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DENNING CHRONOLOGY OF BLACK BEARS IN EASTERN
ROCKY MOUNTAIN NATIONAL PARK, COLORADO

Roger A. Baldwin!-2 and Louis C. Bender3:4

ABSTRACT.—Understanding factors influencing the timing of den entrance and emergence of black bears (Ursus
americanus) provides insight for bear management. We determined den entrance and emergence dates for bears in
Rocky Mountain National Park (RMNP) and related these dates to vegetative productivity, weather, habitat, and demo-
graphic factors to assess the influence of these factors on denning chronology. Date of den entrance was most strongly
influenced by age class, precipitation, and proportion of human-use areas in annual home ranges. Den entrance was typ-
ically later for adult bears during wetter years and when annual home ranges contained a greater proportion of human-
use areas. Sex and presence of human-use areas were most strongly related to den emergence. Male bears typically
emerged from dens before females, and bears emerged from dens earlier when human-use areas composed a greater
proportion of annual home ranges. Collectively, our results suggest that denning behavior of black bears in RMNP was
strongly influenced by presence of human-use areas, likely because of foods associated with such areas. Managers of
black bears in RMNP can use precipitation to predict relative dates of den entrance, thereby allowing for more efficient
strategies to combat potentially negative human-black bear encounters.
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Hibernation is a critical component of the as temperature and precipitation have been
black bear (Ursus americanus) life cycle correlated to annual net primary productivity
throughout much of temperate North America, and length of the vegetative growing season
with dens providing shelter and protection (Jobbagy et al. 2002, Kerkhoff et al. 2005). Cli-
during this period of winter lethargy (Rogers matic data are readily available and provide a
1987, Beck 1991). Understanding the factors possible alternative for assessing the relation-
that influence the timing and duration of den-  ship between food availability and denning
ning thus provides insight for bear manage- period. Similarly, measures of the normalized
ment. It is generally accepted that the reduc-  difference vegetation index (NDVI) from
tions in both photoperiod and temperature remote-sensor data can provide measures of
that are associated with late autumn and early ~ greenness on the landscape. These measures
winter provide the initial cues for denning correlate well with aboveground net primary
(Johnson and Pelton 1980, Schooley et al. production of vegetative communities (Hobbs
1994). However, the ultimate factor influenc- 1995, Pettorelli et al. 2005). NDVI values have
ing den entrance and emergence dates likely been used for a variety of objectives, from
relates to energy balance of the individual predicting suitable habitats for grizzly bears
bear (Lindzey and Meslow 1976, Schooley et  (Ursus arctos; Mace et al. 1999) to relating
al. 1994). As food becomes scarce, a negative habitat selection to ecosystem functioning in
energy balance occurs, and because it is no  grizzly bears (Wiegand et al. 2008). Therefore,
longer advantageous to continue foraging, bears NDVI may also be an effective tool for
den. Therefore, in much of the black bear’s explaining variability in denning chronology,
range, food availability is a strong predictor of  although NDVI may not completely represent
the denning period (Johnson and Pelton 1980, food availability, given that black bears” use of
Beecham et al. 1983, Schooley et al. 1994, berries and insects may not be represented in
Costello et al. 2001). greenness scores (Wiegand et al. 2008). Addi-

Reliable measures of food availability are tionally, anthropogenic food sources associated
often unavailable. However, climatic data such ~ with human-use areas can supplement bear
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diets, leading to later dates of den entrance
(Beckmann and Berger 2003a).

The timing of den emergence is also influ-
enced by multiple factors, including air tem-
perature (Lindzey and Meslow 1976, O’ Pezio
et al. 1983, Kolenosky and Strathearn 1987,
Rogers 1987) and sex and age class of individ-
uals (Novick et al. 1981, LeCount 1983, Rogers
1987). Consequently, the timing varies sub-
stantially across locations. As with den entrance,
availability of anthropogenic foods may also
influence den emergence. Abundant high-
energy food sources are typically rare to non-
existent during early spring in much of the
black bear’s range (Pelton 2003), though
anthropogenic food sources are often available
year-round (Beckmann and Berger 2003a).
Therefore, individuals with ready access to
anthropogenic foods may leave dens earlier
than those with less access, given the lack of
alternative food sources.

