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Executive summary 

 In this annual report, we build upon part studies examining the ecology of the Ronald 

Lake wood bison (Bison bison athabascae) herd in northeast Alberta, Canada. Since 2013, many 

of the animals in the herd have been collared. An additional 12 bison were collared in 2016, 

bringing the total to 38 (33 female, 5 male). Using these bison and telemetry locations recorded 

from March 2016 to March 2017 and data from those animals previously collared, we have 

updated all individual home range and seasonal herd-wide range analyses. Results were similar 

to previously described bison ranges in past reports. We also examined seasonal habitat 

selection, further illustrating that bison primarily use habitats in the eastern portion of their range 

during spring, summer, and winter, while selecting for a distinct area in the northwest in late-

spring/early-summer, a time that corresponds to the calving period. Camera traps were deployed 

in and around a meadow complex that is central to the area, including on game-trails leading into 

and out of the meadow, to further examine the seasonal pulse and timing of bison occurrence and 

the movements of cows and calves into and out of the meadow. We also used the camera traps as 

an initial examination of the arrival of potential predators. Black bear activity in the meadow 

peaked in the spring when bison and their calves were present, whereas wolf activity was more 

prevalent in the fall when moose were more common. Further, we ground-truthed 36 field sites 

to quantify seasonal (winter vs. summer) bison use of four habitats (deciduous forest, pine forest, 

marsh, and esker) using transects to estimate bison activity (via dung counts) as it related to 

measured abundance of forage (dry biomass), stability in footing (soil firmness), and biting 

insect (horsefly, midge, mosquito) abundance. We found that forage abundance was highest in 

marshes, but was unrelated to patterns in summer bison use. Bison did, however, select for areas 

of lower biting insect abundance and greater footing stability. Future research on the project will  

further examine the mechanisms of top-down (predation) and bottom-up (forage quantity, 

quality, and availability) factors influencing habitat selection by wood bison in the Ronald Lake 

region.  
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Background 

Federally, wood bison (Bison bison athabascae) are designated as Threatened with twelve 

extant, free-ranging populations remaining (COSEWIC, 2013; SARA 2016). In Alberta, wood 

bison in the Hay Zama and Ronald Lake herds are considered as Endangered and Subject 

Animal, respectively, with all other wood bison considered as At Risk (Mitchell and Gates, 2002). 

These remaining wild populations are threatened by introduced (i.e., bovine tuberculosis and 

brucellosis) and native (i.e., anthrax) pathogens, severe weather, and genetic introgression 

(COSEWIC, 2013; Shury et al., 2015). One wood bison herd located southeast of Wood Buffalo 

National Park, near Ronald Lake, Alberta, is of growing interest, due to its unique genetic 

differentiation among other bison herd in the province, disease-free status, cultural significance 

to local First Nations and Métis people, and proximity to current and proposed hydrocarbon 

exploration and extraction activities (Government of Alberta, 2013; Ball et al., 2016). This herd 

is small in number (~200 individuals), with ranges extending from the southern portion of Wood 

Buffalo National Park (WBNP) east of the Birch Mountains to north (~30 km) of Fort McKay on 

the west side of the Athabasca River (Tan et al., 2015). In 2013, a study on the ecology of the 

Ronald Lake herd began, with a primary focus on understanding and mapping wood bison 

habitat selection, including their response to both anthropogenic and natural disturbances. 

A necessity for effective wildlife management is consistent monitoring of populations to observe 

shifts in spatial distribution, behavioural responses to disturbances, and changes in population 

size and trends (Williams et al., 2002; Sinclair et al., 2006). In 2013, GPS-collars were deployed 

on bison within the Ronald Lake herd with additional collars deployed in the following years. In 

total, 38 individuals in the Ronald Lake herd have been collared providing detailed location data 

on their seasonal movements. We used these location data to define seasonal and annual home 

ranges of the herd, estimate the probability of seasonal habitat selection, and examine the 

influence of natural (fire) and anthropogenic (oil-sands exploration, cut-blocks) disturbances on 

habitat selection (Tan et al., 2015; DeMars et al., 2016; DeMars et al., 2017). Some key results 

from this work suggested high levels of overlap among individual home ranges, migration to an 

area in the northwest part of the study area during the calving season, selection for burnt areas in 

the spring and fall, and seasonal selection for anthropogenic disturbances, particularly by males. 

Ongoing monitoring of the herd has continued to assess changes in population size and trends, 

and to evaluate the mechanisms influencing habitat selection (Tan et al., 2015; DeMars et al., 

2016; DeMars et al., 2017). 

Habitat selection is a behavioural process related to a hierarchy of factors and trade-offs that 

influence an animalôs decision to use various habitat types (Schaefer and Messier, 1995; 

Dussault et al., 2005; Muller et al., 2017). Habitat selection is often associated with temporal 

changes in environmental and biological conditions, including forage (bottom-up), predation by 

carnivores and biting flies (top-down), and climatic fluctuations, which can all affect an animalôs 

health, survival, and fitness (Godvik et al., 2009; Brown, 1999; Bobek et al., 2016). Trade-offs 

occur between these factors with examples from studies examining elk (Cervus canadensis) that 

limited use of areas composed of high quality/quantity forage resources to mediate predation risk 

by wolves (Canis lupus) (Hebblewhite and Merrill , 2009), or caribou (Rangifer tarandus) that 

reduced time spent foraging to seek open tundra and hill-tops to mediate predation by biting flies 

during periods of high activity (Helle et al., 2009; Witter et al., 2012). Understanding the 

environmental and biological processes that influence an animalôs behaviour (habitat selection 
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and trade-offs) is therefore essential to understanding individual performance and thus 

population processes (Mysterud and Ims 1998; Long et al. 2016; Dupke et al. 2017).  

In this report we continue to build on previous work investigating home ranges and habitat 

selection by Ronald Lake wood bison, and begin to examine the mechanisms influencing the 

herdôs selection of habitats. Specifically, from discussions with the Ronald Lake Bison Herd 

Technical Team and our research collaborator Teck Resources Limited. our objectives in the 

2017 calendar year were to: 1) update home range estimates with location data from March 2016 

ï March 2017; 2) begin assessment of forage quality on different land-cover types; 3) start 

investigating trade-offs between forage quality and predation risk; 4) update habitat selection 

estimates with a specific focus on selection related to human disturbance; and 5) commence 

preliminary research examining the differential use of an specific area in the northwest part of 

the range by wood bison and their potential predators. The results of these analyses will lay the 

groundwork for further study on the mechanisms influencing habitat selection to inform 

management strategies for the Ronald Lake wood bison. 

 

Methods 

Study Area 

The study area is situated in northeast Alberta approximately 100 km north of Fort MacKay, near 

Ronald Lake, and within bison home ranges (57°58́ N, 111°40́ W). The boundary of the study 

area reflects the minimum convex polygon (MCP) of all GPS-collared bison locations from 

2013-2015 (Tan et al., 2015). The study area is bounded to the east by the Athabasca River and 

to the west by the Birch Mountains Wildland, although we do not directly interpret these features 

as bison movement barriers. Elevation within the study area is between 240 and 300 m above sea 

level. The local climate is characterized by long, cold winters with a mean temperature in 

January of -19.8 ęC and short, fairly warm summers with a mean temperature in July reaching 

16.6 ęC (Natural Regions Committee, 2006). The study area is within the Boreal Forest Natural 

Region, and the Central Mixedwood and Athabasca Plain sub regions, and has a landscape that is 

a mosaic of marshes, mixed-upland forests, and low-lying peatlands such as fens and bogs 

(Ducks Unlimited Canada, 2016).  Forest fires are relatively common natural disturbances in the 

study area, particularly on the east side of the herdôs range where jack pine dominates upland 

sites (mean interval of c. a. 40-80 years; Larsen 1997). Anthropogenic disturbances from timber 

harvesting and hydrocarbon exploration (particularly in the southern portion of the area) are also 

common. 

 

Home ranges 

We updated home range estimates using telemetry data from GPS-collared wood bison between 

March 2016 to March 2017. Data used for the updates included location information from 38 

bison (33 females, 5 males), each monitored for different intervals. Females were monitored 

between March 2013 and March 2017, and males were monitored between March 2013 and 

March 2014 (Appendix i). Twelve animals were females collared in April 2016 with analyses 

from the previous report (DeMars et al. 2017) having a sample size of 26 bison (21 female, 5 

males). After data screening (see DeMars et al., 2016 for details), final data consisted of 295,859 

GPS locations. Two males were excluded from home range analyses as each had a total 
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monitoring interval of <3 months (DeMars et al., 2016). Home ranges were estimated using 

100% minimum convex polygons (MCPs) and 95% and 80% utilization distributions (UDs). 

Minimum convex polygons define the smallest polygon that encompasses all telemetry locations, 

but are criticized for incorporating regions that lack species occurrences (Hayne, 1949; Burgman 

& Fox, 2003). Therefore, we also used UDs as an additional measure of home range, which 

estimates a probability density based on all telemetry locations to describe relative space use by 

animals (Worton, 1989). We compared the updated 100% MCPs, and 95% and 80% UDs to 

those previously estimated (DeMars et al., 2016). Comparisons of home ranges were conducted 

with cumulative (i.e., across all available years) data and seasonal aggregates (i.e., spring, 

caving, summer, & winter) from each year.  

We defined each season based on climatic conditions and bison behavior. We defined winter as 

beginning on 1 November and ending on 15 April for all years. Spring was defined annually as 

beginning on 16 April until the date the first female bison was present in the area surrounding a 

meadow complex in the northwest part of the study area. Calving season extended from that date 

until the day the herd began exiting the area. The summer/fall season started the next day and 

ended on 31 October of each year.  

 

Forage production by land-cover type 

Sample sites were selected for 21 land-cover types using the Ducks Unlimited (DU) enhanced 

wetland classification (Ducks Unlimited Canada, 2016). We selected land-cover patches with a 

minimum patch size of 1 ha (100 x 100 m) to avoid potential misclassification and to be large 

enough to accommodate our sampling design (plot size). We sought to quantify the amount 

(kg/ha) of 4 plant growth forms (i.e., grasses, sedges, forbs, and shrubs) that bison are known to 

consume within each land-cover type. In total, 70 sites were selected for study (n = 36 in 2016; n 

= 34 in 2017) balanced to each DU wetland class, although some classes were inaccurate when 

visited in the field and were therefore reclassified as necessary to the proper land-cover type.   

Forage biomass was measured at the end of the growing season (9 August to 15 August) each 

year. Nine equally spaced 0.5-m
2 
circular quadrats were alternately spaced at a 2-m distance 

perpendicular to a 60-m transect established at the center of each selected site. All  graminoids 

and forbs were harvested at 2.5 cm above ground, while only new-growth on shrubs was 

collected. Other plants were not collected due to: 1) not being a component of bison diet (mosses 

and creeping shrubs); or 2) very low occurrences within plots (lichens and trees). Collected 

vegetation was separated by species, dried at 60 ęC for 48 hours, and weighed to the nearest 

gram using a balance-scale.  

 

Forage quality vs. insect harassment and soft footing 

We studied forage production, insect harassment, and footing related to bison activity 

(determined by dung counts) near Ronald Lake (Figure 1). Tan et al. (2015) and DeMars et al. 

(2016) found bison extensively selected three land-cover types: meadow marsh, deciduous 

forest, and pine forest. We therefore chose representative field sites for each of these land-cover 

types. Again, only those sites that had a minimum patch size of 1 ha (100 x 100 m) were 

considered for sampling. In addition to these three land-cover types, we also included a large 

esker that spans ~15 km from Ronald Lake to the south. The esker represents an area of higher 

elevation that, in addition to being a movement corridor for bison and other animals, is exposed 
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to westerly winds which were hypothesized to be a potential refuge from biting insects. In total, 

nine sites were sampled for each land-cover type. On the esker, the nine sampled sites were 

equally spaced ~750 m apart along a 6 km section. 

 
 

Figure 1:  Map of sub-study area on the east side of the Ronald Lake where forage production, 

insect harassment, and footing related to bison activity were examined. Sample sites 

were established in the summer of 2016 and 2017 along ~18 km, semi-maintained 

trappers trail (n = 70). 

Biting flies were sampled in 2016 between 18 June and 16 August with a focus on groups of 

insects from the order Diptera that have shown to affect the behaviour of boreal ungulate species 

including caribou and wood bison (Helle and Tarvainen, 1984; Toupin et al., 1990; McMillan et 

al., 2000): Tabanidae (horse-fly and allies), Simuliidae (black fly and allies), Culicidae 

(mosquito and allies), and Ceratopogonidae (biting midges and allies). Three sampling methods 

were used to measure overall biting fly activity: 1) sweep netting; 2) tabanid traps; and 3) 

Malaise traps. Sweep net samples occurred at 16 of the 36 sites randomly selected each day for 

sampling (four per land-cover or feature type). We randomly resampled sites at a frequency of 

two to three days. Specifically, 30 full sweeps (180°) above graminoid vegetation height (~1 m 

above ground) were used while walking a 50-m transect with six transects completed per site 

each visit. Total number of flies caught was recorded, the flies were then released. We also used 
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tabanid and Malaise trap sampling, which started on 27 June and ended 16 August. Three tabanid 

traps were equally spaced along the main 60-m transect at each site, while a single Malaise trap 

was set 15-m perpendicular to the center of the main transect. Four Malaise traps were set in 

each of the land-cover/feature type sites. Traps were set for 7-day periods with multiple sessions 

occurring across the study period. Tabanid traps are specifically designed to catch flies from the 

family Tabanidae (Hughes et al., 1981), and Malaise traps are designed to catch a wide variety of 

flying insects (Duncan and Cowtan, 1981). 

To quantify potential footing (soil firmness) for bison at each site, we measured soil bulk density 

on a volumetric basis (g/mm
3
) using five soil core plots equally spaced along the 60-m transect. 

