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Abstract

Humans are perceived as predators by many species and may generate

landscapes of fear, influencing spatiotemporal activity of wildlife. Additionally,

wildlife might seek out human activity when faced with predation risks

(human shield hypothesis). We used the anthropause, a decrease in human

activity resulting from the COVID-19 pandemic, to test ecology of fear and

human shield hypotheses and quantify the effects of bear-viewing ecotourism

on grizzly bear (Ursus arctos) activity. We deployed camera traps in the

Khutze watershed in Kitasoo Xai’xais Territory in the absence of humans in

2020 and with experimental treatments of variable human activity when eco-

tourism resumed in 2021. Daily bear detection rates decreased with more peo-

ple present and increased with days since people were present. Human activity

was also associated with more bear detections at forested sheltered sites and

less at exposed sites, likely due to the influence of habitat on bear perception

of safety. The number of people negatively influenced adult male detection

rates, but we found no influence on female with young detections, providing

no evidence that females responded behaviorally to a human shield effect from

reduced male activity. We also observed apparent trade-offs of risk avoidance

and foraging. When salmon levels were moderate to high, detected bears were

more likely to be females with young than adult males on days with more peo-

ple present. Should managers want to minimize human impacts on bear activ-

ity and maintain baseline age–sex class composition at ecotourism sites,

multiday closures and daily occupancy limits may be effective. More broadly,

this work revealed that antipredator responses can vary with intensity of risk

cues, habitat structure, and forage trade-offs and manifest as altered age–sex
class composition of individuals using human-influenced areas, highlighting

that wildlife avoid people across multiple spatiotemporal scales.
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PANDEMIC PIVOT

This project seized the opportunity presented by
COVID-19 closures of ecotourism in 2020 to experimen-
tally test the potential effects of human presence on wild-
life activity in an area that typically experiences
ecotourism throughout key foraging times for grizzly
bears. Our Indigenous Nation–academic partnership rap-
idly designed an approach that made use of both the
“natural” experiment provided by the anthropause in
2020, as well as a structured spatiotemporal experiment
in 2021. The Kitasoo Xai’xais (KX) Nation-led context, a
part of resurgent stewardship activities, allowed for a
rapid pivot to gain inference from an unprecedented nat-
ural experiment.

INTRODUCTION

Wildlife commonly encounter situations that require
trade-offs between risks and benefits. Avoiding risk
may come at the cost of other fitness-enhancing activi-
ties, like foraging, and can manifest via spatial or tem-
poral shifts in activity (Lima & Dill, 1990; Palmer
et al., 2022; Spitz et al., 2019; Zanette & Clinchy, 2019).
Given a long history and high intensity of predation by
humans (Darimont et al., 2015; Ripple & Van
Valkenburgh, 2010), wildlife often perceive humans as
risky. Even seemingly benign human activity can elicit
avoidance (Gaynor et al., 2018; Spitz et al., 2019;
Suraci et al., 2019). The “ecology of fear” concept
allows an understanding of such avoidance and con-
siders how fear, or an animal’s perception of risk, may
influence its behavior and spatiotemporal use of habi-
tat (Brown et al., 1999). As a first step to mitigating the
impacts of human-induced fear on wildlife, it is neces-
sary to quantify the intensity of avoidance elicited by
varying levels of human activity to inform manage-
ment options.

Wildlife avoid humans on multiple spatiotemporal
scales. Spatial avoidance can range from meters to kilo-
meters. For example, in one study, cougars (Puma
concolor) avoided human voice recordings by ~150 m
(Suraci et al., 2019), whereas black bears (Ursus
americanus) avoided roads by over 2000 m (Stillfried
et al., 2015). Temporal avoidance can also vary, occurring
on a scale of hours, via shifting diel activity patterns
(Gaynor et al., 2018; Suraci et al., 2019), or as prolonged
avoidance lasting days (e.g., Ordiz et al., 2013). The spa-
tiotemporal extent of avoidance may depend on the char-
acteristics of the risk cues, habitat variation, and
behavioral differences among reproductive classes
(Gaynor et al., 2020; Ruiz-Mar et al., 2022).

