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Population demographics, habitat utilization, critical habitats and condition of black bears
in Rocky Mountain National Park.

Summary

1. We evaluated home-range size, overlap, and distribuiiateerns of black bears in
Rocky Mountain National Park (RMNP) from 2003-2006. Meae sizmale home-
ranges (100% MCP = 103.0 Rnwas significantly larger than female home-ranges
(100% MCP = 47.3 kA and was larger than values reported previously for R
MCP = 35.6 krf), though they were within the range of expected valuethéwestern
U.S. (74.2-144.5 kfn

2. Mean size of female home-ranges was smaller thanqugyireported for RMNP (95%
MCZP = 53.9 krf) but still substantially larger than the western &&rage (20.1-36.1
km)

3. Sizes of female home ranges were positively relatsditimgates of vegetation
productivity including maximum temperature (MaxTemp) and growegyee days
(GDD), but negatively correlated with precipitation€€ip).

4. Seasonal home-range size did not vary within yearsédes or females, but was
significantly different between males and females.

5. The percentage of overlap for annual female home-rarageshacross years and was
strongly related to MaxTemp and loosely related to PrexatpGDD.

6. Distributional patterns of female black bears varied by;ys@gnificant changes in
distribution were related to MaxTemp and Precip during autiemnnot annually or for
other seasons.

7. Patterns in home-range sizes of black bears in RMMBest lower habitat quality for
black bears in RMNP when compared to other western lesaliCool, wet years
increased habitat quality for black bears in RMNP, whilg tiy years reduced habitat
quality for black bears.

8. Historical data (1984-1991) from RMNP included some of thedgjhweights ever
recorded for black bears in North America but did noluishe direct measures of body
condition.

9. Size of black bears during the contemporary period (2003-2006)omgzsarable to other
western U.S. populations. Also, body fat (BF) and bahd¢ion index (BCI) of black
bears during the contemporary period indicated high leveisralition.

10.BCl, BF, and body weights of female black bears allaased over the last 15-20 years;
similar values for males were not significant, thosgtall sample sizes limited power.

11.Increases in black bear size and condition were mosinmaniously related to increased
use of human-use areas and anthropogenic food sources.

12.We used 3 approaches to estimate population size and defnsifgk bears in RMNP:
1) minimum number known, 2) occupancy modeling, and 3) ¢echnit effort
(CPUE).

13.We used information from capture and remote-sensored canaaravell as visitor
information, to derive a minimum known population estenaf 20—24 individuals. We
used the median value of 22 combined with a 3,203-m areaecf afound the RMNP
boundary to produce a density estimate of 1.35 bears/180 km
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14.The best approximating occupancy model indicated that 41. RMdIP was occupied
by black bears.

15.We combined the occupancy estimate with mean home-razgyarsil overlap for male
and female black bears to determine a density estimat@@®bears/100 ki(90% CI =
0.16-2.41) in RMNP.

16.We also related CPUE to density estimates for 8 lowiepspulations using linear
regression to estimate population size for black bed®RdNP. Density estimates from
CPUE models (1.03 bears/100%r80% CI = 0.27-3.67) were well within the 90% Cl
for occupancy estimates and suggest these approaches oegflddor future
population monitoring.

17.The current status of RMNP’s black bear population appedrs stable to increasing
(see 20 below), although distributions may be shifting tdwaman-use areas.

18.Black bears in RMNP exhibited earlier age of first reprdidag historical = 7.5 years,
contemporary = 5.5 years) and higher cub survival (historidid%, contemporary =
71%) than historic values; litter size and adult and subaduival were similar between
periods.

19.Enhanced reproductive attributes resulted in higher reauoitfyearlings/female/year;
historical = 0.34, contemporary = 0.56), a greater numberpsbductive years
(historical = 7.5, contemporary = 9.5), and higher reprodeictitput per female lifetime
(number of cubs reaching reproductive age/female reproducttienkd; historical =
0.73, contemporary = 1.80) for 2003—-2006 data as compared to 1984-199% data fo
RMNP. Current reproductive rates in RMNP are simeother western U.S.
populations.

20.Population modeling using historic and contemporary demograpladgfad a much
larger population size at the end of 10-year simulationghe contemporary period (90%
probability of a final population size &f53 versusx 19) using the same initial
population size and each period’s respective populationeagsitsicture.

21.Higher potential rate-of-population-increase in the copi@ary period reflects increased
productivity of the black bear population as survival rategwsenilar between periods.

22.This increased productivity may be related to better mnet condition of reproductive
females from the current population (weight: historic@ kg, contemporary = 68 Kkg;
body fat: historical = 15%, contemporary = 23%).

23.We observed differences in the relationship betweenat=tions and most habitat and
physiographic factors (aspect, elevation, covertype, distemmads and trails) between
historic and contemporary periods in RMNP.

24.Maximum entropy modeling of den locations resulted in oeffie habitat variables being
included in the best models of suitable denning sites fdmigheric (slope, elevation,
covertype) and contemporary periods (slope, distance ti3,raapect, canopy height)
and indicate a shift in den locations over the last 15€e20sytowards areas characterized
by higher human presence.

25. Shifts of preferred denning locations towards areas of higlman influence supports
other data (bear condition, home range locations, halstaassociations, etc.) that
suggests that black bears appear to be habituating to humans.
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26.Date of den entrance was most strongly influenced byglags and correlates of
vegetation productivity (growing-season precipitation angperature), with den
entrance typically later for adult black bears during eqabetter years. Sex of black
bears was loosely correlated to time of den exit; snateerged before females.

27.Most common foods of black bears as determined by adjustechetric values from
scat analyses annually were grasses (24.2%), berries (1&u8d@nts (31.2%). Use of
grasses, berries, and small mammals varied by seasbrgreatest use of grasses
(49.1%) occurring during spring and berries (31.6%) and small mn(ih#6) during
autumn.

28.Focal animal observation yielded similar trends annuallyifioe spent foraging on
grasses (17.8), berries (10.2), and insects (61.3) with #fieBing between spring and
summer seasons; no analyses were conducted for autuemsgnall sample sizes.

29. Nutritional assessments indicated highest values fasggnergy and crude fat in black
bear diets during summer; no seasonal differencesweteel for fecal nitrogen.

30.Gross energy was typically lowest for grasses and dmbaceous plants but highest for
ants and ungulates. Fecal nitrogen was strongly celateost animal sources but was
negatively correlated with vegetative matter. Crudsliatved the strongest positive
relationship with berries, though this was likely influesh&xy the presence of seeds in the
analysis.

31. Historic diets of black bears in RMNP showed greatejueacy of ants but less grass,
while contemporary diets included substantially greatensms of anthropogenic foods.
This increased use of human foods likely contributed teases in observed body size
(weight females: historic = 52 kg, contemporary = 58 kg), lmmehgition (body fat
females: historic = 15.0%, contemporary = 22.8%), and populgtowth rate (historic
A =1.01, contemporary= 1.11) for the contemporary black bear population.

32.We assessed habitat selection across 3 spatial sealdsc@pe, home-range, and site-
specific) to delineate critical habitats for black bear@ MNP for both historic (1984—
1991) and contemporary populations.

33.Black bear habitat selection at both landscape and hangge scales was highly variable
both historically and contemporarily, although black beane commonly associated
with aspen covertypes and human-use sites and avoided aopaEtypes.

34.Relationships were more consistent for landscape metvidsblack bears preferring
highly diverse landscapes high in edge and comprised of patalies both in the
contemporary and historic periods.

35. Nutritional condition of black bears in RMNP was mstsbngly positively associated
with aspen, mesic shrublands, and human-use areas |iwiiér pine and mixed conifer
had the most consistent negative influence on bear fab@ynd body condition indices.

36.Human-use areas were also used at a much higher ratg theioontemporary period
(70% of black bear locations in human-use areas) thaorinaty (51% of black bear
locations in human-use areas), suggesting increasing hamto&black bears for
human influenced habitats. This trend likely was drivemigh yield resource capture
(i.e., anthropogenic food sources).

