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Bison and elk spatiotemporal
interactions in Elk Island
National Park

Jennifer M. Foca* and Mark S. Boyce

Department of Biological Sciences, University of Alberta, Edmonton, Alberta T6G 2E9, Canada

Elk Island National Park (EINP) is a fenced park in the Beaver Hills UNESCO
Biosphere Reserve of central Alberta where aspen parkland is being conserved.
This area maintains high densities of native ungulates including elk (Cervus
elaphus), bison (Bison bison bison, B. bison athabascae), moose (Alces alces),
white-tailed deer (Odocoileus virginianus), and mule deer (O. hemionus). Our
objective was to evaluate spatiotemporal overlap and interspecific interactions
between bison and elk in EINP using camera traps. Bison and elk have
overlapping habitat use and diet and are the primary focus of ungulate
management in EINP. We examined distributions of both species in relation
to season, landscape characteristics, anthropogenic features, and
heterospecifics using generalized linear models (GLMs). We then examined
seasonal daily activity patterns of bison and elk and calculated the degree of
overlap. The spatial analysis revealed that bison counts were positively
associated with higher proportions of open habitats across seasons and in
areas farther from water in summer and fall but had no associations with
distance to water during winter. Bison removal year (years during which bison
removals were conducted by Parks Canada) was a significant predictor variable
for bison counts in winter when the bison roundup takes place. Elk avoided
areas with high linear feature density across seasons. During fall and winter, we
observed higher elk counts associated with bison presence. Temporal activity
patterns revealed that elk were crepuscular in all three seasons, but bison
activity patterns varied with diurnal activity being more common in the
summer, crepuscular activity in winter, and intermediate activity patterns
during fall. Coefficients of overlap between elk and bison were high in all
three seasons with the greatest difference in daily activity patterns in summer
and the highest overlap in winter when both species showed strong
crepuscular activity. Despite the fenced perimeter in EINP resulting in high
ungulate densities, limited dispersal, and low predation, our data show patterns
of habitat use and interactions between bison and elk that were similar to those
in other systems. Spatiotemporal partitioning does not appear necessary for
coexistence of bison and elk in the aspen parkland.
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Introduction

Interspecific interactions and species-habitat interactions are
primary drivers in shaping distributions of wildlife populations
across variable landscapes (Danielson, 1991; Dunning et al,
1992). The availability and configuration of resources as well as
assemblages of species present influence habitat selection and
the types of interactions that occur (Sinclair and Norton-
Griffiths, 1982; Sinclair, 1985; Wydeven and Dahlgren, 1985;
Murray and Illius, 2000; Arsenault and Owen-Smith, 2002; Van
Beest et al., 2014). Many factors influence interspecific
interactions, including the species assemblage in question,
population densities, predation, and the composition and
structure of vegetation (Danielson, 1991; Dunning et al., 1992;
Turner, 2005; Van Beest et al,, 2014). Ecosystems that are more
heterogenous are able to support higher species diversity and
higher densities (Dunning et al., 1992).

The aspen parkland is a highly heterogenous ecosystem
characterized by a patchy mosaic of habitat types capable of
supporting diverse ungulate assemblages (Bird, 1961; Riley et al,
2007). The aspen parkland ecosystem is an ecotone that occurs
between boreal forest and prairie ecosystems, with interspersed
deciduous forests, grasslands, and wetlands (Riley et al., 2007). The
diversity of vegetation types is maintained by climate conditions
and various types of natural disturbances, including the impacts of
ungulate grazing and foraging. During wet years, aspen and
wetlands can overtake grasslands, whereas grasslands prevail
under drought conditions, fire, and heavy grazing (Bird, 1961;
Riley et al., 2007). Native ungulates are an integral part of the aspen
parkland ecosystem and play a role in maintaining heterogeneity
(Hobbs, 1996) by inhibiting aspen growth and maintaining
grasslands (Campbell et al,, 1994; Bork et al, 1997; Riley et al,
2007). In Canada, aspen parkland is one of the most highly
exploited ecosystems, as much has been cleared and converted to
agricultural lands due to its rich soils, leaving less than 34% of
natural cover remaining (Young et al., 2006; Riley et al, 2007;
Ferrer-Paris et al., 2019). Other threats to this ecosystem include fire
suppression and decreased grazing by wild herbivores.