Characteristics of human-related risks are impor-
tant in influencing responses. The “dynamic landscape
of fear” predicts that avoidance behavior may relate to
the predictability and intensity of perceived risks.
When risk is predictable in space and time, animals
can use fine-scale spatiotemporal risk avoidance; as
risk becomes less predictable, animals may show more
reactive risk avoidance responses (Palmer et al., 2022).
Intensity of risk cues is also important. For example,
Naidoo and Burton (2020) found that wildlife more
strongly avoided mountain bikers and motorized vehi-
cles compared with hikers, likely related to the more
intense risk cues associated with faster moving and
noisier stimuli.

Avoidance can also vary with features of the land-
scape, such as habitat structure. We might expect that
wildlife may show more avoidance in more exposed areas
compared with more secluded habitat. For example,
Suraci et al. (2020) found that puma spatial activity in
human-dominated landscapes was mediated by the
amount of protective vegetative cover, which provided
shelter from human-related risk, as well as access to bet-
ter hunting opportunities. Moreover, an animal’s
response to a perceived risk can also be mediated by the
variation in foraging opportunities across the landscape;
access to foods in areas with less risk, for example, influ-
ences the potential cost of forgoing foraging opportunities
in risky areas (Lima & Dill, 1990).

Although wildlife commonly perceive humans as
risky, some age–sex classes might preferentially use areas
of higher human activity if it protects them from preda-
tion from members of their own or other species. This
phenomenon, described by the human shield hypothesis
(Berger, 2007), has been observed in many taxa. In the
canonical case, moose (Alces alces) selected areas closer
to roads in areas of high grizzly bear (Ursus arctos) den-
sity (Berger, 2007). In the contexts of risk avoidance
behavior by grizzly bears, females with young have been
observed selecting areas of high human activity, presum-
ably to avoid infanticide by adult males, which tend to
avoid humans (Steyaert et al., 2016).

Here we confront these general hypotheses from the
ecology of fear and human shield literatures in a grizzly
bear–ecotourism system and offer specific predictions.
Given the perceived risk of humans and the aggregation
of ecotourists at a time and place of valuable foods for
bears (during and situated amidst the spawning aggrega-
tions of Pacific salmon; Oncorhynchus spp.), we consid-
ered mechanisms of the ecology of fear, including
trade-offs, intensity of risk cues, and landscape variation,
as well as the potential for human shielding, to examine
grizzly bear activity in response to perceived risk from
ecotourists. The spatiotemporal overlap of ecotourism at
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sites with dense aggregations of spawning salmon creates
a context in which foraging trade-offs might be particu-
larly acute for grizzly bears. Specifically, given the tempo-
ral alignment of salmon availability with hyperphagia
(increased feeding prior to winter denning) in bears, the
costs of avoiding areas with dense food aggregations may
be high.

We regarded the anthropause, a period of decreased
human activity due to COVID-19, as an opportunity to
examine wildlife behavior when humans were absent
(Rutz et al., 2020). In the Khutze watershed in KX
Territory (Figure 1), bear-viewing ecotourism was can-
celed in 2020 and resumed in 2021. Our team, led by the
Kitasoo Xai’xais Stewardship Authority (KXSA) sought
inference from experimental methods regarding potential
spatiotemporal effects of ecotourism. We collected data in
2020 when ecotourism was closed and 2021 during which
experimental half-watershed spatial closures were
implemented (Appendix S1: Table S1). This design
consisted of alternating closures of the north and south
channels of Khutze to test whether such a scale of spatial
refugia would elicit behavioral changes. Additionally, we
assessed how the habitat structure (i.e., sheltered
vs. exposed camera trap sites), the intensity of risk cues
(i.e., number of people), and foraging trade-offs, in the
form of salmon availability, may influence how bears
respond to ecotourism. We predicted that (1) bears would
exhibit spatial avoidance of ecotourism at multiple scales
(i.e., sheltered vs. exposed sites; half estuary or full estu-
ary), with more intense risk cues, such as larger groups of
ecotourists, eliciting greater avoidance; (2) age–sex class
distribution of bears in times and places with more

ecotourism would be different from those with less eco-
tourism; specifically, there would be a greater proportion
of females with young, relative to males due to greater
avoidance by males; (3) males would exhibit temporal
avoidance during ecotourism by shifting their activity to
times of the day when tours are absent and females with
young would show the opposite response; and (4) bears
would show greater avoidance of humans when they
were satiated or when food sources are abundant, as
indexed by high levels of salmon.

