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Abstract 

Oil sands development in Alberta, Canada, results in a uniquely fragmented landscape characterized by a high-density 

of linear features and fewer polygonal disturbance features. Uncertainty remains concerning the effects of this type of 

industrial footprint on boreal mammal species and communities.  We examined anthropogenic and natural factors that 

might exert the strongest positive and negative effects on the density of 11 species of boreal mammals and grouse 

species.  We collected wildlife track density and anthropogenic feature data along 9-km snow tracking triangles.  

Eighty-six different triangle locations were sampled with 56 of these replicated from 2 to 13 winters between 2005 

and 2018.  Twenty-five explanatory variables were tested for their influence on track density by species. Variables 

were organized into anthropogenic, natural habitat, weather/season, small prey density and survey year.  Industrial 

linear features did not significantly reduce trail density for most focal species. The exception were negative effects of 

low impact seismic lines on fisher (Pekania pennanti) and red squirrel (Tamiasciurus hudsonicus). Wider linear 

features  including roads, pipelines  and  powerlines had positive effects on Canada  lynx  (Lynx  canadensis), coyote  
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(Canis latrans), white-tailed deer (Odocoileus virginianus) and red squirrel track density. Time of the year, snow 

depth and temperature were highly influential in terms of their composite across-species impact on density of small-

bodied focal species. Upland deciduous forest had a strong positive effect on density of large-bodied mammals namely 

moose (Alces americanus), white-tailed deer and wolves (Canis lupus).  Small prey density had a strong positive effect 

on Canada lynx, coyote, fisher, and ermine (Mustela erminea) density.  Snowshoe hare (Lepus americanus) density 

followed a well-defined 10-yr cycle. Canada lynx, coyote and fisher followed this cycle with temporal density lags. 

The occurrence of well-defined snowshoe hare and predator cycles of typical amplitude, in spite of a >8%-per-year 

increase of human development footprint may indicate a system that demonstrated some resilience to the exploration 

and early- to mid-development stages of in situ oil sands exploration and production.  

               

              Key Words: Habitat fragmentation, In Situ Oil Sands, Mesocarnivores, Population Cycles, Snow Tracking, Wildlife  

Monitoring, 

 

INTRODUCTION  
   Oil sand deposits underlie approximately 142,000 km2 of 

land in the Boreal Forest Natural Region of northern Alberta, 

Canada (CAPP 2018).   Currently, deposits deeper than 75 m 

must be recovered in-place (óin situô) using injected steam.   

In situ extraction has a smaller but more dispersed human 

development footprint than oil sands mining and accounts 

for approximately 50 % of oil sands production (Alberta 

Government 2017).  Currently, over 135,800-km2 (97%) of 

the Alberta oil sands region overlies in situ oil sands deposits 

of which 60% is under lease.   In situ oil sands developments 

include exploration, construction of above and below ground 

pipelines, steam generation, and oil processing facilities.  

These and related infrastructure result in an incremental 

accumulation of surface footprint and activities that have 

potential to result in declines in density and distribution of 

boreal forest mammals (Bayne et al. 2004; Toews et al. 

2018).     

   The surface footprint of in situ oil sands exploration          

and production is extensive but predominantly linear (Figure 

1), resulting in an array of crisscrossing and overlapping 

industrial features including: low-impact seismic 

exploration/delineation lines (2  ╖ 3 m wide), oil sands 

exploration sites, pipelines (above and below ground), 

powerlines, informal trails, all season and gravel roads, 

production support facilities, soil borrow pits, oil sand 

central processing facilities, steam injection and recovery 

wells, and personnel accommodations (Schneider and Dyer 

2006; Devon Canada Corporation 2010; Latham and Boutin 

2015; Dabros et al. 2018).  The nature of in situ operations 

is to rotate and expand around existing production facilities 

that have proven reserves into other nearby leases where the 

exploration and production cycle continues.     

    All in situ oil sands projects larger than pilot level (i.e., 

12,000 barrels / day) in Alberta require the proponent to seek 

regulatory approval including the preparation of 

Environmental Impact Assessments (EIA).  Monitoring of 

the cumulative effects of in situ oil sands projects on 

terrestrial biodiversity at both local (project) and regional 

scales is required by Provincial and Federal regulators 

(Sherrington 2005; Environment Canada 2011; Johnson et al. 