Soil cores were placed in double layer Ziploc bags to ensure that core moisture loss was 

minimal, and taken to the lab for weighing and drying. Soil cores were dried in an oven at 95 °C 

for 48 hours. Twenty-one in-situ soil moisture measurements were also sampled using a soil 

moisture probe at seven locations (three measurements per location) equally spaced along the 

main 60-m transect at each site. Finally, soil penetration depth was evaluated using a custom-

designed soil penetrometer constructed of steel with the body of the penetrometer being 1.5-m in 

length and made from 3.8-cm schedule 40 steel pipe. A 1-m length penetration pin made from 

solid 2.5-cm round steel was welded to the collar of the bottom of the body. A sliding 7-kg 

weight around the penetrometer body was dropped from a height of 1.5-m onto the collar of the 

penetration pin with the distance of penetration (cm) used to assess potential firmness of the 

ground as it would potentially relate to a wood bison (size approximately that of a bison hoof). 

Twenty-one penetration depth measurements were taken at each site at seven locations (three 

measurements per location) equally spaced along the main 60-m transect. Soil penetration depth 

is related to soil shear strength and resistance and is significantly related to soil bulk density and 

soil moisture (Hernanz et al., 2000). Soils with lower bulk density and greater soil moisture 

content have greater soil penetration values.  

Bison activity on a given land-cover type was estimated through counts of bison dung in each 

land-cover type. Summer and winter counts of bison dung were conducted at each site between 

22-26 August 2016. We assume the presence of dung counts to be directly proportional to bison 

activity, and decay rates for both summer and winter dung to be equal within land-cover types. 

Dung was counted in three belt transects each being 4 x 100 m in size established adjacent and 

parallel to each other starting at the center of each site. Bison dung was divided into summer and 

winter categories, as differentiated by texture. A dung count represented by a single dung patty 

was categorized as summer dung and a grouping of droppings was categorized as winter dung.  

A series of linear regression models were fit to test the effects of land-cover type or feature on 

bison summer and winter activity, footing, biting fly abundance, and vegetation biomass. Marsh 

land-cover type was withheld in all models as the reference habitat to test significance of other 

land-cover types, and to investigate possible trade-offs. Pearsonôs R
2
 was used to assess model 

fit.  A series of candidate, univariate, and multivariate linear regression models were used to test 

the effect of footing, biting fly abundance, and forage biomass on bison summer and winter 

activity (Appendix ii). We then used structural equation models (SEMs; Anderson et al., 2010), a 

form of multiple regression, to test the effects of direct, indirect, and total influence of footing, 

biting fly abundance, forage biomass on bison summer and winter activity. We used structural 

equation models because this model framework allows us to test the effects of multiple predictor 

and response variables, and to test variables with high co-linearity. Akaikeôs information 
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criterion (AIC) was used to evaluate support between a series of different models representing 

different levels of complexity (Burnham and Anderson, 2002; Stata. IC 2017).  

 

Habitat selection of wood bison 

In this habitat selection analysis, we examined relative use of land-cover types, anthropogenic 

(i.e., cut-blocks) and natural (i.e., fire) disturbances. Ducks Unlimited Enhanced Wetland 

Classification (EWC) was acquired for Wood Buffalo National Park and added to the existing 

EWC for the rest of the Ronald Lake region (DeMars et al., 2016). This dataset included upland 

pine, a land-cover type added to the EWC since the last annual report. No forest fires were 

observed in the 100% MCP or 95% and 80% UDs since the previous report (DeMars et al., 

2016). Recently acquired location information on cut-blocks was added to the EWC to update 

the land-cover map with the pre-existing EWC ñcut-blockò category representing cut-blocks 

harvested before 2006. We added the new cut-block data as two distinct land-cover categories: 

cut-blocks harvested prior to 2006 (cut-block pre06) and cut-blocks harvested between 2006 and 

2016 (cut-block post05). This distinction was necessary because most cut-blocks harvested prior 

to 2006 did not have metadata identifying the exact year of harvest. For habitat selection 

analyses during the spring and calving seasons, we did not consider these age-specific variables 

because no bison had GPS locations in post-2005 cut-blocks; therefore, we combined these 

categories into one ócut-blockô land-cover category.  

We used the output from seasonal resource selection functions (RSFs) to generate spatial 

predictions of habitat selection by male and female wood bison of the Ronald Lake herd. This 

modeling approach compares environmental attributes (i.e., land-cover types and disturbances) 

associated with telemetry locations of bison to environmental attributes randomly available 

within the bisonôs home range (Johnson, 1980; Manly et al., 2002). Predictions are constrained to 

the maximal extent of bison range use from April 2013 ï March 2017, as defined by a 100% 

minimum convex polygon surrounding all bison GPS locations recorded during that time.  

Bison response to human activity was assessed from 2013-2016. Note that 2013 activity was 

primarily related to oil development, 2014 activity was related to both logging and oil 

development, and 2015-2016 activity was primarily due to logging. We therefore modelled 

human activity level as a 5-category variable: 0 = no disturbance; 1 = disturbance with no human 

activity; 2 = oil and gas development activity; 3 = logging activity; 4 = both logging and oil and 

gas development activity. For this annual report, only the response of female bison is assessed as 

data for male bison was unchanged from the March 2016 Report.  

 

Camera trap: bison demographics and wildlife within northwest range   

We analyzed data from 15 remote cameras deployed within and adjacent to a meadow in the 

northwest calving ranges of Ronald Lake bison during the spring of 2016. Thirteen cameras were 

operational for 419 days (approximately 12 March 2016 to 5 May 2017), while the other two 

cameras were operational for 314 days (15 April 2016 to 23 February 2017) and 38 days (12 

March 2016 to 19 April 2016), respectively.  Camera data were analyzed using the program 

TIMELAPSE2 (http://saul.cpsc.ucalgary.ca/timelapse/) and, where possible, all animals were 

identified to species. For bison and moose (Alces alces), animals were further classified by 

gender or ñunknownò if gender could not be discerned. We also tracked the occurrence of bison 
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calves (bison calves were not analyzed by gender due to high uncertainty in gender 

classification). To analyze temporal trends in species occurrences, we used one year of data, 

starting on 15 March 2016, and developed two metrics of animal occurrence: (1) unique 

encounter rate that tracked occurrences only in photos that were separated by at least an hour; 

and (2) occurrence of species by day. The one-hour separation for unique encounter rate 

diminishes, but does not eliminate, the probability of double counting the same animal. The 

second metric of occurrence per day is more conservative. Neither metric directly considers 

animal abundances, only whether a species was present within a given photo. Occurrences of 

species or age-sex class within a species were grouped into two-week intervals and graphed as 

histograms or kernel density to assess temporal trends.   

 

Results 

Home range 

Updated summaries of annual home range sizes, as calculated by minimum convex polygons 

(MCPs) are similar to those from previous years (Appendix iii: Table 6). Updated seasonal UDs 

also show high degree of overlap with those from DeMars et al. (2015) analyses (Appendix iii: 

Table 6 & Figures 2-9). Calving appeared to be earlier in 2016 than in the previous three years 

(Appendix iii: Table 7). All female bison had congregated in the meadow in the northwest of the 

calving ranges by 24 May and all had exited by 14 June.  

 

Forage production by land-cover type 

Biomass was estimated for four plant growth forms across 14 of the 21 land-cover types in the 

Ronald Lake area (Appendix iv: Tables 8). Grasses were most abundant in shrub swamps (360 

kg/ha, SE = 121 kg/ha), sedges were most abundant in marsh meadows (3201 kg/ha, SE = 663 

kg/ha), forbs were most abundant in emergent marshes (779 kg/ha, SE = 206 kg/ha), and shrubs 

were most abundant in shrubby poor fens (1096 kg/ha, SE = 113 kg/ha). Marsh meadows had the 

greatest total biomass (3261 kg/ha, SE = 666 kg/ha), and pine forests had the least total biomass 

(126 kg/ha, SE = 29 kg/ha). Older cut-blocks were the only anthropogenic disturbance we 

examined with total biomass at 255 kg/ha (SE = 55 kg/ha), mostly composed of shrubs 

(Appendix iv: Table 8). 

 

Forage quality vs. insect harassment and soft footing 

Here, we report the results of linear regressions testing the effects of land-cover type on bison 

summer and winter activity, footing, biting fly abundance, and forage production (Table 1). 

Bison summer dung counts did not significantly differ from marshes for deciduous forests, but 

were greater in pine and esker. Counts of bison winter dung in marshes did not significantly 

differ from deciduous forest, pine forest, or the esker. Marshes had softer footing relative to all 

land-cover/feature types, having greater soil moisture content. Soil moisture content was lower in 

deciduous forest, pine forest, and esker. Marshes had greater biting fly abundance, including 

horse flies, mosquitos, and midges. We found fewer biting flies in deciduous forest, pine forest, 

and esker. Finally, we found less total forage production in deciduous forest, pine forests, and 

esker when compared to marshes. 
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Table 1: Effects of land-cover/feature type on bison summer and winter activity, soil moisture 

content, biting fly activity, and graminoid biomass (n = 36). Variables were measured in 4 land-

cover/feature types in the Ronald Lake area during the summer of 2016. Land-cover type 

ómarshô was withheld in all models. Thus, beta values are in comparison to marsh. 

Model # Dependent Independent   ɓ   S.E.   C.I .   p 

  Bison summer  Deciduous 0.36 0.34 -0.32 1.04 0.291 

1 activity  Pine 1.48 0.34 0.80 2.17 < 0.001 

  R
2
 = 0.49 Esker 1.71 0.34 1.02 2.39 < 0.001 

 
Bison winter Deciduous -0.39 0.46 -1.33 0.55 0.402 

2 activity  Pine -0.77 0.46 -1.71 0.17 0.105 

  R
2
 = 0.05 Esker 0.13 0.46 -0.81 1.07 0.778 

  Soil moisture  Deciduous -2.02 0.16 -2.35 -1.69 < 0.001 

3 content Pine -2.16 0.16 -2.49 -1.83 < 0.001 

  R
2
 = 0.88 Esker -2.24 0.16 -2.57 -1.91 < 0.001 

 
Biting fly  Deciduous -1.29 0.27 -1.84 -0.75 < 0.001 

4 abundance Pine -1.25 0.27 -1.80 -0.70 < 0.001 

  R
2
 = 0.68 Esker -2.33 0.27 -2.88 -1.78 < 0.001 

  Graminoid  Deciduous -2.18 0.15 -2.50 -1.87 < 0.001 

5 Biomass Pine -2.24 0.15 -2.55 -1.93 < 0.001 

  R
2
 = 0.90 Esker -2.05 0.15 -2.36 -1.74 < 0.001 

 

The SEMs evaluating the causal effects of footing, biting fly abundance, and forage production 

on bison activity were tested separately for both summer and winter periods (Table 2 and 3). The 

best supported summer model included the covariates soil moisture content, biting fly abundance 

(sweep net data), and graminoid biomass. Summer activity was negatively related to soil 

moisture and biting flies, while graminoid biomass had no effect. The best supported winter 

model included the covariates soil moisture content and graminoid biomass. We assessed only 

the direct effect of graminoid biomass on bison winter activity. Graminoid biomass had a 

positive effect on bison winter activity. The custom-designed soil penetrometer (penetration 

depth) was highly correlated with soil bulk density (adjusted R
2
 = 0.96, SE = 0.12, p < 0.01) 

suggesting that it can be used to simplify measures of soil structure as it relates to bison footing. 
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Table 2: Direct, indirect, and total effects of top path model (AIC) of bison summer activity. 

Effects of biting fly abundance are estimated using the sweep net method. Variables were 

measured in 4 land-cover/feature types in the Ronald Lake area during the summer of 2016. R
2
 = 

0.56 

Dependent Independent ɓ   SE CI    p 

Direct effects           

Bison Summer Activity 

Soil Moisture -0.45 0.24 -0.93 0.02 0.06 

Biting fly abundance -0.38 0.19 -0.75 -0.01 0.05 

Graminoid biomass 0.17 0.25 -0.32 0.65 0.50 

Biting fly abundance 
Soil Moisture 0.34 0.20 -0.06 0.74 0.10 

Graminoid biomass 0.42 0.20 0.02 0.83 0.04 

Graminoid biomass Soil Moisture 0.83 0.09 0.65 1.01 < 0.01 

       Indirect effects         

 
Bison Summer Activity 

Soil Moisture -0.12 0.21 -0.53 0.29 0.56 

Graminoid biomass -0.16 0.11 -0.38 0.06 0.15 

Biting fly abundance Soil Moisture 0.35 0.17 0.01 0.70 0.04 

       Total effects         

 

Bison Summer Activity 

Soil moisture -0.58 0.14 -0.84 -0.31 < 0.01 

Biting fly abundance -0.39 0.19 -0.75 -0.01 0.05 

Graminoid biomass 0.01 0.25 -0.47 0.49 0.98 

Biting fly abundance 
Soil moisture 0.69 0.12 0.46 0.93 < 0.01 

Graminoid biomass 0.42 0.20 0.02 0.83 0.04 

Graminoid biomass Soil moisture 0.83 0.09 0.65 1.01 < 0.01 

 

 

 

 

Table 3: Direct and total effects of top path model (AIC) of bison winter activity. Variables were 

measured in 4 land-cover/feature types in the Ronald Lake area during the summer of 2016. R
2
 = 

0.16 

Dependent Independent ɓ   S.E. C.I.   p 

Direct and total effects           

Bison winter activity Graminoid biomass 0.28 0.15 -0.01 0.58 0.062 
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Habitat Selection Analysis 

The addition of 12 months of data (Appendix vi: Tables 12 ï 20 & Figures 14-21) did not 

significantly alter the habitat selection by bison as previously reported in DeMars 2016. More 

specifically, no parameter estimates (i.e., the ɓôs) switched from being significantly positive to 

significantly negative or vice versa. Rankings of land-cover were also consistent. These results 

are not unexpected given that bison patterns of space use have strongly overlapped from year to 

year.  

Predictive performance was strong across all seasonal and gender-specific models with ordinal 

RSF bin values positively correlated with bison selection ratios (Spearmanôs rank correlation 

coefficients all Ó 0.98, all p Ò 0.001; Appendix vi: Table 20). 

