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Abstract: We examined temporal and spatial activity of grizzly bears (Ursus arctos) and black bears (Ursus americanus) in 3 areas of coastal
British Columbia to investigate (1) variation within and between the 2 species, and (2) the influence of human activity on bear activity. Bear
detections at remote camera sites were used to measure activity. The Nimpkish Valley had black bears only, and high human use divided into
periods with and without hunting. Black bears were active primarily during the day, whether there was hunting or not. In the Khutzeymateen
Valley, grizzly bears were active primarily during the day, and black bears were nocturnal; there was no human use. Black bears likely avoided
some areas because of the presence of grizzly bears. The Tweedsmuir study area had black bears and grizzly bears in areas of both low and high
human use. Grizzly bears were detected more frequently than black bears in low and high human use areas. During periods when bears were
fishing for salmon (Oncorhynchus spp.), lone adult grizzly bears and grizzly bear family groups were both detected less frequently and were more
active during the night in the area of high human use than in the area of low human use. Subadult grizzly bears were detected more frequently in
the area of high human use than in the area of low human use, and they tended to be more active during the day. Coastal grizzly bears were
generally diurnal in areas of low human use. In areas of high human use, grizzly bears had different temporal and spatial activity patterns, and the
magnitude and direction of these differences varied between age and sex classes. Black bears seemed to alter their temporal patterns of activity

more in response to grizzly bear activity than to human activity.
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Black bears in North America are generally diurnal in
the West (Amstrup and Beecham 1976, Lindzey and
Meslow 1977, Ayres et al. 1986), Northeast (Lariviére et
al. 1994), and Southeast (Garshelis and Pelton 1980).
Nocturnal activity of black bears has been attributed to
human food sources such as orchards, garbage dumps,
and campgrounds (Ayres et al. 1986, Lariviére et al. 1994).

Several studies of grizzly bear diel activity indicated
that they are nocturnal or crepuscular (Roth and Huber
1986, LeFranc et al. 1987, Clevenger et al. 1990, Gunther
1990). McCann (1991) found that during the berry sea-
son, grizzly bears in southeast British Columbia were
active primarily during the day and least active at night.
Stemlock and Dean (1986) found that grizzly bears in
central Alaska were most active during daylight hours.
Bears were usually active throughout the day as day length
decreased in fall. In a period of 24-hour light, Hechtel
(1985) found considerable variation among individual
bears in their diel activity patterns.

It has been suggested that good vision, which allows
discrimination of colors and details at close range, results
in more efficient foraging during daylight hours (Bacon
and Burghardt 1976, Larivicre et al. 1994). This advan-
tage should be particularly true when bears search for
and feed on berries and salmon, foods that require good
visual acuity.

There is evidence for temporal and spatial avoidance
of humans by grizzly bears (Warner 1987, McLellan and
Shackleton 1988, Mattson 1990, Reinhart and Mattson

1990), especially non-habituated adults (Olson and Gil-
bert 1994). It is important to understand whether human
activity negatively affects the temporal and spatial activ-
ity pattern of bears, because displacement into sub-opti-
mal habitats or reduced feeding efficiency can affect the
net energy available for growth and reproduction.

We examined temporal and spatial activity of grizzly
bears and black bears in 3 areas of coastal British Colum-
bia to investigate variation within and between the spe-
cies and the influence of human activity on bear activity.
We split our analysis into periods when bears were pri-
marily focused on foraging for berries or salmon to mini-
mize variation in activity patterns associated with different
habitat use. In areas of low human activity, we expected
grizzly bears to be active primarily during the day to
maximize feeding efficiency. We expected black bears
to also be active during the day, but influenced by grizzly
bears. In areas with high human activity, we expected
both species to alter their temporal and spatial patterns of
activity to avoid humans.