2011; Burton et al. 2014; AEP 2019). The spatial pattern and 

widespread, incremental, and dominantly linear nature of the 

in situ oil sands footprint is unique and relatively novel in 

North America, and arguably worldwide (Pickell et al. 2015).  

Scientific uncertainty has resulted in public, academic and 

regulatory concerns regarding the potential fragmentation 

effects of this type of exploration and development on 

wildlife habitat and populations in Alberta's oil sands 

(Jordaan et al. 2009; Pattison et al. 2016; De Mars and 

Boutin 2017; Rosa et al. 2017).  The potential effects of in 

situ oil sands development have been characterized as "death 

by a thousand cuts" because of the extensive and 

accumulative nature of linear footprint proliferation 

(Schneider and Dyer 2006). The working hypothesis of those 

concerned with these kinds of effects is that increased linear 

feature density and associated production facilities will cause 

cumulative habitat loss, increased edge effects, movement 

obstruction, sensory disturbance, and increased predation, 

and will eventually result in widespread alterations of 

wildlife populations and communities (Jordaan et al. 2009; 

Jordaan 2012; Fisher and Burton 2018).  Notwithstanding the 

above concerns, the long-term incremental and cumulative 

effects of in situ development on boreal mammal status and 

trends have received little direct scientific investigation, 

especially at the local/project scale and over extended time 

frames.   

   We present the results of 14 yrs (2005 to 2018) of snow 

track monitoring for 11 mammal species and 1 ground bird 

species group (grouse species) collected from an expanding 

in situ development area from early exploration through 

production phases.  The primary objectives of the research 

were: 1) to test if an expanding in situ oil sands footprint 

imposes a significant effect on the density of wildlife tracks 
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of selected species in space and over time; and, 2) to more 

fully understand the relative influence of a range of 

anthropogenic, natural habitat, weather/season, and small 

vertebrate prey density explanatory variables on snow track 

density of each species.  We first assessed if the long-term 

monitoring data indicated upward, downward or stable 

trends in wildlife snow track density in the context of 14 yrs 

of in situ oil sands development.  We also explored whether 

natural population fluctuations/cycles of focal species were 

disrupted by in situ development and if natural habitat types 

or weather attributes influenced trail density to a greater or 

lesser extent than did anthropogenic footprint. We explored 

how body size, anti-predator approaches and foraging 

strategies of focal species might contribute to inherent 

vulnerability or resilience to the effects of in situ landscape 

alteration and activity. 

 

STUDY AREA 
   The 2,750-km2 study area (Figure 2) is located in the 

Central Mixedwood Subregion of the Boreal Forest Natural 

Region in northeastern Alberta, Canada (55°29'29.39"N, 

110°32'7.19"W).  Mean monthly temperatures vary from        

-17°C in January to +17°C in July.  Recorded extreme mean 

daily temperatures have varied from -48.3°C in January to 

+36.3°C in June.  Total annual precipitation in the study 

region is 475 mm of which 71% occurs as rain and 29% as 

snow (Devon Canada Corp 2012).   Terrain in the study area 

is characterized by a matrix of gently undulating lowlands 

with inclusions of hummocky uplands. Lowlands are 

underlain by organic soils while upland sites support a mix 

of coarse-textured brunisolic and luvisolic soils. The 

elevation ranges from 610 ╖ 670 m asl.  Lowlands comprise 

primarily treed bogs and fens with black spruce (Picea 

mariana) and tamarack (Larix laracina); shrubby fens 

dominated by willows (Salix spp.) and dwarf birch (Betula 

pumila); and, graminoid fens dominated by sedges (Carex 

spp.) and wet grasses.  Upland habitats are characterized by 

a mixture of aspen (Populus tremuloides) and white spruce 

(Picea glauca) forests, with jack pine (Pinus banksiana) 

forests on well-drained, sandy sites. Moist rich sites 

associated with stream valleys support balsam poplar 

Figure 1. In situ oil sands and legacy natural gas development infrastructure in the north-western portion of Study 

Area in the Central Mixedwood Subregion of the Boreal Forest Natural Region in northeastern Alberta, Canada, circa 

August 2017. Inset picture displays zoomed-in area where low impact seismic lines are visible. 
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(Populus balsamifera), aspen and white spruce forests with 

complex and productive shrub and herbaceous understory.   

