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SUPPLEMENTAL MATERIAL 1
[bookmark: _GoBack]Spatial capture–recapture population estimate of Canadian black bears (Ursus americanus)

Objective
We sought to predict the density of black bears in the Canadian Yahk and Purcell regions (Fig. S1) using spatially explicit capture–recapture (SECR) models. These models provide an improvement over traditional mark–recapture models because the spatial distribution of animal captures can be used to inform the probability of capture. Incorporating the spatial distribution of animals also solves a common problem in traditional capture–recapture where populations are not closed and the estimated abundance reflects some super-population that inhabits the sampled area, but not necessarily that area exclusively. SECR methods instead estimate the density of individuals by summing up the actual and estimated home-range centers of individuals within the study area, negating the closure problems. Here we apply SECR to the Canadian Yahk and Purcell black bear data to create an accurate measure of population density and to test whether it varies spatially.

Data summary
[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:Proctor_BB_SamplingMap_Lines.pdf]
Fig. S1. Region of focus along Highway 3 between Cranbrook and Creston, British Columbia, Canada. Both sides of the highway were sampled for each of 2 years (2004 and 2005). Red lines depict the polygon boundaries used to estimate spatial structuring of density. The East–West red line follows Highway 3, and the North–South line separates the 2 years of sampling effort. These polygons also bound by the available bear habitat that extends beyond trapping area.

[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:BB_Detections_Combined.pdf]Fig. S2. Spatial summary of bear captures and movements over both years of sampling. Three bears were captured during both 2004 and 2005 sampling.
[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:BB_Detections_Year.pdf]
Fig. S3. Spatial summary of bear captures and movements for each year of sampling. 

Modelling methods
We used the ‘secr’ package (Efford and Fewster 2013) accessed in Program R (R Core Team 2015) to estimate density for the Canadian black bears. We fit spatially explicit capture–recapture models to the Canadian detection data (Figs. S2 and S3) without sex-specific covariates because the influence of home-range sizes between the sexes has little influence on resulting density estimates in bears (Efford and Mowat 2014). The area of density integration in ‘secr’ was constrained to a 10-km buffer around all traps, which represents the extreme edge of detection for the individuals in the sample. We bounded the area of integration using a polygon of non-habitat (Fig. S4), which we defined using expert opinion and landscape features such as large lakes and large valleys settled by people. This assumption can be tested by integrating of a variety of mask buffers and using the buffer width around traps where density estimates stabilize (Fig. S5). It should be noted that only too small of an area of integration can influence ‘secr’ estimates. Unlike traditional density estimates where N was calculated and then divided by a somewhat subjective area, where density was always a function of the area chosen, ‘secr’ will always produce the same density estimate for area of interest once the buffer is greater than the extreme edge of detection for individuals in the sample.

We tested two models for density (D):1) Null—density is homogenous across the entire region; 2) HWY—density differs on either side of HWY 3. We tested 4 models for the detection (g0): 1) Null—detection was static through time; 2) t—detection differed during each session; 3) bk—a site-learned response in which bears that visited a site once show a differential response to that site in subsequent encounters with that site, but not with other sites that have not been visited yet; 4) bk + Session— site-learned response and a unique detection for each year of sampling (years are referred to as “Sessions” in ‘secr’). For sigma, the home-range index, we fit only one model: Null—home-range index was static through time and space. All models were compared using AICc (Burnham and Anderson 2002).
[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:Proctor_BB_SamplingMap_NonHab.pdf]
Fig. S4. Depiction of non-habitat (red) around trapping area used to constrain density in a biologically meaningful way. 

[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:BB_esa.plot.pdf]
Fig. S5. Effect of buffer on density results. Buffer used here was 10 km and represents a sufficient distance over which to integrate density.

Results
Our top SECR density model (AICc weight = 1) included different densities on either side of the highway corridor, and detection that varied by year and behavior (bk + session). Density estimates were 130 black bears/1,000 km2 (95% CI = 90–187) south of BC Highway 3 in the Canadian portion of the Yahk (~350 black bears) and 226 bears/1,000 km2 (95% CI = 175–308) in the Canadian south Purcell Mountains north of Highway 3 (Fig. S6).
Table S1. Model selection table for spatially explicit capture–recapture model implemented in ‘secr’ for Canadian black bear data.
	Model
	npar
	logLik
	AIC
	AICc
	ΔAICc
	AICc wt

	D~HWY g0~bk + session sigma~1
	6
	−584.0
	1,180.0
	1,180.5
	0.0
	1

	D~HWY g0~bk sigma~1
	5
	−600.3
	1,210.5
	1,210.9
	30.4
	0

	D~1 g0~bk sigma~1
	4
	−604.0
	1,216.0
	1,216.3
	35.8
	0

	D~1 g0~1 sigma~1
	3
	−607.3
	1,220.7
	1,220.8
	40.3
	0

	D~1 g0~t sigma~1
	6
	−605.0
	1,222.1
	1,222.6
	42.1
	0



[image: Macintosh HD:Users:user:Documents:University:Work:Proctor_BB_Density:Report_BB_density:Figures:BB_Density_HWY.pdf]
Fig. S6. HWY-only density model predictions. Density division is Highway 3.

Literature cited
Burnham, K., and D. Anderson. 2002. Model selection and multi-model inference. Morgan Kaufmann, San Francisco, California, USA.
Efford, M.G., and R.M. Fewster. 2013. Estimating population size by spatially explicit capture-recapture. Oikos 122:918–928.
———, and G. Mowat. 2014. Compensatory heterogeneity in spatially explicit capture−recapture data. Ecology 95:1341-1348.
R Core Team. 2015. R: A language and environment for statistical computing. R Core Team, Vienna, Austria.
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8 occasions, 236 detections, 164 animals
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4 occasions, 181 detections, 124 animals
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