The Nimpkish Valley study was a project of the British
Columbia Ministry of Environment, Lands and Parks and
was funded by the British Columbia Habitat Conserva-
tion Fund, the Canada-British Columbia Forest Resource
Development Agreement II, Canadian Forest Products,
and Wildlife Habitat Canada. Additional support was pro-
vided by Simon Fraser University. The Tweedsmuir study
was a project of the British Columbia Ministry of Envi-
ronment, Lands and Parks and was funded by BC Parks,



540 Ursus 10:1998

the British Columbia Habitat Conservation Fund, Inter-
national Forest Products, and the British Columbia Min-
istry of Forests. The Khutzeymateen Valley study was a
jointly funded, cooperative project of the British Colum-
bia Ministry of Environment, Lands and Parks and the
British Columbia Ministry of Forests. We would like to
thank the numerous people who contributed their time
and energy to the 3 studies. We are particularly grateful
to T. Hamilton who oversaw all 3 studies and was re-
sponsible for their successful completion. We also thank
C. Bryden, M. Kellner, and D. Wellwood for their contri-
butions to this study. T. Hamilton, B. McLellan, D.
Wellwood, and an anonymous reviewer provided helpful
comments on earlier drafts of this paper.

STUDY AREAS

Nimpkish Valley

The Nimpkish Valley study area was located approxi-
mately 40 km south of Port McNeill on northern
Vancouver Island, British Columbia (50°13°N, 126°36’W;
Fig. 1). Road access in the study area was extensive and
human use was high throughout the year. The high den-
sity web of logging roads and secondary spur roads were
frequently used by logging trucks, other forestry related
vehicles, recreational vehicles, and researchers. Human
activity off the main roads and away from vehicles dur-
ing the period without hunting (approx. 16 Jun—11 Sep in
1992 through 1994) was mainly silvicultural work or re-
search related. During the hunting season (approx. 10
Sep-11 Dec), mule deer (Odocoileus hemionus) and black
bear hunters were also active off the main roads.

Khutzeymateen Valley

The Khutzeymateen Valley study area was located 45
km northeast of Prince Rupert, British Columbia, at the
head of Khutzeymateen Inlet (54°37°N, 129°54’W). Dur-
ing berry season (25 Jul-22 Aug 1991), bears ate several
species of berries as well as forbs. In the salmon season
(23 Aug until den entrance), bears ate primarily spawn-
ing salmon and their carcasses.

The Khutzeymateen Valley is the core of a grizzly bear
no-hunting zone established in 1984. No humans except
researchers used the valley during this study.

Tweedsmuir

The Tweedsmuir study area was 50 km east of Bella
Coola, British Columbia (52°22°N, 126°5’W). During
berry season (10 Jul-19 Aug in 1993 and 1994), bears
concentrated their feeding activity on valley bottoms and

floodplains, where they fed on berries, roots, and insects.
During salmon season (20 Aug to den entrance), bears
fished for spawning salmon and fed on their carcasses.

The core of the study area was along the Atnarko River.
The river was divided into an area of low human use (up-
per Atnarko River) and high human use (lower Atnarko
River). On the upper Atnarko River, human activity was
limited to hiking and Department of Fisheries and Oceans
stream surveys. On the lower Atnarko River, anglers,
boaters, hikers, and pine mushroom (ZTrichloma
ponderosum) harvesters were active on the river and dis-
persed over the floodplain. A number of boat launches, 2
day-use areas, 2 public campgrounds, 1 private camp-
ground, an artificial spawning channel, and the commu-
nity of Stuie (<10 residents, including a commercial
fishing lodge) were near the lower river. The peak in
angler activity on the lower Atnarko River occurred dur-
ing the chinook salmon (Oncorhynchus tshawytscha) sea-
son between 15 June and 15 July. Another increase in
anglers occurred during the coho salmon (Oncorhynchus
kisutch) season, which began in early September and ta-
pered off in late November. Commercial pine mushroom
harvesting was most intensive from mid-September to
mid-October.

Hunting for black bears and mule deer began in early
September and was confined mostly to areas near the high-
way north of the Atnarko River. There has been no legal
hunting of grizzly bears in the core study area since 1976,
but there have been limited-entry hunts in areas adjacent
to the lower Atnarko River. Between 1991 and 1994, 2
food-conditioned subadult females were killed in control
actions on the lower Atnarko River.