Female bison generally avoided anthropogenic disturbances during the winter (Appendix vi: 

Table 21), similar to previous reports (DeMars et al., 2016; 2017). Avoidance of these areas, 

however, increased significantly if human activity was also present. Indeed, no bison locations 

occurred in areas of active logging during the winters of 2015 and 2016 suggesting strong 

avoidance of forest harvest activities (Appendix vi: Table 21).  

 

Camera trap: bison demographics and wildlife within northwest range  

Remote cameras recorded seven species of wildlife over the sampling time frame (15 March 

2016 to 14 March 2017; Appendix vii: Tables 22-23), although deer were identified only to 

genus (Odocoileus). When considering unique encounters (i.e. photos separated by > 1 hour), 

bison had the highest number of occurrences, followed by moose and bears (Appendix vii: Table 

22). However, moose had the highest number of occurrences followed by bison and then bears 

when considering the number of days with an occurrence regardless of season (Appendix vii: 

Table 23). Bison occurrences were primarily confined to the spring season and peaked during the 

last week of May and the first week of June 2016 (Appendix vii: Figures 22 ï 24). This trend 

was consistent among females, males (Appendix vii: Figure 23), and calves (Appendix vii: 

Figure 24). Compared to bison, moose had a wider temporal range of occurrence within the 

meadow with occurrence peaking during the last week of November and the first week of 

December (Appendix vii: Figures 22-24). Male moose had a much higher frequency of 

occurrence than females (Appendix vii: Figure 25). Deer were relatively rare in the meadow, 

occurring only 8 days throughout the year-long sampling period (Appendix vii: Table 23). The 

distribution of deer occurrence was bimodal, with a small peak in mid-May and a larger peak 

occurring in mid-October (Appendix vii: Figure 26). Wolves predominantly occurred in the 

meadow during the fall and winter months and to a lesser extent during the spring (Appendix vii: 

Figure 27). No wolf occurrences were recorded during the summer. Bears predominantly 

occurred in the meadow during the spring with a small peak in occurrence also noted during mid-

August (Appendix vii: Figure 28). No bear occurrences were recorded between 1 October and 1 

April  over most of their denning period. Co-occurrence of predators and prey did occur at 

different times of year with the most obvious trends being wolves and moose present in the fall 

and winter, and bears and bison present during calving season (Appendix vii: Figure 29). 

Cameras also captured photos of red fox (Vulpes vulpes) and lynx (Lynx canadensis), but these 

species had Ò 3 occurrences and thus temporal trends were not explicitly examined for these 

species.  
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Discussion 

In this report, we improved our knowledge of the Ronald Lake herdôs home range and bison 

habitat selection of land-cover types common to the area, conducted an initial quantification of 

forage biomass in different land-cover types, demonstrated avoidance in areas of winter human 

activity, and found patterns of different predator prey co-occurrence throughout the year in the 

large meadow used during the calving season. Our results support those found in previous 

reports (Tan et al., 2015; DeMars et al., 2016). This work also started to establish a foundation 

from which to examine mechanisms that influence wood bison habitat selection from bottom-up 

(forage quality and quantity) and top-down (predation) perspectives.  

There was extensive overlap in cumulative annual and seasonal ranges of the Ronald Lake wood 

bison. Each year, winter, summer and spring ranges of collared bison were relatively expansive, 

whereas the ranges during the calving season was restricted to one area in the northwest part of 

the study area. The 2016-2017 bison locations further support the idea that the Ronald Lake herd 

roams a confined range throughout the year, agreeing with previous research on this herd (Tan et 

al., 2015; DeMars et al., 2016).   

We estimated forage biomass production for 14 of 21 land-cover types in the Ronald Lake area. 

We found more total biomass in marshes than any other land-cover type, especially for sedges, 

which corresponds to substantial use of this land-cover type in winter. Land-cover types yet to be 

examined include: upland conifer, hardwood swamps, graminoid rich and poor fens, and 

anthropogenic disturbances related to energy exploration (e.g. seismic lines). These land-cover 

types have high selection by bison in summer and winter months and thus need to be sampled in 

the summer of 2018. 

We observed relatively low bison activity in marshes during summer months, and relatively high 

activity during winter months. These observations are consistent with bison habitat analyses in 

Tan et al. (2014) and DeMars et al. (2015) for the Ronald Lake area, which find higher selection 

for marsh meadows by bison in winter months than in summer months.  Unlike other habitats 

selected by Ronald Lake bison, such as deciduous and pine forests, soil conditions in marshes 

during summer months are soft and wet. An increase in soil moisture content can contribute to 

softer soil, and increases in forage production. While bison may be drawn to marshes for their 

high forage value, use of marshes in the summer may actually decrease due to the combination 

of soft footing (ground) and biting flies. Forage, therefore, may be only one of several factors 

contributing to summer bison habitat use.  

Our study quantitatively assessed soil properties, biting fly activity, and forage production, and 

the effect these factors have on bison habitat use (Appendix v: Table 11a and 11b). We found 

that forage resources are less of a factor driving habitat use during summer months, and that 

bison reduce use of areas where biting flies are abundant and soil conditions are soft. During 

winter months, when biting fly activity is low to nil, and soil conditions become dry to frozen, 

we found that bison increased their use of marshes, which have large quantities of sedges.  

In general, bison avoided cut-blocks regardless of cut-block age, except for male bison in the 

summer / fall. During this season, males selected for more recent cut-blocks (post-2005) and 

avoided older ones (pre-2006). These patterns may be related to human activity as most post-

2005 cut-blocks were more recent (i.e. since 2014) and human activity occurs primarily during 

the winter. Each predictive habitat selection map represents a continuum of relative habitat 

suitability. It does not represent the absolute probability that a bison will occur at a given 
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location. Even in areas with apparently high suitability, the actual probability of bison 

occurrence may be relatively low because bison groups likely occur at low densities throughout 

their range. Bison can and do occur in areas with relatively low suitability. 

The camera traps in the large meadow used during the calving period revealed temporal trends in 

use for bison, moose, deer, wolves, and black bears, as well as patterns of their co-occurrence for 

key groups. Patterns of species co-occurrence highlighted possible predator-prey relationships 

among these 4 species. In particular, black bear occurrence within the meadow overlapped with 

that of bison, both of which peaked during the calving season for bison. Bears are a well-known 

predator of ungulate calves, particularly during the neonate period (e.g. < 4 weeks old; Zager and 

Beecham 2006) and this relationship may indicate that bears are targeting bison calves. Wolf 

occurrence here was more strongly associated with the occurrence of moose during the fall. In 

the boreal forests of Canada, moose are the primary prey of wolves (Peterson and Ciucci 2003) 

and thus their co-occurrence is perhaps to be expected.   

 

Summary and Future Steps 

Looking forward, we will continue to build off the results from this report and the results from 

previous reports such as seasonal selection of linear anthropogenic features and particular 

landscape covers (DeMars et al., 2016; DeMars et al., 2017). We will begin to assess the 

tradeoffs between the mechanisms of forage quality, quantity, and availability that influence this 

habitat selection behavior and seasonal range use by the Ronald Lake wood bison. Additionally, 

we will investigate the uniqueness of the meadow compared to other meadows within the study 

area and assess what factors may be contributing to the migration of bison to this area from 

bottom-up and top-down perspectives. The influence of anthropogenic disturbances and activity 

within the study area also warrants further investigation. Therefore, we will begin to assess the 

quantity and quality of forage within disturbances (e.g., cut-blocks and seismic lines) and the 

behavioural responses of bison to human activities. 
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Appendix i: Summary of collared bison. 

Table 4: Summary statistics of GPS location data by individual bison after data screening 

procedures. The number of time steps refers to the maximum number of GPS fixes that would 

have been recorded given the length of time the collar collected data. All radio- collars were 

originally programmed to record a GPS fix every 1.5 hours. Animal IDs marked with an asterisk 

(*) indicate radio-collars that switched to collecting fixes every 6 hours from late March / early 

April 2016 to the end date. 

Animal ID  Sex 
No. of Time 

Steps 

No. of Missed 

Fixes 
Begin Date End Date Fix Rate 

33912 F 15350 793 4/8/2013 11/23/2015 0.95 

33913 F 14614 401 4/8/2013 10/8/2015 0.97 

33914 F 13173 640 4/8/2013 7/10/2015 0.95 

33915 F 3236 249 4/6/2013 10/25/2013 0.92 

33916 F 2255 254 4/8/2013 8/27/2013 0.89 

33917* F 17813 589 4/6/2013 7/25/2016 0.97 

33919 F 14213 632 4/6/2013 9/11/2015 0.96 

33920 F 12528 1085 4/6/2013 5/29/2015 0.91 

33921 F 11929 5509 4/6/2013 4/21/2015 0.54 

33923* F 18717 822 4/6/2013 3/8/2017 0.96 

33924 F 6868 1983 4/30/2014 7/3/2015 0.71 

35447* F 13046 690 4/4/2014 3/18/2017 0.95 

35448* F 13021 767 4/6/2014 3/20/2017 0.94 

35449* F 13015 613 4/6/2014 3/18/2017 0.95 

35450 F 5088 190 4/6/2014 2/18/2015 0.96 

35451* F 13022 624 4/6/2014 3/20/2017 0.95 

35452* F 12535 784 4/6/2014 11/18/2016 0.94 

35453 F 7436 203 4/6/2014 7/15/2015 0.97 

35454* F 13012 866 4/6/2014 3/17/2017 0.93 

35455* F 12290 396 4/8/2014 9/26/2016 0.97 

35456 F 7432 286 4/6/2014 7/15/2015 0.96 

35462 M 4827 37 3/28/2014 1/23/2015 0.99 

35463 M 2855 295 3/28/2014 9/22/2014 0.90 

35464 M 1407 43 3/28/2014 6/24/2014 0.97 

35465 M 615 2 3/28/2014 5/5/2014 1.00 

35466 M 5857 409 3/28/2014 3/29/2015 0.93 

41225 F 5226 159 4/28/2016 3/20/2017 0.97 

41226 F 5209 144 4/29/2016 3/20/2017 0.97 

41227 F 5173 224 4/29/2016 3/18/2017 0.96 

41228 F 5191 108 4/29/2016 3/19/2017 0.98 

41229 F 5211 510 4/29/2016 3/20/2017 0.90 

41230 F 5175 576 4/29/2016 3/18/2017 0.89 

41231 F 5174 319 4/29/2016 3/18/2017 0.94 

41232 F 5138 515 4/29/2016 3/16/2017 0.90 

41234 F 5193 218 4/29/2016 3/19/2017 0.96 
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Animal ID  Sex 
No. of Time 

Steps 

No. of Missed 

Fixes 
Begin Date End Date Fix Rate 

41236  F 5193 307 4/29/2016 3/19/2017 0.94 

41237 F 5203 157 4/29/2016 3/20/2017 0.97 

41238 F 5212 194 4/29/2016 3/20/2017 0.96 

       

Mean fix rate 0.93 

Minimum fix rate  0.54 

Maximum fix rate  1.00 
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Appendix ii : Linear regression models of bison response to footing and insect 

harassment. 
 

 

Table 5: Candidate, univariate models of bison summer activity ranked by AIC. Variables were 

measured in 4 land-cover/feature types in the Ronald Lake area during the summer of 2016. 

Model ID Model name df AIC  æ AIC 

7 Dung ~ Plant Biomass (Total) 2 87.6 - 

10 Dung ~ (Graminoid + Shrub Biomass) 2 88.5 0.9 

9 Dung ~ (Graminoid + Forb Biomass) 2 89.4 1.8 

4 Dung ~ Soil Moisture (Lab) 2 90.7 3.1 

3 Dung ~ Soil Moisture (In-situ) 2 90.8 3.3 

5 Dung ~ Sweep Net 2 90.8 3.3 

2 Dung ~ Soil Bulk Density (Inverse) 2 93.2 5.6 

1 Dung ~ Soil Penetration 2 93.4 5.9 

8 Dung ~ Graminoid Biomass 2 95.9 8.3 

6 Dung ~ Tabanid Trap 2 102.7 15.1 

 

 

 

 

Table 6: Candidate, univariate models of bison winter activity ranked by AIC. Variables were 

measured in 4 land-cover/feature types in the Ronald Lake area during the summer of 2016. 

Model ID Model name df AIC  æ AIC 

4 Dung ~ (Graminoid + Shrub Biomass) 2 101.8 - 

1 Dung ~ Vegetation Biomass (total) 2 102.2 0.4 

2 Dung ~ Graminoid Biomass 2 102.2 0.4 

3 Dung ~ (Graminoid + Forb Biomass) 2 102.3 0.5 
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Table 7: Candidate, multivariate path models of bison summer activity ranked by AIC. 

Variables were measured in 4 land-cover/feature types in the Ronald Lake area during the 

summer of 2016. 

Model ID Model name df AIC  æ AIC 

4 
Dung ~ Soil Moisture (Lab) + Sweep Net + 

Graminoid Biomass 
12 340.5 - 

6 
Dung ~ Soil Moisture (Lab) + Sweep Net + 

(Graminoid + Shrub Biomass) 
12 344.9 4.3 

5 
Dung ~ Soil Moisture (Lab) + Sweep Net + 

(Graminoid + Forb Biomass) 
12 347.3 6.7 

2 
Dung ~ Soil Moisture (Lab) + Sweep Net + 

Plant Biomass (Total) 
12 351.0 10.5 

1 
Dung ~ Soil Moisture (In-situ) + Sweep Net + 

Plant Biomass (Total) 
12 363.7 23.1 

3 
Dung ~ Soil Moisture (Lab) + Tabanid Trap + 

Plant Biomass (total) 
12 370.7 30.1 

 

 

Table 8: Candidate, multivariate path models of bison winter activity ranked by AIC. Variables 

were measured in 4 land-cover/feature types in the Ronald Lake area during the summer of 2016. 