Elk Island National Park (EINP) is a fully fenced park in
central Alberta and is one of few areas in Canada where aspen
parkland is being conserved with a diverse assemblage of native
ungulates. The park maintains high densities of native ungulates
including elk (Cervus elaphus), plains bison (Bison bison bison),
wood bison (B. bison athabascae), moose (Alces alces), white-
tailed deer (Odocoileus virginianus), and mule deer (O.
hemionus). Because of intensive agriculture in the aspen
parkland, the perimeter of EINP is fenced, containing all
native ungulates within the park to prevent conflicts with
farmers. While fencing can be a useful tool to separate wildlife
from conservation threats and reduce agricultural losses, fencing
can also introduce challenges for wildlife managers (Van Aarde
etal., 1999; Somers and Hayward, 2012). For example, due to the
fenced perimeter and the partial isolation of the park within an
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agricultural matrix, EINP does not have many predators and
predation does not substantially influence ungulate populations.
The limited dispersal of ungulates, minimal predation, and
highly productive aspen parkland ecosystem all contribute to
high ungulate densities in EINP (Blyth, 1995; Kuzyk et al., 2009;
Parks Canada, 2017). In the past, ungulate management goals in
EINP included maximizing wildlife viewing opportunities with a
focus on recreation (Blyth and Hudson, 1992; Kuzyk et al,
2009), but since 1999 a reduction strategy for bison and elk was
implemented and current management places greater focus on
managing for ecological integrity (Parks Canada, 2010; Parks
Canada, 2017). The fenced perimeter of the park is
semipermeable to deer, and as a result population growth rates
in EINP reflect regional demographic changes (Blyth, 1995).
Thus, deer have not been a primary focus of ungulate
management. Similarly, the moose population in EINP has not
been a management focus because moose populations appear to
be limited by other mechanisms, namely parasites such as liver
flukes and winter ticks (Blyth, 1995; Haigh et al., 2002; Samuel,
2004, 2007; Shury et al., 2019). Parasites have the potential to
reduce ungulate populations and might be exacerbated by
climate change and agricultural intensification in the aspen
parkland (Patz et al., 2000; Kutz et al., 2005; O’Connor et al.,
2006; Hoberg et al., 2008; Van Dijk et al., 2010); thus far only
moose numbers appear to be reduced by parasites in EINP.
Bison and elk have been the focus of management actions by the
Park (i.e., culls, translocations), to prevent hyperabundance
(McShea et al., 1997; Bradford and Hobbs, 2008; Parks
Canada, 2017). Currently, Parks Canada has placed emphasis
on grassland health and aims to increase the proportion of
grassland in EINP (Parks Canada, 2010). Grasslands are used by
both bison and elk and might be a limiting resource for these
species in EINP (Cairns and Telfer, 1980).

Studies investigating ungulate effects on plant communities
and ecosystem health have been a major focus in EINP. Examples
include the characterization of forest plant communities in
response to disturbance regimes, including herbivory (Bork
et al,, 1997), an investigation of effects of ungulate herbivory on
beaked hazelnut (Best et al., 2003), and an evaluation of the use of
rough fescue as an indicator species for ungulate herbivory and
ecological integrity (Best and Bork, 2003). Hood and Bayley
(2008) used an interspecific approach to assess effects of
ungulate herbivory on woody plants, particularly species
considered preferred forage for beavers (Castor canadensis), to
assess ungulate-beaver interactions. Attempts have been made to
estimate ungulate carrying capacities in EINP (Blyth, 1995; Kuzyk
et al, 2009), though estimates of carrying capacity remain
contentious due to challenges associated with estimating
carrying capacity for entire guilds. In EINP, ungulate interguild
dynamics and spatial patterns must be considered to understand
the effects of ungulates on the ecosystem. For example, if bison are
dominant over elk (Holsworth, 1960) and can displace elk, this
might result in spatial segregation between bison and elk and less
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available area for elk (Arsenault and Owen-Smith, 2002). In a
scenario where elk are displaced by bison and have less access to
grasslands, elk have the flexibility to use a variety of food sources
(Cook, 2002). Conversely high spatial overlap has potential for
negative effects to rangelands because both bison and elk select
grasslands (Telfer and Cairns, 1979; Cairns and Telfer, 1980).

