
From the Field

Human Risk Induced Behavioral Shifts in
Refuge Use by Elk in an Agricultural Matrix

DARCY R. VISSCHER,1 The King’s University, Edmonton, AB T6B 2H3, Canada

IAN MACLEOD, The King’s University, Edmonton, AB T6B 2H3, Canada

KSENIJA VUJNOVIC, Alberta Parks, Edmonton, AB T5K 2L6, Canada

DRAGOMIR VUJNOVIC, Alberta Parks, Edmonton, AB T5K 2L6, Canada

PHILIP D. DEWITT,2 Matrix Solutions, Inc., Edmonton, AB T6H 5H6, Canada

ABSTRACT Scientists increasingly acknowledge the influence that nonlethal effects of predation have on
structuring wildlife-landscape interactions. In landscapes dominated by human activities, wildlife can
respond to human disturbance in a similar fashion to the risk of predation. Further, the risk allocation
hypothesis suggests that individuals respond most strongly to risk when it is spatially and temporally
predictable. We predict that individuals in agriculturally dominated landscapes will respond to potential risk
from humans during hunting season by shifting their behavior to avoid agricultural areas during the day,
instead retreating to refuge habitat. We predict that this shift to more nocturnal behavior will be strongest for
elk (Cervus elaphus) adult female–calf pairs and will be influenced by the level of moon illumination. Using
motion-sensing cameras, we studied the response of elk moving between the Wainwright Dunes Ecological
Reserve (a hunting refuge) and surrounding agriculturally dominated landscape in east-central Alberta,
Canada, to human disturbance in relation to sunrise and sunset. Elk became increasingly nocturnal with the
onset of hunting, leaving the refuge following sunset and returning to the refuge earlier before sunrise.
Further, elk became increasingly nocturnal in response to greater levels of moon illumination. Lastly, we
found that adult female–calf pairs perceived greater risks associated with diurnal activity and exhibited the
most nocturnal behavior relative to other demographic classes. Our results suggest that ungulate management
based on traditional hunting seasons and times may be problematic as it creates strong cues for resident elk,
allowing them to minimize risk by avoiding risky places at risky times in accordance with the risk allocation
hypothesis. � 2017 The Wildlife Society.
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Non-lethal effects of predation risk are important determi-
nates of prey behavior and structure their influence within
ecosystems across space and time (Preisser et al. 2005, Creel
and Christianson 2008). The risk of predation can result in
animals adjusting their activity patterns, vigilance, group size,
diet, and habitat selection, which often entail a cost to the
organism by reducing foraging opportunities (Edwards 1983,
Frair et al. 2008, Jayakody et al. 2008, St. Clair and Forrest
2009, Webb et al. 2011). These behavioral changes, and
consequential redistribution of individuals, form the
spatiotemporally dynamic “landscape of fear” (Brown 1988,
Laundre ́ et al. 2001, Searle et al. 2008). However, the

trade-off between foraging and predation is influenced by
both extrinsic and intrinsic factors.
As wildlife habitat becomes increasingly converted and

fragmented by human activity, effects of human disturbance
may increase while concomitantly limiting the availability of
refuge habitat (Hobbs et al. 2008, Bonnot et al. 2013). Indeed,
human disturbance may be a non-lethal form of risk resulting
in behavioral changes in wildlife (Frid and Dill 2002). As
appreciation for human risk and disturbance has becomemore
widespread, managing these effects has become an emerging
issue for many wildlife species (Stankowich 2008, To€ıgo et al.
2008, Scillitani et al. 2010, Grignolio et al. 2011, Webb et al.
2011). Often human disturbance and risk is managed by
limiting human access in space, preserving refuge habitat, or
limiting access in time through defined hunting seasons
(Tolon et al. 2009, Bonnot et al. 2013). However, the
predictability of human risk in space and time may provide
ideal conditions for resident organisms to modify their
behavior to avoid human risk. The risk allocation hypothesis
suggests that the strength of a behavioral response to risk
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depends on the variation and predictability of risk spatially
and temporally (LimaandBednekoff1999,Ferrari et al. 2009).
In situations where risks are highly predictable in space and
time, organisms are expected to strongly avoid risky places at
risky times, with their perception and response to risk
dependent on individual and environmental conditions (Creel
et al. 2005, Prugh and Golden 2014, Bonnot et al. 2015).
The perception of risk, and therefore the degree of