Model ID Model name df AIC  æ AIC 

1 
Dung ~ Soil Moisture (Lab) + Graminoid 

Biomass 
6 270.2 - 

5 
Dung ~ Soil Moisture (In-situ) + Graminoid 

Biomass 
6 275.2 5.0 

2 
Dung ~ Soil Moisture (Lab) + (Graminoid + 

Forb Biomass) 
6 281.6 11.4 

3 
Dung ~ Soil Moisture (Lab) + (Graminoid + 

Shrub Biomass) 
6 282.3 12.1 

4 
Dung ~ Soil Moisture (Lab) + Plant Biomass 

(Total) 
6 288.1 17.9 
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Appendix iii: Updated home ranges 
 

Table 9: Metrics of individual home range size (km
2
) for female and male bison of the Ronald 

Lake herd of northeastern Alberta. Minimum convex polygons (MCPs) were estimated annually 

and across years (All Data MCPs) per individual. Utilization distributions (UDs) were estimated 

using data across all years per individual with 80% and 95% probability contour boundaries 

calculated. *Individual bison that were monitored <8months. All other bison had at least one 

year of data to estimate MCPs. ^ Indicates male bison. 

 

Bison ID 

Year 1 

MCP 

Year 2 

MCP 

Year 3 

MCP 

% Overlap 

Year 1 ï 2 

MCPs 

% Overlap 

Year 2 ï 3 

MCPs 

All 

Data 

MCP 

All Data 

80% UD 

All Data 

95% UD 

33912 594.0 693.6 - 94 - 896.7 377.4 614.9 

33913 958.9 1154.9 - 98 - 1273.4 610.8 1005.6 

33914 1040.6 625.1 - 50 - 1173.9 413.1 728.4 

33915* 650.2 - - - - 650.2 344.3 618.1 

33916* 761.3 - - - - 761.3 551.3 962.2 

33917 712.9 603.2 947.1 65 91 1037.1 420.0 709.8 

33919 945.8 533.0 - 56 - 963.3 450.8 766.7 

33920 1212.4 636.9 - 52 - 1289.8 525.1 937.1 

33921 1018.6 406.8 - 37 - 1077.1 422.9 791.9 

33923 931.7 621.5 850.4 56 99 1100.8 414.5 707.9 

33924 703.8 - - - - 844.9 381.0 646.0 

35447 633.4 960.9 761.5 100 78 985.7 305.6 554.4 

35448 1148.6 805.5 1159.1 64 96 1316.1 465.6 884.4 

35449 823.0 759.6 683.6 77 79 1067.3 335.7 624.6 

35450 621.1 - - - - 621.1 336.0 553.8 

35451 881.0 1321.8 922.3 100 67 1393.0 544.7 953.5 

35452 839.1 726.2 944.5 85 76 872.4 343.4 635.9 

35453 575.4 - - - - 766.5 334.8 599.1 

35454 894.0 951.1 - 90 - 1227.7 419.5 785.9 

35455 1092.3 989.4 - 90 - 1124.8 405.4 746.8 

35456 468.1 - - - - 534.5 264.1 475.3 

35462̂  1277.7 - - - - 1277.7 263.7 635.3 

35463*̂  1269.7 - - - - 1269.7 996.4 1799.3 

35464*̂  724.4 - - - - 724.4 709.6 1227.2 

35465*^ 70.4 - - - - 70.4 63.6 106.9 

35466 ^ 1218.3 - - - - 1218.3 698.4 1320.4 

41225 766.0 - - - - 766.0 320.3 591.7 

41226 972.2 - - - - 972.2 430.8 726.6 

41227 783.5 - - - - 783.5 394.4 690.4 

41228 668.0 - - - - 668.0 270.6 492.9 

41229 913.3 - - - - 913.3 326.6 587.7 

 

Bison ID 

Year 1 

MCP 

Year 2 

MCP 

Year 3 

MCP 

% Overlap 

Year 1 ï 2 

MCPs 

% Overlap 

Year 2 ï 3 

MCPs 

All 

Data 

MCP 

All Data 

80% UD 

All Data 

95% UD 

41230 779.5 - - - - 779.5 338.7 619.0 

41231 698.8 - - - - 698.8 323.9 550.8 
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41232 794.8 - - - - 794.8 294.5 515.8 

41234 846.7 - - - - 846.7 479.1 807.0 

41236 577.4 - - - - 577.4 259.1 443.3 

41237 313.1 - - - - 813.1 322.4 560.4 

41238 678.0 - - - - 678.0 379.5 616.3 

         

Mean 825.2 786.0 895.5 74.3 84.0 916.6 408.9 726.1 

Minimum  70.4 406.8 683.9 37.0 67.0 70.4 63.6 106.9 

Maximum 1277.7 1321.8 1159.1 100.0 99.0 1393.0 996.4 1799.3 

 

 

Table 10: Seasonal periods used to evaluate seasonal changes in space used and habitat selection 

by wood bison of the Ronald Lake herd. *Current data set only extends to 20 March 2017. 

Year  Spring Calving Summer / Fall Winter  

2013  25 Apr ï 4 Jun 5 June ï 28 Jun 29 Jun ï 31 Oct 1 Nov ï 25 Apr 

2014  19 Apr ï 7 Jun 8 Jun ï 25 Jun 26 Jun ï 6 Nov 7 Nov ï 7 Apr 

2015  8 Apr ï 28 May 29 May ï 23 Jun 24 Jun ï 31 Oct 1 Nov ï 15 Apr 

2016  15 Apr ï 23 May 24 May ï 13 Jun 14 Jun ï 31 Oct 1 Nov ï 20 Mar * 
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Figure 2: Cumulative space use, as represented by a minimum convex polygon (MCP) and 

utilization distributions (UDs), for wood bison of the Ronald Lake herd from April 2013 ï 

March 2017.  
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Figure 3: Comparison of 100% minimum convex polygons (MCPs) characterizing cumulative 

space use by wood bison of the Ronald Lake herd. MCPs were calculated using all GPS 

locations collected from April 2013 ï August 2015 (black line) and from April 2013 ï 

March 2017 (red line). 
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Figure 4: Comparison of 95% utilization distributions (UDs) characterizing cumulative space 

use by wood bison of the Ronald Lake herd. UDs were calculated using all GPS locations 

collected from April 2013 ï August 2015 (black line) and from April 2013 ï March 2017 

(red line). 



 35 

 
 

Figure 5: Comparison of 80% utilization distributions (UDs) characterizing cumulative space 

use by wood bison of the Ronald Lake herd. UDs were calculated using all GPS locations 

collected from April 2013 ï August 2015 (black line) and from April 2013 ï March 2017 

(red line). 
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Figure 6: Comparison of 100% minimum convex polygons (MCPs) characterizing space use 

during the spring by wood bison of the Ronald Lake herd. MCPs were calculated annually 

using GPS locations confined to the spring seasons of 2013 ï 2017. Male bison data were 

only collected during 2014 and part of 2015. 
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Figure 7: Comparison of 100% minimum convex polygons (MCPs) characterizing space use 

during the calving season by wood bison of the Ronald Lake herd. MCPs were calculated 

annually using GPS locations confined to the calving seasons of 2013 ï 2017. 
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Figure 8: Comparison of 100% minimum convex polygons (MCPs) characterizing space use 

during the summer / fall by wood bison of the Ronald Lake herd. MCPs were calculated 

annually using GPS locations confined to the summer and fall seasons of 2013 ï 2017. 
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Figure 9: Comparison of 100% minimum convex polygons (MCPs) characterizing space use 

during the winter by wood bison of the Ronald Lake herd. MCPs were calculated annually 

using GPS locations confined to the winter seasons of 2013 ï 2017.
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Appendix iv: Results of forage production by land-cover type analysis 
 

Table 11: Biomass estimates of vegetation production for land-cover classes in the Ronald Lake area, 2016 and 2017. Number of 

female bison GPS locations for each land-cover class in the Ronald Lake area (2016). Percent area for land-cover classes in the 

Ronald Lake area (2016). Percent area for land-cover classes in the Ronald Lake area (99% UD of 2016 GPS locations). Summer and 

winter selection ratios for female bison using 2016 GPS locations and 99% UD. Total number of sites and plots (in parentheses) 

sampled for land-cover classes. N.A. refers to sites where biomass is yet to be estimated. 

Landcover type 
# of bison 

locations 

% area 

of range 

Summer 

selection 

Winter 

selection 

# sites 

(#plots) 

kg/ha (SE) 

Grass  Sedge Forb Shrub Total 

Deciduous 23058 35.3 1.16 0.48 9 (81) 21 (9) 0 221 (46) 257 (71) 449 (86) 

Marsh 4104 1.2 2.21 12.76 9 (81) 0 3201 (663) 60 (39) 0 3261 (666) 

Pine 4663 12.7 0.83 0.35 9 (81) 15 (6) 0 50 (16) 61 (17) 126 (29) 

Shrub swamp 4447 3.6 0.39 5.36 4 (20) 360 (121) 292 (134) 415 (170) 445 (191) 1512 (330) 

Treed rich fen 3356 7.7 0.67 0.76 3 (15) 80 (32) 77 (23) 32 (17) 507 (119) 696 (126) 

Conifer swamp 3584 5.6 1.40 0.17 4 (20) 12 (6) 0 231 (43) 74 (33) 317 (57) 

Treed poor fen 2232 6.3 0.50 0.64 3 (15) 8 (6) 82 (43) 16 (5) 286 (61) 391 (73) 

Shrubby rich fen 1580 2.9 0.43 1.60 3 (15) 3 (3) 454 (110) 24 (12) 785 (115) 1265 (119) 

Emergent 1468 0.8 1.94 6.97 3 (15) 10 (8) 326 (147) 779 (206) 0 1115 (271) 

Shrubby poor fen 1414 1.6 0.51 3.63 3 (15) 61 (20) 48 (19) 5 (3) 1096 (110) 1210 (113) 

Treed bog 149 1.3 0.07 0.08 3 (15) 9 (9) 28 (13) 12 (5) 450 (105) 499 (114) 

Shrubby bog 171 0.4 0.50 0.75 3 (15) 0 52 (28) 3 (2) 514 (111) 586 (114) 

Cutblock 4 0.2 0.05 NA 5 (25) 47 (14) 0 57 (21) 152 (49) 255 (55) 

Esker 2774 0.4 8.31 2.83 9 (81) 33 (15) 0 79 (18) 68 (26) 180 (19) 

Upland conifer 6192 10.7 1.92 0.06 NA NA NA NA NA NA 

Hardwood swamp 965 2.1 0.33 1.09 NA NA NA NA NA NA 

Graminoid rich fen 831 1.0 0.42 3.47 NA NA NA NA NA NA 

Graminoid poor fen 820 1.2 0.58 2.5 NA NA NA NA NA NA 

Mixedwood swamp 418 1.6 0.22 0.43 NA NA NA NA NA NA 

Tamarack swamp 311 1.3 0.17 0.57 NA NA NA NA NA NA 

Open bog 3 < 0.1 NA 0.23 NA NA NA NA NA NA 
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Appendix v: Results from forage quality vs. insect harassment and 

footing 
 

 
 

Figure 10: Effects of soil moisture on bison summer activity measured in 4 land-cover/feature 

types in the Ronald Lake area during the summer of 2016 (n = 36, R
2
 = 0.31, p < 0.01). 

 
 

Figure 11: Effects of biting fly abundance on bison summer activity measured in 4 land-

cover/feature types in the Ronald Lake area during the summer of 2016 (n = 36, R
2
 = 0.31, p < 

0.01). 
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Figure 12: Effects of graminoid biomass on bison summer activity measured in 4 land-

cover/feature types in the Ronald Lake area during the summer of 2016 (n = 36, R
2
 = 0.20, p 

< 0.01). 

 

Figure 13: Effects of graminoid biomass on bison winter activity measured in 4 land-

cover/feature types in the Ronald Lake area during the summer of 2016 (n = 36, R
2
 = 0.05, p 

= 0.10).  
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Appendix vi: Updated habitat selection analysis 
 

Table 12:  Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top 

resource selection functions estimated during spring for female wood bison of the Ronald Lake 

herd of northeast Alberta. Shown are coefficients from the previous March 2016 report (April 

2013 ï August 2015 data) and coefficients using the latest date (April 2013 ï March 2017). For 

land-cover (first grouping), positive coefficients (> 0) indicate relative selection compared to 

Upland Deciduous forests while negative coefficients indicate relative avoidance. For fire 

interactions (second grouping), coefficients indicate relative selection compared to the 

coefficients of the given land cover. Anthropogenic disturbance coefficients (third grouping) are 

in reference to selection of undisturbed areas. Dashes indicate variables not included in a given 

data-specific top model. 