In this study, we used camera traps to examine the
spatiotemporal patterns and interactions between elk and bison
in EINP. We evaluated spatiotemporal patterns and interspecific
interactions in three different biologically determined seasons:
summer, fall and winter. Our first objective was to determine the
relationship between bison and elk distributions and landscape
characteristics, anthropogenic features, heterospecifics (i.e., bison/
elk). We hypothesized that bison and elk would have high spatial
overlap during seasons with high habitat selection overlap because
high densities of ungulates competing for resources can impede
partitioning and cause more even use of available habitats (Van
Beest et al,, 2014). We predicted a positive association between
bison and elk use during winter due to higher overlap in habitats
used (Telfer and Cairns, 1979), despite bison and elk consuming
different types of forage in winter. We considered anthropogenic
features in addition to landscape characteristics and
heterospecifics because humans have the potential to influence
ungulate space use and patterns of overlap (Webb et al, 2011a;
Ciuti et al., 2012). Our second objective was to determine if bison
and elk partition time by comparing their daily activity patterns.
We predicted that bison and elk would have different daily activity
patterns because bison are diurnal (McMillan et al., 2021) and elk
are largely crepuscular (Green and Bear, 1990; Boyce et al., 2010).
We also predicted that elk and bison would have higher temporal
overlap in winter due to shorter day lengths. This study allows us
to gain unique insight into how diverse ungulate assemblages
coexist in the aspen parkland ecosystem under conditions of high
ungulate density and limited dispersal due to the fenced
park perimeter.

Materials and methods
Study area

This study took place in Elk Island National Park (EINP), a
fully fenced park located in the Beaver Hills UNESCO Biosphere
Reserve of central Alberta, Canada on Treaty 6 territory
(Figure 1). EINP is transected by Highway 16, dividing the park
into northern (EINP-N; 134 km?) and southern (EINP-S; 60 km?)
areas of the park. EINP-N and EINP-S are surrounded by a 2.2m
perimeter fence, restricting movement of large mammals in and
out of the park. EINP is a representative of the Southern Boreal
Plains and Plateaux Natural Region and features glacial moraine
topography with a patchwork of lakes and wetlands scattered
throughout aspen parkland. Trembling aspen (Populus
tremuloides) is the dominant tree species, and deciduous forests
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cover over 60% of the park with some pockets of dispersed
conifers (Picea mariana and P. glauca). Much of the forest
understory is covered in beaked hazel (Corylus cornuta), as well
as other woody shrubs such as prickly rose (Rosa acicularis). Open
water and vegetated wetlands make up 33% of the park (Hood and
Bayley, 2008). Many of the lakes and ponds are surrounded by
rings of open habitat, including grasslands and shrubland. The
grasslands in EINP include a wide variety of grasses and forbs.
Shrublands include many of the same species found in forested
areas, and also include aspen and poplar regeneration (Cairns and
Telfer, 1980). Habitat assemblages are very similar in EINP-N and
EINP-S, however human use differs. EINP-N has more
infrastructure, more linear features (paved roads and hiking
trails), and higher human visitation rates than EINP-S.

EINP hosts a high density of ungulates including bison, elk,
moose, mule deer, and white-tailed deer. Plains bison (Bison
bison bison) are present in EINP-N and wood bison (B. bison
athabascae) are present in EINP-S. Bison densities during this
study were high with 4-5 bison/km” in EINP-N and 7 bison/km?
in EINP-S based on aerial survey data (Foca, 2021). Currently,
bison populations are actively managed to prevent
hyperabundance (Parks Canada, 2017). Plains bison and wood
bison populations are reduced every other year, alternating
between the two subspecies (Appendix A). Bison reduction
currently involves removing animals from the park and
translocating them to other areas in collaboration with bison
reintroduction efforts elsewhere. Elk density is high in EINP,
with 3-4 elk/km? based on aerial survey data (Foca, 2021). While
elk translocations have happened in the past, they are no longer
allowed due to the risk of spreading chronic wasting disease
(Parks Canada, 2017) and elk have not been removed from the
park during this study. Moose numbers in EINP-N are
extremely low due to liver flukes and winter ticks (Samuel,
2007; Samuel, 2004; Shury et al., 2019), but moose density is high
in EINP-S with 3-4 moose/km® based on aerial survey data
(Foca, 2021). Deer have not been the focus of management
efforts because the fenced perimeter is semipermeable to them,
and deer are difficult to survey aerially. Predators in EINP
include black bears, resident coyotes, and the occasional wolf;
none of which are thought to have a limiting effect on ungulate
populations in the Park. Wolf numbers are low in EINP based on
park staff observations and camera detections. Over the course of
this four-year camera trapping program, no wolves were
detected in EINP-N, and on average there were only six wolf
detections per year in EINP-S. The fenced perimeter, lack of
predation pressure, and high ungulate densities are important
considerations for evaluating interspecific interactions in EINP.