response, may further depend on intrinsic characteristics of
the organism and environment. Females, and those with
neonates, often respond more strongly to risk than males or
mixed groups (Laundre ́ et al. 2001, Creel and Winnie 2005,
Creel et al. 2005). Extrinsic, environmental factors also play a
role in how individuals respond to risk. At larger scales,
habitat selection studies have shown that large ungulates
trade-off potential forage for the sake of remaining safe
(Burcham et al. 1999, Creel et al. 2005, Bonnot et al. 2013).
While at finer scales, giving-up density experiments have
shown that foraging apprehension and perceived risk is
further influenced by moon illumination (as indexed by
moon phase) where under bright (risky) nocturnal con-
ditions, individuals display increased vigilant behavior and
reduce foraging (Kotler et al. 2010); however, this response
may depend on the species in question and the forager’s
sensory systems (Beier and McCullough 1990, Prugh and
Golden 2014). Thus, both intrinsic and extrinsic factors may
limit individuals’ opportunity to modify their spatiotemporal
behavior (Clarke et al. 1993, Tolon et al. 2009). Indeed, a
behavioral shift may be most noticeable at the interface of
refuge areas and areas that vary in potential risk (Tolon et al.
2009).
For example, fragmented refuge habitat resulting from

anthropogenic changes to the landscape can impose varying

levels of perceived risk, concentrate ungulates, and result in
forage depredation problems. This poses difficulties where
resident ungulates are managed through traditional hunts,
when individuals can avoid risky locations during temporally
predictable periods of high risk (Burcham et al. 1999, Hegel
et al. 2009, Walter et al. 2010, Cromsigt et al. 2013, Proffitt
et al. 2013). A better understanding of how human
disturbance influences temporal use of refugia by ungulates
is crucial for their management and can provide insights into
alternative management strategies (“hunting for fear” sensu
Cromsigt et al. 2013). In this study, we used motion-sensing
cameras to monitor temporal patterns of elk (Cervus elaphus)
movement in and out of a refuge. In particular, we tested
whether elk respond to human hunting pressure by
modifying their use of the refuge, relative to sunrise and
sunset, and if their perception of risk is influenced by
demographic classes and the level of moon illumination.

STUDY AREA

Wainwright Dunes Ecological Reserve (hereafter WDER)
was a fully fenced 2,821 ha reserve located approximately
250 km southeast of Edmonton, Alberta, Canada, in the
Parkland Natural Region (Fig. 1). The reserve contained
sparsely vegetated sand dunes, outwash, and kame moraine.
Vegetation primarily consisted of patches of stunted aspen
(Populus tremuloides), areas of low shrubs, and sparse
grasslands. Approximately 200–300 elk reside in WDER
(D. Vujnovic, unpublished data) and access in the reserve was
limited to non-motorized forms of travel and hunting was
prohibited at all times of the year (Alberta Agriculture, Food
and Rural Development, and Alberta Environmental
Protection 1998). The WDER was situated within an
agricultural matrix primarily used as seasonal rangeland for

Figure 1. Location of theWainwright Dunes Ecological Reserve within the province of Alberta, Canada, and the location of motion-sensing cameras (n¼ 12,
red dots) along the perimeter fence of the reserve during September 2011 toDecember 2013. Agricultural fields were located adjacent to the reserve on the south
and east border.
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free-roaming cattle by a local grazing association. The
combination of rangeland and cropland within the agricul-
tural matrix provided an attractive source of forage for
ungulates located within the WDER. The land surrounding
the WDER was available for human hunting during
specified hunting seasons (Wildlife Management Unit
[WMU] 234; archery from Sep 1–Oct 31, general rifle
from Nov 1–Dec 20, and Jan 1–20). Elk hunting during this
time was prohibited from one-half hour after sunset to one-
half hour before sunrise the following day. Potential natural
predators of elk in the agricultural land and theWDER were
limited to coyotes (Canis latrans).