 

Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 33) 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -2.13 0.08 < 0.001 

 

-2.19 0.06 < 0.001 

Open Water -0.91 0.07 < 0.001 

 

-0.94 0.06 < 0.001 

Aquatic Bed -2.02 0.28 < 0.001 

 

-3.17 0.22 < 0.001 

Emergent Marsh 0.38 0.06 < 0.001 

 

0.40 0.05 < 0.001 

Meadow Marsh 1.83 0.03 < 0.001 

 

1.49 0.03 < 0.001 

Graminoid Rich Fen -0.55 0.12 < 0.001 

 

-0.61 0.10 < 0.001 

Graminoid Poor Fen -0.80 0.09 < 0.001 

 

-0.69 0.07 < 0.001 

Shrubby Rich Fen 0.01 0.06 0.837 

 

-0.14 0.05 0.004 

Shrubby Poor Fen 0.25 0.05 < 0.001 

 

0.02 0.05 0.654 

Treed Rich Fen -0.42 0.04 < 0.001 

 

-0.66 0.03 < 0.001 

Treed Poor Fen -0.54 0.04 < 0.001 

 

-0.64 0.03 < 0.001 

Shrubby Bog -0.57 0.11 < 0.001 

 

-0.79 0.11 < 0.001 

Treed Bog 0.22 0.06 0.001 

 

-0.15 0.06 0.015 

Shrub Swamp -0.09 0.04 0.016 

 

-0.19 0.03 < 0.001 

Hardwood Swamp -0.03 0.05 0.503 

 

-0.11 0.04 0.004 

Mixedwood Swamp -0.35 0.06 < 0.001 

 

-0.42 0.05 < 0.001 

Tamarack Swamp -2.12 0.17 < 0.001 

 

-1.81 0.11 < 0.001 

Conifer Swamp 0.05 0.03 0.094 

 

0.07 0.03 0.005 

Upland Conifer -0.66 0.06 < 0.001 

 

-0.59 0.05 < 0.001 

Upland Pine 
1
 - - -  0.52 0.09 < 0.001 

Upland Mixedwood -2.20 0.17 < 0.001 

 

-2.23 0.17 < 0.001 

Cut-block  0.24 0.13 0.052 

 

-0.43 0.11 < 0.001 

Anthropogenic -2.11 0.25 < 0.001 

 

-1.10 0.52 0.036 

        

Fire: Low Severity -0.62 0.04 < 0.001 

 

-0.99 0.04 < 0.001 

Fire: High Severity -0.21 0.03 < 0.001 

 

-0.37 0.03 < 0.001 

Open Water: Fire Low 1.35 0.20 < 0.001 

 

1.33 0.19 < 0.001 

Open Water: Fire High 2.25 0.14 < 0.001 

 

1.80 0.12 < 0.001 

Emergent Marsh: Fire Low 0.34 0.22 0.121 

 

-0.18 0.25 0.469 
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Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 33) 

Variable ɓ SE p 

 

ɓ SE p 

Emergent Marsh: Fire High 1.04 0.13 < 0.001 

 

0.67 0.13 < 0.001 

Meadow Marsh: Fire Low -1.48 0.23 < 0.001 

 

-1.27 0.21 < 0.001 

Meadow Marsh: Fire High -1.12 0.11 < 0.001 

 

-1.04 0.11 < 0.001 

Graminoid Rich Fen: Fire Low -7.34 0.85 < 0.001 

 

-6.94 0.56 < 0.001 

Graminoid Rich Fen: Fire 

High 2.02 0.13 < 0.001 

 

1.89 0.11 < 0.001 

Graminoid Poor Fen: Fire Low 1.00 0.26 < 0.001 

 

1.56 0.22 < 0.001 

Graminoid Poor Fen: Fire 

High 0.50 0.13 < 0.001 

 

0.58 0.11 < 0.001 

Shrubby Rich Fen: Fire Low 1.11 0.23 < 0.001 

 

1.01 0.20 < 0.001 

Shrubby Rich Fen: Fire High 0.30 0.08 < 0.001 

 

0.27 0.07 < 0.001 

Shrubby Poor Fen: Fire Low 2.56 0.24 < 0.001 

 

1.94 0.32 < 0.001 

Shrubby Poor Fen: Fire High -0.21 0.09 0.024 

 

0.04 0.08 0.647 

Treed Rich Fen: Fire Low 0.41 0.14 0.003 

 

0.46 0.14 0.001 

Treed Rich Fen: Fire High 0.69 0.06 < 0.001 

 

0.84 0.05 < 0.001 

Treed Poor Fen: Fire Low 0.44 0.18 0.016 

 

1.01 0.12 < 0.001 

Treed Poor Fen: Fire High 0.49 0.07 < 0.001 

 

0.68 0.06 < 0.001 

Treed Bog: Fire Low 1.12 0.20 < 0.001 

 

0.94 0.60 0.121 

Treed Bog: Fire High -0.75 0.18 < 0.001 

 

-0.28 0.16 0.075 

Shrub Swamp: Fire Low 0.92 0.17 < 0.001 

 

0.93 0.18 < 0.001 

Shrub Swamp: Fire High 0.04 0.09 0.680 

 

0.18 0.08 0.021 

Hardwood Swamp: Fire Low - - - 

 

0.25 0.22 0.266 

Hardwood Swamp: Fire High - - - 

 

0.24 0.13 0.054 

Conifer Swamp: Fire Low -0.65 0.19 < 0.001 

 

-0.65 0.17 < 0.001 

Conifer Swamp: Fire High 0.24 0.07 < 0.001 

 

0.19 0.07 0.004 

Upland Conifer: Fire Low 0.30 0.09 0.001  0.28 0.08 0.001 

Upland Conifer: Fire High 1.35 0.07 < 0.001  1.19 0.06 < 0.001 

Upland Pine: Fire Low - - - 

 

0.14 0.18 0.462 

Upland Pine: Fire High - - - 

 

0.59 0.09 < 0.001 

        

Disturbance (no age effect)
2
 0.43 0.05 < 0.001 

 

- -  

Disturbance: Ò 2005 
3
 - - - 

 

0.03 0.06 0.588 

Disturbance: Ó 2006 - - - 

 

0.69 0.05 < 0.001 
1 Upland pine occurs in the Ducks Unlimited land cover data set covering Wood Bison National Park and therefore was not 

considered in the 2013-2015 analysis.
 

2
 AIC of disturbance models for females from Apr 2013 ï Aug 2015 data set: age effects = 152652; no age effects = 152576 

3
 AIC of disturbance models for females from Apr 2013 ï Mar 2017 data set: age effects = 212084, no age effects = 212146  
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Figure 14: Spatially explicit predictions of habitat selection by female wood bison of the 

Ronald Lake herd during the spring (c.a. mid-April to early-June). Annual 100% MCPs 

surrounding bison GPS locations (males and females) recorded during the spring are shown 

for reference. Females showed disproportionate use of areas with RSF ordinal rank values Ó 

6. Black outline indicates population-level (multi-seasonal, multi-annual) MCP. 
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Table 1: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during spring for male wood bison of the Ronald Lake herd of 

northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 2013 ï Aug 

2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land cover (first 

grouping), positive coefficients (> 0) indicate relative selection compared to Upland Deciduous 

forests while negative coefficients indicate relative avoidance. For fire interactions (second 

grouping), coefficients indicate relative selection compared to the coefficients of the given land 

cover. Anthropogenic disturbance coefficients (third grouping) are in reference to selection of 

undisturbed areas. Dashes indicate variables not included in a given data-specific top model. 

 

Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013 ï Mar2017 (n = 3) 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -3.70 0.25 < 0.001 

 

-3.23 0.13 < 0.001 

Open Water -1.72 0.93 0.063 

 

-1.90 0.68 0.005 

Aquatic Bed -0.43 0.99 0.665 

 

-0.25 0.95 0.794 

Emergent Marsh -0.09 0.59 0.886 

 

-12.50 1.98 < 0.001 

Meadow Marsh -0.01 0.43 0.988 

 

0.19 0.33 0.570 

Graminoid Rich Fen 0.37 0.29 0.201 

 

-0.25 0.26 0.331 

Graminoid Poor Fen -1.08 0.51 0.035 

 

-1.22 0.40 0.002 

Shrubby Rich Fen -0.21 0.23 0.380 

 

-0.05 0.17 0.758 

Shrubby Poor Fen -0.82 0.51 0.108 

 

-1.33 0.50 0.008 

Treed Rich Fen -0.38 0.15 0.010 

 

-0.70 0.14 < 0.001 

Treed Poor Fen -1.28 0.49 0.009 

 

-1.14 0.32 < 0.001 

Shrubby Bog -0.36 0.60 0.550 

 

-0.16 0.44 0.724 

Treed Bog -0.35 0.38 0.353 

 

-0.59 0.35 0.093 

Shrub Swamp -1.36 0.49 0.005 

 

-1.37 0.40 0.001 

Hardwood Swamp 0.04 0.32 0.908 

 

-0.27 0.31 0.393 

Mixedwood Swamp -1.54 0.51 0.002 

 

-2.20 0.49 < 0.001 

Tamarack Swamp -2.69 0.92 0.004 

 

-2.39 0.58 < 0.001 

Conifer Swamp 0.60 0.13 < 0.001 

 

0.26 0.12 0.030 

Upland Conifer -1.82 0.65 0.005 

 

-2.51 0.81 0.002 

Upland Pine - - -  2.81 0.22 < 0.001 

Upland Mixedwood -0.14 0.14 0.289 

 

-0.49 0.12 < 0.001 

Cut-block -13.69 3.30 < 0.001 

 

-1.40 0.24 < 0.001 

Anthropogenic 0.25 0.12 0.034 

 

0.21 0.68 0.307 

        

Fire: Low Severity 1.05 0.11 < 0.001 

 

0.72 0.11 < 0.001 

Fire: High Severity 1.72 0.09 < 0.001 

 

1.62 0.09 < 0.001 

Treed Poor Fen: Fire Low -0.43 1.06 0.688 

 

1.49 0.52 0.004 

Treed Poor Fen: Fire High 2.25 0.49 < 0.001 

 

1.90 0.33 < 0.001 

Shrub Swamp: Fire Low 1.90 0.59 0.001 

 

2.33 0.52 < 0.001 

Shrub Swamp: Fire High 1.13 0.51 0.028 

 

0.62 0.43 0.151 

Hardwood Swamp: Fire Low 0.93 0.56 0.098 

 

-0.06 0.68 0.932 

Hardwood Swamp: Fire High -1.18 0.67 0.078 

 

-1.14 0.66 0.084 



 47 

 

Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013 ï Mar2017 (n = 3) 

Variable ɓ SE p 

 

ɓ SE p 

Upland Conifer: Fire Low 2.06 0.67 0.002 

 

2.49 0.83 0.003 

Upland Conifer: Fire High 2.89 0.66 < 0.001 

 

3.20 0.81 < 0.001 

Upland Pine: Fire Low - - -  -1.18 0.42 0.005 

Upland Pine: Fire High - - -  -1.09 0.24 < 0.001 

        

Disturbance: Ò 2005 
1
 0.81 0.15 < 0.001 

 

1.72 0.18 < 0.001 

Disturbance: Ó 2006 2.09 0.10 < 0.001 

 

2.45 0.10 < 0.001 
1 AIC of disturbance models for males from Apr 2013 ï Aug 2015 data set: age effects = 4815, no age effects = 4895.  AIC of 

disturbance models for males from Apr 2013 ï Mar 2017 data set: age effects = 11105; no age effects = 11116. 

 



 48 

 
 

Figure 15: Spatially explicit predictions of habitat selection by male wood bison of the Ronald 

Lake herd during the spring of only 2014 (c.a. mid-April to early-June). Annual 100% 

MCPs surrounding bison GPS locations (males and females) recorded during the spring are 

shown for reference. Males showed disproportionate use of areas with RSF ordinal rank 

values Ó 7. Black outline indicates 15 km buffer of population-level (multi-seasonal, multi-

annual) MCP. Buffer does not cross the Athabasca River. 
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Table 2: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during calving for female wood bison of the Ronald Lake herd of 

northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 2013 ï Aug 

2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land cover (first 

grouping), positive coefficients (> 0) indicate relative selection compared to Upland Deciduous 

forests while negative coefficients indicate relative avoidance. For fire interactions (second 

grouping), coefficients indicate relative selection compared to the coefficients of the given land 

cover. Anthropogenic disturbance coefficients (third grouping) are in reference to selection of 

undisturbed areas. Dashes indicate variables not included in a given data-specific top model. 

 

Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 33) 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -2.37 0.03 < 0.001 

 

-2.29 0.03 < 0.001 

Open Water -2.80 0.20 < 0.001 

 

-2.49 0.13  

Aquatic Bed perfect avoidance 

 

perfect avoidance 

Emergent Marsh -3.17 0.38 < 0.001 

 

-2.40 0.21 < 0.001 

Meadow Marsh 1.57 0.04 < 0.001 

 

1.08 0.03 < 0.001 

Graminoid Rich Fen -2.31 0.23 < 0.001 

 

-2.74 0.22 < 0.001 

Graminoid Poor Fen -2.20 0.17 < 0.001 

 

-1.72 0.11 < 0.001 

Shrubby Rich Fen -4.32 0.38 < 0.001 

 

-3.73 0.21 < 0.001 

Shrubby Poor Fen -2.81 0.21 < 0.001 

 

-2.38 0.13 < 0.001 

Treed Rich Fen -1.66 0.06 < 0.001 

 

-1.76 0.05 < 0.001 

Treed Poor Fen -1.32 0.06 < 0.001 

 

-1.32 0.04 < 0.001 

Shrubby Bog -4.63 1.00 < 0.001 

 

-3.42 0.45 < 0.001 

Treed Bog perfect avoidance 

 

-3.79 0.38 < 0.001 

Shrub Swamp -1.58 0.07 < 0.001 

 

-1.64 0.06 < 0.001 

Hardwood Swamp 0.55 0.04 < 0.001 

 

0.41 0.03 < 0.001 

Mixedwood Swamp -0.13 0.06 0.039 

 

-0.29 0.05 < 0.001 

Tamarack Swamp -4.49 0.71 < 0.001 

 

-3.76 0.38 < 0.001 

Conifer Swamp -0.88 0.05 < 0.001 

 

-0.68 0.03 < 0.001 

Upland Conifer -3.44 0.11 < 0.001 

 

-3.04 0.07 < 0.001 

Upland Pine - - -  perfect avoidance 

Upland Mixedwood perfect avoidance 

 

-5.33 0.71  

Cut-block perfect avoidance 

 

perfect avoidance 

Anthropogenic perfect avoidance 

 

perfect avoidance 

        

Disturbance (no age effects)
1
 0.86 0.05 < 0.001 

 

- - - 

Disturbance (Ò 2005)
1
 - - - 

 

0.90 0.06 < 0.001 

Disturbance(Ó 2006) - - - 

 

0.62 0.07 < 0.001 
1 Age of disturbance effects not considered using data from Apr 2013 ï Aug 2015.   
2 AIC of disturbance models for females from Apr 2013 ï Mar 2017: age effects = 115367, no age effects = 115374.   
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Figure 16: Spatially explicit predictions of habitat selection by female wood bison of the 

Ronald Lake herd during calving (c.a. early-June to end-June). Annual 100% MCPs 

surrounding female bison GPS locations recorded during calving are shown for reference. 

Females showed disproportionate use of areas with RSF ordinal rank values Ó 7. Black 

outline indicates population-level (multi-seasonal, multi-annual) MCP. 
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Table 3: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during calving for male wood bison of the Ronald Lake herd of 

northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 2013 ï Aug 

2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land cover (first 

grouping), positive coefficients (> 0) indicate relative selection compared to Upland Deciduous 

forests while negative coefficients indicate relative avoidance. For fire interactions (second 

grouping), coefficients indicate relative selection compared to the coefficients of the given land 

cover. Anthropogenic disturbance coefficients (third grouping) are in reference to selection of 

undisturbed areas. Dashes indicate variables not included in a given data-specific top model. 

  Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013-Mar2017 (n = 3) 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -2.83 0.13 < 0.001 

 

-2.47 0.13 < 0.001 

Open Water perfect avoidance 

 

perfect avoidance 

Aquatic Bed perfect avoidance 

 

perfect avoidance 

Emergent Marsh -0.78 0.72 0.278 

 

-1.47 0.74 0.049 

Meadow Marsh -0.27 0.41 0.511 

 

-0.80 0.51 0.118 

Graminoid Rich Fen perfect avoidance 

 

perfect avoidance 

Graminoid Poor Fen -1.02 0.52 0.048 

 

-3.00 1.01 0.003 

Shrubby Rich Fen
2
 -2.40 0.72 0.001 

 

perfect avoidance 

Shrubby Poor Fen perfect avoidance 

 

-2.70 1.01 0.007 

Treed Rich Fen -2.40 0.36 < 0.001 

 

-3.00 0.39 < 0.001 

Treed Poor Fen -3.04 0.51 < 0.001 

 

-2.74 0.34 < 0.001 

Shrubby Bog -1.48 1.01 0.143 

 

perfect avoidance 

Treed Bog -2.07 0.73 0.004 

 

-2.79 1.00 0.006 

Shrub Swamp -1.59 0.25 < 0.001 

 

-2.73 0.35 < 0.001 

Hardwood Swamp -1.00 0.29 0.001 

 

-1.76 0.36 < 0.001 

Mixedwood Swamp -3.40 1.01 0.001 

 

-4.10 1.01 < 0.001 

Tamarack Swamp -1.83 0.60 0.002 

 

-3.31 0.72 < 0.001 

Conifer Swamp -3.98 1.00 < 0.001 

 

-2.30 0.36 < 0.001 

Upland Conifer -1.97 0.21 < 0.001 

 

-2.38 0.22 < 0.001 

Upland Pine - - -  perfect avoidance 

Upland Mixedwood -0.65 0.19 0.001 

 

-1.39 0.19 < 0.001 

Cut-block perfect avoidance 

 

-4.55 1.01 < 0.001 

Anthropogenic 0.14 0.11 0.183 

 

-0.04 0.77 0.955 

        

Disturbance (Ò 2005)
1
 1.03 0.25 < 0.001 

 

1.89 0.28 < 0.001 

Disturbance(Ó 2006) 2.95 0.09 < 0.001 

 

3.20 0.10 < 0.001 
1 AIC of disturbance models for males from Apr 2013 ï Aug 2015: age effects = 4815, no age effects = 4895.  AIC of 

disturbance models for males from Apr 2013 ï Mar 2017: age effects = 4369, no age effects = 4391.  
2
 The switch to perfect avoidance was due to the burning of the cutblock data; thus the previous estimate of selection for shrubby 

rich fen was likely due to bison using an unclassified cutblock. 
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Figure 17: Spatially explicit predictions of habitat selection by male wood bison of the Ronald 

Lake herd during calving (c.a. early-June to end-June). Annual 100% MCPs surrounding 

female bison GPS locations recorded during calving are shown for reference. Because males 

are predominantly segregated from females at calving, GPS locations for male bison are also 

shown. Males disproportionately used of areas with RSF ordinal rank values Ó 7. Black 

outline indicates population-level (multi-seasonal, multi-annual) MCP. 
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Table 4: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during summer / fall for female wood bison of the Ronald Lake 

herd of northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 

2013 ï Aug 2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017).For land 

cover (first grouping), positive coefficients (> 0) indicate relative selection compared to Upland 

Deciduous forests while negative coefficients indicate relative avoidance. For fire interactions 

(second grouping), coefficients indicate relative selection compared to the coefficients of the 

given land cover. Anthropogenic disturbance coefficients (third grouping) are in reference to 

selection of undisturbed areas. Dashes indicate variables not included in a given data-specific top 

model. 

 

Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 33) 

Variable ɓ SE p  ɓ SE p 

Intercept -1.67 0.06 <0.001 

 

-1.27 0.05 < 0.001 

Open Water -0.93 0.06 <0.001 

 

-0.51 0.03 < 0.001 

Aquatic Bed -0.25 0.14 0.064 

 

-0.54 0.11 < 0.001 

Emergent Marsh -0.01 0.06 0.916 

 

0.31 0.04 < 0.001 

Meadow Marsh 0.85 0.04 <0.001 

 

0.72 0.03 < 0.001 

Graminoid Rich Fen -0.13 0.05 0.009 

 

-0.38 0.04 < 0.001 

Graminoid Poor Fen -0.52 0.06 <0.001 

 

-0.55 0.04 < 0.001 

Shrubby Rich Fen -0.95 0.07 <0.001 

 

-0.83 0.04 < 0.001 

Shrubby Poor Fen -0.71 0.06 <0.001 

 

-0.63 0.04 < 0.001 

Treed Rich Fen -0.15 0.03 <0.001 

 

-0.48 0.02 < 0.001 

Treed Poor Fen -0.34 0.03 <0.001 

 

-0.75 0.02 < 0.001 

Shrubby Bog -0.35 0.10 <0.001 

 

-0.31 0.06 < 0.001 

Treed Bog -1.02 0.08 <0.001 

 

-1.04 0.06 < 0.001 

Shrub Swamp -0.89 0.04 <0.001 

 

-0.86 0.03 < 0.001 

Hardwood Swamp -0.68 0.05 <0.001 

 

-1.07 0.04 < 0.001 

Mixedwood Swamp -1.21 0.07 <0.001 

 

-1.84 0.07 < 0.001 

Tamarack Swamp -0.17 0.07 0.014 

 

-0.93 0.06 < 0.001 

Conifer Swamp 0.64 0.02 <0.001 

 

0.35 0.02 < 0.001 

Upland Conifer 0.75 0.03 <0.001 

 

0.70 0.02 < 0.001 

Upland Pine     -0.70 0.10 < 0.001 

Upland Mixedwood -0.04 0.11 0.719 

 

-0.57 0.09 < 0.001 

Cut-block  -1.27 0.13 <0.001 

 

- - - 

Cut-block Pre2006 - - -  -1.15 0.10 < 0.001 

Cut-block Post 2005     -0.50 0.11 < 0.001 

Anthropogenic -1.48 0.16 <0.001 

 

-0.25 0.13 0.054 

        

Fire: Low Severity 1.39 0.02 <0.001 

 

1.16 0.02 < 0.001 

Fire: High Severity 0.61 0.02 <0.001 

 

0.27 0.02 < 0.001 

Open Water: Fire Low 1.24 0.12 <0.001 

 

0.93 0.08 < 0.001 

Open Water: Fire High 2.33 0.10 <0.001 

 

1.70 0.07 < 0.001 

Emergent Marsh: Fire Low 0.56 0.13 <0.001 

 

0.31 0.09 0.001 
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Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 33) 

Variable ɓ SE p  ɓ SE p 

Emergent Marsh: Fire High 0.43 0.12 <0.001 

 

0.28 0.09 0.002 

Meadow Marsh: Fire Low -0.55 0.12 <0.001 

 

-0.24 0.09 0.007 

Meadow Marsh: Fire High 0.00 0.08 0.956 

 

0.07 0.06 0.290 

Graminoid Poor Fen: Fire Low 0.14 0.16 0.369 

 

0.57 0.12 < 0.001 

Graminoid Poor Fen: Fire 

High -0.40 0.09 <0.001 

 

-0.44 0.08 < 0.001 

Shrubby Rich Fen: Fire Low 1.52 0.15 <0.001 

 

1.13 0.13 < 0.001 

Shrubby Rich Fen: Fire High 0.79 0.08 <0.001 

 

0.42 0.05 < 0.001 

Shrubby Poor Fen: Fire Low 1.96 0.17 <0.001 

 

1.18 0.13 < 0.001 

Shrubby Poor Fen: Fire High 0.05 0.09 0.543 

 

0.00 0.06 0.972 

Treed Rich Fen: Fire Low -0.18 0.07 0.009 

 

-0.14 0.05 0.007 

Treed Rich Fen: Fire High 0.00 0.04 0.931 

 

0.19 0.04 < 0.001 

Treed Poor Fen: Fire Low -0.15 0.09 0.087 

 

0.35 0.06 < 0.001 

Treed Poor Fen: Fire High -0.15 0.05 0.004 

 

0.10 0.04 0.013 

Shrubby Bog: Fire Low -0.46 0.33 0.167 

 

0.45 0.17 0.009 

Shrubby Bog: Fire High -0.36 0.16 0.026 

 

-0.31 0.11 0.004 

Treed Bog: Fire Low 0.62 0.20 0.001 

 

0.74 0.14 < 0.001 

Treed Bog: Fire High 0.84 0.13 <0.001 

 

0.35 0.11 0.002 

Shrub Swamp: Fire Low 0.20 0.14 0.162 

 

-0.04 0.10 0.683 

Shrub Swamp: Fire High 1.13 0.06 <0.001 

 

1.21 0.05 < 0.001 

Hardwood Swamp: Fire Low 0.70 0.12 <0.001 

 

0.81 0.10 < 0.001 

Hardwood Swamp: Fire High 1.17 0.09 <0.001 

 

1.44 0.08 < 0.001 

Mixedwood Swamp: Fire Low -0.99 0.18 <0.001 

 

-0.10 0.14 0.489 

Mixedwood Swamp: Fire High 0.20 0.14 0.164 

 

0.58 0.15 < 0.001 

Tamarack Swamp: Fire Low -1.65 0.20 <0.001 

 

-0.98 0.13 < 0.001 

Tamarack Swamp: Fire High -0.43 0.13 <0.001 

 

0.30 0.11 0.007 

Conifer Swamp: Fire Low -0.69 0.06 <0.001 

 

-0.50 0.05 < 0.001 

Conifer Swamp: Fire High -0.83 0.05 <0.001 

 

-0.65 0.04 < 0.001 

Upland Conifer: Fire Low -0.27 0.04 <0.001 

 

-0.29 0.03 < 0.001 

Upland Conifer: Fire High -0.58 0.04 <0.001 

 

-0.66 0.03 < 0.001 

Upland Pine: Fire Low     -0.78 0.15 < 0.001 

Upland Pine: Fire High     0.85 0.10 < 0.001 

Upland Mixedwood: Fire Low 0.00 0.11 0.995 

 

0.48 0.09 < 0.001 

Upland Mixedwood: Fire High 0.39 0.12 0.001 

 

0.68 0.09 < 0.001 

     

   

Disturbance (No age effect) 
1
 - - -  0.03 0.03 0.262 

Disturbance: Ò 2005
 2
 -0.06 0.05 0.234 

 

 - - 

Disturbance: Ó 2006 0.11 0.05 0.055 

 

- - - 
1
 AIC of disturbance models for females from Apr 2013 ï Mar 2017: age effects = 431029, no age effects = 431029.   

2
 AIC of disturbance models for females from Apr 2013 ï Aug 2015: age effects = 258557, no age effects = 258560.   
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Figure 18: Spatially explicit predictions of habitat selection by female wood bison of the 

Ronald Lake herd during the summer and fall (c.a. early-November to end-October). 

Annual 100% MCPs surrounding all bison GPS locations (female and male) recorded during 

summer and fall are shown for reference. Females showed disproportionate use of areas with 

RSF ordinal rank values Ó 6. Black outline indicates population-level (multi-seasonal, multi-

annual) MCP. 
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Table 5: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during summer / fall for male wood bison of the Ronald Lake 

herd of northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 

2013 ï Aug 2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land 

cover (first grouping), positive coefficients (> 0) indicate relative selection compared to Upland 

Deciduous forests while negative coefficients indicate relative avoidance. For fire interactions 

(second grouping), coefficients indicate relative selection compared to the coefficients of the 

given land cover. Anthropogenic disturbance coefficients (third grouping) are in reference to 

selection of undisturbed areas. Dashes indicate variables not included in a given data-specific top 

model. 