Camera trapping

Camera traps were deployed in EINP on a 2x2km?*
systematic grid with 31 cameras deployed in EINP-N and 12
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Camera trap survey in Elk Island National Park, Alberta, Canada. Cameras were deployed on a 2x2km? systematic grid, shown by black points.
Elk Island National Park is bisected by Highway 16, shown by the red line. Both northern and southern portions of Elk Island National Park are
surrounded by a 2.2m high perimeter fence, which restricts ungulate movement.

cameras deployed in EINP-S (Figure 1). Camera trap data
collection took place between December 2016 and October
2020. Camera models included Reconyx Hyperfire H500,
P800, and P900. If the camera location fell within an open
area, the location was moved to the nearest tree. Camera traps
were affixed to trees 1m off the ground. They were placed facing
game trails or other open areas with an unobstructed view so
that ungulate detections would be possible and were placed
facing northward to prevent glare. Camera locations near hiking
trails were moved at least 100m away from the trail due to
privacy concerns. Cameras were programmed to take pictures 24
hours a day with 3 rapidfire pictures (up to 2 frames per second)
per motion trigger. We serviced cameras at least twice per year
and cleared vegetation to maintain the open field of view. Images
were stored and tagged in WildTrax (WildTrax, 2019). We
tagged photos by species, age class, sex class, and number of
animals per photo.

Analytical approach
To study bison and elk interspecific interactions, we

analyzed camera trap data examining both spatial and
temporal variation across three seasons: summer, fall, and
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winter. We defined summer as April 1 to August 31, which
includes bison calving (begins in late April and peaks in May),
elk calving (May/June), green up (occurs in May), calf rearing for
both species, and the bison rut (June-August). We defined fall as
September 1 to November 30, which includes most of the elk rut
(peak in September) and leaf fall for deciduous plants. Winter
spans December 1 to March 31 of the following year and is
characterized by sub-freezing temperatures and snow cover. For
both spatial and temporal seasonal analyses, we included data
from all years because conditions in EINP, such as vegetation
conditions and winter severity, were similar across all years
surveyed. Camera data from EINP-N and EINP-S were analyzed
together because habitats are similar in both areas, elk and bison
densities are similar in EINP-N and EINP-S, and because
modeling the two areas separately would have reduced our
sample size.

For the spatial analysis we used generalized linear models
(GLMs) to examine the relationship between bison/elk counts
and camera-site characteristics, including variables for habitat,
anthropogenic features, and site use by heterospecifics (see
Spatial Analysis section below for model specifications). Our
analysis allowed examination of relationships among species and
landscape covariates, but not causality. Spatial overlap, or lack
thereof, is not sufficient to infer mechanisms, such as
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competition or facilitation (Arsenault and Owen-Smith, 2002).
For our temporal analysis we examined bison and elk daily
activity patterns using circular kernel density functions to
determine if they were partitioning time instead of space (see
Daily Activity Pattern section below). For both analyses, we
defined independent photo events based on a 120 second gap
between photo sequences. Each independent photo event has an
associated date, time, and species count, with species count
including all age and sex classes of the same species. Species
counts were summarized by camera, season, and year to create
the response variables used in GLMs.

Landscape covariates

For the spatial analysis, we reviewed a suite of landscape
covariates that could influence bison and elk distributions
(Table 1). For landscape covariates, we included distance to
water, proportion of open habitat, and forest edge density. We
included distance to water because EINP is characterized by a
glacial moraine landscape, which includes pockets of different
habitats surrounding water bodies dispersed throughout aspen
forest (Hood and Bayley, 2009). We also included a squared term
for distance to water in case intermediate distances to water were
used more heavily. For proportion of open habitat we included
grassland and shrubland, two ecosystem types known to be
important to bison and elk in EINP (Telfer and Cairns, 1979;
Cairns and Telfer, 1980; Cook, 2002; COSEWIC, 2013). We
calculated the proportion of open habitats within a 90x90m
window at each camera trap location. This window size was
chosen because it most closely reflects the vegetation at the site
in which the animals were sampled, as opposed to a larger buffer

10.3389/fcosc.2022.937203

that might encompass habitat types not used by the animals. We
included forest edge density (m/km?) within a 500m radius
buffer of each camera trap location, with edges defined as the
interface between forested and unforested habitats. This
covariate was selected because bison and elk have been
documented to use edge habitats in EINP (Telfer and Cairns,
1979; Cairns and Telfer, 1980) and elk are known to use edge
areas between forest and unforested interfaces (Skovlin et al.,
2002). A larger buffer was required for this variable compared to
the buffer used for habitat type in order to capture the variation
in edge density between camera locations. The buffer size for
forest edge density was determined by using univariate negative
binomial GLMs fit to species counts and selecting the covariate
with the lowest AICc (Burnham et al., 2011). Three buffer sizes
were compared for edge density, including 100m, 250m, and
500m radius buffers, and the three univariate models were
compared against a null model.