METHODS

Data Collection
We located 12 Reconyx HyperFire PC900 (Reconyx,
Holmen, WI, USA) cameras on the perimeter fence of
the WDER at unique and apparent game trails leading to
and from the fence on the east side of the reserve. Despite
being located at unique game trails, we could not control for
the possibility of double counting individuals at different
sites as unique individuals could not be identified. These
motion-sensing cameras use an infrared sensor to detect
wildlife and were equipped with an infrared flash that
allowed photographs to be captured without altering wildlife
behavior. We deployed cameras along the east portion of the
WDER along the neighboring agricultural land from 8
September 2011 until 21 December 2013 (Fig. 1). Cameras
were positioned with a clear view of the fence and, where
possible, with the fence at the center of the field of view. This
allowed animals to be tracked as they approached, crossed,
and retreated from the fence. We programmed cameras to
record a series of images when triggered by an animal moving
in front of a camera. We downloaded images each month
and inspected each camera to maintain positioning and
ensure they were in good working order. We downloaded
and manually classified images taken by the cameras
(n> 4,000,000) using the Reconyx MapView software.
We classified individual fence crossing events containing elk
(n¼ 8,840) based on their direction of travel (into or out of
the reserve) and demographic class (adult female-calf, female,
group, juvenile,male,orunknown)beforeexportingthe tagged
metadata for analysis. The time, date, and moon phase (new,
crescent, quarter, gibbous, and full) of each classified image
was also exported as part of the image metadata.
We calculated the timing that elk were moving into and out

of WDER based on the date and time stamp of images
containing elk crossings. We normalized the time of each
crossing event relative to sunrise and sunset time to avoid
discontinuities arising from the spring and fall time changes as
well as changing seasonal patterns in day length. Daily sunrise
and sunset tables were calculated for the nearest (�30 km
away) town using an on-line calculator (www.nrc-cnrc.gc.ca/
eng/services/sunrise/). Thus, all times were recorded as
minutes before or after sunrise and sunset depending on
which solar eventwascloser in time.Tocompensate for the fact
that darkness occurs before sunrise (a negative value) and

following sunset (a positive value), we multiplied crossing
times exiting the reserve by�1 such that sunset values were in
the same direction as sunrise values. Therefore, all crossings
events that happen nocturnally, that is before sunrise or after
sunset, have negative values. In all cases, values are back
transformed for display purposes.

Statistical Analysis
We estimated the mean timing of elk moving into and out of
WDER using multiple regression in a model selection
framework. Specifically, we tested how our response variable,
deviation in time from sunrise and sunset, was influenced by
covariates related to the direction of travel (into or out of the
reserve), hunting activity (hunting absent, archery, and
general rifle), the degree of moon illumination as indexed by
moon phase, or demographic class of the elk in the image,
while accounting for seasonal rhythm using Julian day as a
variable.
We identified 10 biological hypotheses focusing on how

intrinsic and extrinsic factors influence how elk respond to
human hunting pressure. Our null hypothesis was that elk
behavior was solely related to seasonal rhythms (H0); all other
hypotheses considered that the reserve provided a spatial
refuge from human disturbance (H1 to H10).We focused on
competing hypotheses related to external factors (H2, H3),
internal factors (H4), and both internal and external factors
(H5 to H7). We also considered interaction terms between
temporal variables and hunting and direction of travel, to test
whether elk switched directions in response to hunting
seasons (H8), season (H9), or both (H10) (Table 1).
Our approach evaluated what evidence there was for risk

influencing elk directional movement outside of existing
seasonal rhythms by investigating intrinsic and extrinsic
factors, as well as both in combination. Time measurements
(n¼ 8,840) were a continuous random variable normally
distributed around zero. Statisticalmodelswere thus estimated
for each hypothesis using a linear mixed effect model
implemented with the lme command in R 3.2.1 (R
Development Core Team 2015). The site of the camera was
included as a randomeffect to address any potential correlation
that may arise from double counting wherein individuals
return over a short period of time (i.e., several hours) or non-
independence between sites. We inspected model residuals to
verify that errors were homogenous and approximated a
normal distribution around zero, and identified the most
parsimonious model using Akaike’s Information Criterion
(AIC; Akaike 1973, Burnham and Anderson 2002).

RESULTS

Elk crossings to and from the WDER were concentrated
around dawn and dusk, with the direction of travel related to
sunrise and sunset. Most crossing events around sunrise were
individuals entering into the reserve while crossings around
sunset were predominately individuals leaving the reserve
(Cramer’sV¼ 0.69;Fig. 2).Of the8,840 fence crossingsbyelk
recorded, 4,396 occurred outside the hunting season, 1,667
occurred during the archery only season, and 2,777 occurred
during the general rifle season; of those crossing events, 52.5%,
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78.2%, and85.6%werenocturnal, respectively. In general, this
trendwas strongerwhenelkwere leaving the reserve in evening
than when entering the reserve in morning. Approximately
67.1% and 91.9% of elk left the reserve during nocturnal
periods whereas 39.4% and 72.4% of elk entered the reserve
during nocturnal periods when hunting was absent and
present, respectively.
We found overwhelming evidence (wH10¼ 0.99) that the