METHODS

Study area

We deployed camera traps (n = 40) across ~5 km2 of the
~340-km2 Khutze watershed in KX Territory (Figure 1).
Khutze has an extensive estuary (~2 km2), a salmon bear-
ing river, and riparian bear trails through temperate
rainforest. Salmon spawn throughout the study area
(Figure 1) and ~6 km upstream, with the next nearest
salmon bearing stream ~7 km away. Ecotourism opera-
tors and the public can view bears from boats or two
land-based viewing sites (Figure 1A,B). Members of the
public were accompanied by a KX Guardian Watchmen
during their trip into Khutze to ensure the safety of both
people and bears. Given that the public were guided by
watchmen, any visitors to Khutze in 2021 were referred
to as “tours.” Bear viewing has occurred in Khutze for
over 15 years, which may have resulted in bears in the
area becoming more tolerant toward human activity

F I GURE 1 (A) Study area within Kitasoo Xai’xais (KX) Territory on central coast of British Columbia, Canada, showing Khutze and

Klemtu, the current village of the KX; (B) Khutze camera trap array, north–south divide for alternating weekly closures, and land-based

interpretive sites.
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compared with bears elsewhere. We note, however, that
any habituation in Khutze might have been reduced by
the 2020 season in which people were absent.

Observational and experimental design

We analyzed camera trap data (Appendix S1) during
times of the year when ecotourism and salmon typically
co-occur (20 July–27 September 2020, and 26 July–3
October 2021). Ecotourism was closed in 2020, and in
2021 KXSA applied alternating weekly closures of north
and south regions to test whether partial watershed clo-
sures could provide sufficient refuge to bears (Figure 1B).
This resulted in 5008 camera trap days: 51 days with
tours, 89 days without tours. The longest period with no
tour in 2021 was 8 days. Group sizes varied from one to
14 people (median = 8.5), with one to five tours each
tour day (median = 1). Daily tour durations ranged from
0.6 to 13.4 h (mean = 3.4). All groups carried a Bad Elf
GPS Pro to record spatiotemporal data on human activ-
ity, which was used to calculate the distance between
tour groups and the camera traps (Table 1; Appendix S1:
Figure S1).

Detection rate models

We modeled how ecotourism and environmental vari-
ables influenced bear activity. The response variable was
the number of total bear detections per camera day
(“detection rate”; Table 1; Appendix S1). Each “day”
(24-h period) started at the earliest tour time (07:00:00)
because we would only expect bear activity to respond to
a given day’s presence of humans while or after it
occurred. Additionally, this time aligned with dawn for
much of the study period. We tested for the effects of
multiple ecotourism metrics: human presence, number
of people per day, number of tours, tour hours, distance
to tours, camera site ecotourism exposure (open,
i.e., estuary/riverbank or sheltered, i.e., forest), spatial
north/south closures, and temporal closures (closed 2020;
open 2021) in separate models (Table 1). All models
included spatial or temporal closures and salmon bio-
mass and water level (i.e., normal, high, or flooded),
which together determine salmon availability, as predic-
tors. We included camera site and week as random
effects.

Using these variables, we developed a candidate
model set (Appendix S1: Table S1). We included interac-
tion terms between water level and salmon biomass
(given that the availability of salmon to bears is
influenced by water level), as well as salmon biomass and

each ecotourism metric, reasoning that the ways bears
respond to humans likely vary with salmon abundance,
as related to foraging trade-offs. When salmon levels are
high, bears may respond to humans less strongly, which
would indicate that bears trade off some security for
access to abundant food. Alternatively, bear detections
may decrease when salmon abundance and ecotourist
numbers are both high, with bears potentially traveling
to alternative fishing sites without ecotourists. We
included an interaction term between the ecotourism var-
iable and the spatial closures in Khutze, with the under-
standing that the level of ecotourism would likely
influence bears differently depending on where in the
watershed ecotourism occurred. We predicted that
the north channel (where salmon spawning occurs)
might elicit a stronger response given the potential for
movement directly upstream to additional salmon forag-
ing sites. Additionally, we included an interaction
between the ecotourism variable and camera site expo-
sure because we would expect open (i.e., “exposed”) areas
to be more influenced by ecotourism than forested
(i.e., “sheltered”) areas. Finally, we included an interac-
tion between days since people and year, given that we
would expect days since people to be more important in
2021, when there were more human trips into the water-
shed than in 2020, when the only visits were by
researchers setting up cameras.