37.Site-specific analyses indicated that black bears pegferorth and east facing aspects,
greater numbers of logs and ant mounds, and less gragsady cover at foraging sites
as compared to random sites. Site-specific preferencesspond to habitat attributes
that predict greater quantity and quality of plant and ineexts for black bears.
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38. Few differences were found between resting and forageeagibns. However, observed
differences indicated a preference for steeper slogkdamser woody understory cover
at resting sites. Both of these attributes relateds dlisturbance and greater security.

39. Collectively, analyses suggested that small, evenly bliged patches of aspen, human-
use, and mesic shrubland covertypes provided the best Habitdck bears in RMNP.

40. Covertype composition is likely less important than Hgbitat diversity in RMNP.
Black bear distribution patterns are tied closely to@distribution of food sources that
show high annual, seasonal, and spatial variability ilfNRM By maximizing diversity
within home-ranges, black bears likely assure that at &&ane of these components will
be present in home-ranges. Black bears more frequemtydistribution during years
when foods are less available due to climatic effeatfér reflecting the need for high
habitat diversity to ensure that at least some typé&sools are available to black bears
annually in RMNP.

41.Management strategies designed to provide or increasevérsity of RMNP’s
landscape and provide key structures associated with ragimng (i.e., dead and down
logs, etc.) may help reverse an apparent shift in blaakus®e to high human-use sites
while maintaining increased black bear condition in RMNP.
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INTRODUCTION

Black beardrsus americanus) are a charismatic omnivore found throughout mostef th
western United States. Black bears occur in Rocky Mauhtational Park (RMNP); however,
the population is very small (< 25 individuals; see Chaptand little is known of their habits
or critical habitats. Because of this, RMNP staff h@scerns over the viability of the bear
population, preservation of which is a key managementafahe National Park Service
(National Park Service 1988). Baseline data on black be#&gccollected in RMNP from
1984-1991 was summarized to provide some information aboausgatemographic and
ecological aspects of this population (Zeigenfuss 2001). eidery results from this analysis
were inconclusive, suggested that additional work was needastter understand this bear
population, and were limited by methods employed. Keytserving bears in RMNP is
information on what factors are critical for beangval and reproduction. Such information is
needed for management prescriptions that preserveatateas, promote bear populations, and
reduce bear/human conflicts.

RMNP’s black bear population is unique; histomzh suggested one of the lowest
densities and reproductive rates ever recorded for black inddosth America (see Chapter 4).
Additionally, sizes of bears captured from 1984-1991 was whklibaverage (Zeigenfuss
2001). These characteristics (small individual size,dovductivity) are indicators of habitats
providing limited nutrition (Hanks 1981). Because RMNP is posed almost entirely of
tundra, high elevation forests, and meadows, potentialdoactes for bears are limited; such
habitats generally lack hard mast crops and soft mass can be scarce and variable.

Moreover, high elevations (> 2,286 m) result in short gngwgeasons (6—7 months/year active),
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limiting the time that bears have to obtain resoureggssary for growth and reproduction.
These characteristics suggest that habitats of RMNPoeayarginal for bears.

Because of the importance of nutrition fovs@l and productivity of wildlife
populations (Hanks 1981), potential plant composition and grbmitations in RMNP habitats
makes it imperative to identify key bear use areas atidadrioraging and security areas.
Disturbance to or loss of these habitats could stroaffgaet survival and productivity of
RMNP’s bear population. A review of historic demograpi=igenfuss 2001) suggested that
the bear population in RMNP was barely able to balametality with recruitment; thus, loss of
critical areas could lower survival and productivity resgltin the loss of bears from RMNP.
However, this assumes that historic demographics pplyao black bears in RMNP in the
contemporary period. No data exists since the 1984-1991 periatidatenwhether attributes
such as individual or population size, survival, or produgtnf the bear population has
changed in RMNP over the last approximately 20 years.

Little empirical data exists on how habitdtuences body condition of black bears.
Knowledge of how organisms utilize, and what they deriwenfrhabitat is essential in
understanding productivity and survival of wildlife (Hanks 1981, idomr et al. 1992). Many
studies (i.e., Hugie 1982, Reynolds and Beecham 1980, Rogers 108&,dhd Dodge 1989,
Samson and Huot 1995) have noted a strong relationship betabat quality and bear
productivity. However, others contend that this relatiqmss based on either inappropriate or
inaccurate data (Kolenosky 1990, Beck 1991). More importardhe have quantified the basic
habitat-condition linkage. Quantifying this relationshipmportant because survival and
productivity can be affected by a variety of non-hab#atdrs including human intolerance.

However, a population must achieve a high level of ca@mdto maximize productivity (Gaillard
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et al. 2000). If bears in RMNP still show smaller boidg &nd low productivity, it is almost
certainly a nutritional effect, and consequently habit@s provide better nutrition for bears
need to be identified and actively promoted.

Because of the above, use of direct meastitesdy condition to assess the inherent
value of habitats (i.e., ability of bears to accruefatther endogenous energy reserves based on
availability of certain habitat attributes) is criti¢a identifying important habitats and habitat
components for bears in RMNP. Several studies Da&vis 2005, Bender et al. 2007) have
found that body condition of ungulates was predictaiolmnfhabitat attributes such as vegetation
cover types or understory productivity. This approach habe®n used on bears, but has the
potential to yield similar results. Because animal @émdis a powerful indicator of habitat
guality (Hanks 1981, Franzmann 1985, Bender and Cook 2005, Bende2@ @l knowing
what habitats and critical areas contributed to varyonglition of individuals allows direct
identification of critical habitats.

Given the potentially tenuous status of blacksomeRMNP as projected by historic data
on size and productivity, identifying what is affecting beamdition and population performance
is important in developing management strategies for tdaaeks in RMNP. Therefore, our
purpose was to quantify current population status and demograplblask bears in RMNP,
and to identify important habitat-condition relationshapsl consequently critical habitats of
black bears in RMNP. Our goal was to use this informabodevelop methods to monitor black
bear trends and habitat associations in RMNP, and ttifglemanagement strategies to provide
or enhance critical habitats of bears in RMNP. @ec8ic research questions included:

1. What isthe nutritional condition of black bearsin RMNP?

2. What are the diets and diet quality of black bearsin RMNP?
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3. What isthe survival and productivity of black bearsin RMNP?

4. What isthe population size and trend of black bearsin RMNP?

5. What istherelative production and distribution of bear foods in RMNP?

6. What are the activity patterns of black bearsin RMNP?

7. What are the site, home range, and landscape level habitat attributes associated with
habitat use patterns of black bearsin RMNP?

8. What are critical habitats for black bear survival, productivity, and condition in RMNP?
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STUDY AREA

Rocky Mountain National Park is a 1,08 kiosphere reserve located in the Rocky
Mountain Front Range of northcentral Colorado. Togplhy in RMNP was shaped by
glaciation, and consists of high mountainous peaks peesed with small subalpine meadows,
lakes, streams, glaciers, and tundra at higher elegatiglevations range from 2,400—4,345 m.
The continental divide bisects RMNP, creating diffeidimatic patterns to the east and west.
The eastern Park is drier, with precipitation averaging &5.in Estes Park. Western RMNP is
more mesic, with precipitation averaging 50.8 cm in @razke. Seventy-five percent of
precipitation falls from April to September. In Esteark, mean daily high temperatures range
from 3.6° C in January to 25.7° C in July.