most parsimonious hypothesis from the candidate set
accounted for the nature of hunting presence, moon phase,
demographic class of the crossing individual(s), and direction

of travel of the individual. In addition to a broad (second
order polynomial) pattern in Julian day reflecting a seasonal
rhythm associated with day length, we found that there was
evidence for an interaction between crossing direction and
hunting as well as between crossing direction and Julian day
(Table 1). The selected model indicated that hunting induces
nocturnal behavior in elk moving in and out of the WDER
when accounting for the direction of travel (Table 2). The
nocturnal shift in timing, relative to sunrise and sunset, was
greatest with the onset of archery season, but the trend
toward increasingly nocturnal behavior grew through the

Table 1. Model variables, log-likelihood (LL), number of estimated parameters (K), Akaike’s Information Criterion (AIC), AIC difference (DAIC), and
AIC weight (wi) of candidate models estimating elk moving into and out of Wainwright Dunes Ecological Reserve within the province of Alberta, Canada,
relative to sunrise and sunset during September 2011 to December 2013. Model variables included direction of crossing (reserve¼ into or out of the reserve),
Julian day (jday) fitted as a second order polynomial, hunting (hunt¼ absent, archery, and rifle), demographic class (dclass¼ adult female–calf, female, group,
juvenile, male, and unknown), and moon phase (moon¼ new, crescent, full, gibbous, and quarter). In all models camera site was included as a random effect.
AIC weights (wi) were set to 0 when the value was <10�5.

Model Model variables LL K AIC DAIC wi

H0 jdayþ jday2 �55,818 5 111,645 1,158.5 0.0
H1 jdayþ jday2þ reserve �55,485 6 110,982 495.6 0.0
H2 jdayþ jday2þ reserveþ hunt �55,452 8 110,920 433.2 0.0
H3 jdayþ jday2þ reserveþmoon �55,424 10 110,967 380.5 0.0
H4 jdayþ jday2þ reserveþ dclass �55,455 11 110,933 445.9 0.0
H5 jdayþ jday2þ reserveþ huntþmoon �55,398 12 110,819 380.5 0.0
H6 jdayþ jday2þ reserveþ huntþ dclass �55,421 13 110,869 382.4 0.0
H7 jdayþ jday2þ reserveþ huntþmoonþ dclass �55,366 17 110,766 279.3 0.0
H8 reserve� huntþ jdayþ jday2þmoonþ dclass �55,296 19 110,629 142.7 0.0
H9 huntþ reserve� jdayþ reserve� jday2þmoonþ dclass �55,239 19 110,517 30.1 <0.0001
H10 reserve� huntþ reserve� jdayþ reserve� jday2þmoonþ dclass �55,223 21 110,487 0 0.999

Figure 2. Time of the day that elk (n¼ 8,840) crossed into theWainwright Dunes Ecological Reserve (WDER) within the province of Alberta, Canada, (red)
and out of the WDER (blue) in relation to sunrise and sunset (dark black lines) as a function of Julian day during September 2011 to 21 December 2013. The
timing and type of hunting in the agricultural matrix are shown by the dashed lines. The thin, colored lines show the partial model predictions for the effect of
Julian day and hunting while holding other factors within the final model constant as the reference categories (demographic class¼ adult female/calf, and moon
phase¼ new). Note that fromTable 2, all other moon phases result in crossings at more nocturnal times relative to a newmoon and all other demographic classes
cross at more diurnal times relative to adult female/calf pairs. In both categorical cases, coefficients refer to minutes from solar event, where negative values
represent more nocturnal behavior and positive values more diurnal activity relative to the reference category.
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general rifle season as evidenced by the influence of Julian day
(P< 0.001). The strong correlation between the direction of
travel, sunrise and sunset, and interaction terms within the
model indicate that the trend toward increasingly nocturnal
behavior was stronger for crossing events leaving theWDER
near sunset compared to crossing events entering theWDER
near sunrise (P< 0.001), and that the magnitude of this
discrepancy increased during the hunting season (P< 0.001).
The model also indicated that elk became more nocturnal
when the moon phase was bright relative to a new moon
(P< 0.001) and nocturnal behavior was most associated with
adult female elk accompanied by a calf compared to the other
demographic classes (P� 0.05). The fixed effects of the final
model described approximately a quarter of the variation in
the data (marginal r2¼ 0.24 calculated following Nakagawa
and Schielzeth 2013; Fig 2).