 

Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013-Mar2017 (n = 3) 

Variable ɓ SE p  ɓ SE p 

Intercept -1.11 0.15 <0.001 

 

-0.83 0.14 <0.001 

Open Water -2.29 0.4 2 <0.001 

 

-1.73 0.27 <0.001 

Aquatic Bed -1.09 0.56 0.054 

 

-0.81 0.55 0.145 

Emergent Marsh -1.25 0.43 0.004 

 

-1.48 0.42 <0.001 

Meadow Marsh 0.58 0.19 0.002 

 

0.62 0.20 0.002 

Graminoid Rich Fen 1.58 0.30 <0.001 

 

-0.13 0.28 0.640 

Graminoid Poor Fen -1.40 0.31 <0.001 

 

-1.21 0.26 <0.001 

Shrubby Rich Fen -2.44 0.46 <0.001 

 

-3.10 0.46 <0.001 

Shrubby Poor Fen -2.53 0.58 <0.001 

 

-2.62 0.50 <0.001 

Treed Rich Fen -0.27 0.10 0.007 

 

-0.69 0.10 <0.001 

Treed Poor Fen -0.70 0.12 <0.001 

 

-1.45 0.12 <0.001 

Shrubby Bog -1.95 0.55 <0.001 

 

-1.43 0.45 0.002 

Treed Bog -1.43 0.25 <0.001 

 

-1.98 0.30 <0.001 

Shrub Swamp -1.63 0.18 <0.001 

 

-1.27 0.15 <0.001 

Hardwood Swamp -0.45 0.12 <0.001 

 

-0.68 0.13 <0.001 

Mixedwood Swamp -2.61 0.34 <0.001 

 

-3.21 0.35 <0.001 

Tamarack Swamp -1.26 0.26 <0.001 

 

-2.14 0.27 <0.001 

Conifer Swamp 0.36 0.10 <0.001 

 

-0.26 0.10 0.009 

Upland Conifer 1.14 0.08 <0.001 

 

-0.19 0.13 0.153 

Upland Pine - - -  -14.78 3.20 <0.001 

Upland Mixedwood -0.79 0.33 0.015 

 

-1.39 0.35 <0.001 

Cut-block Pre2006 -0.68 0.33 0.040 

 

-0.44 0.23 0.054 

Cut-block Post2005     0.48 0.12 <0.001 

Anthropogenic -0.64 0.08 <0.001 

 

0.00 0.56 0.998 

        

Fire: Low Severity -0.15 0.07 0.024 

 

-0.47 0.07 <0.001 

Fire: High Severity -0.37 0.07 <0.001 

 

-0.71 0.07 <0.001 

Open Water: Fire Low 2.67 0.79 <0.001 

 

1.72 0.60 0.004 

Open Water: Fire High 3.58 0.57 <0.001 

 

2.71 0.44 <0.001 

Emergent Marsh: Fire Low 1.88 0.78 0.016 

 

2.67 0.84 0.002 

Emergent Marsh: Fire High 1.32 0.72 0.066 

 

0.48 0.76 0.528 
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Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013-Mar2017 (n = 3) 

Variable ɓ SE p  ɓ SE p 

Meadow Marsh: Fire Low 1.56 0.51 0.002 

 

1.77 0.64 0.006 

Meadow Marsh: Fire High 0.15 0.39 0.694 

 

-0.93 0.50 0.065 

Graminoid Rich Fen: Fire Low -12.69 4.05 0.002 

 

-16.44 27.32 0.547 

Graminoid Rich Fen: Fire 

High -3.42 0.61 <0.001 

 

-1.64 0.56 0.003 

Shrubby Rich Fen: Fire Low 2.50 0.82 0.002 

 

3.05 0.72 <0.001 

Shrubby Rich Fen: Fire High 2.13 0.50 <0.001 

 

2.91 0.49 <0.001 

Shrubby Poor Fen: Fire Low 5.56 1.18 <0.001 

 

5.61 1.05 <0.001 

Shrubby Poor Fen: Fire High 0.73 0.79 0.354 

 

1.98 0.62 0.001 

Treed Rich Fen: Fire Low 0.84 0.22 <0.001 

 

0.22 0.28 0.441 

Treed Rich Fen: Fire High 0.32 0.16 0.050 

 

0.74 0.16 <0.001 

Treed Poor Fen: Fire Low 0.57 0.32 0.077 

 

1.25 0.33 <0.001 

Treed Poor Fen: Fire High 0.55 0.18 0.002 

 

1.37 0.18 <0.001 

Shrub Swamp: Fire Low 0.48 0.40 0.224 

 

-0.03 0.49 0.957 

Shrub Swamp: Fire High 0.57 0.26 0.030 

 

-0.20 0.26 0.434 

Tamarack Swamp: Fire Low -0.69 0.91 0.447 

 

-0.21 0.87 0.809 

Tamarack Swamp: Fire High 0.96 0.44 0.030 

 

0.59 0.56 0.295 

Conifer Swamp: Fire Low 0.56 0.22 0.011 

 

0.92 0.22 <0.001 

Conifer Swamp: Fire High 0.09 0.17 0.596 

 

0.86 0.17 <0.001 

Upland Conifer: Fire Low -0.06 0.12 0.639 

 

1.25 0.16 <0.001 

Upland Conifer: Fire High -0.49 0.11 <0.001 

 

0.79 0.15 <0.001 

Upland Pine: Fire Low - - -  0.32 4.45 0.943 

Upland Pine: Fire High - - -  0.58 5.82 0.920 

Upland Mixedwood: Fire Low 0.91 0.35 0.009 

 

1.35 0.37 <0.001 

Upland Mixedwood: Fire High 0.20 0.36 0.579 

 

0.61 0.38 0.105 

     

   

Disturbance: Ò 2005 
1
 0.49 0.12 <0.001 

 

1.42 0.15 <0.001 

Disturbance: Ó 2006 1.97 0.07 <0.001 

 

2.14 0.07 <0.001 
1 AIC of disturbance models for males from Apr 2013 ï Aug 2015: age effects = 20752, no age effects = 20879.  AIC of 

disturbance models for males from Apr 2013 ï Mar 2017: age effects = 19391, no age effects = 19408.   
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Figure 19: Spatially explicit predictions of habitat selection by male wood bison of the Ronald 

Lake herd during the summer and fall (c.a. early-November to end-October). Annual 100% 

MCPs surrounding all bison GPS locations (female and male) recorded during summer and 

fall are shown for reference. Males showed disproportionate use of areas with RSF ordinal 

rank values Ó 7. Black outline indicates population-level (multi-seasonal, multi-annual) 

MCP. 
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Table 6: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during winter for female wood bison of the Ronald Lake herd of 

northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 2013 ï Aug 

2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land cover (first 

grouping), positive coefficients (> 0) indicate relative selection compared to Upland Deciduous 

forests while negative coefficients indicate relative avoidance. For fire interactions (second 

grouping), coefficients indicate relative selection compared to the coefficients of the given land 

cover. Anthropogenic disturbance coefficients (third grouping) are in reference to selection of 

undisturbed areas. Dashes indicate variables not included in a given data-specific top model. 

 

Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 31 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -1.41 0.05 < 0.001 

 

-1.33 0.03 < 0.001 

Open Water 0.87 0.03 < 0.001 

 

1.05 0.02 < 0.001 

Aquatic Bed -2.18 0.41 < 0.001 

 

-0.58 0.15 < 0.001 

Emergent Marsh 2.46 0.04 < 0.001 

 

2.54 0.03 < 0.001 

Meadow Marsh 3.36 0.03 < 0.001 

 

3.23 0.02 < 0.001 

Graminoid Rich Fen 1.96 0.07 < 0.001 

 

1.51 0.05 < 0.001 

Graminoid Poor Fen 1.22 0.04 < 0.001 

 

1.14 0.03 < 0.001 

Shrubby Rich Fen 1.88 0.03 < 0.001 

 

1.77 0.02 < 0.001 

Shrubby Poor Fen 1.60 0.03 < 0.001 

 

1.55 0.02 < 0.001 

Treed Rich Fen 0.72 0.02 < 0.001 

 

0.50 0.02 < 0.001 

Treed Poor Fen 0.06 0.03 0.04 

 

-0.17 0.02 < 0.001 

Shrubby Bog -0.74 0.14 < 0.001 

 

-0.38 0.08 < 0.001 

Treed Bog -0.55 0.08 < 0.001 

 

-0.71 0.06 < 0.001 

Shrub Swamp 1.98 0.02 < 0.001 

 

1.66 0.01 < 0.001 

Hardwood Swamp 0.68 0.03 < 0.001 

 

0.49 0.03 < 0.001 

Mixedwood Swamp 0.09 0.05 0.059 

 

-0.37 0.04 < 0.001 

Tamarack Swamp -1.58 0.15 < 0.001 

 

-0.69 0.06 < 0.001 

Conifer Swamp -0.38 0.03 < 0.001 

 

-0.65 0.02 < 0.001 

Upland Conifer -0.53 0.06 < 0.001 

 

-0.39 0.04 < 0.001 

Upland Pine - - -  1.26 0.06 < 0.001 

Upland Mixedwood -0.67 0.11 < 0.001 

 

-0.80 0.07 < 0.001 

Cut-block -1.07 0.31 < 0.001  - - - 

Cut-block Pre2006 - - - 

 

-1.96 0.26 < 0.001 

Cut-block Post2005 - - -  -10.51 28.83 < 0.001 

Anthropogenic -0.78 0.29 0.007 

 

0.63 0.20 0.002 

        

Fire: Low Severity -1.22 0.05 < 0.001 

 

-1.41 0.04 < 0.001 

Fire: High Severity -0.78 0.04 < 0.001 

 

-0.68 0.02 < 0.001 

Open Water: Fire Low -1.97 0.72 0.006 

 

-0.16 0.20 0.421 

Open Water: Fire High 0.67 0.15 < 0.001 

 

0.68 0.08 < 0.001 

Emergent Marsh: Fire Low -1.42 0.29 < 0.001 

 

-2.08 0.25 < 0.001 

Emergent Marsh: Fire High -1.45 0.20 < 0.001 

 

-1.53 0.13 < 0.001 
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Apr 2013 ï Aug 2015 (n = 21) 

 

Apr 2013-Mar2017 (n = 31 

Variable ɓ SE p 

 

ɓ SE p 

Meadow Marsh: Fire Low -2.51 0.26 < 0.001 

 

-1.42 0.15 < 0.001 

Meadow Marsh: Fire High -1.57 0.10 < 0.001 

 

-1.73 0.07 < 0.001 

Graminoid Rich Fen: Fire Low -10.01 98.41 0.919 

 

-11.33 97.10 0.907 

Graminoid Rich Fen: Fire High 0.71 0.08 < 0.001 

 

0.49 0.06 < 0.001 

Graminoid Poor Fen: Fire Low -0.40 0.42 0.342 

 

-0.17 0.33 0.612 

Graminoid Poor Fen: Fire High -1.04 0.11 < 0.001 

 

-0.95 0.08 < 0.001 

Shrubby Rich Fen: Fire Low -2.21 0.73 0.002 

 

-0.42 0.25 0.090 

Shrubby Rich Fen: Fire High -0.99 0.07 < 0.001 

 

-1.20 0.05 < 0.001 

Shrubby Poor Fen: Fire Low 1.23 0.44 0.0050 

 

0.39 0.31 0.206 

Shrubby Poor Fen: Fire High -0.77 0.08 < 0.001 

 

-0.53 0.05 < 0.001 

Treed Rich Fen: Fire Low 0.25 0.13 0.048 

 

0.00 0.11 0.991 

Treed Rich Fen: Fire High -0.28 0.06 < 0.001 

 

-0.32 0.04 < 0.001 

Treed Poor Fen: Fire Low 0.61 0.17 < 0.001 

 

1.24 0.11 < 0.001 

Treed Poor Fen: Fire High 0.17 0.07 0.017 

 

0.39 0.05 < 0.001 

Shrubby Bog: Fire Low -7.16 65.27 0.913 

 

-9.44 129.29 0.942 

Shrubby Bog: Fire High 1.29 0.22 < 0.001 

 

0.86 0.15 < 0.001 

Treed Bog: Fire Low 2.85 0.34 < 0.001 

 

2.28 0.27 < 0.001 

Treed Bog: Fire High 1.75 0.17 < 0.001 

 

1.11 0.13 < 0.001 

Shrub Swamp: Fire Low -1.07 0.23 < 0.001 

 

-1.09 0.21 < 0.001 

Shrub Swamp: Fire High 0.08 0.06 0.194 

 

0.14 0.04 0.001 

Hardwood Swamp: Fire Low -0.59 0.35 0.094 

 

0.31 0.20 0.121 

Hardwood Swamp: Fire High 0.46 0.14 < 0.001 

 

1.12 0.08 < 0.001 

Conifer Swamp: Fire Low -0.32 0.26 0.22 

 

-0.30 0.22 0.162 

Conifer Swamp: Fire High -0.79 0.15 < 0.001 

 

-0.53 0.10 < 0.001 

Upland Conifer: Fire Low 0.14 0.10 0.196 

 

0.05 0.08 0.535 

Upland Conifer: Fire High -0.18 0.08 0.02 

 

-0.09 0.05 0.087 

Upland Pine: Fire Low - - -  -0.16 0.14 0.242 

Upland Pine: Fire High - - -  0.00 0.07 0.940 

        

Disturbance: Ò 2005 
1
 -0.48 0.07 < 0.001 

 

-0.47 0.05 < 0.001 

Disturbance: Ó 2006 -1.04 0.10 < 0.001 

 

-1.32 0.08 < 0.001 
1 AIC of disturbance models for females from Apr 2013 ï Aug 2015: age effects = 185694, no age effects = 185714.  AIC of 

disturbance models for females from Apr 2013 ï Mar 2017: age effects = 380373, no age effects = 380452.   
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Figure 20: Spatially explicit predictions of habitat selection by female wood bison of the 

Ronald Lake herd during the winter  (c.a. early-November to mid-April ). Annual 100% 

MCPs surrounding all bison GPS locations (female and male) recorded during winter are 

shown for reference. Females showed disproportionate use of areas with RSF ordinal rank 

values Ó 7. Black outline indicates population-level (multi-seasonal, multi-annual) MCP. 



 62 

 

Table 7: Selection coefficients (ɓ; with standard errors [SE] and p-values) from the top resource 

selection functions estimated during winter for male wood bison of the Ronald Lake herd of 

northeast Alberta. Shown are coefficients from the previous March 2016 report (Apr 2013 ï Aug 

2015 data) and coefficients using the latest data (Apr 2013 ï Mar 2017). For land cover (first 

grouping), positive coefficients (> 0) indicate relative selection compared to Upland Deciduous 

forests while negative coefficients indicate relative avoidance. For fire interactions (second 

grouping), coefficients indicate relative selection compared to the coefficients of the given land 

cover. Anthropogenic disturbance coefficients (third grouping) are in reference to selection of 

undisturbed areas. Dashes indicate variables not included in a given data-specific top model. 