Vegetation in RMNP consists of > 700 plant sgseclLower slopes and valleys are
comprised of forests of lodgepoleius contorta) and ponderosa pin®.(ponderosa), blue
spruce Picea pungens), Douglas-fir Psuedotsuga menzesii), juniper guniperus spp.), and
aspen Populus tremuloides) interspersed with bunchgrass and sedge-dominated herbaceous
meadows. At higher elevations, subalpine forests of I[Eragen spruceR. englemannii) and
subalpine fir Abies bifolia) predominate. Elevations above timberline are domihygundra
and bare rock. Wildlife in RMNP includes a diversenfaulominated by large mammals
including black bear, elk, mule de&docoileus hemionus), moose Alces alces), Rocky
Mountain bighorn sheef{is canadenss), mountain lion Puma concolor), bobcat Lynx rufus),

and coyote Canislatrans).
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Chapter 1:

Home-range size, overlap, and distributional patterns oblack bears in Rocky
Mountain National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary. Knowledge of spacing and distribution of black bebhsijs
americanus) can lead to a greater understanding of their use obdnaitesources. We
evaluated home-range size, overlap, and distributiontdrpatof black bears in Rocky Mountain
National Park (RMNP) from 2003—2006. Size of male home-rafig9% MCP = 103.0 kfn
95% MCP = 77.9 k) was significantly larger than female home ranges (1008 = 47.3
km?; 95% MCP = 32.3 k) and was larger than values reported previously for RMM6(
MCP = 35.6 krf), though within the range of expected values for the westeS. (74.2-144.5
km?). Although contemporary female home-ranges in RMNRewenaller than recorded
historically (95% MCP = 53.9 ki they were still substantially larger than the westU.S.
average (20.1-36.1 Kn Size of female home-ranges was positively relaiedaximum
temperature (MaxTemp) and growing degree days (GDD), butinelyacorrelated with
precipitation (Precip). Seasonal home-range sizedatidary within years for males or females,
but was significantly different between males and femaSpring, summer, and autumn female
home-range sizes were not related to climatic facboigectively, average seasonal home-range
size was positively related to MaxTemp. The percentdgeerlap for annual female home-
ranges varied across years and was strongly positetlaled to MaxTemp and loosely
negatively related to Precip and positively to GDD. sBeal overlap was substantially different
between spring-summer and spring-autumn seasons, but not saoton@n. As with seasonal
home-range size, separate seasons were not correlateddtic factors, though collectively,
MaxTemp was positively related to overlap seasonalligtributional patterns of female black
bears varied by year with differences primarily dribgra shift in home-ranges during autumn;
significant changes in distribution were positivelyatetl to MaxTemp and Precip during
autumn, but not annually or for other seasons. Collelgtidata suggest lower habitat quality
for black bears in RMNP when compared to other westaalities. Although cool, wet years
increased habitat quality, black bear populations in RMNPIlikaly be limited to levels
reflective of hot, dry years unless black bear distringishift to areas less affected by natural
climatic variations in food resource availability.

Knowledge of spacing and distribution of black $ddrsus americanus) can lead to a
greater understanding of their use of available resou@etermining home-range size, degree

of home-range overlap, and temporal and spatial distoibaltpatterns provides a first step in
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understanding this relationship. Home-range shape andsifienced by many factors
including abundance and distribution of foods (Lindzey anddwe$977, Garshelis and Pelton
1981, Rogers 1987, Schwartz and Franzmann 1991, Powell et al. 8986rSand Huot 1998,
Koehler and Pierce 2003), population densities (Alt et al. 198Qpughlin et al. 2000, Oli et al.
2002, Pelton 2003), sex and age class of individuals (Jonk€l@medn 1971, Lindzey and
Meslow 1977, Alt et al. 1980, Rogers 1987, Powell et al. 1997¢hetsal. 1999, Koehler and
Pierce 2003), social status (Alt et al. 1980, Bunnell andIB&t, Powell et al. 1997, Koehler
and Pierce 2003), and procedures used to determine the bea€gdmage (White and Garrott
1990, Powell 2000, Pelton 2003). Because of the dynamic ititerad these factors, there can
be large variation in the size of black bear home-rangsne-range sizes are almost always
larger for males than females (typical range = 22—1,7Zfdnmales, 5-49 kffor females;
Pelton 2000), although this difference is not always proredie.g., Lindzey and Meslow
1977, Garshelis and Pelton 1981). Subadult home-ranges arallyest@aller (Alt et al. 1980).

Historic data in Rocky Mountain National PE@RMNP) indicated an average home-
range size of 53.9 kifor female black bears and 35.6%for males (Zeigenfuss 2001). Home-
ranges reported for females in RMNP were larger thasetineported for most other black bear
populations. More than any other factor, habitat quapgcifically abundance and distribution
of food, has been linked to home-range size (LindzeyMexlow 1977, Reynolds and Beecham
1980); the lower the quality of habitat, the greater thedrocange size. Therefore, these large
historic home-ranges suggest that food availability waidd in RMNP.

The amount of overlap in female black beardiwoamges is also indicative of habitat
quality. Typically, territoriality in females is mimal in locations with abundant or sparse food

production, but is present to varying degrees when food abundaintermediate (McLoughlin
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et al. 2000). Additionally, distributional patterns of lddoears are likely to vary by year and
season (Garshelis and Pelton 1981, Rogers 1987, Samson arDBilp Relating food
production to female home-range size, overlap, and distimishould provide valuable insight
into the potential of available habitats to support theemmporary black bear population in
RMNP. However, determining food abundance across ygapgpensive and time consuming.
Alternatively, climatic factors such as temperature @recipitation have been correlated to
vegetative production (e.g., Polis et al. 1997, DeYoung 208D, Koehler and Pierce 2003) and
may provide a viable means for assessing this relationship.

My goal was to determine temporal patterns meicange size, overlap, and distribution
to provide insight into how black bears utilize the landscdg@MNP. My specific objectives
included: 1) determine size of male and female home-rangeslly and by season; 2) assess
amount of overlap between female home-ranges annuallipyaseason; 3) determine
distributional patterns of female black bears annuaitylay season; and 4) relate home-range

size, overlap, and distribution to climatic factors.

METHODS

| used modified Aldrich foot snares and culvexp$ to capture black bears from 2003—
2006. | immobilized bears with a 5:1 mixture of ketamine hyldoo@e and xylazine
hydrochloride (200 mg ketamine and 40 mg xylazine per ml) and fis bgth radiocollars. |
radiotracked all collared individuals approximately 1 wee&rafapture until den entrance. In
years after capture, | radiotracked individuals from Ma&g through the time of den entrance. |
obtained locations of radiocollared bears as oftgroasible, with locations typically recorded a

minimum of once per week. However, due to logisticalst@ints and movements off RMNP
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property, this time interval was occasionally longBue to this occasional lag in location
frequency and frequent forays of black bears off RMNBnkered estimated home-range
sizes to be the minimum area used by black bears.

| determined fixes of black bears through direseokation. When direct observation
was not possible, | circled the bear to determinl@ation, and estimated the distance to the
bear based on the radius of the circle. Most lonatwere within 200 m of the bear, though
occasionally insufficient time or inaccessible beaations resulted in greater distances.

| used 100% and 95% minimum convex polygon (MCP) and@&itive kernel (ADK)
approaches for estimating annual home-range size. Alehanges were constructed in
ArcView 3.3 (Environmental Systems Research Institute)d®els, California, USA). The
100% MCP approach utilized all locations and constructed\aeggolygon around the outer
locations (Mohr 1947). For 95% MCP home-ranges, | usedrdfeeadded approach to exclude
outlier locations (White and Garrott 1990). | derived 95% Afne-ranges using the least-
squares cross-validation method for selecting the appte@moothing factor (Worton 1995,
Seaman et al. 1999). | tested for differences in maldeanale seasonal home-range sizes using
Mann-WhitneyU-tests (Zar 1999). | assessed annual overlap of femaleli@ackhome-ranges
using 95% MCP home-ranges to remove the influence of mutlleveighted the amount of
overlap for each female by the size of its home-raageduce the impact of varying home-
range sizes and to yield a mean percentage of the ar¢aef overlapping female home-ranges.

For seasonal home-ranges, | used the 100% Bl@Rakor, as sufficient numbers of
locations were not available for other estimatorsesied for differences in male and female
seasonal home-range sizes using Mann—Whithégsts (Zar 1999). | also used the Kruskal—

Wallis test (Zar 1999) to assess differences in homgeraize for both males and females across
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seasons. | assessed the amount of seasonal oveftapaddé home-ranges in the same manner
as that described for annual overlap. | used the KruskdlisWést (Zar 1999) to assess
differences in home-range overlap across seasons.