For anthropogenic features, we included a covariate for
linear feature density (m/km?) within a 500m radius buffer of
each camera trap location. Linear features included paved roads,
the park perimeter road, and hiking trails, and buffer size was
determined by ranking univariate models. Due camera
placement at least 100m away from trails and roads to address
privacy concerns, the buffer size for linear feature density needed
to be larger than the buffers considered for edge density.
Univariate GLMs were used to compare linear feature density
within a 200m radius buffer and a 500m radius buffer, and the
univariate models were compared against a null model. The
500m radius buffer was selected based on the lowest AICc
(Burnham et al., 2011). Elk are known to avoid linear features
and other human disturbances (Prokopenko et al., 2017b; Webb
et al., 2011b; Ferguson and Keith, 1982; Webb et al.,, 2011a;

TABLE 1 Descriptions of covariates used in bison and elk generalized linear models.

Covariate Code Description
name

Bison bison  Binary variable for bison presence (1) or absence (0)
presence/

absence

Bison BRY

removal year

Distance to DW Euclidean distance to water (m)

Binary variable for bison removal year (1) or non-bison removal year (0)

Data source

Camera trap data

Information provided by Parks Canada; see appendix A

Supervised 30x30m Landsat 2015 raster provided by

water Parks Canada; Euclidean distance raster created in
ArcMap

Elk elk Elk count Camera trap data

abundance

Forest edge ~ FED  Forest edge density (m/km?) within a 500m buffer of camera locations Supervised 30x30m Landsat 2015 raster provided by

density Parks Canada; edge-density raster created in ArcMap

Linear LED  Density (m/km?) of anthropogenic linear features within a 500m buffer of camera Linear feature shp files provided by Parks Canada; linear

feature locations; linear features included paved roads, the park perimeter road, and hiking ~ feature density raster created in ArcMap

density trails

Proportion open  The proportion of open habitat (shrubland and grassland) within a 90x90m window  Supervised 30x30m Landsat 2015 provided by Parks

open around camera trap locations Canada; proportion of open habitat raster created in R

Frontiers in Conservation Science

Studio

frontiersin.org


https://doi.org/10.3389/fcosc.2022.937203
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

Foca and Boyce

Prokopenko et al,, 2017a). We expect that bison and elk would
respond differently to linear feature density because bison in
EINP are seemingly more tolerant of human use on roads and
trails than elk.

We determined whether to use counts or presence/absence
data for heterospecifics in the elk and bison models using
univariate GLMs and selected the best-ranked covariate. In the
bison GLMs, we used elk counts from camera trap data as the
heterospecific model parameter. In the elk GLMs, we used bison
presence/absence from camera trap data as the model parameter.
We also included a parameter for bison removal year (Table I,
Appendix A) in some of the candidate models. Bison removal
year was only present in an elk candidate model in conjunction
with the parameter for bison presence/absence.

We assessed collinearity using a Pearson’s correlation matrix
and had no highly correlated covariates (|r| > 0.6). All
continuous variables were scaled and centered. See Table 1 for
details on variable creation and data sources.

Spatial analysis

We used generalized linear models with a negative binomial
distribution to investigate species counts relative to landscape
variables, anthropogenic features, and heterospecifics. We created
a priori candidate model sets for each target species with 14
candidate models for bison (Appendix B - Table B.1) and 19
candidate models for elk (Appendix B — Table B.2). Both sets of
candidate models also included a null model, and we used the
same candidate model sets for each season. Each model included
an offset for log camera trap days to account for differences in the
response variable related to sampling effort. We excluded cameras
with less than 10 active camera days in a season. We visually
examined response variable distributions for each season to
identify outliers and improve model fit. A single outlier was
removed for elk in fall of 2018. To account for repeated
measures at a camera site due to pooling data across years, we
included a random intercept for camera ID. We ranked models
for each species and season using Akaike’s Information Criterion
corrected for small sample sizes (AICc; Akaike, 1974; Burnham
etal, 2011). We selected the most parsimonious model using a A
AICc of 2. Top models with a A AICc less than 2 were considered
competitive, and we chose the model with the lowest number of
parameters as the best model. We considered beta coefficients to
be informative if the 95% confidence intervals did not overlap 0
(Burnham et al., 2011). We calculated the proportion of deviance
explained to assess model fit.

Daily activity patterns

To investigate bison and elk temporal overlap, we compared
daily activity patterns for bison and elk in each season: summer
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(April-August), fall (September-November), and winter
(December-March). Data were pooled across years and were
pooled between EINP-N and EINP-S. For each season we
converted time to radians and used the R package ‘overlap’ to
fit kernel density functions with a von Mises distribution for
circular data (Meredith and Ridout, 2020). Next, we calculated
the coefficient of overlap (A = 0 means no overlap, A = 1 means
complete overlap) between bison and elk for each season. For
calculating this coefficient in package ‘overlap’, we selected the
estimator Dhat4, which is recommended when the number of
detections for both species are greater than 50, and we estimated
95% confidence intervals using a bootstrap method with 10,000
bootstrap samples (Meredith and Ridout, 2020).