 

Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013-Mar2017 (n = 2) 

Variable ɓ SE p 

 

ɓ SE p 

Intercept -2.25 0.19 < 0.0012 

 

-1.22 0.06 < 0.001 

Open Water 0.46 0.27 0.088 

 

1.47 0.13 < 0.001 

Aquatic Bed 2.35 0.30 < 0.001 

 

1.98 0.36 < 0.001 

Emergent Marsh 0.58 0.39 0.137 

 

-0.39 0.45 0.392 

Meadow Marsh -0.33 0.46 0.471 

 

-0.52 0.37 0.159 

Graminoid Rich Fen 2.12 0.18 < 0.001 

 

0.29 0.20 0.144 

Graminoid Poor Fen 0.87 0.34 0.001 

 

-1.00 0.53 0.059 

Shrubby Rich Fen 0.36 0.35 0.314 

 

1.65 0.13 < 0.001 

Shrubby Poor Fen 1.25 0.31 < 0.001 

 

0.02 0.33 0.953 

Treed Rich Fen -0.14 0.20 0.49 

 

-0.45 0.13 0.001 

Treed Poor Fen -0.05 0.20 0.803 

 

-0.63 0.14 < 0.001 

Shrubby Bog 0.00 0.43 0.999 

 

0.18 0.31 0.566 

Treed Bog -1.09 0.45 0.0154 

 

-2.02 0.42 < 0.001 

Shrub Swamp 0.04 0.20 0.841 

 

-0.31 0.16 0.058 

Hardwood Swamp -0.23 0.21 0.263 

 

-1.20 0.22 < 0.001 

Mixedwood Swamp -1.50 0.42 < 0.001 

 

-3.00 0.51 < 0.001 

Tamarack Swamp 1.00 0.17 < 0.001 

 

-0.48 0.18 0.007 

Conifer Swamp -1.75 0.54 0.001 

 

-4.18 1.00 < 0.001 

Upland Conifer -1.49 0.44 < 0.001 

 

-1.67 0.37 < 0.001 

Upland Pine     1.61 0.21 < 0.001 

Upland Mixedwood 0.52 0.40 0.186 

 

-0.81 0.44 0.063 

Cut-block -12.84 4.28 0.003 

 

- - - 

Cut-block Pre2006 - - -  -2.22 0.51 < 0.001 

Cut-block Post2005 - - -  -14.57 211.78 0.945 

Anthropogenic 1.05 0.09 < 0.001 

 

2.05 0.48 < 0.001 

        

Fire: Low Severity -0.22 0.12 0.057 

 

-0.87 0.11 < 0.001 

Fire: High Severity 0.40 0.09 < 0.001 

 

0.14 0.08 0.085 

Emergent Marsh: Fire Low - - -  3.57 0.94 < 0.001 

Emergent Marsh: Fire High - - -  3.36 0.59 < 0.001 

Graminoid Poor Fen: Fire Low -12.98 11.57 0.2617 

 

-12.47 1385.38 0.993 
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Apr 2013 ï Aug 2015 (n = 3) 

 

Apr 2013-Mar2017 (n = 2) 

Variable ɓ SE p 

 

ɓ SE p 

Graminoid Poor Fen: Fire High 0.90 0.43 0.0347 

 

1.68 0.58 0.004 

Shrubby Rich Fen: Fire Low 2.11 0.70 0.0024 

 

0.44 0.53 0.405 

Shrubby Rich Fen: Fire High 0.84 0.39 0.0328 

 

-1.11 0.20 < 0.001 

Shrubby Poor Fen: Fire Low -13.09 7.75 0.0914 

 

-13.50 2399.54 0.996 

Shrubby Poor Fen: Fire High 0.94 0.40 0.0201 

 

0.59 0.44 0.180 

Treed Rich Fen: Fire Low 1.91 0.31 < 0.001 

 

1.60 0.28 < 0.001 

Treed Rich Fen: Fire High 1.24 0.24 < 0.001 

 

0.58 0.18 0.001 

Treed Poor Fen: Fire Low 0.22 0.55 0.6967 

 

2.24 0.30 < 0.001 

Treed Poor Fen: Fire High 1.06 0.23 < 0.001 

 

0.81 0.18 < 0.001 

Shrub Swamp: Fire Low 1.37 0.33 < 0.001 

 

1.84 0.31 < 0.001 

Shrub Swamp: Fire High -0.27 0.27 0.328 

 

-0.88 0.25 < 0.001 

Conifer Swamp: Fire Low 0.83 0.87 0.34 

 

5.02 1.05 < 0.001 

Conifer Swamp: Fire High 2.27 0.57 < 0.001 

 

4.33 1.02 < 0.001 

Upland Conifer: Fire Low 1.21 0.49 0.0139 

 

0.86 0.44 0.053 

Upland Conifer: Fire High 2.19 0.45 < 0.001 

 

1.87 0.38 < 0.001 

Upland Pine: Fire Low - - -  0.04 0.37 0.915 

Upland Pine: Fire High - - -  -0.09 0.23 0.680 

Upland Mixedwood: Fire Low -0.94 0.50 0.058 

 

-0.36 0.55 0.509 

Upland Mixedwood: Fire High -1.32 0.45 0.004 

 

-1.08 0.50 0.030 

        

Disturbance (no age effects) 
1
 0.38 0.10 < 0.001 

 

0.78 0.11 < 0.001 
1 AIC of disturbance models for males from Apr 2013 ï Aug 2015: age effects = 9758, no age effects = 9757.  AIC of 

disturbance models for males from Apr 2013 ï Mar 2017: age effects = 12779, no age effects = 12777.   
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Figure 21: Spatially explicit predictions of habitat selection by male wood bison of the Ronald 

Lake herd during the winter  (c.a. early-November to mid-April). Annual 100% MCPs 

surrounding all bison GPS locations (female and male) recorded during winter are shown for 

reference. Males showed disproportionate use of areas with RSF ordinal rank values Ó 

6. Black outline indicates population-level (multi-seasonal, multi-annual) MCP. 
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Table 8: Model validation of seasonal resource selection functions estimated for female and 

male wood bison of the Ronald Lake herd in northeastern Alberta. Listed seasonal values by 

gender are selection ratios, defined as the proportion of GPS locations falling within an ordinal 

RSF bin divided by the binôs proportional area. Values > 1 indicate selection while values < 1 

indicate avoidance. Predictive performance was evaluated by the strength of correlation 

(Spearmanôs correlation coefficient, rs) between selection ratios and RSF bin rank. Note that 

validation procedures resulted in the total number of RSF bins varying by season. Underline 

represents transition from avoided to selected.  

 

Spring  Calving  Summer / Fall  Winter 

RSF 

Bin Females Males 

 

Females Males 

 

Females Males 

 

Females Males 

1 0.32 0.04  0.02 0.01  0.29 0.06  0.13 0.05 

2 0.55 0.04  0.06 0.09  0.41 0.25  0.20 0.18 

3 0.62 0.12  0.11 0.10  0.52 0.43  0.33 0.32 

4 0.82 0.17  0.31 0.14  0.74 0.64  0.37 0.42 

5 0.94 0.51  0.36 0.17  0.89 0.64  0.52 0.62 

6 1.10 0.64  0.70 0.66  1.12 0.83  067 0.97 

7 0.97 1.17  1.41 2.80  1.21 1.01  1.30 0.90 

8 1.95 2.70  2.04 -  2.78 1.16  4.69 1.15 

9 - 3.49  - -  - 2.28  - 1.40 

10 - -  - -  - -  - 4.03 

Statistical rank correlation:  

  

 

  

 

  ὶ 0.98 0.98  1 1  1 1  1 0.99 

p < 0.001 < 0.001  < 0.001  <0.001  < 0.001 < 0.001  < 0.001 0.001 
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Table 9: Selection coefficients (ɓ; with standard errors [SE] and p-values) from a resource 

selection function assessing the response of 33 female wood bison of the Ronald Lake herd to 

human activity levels on anthropogenic disturbance features (e.g., roads, seismic lines, and 

well sites) during the winters of 2013 ï 2016. Coefficients for disturbance effects (in bold) are 

relative to undisturbed areas. 

Land-cover type ɓ SE p 

Intercept  -1.50 0.03 < 0.001 

Open Water  1.19 0.02 < 0.001 

Aquatic Bed  -0.45 0.15 0.003 

Emergent Marsh  2.53 0.03 < 0.001 

Meadow Marsh  3.19 0.02 < 0.001 

Graminoid Rich Fen  1.55 0.03 < 0.001 

Graminoid Poor Fen  0.97 0.03 < 0.001 

Shrubby Rich Fen  1.35 0.02 < 0.001 

Shrubby Poor Fen  1.39 0.02 < 0.001 

Treed Rich Fen  0.41 0.02 < 0.001 

Treed Poor Fen  -0.08 0.02 < 0.001 

Shrubby Bog  -0.16 0.07 0.019 

Treed Bog  -0.41 0.05 < 0.001 

Shrub Swamp  1.74 0.01 < 0.001 

Hardwood Swamp  0.68 0.02 < 0.001 

Mixedwood Swamp  -0.29 0.04 < 0.001 

Tamarack Swamp  -0.67 0.06 < 0.001 

Conifer Swamp  -0.64 0.02 < 0.001 

Upland Conifer  -0.94 0.02 < 0.001 

Upland Pine  0.81 0.02 < 0.001 

Upland Mixedwood  -1.34 0.07 < 0.001 

Anthropogenic disturbances ɓ SE p 

Cut-block Pre-2006  -2.47 0.26 < 0.001 

Cut-block Post 2005  -10.75 28.99 0.711 

Anthropogenic  0.26 0.20 0.200 

Human Activity  ɓ SE p 

Disturbance, no activity  -1.09 0.09 < 0.001 

Disturbance, oil and gas  -2.53 0.32 < 0.001 

Disturbance, logging  -8.94 79.53 0.911 

Disturbance, logging and oil and gas  -10.67 192.75 0.956 
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Appendix vii: Results of camera trapping 
 

Table 10: The number of unique encounters by species and season captured by 15 remote 

cameras deployed in a meadow in the northwest calving ranges of the Ronald Lake bison herd 

from 15 March 2016 to 14 March 2017. Unique encounters were defined as a species occurrence 

on photos separated by at least an hour. Category ñAllò refers to the number of unique 

encounters (images) taken during the period for a species. Note that in some instances more than 

one bison, for example, was captured in a single image. Seasons were defined as 1 January ï 31 

March for winter, 1 April to 30 June for spring, 1 July to 30 September for summer, and 1 

October to 31 December for fall. 

  Number of Unique Encounters 

Species Gender Winter  Spring Summer Fall Total 

Bison All  2 87 6 1 96 

 Male 1 49 3 0 53 

 Female 1 59 0 0 60 

 Calves 0 31 0 0 31 

       

Moose All  0 0 14 64 78 

 Male 0 0 9 60 69 

 Female 0 0 8 7 15 

       

Deer All  0 2 0 8 10 

       

Wolf  All  1 2 0 6 9 

       

Bear All  0 13 6 0 19 

       

Lynx All  1 1 0 0 2 

       

Fox All  3 0 0 0 3 
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Table 11: The number of days with an occurrence by species and season captured by 15 remote 

cameras deployed in the large meadow within the northwest calving ranges of the Ronald Lake 

bison herd from 15 March 2016 to 14 March 2017. Category ñAllò refers to the number of 

unique encounters (images) taken during the period for a species. Note that in some instances 

more than one bison, for example, was captured in a single image. Seasons were defined as 1 

January ï 31 March for winter, 1 April to 30 June for spring, 1 July to 30 September for summer, 

and 1 October to 31 December for fall. 

  Number of Day Present 

Species Gender Winter  Spring Summer Fall Total 

Bison All  2 37 5 1 45 

 Male 1 24 2 0 27 

 Female 1 31 0 0 32 

 Calves 0 18 0 0 18 

       

Moose All  0 0 13 43 56 

 Male 0 0 9 39 48 

 Female 0 0 7 6 13 

       

Deer All  0 2 0 6 8 

       

Wolf  All  1 2 0 5 8 

       

Bear All  0 12 6 0 18 

       

Lynx All  1 1 0 0 2 

       

Fox All  3 0 0 0 3 
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Figure 22: Temporal trends in the number of unique bison encounters (A) and the number of 

days with an occurrence (B) for all bison captured by 15 remote cameras deployed in the 

large meadow within the northwest calving ranges of the Ronald Lake bison herd from 15 

March 2016 to 14 March 2017. Unique encounters were defined as a bison occurrence on 

photos separated by at least an hour.    
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Figure 23: Temporal trends in the number of unique bison encounters (A) and the number of 

days with an occurrence (B) for female and male bison captured by 15 remote cameras 

deployed in the large meadow within the northwest calving ranges of the Ronald Lake bison 

herd from 15 March 2016 to 14 March 2017. Unique encounters were defined as a bison 

occurrence on photos separated by at least an hour.    
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Figure 24: Temporal trends in the number of unique bison calf encounters (A) and the number of 

days with an occurrence (B) for bison calves captured by 15 remote cameras deployed in the 

large meadow within the northwest calving ranges of the Ronald Lake bison herd from 15 

March 2016 to 14 March 2017. Unique encounters were defined as a bison calf occurrence 

on photos separated by at least an hour.    
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Figure 25: Temporal trends in the number of unique moose encounters (A) and the number of 

days with an occurrence (B) for female and male moose captured by 15 remote cameras 

deployed in the large meadow within the northwest calving ranges of the Ronald Lake bison 

herd from 15 March 2016 to 14 March 2017. Unique encounters were defined as a moose 

occurrence on photos separated by at least an hour.    
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Figure 26: Temporal trends in the number of unique encounters (A) and the number of days with 

an occurrence (B) for deer captured by 15 remote cameras deployed in the large meadow 

within the northwest calving ranges of the Ronald Lake bison herd from 15 March 2016 to 

14 March 2017. Unique encounters were defined as a deer occurrence on photos separated 

by at least an hour.    
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Figure 27: Temporal trends in the number of unique encounters (A) and the number of days with 

an occurrence (B) for wolves captured by 15 remote cameras deployed in the large meadow 

within the northwest calving ranges of the Ronald Lake bison herd from 15 March 2016 to 

14 March 2017. Unique encounters were defined as a wolf occurrence on photos separated 

by at least an hour.    
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Figure 28: Temporal trends in the number of unique encounters (A) and the number of days with 

an occurrence (B) for bears captured by 15 remote cameras deployed in the large meadow 

within the northwest calving ranges of the Ronald Lake bison herd from 15 March 2016 to 

14 March 2017. Unique encounters were defined as a bear occurrence on photos separated 

by at least an hour.    
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Figure 29: Temporal patterns of occurrence among bears, bison, moose and wolves as indexed 

by the number of unique encounters (A) and the number of days with an occurrence (B). 

Occurrences of each species were captured by 15 remote cameras deployed in the large 

meadow within the northwest calving ranges of the Ronald Lake bison herd from 15 March 

2016 to 14 March 2017. Unique encounters were defined as a species occurrence on photos 

separated by at least an hour. 
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