The black bear population in Rocky Moun-
tain National Park (RMNP), Colorado, is very
low density (1.35 bears - 100 km=2; Baldwin
2008) and exists in an extreme climate, poten-
tially limiting its viability. Because denning is
a critical aspect in the life history of black
bears in extreme climates such as RMNP we
determined proximate factors influencing den-
ning chronology to provide information for
managing denning habitats. Knowing what
factors influence denning chronology, especially
if the factors are related to food, allows staff to
manage habitat attributes important to bear
energetics and thus bear reproductive produc-
tivity in RMNP. Our objective was to deter-
mine which factors best predict den entrance
and den emergence of bears in RMNP.

STUDY AREA

RMNP is a 1080-km?2 bioreserve located in
the Rocky Mountain Front Range of north
central Colorado. Topography in RMNP was
shaped by glaciers and consists of high moun-
tainous peaks interspersed with small subalpine
meadows, lakes, streams, glaciers, and tundra
at higher elevations. Elevations range from 2400
to 4345 m. The Continental Divide bisects
RMNE, creating different climatic patterns
and vegetation types from east to west. East-
ern RMNP is drier, with precipitation averag-
ing 35.1 cm just outside the park boundary in
the town of Estes Park, Colorado; western
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RMNP was not sampled for this investigation.
Seventy-five percent of annual precipitation
falls from April to September. In Estes Park,
mean daily high temperatures range from 7.2
°C in February to 27.8 °C in July.

Vegetation in RMNP consists of >700 plant
species. Montane forests on the eastern slope
include lodgepole pine (Pinus contorta) and
aspen (Populus tremuloides), with drier sites
often dominated by ponderosa pine (Pinus
ponderosa) and Douglas-fir (Psuedotsuga men-
ziesii). Subalpine habitats are dominated by
Engelmann spruce (Picea engelmannii) and
subalpine fir (Abies bifolia) with limber pine
(Pinus flexilis) occasionally present. Elevations
above timberline (approximately 3500 m) are
dominated by tundra and bare rock. Below
tree line, wetland and riparian areas are com-
posed of a variety of species but are domi-
nated by dense stands of spruce-fir and aspen
in forested areas (Salas et al. 2005).

METHODS

We used modified Aldrich foot snares and a
culvert trap to capture bears from 2003 to
2006. We immobilized captured bears with a
5:1 mixture of ketamine hydrochloride (approx-
imately 7.4 mg - kg1 body mass) and xylazine
hydrochloride (approximately 1.3 mg - kg-!
body mass) and fit them with radio-collars to
facilitate location of den sites. We also classi-
fied bears by sex and age (subadult vs. adult).
Adult females were differentiated from subadult
females based on known age, nipple size, and
nipple coloration (Beck 1991, Brooks and
McRoberts 1997), while adult males were dif-
ferentiated from subadult males by large size,
obvious staining of teeth, and descended testi-
cles (Beck 1991, Garshelis and Hellgren 1994).

Starting on 1 October, we typically located
bears =2 times weekly to determine date of
den entrance; bear locations were similarly
checked starting on 1 March to determine date
of den emergence. We assigned an approxi-
mate date of den entrance equal to the median
date between the last known date of activity
and the first known date of denning and vice
versa for den emergence.

We obtained total precipitation (cm) val-
ues recorded from 1 April to 30 September
in Estes Park (http://weather-source.com) and
at 2 additional sites in RMNP (http://www.
wee.nres.usda.gov/snow). We used precipitation
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recorded over this time frame as a surrogate
for vegetative productivity for each respective
year, as precipitation is closely tied to annual
net primary productivity (Jobbagy et al. 2002,
Kerkhoff et al. 2005).