Maximum daily temperature (MaxTemp), precipaiatiPrecip), and growing degree
days (GDD; a heat index that relates plant growthrtteaiperature) were compared to annual
and seasonal home-range size and overlap using lineasseqr (Zar 1999) to assess their
influence on these parameters. Climatic factors wegerded daily in Estes Park, Colorado,
from 1 April-31 October, 2003-2006; mean values were used for Mgx&ed GDD, while
total values were used for Precip. All weather variabier®e obtained from the National

Climatic Data Center as compiled by Weather Sourntte:(/weather-source.com

| also compared distribution of annual homejearacross years and seasonal home-
ranges of female black bears within and across years usiltigr@sponse permutation
procedures (MRPP) in program BLOSSOM (Slauson et al. 199is approach measures
Euclidean distances within a specified group and complaese tvalues to randomly generated
distances to test for differences betweehyears or seasons (Berry and Mielke 1983). | used a
preseto = 0.10 with a Bonferroni correction for multiple comisans for each bear to assess
significance. Additionally, | related the change inaméaxTemp, total Precip, and mean GDD
to MRPP results across years using logistic regressisraltered distribution, O = similar
distribution) (Hosmer and Lemeshow 2000) to assess casdlatween these factors and home-
range distribution. Climatic factors included data frbwpril-31 May for the spring season, 1
April-31 July for summer, and 1 April-31 October for the autgeeson to relate cumulative
precipitation and temperature effects during the vegetgtow@ing season on home-range size,

overlap, and distribution. Because of substantial iiffees in 1 April-31 October MaxTemp
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(2004 = 17.7° C; others = 19.8° C [SE = 0.2]) and Precip (2004 =8&8.dthers = 29.5 cm [SE
= 2.9]) between 2004 and all other years, | also comparetuthber of significant distributional
shifts of female black bear home-ranges between 2004 andsattvered years (Fisher’s exact
test; Zar 1999) to assess the influence of these clifiaatiors on home-range shifts both

annually and seasonally.

RESULTS

| collected 643 total locations of 11 (6 femalesjales) black bears from 2003-2006,
with the majority 84% of fixes within 200 m of the beddsation (84%). An additional 3 black
bears were captured but either lost their collar otthef study area within 2 weeks of capture.
The number of annual locations ranged from 1028 8.0, SE = 2.4) for adult males and 12—
53 (x=27.3, SE = 2.9) for females and allowed determinatidroéle and 14 female annual
home-ranges from 2004—2006. Additionally, | constructed anmumaékranges for 2003 for
comparative purposes but excluded them from analyses utiteswise noted due to late
capture dates resulting in a lack of year-long locatidrisund no difference between home-
range size for adult and subadult females (100% MCPE:31.0,P = 0.298; 95% MCPU =
27.0,P = 0.606; 95% ADK:U = 26.0,P = 0.699) and thus combined them for further analyses.
Pooled home-ranges among years were larger for aduls nhele for females (100% MCRJ =
74.0,P = 0.006; 95% MCPU = 74.0,P = 0.006; 95% ADK:U = 75.0,P = 0.005) and subadult
males (Table 1). Given the high number of locationemanended for 95% kernel estimators
(30-50 locations; Seaman et al. 1999), | felt the 95% MCP awmé@rately reflected home-range
size in RMNP and used these estimates in subsequeysesnalGiven this, | may have

underrepresented the size of home-ranges, though a coompafiglots suggested 95% MCP
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home-range curves began to plateau around 15-20 annual loc&iaxemp F;1=78.3,P =
0.072) and GDDK; ; = 4869.3P = 0.009) were positively correlated to 95% MCP annual
female home-range size, whereas Preg€jp € 90.1,P = 0.067) was negatively correlated to
annual female home-range size (Table 2).

Female black bears exhibited varying levels of hange overlap depending on
estimator and year (Table 3). As with home-range MaeTemp F1 1 = 203.2,P = 0.045) was
positively correlated with female home-range overtaji,home-range overlap was less related
to Precip F11=11.4,P =0.183) and GDDH; ;1 = 34.7,P = 0.107) (Table 2). Although | was
not able to calculate annual home-range sizes for 200 petftentage of overlap between
female home-ranges may have been representative efitlie year. Including these values
strengthened relationships between overlap and all adifsattors (MaxTemp:F1,=24.5P =
0.038,R? = 0.9258 = 13.0, SE = 2.6; PrecigF,,=5.8,P = 0.137R* = 0.7444 = -1.0, SE =
0.4; GDD: F1, = 66.4,P = 0.015R = 0.9718 = 12.8, SE = 1.6).

For seasonal home-range size, the nunibecations ranged from 4-14 (spring:=
6.0, SE = 0.5; summei = 6.9, SE = 1.2; autumrx = 7.2, SE = 0.4) for adult males and 4-27
(spring: x = 8.5, SE = 1.0; summek = 11.9, SE = 1.7; autumix = 11.4, SE = 1.3) for females.
| only used bears in which | collected a minimum of 4atams per season as plots suggested
home-range size began to plateau at 4—6 locations. Thlteks 46 (spring = 12, summer =
17, autumn = 17) seasonal home-ranges for females and Ry (5@, summer = 8, autumn = 7)
seasonal home-ranges for males for analyses. eertale H, = 1.2,P = 0.551) nor femaleH;
= 1.0,P = 0.615) home-range size differed across seasons.ithsmnual home-ranges,
seasonal home-range sizes were larger for adult telademalesly = 473.0,P = 0.032)

(Table 4). No significant relationships were found leswspringKi 1 < 1.5,P > 0.40), summer
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Table 1.2. Results of regression modeling comparing anndaesasonal home-range size
(km?) and overlap for female black bears in Rocky Mountaitiodal Park, Colorado during
2004-2006 to mean maximum temperature (° C), total precipit@io)) and growing degree
days (a heat index that relates plant growth to aipézature) collected from 1 April-31
October for each respective year. Annual and seabonad-ranges represent 95% and 100%
minimum convex polygons, respectively. Significant medee in bold.

Model Variable F P R B SE
Annual HR size Maximum temperature 78.3 0.072 0.987 10.9811.241
Precipitation 90.1 0.067 0.989 -1.0950.115

Growing degree days 4869.30.009 1.000 9.7820.140
Annual HR overlap Maximum temperature 203.2 0.045 0.995 14.7951.038

Precipitation 11.40.183 0.920 -1.4170.419
Growing degree days 34.0.107 0.972 12.9442.199
Seasonal HR size Maximum temperature 20843.6 0.005 1.000 8.3600.058
Precipitation 219 0.134 0.956 -0.8150.174
Growing degree days 119.40.058 0.992 7.3700.675
Seasonal HR overlap Maximum temperature 237.4 0.041 0.996 5.5570.361
Precipitation 11.90.180 0.922 -0.5330.155
Growing degree days 37.0.104 0.974 4.8640.800
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Table 1.3. Mean percentage overlap of female black beage-Inanges in Rocky Mountain
National Park, Colorado, 2003-2006 using 100% (100MCP) and 95% (95MCRjumin
convex polygon and 95% adaptive kernel (95ADK) estimators.

Year n 100MCP 95MCP 95ADK
2003 5 19.9 25.7 37.7
2004 5 13.6 0.9 28.9
2005 5 49.5 36.2 66.5
2006 4 33.2 22.6 12.8
X (SE) 39.8 (8.0) 32.5 (7.4) 35.6 (11.3)
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(F11<1.0,P > 0.50), and autumn-( > < 3.5,P > 0.20) home-range sizes and climatic factors,
though averages across seasons (MaxTdmp= 20843.6P = 0.005; PrecipF;1=21.9,P =
0.134; GDD: F11 = 119.4,P = 0.058) indicated trends similar to those reported fouarhome-
ranges (Table 2).

| was able to assess minimum home-rangdapvéar 6 individual females yielding
overlap data for 45 (spring = 12, summer = 16, autumn = 13psabhome-ranges (Table 5). |
detected a seasonal difference in overlap of femaleh@angesH- = 6.1,P = 0.048); these
differences were observed for spring-autuir(0.035), but not between spring-sumnier=(
0.163) or summer-autumpP £ 0.428). Once again, | did not observe a significantioakship
between home-range overlap for individual seasons amatodi factorsfi 1< 1.1,P > 0.45),
but observed similar patterns (MaxTentg; 1 = 237.4P = 0.041; PrecipF,1=11.9,P =
0.180; GDD: F;1 = 37.0,P = 0.104) as annual home-range overlap for average seasenialp
(Table 2).