DISCUSSION

Berryman and Hawkins (2006) suggested that the refuge is
an “integrating concept”, particularly in playing a mitigating
role in population-level processes like predation. While
they only hinted at a behavioral component, it is apparent
that the ability to behaviorally mitigate the effects of
predation in time and space is a crucial role of refuges in
landscapes that are increasingly fragmented (Caro 2005,
Berryman and Hawkins 2006, Vynne et al. 2011). Likewise,
Frid and Dill (2002) advocated that human disturbance

might elicit a behavioral response similar to that of predation.
Recent evidence suggests that, for elk, the behavioral
response to humans in disturbed habitats may, in fact,
exceed those in response to natural predators (Gude et al.
2006, Ciuti et al. 2012). Indeed, our results suggest that
human disturbance, in the form of hunting, is perceived as a
risk by resident elk and elk responded by behaviorally
modifying the timing of their use of an adjacent refuge.
The increasing shift toward nocturnal behavior during the

hunting season suggests that elk assess the trade-off between
foraging opportunities and risk in response to fine-scale
changes in human disturbance. This shift to increased
nocturnal behavior has been noted before in ungulates as a
way to become temporally and spatially segregated from
human hunting (Unsworth et al. 1998; Conner et al. 2001;
Vieira et al. 2003; Proffitt et al. 2009, 2010, 2013), although
this responsemay not be consistent in all situations (Neumann
et al. 2009). Schmitz (2008) suggested that predator hunting
mode has shaped the response of prey, with sit-and-wait
ambush predators eliciting a greater response than active
cursorial predators. Cleveland et al. (2012) applied these
descriptions of predators to human hunting style and found,
conversely to the predictions of Schmitz (2008), a stronger
response to rifle hunting (cursorial) relative to archery hunting
(sit-and-wait). Similar to other studies, we found that archery
disturbs elk and presented a stronger response as an individual
variable relative to general rifle hunting (Conner et al. 2001;
Vieira et al. 2003; Proffitt et al. 2009, 2013). However, the
relationship with Julian day indicates there was an increasing
trend toward nocturnal behavior as hunting season (of any
type) progressed, showing that individuals modify their
behavior concomitant with increasing duration of hunting
pressure and seasonal changes in day length. This suggests elk
have abaseline activitypattern related today length resulting in
patterns of movement into and out of the WDER and
surrounding agricultural land (Webb et al. 2011, van Beest
et al. 2013, Ensing et al. 2014).
Hunting and hunting type were not the only factors leading

to increasingly nocturnal behavior. Individuals perceived risk
dependent on intrinsic characteristics including sex. We
found that females with calves were more nocturnal than
other demographic classes, suggesting they perceive the
greatest risk with diurnal activity. The relative ranking of the
other demographic classes were similar to what Childress
and Lung (2003) found in terms of vigilance behavior;
females with calves were most vigilant relative to lone
females, males, and groups. Similarly,Webb et al. (2011) and
Laundre ́ et al. (2001) found that female elk responded more
strongly to human risk and predation risk than males. Sex-
dependent shifts in refuge use might reflect differential
fitness consequences for foraging-risk trade-offs between
adult females and males (Ruckstuhl and Neuhaus 2002,
Wolff and Van Horn 2003), state-dependent decision
making by an individual (Houston and McNamara 1999,
Visscher et al. 2016), or behavioral syndromes and inter-
individual variability (Bonnot et al. 2015).
In addition to demographic class affecting the perception of

risk, we found that moon phase also influenced the degree of

Table 2. Parameter estimates and standard errors of the top-ranked model
(H10) from the candidate set (Table 1) estimating elk moving into and out of
Wainwright Dunes Ecological Reserve (WDER) within the province of
Alberta, Canada, relative to sunrise and sunset during September 2011 to
December 2013. Categories of reserve refer to the direction of elk crossing
into or out of theWDER, hunt refers to the presence and hunting type, moon
refers to the phase of the moon, and dclass refers to the demographic class of
the individual(s) in the image. Note that the reference category for
reserve¼ in, hunt¼ absent, moon¼ new, and dclass¼ adult female–calf
pair. Crossing times for reserve¼ out were multiplied by �1 so that sunset
values were in the same direction as sunrise values.

