a
promising sign.

Figure 2. Proportional composition of leopard age-sex classes for Welgevonden during the 2017 survey.

Figure 3. Survey results for Welgevonden. Density estimates were included from previous research
(2009 estimate from previous research on Welgevonden; (Swanepoel et al. 2015; Pitman et al. 2016))
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Spatially-explicit capture-recapture analysis estimated the population density to be 5.9 ± 1.5 leopards
per 100 km2. This is very similar to the 2016 estimate of 6.1 ± 1.6 leopards per 100 km2 (Figure 3),
suggesting no significant change in population density. The model had sufficient iterations for MCMC to
converge, and reported a Bayesian P-value of 0.52, suggesting excellent model fit. Additional survey
years will be key to improving this density estimate and future trends.
DISCUSSION
The Limpopo Leopard Monitoring Project continues to fulfil its mandate to provide robust data on
leopard population density and trends, which can inform management decisions. Our results suggest
that the leopard population in Welgevonden has remained stable since 2016. This is encouraging after
the declines recorded in 2014 and 2015, and population density now appears to have stabilised at a
level just above that recorded in 2013. Densities remain somewhat depressed relative to the initial
Welgevonden survey estimate in 2009 (7.9 (±2.2) leopards per 100 km2). Demography of the
Welgevonden population appears heavily skewed towards males; with a ration close to 2 male leopards
to every female. Due to their smaller spatial requirements, one would typically expect a larger number
of female leopards in a population (Bailey, 2005; Fattebert et al., 2016). The low number of females
recorded may therefore be an indication of disturbance in the population. However, it should also be
noted that previous Panthera surveys on Welgevonden have also recorded low numbers of female
leopards, and it is possible that female leopards in Welgevonden seldom use the areas in which cameras
are deployed. We also recorded a large number of individuals of unknown sex this year, and many of
these are likely to be females.

Illegal killing of leopards, both incidentally through bushmeat poaching (Henschel et al. 2011), intensive
game ranching practices (Pitman et al. 2016), and deliberately for their pelts and body parts, is very
likely playing a role in depressing leopard populations across Limpopo Province. It therefore remains to
be seen whether Welgevonden’s leopard population remains relatively steady at around 6 leopards per
100 km2. Across much of Limpopo Province, leopard population numbers are decreasing. As a result, no
leopard trophy hunting permits were issued in South Africa for 2016 and 2017. The absence of this
additional source of mortality may perhaps allow a partial recovery of Limpopo Province’s leopard
populations in the near future; however, significant improvements in problem animal control and illegal
killing are required to ensure leopard population persistence in the long-term.
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APPENDIX 1 – INDIVIDUAL LEOPARD IDENTIFICATIONS
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