Female black bears utilized different areagsscyears (Table 6), with distributions
substantially different (Fisher’'s exaet= 0.011) in 2004 when compared to 2005 and 2006
(62.9% h = 35] and 40.0%i{ = 30] of home-range distributions significantly diffete
respectively). These differences were primarily inflced by distributional shifts during autumn
(2004 = 75.0% of ranges showed a significant shift [L2], other years = 33.3% F 12];
Fisher’s exacP = 0.044); there was little difference in significahtioges in distributions during
spring (2004 = 54.5%n[= 11], other years = 50.0% E 10]; Fisher’s exad? = 0.330) and
summer (2004 = 0.0% [= 4], other years = 25.0% E 4]; Fisher’s exadP = 0.500) between
2004 and other years (Table 6). Additionally, | found naticeiahip between climatic factors

and spring, summer, and annual distributidh& 0.20). However, differences in MaxTemp
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Table 1.5. Mean percentage overlap of female black basoisal home-ranges in Rocky
Mountain National Park, Colorado from 2003—2006 using a 100% mmiocaunvex polygon
estimator.

Year Spring Summer Autumn X (SE)
2003 — 0.0 5.9 3.0 (3.0)
2004 4.7 2.6 0.7 2.7 (1.1)
2005 0.0 33.2 14.6 %09
2006 0.03 0.0 32.7 .9 {00.9)

X (SE) 1.6 (1.6) 8.9 (8.1) 13.5 (7.0) 8.6 (3.9)
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Table 1.6. Multi-response permutation procedure resylf®i shifts in spring (Sp), summer
(Sm), autumn (Au), and annual (An) home-range distributaomsng years for female black
bears in Rocky Mountain National Park, Colorado, 2003—2006.

Bear Total  2003-04 2003-05 2003-06 2004-05 2004-06 2005-06
Sp 2 3.2 — — — 0.1 2.1 45
(0.009)*  — — — (0.437)  (0.043)  (0.003)*
3 — — — — — — 0.3
— — — — — — (0.282)
4 — — — — — — 2.6
— — — — — — (0.023)
6 0.1 — — — 0.1 0.9 0.1
(0.388) — — — (0.469)  (0.182)  (0.469)
Sm 2 -158 ~10.2 8.5 ~18.8 4.1 ~1.6 9.9
(<0.001)* (<0.001)* (<0.001)* (<0.001)* (0.004)* (0.071) (<0.001)*
3 3.8 0.5 2.3 —4.4 0.8 38  6-1
(0.003)* (0.600)  (0.035)  (0.003)* (0.173)  (0.005)* (0.075)
4 6.8 4.0 2.6 ~1.9 3.9 —4.9 3.9
(<0.001)* (0.004)* (0.027)  (0.054)  (0.005)* (0.001)* (0.007)*
6 0.9 — — — 0.5 0.5 0.7
(0.814) — — — (0.616)  (0.639)  (0.756)
Au 2 -102 5.3 25 ~12.9 4.2 ~1.3 7.6
(<0.001)* (0.001)* (0.029) (<0.001)* (0.003)* (0.108) (<0.001)*
3 5.1 5.3 ~1.3 ~1.8 3.8 ~1.5 1.1
(<0.001)* (0.002)* (0.100)  (0.052)  (0.004)* (0.084)  (0.125)
4 9.7 3.8 2.8 ~10.7 ~1.8 7.1 5.4
(<0.001)* (0.009)* (0.017) (<0.001)* (0.056) (<0.001)* (0.001)*
6 5.2 6.6 0.4 2.3 3.8 3.3 ~1.8
(<0.001)* (0.001)* (0.618)  (0.031)  (0.006)* (0.011)* (0.050)
An 2 -146 — — — 6.6 5.4 ~16.3
(<0.001)*  — — —  (<0.001)* (0.001)* (<0.001)*
3 3.7 — — — 2.0 -3.9 1.4
(0.004)*  — — — (0.049)  (0.006)*  (0.090)
4 9.1 — — — 3.9 ~11.0 4.6
(<0.001)*  — — — (0.006* (<0.001)* (0.004)*
6 3.3 — — — —4.0 3.2 0.8
(0.008)*  — — — (0.005)*  (0.012)* (0.814)

* Indicates a significant relationshipat 0.017 (0.10/6)P-values are listed in parentheses.
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(¢* = 5.8,P = 0.016,R* = 0.368;8 = 1.534 [SE = 0.638]; odds ratio = 4.6 [95% CI = 1.3-16.2])
and Precip)¢ = 4.4,P = 0.035R = 0.271:8 = 0.114 [SE = 0.054]; odds ratio = 1.12 [95% CI =
1.01-1.25]) were related to changes in distribution during therauseason across years; black
bears were more likely to shift distributions during warand wetter autumns. Individual
female distributions tended to shift less within a giyear, though seasonal shifts were more
apparent between summer and autumn (Table 7); no shiftolveeeved between spring and

summer.

DISCUSSION

Historic data (1984—-1991) in RMNP indicated that hcamge size of female black bears
was among the largest reported for black bears in #stenn U.S. (95% MCP = 53.9 km
Zeigenfuss 2001). Contemporary results indicated that-mange size of females decreased in
the last 10-15 years, although average size of female reonges was still well above the
western U.S. average (Table 8), as the average 100% M@&damge of females in RMNP was
well outside the 95% CI of average home range sizentdltes from all other western U.S.
studies. In fact, 100% MCP home-ranges of female blacls ie&MNP were larger than all
but 2 studies listed in Table 8, and those studies each had terhales monitored, limiting
inferences from their results (Nevada, Goodrich 1990; BMumtAune 1994). Numerous
investigators have noted that home-range size isafpiarger in areas where food abundance
is limited (e.g., Lindzey and Meslow 1977, Reynolds and Ba®cl980). Because direct
estimates of forage productivity were not available foyears in RMNP (see Chapter 7), | used
climatic factors as surrogates (Polis et al. 1997, DeYetiiad) 2000, Koehler and Pierce 2003).

Relationships between MaxTemp, Precip, and GDD indichegdcboler, wetter years resulted
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in smaller home-ranges of female black bears in RMM&umably due to greater forage
productivity (Koehler and Pierce 2003).

Contemporary adult male home-ranges (7.9 knf) were larger than historic values
for RMNP (X = 35.6 knj; Zeigenfuss 2001). Reasons for this increase in home-sizeare
difficult to explain but may be related to low sampisesand inclusion of sub-adults in the
estimated values from historic data (Zeigenfuss 2001htalimed sufficient locations for home-
range size of only 1 subadult male; this home-rangesulastantially smaller (8.7 Knthan that
of adults. Unlike females, the average size of adulk tmame-ranges in RMNP fell within the
95% CI of the pooled mean of other western U.S black jp@aulations, indicating that sizes of
adult male home-ranges in RMNP were similar to othestern U.S. populations (Table 8).

The size of male and female home-rangesdtigtary significantly across seasons,
although female home-range size tended to increasesfpang to autumn. Seasonal home-
ranges can fluctuate depending on reproductive accessrage favailability (Alt et al. 1980,
Rogers 1987, Beck 1991, Schwartz and Franzmann 1991, Samson ari®98)otThese
factors appeared to have less influence on black beRigINP, perhaps due to already large
annual and seasonal female home-ranges. Climatar$aaiso exerted little influence on spring,
summer, and autumn home-range sizes independently pogiteve relationship was observed
with MaxTemp when averaged across seasons. Thisasiyilvith annual home-range size was
not unexpected given the similarity in home-range siresacseasons and relationships of
MaxTemp to annual home-range size.