Parameter Coeff. SE P-value

Fixed effects
Intercept �53.03 17.19 0.002
Reserve¼ out �159.93 9.42 <0.001
Hunt¼ archery �15.51 7.00 0.027
Hunt¼ rifle 9.68 7.50 0.200
jday 1.16 0.10 <0.001
jday2 �0.003 0.0003 <0.001
Moon¼ crescent �43.11 4.73 <0.001
Moon¼ full �42.85 5.90 <0.001
Moon¼ gibbous �32.04 5.00 <0.001
Moon¼ quarter �38.49 4.93 <0.001
dclass¼ female 23.24 12.35 0.060
dclass¼ group 37.89 12.20 0.002
dclass¼ juvenile 23.51 13.49 0.081
dclass¼male 30.03 13.03 0.021
dclass¼ unknown 35.75 16.34 0.029
Reserve¼ out� hunt¼ archery �31.16 9.31 <0.001
Reserve¼ out� hunt¼ rifle �43.81 9.48 <0.001
Reserve¼ out� jday 1.66 0.128 <0.001
Reserve¼ out� jday2 �0.004 0.0003 <0.001

Random effect
Site 30.12 <0.001
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nocturnal behavior of elk moving in and out of the WDER
refuge on a daily basis. We used moon phase as an
approximate measure of illumination as we could not account
for cloud cover on individual days. We found that, relative to
a new moon (the least amount of illumination), all other
moon phases (crescent, quarter, gibbous, and full moons)
resulted in individuals becoming more nocturnal in the
timing of their movement into and out of theWDER refuge
and surrounding agricultural land. This suggests that an elk’s
perception of risk is, in part, determined by the level of
illumination. Numerous giving-up density experiments on
small mammals have shown that foraging apprehension and
perceived risk increased under bright (risky) nocturnal
conditions which increased vigilant behaviors and reduced
foraging (Kotler et al. 2010 and references therein).
However, for white-tailed deer (Odocoileus virginianus),
Beier and McCullough (1990) found little evidence that
moon presence, visibility, or phase influenced habitat use.
These disparities may be related to how species sense risk or
the nature of the risks themselves. Further investigations are
required to elucidate howmoon illumination and risk depend
on predator species, forager species, and the forager’s sensory
systems (Prugh andGolden 2014). Similarly, additional fine-
scale variables (i.e., seasonal availability and type of forage/
crop, mean daily temperature, or snow depth) could be
investigated to determine their influence on how native
ungulates might perceive risk and influence refuge use.
Due to the nature of our study (i.e., individuals in the

vicinity of the reserve were not monitored via telemetry), we
are unable to determine the range over which the daily
movements of the elk were influenced by the WDER. Tolon
et al. (2009) found a 2-km distance beyond which individual
wild boar (Sus scrofa) did not respond to human disturbance
and hunting by shifting spatial activity patterns to a reserve.
We cannot confirm that the individuals who left the reserve
in the evening were the same individuals to return the
following morning, as could be done with the deployment of
global position system collars (Tolon et al. 2009, Proffitt
et al. 2013). The temporal shift we observed allowed elk to
access favorable foraging opportunities in the surrounding
agricultural land when it is dark, while returning to the
WDER at sunrise, spatially segregating them from potential
risk, but at the cost of reduced foraging opportunities. While
we did not estimate forage availability explicitly between the
2 locations, a recent study in the region suggests that the
WDER’s sparely vegetated sand dunes, shrubland, and out
washes contain minimal grass and forbs in comparison to the
surrounding agricultural land, which consisted of native
grasslands and pastures planted with forage species,
suggesting that a sufficient gradient of foraging opportunities
exists (Nobert 2012). Similarly, we do not have a direct
measure of the risk imposed by hunting pressure, however,
hunting was prohibited in the WDER and, in contrast, the
surrounding wildlife management unit (WMU 234) had 539
large ungulates (deer, elk, and moose [Alces alces]) harvested
in 2011, which was greater than the average for a WMU in
Alberta in that year (372, based on the total number of large
ungulates harvested in the province divided by the total

number of WMUs; http://mywildalberta.com/Hunting/
HuntersHarvest.aspx). Although these data are a proximate
measure of hunting pressure and forage availability, we feel
that a sufficient gradient exist between the WDER and the
surrounding agricultural matrix to justify our conclusion that
elk are able to match their temporal use of the WDER to
minimize their potential exposure to human hunting
consistent with the risk allocation hypothesis.
The risk allocation hypothesis suggests that individuals