We also used NDVI as a measure of vegeta-
tive productivity, with higher values indicating
greener vegetation (Weiss et al. 2004). We
used NDVI values derived from moderate-
resolution imaging spectroradiometry (MODIS;
http://pekko.geog.umd.edu/usda/test).
MODIS NDVI observations were available at
250-m resolution for 16-day periods during
the time frame of the study. For analysis, we
calculated mean NDVI values (ARCGIS 9.2,
Environmental Systems Research Institute,
Redlands, CA) for eastern RMNP for the
annual vegetative growing season (9 June-30
September) to quantify vegetative productiv-
ity during the entire growing season. Addi-
tionally, given the potentially high difference
in NDVI values associated with different cover
types (Weiss et al. 2004), we combined all cover
types into 4 classes: closed (e.g., sprucef/fir,
lodgepole pine, aspen) and open (e.g., pon-
derosa and limber pine) forest and low-eleva-
tion (e.g., low-elevation meadows, montane
shrublands) and high-elevation (e.g., tundra,
high-elevation meadows, glaciers, talus) open
habitats. We averaged NDVI values for each
class of cover type by year. Occasionally, NDVI
values obtained for a specific 16-day period
had substantial portions obscured due to cloud
cover. In these situations, we excluded such
16-day periods from mean-value calculations.
We averaged NDVI values over eastern RMNP
to estimate plant productivity at the same res-
olution as precipitation data.

We calculated proportion of each bear’s
annual (95% minimum convex polygon) home
range composed of human-use sites and used
ARCGIS 9.2 to assess the potential influence
of anthropogenic food sources on denning
chronology (Beckmann and Berger 2003a).
Human-use areas were defined as buffered
areas within 400 m of roads, trails, campsites,
and urban sites. This distance was selected
given that approximately half (51%) of all bear
activity locations from a previous study on
black bears in RMNP (1984-1991) were found
within 400 m of human-use sites (L. Zeigen-
fuss, United States Geological Survey, unpub-
lished report, 2001). Also, this distance pro-
vided a realistic buffer to assess potential
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human-use influences on bear activity. Bald-
win (2008) found a strong correlation (r =
0.87) between proportion of home ranges
composed of human-use areas and percent
body fat of female bears in RMNP (indicating
greater resource quality, quantity, or both, in
human-use areas) as well as a high prevalence
(14.2% of scats) of anthropogenic foods in bear
scats. These findings gave us reason to believe
that higher availability of human-use areas
within home ranges accurately reflects in-
creased consumption of anthropogenic foods.

We correlated (Ramsey and Shafer 1997)
surrogates of food productivity (proportion of
annual home ranges composed of human-use
areas, total precipitation, and NDVI for grow-
ing season) and demographics (sex and age
class) to date of den entrance (Julian date) to
assess the influence of these factors on den-
ning chronology. We treated sex (female = 0,
male = 1) and age class (adult = 0, subadult
= 1) as indicator variables in the analyses
(Ramsey and Shafer 1997). Finally, we used
backward-selection multiple regression (Ram-
sey and Shafer 1997) to determine the best
model predictive of den entrance, using only
the significantly correlated variables above.
We considered all correlations and regressions
to be significant at o = 0.10. We assessed
potential outliers using residual plots (Ramsey
and Schafer 1997).

We similarly used correlations and linear
regression (Ramsey and Shafer 1997) to relate
sex, age class, temperature (°C), and propor-
tion of annual home ranges composed of
human-use areas to dates of den emergence.
Temperature represented the mean maximum
temperature for March—April and was recorded
at the same locations as those used for precipi-
tation recordings in den entrance analyses. We
selected this time frame to represent tempera-
ture immediately prior to and subsequent to
typical den emergence (i.e., mid- to late April).
We analyzed data for den emergence the same
way as data for den entrance.

RESsULTS

From 2003 to 2006, we recorded 22 (5 adult
male, 1 subadult male, 10 adult female, 6
subadult female) denning occurrences for 8
individual bears (2 adult males, 1 subadult
male, 4 adult females, and 2 subadult females;
note that these do not sum to 8, given that
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TaBLE 1. Results of multiple linear regression models relating den entrance and emergence dates of black bears to
demographic and weather variables, vegetative productivity surrogates, and human-use components of bear home
ranges in Rocky Mountain National Park, Colorado, 2003-2006.