Given interest in multiple ecotourism metrics (and
corresponding management options), we developed can-
didate model sets for each metric. We placed each set
against null and environment-only models (Appendix S1:
Table S2), as well as against each other, to determine
which ecotourism metric best predicted the bear detec-
tion rate. We ran generalized linear mixed models using
glmmTMB in R (Brooks et al., 2017; R Core Team, 2021),
using the quadratic parameterization of the negative
binomial distribution (binom2), as it best estimated the
zero inflation in our data set (Brooks et al., 2017). We
checked for additional zero inflation using the DHARMa
package (Hartig, 2022).

Age and sex class models

We expected bears to respond differently to ecotourism
based on their age and sex. Accordingly, we also ran the
top detection rate model on subsets of detections for
females with young and adult males. We also used a mul-
tinomial model to test the effects of ecotourism and envi-
ronmental variables on the probability of a detection
being an adult female, adult male, female with young, or
subadult (Appendix S1). In the multinomial model, we
included a nocturnality metric to indicate the relative
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TAB L E 1 Khutze ecotourism metrics and environmental variables for detection rate model.

Type of
variable

Variable
name Value Variable description and rationale

Response Detection
rate

Continuous numeric Number of independent (see Methods for definition) grizzly detections at
a camera on a given day. Day is defined as the 24-h period form 7 a.m.
to 7 a.m. because we would expect bears to only respond during or
after human presence, rather than before

Fixed effect Year Categorical:
2020: Closed to tours
2021: Open to tours

Year. This was included to directly test differences between years, as well
as account for other interannual variability

Human
presence

Categorical (yes, no) Whether humans were present in Khutze on a given day. This variable is
assigned to all cameras

Number of
people

Continuous numeric Number of people to enter Khutze on a given day. The same value was
assigned to all cameras

Number of
tours

Continuous numeric Number of tours on a given day. The same value was assigned to all
cameras

Tour length Continuous numeric Hours of day with tours present. The same value was assigned to all
cameras

Distance to
tour

Continuous numeric Inverse distance from each remote camera to closest point on GPS tour
track for that day. On days with multiple tours, the tour that traveled
the furthest into the watershed was used as the reference track as this
one approached remote cameras closer than tours that remained
further out in the estuary. We calculated the inverse of these distances
to account for days with no people, which were assigned a value of 0.
This variable was assigned to each individual camera for each day

Treatment Categorical (north open,
south open, fully
closed [2020])

The alternating weekly closures of Khutze in 2021 and the full closure in
2020. This variable is a temporal variable, rather than a spatial
variable, and thus applied to all camera trap locations

Days since
people

Continuous numeric Given that human presence likely has a lasting influence on bears beyond
the time when they leave the watershed (Ordiz et al., 2013), we
included a variable to indicate how many days had passed since
humans had entered the watershed to account for potential multiday
lag effects of human activity. In 2020, this variable indicated the
days since researchers were in the watershed setting up and checking
the camera traps. The same value was assigned to all cameras on a
given day

Salmon
biomass

Continuous numeric
values of salmon
biomass

Salmon data for Khutze were derived from the New Salmon Escapement
Database System (NuSEDS) maintained by Fisheries and Oceans
Canada. We interpolated daily salmon estimates using a natural spline
curve-fitting procedure across the nine stream inspection dates in 2020
and seven dates in 2021. Following Bryan et al. (2014), we converted
all salmon count estimates to biomass with species-specific masses
(Groot & Margolis, 1991) and assumed a 1:1 sex ratio. If the spline
interpolation produced a negative count value, this day was assigned a
value of 0. The same value was assigned to all cameras

Water level Categorical (normal,
high, flooded)

We reasoned that water level would affect bear activity because high flow
reduces salmon foraging opportunities. Data were derived from a daily
image at noon from camera site KZ29, and the same value was
attributed to all cameras for a given day. There were no days with low
water level, so the variable only varies from normal to flooded. In
2020, cameras in Khutze were not set to take daily images, so the
closest image to noon was used for each day. Water level was
classified into normal, high, and flooded, which corresponded to
specific features in images (Appendix S1: Table S5)

(Continues)
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time of day of detections (Appendix S1: Table S2), the
2020 closure, salmon biomass, number of people, inverse
distance to tour, spatial closures, site ecotourism expo-
sure, and days since people as predictor variables, and we
further included camera site as a random effect
(Appendix S1: Tables S2 and S3).