METHODS

Temporal and spatial activity of grizzly bears and black
bears were determined from remote camera data. Re-
mote cameras recorded the date and time of photographs;
therefore, the timing of bear detections and the number
of hours between bear detections were used to indicate
temporal activity patterns and overall activity levels, re-
spectively. Remote camera units (Wildlife and Nature
Photography, Columbia Falls, Mont. and Cygnus Tech-
nologies, Penticton, B.C., Canada) similar to those used
by Mace et al. (1994) were used in all 3 study areas.

Camera sites were along well-used bear trails and at
bear marking trees. The camera unit was mounted on the
side of a tree 2-3 m from the ground and angled so that
the focal point of the camera was 3—4 m away on the bear
trail. Site disturbance was minimal. A small amount of
commercially available beaver (Castor canadensis) or
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Fig. 1. The location of the Nimpkish Valley (NIMP), Khutzeymateen Valley (KHUT), and Tweedsmuir (TWEED) study areas in

British Columbia, Canada.

bear scent was periodically placed at the camera’s focal
point to prolong the bear’s time in the field of view.

We avoided visiting the cameras to minimize human
scent, and the time between visits varied among study
areas. During the Khutzeymateen study, cameras were
visited every 3-7 days; during the Tweedsmuir and
Nimpkish studies, cameras were visited every 14-21 days.

A camera detection was considered a single visit by a
bear to a remote camera site. To be counted as a detec-
tion, photographs of the same individual had to be sepa-
rated by >24 hours. This criteria required that individual

bears be identified. Individuals were distinguished by
the presence of radiocollars or ear tags; the overall body
shape, height, and length; head shape and size; coat color,
pattern, and length over short periods; features such as
scars and missing ears; and by comparison with photo-
graphs of marked individuals. If we questioned identity
of similar individuals in any 24-hour period, only the first
detection was used.
In the Tweedsmuir study area, distinguishable individu-

als were categorized as lone adult grizzly bear, grizzly
bear family group, subadult grizzly bear, or black bear.
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Bear activity was compared between day and night
(defined by sunrise and sunset, respectively). Sunrise
and sunset times were obtained from Environment
Canada or the Pacific Space Centre, Vancouver. All
times were in Pacific Standard Time (PST).

Chi-square goodness-of-fit and Chi-square contin-
gency tables (Zar 1984) were used to test for signifi-
cant differences in the frequency of bear detections
between species, times, and areas (o0 = 0.05).

RESULTS
Nimpkish Valley

We used 16 or 17 cameras at 19 sites in the core of
the study area during 1992, 1993, and 1994. Cameras
were placed along travel routes in areas and periods
of berry feeding and were thus thought to provide rep-
resentative data on activity during the berry season (16
Jun—-19 Oct in 1992-94). The berry season was di-
vided into periods with and without hunting to inves-
tigate variation in black bear temporal activity as a
result of changes in the level and type of human ac-
tivity. Cameras were active for 98,322 hours during
the berry seasons, 70,256 hours during the no-hunting
period and 28,066 hours during the hunting period.

Black bears were more active during the day than
at night during the berry season (¥? = 42.38, 1 df,
P <0.001). This diurnal pattern was consistent in both
the no-hunting and hunting periods (no-hunting:
x2=295, 1 df, P< 0.001; hunting: ¥*> = 20.81, 1 df,
P < 0.001; Fig. 2). The frequency of day versus night
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Fig. 2. Remote camera hours/detection of black bears
during the no-hunting and hunting periods of the berry
season in the Nimpkish Valley, B.C., Canada, 1992-94.

detections was independent of period (¥ = 0.59, 1 df,
P = 0.44).

Khutzeymateen Valley

We used 8 cameras at 9 sites between 31 July and
29 September 1991. Camera sites were located where
bear movement was restricted by topography and bear
use was expected to be high. Bear trails used for cam-
era sites were adjacent to rivers or creeks; thus we
expected that the data would more accurately repre-
sent activity in the salmon season than the berry sea-
son. However, activity during the berry season was
measurable as these trails were also used to access
berry feeding and bedding sites. Cameras were active
for 8,468 hours, 2,852 hours during the berry season
and 5,616 hours during the salmon season.