Behavior F P R2 Variable t P B SE
Entrance 14.0 <0.001 0.725 Age class -3.9 0.001 -16.489 4.261
Precipitation 3.4 0.004 0.747 0.219
Annual human use? 1.7 0.109 29.203 17.185
Emergence 8.3 0.006 0.580 Annual human use? -3.2 0.008 -53.309 16.845
Sex -2.8 0.017 -14.098 5.111

2Annual human use = proportion of annual home ranges composed of human-use areas.

1 female became an adult during this study).
Dates of den entrance ranged from 12 Octo-
ber to 27 November, while den emergence
dates ranged from 30 March to 12 May. Given
the small number of bears present in eastern
RMNP (14-16 bears; Baldwin 2008), repeated
measuring of individuals was unavoidable.
Nonetheless, repeated sampling of =50% of
the population should provide meaningful
insight into factors influencing denning chronol-
ogy for this population. Moreover, bears often
catabolize all fat and a substantial portion of
their lean muscle tissue during their annual
hibernation (e.g., Atkinson et al. 1996). Conse-
quently, they are almost entirely dependent on
the nutritional quality of their spring—autumn
ranges to accrue sufficient reserves for hiber-
nation. Because decisions on denning chronol-
ogy depend upon annual variation in quality of
ranges, each year is an independent event with
respect to resource availability within home
ranges and accrual of body condition.

Age class (t;g = 3.0, P = 0.007, r = 0.58),
proportion of human-use areas (t1g = 3.0, P =
0.008, r = 0.58), and total precipitation (t;g =
2.8, P = 0.013, r = 0.55) were related to date
of den entrance, whereas no NDVI values were
significant (t1g < |1.6], P = 0.124, r < 0.34).
The model including age class, precipitation,
and proportion of human-use areas (Table 1)
best fit den-entrance data (F3,5 = 14.0, P <
0.001, R2 = 0.725) for bears and indicated that
denning occurred earlier for subadult bears
and during drier years (Table 1). The effect of
human-use areas was not significant, although
bears in annual home ranges with greater pro-
portions of human-use areas tended to den later
(Table 1). This model excluded 2 outlier dates,
both from one large adult female in very good
condition (37% body fat in 2005, 45% body fat
in 2006; Baldwin 2008); bears in very high
condition often den earliest (Rogers 1987),
contrary to the normal progression of den

entrance (i.e., bears in poor condition denning
earlier).

Proportion of human-use areas (t;5 = 2.4,
P = 0.030, r = 0.56) and sex (t;3 = -2.0, P =
0.071, r = 0.48) were correlated with den
emergence, whereas age class (t;3 = 0.8, P =
0.453, r = 0.210) and temperature (¢35 = 1.6,
P = 0.125, r = 0.41) were not. Den emergence
(Fy 1o = 83, P = 0.006, R2 = 0.580) was
related to sex and the proportion of annual
home ranges composed of human-use areas:
males and a greater proportion of human-use
areas were associated with earlier emergence

dates (Table 1).
Di1scussION

Factors that influence denning chronology
of black bears vary substantially depending on
the population but typically have been related
to food availability (Johnson and Pelton 1980,
Beecham et al. 1983, Schooley et al. 1994,
Costello et al. 2001). Likewise, precipitation,
a surrogate for vegetative productivity, was asso-
ciated with den entrance in RMNP. Models
predicted later den entrance during years with
greater precipitation (Table 1), suggesting that
greater forage productivity may lead to later
denning dates. The comparatively weaker asso-
ciation of den entrance with NDVI may be
influenced by an incomplete representation in
NDVI values of many important food sources
for bears, such as berries and insects, that may
not be represented in greenness scores (Wie-
gand et al. 2008). Therefore, although NDVI
likely indexes food productivity for bears to
some degree, foods not directly related to pho-
tosynthetic activity of plants may be poorly
represented. Consequently, a climatic surrogate
of vegetative productivity (i.e., precipitation)
performed better for estimating den entrance.