Top model set identification and relative
variable importance estimation

For both modeling approaches, we assessed which model
set produced the lowest AIC values. From that model set
we used cumulative AIC weights to define a 95% confi-
dence set of models (Symonds & Moussalli, 2011). We
also calculated relative variable importance (RVI) for
each variable, standardized by the number of models
including each variable (Kittle et al., 2008). The RVI indi-
cates which variables have the strongest influence on
model performance.

Activity pattern analysis

To assess temporal avoidance, we compared activity
patterns on days with and without ecotourism. We
performed an activity pattern analysis using a non-
parametric kernel density function to model activity
over a 24-h cycle (Frey et al., 2017; Ridout &
Linkie, 2009). To include a potential spatial influence,
we ran our activity pattern analysis at multiple dis-
tances from human activity, based on observed overt
reaction distances from other systems (Elmeligi &
Shultis, 2015; Jacobs & Schloeder, 1992). We binned

cameras by distances of 0–100 m, 100–450 m, and
450–1000 m from tours. We used the
Mardia–Watson–Wheeler test to assess whether differ-
ences were significant using R packages Overlap and
Circular (Agostinelli & Lund, 2017; Ridout &
Linkie, 2009).

RESULTS

Detection rate models

We found multiple signals of ecotourism influence on
detection rate of grizzly bears. Overall, our top detection
rate model accounted for ~50% of the variation in the
data, with the fixed effects alone accounting for ~7% of
the variation. Comparison of model sets with alternative
ecotourism metrics revealed that models with number of
people per day outperformed others (human presence,
number of tours, or tour length; Appendix S2: Table S1).
Although we did not detect an effect of year, detection
rate decreased by ~1.6% (95% CI: 0.4%–2.7%) for each
additional person (Figure 2A). An interaction term
revealed that as the number of people increased, detec-
tions increased at sheltered camera sites by ~2.2% (CI:
1.1%–3.4%) for each additional person with the opposite
pattern at open sites (Figure 2B). Finally, we observed a
positive association between overall detection rate and
days since people were present in 2021 (Figure 2C; ~9.2%
per day; CI: 2.6%–16.2% per day). The predicted mean
detection rate in 2021 aligned with the 2020 mean (0.71
detections per camera day) at 25 days since people,
suggesting a full watershed closure of 25 days would be
required for activity to return to a 2020-like nontourism

TAB L E 1 (Continued)

Type of
variable

Variable
name Value Variable description and rationale

Site exposure Categorical (exposed,
sheltered)

This variable indicates whether the remote camera site was secluded or
open to ecotourism presence. Sheltered sites were those that were
surrounded by trees on all sides of the camera and sites upriver of the
canyon where people do not travel. Exposed sites were those that were
partially or fully open. This was assigned to each camera trap and did
not vary throughout the study period

Random
effect

Site Categorical, remote
camera site ID

Remote camera site ID as a random effect to account for variation among
camera sites not accounted for in other variables

Week Integer (week of year
30–39)

We included the week of the year to account for temporal variations
throughout the sampling period that were not captured in salmon
abundance or water level. This included environmental condition
shifts, such as seasonal changes in vegetation resources such as berry,
crab apple (Malus fusca), and sedge (Carex spp.) availability. The same
value was assigned to all cameras
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level, although there is considerable uncertainty around
this estimate (Figure 2C). Finer-scale spatial variation of
ecotourism activity (north–south closures, distance to
tours) did not appear in top models.

Variation in salmon biomass had a more modest
effect on bear detections. Days since people and its inter-
action with year (i.e., days since people in 2021) had the
greatest influence (RVI = 0.5; Figure 2) and was ~7 times
as important as salmon biomass (RVI = 0.07) or the
interaction between salmon biomass and water
(RVI = 0.07). However, salmon biomass, water level, and
their interaction had positive associations with daily bear
detection rate (Figure 2D and Table 2). For each increase
in salmon biomass of 10,000 kg (mean = 57,777 kg;
SD = 34,431 kg; Table 2), we observed an ~3.4%
(CI: 0.3%–6.5%) increase in the bear detection rate. An
interaction term indicated that when the water level was
flooded, salmon biomass also had a positive effect
(Figure 2A; Table 2). Flooding alone also had a positive
influence on detection rate, as bears likely used the
onshore trails more frequently when they could not
travel along the river.