Black bears were more active during the night than
the day during camera operation (x> = 9.78, 1 df,
P <0.005). This nocturnal pattern was consistent in
both the berry and salmon seasons (berry: %> = 4.85,
1 df, P < 0.05; salmon: %? = 5.10, 1 df, P < 0.025;
Fig. 3). The frequency of night versus day detections
was independent of season (¥? = 0.20, 1 df, P = 0.66).

Grizzly bears were more active during the day than
the night during camera operation (x> = 13.41, 1 df,
P <0.005). This diurnal pattern was consistent in both
the berry and salmon seasons (berry: x2 = 7.50, 1 df,
P< 0.01; salmon: %2 = 6.58, 1 df, P < 0.025). The
frequency of day versus night detections was indepen-
dent of season (y*> =2.47, 1 df, P = 0.12).
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Fig. 3. Remote camera hours/detection of black bears and
grizzly bears during the berry and salmon seasons in the
Khutzeymateen Valley, B.C., Canada, 1991.
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Grizzly bears were detected more frequently than black
bears in the berry season (x? = 9.00, 1 df, P <0.001);
however, in the salmon season there was no difference
(X2 =13.66, 1 df, P> 0.05). Grizzly bears and black bears
had different temporal patterns of activity in both sea-
sons. Grizzly bears were significantly more active dur-
ing the day than black bears (berry: x? = 13.03, 1 df, P<
0.001; salmon: % = 11.53, 1 df, P<0.001).

Grizzly bears and black bears had significantly dif-
ferent detection distributions among the main drainages
in which cameras were located (y? = 22.24, 1 df,
P <0.001; Fig. 4). There were 2 locations in the
Khutzeymateen Valley where there were few or no de-
tections of black bears.

Tweedsmuir

We used 17-19 cameras at 23 sites along the Atnarko
River during 1993 and 1994. Camera sites were estab-
lished along travel corridors where bear use was ex-
pected to be high. Most camera sites were adjacent to
the Atnarko River and were not directly associated with
major berry feeding areas; therefore, data on activity
patterns were expected to represent salmon season bet-
ter than the berry season.

Cameras were active for 71,438 hours in 1993 and
1994; 31,882 hours on the upper Atnarko River and
39,556 hours on the lower Atnarko River. The upper
Atnarko River was considered a control area of low
human use and the lower Atnarko River a test area of
high human use.

Upper Atnarko.—The only time black bears were de-
tected on the upper Atnarko River was during the berry

30 T

Number of Detections

Camera Sites

Fig. 4. The number of detections of grizzly bears and black
bears at remote camera sites in different drainages of the
Khutzeymateen Valley, B.C., Canada, 1991. Camera sites: 1
= Khutzeymateen River estuary, 2-3 = Lower Khutzeymateen
River, 4-6 = Kateen River, 7-9 = Carm Creek.

season. Frequency of detections did not differ between
day and night (y2 = 2.86, 1 df, P> 0.05; Fig. 5). Grizzly
bears were more active during the day than at night in the
berry season (y2=7.19, 1 df, P < 0.001), but were equally
active during the day and at night in the salmon season
(x*=2.24, 1 df, P> 0.10).

There was no difference in the frequency of detections
of grizzly bears and black bears during the berry season
(x?=0.42, 1 df, P> 0.25), and the frequency of day ver-
sus night detections was independent of species (%= 1.36,
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Fig. 5. Remote camera hours/detection of (A) black bears
and (B) grizzly bears during the berry and salmon seasons
on the lower and upper Atnarko River, B.C., Canada, 1993
and 1994.
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1 df, P> 0.10). During the salmon season, grizzly bears
were detected much more frequently than black bears
(x?=123.72, 1 df, P<0.001).

The majority of grizzly bear detections during the berry
season were subadults, but during the salmon season there
were more lone adults and family groups detected (Fig. 6).
During the salmon season, subadults and lone adults were
equally active during the day and night (subadults:
x2=2.46, 1 df, P > 0.10; lone adults: ¥ = 1.73, 1 df,
P> 0.10), but family groups were most active during the
day (¢ =9.50, 1 df, P <0.001).