In contrast to some other studies (e.g.,
Kolenosky and Strathearn 1987, Smith et al.
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1994), we observed earlier denning by sub-
adults (Table 1). Subadult females in our popu-
lation were in poorer condition than adults
during early hibernation (adult body fat =
38%, subadult body fat = 24%; Baldwin 2008);
oftentimes bears in poor condition den later
than those in good condition (Carpenter 1973,
Hamilton and Marchinton 1980). However,
dominant bears can act as despots by exclud-
ing others from preferred foraging locations,
resulting in later den entrance for dominant
individuals (Beckmann and Berger 2003b). In
support of this, we observed later denning by
bears with a greater proportion of human-use
areas within their annual home ranges (Table
1), similar to results observed in the Lake Tahoe
region of Nevada (Beckmann and Berger
2003a). Many adult bears in RMNP and Lake
Tahoe readily consumed anthropogenic foods,
leading to high condition levels (Beckmann
and Berger 2003a, Baldwin 2008). Therefore,
exclusion of subadults from high-quality food
patches (typically anthropogenic food sources)
may explain the earlier denning of subadults.
Also, typical high-quality autumn foods of black
bears (i.e., hard and soft mast; Pelton 2003)
are rare in RMNP (Baldwin 2008), and thus
subadults are unlikely to benefit energetically
from continued foraging activities. The excep-
tion to this relationship was one female who
was in particularly good condition during the
last 2 years of the study (37% body fat in 2005,
45% body fat in 2006; Baldwin 2008). Rogers
(1987) suggested that bears in extremely high
condition may den particularly early, given
their little need to accrue additional fat stores.
Our findings support this idea, although this
relationship should be explored further to clar-
ify our results.

Sex did not influence timing of den entrance
in RMNPE although male bears often den later
than females (O’Pezio et al. 1983, Beck 1991,
Smith et al. 1994). This lack of statistical signifi-
cance might have been due to the few observed
denning occasions by males, as males had a
later mean den entrance date than females in
RMNP (day 321 for males, SE = 5, n = 6; day
312 for females, SE = 4, n = 16). However, sex
did influence den emergence. Males emerged
before females, which is similar to results from
other studies (Kolenosky and Strathearn 1987,
Smith et al. 1994, Gaines 2003).

Temperature has been implicated as a
cue for den emergence in other black bear
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populations. Often bears emerge earlier from
dens during warmer years because warm
weather melts snow and can cause flooding of
dens (Kolenosky and Strathearn 1987, Rogers
1987). The lack of a temperature effect in our
study may have been influenced by the early
emergence of bears having annual home ranges
in RMNP with high proportions of human-use
areas, as such areas provide consistent and
abundant food (Beckmann and Berger 2003a).

Management Implications

Human influences and plant productivity (as
assessed by climatic surrogates) appeared to
affect denning chronology of black bears in
RMNE with these likely food-driven effects fur-
ther influenced by sex and age of bears. Results
from an additional study in RMNP indicated a
shift in den sites over the last 15-20 years from
higher-elevation wildland areas to lower-eleva-
tion sites closer to human-use areas, likely
because of attempts by bears to access the
resources associated with these areas (Baldwin
and Bender 2008). Because natural foods, partic-
ularly foods bears depend on for lipogenesis in
autumn (i.e., hard mast), are scarce in RMNE,
managers may have few options to reverse
trends of altered denning chronology or of bears
denning closer to human-use areas. However,
knowing when the potential for conflict is high
will allow managers to prepare for increased
encounters with bears, thereby allowing for
more efficient allocation of management re-
sources to combat these potential conflicts (Zack
et al. 2003). For example, people are often less
vigilant in securing garbage, bird feeders, and
other food-related items when they don't expect
bears to be active. Therefore, during wet years,
RMNP staff could inform park visitors and local
residents that bears will likely remain active
later in the year than usual and that people
should continue to secure potential bear foods
in an appropriate manner. This effort may be
particularly important over the next 5-10 years,
as the potential for human-bear conflict will
increase in RMNP if the black bear population
continues to grow at its current rate (Baldwin
and Bender 2009). Such actions could mitigate
potential human-bear conflicts.
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