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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 from a western section of the 

Soutpansberg mountains. The survey spanned across several properties on the northern and southern 

sides of the mountain with the operations base being at the Primate and Predator Project field office at 

Lajuma (hereafter referred to as ‘Lajuma’). This is the seventh survey at Lajuma since the initial survey in 

2014. 

 

METHODS 

We deployed paired camera stations at 40 locations for a total of 74 days. To ensure all individuals within 

the sampled areas had a probability > 0 of being captured, camera-traps were distributed an average of 

1.63 km from one another. To maximize the probability of photographing leopards, camera-traps were 

placed in high-use areas, such as drainage lines, roads and animal paths.  Camera-traps were mounted on 

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 once the official survey started. Battery life in camera-traps require that cameras are visited at 

least between once a week or once every two weeks to be serviced: for batteries to be changed, date and 

time to be reprogrammed to GPS time, and for images to be downloaded.  

Camera-trap images were catalogued using Panthera’s Integrated Data Software, PantheraIDS, a custom-

built camera trap data processing package, within the R Statistical Environment (R Core Team, 2020). 

Unique leopard identities were obtained through the recognition software in PantheraIDS, which 
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compares and analyses the pelage patterns of all photographed leopards. In addition, all computer-

assisted identifications were manually verified and, where possible, the sexes of the uniquely identified 

individuals were determined. 

Spatially-explicit capture-recapture models 

All Spatial Capture-Recapture (SCR) models were fit using the package secr 3.20 (Efford, 2019) using the 

Nelder-Mead optimisation method and a half-normal detection function . The models included a measure 

of effort through a matrix of camera station activity, where active stations were represented with a ‘1’ 

and inactive stations with a ‘0’ for each 24-hour sampling occasion during the survey. A camera station 

was “active” if at least one of the cameras at a camera station was operational. Sampling effort was thus 

measured as the total number of trap days during which at least one camera at each station was active. 

To account for sex-specific capture heterogeneity (Sollmann et al., 2011), we also included leopard sex as 

a covariate, affecting both baseline detectability (g0) as well as the sigma parameter of the detection 

function, in the models. As the sex of some individuals could not be reliably determined, sex was modelled 

as a partially-observed latent mixture. We produced a leopard habitat layer at 0.25 km3 resolution using 

a 15-km buffer from the outermost trap locations (15 km is recommended as a suitable buffer for wide-

ranging species such as leopards; Gopalaswamy et al., 2013), using South African National Biodiversity 

Assessment land cover data (Skowno 2018). Any grid cells in which more than 50% of the surface area 

was classified as ‘built up’ or ‘open water’ were deemed to be unavailable to leopards.  

 

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 

 

While the cameras were in the field from the 6th of March 2020 until the 18th of May 2020 (74 days), most 

cameras could not be serviced due to the global Covid-19 epidemic after the initial set-up (batteries could 

not be changed, images downloaded, etc.). Of the 40 stations, only 12 stations were able to be serviced 

for the minimum survey length of 45 days, and thus the sampling effort amounted to 1537 trap days (an 
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average of 494 less trap days compared to previous surveys). Nine camera stations had to be moved to 

different locations for the 2020 survey which changed the usual total area covered from 183km2 to 

204km2. Leopards were photographed at 11 stations (Fig. 1).  

 

 

 

  

 

Figure 1. Leopard capture frequencies recorded at camera-trap stations in Lajuma during the 2020 survey. 

Larger circles indicate greater leopard activity. The Covid-19 epidemic disrupted the checking of cameras 

(where fresh batteries are put into the cameras), which likely affected leopards being photographed 

across most of the survey area.  

 

We identified 12 individuals based on 57 independent captures during the survey period (“capture” 

referring to a leopard being photographed by a camera). Of these, four were classed as females and six as 

males; the males did not appear to be greater than seven years old (based on Balme et al. 2012). The sex 

of two individuals could not be reliably determined (Fig. 2).  
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Figure 2. Proportional composition of leopard age-sex classes for Lajuma during the 2020 survey.  
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Figure 3. Leopard density estimates over time in Lajuma. All estimates were calculated using the package 

secr. 