Results
Camera trapping

Cameras were active for 43,076 camera trapping days across
43 sites. For summer, there were 19,764 camera trapping days,
5,790 elk detections and 3,064 bison detections. For fall there
were 8,568 camera trapping days, 2,690 elk detections and 801
bison detections. In winter there were 14,744 camera trapping
days, 2,407 elk detections and 1,094 bison detections. Elk were
detected on all cameras in summer and winter, and 41 of 43
cameras in fall. Bison were detected on 35 out of 43 cameras in
summer, 28 out of 43 cameras in fall, and 32 out of 43 cameras
in winter.

Spatial analysis

For each season, we compared 14 candidate models and a
null model for bison and 19 candidate models plus a null model
for elk (Appendix B). Due to high sampling and measurement
error, the proportion of deviance explained was low for each top
model (0.01-0.04), however the contrast between top models and
null models was substantial based on AICc.

In the bison GLMs, proportion of open habitat was a
significant predictor in all top models across seasons and was
positively associated with bison counts (Table 2, Figure 2,
Appendix C). In summer and fall, the linear variable for
distance to water was a significant predictor covariate and
positively associated with bison, meaning bison counts were
higher farther from water. Bison removal year was a significant
predictor in winter and was inversely associated with bison
counts. Linear feature density was absent from all bison top
models. Elk count was present in some of the competing top
models but not the final bison models selected for each season
based on the lowest number of parameters. For models with elk
counts as a parameter, elk were positively correlated with
bison counts.
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TABLE 2 Model selection table of the top-ranked models and null models for bison and elk in summer, fall, and winter.

Species Season Model Predictor variables* k AICc AAIC
Bison Summer MIl1 open + DW + elk 6 1029.09 0
Mé open + DW 5) 1031.04 1.95
MO NULL 3 1043.70 14.61
Fall Meé open + DW 5 511.75 0
M13 open + DW + DW? 6 513.12 1.37
MO NULL 3 528.30 16.55
Winter M8 open + BRY 5 738.03 0
Mi12 open + BRY +elk 6 738.26 0.22
Mi11 open + DW + elk 6 739.06 1.03
MO NULL 3 751.71 13.68
Elk Summer M7 LFD + FED 5 1396.46 0.00
M5 LFD + DW 5 1397.65 1.18
M1 LFD 4 1398.15 1.68
Mil6 LFD + FED + bison 6 1398.24 1.78
MO NULL 3 1418.15 21.68
Fall M9 LFD + bison + BRY 6 846.27 0
MO NULL 3 874.26 27.98
Winter Mi14 LFD + DW + bison 6 1201.06 0
M19 LED + DW + DW? + bison 7 1202.12 1.05
MO NULL 3 1216.86 15.80

*open , proportion open; DW, distance to water; elk, elk abundance; BRY, bison removal year; LED, linear feature density; FED, forest edge density; bison, bison presence/absence at camera

site.

Predictor variables, number of parameters (k), Akaike’s Information Criterion scores corrected for small sample sizes (AICc), and the difference in AICc (A AICc) are displayed. Models with
a A AICc of less than 2.00 were considered competitive. Top models selected are shown in bold and shaded.

For elk GLMs, linear feature density was a significant
predictor covariate in all top models and was negatively
associated with elk counts (Table 2, Figure 2, Appendix C).
Bison removal year was present in the fall top model, though the
beta coefficient for bison removal year was not significant
(Appendix C) and the 95% confidence intervals overlapped 0.
Bison presence/absence was a significant predictor variable in
both fall and winter elk GLMs with bison presence positively
associated with elk counts. The linear variable for distance to
water was a significant predictor in the elk winter GLM, with
distance to water being positively associated with elk counts (i.e.,
elk counts were higher farther from water).

Daily activity patterns

Bison and elk daily activity patterns overlapped
substantially in all three seasons (Figure 3). Summer had the
lowest coefficient of overlap (A4 = 0.74 [0.73-0.76]), fall had an
intermediate coefficient of overlap (A4 = 0.76 [0.72-0.79]), and
winter had the highest coefficient of overlap (A, = 0.81 [0.78-
0.84]). Elk activity patterns were clearly crepuscular across
seasons. Bison were generally diurnal with higher peaks in
activity near dawn and dusk, but as day length shortened in
winter, the bison daily activity pattern mirrored that of elk with
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peaks near dawn and dusk and a decrease in activity
midday (Figure 3).