exposed to spatially and temporally predictable risk are able
to respond behaviorally to avoid risky areas at times when
risks are the highest (Lima and Bednekoff 1999, Ferrari et al.
2009). Changes in habitat selection and increased use of
refuges have been linked to human disturbance (Sih et al.
1992, Burcham et al. 1999, Grignolio et al. 2011). Our
results support the risk allocation hypothesis as applied to
human hunting, and suggest elk using refuge habitats to
mitigate risk pose a potential management concern. Focused
foraging effort in areas near refuge habitats may lead to a
“halo region” immediately adjacent to refuge habitat that is
functionally similar to the “piosphere” effects surrounding
waterholes in arid environments, albeit behaviorally derived
from refuge use (Lange 1969, Hegel et al. 2009, Walter et al.
2010). Animals’ ability to mitigate risk indicates that
traditional hunting regimes are unlikely to manage elk
habitat use within western Canada. Although crop
depredation is not yet a management concern in this region,
our results suggest that alternative hunting regimes may be
required to effectively overcome the behavioral ability to
avoid risk through the use of the WDER as a refuge
(Cleveland et al. 2012, Cromsigt et al. 2013). For example,
Cromsigt et al. (2013) have suggested that patterns of refuge
use can be used to devise management strategies that use
hunting to create spatial and temporal unpredictability,
making it difficult for individuals to respond. Conversely, in
situations where native ungulate populations need to be
enhanced, providing behavioral opportunities for individuals
to mitigate the risk and negative effects of human
disturbance through refuge habitats may be key to their
persistence in human-dominated landscapes (Frid and Dill
2002).

ACKNOWLEDGMENTS

We thank Alberta Environment and Parks for providing the
data and financial support required for this project. We also
thank the King’s University for providing logistical support.
This work was completed as part of undergraduate research
project by I. MacLeod. We thank P. Walker, B. Blackwell,
N. Morellet, and an anonymous reviewer for helpful edits
and comments on an earlier draft.

LITERATURE CITED
Akaike, H. 1973. Information theory and an extension of the maximum
likelihood principle. Pages 257–281 in B. N. Petrov and F. Csaki, editors,
Second International Symposium on Information Theory. Akademiai
Kiado, Budapest, Hungary.

Alberta Agriculture, Food and Rural Development, and Alberta Environ-
mental Protection. 1998. Wainwright Dunes Ecological Reserve Manage-
ment Plan. Edmonton, Alberta, Canada.

Visscher et al. � Behavioral Shifts in Refuge Use 167

http://mywildalberta.com/Hunting/HuntersHarvest.aspx
http://mywildalberta.com/Hunting/HuntersHarvest.aspx


Beier, P., and D. R. McCullough. 1990. Factors influencing white-tailed
deer activity patterns and habitat use. Wildlife Monographs 109.

Berryman, A. A., and B. A. Hawkins. 2006. The refuge as an integrating
concept in ecology and evolution. Oikos 15:192–196.

Bonnot, N., N. Morellet, H. Verheyden, B. Cargnelutti, B. Lourtet, F.
Klein, and M. Hewison. 2013. Habitat use under predation risk: hunting,
roads and human dwellings influence the spatial behaviour of roe deer.
European Journal of Wildlife Research 59:185–193.

Bonnot, N., H. Verheyden, P. Blanchard, J. Cote, L. Debeffe, B.
Cargnelutti, F. Klein, A. M. Hewison, and N. Morellet. 2015.
Interindividual variability in habitat use: evidence for a risk management
syndrome in roe deer? Behavioral Ecology 26:105–114.

Brown, J. S. 1988. Patch use as an indicator of habitat preference, predation
risk, and competition. Behavioral Ecology and Sociobiology 22:37–47.

Burcham,M.,W. D. Edge, and C. L.Marcum. 1999. Elk use of private land
refuges. Wildlife Society Bulletin 27:833–839.

Burnham, K. P., and D. R. Anderson. 2002. Model selection and
multimodel inference. Springer, New York, New York, USA.

Caro, T. M. 2005. Antipredator defenses in birds and mammals. University
of Chicago Press, Chicago, Illinois, USA.

Childress, M. J., and M. A. Lung. 2003. Predation risk, gender and the
group size effect: does elk vigilance depend upon the behaviour of
conspecifics? Animal Behaviour 66:389–398.

Conner, M. M., G. C. White, and D. J. Freddy. 2001. Elk movement in
response to early-season hunting in northwest Colorado. Journal of
Wildlife Management 65:926–940.