The degree of overlap of female home-rangedeajuite variable, with some studies
showing extensive home-range overlap (e.g., Lindzey arsloMel977, Reynolds and Beecham

1980, Beck 1991, Wooding and Hardisky 1994, Hirsch et al. 1999) whéesathow little
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(Jonkel and Cowan 1971, Rogers 1987, McCutchen 1990). Two priators have been
implicated in affecting the degree of home-range ovanldpmale black bears, genetic
relatedness (Jonkel and Cowan 1971, Lindzey and Meslow 19G@&rfRkb987) and habitat
quality (Reynolds and Beecham 1980, Garshelis and Pelton R68é&rs 1987, McLoughlin et
al. 2000, Oli et al. 2002). Several authors have suggestegetatically related females often
show greater home-range overlap than non-related fer@lg, Lindzey and Meslow 1977,
Pelchat and Ruff 1986, Rogers 1987, Oli et al. 2002). HowegkenR et al. (1998) found that
females were not directly related to other females wxtrlapping home-ranges; McLoughlin et
al. (2000) found similar results for brown bedosdus arctos). In RMNP, the amount of overlap
was high for a mother and juvenile daughter in thgehr following capture (71%), but
decreased substantially in subsequent years (26%). faiteeralthough related females in some
regions may share portions of overlapping home-rarigetars other than relatedness also
influence this relationship.

A more likely factor influencing degree of femateme-range overlap was forage
availability. Results from a study of 30 brown beapydations indicated that extensive home-
range overlap occurred in areas with abundant and ¢éirfoted sources, while more intermediate
areas had less overlap (McLoughlin et al. 2000). In RMNRCWchen (1990) reported little
overlap for female black bears, but this was based on2oinlyividuals. In contrast, | found that
overlap of female home-ranges varied substantiallysscyears (Tables 3 and 5), with less
overlap in cooler, wetter years. Combined with smé&itane-ranges during cooler, wetter years,
this further suggests that habitat quality was higher durintgcovetter years and poorer in hot,
dry years in RMNP, given the effects of temperatuge@ecipitation on plant productivity in

Rocky Mountain forest types (Beidleman et al. 2000).
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Seasonal home-ranges showed less overlapgaemmales than did annual home-ranges,
suggesting temporal segregation of use by females. The aofaurerlap was particularly
minimal during spring (Table 5). In North Carolina, horaege overlap was greatest in
summer, with no significant difference detected betwgeimg and autumn (Horner and Powell
1990). No difference in home-range overlap was reportedglpre- and post-mast seasons in
western Colorado (Beck 1991), with similar results notedrkansas (Oli et al. 2002). This
seasonal variability may again be related to food abwejas home-range overlap is generally
greatest in areas where resources are patchy or lifiimgtrup and Beecham 1976,
McLoughlin et al. 2000, Samson and Huot 2001). Spring diets ¢k bl@ars in RMNP included
non-patchy food items (i.e., herbaceous material andtgisgee Chapter 6 and Zeigenfuss
2001); more uniform distribution of food sources should redweelap. Although no climatic
factors were related to female home-range overlapafcin specific season, collectively, they
again reflected less overlap during cooler, wetter yehesn plant growth would be greater
(Beidleman et al. 2000).

Further, the levels of overlap | observeBMNP were minimal values, as other
uncollared females were possibly present and may haviapped home-ranges of
radiocollared females. Not accounting for all potergigdrlap may have reduced my ability to
detect differences for individual seasons. Sociaalmbty may also have influenced the amount
of overlap, as 1 RMNP female was harvested in 2005. Theua of this female likely reduced
overlap values for 2006 and may have resulted in a shither eemale home-ranges. Such a
situation was noted in Manitoba, Canada (Klenner 1987)reflatts the dynamic interaction

between black bear movements and habitat use.
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The distribution of locations of females edrconsiderably across years, with annual
shifts most common during autumn (Table 6). Likewise,smflocations within years were
most pronounced between summer and autumn seasons (Tables’¥easonal shift coincided
with soft mast production (i.e., huckleberkafcinium spp.], raspberryRubus spp.],
chokecherryPrunus virginiana)); the patchiness of these resources likely resultenaater
movements because of high annual variation in producfidmese foods driven by high annual
variability in climatic and other environmental factoRogers 1976, Samson and Huot 2001).
In RMNP, changes in MaxTemp and Precip were associatbdlistributional shifts of female
black bears during autumn, which is the most importanbsefas fat accretion in black bears
(Pelton 2003). Black bears likely seek out whatever resswace available given the
temperature and precipitation regimes of a particular.yBecause resource availability varied
both spatially and temporally in RMNP (see Chapterefhdle black bear distributions likely
shifted as resource availability changed. Female blaais besponded more to altered resource
availability through distributional shifts rather thanaigh the size or composition of autumn
home-ranges. Because home-range sizes decreased gatssrfor plant productivity increased
in RMNP, these shifts were likely related to moveméntareas of highest resource availability,
with bears then remaining localized in these areas dyears with abundant resources (cool,
wet = smaller annual home-ranges) and doing significambie searching during years of low

resource availability (hot, dry = larger annual homegesi).

MANAGEMENT IMPLICATIONS

Climatic factors that correlate with planbghuctivity were frequently related to

numerous aspects of black bear distributions in RMNP s& hrgeractions suggested the
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importance of food abundance on black bear distributindshhame-range overlap. Habitat
quality for black bears was higher during wetter years @anér during hot, dry years in RMNP,
likely because of increased plant productivity. Black Ipegaulation densities are typically
maintained at levels that are sustainable through freqeans of scarce food (Rogers 1976);
thus, the carrying capacity of black bears in RMNP likiély be set at levels supportable during
hot, dry years. Additionally, changes in movements asidillitions associated with annual and
seasonal variation in food abundance and distributioriezal to increased vulnerability to
harvest and other mortality factors (Samson and Huot 1988)ough RMNP provides refuge
from hunting, such protection is not always present oraxeklidears cross the Park boundary.
Harvesting resulted in 2 mortalities during my study and Ziaddl mortalities during 1984—
1991 (Zeigenfuss 2001). Although harvest was the proximate catlsesefmortalities, lack of
sufficient habitat may have been the ultimate calisek of disturbances such as fire has
allowed habitats to progress toward climax conditioith #@wer early successional habitats
present and an associated lack of edge and hence oardsitdpe patchiness in RMNP
(McCutchen 1993, Bender and Keller 2005). The result is faveas favored by black bears for
foraging and a landscape mosaic in RMNP that doesrowide the diversity or fractal pattern
preferred by black bears in RMNP (see Chapter 7). Posmbtive consequences of this
include increased use of human-related habitats by black ineRMNP (see Chapters 2, 5, and
7). Because black bear numbers are low in RMNP, adi@gotentially limit black bear
mortality, such as increasing foraging areas in RMNR hedp sustain RMNP’s black bear
population. However, precipitation and plant productiwitly still likely be the principal

limiting factor for black bears in RMNP.
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Chapter 2:

Trends in body condition and body weights of black bearsiRocky Mountain
National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Knowledge of body condition is important in predigtimealth and
performance of large mammal populations. Previous woRoicky Mountain National Park
(RMNP), Colorado, reported some of the lightest Wwisgever recorded for black bealds gus
americanus) in North America, although more direct measuresoafylcondition were not
examined. We compared condition data collected from 2003—200éisibric data (1984—
1991) to assess trends in condition and weights ovdash&5—-20 years. We determined
percent body fat (BF) and a body condition index (BGit)14 black bears in RMNP.
Regression analysis indicated a tight relationship betérese condition indiceR{ = 0.962).
We estimated BF and BCI for additional black bears in BMISing weight and BF regression
equations. We developed separate equations predictive dftwigg for males and females
based on girth measurements (cm) to estimate missimgnisen our data set and to provide a
future management tool for RMNP staff. BCl and BF inseglain females over the last 15-20
years; similar values for males were not significmugh small sample sizes limited power.
Comparisons of weights indicated a substantial sizease within certain sex and age classes
from historic data in RMNP, and contemporary weightsewsmnsistent with those reported for
other western U.S. localities. Weight models wemamared to those derived for other
populations and indicated that weight-morphology relatigys were more consistent within
specified elevation zones. Black bear size and conditicreased in RMNP since the 1980's,
with increased use of anthropogenic habitats and food sdikelysesponsible for this change.