Age and sex class models

Age–sex classes of grizzly bears responded differently to
ecotourism activity. In the detection rate models for adult
males and females with young, number of people had a
negative influence on adult male detection rate, but no
influence on detection rates of females with young
(Figure 3). In the multinomial model, detected bears were
more likely to be adult females, females with young, or
subadults, compared with adult males, on days with more
people (Figure 4A). When people were closer to camera
traps, detections were more likely to be adult females and
females with young than adult males (Figure 4A,D,
Appendix S2: Table S9). Although we did not find effects of
days since people or year individually, an interaction term
in the 95% model set indicated that as days since people in
2021 increased, the likelihood that a detection was an adult
male increased, but the likelihood of detections being other
age–sex classes did not change (Appendix S2: Table S9).

Salmon availability also influenced age–sex classes
differently. As salmon biomass increased, detections were
more likely to be adult females, females with young, or

F I GURE 2 Top detection rate model: (A) parameter coefficients, centered and scaled by two SDs (Gelman, 2008), and CIs for fixed

effects. Red dots represent magnitude of effect on detection rate, and red lines span 95% CI. RVI shown for each fixed effect; (B) site-level

daily detection rate at sheltered and open sites as a function of the number of people per day. Shaded regions represent 95% CI for model

estimates, and curves represent model predictions; (C) site-level daily detection rate as a function of days since people in 2021. Blue shaded

region represents the 95% CI for model predicted detection rate, and the curve shows the model predicted values. The gray dotted line

represents the 2020 (non-ecotourism) mean detection rate. The CI overlaps the 2020 mean at 12 days, and model predicted detection rate is

equal to the 2020 mean at 25 days; (D) site-level daily grizzly detection rate as a function of salmon biomass.
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subadults than adult males (Figure 4A). When salmon
were low, the number of people had little influence on
the likelihood that a detection was an adult male, but
when biomass was moderate to high, increasing numbers
of people were associated with a lower likelihood that a
detection was an adult male (Figure 4B). Specifically, the
likelihood that a detection was male (on days with mean
salmon levels) decreased significantly (beyond 2 SDs of
days with 0 people) when six or more people were in
Khutze. The interaction had an opposite influence on
females with young. We observed a positive association

between number of people and the likelihood a detection
was a family group, but only when salmon biomass was
moderate or high (Figure 4C).

RVI additionally showed how ecotourism related to
environmental covariates for age–sex class in the multi-
nomial model. The interaction between number of people
and salmon biomass had the highest influence
(RVI = 0.083), which was ~2.2 times as important as
salmon alone. Distance to people (RVI = 0.076) was next
most important, at approximately twice as important as
salmon in predicting age–sex class.

TAB L E 2 Influence of ecotourism metrics on bear detections and possible management levers.

Variable Influence on detection rate Possible management levers

Days since people 9.2% (95% CI: 2.6%–16.2%) increase in
detections for each day closure

Implement multiday closures, such as three consecutive days
per week (25 days were required for activity levels to
approximate those without human activity)

North/south closures No influence Forgo north/south closures in favor of full watershed closures
(see above)

Number of people
per day

1.6% (95% CI: 0.4%–2.7%) decrease in
detections for each additional person

Limit tour group sizes. A limit of six people per day required
to avoid influencing age–sex class composition

Number of tours 11.6% (95% CI: 2.7%–19.6%) decrease in
detections for each additional tour

Limit viewing to one tour per day

Number of hours
with tours

5.3% (95% CI 0.6%–9.7%) decrease in detection
rate for each additional hour with people
in Khutze

Limit viewing time on any given day, for example, viewing
permitted only in the morning

F I GURE 3 Detection rate model for female with young and adult male subsets of detections. For both subsets, the plot shows

parameter coefficients, centered and scaled by two SDs (Gelman, 2008), and CIs for fixed effects for detection rates. Dots represent parameter

coefficients and lines span 95% CIs.
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Activity pattern analysis

We did not detect any shifts in temporal activity in
response to human presence. This was the case for all
bears at any distance and for all age–sex classes
(Appendix S2: Figure S11).