   Prior to the initiation of in situ oil sands exploration in the 

study area in the late 1990s, the main surface footprint arose 

from legacy natural gas exploration and production in the 

1970s and 1980s. This mainly included conventional seismic 

lines at densities averaging approximately 1.5 km/km2 per 

township (Lee and Boutin 2006; van Rensen et al. 2015), 

scattered gas well pads, below-ground pipelines, 

transmission lines, and gravel roads.  Total surface footprint 

in areas of legacy natural gas development but without in situ 

oil sands infrastructure averages from 3% to 5% (Charlebois 

et al. 2015).   

   Land use in the study region has changed markedly in both 

type and intensity since the first applications for in situ heavy 

oil extraction in the late 1990s.  In the early 2000s, a small 

number of oil companies initiated in situ oil sands projects 

with 3-D seismic exploration programs in their lease areas.  

Exploration was successful and since then the northwestern 

portion of the study area has experienced almost 20 yrs of 

incremental in situ exploration and production. This new 

footprint, compounded with legacy footprint, has resulted in 

a visibly substantial surface alteration impact on the 

landscape (Figure 1).  Linear feature density in the study area, 

including low-impact seismic lines, generally ranges from 4 

to 15 km/km2 (Charlebois et al. 2015).  Areas with highest 

linear feature density and associated in situ footprint (5% to 

+/- 20%) occur in the original lease areas in the western and 

northern portions of the study area. Lower industrial 

footprint densities (0 to 5%) are generally located within the 

eastern one-third of the study area in the environmental set-

aside known as the Dillon River Wildland Park (Figure 2).  

No timber harvest has occurred in the study area to date. 

 

MATERIAL & METHODS  
Field Data Collection 

   We collected wildlife and anthropogenic feature data 

during winter months (December to April) along snow 

tracking triangles that measured 9-km in length (3 km per 

side).    The tracking triangle approach was adapted from 

Figure 2. Distribution of snow tracking triangles in the study area in the Central Mixedwood Subregion of the Boreal 

Forest Natural Region in northeastern Alberta, Canada. 
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long-term monitoring techniques that originated in Finland 

(Linden et al. 1996) and that are applied periodically in 

northeastern Alberta (Bayne et al. 2004; Neilson et al. 2007; 

Bayne et al. 2008; Keim et al. 2011; Toews et al. 2018).  

Eighty-six different triangle locations were sampled with 56 

of these locations re-sampled from 2 to 13 winters between 

2005 and 2018 (n = 457) (Figure 2). Triangles were located 

using a stratified random approach across the in situ lease 

areas and an adjacent protected area (Dillon River Wildland 

Park). Using a Geographical Information System, land areas 

were blocked off as having low, moderate, or high levels of 

anthropogenic disturbance and triangle locations were 

selected randomly within these blocks.  As is the nature of 

in-situ oilsands development, some of our control sites were 

affected by exploration and production as time went on.  

There was considerable variation in the anthropogenic 

footprint densities of triangles across time and space (i.e., 

from nil anthropogenic footprint to >50% footprint). 

    Wildlife tracking and anthropogenic footprint occurrence 

data were collected a minimum of 24 h after a snowfall event 

and continued until the track record was obliterated by a new 

snowfall. Tracking was conducted from 1 to 7 d (average = 

3 d) after a fresh snowfall of at least 3 cm (Bayne et al. 2005).   

The number of animal tracks crossing the transect path since 

the last snowfall event were recorded by species or species 

grouping (i.e., microtine rodents, grouse species.) in 50-m 

segments and summed for the triangle. The location and time 

at each 50-m segment were recorded with a handheld GPS, 

allowing to accurately match track data to time since last 

snowfall.   A track was defined as fresh footprints in the snow 

of an individual animal crossing the direction of travel of the 

observer along a transect.  For consistency, multiple pass 

snowshoe hare (Lepus americanus) and red squirrel 

(Tamiasciurus hudsonicus) runs were enumerated as 5 

individuals.  Tracks that approached the transect but did not 

cross (i.e., deflection) were not included as an observation. 

Since only tracks that crossed the transect (in the area 

directly in front of the observer) were recorded, the detection 

effects of variable vegetation cover were assumed to be 

minimal.   