Lower Atnarko.—There were only 4 black bear detec-
tions on the lower Atnarko River during the berry sea-
son. In the salmon season black bears were equally active
during the day and night (x> =0.39, 1 df, P> 0.25). Griz-
zly bears were equally active during the day and night in
both the berry and salmon seasons (berry: x> = 0.44, 1 df,
P>0.25; salmon %> = 0.47, 1 df, P> 0.25). Grizzly bears
were detected more frequently than black bears during
both the berry and salmon seasons (berry: x? = 28.49, 1
df, P <0.001; salmon: 2 = 57.19, 1 df, P < 0.001), and
the frequency of day versus night detections was inde-
pendent of species (berry: x> = 0.06, 1 df, P> 0.25;
salmon: %% = 0.07, 1 df, P> 0.25).

During the berry season, subadults and lone adults were
as active during the day as they were at night (subadults:
x? =049, 1 df, P > 0.25; lone adults: %= 0.35, 1 df,
P> 0.25). Few family groups were detected, but the de-
tections were equally frequent between day and night.

During the salmon season, subadult grizzly bears were
most active during the day (y = 5.58, 1 df, P < 0.025),
while lone adults and family groups were equally active
during the day and night (lone adults: %> = 3.54, 1 df,
P> 0.05, family groups: x> = 0.56, 1 df, P> 0.25).

All Study Areas

We assumed that detections at cameras were indepen-
dent events. We assumed this because at least 24 hours
separated photographs of the same bear and because we
were conservative about including photographs of simi-
lar looking individuals in the same 24-hour period. We
determined the percent of detections during camera ses-
sions that were marked or distinct individuals. No known
individual accounted for >3% of detections in the
Nimpkish Valley, >9% of detections in the
Khutzeymateen Valley or >6% on the upper Atnarko
River; however, one subadult grizzly bear accounted for
13% of grizzly bear detections or 21% of subadult griz-
zly bear detections on the lower Atnarko River. This indi-
vidual may have biased the temporal activity pattern attributed
to all subadult grizzly bears on the lower Atnarko.
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Fig. 6. Remote camera hours/detection of (A) subadult
grizzly bears, (B) lone adult grizzly bears, and (C) grizzly
bear family groups during the berry and salmon seasons on
the lower and upper Atnarko River, B.C., Canada, 1993 and
1994.

DISCUSSION
Nimpkish Valley

Despite relatively high levels of human activity in both
the no-hunting and hunting periods, black bears in the
Nimpkish Valley were primarily active during the day.
During the hunting season there was an influx of mule
deer and bear hunters into the study area, which added to
existing high levels of human activity. Hunting was
mostly from roads; however, there was more movement
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through areas where black bears were active than in the
no-hunting period (e.g., clearcuts). The majority of hunt-
ing occurred in the early morning after sunrise (H. Davis
unpubl. data). We expected black bears would alter their
temporal activity and level of activity as a result of these
changes in the level and type of human activity, but no
change was detected.

Khutzeymateen Valley

Black bears had different temporal and spatial activity
patterns than grizzly bears, apparently to avoid grizzly
bears using the floodplain in the berry and salmon sea-
sons. During a 3-year grizzly bear ecology study in the
Khutzeymateen Valley, grizzly bears spent the majority
of the berry and salmon seasons on the lower slopes and
valley bottoms. Black bears were not radiocollared; how-
ever, it appeared that mainly lone adult male black bears
used the lower slopes and valley bottoms (MacHutchon
etal. 1993). While black bears were detected as frequently
as grizzly bears at some fishing locations (e.g., cameras
4-6; Kateen River), detections occurred mostly during
the night when fishing likely was more difficult. At a
fishing area in a tributary of the Khutzeymateen River
(cameras 7-9; Carm Creek), only 1 black bear was de-
tected during camera operation and only 2 black bears
were seen in this tributary during the 3-year study. Griz-
zly bears were frequently detected and observed in this
tributary (MacHutchon et al. 1993).

