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2.  Introduction
Protected areas are acknowledged as largely inadequate for the conservation of many carnivores (Kent & Hills 2013).  As a result non-protected areas such as farmland are increasingly recognised as important habitats for numerous species (Smith et al. 2011).  In some areas carnivore density has been found to be higher outside of protected areas, for example leopard density was significantly higher on farmland in north central Namibia than the bordering Waterberg Plateau Park (Stein et al. 2011a).
	Farmlands in southern Namibia represent an unknown area on carnivore distribution maps, and have the potential to be suitable habitat for leopards, given the artificially high density of water sources and herbivore abundance.  However at the same time they are largely unsafe environments due to conflict with humans (Henschel et al. 2008).  We used camera traps to produce the first leopard density estimates for commercial farmlands in southern Namibia.  Additionally, to examine the efficiency of questionnaires for assessing population status, we asked farmers to estimate leopard numbers on their land for comparison.


















3. Materials and Methods
The study was conducted across five commercial farmlands (Fig. 1) bordering the eastern boundaries of the Tsau//Khaeb (Sperrgebiet) or Namib-Naukluft National Parks, Karas region, southern Namibia.  Main farming activities were livestock production of either sheep Ovis aries, cattle Bos taurus or game (oryx Oryx gazella and springbok Antidorcas marsupalis).  Density of artificial water points differed between the two sites (north = 1.85/100 km2, south = 5.44/100 km2).  During the study farmers were asked to estimate the number of leopards on their property.
	Fifty one camera trap stations were set up at natural and artificial water sources (north n= 2, south n= 13), and along game trails and roads (north n=19, south n= 17) spaced 3.5 - 4 km apart.  Number of traps were proportional to study site size.  Stations at water consisted of a Scoutguard SG560V (HCO Outdoors, Georgia, USA) mounted in a wire cage.  Scoutguards were programmed to take one photo per trigger with a minute delay at normal sensitivity.  Stations along roads consisted of two Reconyx HC600 (Reconyx Inc, Holeman, Wisconsin, USA) opposite each other.  Reconyx took five photos per trigger, with no delay and medium sensitivity.  	 
	Following recommendations of Karanth and Nichols (1998), a survey length of 60 days (29th May - 28th July 2013) was used, which should meet the demographic closure assumption.  Adult leopard images were identified to individual using pelage patterns.  Images where identity could not be confirmed were discarded (north n=2, south n=3).  Individual capture histories were constructed, using each day as a sampling period in a standard X-matrix format, and entered into programme CAPTURE (Rexstadt and Burnham 1991).  Density was estimated by placing a buffer with radius equal to the half mean maximum distance moved (1/2MMDM) by recaptured individuals to calculate the area covered by camera traps.












4. Results
A total of 28 identifiable leopard images were captured across the two sites (Table 1).  Three adult individuals were detected at the northern sites, whilst five individuals were recorded in the south, not all individuals were recaptured.  CAPTURE suggested the best models to be heterogeneity (Mh) for the northern sites and the null model (Mo) for the southern sites, and estimated 4 (SE=1.15, 95 % CI 4-11) and 5 (SE=0.41, 95 % CI 5-5) at the northern and southern sites respectively.  1/2MMDM varied between the two sites; at the northern sites a distance of 4.3 km covered a total of 428.92 km2 producing a density of 0.9 leopards/100 km2, whilst a 1/2MMDM of 6.88 km at the southern sites covered an area of 852.01 km2 producing a density of 0.59 leopards/100 km2.  Accuracy of farmer estimates of leopard numbers compared to the number generated by camera trap data varied between farmers (Fig. 2).




















5. Discussion
A mean leopard density of 1.2 leopards/100 km2 is categorised as low in Namibia (Stein et al. 2011b), and our results from both sites are even lower.  This is not surprising given that sub-Saharan leopard density is positively correlated with rainfall (Martin & de Meulanaer 1988), with arid conditions producing low density populations with large home ranges (Mizutani & Jewell 1998).  Our results are similar to density estimates from other arid areas; 1.0/100 km2 on commercial farmlands north central Namibia (Stein et al. 2011a), 1.3/100 km2 in the Kalahari (Bothma & Le Riche 1984), and 1.5/100 km2 north eastern Namibia (Stander et al. 1997).  
	Foster and Harmsen (2012) noted small sample sizes and limited recaptures are associated with low precision.  The northern estimate showed relatively wide 95 % confidence intervals of 4 - 11 individuals, which using the lower and upper limits would produce density estimates in both the low and medium density categories of Stein et al. (2011b).  Such a range could be due to the fact not all individuals were recaptured.  As an alternative Foster and Harmsen (2012) suggest reporting the minimum number alive, which would produce lower density estimates for the northern sites (0.70/100 km2), although the southern estimate would remain the same.  
	Differences in density estimates between sites may have reflected methodological differences.  As the northern site was smaller and used less camera traps, less area was covered meaning the smaller 1/2MMDM calculated and higher density could reflect methodological differences between the study sites.  Additionally due to the lower water density in the north, less water points were monitored than in the south, here capture frequency at water points was much higher at water (12.59), than on trails (0.82).
	Questionnaires are a commonly used tool for assessing population status and human-wildlife conflict, however concerns exist regarding the usefulness of this practice over deliberate over-inflation and inaccuracy (Hermann and Funston 2001).  Our results show variation in the accuracy of farmer estimates of leopard numbers compared to numbers detected by camera trap.  One farmer estimated over five times the number of leopards detected, whilst another was relatively accurate.  Our results would further question the use of the questionnaire in lieu of field work, and the suitability of using such data gained in management practices.
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8. Tables
Table 1:  Leopard Density estimates from commercial farmlands, southwest Namibia
	Site
	# leopards captured
	# recaptures
	Mean capture freq.*
	Range capture freq.*
	Model
	Abundance (S.E)
	95% CI
	1/2MMDM (km)
	Total Area/km2
	Density (# adults/100km2)
	Density - min. # alive (#/100km2)

	North
	3
	7
	29
	12-60
	Mh
	4 (1.15)
	4-11
	4.3
	428.92
	0.9
	0.70

	South
	5
	13
	31.11
	8.57-60
	Mo
	5 (0.41)
	5-5
	6.88
	852.01
	0.59
	0.59


*freq. of capture refers to the mean number of camera traps nights per event for each individual


9. Figure legends
Figure 1:  Location of study sites in southern Namibia
Figure 2:  Comparison of leopard density estimates from CAPTURE and farmers, commercial farmlands, southwest Namibia.  The fifth farmer could not estimate leopard numbers on his land.

























10. Figures
Figure 1
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Figure 2
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