 

Spatially-explicit capture-recapture analysis estimated the population density to be 3.3  ± 1.2 leopards per 

100 km2. This is a decrease on the 2019 estimate of 7.3  ± 1.5 leopards per 100 km2 (Fig. 3).  
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DISCUSSION  

The Lajuma surveys are unique amongst Panthera’s leopard monitoring sites as the camera-trap grid spans 

across various properties with different land uses and variable landscapes. In addition, the afro-montane 

area in the western part of the Soutpansberg is known for high adult leopard density (Chase Grey et al. 

2013). Observing the trend in leopard populations in this area is therefore important, as we can gain 

valuable information on the presence, density and possibly movement of leopards relating to different 

land-use activities and habitats (chiefly conservation areas, a cattle-grazing area and hunting areas).  The 

2020 survey is distinctive in comparison to previous surveys for two reasons. Firstly, the 2020 camera grid 

differed from the previous years’ grids in that nine camera stations needed to be moved to new positions 

at the request of a landowner. This resulted in an increase in the size of the study area but unfortunately 

resulted in a ‘hole’ in the camera array as we could not deploy cameras on that area. However, this change 

in grid design is unlikely to have had a major impact on the density estimate. Secondly and more 

importantly, the global Covid-19 pandemic disrupted the regular checking of the cameras (to change 

batteries and download photos) due to South Africa experiencing at “lockdown” period of little to no 

movement of persons after the survey was set up. This resulted in a shorter survey in terms of trap days 

and fewer cameras to contribute to the density estimate. This decreased the likelihood of resident or 

transient leopard individuals being caught.  

 

The fact that most cameras could not be checked and therefore most cameras were not active for the 

survey length likely influenced the low figure that is the density of leopards observed in 2020 compared 

to previous years. The timeframe in which resident or transient leopards could be photographed was 

more brief. While the 2020 survey has useful information in terms of the presence of previously identified 

leopards, the survey does not meet the timeframe requirements to be reliably comparable to previous 

years’ data collection. Therefore, additional and complete surveys in the future through continued 

monitoring at Lajuma will provide greater insight into a trend in leopard density and provide long-term 

data. Reliable long-term data is essential for informing management decisions.  The South African Leopard 

Monitoring Project continues to fulfil its mandate to provide robust data on leopard population density 

and trends.  
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APPENDIX 1: SUMMARY OF SPECIES CAPTURES DURING THE 2020 SURVEY IN LAJUMA 

 

Species Captures Species Captures 

Aardvark 5 Human 385 

Baboon_Chacma 90 Hyaena_Brown 10 

Badger_Honey 7 Insect 5 

Bat 2 Kudu_Greater 15 

Bird 88 Leopard_African 57 

Blank 100 Mongoose_Banded 2 

Bushbaby_Greater 9 Mongoose_Dwarf 1 

Bushbaby_Lesser 5 Mongoose_Slender 24 

Bushbuck 175 Monkey_Samango 11 

Bushpig 8 Monkey_Vervet 7 

Caracal 1 Nyala 2 

Civet_African 24 Porcupine_Cape 36 

Domestic_Cattle 42 Rat_Cane 3 

Domestic_Dog 26 Squirrel_Tree 1 

Duiker_Red 6 Unclassified 34 

Genet_Large_Spotted 69 Vehicle 12 

Grysbok_Sharpes 29 Warthog 33 
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APPENDIX 2: LEOPARD INDIVIDUALS CAPTURED AT LAJUMA 2020 

The names of the identified leopards appear below the images of the right and left flanks of that 

individual (if both flanks were photographed/available). “LF” refers to Leopard Female, “LM” refers to 

Leopard Male, and “LU” refers to Leopard Unknown (where the sex of the individual could not be 

reliably determined). 

 

Left flank Right Flank 

 
 

LF_11_262 

  

LF_11_656 

 

 

LF_11_658 
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LF_11_659 

 

 

LM_11_412 

 

 

LM_11_519 

 
 

LM_11_611 
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LM_11_651 

 

 

LM_11_652 

 

 

LM_11_660 

 

 

LU_11_653 
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LU_11_654 

  

 

 

 

 

 

 

 

  