Tweedsmuir

Radiotelemetry and field observations during a 3-year
grizzly bear study in the Tweedsmuir area (S. Himmer
and M. Gallagher unpubl. data) suggested that subadults,
lone adults, and family groups had different activity pat-
terns; therefore, we considered it important to try and dis-
tinguish between these age and sex groups. We were
careful about categorizing grizzly bears as subadults, lone
adults, or family groups in the Tweedsmuir; however, we
could have erred in categorizing individuals as subadults
or lone adults. This potential error was equally likely at
all times, locations, and bear seasons, so we do not be-
lieve it affected the relative differences.

Black bears were present in an area of relatively low
human use and low grizzly bear activity on the upper
Atnarko River. When grizzly bear numbers increased
during the salmon season, black bears were not detected,
yet they were frequently seen beside the nearby highway
(S. Himmer unpubl. data). The increase in grizzly bear
activity during the salmon season was primarily lone
adults and family groups, and this may have caused black
bears to leave the area.

Black bear detections on the lower Atnarko River al-
most doubled during the salmon season, but grizzly bear
detections were relatively constant between seasons. The
presence of humans may have provided black bears a
degree of protection from grizzly bears (Mattson 1990).
In addition, although the overall level of grizzly bear ac-
tivity was constant between seasons, the level of activity
declined for lone adult grizzly bears and grizzly bear fam-
ily groups.

Lone adult grizzly bears and grizzly bear family groups
may have increased their activity on the upper Atnarko
River during the salmon season because of increasing
human use of the lower river. There was no evidence to
suggest that grizzly bear family groups spatially avoided
lone adult grizzly bears on the upper Atnarko during this
season, but grizzly bear family groups tended to be less
active at night when lone adults were most active.

Human use along the lower Atnarko River during the
berry season was fishing concentrated along the river edge.
During this period, most radiocollared grizzly bears spent
the majority of their time feeding on berries in the adja-
cent Talchako River Valley (S. Himmer and M. Gallagher
unpubl. data). Detections at remote camera sites during
late July and early August were thought to be the move-
ment of grizzly bears from berry patches to the river to
check on the availability of salmon. The tendency to-
ward more night activity along the lower river compared
to the upper river during this time may have been to avoid
anglers.

The level of activity of subadult grizzly bears on the
lower Atnarko River remained relatively constant between
the berry and salmon seasons, and those present were more
active in the day. In contrast, the level of activity of lone
adult and family groups declined in the salmon season,
and those present tended to be more active in the night.

Subadult grizzly bear activity tends to be less affected
by humans because of their greater habituation to humans
(Warner 1987, Aumiller and Matt 1994), and subadults
have been shown to be disproportionately represented in
areas near human activity or developments (Mattson et al
1987, Nadeau 1987, Mattson 1990). This has been at-
tributed to reduced competition, reduced agonistic inter-
actions with adults, and increased access to productive
feeding sites (Mattson 1990). Field observations on the
lower Atnarko River suggested that subadults were gen-
erally less wary of humans than adults were.

Females with young that were on the lower Atnarko
River in 1994 moved elsewhere by mid-September, a pe-
riod which coincided with the highest mushroom picking
activity and the coho fishing season (S. Himmer and M.
Gallagher unpubl. data). This pattern was not observed
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in 1993, a year during which mushroom picking was con-
sidered poor and the fishing season was less active. Non-
habituated adult grizzly bears have been found to avoid
areas of human use elsewhere (Warner 1987, McLellan
and Shackleton 1988, Mattson 1990, Reinhart and
Mattson 1990, Olson and Gilbert 1994).

Comparison among Areas

Black bears seemed to alter their temporal and spatial
activity patterns more in response to grizzly bears than to
humans. In the absence of grizzly bears, but in an area
with high human activity, black bears were active during
the day. In contrast, in an area of high grizzly bear use
but low human use, black bears either did not use the
area or were active at night when grizzly bears were least
active. Black bears active in an area with both grizzly
bear use and human use appeared to avoid the areas of
highest grizzly bear use by using areas of high human
activity where grizzly bears may have been displaced.

In the relative absence of human activity, grizzly bears
were active during the day. In response to human activ-
ity, grizzly bears appeared to alter their temporal and spa-
tial activity patterns, although the magnitude and direction
of these changes varied between age and sex classes as
well as level of human activity.
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