   Animal tracks were identified to species by print, stride and 

straddle (Halfpenny et al. 1995) by trained experienced field 

personnel.   Anthropogenic footprint occurrence and use data 

were recorded for each 50-m segment at the same time as 

wildlife track data. We recorded the number of 

anthropogenic footprint intersects by feature type (e.g., road, 

pipeline, low impact seismic line, conventional seismic line, 

lease pad, borrow pit) and the number of anthropogenic 

footprint features by type that were used by wildlife or 

humans during the last fresh snowfall or at some time during 

that winter.  Feature types were distinguished by width and 

shape. Wildlife use of linear or polygonal anthropogenic 

footprint features for travel or foraging was recorded for 

fisher (Pekania pennanti), Canada lynx (Lynx canadensis), 

coyote (Canis latrans), grey wolf (Canis lupus), moose 

(Alces americanus), deer (Odocoileus spp.) and woodland 

caribou (Rangifer tarandus). Wildlife ñuseò of 

anthropogenic footprint features required at least 5 m of 

purposeful travel along the intercepted feature.  A snow 

depth measurement was taken at the end of each 50-m sub-

transect and averaged per triangle.  From 2005 to 2018, we 

sampled 457 triangle transects at 87 locations totaling 4,113 

km of surveys. Unique triangle transect locations were 

sampled from 1 to 13 times (ὼ = 4.3). The number of triangle 

locations sampled per year ranged from 17 to 68 (ὼ =35.1).  

   Field surveys were approved by Alberta Environment and 

Parks and carried out under the authority of Research Permit 

and Collection License numbers: 49362, 48599, 53154, 

51091, 54454, 54186, 55411, 55412, 57100, 57101, 57167, 

57168, 57819, 57818 and 18-017. 

Response Variable   

   Our data consisted of observations of fresh animal tracks 

in snow crossing a linear, predetermined transect path.  

Observations were pooled together for each unique triangle 

test site (i.e., triangle).  The response variable was the total 

number of crossings for an animal species over the 9-km path 

of a triangle. These observations were collected from a set of 

triangles sampled annually in a variety of different years 

(2005 to 2018) under changing environmental conditions 

(temperature, snow depth, time of year) and amounts and 

types of human impact. The quantity relating to abundance 

was the density of such observations. Density pertained not 

only to the linear length along which snow track observations 

were made, but also the time since the last snowfall, which 

comprised the temporal event horizon for the observations. 

The need to standardize ñsign accumulation timeò was noted 

by Heinemeyer et al. (2008).  They recognized that the 

likelihood of detecting fresh tracks in snow was correlated 

with the amount of time available for animals to travel since 

the last track obliterating snowfall.  Thus, the unit for species 

density that we built models for was the number of tracks per 

km per day since last snow, or in short, ñtracks per km-dayò, 

measured over each sampled triangle.   

Explanatory Variables 

   A total of 25 explanatory variables (24 continuous and 1 

categorical) were tested for their negative or positive 

influence on snow track density of boreal mammals on 

sampling triangles.   Continuous explanatory variables were 

organized into 4 categories including: anthropogenic; natural 

habitat; weather/season; and, small vertebrate prey density 

(Table 1). Nine anthropogenic explanatory variables were 

quantified including the number of: all human features 
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intercepted per km; polygonal features intercepted per km; 

roads intercepted per km; pipelines/powerlines intercepted 

per km; low impact seismic lines intercepted per km; 

(conventional) cutlines intercepted per km;  total  intercepts 

used by humans since last fresh snowfall; and, total  

intercepts by humans used this winter (but before fresh 

snowfall). A composite anthropogenic footprint index was 

also calculated that summed the number of features by class 

and the typical width of features: low impact seismic LIS (3 

m), conventional seismic lines (8 m); roads (15 m); 

pipes/powerlines (25 m); and polygons (50 m). This index 

roughly corresponds to the % anthropogenic footprint (un-

buffered) of the area transected by the sampling triangle.           

   Another set of 8 variables described habitat types (Table 1); 

these were not updated for each year of observations but 

remained constant. Habitat variables were proportions of 

each of 8 habitat types (e.g., percentage of coniferous forest) 

intersected by a sample triangle. Time of the year (Julian 

date), temperature (coldness index), and snow depth at the 

time of sampling were the 3 weather/season variables 

quantified for each triangle. For small- and mesocarnivore 

species (ermine Mustela erminea, fisher, Canada lynx, 

coyote) the snow track density of each of 4 prey species, i.e., 

snowshoe hare, red squirrel, grouse (Bonasa umbellus and 

Falcipennis canadensis), and microtine rodents (mice, voles 

and shrews), were also included as explanatory variables.   