Discussion

The aspen parkland ecosystem is able to support high
ungulate densities that play a key role in maintaining the
diversity of vegetation types (Bird, 1961; Riley et al., 2007). In
this study, we had the unique opportunity to examine intraguild
dynamics in a fully fenced protected area within the aspen
parkland ecosystem. We examined bison and elk
spatiotemporal patterns and interactions across three seasons
in EINP. Bison counts were primarily related to habitat
characteristics, whereas elk counts were influenced by
anthropogenic features and bison presence. As expected, we
found high spatial and temporal overlap between bison and elk
in EINP, likely due in part to high ungulate densities impeding
spatial partitioning (Van Beest et al., 2014). Bison were present
on 65-81% of camera traps across seasons whereas elk were
present on almost every camera (95-100%). Additionally, we saw
high overlap of daily activity patterns across seasons with
increasing overlap during winter.

In all three seasons, we found that higher bison counts were
associated with open habitats (Table 2, Figure 2). This was
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Scaled beta coefficient estimates from the top-ranked models for bison and elk space use during three seasons: summer (April-August), fall
(September-November), and winter (December-March). Camera trap data were collected from 2016-2020 in Elk Island National Park in Alberta,
Canada. Error bars represent 95% confidence intervals. Covariate descriptions are provided in Table 1.

expected because bison are grazers, with diets consisting of >90%
graminoids and are therefore reliant on grasslands (COSEWIC,
2013; Kagima and Fairbanks, 2013). We also found bison were
positively associated with increasing Euclidean distance to water
during summer and fall. This is likely due to bison use of larger,
dry grasslands in the park, which occur farther from water
bodies, rather than the rings of open habitats surrounding water
bodies. However, distance to water was not present in the winter
model for bison counts. Because bison switch their diet to sedges
in the winter when snow is deep, they are more likely to be found
in sedge meadows near water bodies (Larter and Gates, 1991).
The use of sedge meadows by bison has been documented in
EINP (Telfer and Cairns, 1979; Cairns and Telfer, 1980), and
bison used both upland grasslands and sedge meadows
during winter.

The binary variable for bison removal year was a significant
predictor in the bison winter model. This was expected because
bison handling and removal occurs in winter (Appendix A). We
observed a negative association between bison counts and bison
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removal year, meaning there were lower bison counts in EINP-N
and EINP-S during their respective bison removal years. The
parameter for linear feature density, which included paved
roads, the park perimeter road, and hiking trails, was absent
from all of the bison top models (Table 2). This aligns with our
prediction that bison would not be negatively associated with
linear features because they are more tolerant of human use.
Bison also are known to use linear features such as roads and
human-use trails throughout EINP based on tracks and park
staff observations (Telfer and Cairns, 1979), but we did not
observe a positive association between bison and linear
feature density.

In contrast to the bison results, linear feature density was
present in elk top models for all seasons with increased linear
feature density being associated with lower elk counts (Table 2,
Figure 2). This supports our prediction that elk are less tolerant
of human use compared to bison. Other studies have
documented similar elk responses to linear features
(Prokopenko et al., 2017a, 2017b; Webb et al., 2011a, 2011b)
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Activity patterns and coefficients of overlap of bison (Bison bison) and elk (Cervus elaphus) in summer (April-August), fall (September-
November), and winter (December-March). Camera trap data were collected from 2016-2020 in Elk Island National Park in Alberta, Canada. The
area of overlap is shaded in grey and A is the coefficient of overlap. The bold vertical lines show the time of sunrise and sunset based on

seasonal averages.