Clarke, M. F., K. B. da Silva, H. Lair, R. Pocklington, D. L. Kramer, and
R. L. McLaughlin. 1993. Site familiarity affects escape behaviour of the
eastern chipmunk, Tamias striatus. Oikos 66:533–537.

Cleveland, S. M., M. Hebblewhite, M. Thompson, and R. Henderson.
2012. Linking elk movement and resource selection to hunting pressure in
heterogeneous landscapes. Wildlife Society Bulletin 36:658–668.

Creel, S., and D. Christianson. 2008. Relationships between direct
predation and risk effects. Trends in Ecology and Evolution 23:194–201.

Creel, S., and J.Winnie. 2005. Responses of elk herd size to fine-scale spatial
and temporal variation in the risk of predation by wolves. Animal
Behaviour 69:1181–1189.

Creel, S., J. Winnie, B. Maxwell, K. Hamlin, and M. Creel. 2005. Elk
alter habitat selection as an antipredator response to wolves. Ecology
86:3387–3397.

Cromsigt, J. P., D. P. Kuijper, M. Adam, R. L. Beschta, M. Churski, A.
Eycott, G. I. Kerley, A. Mysterud, K. Schmidt, and K. West. 2013.
Hunting for fear: innovating management of human–wildlife conflicts.
Journal of Applied Ecology 50:544–549.

Ciuti, S., J. M. Northrup, T. B. Muhly, S. Simi, M. Musiani, J. A. Pitt, and
M. S. Boyce. 2012. Effects of humans on behaviour of wildlife exceed
those of natural predators in a landscape of fear. PLoS ONE 7:e50611.

Edwards, J. 1983. Diet shifts in moose due to predator avoidance. Oecologia
60:185–189.

Ensing, E. P., S. Ciuti, F. A. L.M. deWijs, D.H. Lentferink, A. tenHoedt,
M. S. Boyce, and R. A. Hut. 2014. GPS based daily activity patterns in
European red deer andNorth American elk (Cervus elaphus): indication for
a weak circadian clock in ungulates. PLoS ONE 9:e106997.

Ferrari, M. C. O., A. Sih, and D. P. Chivers. 2009. The paradox of risk
allocation: a review and prospectus. Animal Behaviour 78:579–585.

Frair, J. L., E. H. Merrill, H. L. Beyer, and J. M.Morales. 2008. Thresholds
in landscape connectivity and mortality risks in response to growing road
networks. Journal of Applied Ecology 45:1504–1513.

Frid, A., and L. M. Dill. 2002. Human-caused disturbance stimuli as a form
of predation risk. Conservation Ecology 6:11 http://www.consecol.org/
vol6/iss1/art11/

Grignolio S., E. Merli, P. Bongi, S. Ciuti, and M. Apollonio. 2011. Effects
of hunting with hounds on a non-target species living on the edge of a
protected area. Biological Conservation 144:641–649.

Gude, J. A., R. A. Garrott, J. J. Borkowski, and F. King. 2006. Prey risk
allocation in a grazing ecosystem. Ecological Applications 16:285–298.

Hegel, T.M., C. C. Gates, andD. Eslinger. 2009. The geography of conflict
between elk and agricultural values in the Cypress Hills, Alberta. Journal
of Environmental Management 90:222–235.

Hobbs, N. T., K. A. Galvin, C. J. Stokes, J. M. Lackett, A. J. Ash, R. B.
Boone, R. S. Reid, and P. K. Thornton. 2008. Fragmentation of

rangelands: implications for humans, animals, and landscapes. Global
Environmental Change 18:776–785.

Houston, A., and J. McNamara. 1999. Models of adaptive behaviour.
Cambridge University Press, Cambridge, England, United Kingdom.

Jayakody, S., A. M. Sibbald, I. J. Gordon, and X. Lambin. 2008. Red deer
Cervus elaphus vigilance behaviour differs with habitat type and human
disturbance. Wildlife Biology 14:81–91.

Kotler, B. P., J. Brown, S. Mukherjee, O. Berger-Tal, and A. Bouskila.
2010. Moonlight avoidance in gerbils reveals a sophisticated interplay
among time allocation, vigilance and state-dependent foraging.
Proceedings of the Royal Society of London B: Biological Sciences
277:1469–1474.

Lange, R. T. 1969. The piosphere: sheep track and dung patterns. Journal of
Range Management 22:396–400.
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