   Year was used as a categorical nuisance variable to allow 

for both the cyclic nature of some species as well as year-to-

year variations due to weather.  Although year could also 

have been treated as a numerical variable, due to the relative 

short study period compared to cyclic periods these cycles 

could not be modelled using higher order (non-linear) terms.  

For species where year-to-year variations were statistically 

significant, the change in track densities over years were 

plotted. 

Statistical Analysis 

   We established statistical models for animal track density, 

based on observations of snow tracks, considering a set of 

possible explanatory variables including habitat, human 

impact footprint, annual cycles, and other environmental 

variables such as temperature, snow depth, and time of year, 

as well as year sampled.   

   Since the explanatory variables comprised both continuous 

variables and a categorical variable (Year), and since the 

response variable  ╖ # tracks per km-day  ╖ did not follow a 

normal distribution, we used a generalized linear model 

(GLM; McCullagh and Nelder 1989).  Snow track density as 

the response variable was based on the number of track 

observations, and followed a Poisson distribution.  However, 

Poisson distribution presumes that the observations are 

independent events, and in the case of the track crossings, 

this is not always the case. An individual animal may 

perform multiple trail crossings in a small temporal and 

spatial neighborhood. To account for this, we generalized the 

statistical function from a standard Poisson model to a 

Poisson model with a dispersion parameter.  

   Limiting the models to linear effects and using km-days as 

the offset (exposure) variable, our models took the following 

form: 

 ὉὼὴὩὧὸὩὨ ὸὶὥὧὯίὯάὨὥώίὥzz Ὡ  

where x1, x2 were predictor variables, and a, b, c were model 

parameters.  In the case of categorical variables, there was a 

different constant, a, estimated for each value of the 

categorical variable.  

   We used a generalized linear model with a Poisson 

distribution, which implies a log link function, with the 

dispersion parameter turned on, and with log (km-days) as 

the offset variable. Refer to McCullagh and Nelder (1990) 

for a detailed description of the mechanics of such models. 

The various predictive variables were evaluated in a stepwise 

fashion, starting with only the constant term, and adding 

sequentially the predictor that improved the model the most. 

As the evaluation criterion for including predictor variable 

we used the P-value for the F-test of the change in deviance 

by adding the term. When this P-value was smaller than 0.05, 

the predictor was included. Deviance is a goodness-of-fit 

statistic for the statistical model Kafková and Krivankova 

(2014). This stepwise model selection process was executed 

using Matlabôs stepwiseglm function (The MathWorks Inc. 

2018).  

   As per Toews et al. (2018), we computed an index of 

composite impact for each explanatory variable. This index 

was formed by computing the mean and standard errors for 

the absolute values of the normalized model coefficients 

across all the species. A variable that predicted trail density 

for each species perfectly would thus get an index of 1, 

whereas a variate with zero correlation to the response 

variable would have a composite impact index of 0.     

   Our analyses focused on species/groups with more than 

1,000 total snow tracks and greater than 10% frequency of 

occurrence on sampling triangles (Table 2). Focal 

species/groups sampled included (in order of frequency of 

occurrence): snowshoe hare; red squirrel; microtine rodents; 

grouse; Canada lynx; coyote; white-tailed deer; fisher; 

moose; grey wolf; and, woodland caribou.   

Anthropogenic Feature Accumulation and Use 

   The number of anthropogenic features were recorded for 

each sampled transect each year. For the transects that were 

completed in all survey years (n=20), yearly feature 

accumulation was calculated and plotted. Wildlife use of 

linear or polygonal anthropogenic footprint features for 

travel or foraging was analysed.   The response variable was        
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Variable 

Category Variable Label Description  Source 
       

 
Anthro-

pogenic 
LISPerKm 

Number of Low Impact Seismic lines (2 - 4 m wide) 

intersected by sampling triangles 

Field detection and count at time 

of sampling  

 PolysPerKm 
Number of polygonal human features intersected by 
sampling triangles 

Field detection and count at time 
of sampling  

  Includes well sites, borrow pits, stratification wells, 

camp sites, central processing facilities 
    

 