and associated recreational activity (Ferguson and Keith, 1982;
Naylor et al., 2009). The coefficient for bison removal year was
present in the fall elk top model and was positively associated
with higher elk counts, but it was not significant. The effect of
bison presence on elk was significant for both fall and winter
models, and elk counts were positively associated with bison
presence. This was expected because bison and elk select similar
habitats during winter despite consuming different forage (Telfer
and Cairns, 1979; Cairns and Telfer, 1980; Wydeven and
Dahlgren, 1985; Singer and Norland, 1994). The linear variable
for distance to water was present in the elk winter model, with
higher elk counts associated with areas farther from water
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bodies. We suspect this was also due to elk shifting their diet
in winter towards a higher proportion of graminoids and
browse, because elk in EINP have been documented to heavily
select upland grasslands and aspen woodlands during winter
(Cairns and Telfer, 1980). These findings indicate that grasslands
are important habitats for not only bison, but also elk in EINP
across seasons. This was also documented by Cairns and Telfer
(1980), who found that upland grass is one of the least available
habitat types in EINP, and is highly selected by both bison and
elk, though in different seasons. They suggested maintenance of
upland grass in EINP is important for supporting high ungulate
densities. Interestingly, the proportion of open habitats was not
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represented in any of the elk top models, but this is likely because
elk use a variety of habitat types in each season, apparently in
proportion to their availability (Telfer and Cairns, 1979). In
winter when elk in EINP select upland grass and browse, they
spend a majority of time in aspen forests (Telfer and Cairns,
1979; Cairns and Telfer, 1980). This highlights the importance of
the mosaic of deciduous forests interspersed with grasslands that
is characteristic of the aspen parkland ecosystem. Another
possible explanation for proportion of open habitats not
appearing in elk top models is that elk exhibit commuting
behaviour whereby patterns of habitat use change temporally
(Spitz et al, 2018). Changes in elk habitat use that vary
throughout the course of a day can be obscured in analyses
that pool data across longer time periods.

Bison and elk daily activity patterns overlapped substantially
in all three seasons (Figure 3). In summer, we saw the greatest
separation in activity patterns of the three seasons, with bison
showing a clear diurnal pattern with slightly higher peaks at
dawn and dusk compared to the crepuscular pattern of elk. Elk
activity patterns were crepuscular in all three seasons. Bison are
generally considered to be diurnal, though we observed a shift
towards a more crepuscular pattern during winter, and
subsequently a higher coefficient of overlap. During winter,
bison and elk activity patterns mirrored each other closely
(Figure 3), with bison and elk sharing the same temporal
peaks in activity.

Our observations appear to be consistent with bison and elk
patterns of overlap in other studies. Spatial and temporal overlap
are not synonymous with habitat overlap or diet overlap, two
indices we were not able to evaluate in this study. However, we
observed a significant positive association between elk counts
and bison presence in the elk spatial model for winter, the season
when bison and elk have the highest habitat overlap but low diet
overlap (Telfer and Cairns, 1979). This is consistent with
ungulate habitat relationships in Wind Cave National Park
where some heterospecifics had high spatial and habitat
overlap, meaning that they overlapped spatially and selected
for the same habitat types within their spatial overlap, but
coexisted by eating different types of vegetation within the
same areas (Wydeven and Dahlgren, 1985). Similarly, studies
of niche relationships in Yellowstone National Park determined
that, although increasing bison and elk populations resulted in
greater spatial overlap there was no evidence for competitive
exclusion (Singer and Norland, 1994); bison and elk increased in
habitat overlap, but only moderately increased in dietary
overlap. Although we did not examine habitat selection or
diet, Telfer and Cairns (1979) showed that bison use more
sedge (Carex spp.) and elk use more browse during winter
when their habitat overlap is greatest, a pattern also found for
bison and elk in Yellowstone (Singer and Norland, 1994). Aside
from higher overlapping habitat use reported for bison and elk
during winter, bison and elk also might have higher spatial
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overlap in winter due to snow restricting movement and
resource access.

Overall, we found that bison and elk in EINP have both high
spatial overlap and high temporal overlap in daily activity
patterns. We did not find strong evidence for spatial or
temporal partitioning, although we observed higher positive
associations between bison and elk during winter when habitat
overlap is highest, and saw more separation in daily activity
patterns during summer, the season when bison and elk have
the highest diet overlap (Telfer and Cairns, 1979; Cook, 2002). We
suspect there might be stronger evidence for spatial avoidance at
finer temporal scales that we were unable to detect because of the
broad seasonal time scale; future research could incorporate
monthly, weekly, or daily intervals. The seasonal patterns of
spatial and temporal overlap between bison and elk observed in
our study paired with existing evidence of seasonal habitat
selection and diet overlap (Telfer and Cairns, 1979) illustrate the
complexity of intraguild sympatry within EINP. Our observations
indicate that spatial and temporal partitioning between bison and
elk in EINP is not necessary for ungulates to coexist in the highly
productive system with high ungulate densities. However, because
there is evidence of high spatiotemporal overlap of elk and bison
combined with the fenced perimeter limiting dispersal and both
species selecting for grasslands (Telfer and Cairns, 1979; Cairns
and Telfer, 1980) that are limited in availability (Blyth, 1995; Parks
Canada, 2010), there is potential to concentrate negative impacts
in this habitat type. Park managers are currently working to
address declining grassland health in EINP (Parks Canada, 2010).
Understanding the effects of interspecific interactions and
anthropogenic influences on ungulate distributions is necessary
to adaptively manage grasslands and other limited ecosystems
throughout EINP.
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