DISCUSSION

Our results revealed complex relationships among grizzly
bear activity, ecotourism, and salmon availability. In
alignment with the ecology of fear, we found that grizzly
bear activity in Khutze was influenced by intensity of risk
cues (amount of people), habitat structure (sheltered
vs. exposed sites), and foraging trade-offs (salmon avail-
ability). We found multiple lines of support for our
hypothesis that overall bear activity decreased in space
and time with ecotourism. With greater numbers of peo-
ple visiting Khutze, grizzly bear detections across the
watershed decreased. Additionally, with greater numbers
of people, detections increased at sheltered sites and

decreased at open sites, indicating both large-
and fine-scale spatial shifts toward more secluded habi-
tat. We did not, however, detect an effect of alternating
north/south closures, suggesting that this fine-scale man-
agement approach may not be sufficient to offset the
effects of ecotourism on bear behavior. This may be
related to the acute aural and olfactory sensitivity of
bears; they can likely often detect human activity (sig-
naled by human scent, outboard engine noise) across the
open estuary, deeming a partial closure insufficient to
eliminate the perception of risk. We also detected a
strong temporal lag in terms of time required for bear
behavior to return to baseline following exposure to
humans; in 2021, detection rates were higher as the days
since people were present increased, indicating that bears
shifted their spatial activity from human activity and
returned on a gradual schedule. This suggests that bears
responded on extended time scales beyond tour lengths.

We also found support for our hypothesis that adult
males were more strongly influenced by ecotourism than
other age–sex classes. It was least likely for a detection to
be male during ecotours and, specifically, when there

F I GURE 4 Age and sex class top multinomial model. (A) Parameter coefficients and CIs for fixed effects. Dots represent parameter

coefficients and lines span 95% CIs. Relative variable importance shown for all fixed effects; (B) likelihood of a detection being adult male as

a function of number of people per day and salmon biomass. Salmon levels are the mean and one SD above and below. When salmon

biomass is at its mean or above, number of people has a negative influence on the probability a detection is male; (C) likelihood of a

detection being a female with young as a function of number of people per day and salmon biomass. When salmon biomass is at its mean or

above, number of people has a positive influence on the probability a detection is a family group; (D) likelihood of a detection being adult

female as a function of number of people per day and salmon biomass; (E) likelihood of a detection being a subadult as a function of number

of people per day and salmon biomass. Shaded regions represent 95% CIs for model predictions, represented by the curve.
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was moderate or high salmon levels. Salmon continue
upstream of the camera array for ~6 km, which likely
offers alternate fishing opportunities without the per-
ceived risks of humans. It is not fully understood why
adult males are most strongly influenced by perceived
risk. Unlike other age–sex classes, which may experience
benefits such as a potential decrease in infanticide from
being near humans, adult males have no clear benefit of
remaining near people when alternate habitat is avail-
able. Also, a recently closed trophy hunt that targeted
larger males (Darimont et al., 2017) might have shaped
behavioral responses to human cues by this sex. When
salmon levels were low, males may have been more likely
to remain in areas exposed to ecotourism because pre-
sumably similarly low levels of salmon elsewhere might
not meet their extensive requirements for meat-based
protein (Robbins et al., 2004). Indeed, when resources are
concentrated or low, animals may incur costs of exposing
themselves to risk to access limited food (Gaynor
et al., 2019; Schmidt & Kuijper, 2015; Smith et al., 2019).
This finding is consistent with our hypothesis that
avoiding risk from humans is traded off against access to
foraging opportunities and that this trade-off is dimin-
ished when salmon abundance is high.

We did not find substantial support for the human
shield hypothesis, despite observing an increase in the
likelihood a detection was a female with young with
increasing numbers of people (when salmon levels were
moderate to high). Given that the detection rates for
females with young remained unchanged across variation
in ecotourism, this might simply suggest that females
with young may be the component of the population
least influenced by ecotourism. Insight from the multino-
mial model suggests that the increase in the likelihood of
a detection being a female with young may not signal an
increase in activity by this age–sex class (i.e., human
shield effect) but simply a decrease in activity of other
age–sex classes. Additional research would be needed to
determine whether the displacement of adult males may
allow females with young in our study system greater
access to fishing areas without risk of infanticide as
observed elsewhere (Nevin & Gilbert, 2005).