 CutlinesPerKm 
Number of Conventional Seismic Lines (5 to 8 m 

wide) intersected by sampling triangles 

Field detection and count at time 

of sampling  

 RoadsPerKm 
Number of roads (10 - 20 m wide) intersected by 
sampling triangles  

Field detection and count at time 
of sampling  

  Included one and two lane gravel, paved/plowed, 

lease, and unimproved roads 
    

 

 PipePowerLinesPerKm 
Number of Pipelines and/or powerlines (10 to 50 m 

wide) intersected by sampling triangles 

Field detection and count at time 

of sampling  

  Petroleum pipelines and associated powerlines, often 
open and grass covered 

    
 

 TotalInterceptsPerKm 
Number of combined linear and polygonal features 

intercepted by sampling triangles 

Field detection and count at time 

of sampling  

 CompositeFootprintPerKm 
Weighted footprint based on # linear and polygonal 

detections and average widths thereof 

Field detection and count at time 

of sampling  

 TotalUseLastYear 
Number of linear plus polygonal features used by 
humans during last winter-Old packed access 

Field detection and count at time 
of sampling  

 TotalUseSinceLastSnow 
Number of linear + polygonal features used by 

humans since last snowfall-Recent packed access 

Field detection and count at time 

of sampling  
       

 
Natural 

Habitat 
percConiferousForest 

Percentage of 50-m tracking segments intersecting 

upland conifer forest 

GIS overlays of 50-m segments onto 

AVI mapping 

 percDeciduousForest 
Percentage of 50-m tracking segments intersecting 

upland deciduous forest 

GIS overlays of 50-m segments onto 

AVI mapping 

 percMixedwoodForest 
Percentage of 50-m tracking segments intersecting 

upland mixedwood forest 

GIS overlays of 50-m segments onto 

AVI mapping 

 percBurn 
Percentage of 50-m tracking segments intersecting 
burns <40 years 

GIS overlays of 50-m segments onto 
AVI mapping 

 percBogPoorFen 
Percentage of 50-m tracking segments intersecting 

bogs or poor fens 

GIS overlays of 50-m segments onto 

AVI mapping 

 percRichFen 
Percentage of 50-m tracking segments intersecting 

rich fens 

GIS overlays of 50-m segments onto 

AVI mapping 

 percShrubbyWetland 
Percentage of 50-m tracking segments intersecting 
shrubby wetland 

GIS overlays of 50-m segments onto 
AVI mapping 

 percShallowWetland 
Percentage of 50-m tracking segments intersecting 

shallow wetland waterbody 

GIS overlays of 50-m segments onto 

AVI mapping 
       

 
Weather/Se
ason 

SnowDepth 
Mean depth of snow (cm) on sampling triangle 
measured at 50-m intervals  

Field samples   
 

 Temperature 
Rank-ordered air temperature at noon of day of 

sampling (coldness Index) 

Fort McMurray Historical 

Weather Records  

 TimeOfYear 
Days since start of winter tracking season - rank-

ordered (season lateness index) 
Calendar    

 
       

 
Small Prey 

Density 
Snowshoe hare  

Number of trails per day of snowshoe hare 

intersected by sampling triangles 

Field detection and count at time 

of sampling  

 Grouse (spp.) 
Number of trails per day of grouse intersected by 

sampling triangles 

Field detection and count at time 

of sampling  

 Red squirrel 
Number of trails per day of red squirrel intersected by 

sampling triangles 

Field detection and count at time 

of sampling  

  Microtine (spp.) 
Number of trails per day of microtine rodents 
intersected by sampling triangles 

Field detection and count at time 
of sampling   

Temporal Year Survey year Calendar  

 

Table 1. Explanatory variables describing anthropogenic, natural habitat types, weather/season and small prey density at 

sampling sites. 
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average number of tracks per transect,  using and not using 

linear features, with the predictor variable b eing number of 

linear features intercepted per transect (irresp ective of s 

urvey year) categorized into groups: 1 ╖ 30 (n=60); 31 ╖ 60 

(n=66); 61 ╖ 90 (n=65); 91 ╖ 120 (n=42); 121 ╖ 150 (n=15), and 

151 ╖ 180 (n=5). Categorizing intercepts into groups provided 

a means of describing the data within each group with a mean 

and standard error. 