An accurate assessment of body conditi@nkisy step toward understanding
fundamental aspects of animal ecology (i.e., habitatfasd habits, reproduction, survival;
Hanks 1981, Franzmann 1985, Rogers 1987, Gaillard et al. 2000, Bewxdépok 2005, Bender
et al. 2007a, b, c; Lomas and Bender 2007). Although body tedghoften been related to
black bear rsus americanus) demographics and habitat use (Noyce and Garshelis 1994,

Samson and Huot 1995), it is not a direct measure of balitan (Farley and Robbins 1994,

Chan-McLeod et al. 1995, Gau and Case 1999) and may be a poatandif condition (Cook
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et al. 2001). More exact measures of body conditiondinectly measure body fat (BF) and
muscle reserves (e.g., bioelectrical impedance angB\$, body condition index [BCI]) have
been developed and have proven effective at estimatirgitioonin black bears. The advent of
BIA procedures has allowed for rapid (5-15 minutes; Noyce 808PR) and accurat&{ = 0.96,
SEE = 2.2% [Farley and Robbins 199R};= 0.88, SEE = 3.3% [Hilderbrand et al. 1998])
assessments of BF levels in black bears which caeléied to dietary, habitat, and population
demographic information to provide a more accurate interpretaf these factors. However,
BIA equipment is costly, requires careful handlingd ansensitive to factors such as body
position, stomach content, and user training (Farley afibiRs 1994, Hilderbrand et al. 1998).
The BCI is another effective method foregsgng condition of individuals that is much
less costly, less sensitive to stomach content (theugh content will still influence weight
values), and requires only basic training (Cattet et al. 20B2) values reflect the combined
mass of BF and lean muscle tissue of an individualiveléd its body size (Cattet et al. 2002).
Investigations that assess body condition solelyheramount of BF present on an animal (e.g.,
Stephenson et al. 1998, Gau and Case 1999) may underestindit®odecause lean body
mass can be a significant source of energy for blaakshehen BF reserves are low or
exhausted (Atkinson et al. 1996, Hilderbrand et al. 2000). vRDes account for this additional
source of energy which represents an important consioieia condition assessments, as a
change in mass of BF is usually paralleled by a changristle mass (Ryg et al. 1990,
Atkinson et al. 1996). However, interpretation of thidex is less intuitive than estimated BF
levels. A close relationship between these conditidites could allow for rapid and efficient

conversion between these estimates.
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Studies of black bears have often used weightsasrogate for condition (e.g., Rogers
1987, Hellgren et al. 1989, Samson and Huot 1995), and knowledgagbitsvis thus often
useful for comparisons with previous studies. Howeveighte can be difficult to obtain in a
field setting (Cattet et al. 1997). Equations that predetht from simple body measurements
have been developed for many black bear populations (PayneSWe&eson et al. 1987, Cattet
1990) but vary substantially among populations (Cattet &08l7). Swenson et al. (1987)
provided evidence that predictions might be improved by nglaquations across similar
elevational zones, while Cattet (1990) suggested thatcesease in the number of variables
representative of size would better describe the raktip between morphological
measurements and weight. Nonetheless, predictiorigdalrpopulations typically yield the
most accurate results (Swenson et al. 1987, CattetIA9¥).

Previous work in Rocky Mountain National P&RIM(NP), Colorado, did not assess black
bear condition, but found that black bear body weightewenong the lightest recorded
(McCutchen 1993, Zeigenfuss 2001). This small size was atwiboiggoor habitat and minimal
food abundance (McCutchen 1993, Zeigenfuss 2001) and was hypedhiesize responsible for
low recruitment and productivity rates of black bearshtN®. However, mass alone may not
adequately reflect true nutritional condition (Cook ek@D1), and it is body condition, not mass
per se, that is the fundamental driver of survival and ptoadhydn large mammals (Hanks
1981, Cook et al. 2001, Noyce et al. 2002, Lomas and Bender 2007, Beatl2007a, b).
Because of historically low productivity and small sizélaick bears in RMNP, my goal was to
rigorously assess body condition of black bears in RNtN§ee whether condition was low
relative to other populations of black bears in NortheAioa. My objectives were to: 1)

determine nutritional condition of black bears in RMNPRhea contemporary period; 2) derive
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equations predictive of BF levels from BCI scores tossshestorical levels of condition of black
bears in RMNP; and 3) compare BF and BCI scores beta@atemporary and historic data in
RMNP to determine any change in condition over timecaise of the use of mass in BCI
scores, further objectives included: 4) deriving local equatmpsedict weight of black bears in
RMNP; 5) compare predicted weights to predictions fromd@ts built from other populations to
determine relationships between estimated weights andielealazones and model parameters;
and 6) compare weights of black bears in RMNP to other lbleak populations throughout the

western U.S. to see if differences exist among popuisti

METHODS

| captured black bears using modified Aldrich foares, culvert traps, and wire-cage
traps from 1984-1991 (hereatfter, historic) and 2003-2006 (hereaftegngmorary), and den
sites of collared black bears were also visited from 2003-20@@mobilized black bears with a
5:1 mixture of ketamine hydrochloride and xylazine hydrochlo2@®® (mg ketamine and 40 mg
xylazine per ml). Once immobilized, I fit individuals witadiocollars and classed bears into
appropriate sex and age categories (subadult vs. adulk) fexdales were differentiated from
subadults based on known age, nipple size, and nipple coto(Beck 1991, Brooks and
McRoberts 1997), while adult males were designated by larggerobvious staining of teeth,
and descended testicles (Beck 1991, Garshelis and Hellgren 138€9. collected
morphometric data including dorsal contour length (DClrgight-line body length (SLBL),
girth, and weight. For DCL (cm), | measured 2 lengtlisviong the contour of the backbone:
1) from the tip of the nose to the base of the #aut] 2) from the tip of the nose to the last tail

vertebrae. | used measurements to the base of kie B&i estimation, while those to the tip of
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the last tail vertebrae were used for weight estomati recorded SLBL (cm) as the measure of
the straight line distance from the tip of the nasthe end of the last tail vertebra as determined
with a measuring tape suspended above the individual whsternal recumbency (Cattet et al.
2002). For girth (cm), | measured the circumference othiest immediately behind the front
legs with lungs in deflated position (Beck 1991). | wetjhtack bears using a spring scale to
the nearest kg. | recorded these same measurementsehntiingOctober—December) and late
(March—April) denning periods (hereafter referred to as wie spring, respectively) to track
fluctuations throughout the year.

Because SLBL was not measured for the 1984—-1991 pemaplessed girth and DCL
measurements to known weights to allow predictionnkhown weights for historic and
contemporary data. | also regressed DCL (including tadsarement) to known SLBL
measurements to allow estimation of SLBL for histdiata, as these measures were included in
BCI scores (Cattet et al. 2002). | separated data byseweight estimation given occasional
differences between males and females in modelegbredaips (Swenson et al. 1987), though
such separation was not warranted for SLBL estimatiguiotted regression residuals to
determine outliers and selected models base® @alues (Ramsey and Schafer 1997). | then
compared differences (absolute values) in actual weaflikack bears in RMNP to (1)
estimated weights from the model derived for RMNP, §#eated weights derived from
models of a high elevation population in Montana (Swermrgal. 1987), and (3) estimated
weights derived from a prediction model developed in Alhetlanada (Cattet 1990). The study
in Montana provided equations for each sex separatelgqination for females included girth
and body index (= girthx DCL) and was a composite of equations derived from 3rdiite

sample locations, whereas the equation for males intladly girth. Models constructed in
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Alberta included girth, SLBL, and age of individual. hgmared differences between known
weights and estimates using 1-way ANOVA and LSD multgolmparisons test with an
experiment-wise error rate af= 0.05. These comparisons allowed us to ascertainrtiiariy
between estimates for similar elevational zonesr(fdioa, Swenson et al. 1987) and to assess
whether models including additional metrics (Albertat€at990) were better able to predict
weights from a variety of locations. Finally, | reld historic and contemporary weights in
RMNP to other western U.S. localities to asses iteec black bears in RMNP relative to other
populations.

| used BIA to assess BF in black bears duringcdenoks and some capture events. This
technique measured the resistance of an electrical ttinegrwas passed through the bear and
related this resistance measurement to DCL (excludingnéasurement) and weight to estimate
BF (Farley and Robbins 1994, Hilderbrand et al. 1998). To deteresistance, | used a
Quantum Il (RJL Systems, Detroit, Michigan, USA) anahthat was comparable to the Model
101A used in other black bear studies (e.qg., Farley and Rab@fds Atkinson and Ramsay
1995, Hilderbrand et al. 1998, 2000). For resistance measureingatsed bears in a sternally
recumbent position with hind legs extended backward antl l#gs extended forward parallel to
the length of the body (Gau and Case 1999, 2002). | placesidearplastic tarp to eliminate
conductivity problems associated with ground moisture (FamelyRobbins 1994, Atkinson and
Ramsay 1995). | positioned electrodes in a snout todaflguration with alligator clamps
attached to the lips and needle electrodes inserted 3 dthépsde of the base of the tall
(Farley and Robbins 1994). Measurements were taken muitigs to verify readings.