Finally, our results did not support the hypothesis that
adult males would become more nocturnally active in
response to ecotourism. This result differs from Knight
Inlet, British Columbia (BC), where males and females
with young differentially partitioned their temporal activ-
ity in relation to ecotourism (Nevin & Gilbert, 2005).
Instead, we found that the displacement of all bears pri-
marily occurred on a multiday scale, as indicated by the
days since people variable, which might relate to the scale
of predictability of human activity. In Khutze, daily tempo-
ral patterns of ecotourism were varied, with tours running

anytime between 7 a.m. and 10 p.m. (Appendix S2:
Figure S12). Spatially, however, the tours were confined to
waterways within the ~5-km2 camera array and two dis-
crete interpretive sites. In contrast, Knight Inlet tours were
constrained to specific hours at a static viewing site
(Nevin & Gilbert, 2005). Accordingly, the watershed-level
spatial patterns of ecotourism (~5 km2 of ~340 km2) in
Khutze may be more predictable than temporal patterns.
Such a context would allow animals to modify spatial
activities to avoid high-risk areas (Palmer et al., 2022) but
does not create a predictable schedule of risk. Such
unpredictable temporal patterns of ecotourism may result
in broader scale spatial avoidance (Penteriani et al., 2017),
as we observed. Within the ~5-km2 ecotourism zone, how-
ever, both spatial and temporal patterns of ecotourism are
relatively unpredictable, which may induce a more reac-
tive response to human presence on a smaller scale.

How the local-scale spatiotemporal patterns in avoid-
ance scale up to seasonal access to salmon and population
dynamics is unknown. Although ecotourism explained a
modest proportion of variation in the detection rate
models, the patterns can inform efforts to minimize influ-
ences on bears during this energetically important season
in which small changes in activity might carry significant
costs in food acquisition. Energetic costs of displacement
from foraging are particularly acute when access to food is
limited in space or time (Schmidt & Kuijper, 2015), such
as bear viewing at important fishing sites during hyper-
phagia. In coastal BC, hormonal data suggested increased
levels of nutritional and social stress associated with lower
salmon consumption (Bryan et al., 2013). Additionally,
across ecosystems, salmon consumption is positively
related to body mass, mean litter size, and reproductive
success (Hilderbrand et al., 1999). However, if humans
provide females with young a shield from infanticidal
males, ecotourism may provide benefits to the population
through greater cub survival.

These findings have several management implica-
tions. The closure of ecotourism in 2020 provided an
unprecedented opportunity to assess bear activity in the
absence of humans. Given the lower bear activity up to
25 days after ecotours, multiweek closures would be
required if management objectives were to return detec-
tion rates to nonecotourism levels. Although our model
may underestimate higher detection rates (Appendix S2:
Figure S2), and thus may overestimate recovery time,
managers might adopt a precautionary approach under
such uncertainty. As indicated by the high RVI and large
effect size of our “days since people” metric, a multiweek
closure might be the most effective intervention to man-
age for periods of bear activity levels that approximate
those without human presence and provide the greatest
opportunity to bears to access salmon without the
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perceived risks of humans. However, our results show
that closures on smaller temporal scales may also lessen
the effects of human presence. For example, for each day
of closure our model suggests an ~9.2% increase in bear
detections. Another evidence-based management option
is to limit tours to consistent hours (Appendix S1:
Table S2). This may allow bears to develop a schedule of
temporal avoidance (Palmer et al., 2022) to access
resource-rich habitat during times without tours, which
was not possible under the current context of
unpredictable tour times. Another tool is to limit the
number of people each day. When there were mean
salmon levels, more than six people per day was associ-
ated with a decreased likelihood that a detection was an
adult male. If the goal is to maintain bear activity across
age–sex classes at a nonecotourism level, trips could
remain below six people per day. Finally, flexible man-
agement may also be important and be connected to
salmon returns. For example, given that male bears do
not avoid ecotour areas when salmon are low, managers
might implement an early season closure of ecotourism
in years with low salmon returns. Management consider-
ations from this work are also system-specific, as bear
viewing in BC varies across multiple dimensions: the tol-
erance of individual bears, human behavior, and man-
agement objectives. As predicted by ecology of fear
theory, we found that avoidance of people by bears
depended on the habitat structure (i.e., sheltered
vs. exposed sites), the intensity of risk cues (i.e., number
of people), as well as forage trade-offs, in the form of
salmon availability. This avoidance lasted for multiple
days after the risk was removed, showing a prolonged
recovery time for bears once the human disturbance was
removed from the landscape.
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