 

RESULTS 

   Statistical models for snow track density were established 

for all 12 focal species or species groups (Table 2).  All but 

2 of the 24 continuous explanatory variables (Shallow 

Wetland/Waterbody and Cutlines Per Km) exerted either a 

strong (P<0.05) positive or strong negative influence on trail 

density for 1 to 7 (ὼ = 2.4) focal species (Table 3).  

Continuous variables that strongly influenced 4 or more focal 

species were Polys Per Km, Total Use Last Year, Percent 

Coniferous Forest, Percent Deciduous Forest, Temperature, 

and Time of Year. Continuous variables that strongly 

influenced a single species were Roads Per Km and Total 

Intercepts Per Km.   

   The categorical variable (Year) influenced all species 

except woodland caribou (Table 3). 

Continuous Variables 

Anthropogenic  ᵹ  Linear anthropogenic footprint features 

such as cutlines, low impact seismic lines, pipelines and 

roads did not significantly decrease trail density of most 

species, with the sole exception being the negative effect of 

low impact seismic lines on fishers and on 1 of their key prey, 

red squirrels (Table 4,  Figure 3a and 3b).  Low impact 

seismic line intercepts were positively correlated with 

woodland caribou track density.  Wider linear features such 

as roads, pipelines and powerlines exerted a stronger positive 

influence on a broader range of species, including positive 

effects on Canada lynx, coyote, white-tailed deer, and red 

squirrel. Snowshoe hare and woodland caribou track density 

was strongly negatively influenced by the density of 

polygonal features (e.g., borrow pits, stratification wells, 

camp sites, central processing facilities), whereas white-

tailed deer tracks were more abundant in samples with a 

greater number of polygonal feature intercepts (Table 4, 

Figures 3a, 3b and 3c).  

   Four species were influenced significantly by cumulative 

measures of human disturbance. These cumulative measures 

included positive effects of Total Intercepts Per Km on 

Canada lynx, positive effects of Composite Footprint Per Km 

on ermine and coyote, and negative effects of Composite 

Footprint Per Km on grouse. Total Use Last Year ï a variable 

that reflects the number of linear and polygonal features used 

by humans during the winter of sampling (i.e., old packed 

access) ï had a statistically significant negative influence on 

4 species (snowshoe hare, Canada lynx, ermine and 

woodland caribou), and a positive effect on microtine 

rodents and grey wolves.  Total Use Since Last Snow ï a 

variable that reflected the number of linear and polygonal 

features used by humans since last snowfall (recent packed 

access) ï had negative and positive influence on microtine 

rodent and woodland caribou snow track density, 

respectively (Tables 3 and 4).  

 

Table 2. The total number of trails of 12 species observed on tracking triangles from 2005 to 2018 and the number and % 

frequency of triangles that supported tracks of the species. 

 

Focal Species  Total # Tracks 
# Samples with Focal 

Species (N=457) 
Percent Frequency 

of  Occurrence 
 

Microtine 
 

4,390 
 

394 
 

86.2 
Grouse 3,624 393 86.0 
Snowshoe hare 289,060 455 99.6 
Red squirrel  50,896 455 99.6 
Ermine 7,085 427 93.4 
Fisher 1,344 216 47.3 
Canada lynx 4,287 337 73.7 
Coyote 2,715 307 67.2 
Grey wolf 1,094 131 28.7 
White-tailed deer 7,129 270 59.1 
Moose 1,123 143 31.3 
Woodland caribou 1,064 48 10.5 

    1 
    The total number of trails observed on tracking triangles from 2005 to 2018 and the number and % frequency of triangles 2 
    that  supported tracks of the species3 
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Table 3. Variable Impact on Species Abundance - Red = negative Impact; Green = Positive Impact. For the categorical 

variable (Year) information on significant impact (Yes or No) (Significance = <0.05).  

Figure 3a. Standardized coefficient estimates for explanatory variables for small prey focal species. Error bars represent 

95% confidence intervals, calculated from adjusted standard error (as per Toews et al. 2018). 
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Figure 3b. Standardized coefficient estimates for explanatory variables for small and mid sized carnivore focal species. 

Error bars represent 95% confidence intervals, calculated from adjusted standard error (as per Toews et al. 2018). 

Figure 3c. Standardized coefficient estimates for explanatory variables large focal species. Error bars represent 95% 

confidence intervals, calculated from adjusted standard error (as per Toews et al. 2018). 
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Table 4. Parameter estimates from the best-supported model of species trail density for the continuous variables. 