Additionally, | obtained BCI scores for blamars using SLBL and weight (Cattet et al.

2002). BCI values are strongly correlated to true bodgiton (r = 1.0,P < 0.001; Cattet et al.
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2002) and reflect the combined mass of BF and skeletal mofsateindividual relative to its
body size. | regressed BCI scores and BF to modektaganship between these measures to
predict BF for bears with only BCI scores and assessdual plots for outliers (Ramsey and
Schafer 1997). Only BF and BCI scores from directly mestsweights, DCL, and SLBL were
used in this regression. However, | also calculated€8Gtes from estimated weights and
SLBL for comparative purposes between historic and conteampblack bear data. | then used
those BCI scores to estimate BF using the modeledometitip. | acknowledge the compounded
error associated with such an approach (Cattet 1990) asdaently were conservative in
interpretation of results. Finally, | compared BCI &tlbetween contemporary and historic
RMNP black bear data during the summer season using Mantréi/biitests; | combined

adult and subadult age classes to increase sample s&lss calculated mean values for winter
and spring, although comparisons with historic data for tbeasons were not possible as

similar data were not available from 1984-1991.

RESULTS

| was able to relate BCI to BF from 6 captuwengs and 8 den checks. Percent body fat
was strongly related to BCF{ 14= 141,P < 0.001,R? = 0.962) which allowed for accurate
prediction of BF from BCI scores: BF = 7.070 + (8.4 BCI [SE = 1.250]) + (1.823% BCI?
[SE = 0.649]) (Fig. 1). Additionally, | was able to predittBL from DCL (1 18= 150,P <
0.001,R* = 0.903; SLBL = 17.304 + (0.774 DCL [SE = 0.063]) and | used the resultant model
to estimate BCI for historic bear data. BCI scoreadfit females in summer were higher for

the contemporary periodJ(= 17.0,P = 0.080), whereas BF did not diffed £ 21.0,P = 0.172;
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Figure 2.1. Relationship between body condition index JB@¢t percent body fat (BF) of black
bears in Rocky Mountain National Park, Colorado: BFGY@.+ (8.915x BCI [SE = 1.250]) +
(1.823x BCI? [SE = 0.649])R* = 0.962. Also shown are 99% confidence bands.
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Table 1). Neither BRY{ = 36.0,P = 0.730) nor BCI{ = 31.0,P = 0.882) differed for males
between periods (Table 1).

For the contemporary period, BF£ 14.0,P = 0.105) and BCIY = 16.0,P = 0.165)
did not differ statistically for females during wint®K: x = 32.7, SE = 3.8)=8; BCIl: x =
2.113, SE = 0.322) = 8) as compared to summer (BF=22.8, SE=4.0=7;BCIl: x=
1.312, SE = 0.34% = 7); however, this was influenced strongly by 1 subadulbor condition
during winter (BF = 11.4, BCl = 0.742). Removal of thisrbesulted in condition indices being
significantly higher in winter than summer (B&F:= 8.0,P = 0.035; BCI:.U = 10.0,P = 0.064).
Following hibernation, BCI levels of females in spring< 0.657, SE = 0.13'h = 3) were
lower than summentJ = 18.0,P = 0.087), though BFX = 15.7, SE = 1.5) = 3) did not differ
(U =15.0,P =0.305). Winter (BF = 33.0, BCI = 2.035) and spring data$BB.2, BCIl =
1.032) were available for only 1 male.

| recorded weight, girth, and DGL1 time for 23 black bears (11 female, 12 male) from
1984-1991 and 16 black bears (13 female, 3 male) from 2003-2006. The best/pred
equation for black bear weight in RMNP included only gicthboth malesK; 15= 325,P <
0.001,R* = 0.962;8 = 1.720, SE = 0.095; Fig. 2a) and females = 304,P < 0.001,R* =
0.933;8 = 1.386, SE = 0.079; Fig. 2b). Absolute differences idipted weights did not vary
between equations derived for RMNP and Montana populaticsegn® = 0.815; femalesP
= 0.139), but differed from equations derived in Alberta fohlmales P = 0.004) and females
(P=0.011; Table 2).

Weights of males and females during summee @egater for both adult and subadult
age classes in the contemporary period in RMNP as cechpauhistoric data (Table 3). For the

contemporary period, mean weights< 93.2, SE = 7.9) = 8) of females in winter were higher
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Table 2.1. Comparison between percent body fat (BFpadgl condition index (BCI) in
summer for black bears in Rocky Mountain National P&dprado during historic (1984-1991)

and contemporary (2003—2006) sampling periods.

BF BCI
Sex Years X SE n X SE n
Female 1984-1991 15.0 2.4 10 0.715A 0.198 10
2003-2006 22.8 4.9 7 1.312B 0.349 7
Male 1984-1991 13.0 1.7 13 0.535 0.166 13
2003-2006 12.0 5.1 5 0.365 0.551 5

@ Differences (denoted by different letters) in meanes between sampling periods were
tested for each sex using a Mann—-Whitbhegomparison with significance seteat 0.10.
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Figure 2.2. Relationships between girth and weight of gagland female (b) black bears in
Rocky Mountain National Park, Colorado. Model equatiofag:weight = —71.034 + 1.720 (SE
= 0.095)x girth—R? = 0.962, and (b) weight = —50.847 + 1.386 (SE = 0.0%)=-0.933.

Also shown are 99% confidence bands.
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Table 2.2. Mean difference (absolute value) betwearabateights (kg) and estimated values
derived from morphological measurements (cm) using eiffiepredictive equations for black
bears in Rocky Mountain National Park (RMNP), Colorado.

RMNP Montand Albertef
Sex X SE n X SE n X SE n
Female 5.7A 0.8 23 7.7AB 0.7 23 9.9B 1.9 14
Male 41A 0.7 15 4.5A 0.8 15 9.0B 1.9 11

& This study: weight = —50.847 + (1.386girth) for females; weight = —71.034 + (1.720
girth) for males.

® From Swenson et al. (1987): weight = 0.631(8.978 + [0.00085G@dy index]) +
0.369(21.32 + [0.0000354 body index]) for females; weight = 0.00191(gfrtf) for males.
Body index = girth x dorsal contour length.

° From Cattet (1990): weight &°qgirth'*%(straight-line body lengttf*)(ag@ ). Sexes
were combined.

4 Significant differences (LSD multiple comparisong,tBs< 0.05) are illustrated by different
letters following mean values for females and males.
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Table 2.3. Comparison of contemporary (2003—-2006) and histdra@4¢1991) black bear
weights (kg) by sex and age class and comparisons to vakaes for other western U.S.
localities.

2003-2008 1984-1991 western U.S.
Adult male 99.2 (4) 74.2 (10) 107.2
Adult female 67.6 (4) 59.8 (6) 62.6
Subadult male 72.2(2) 40.0 (4) 44.9
Subadult female 48.1 (4) 39.8 (4) 34.0

@ numbers in parentheses indicate sample size.

P values derived from the following studies: Bates 1991, Beact980, Beck 1991,
Beckmann and Berger 2003b, Costello et al. 2001, Frost 1990, Go@880, Greer 1987,
Jonkel and Cowan 1971, Kasworm and Manley 1988, Mack 1988, Pie&iedeBurton 1975,
Rohlman 1989, Rosgaard and Simmons 1982.

¢ values derived from the following studies: Bates 1991, Beck 12&dtello et al. 2001, Frost
1990, Greer 1987, Jonkel and Cowan 1971, Kasworm and Manley 1988, MaclkPEX38ek
and Burton 1975, Rohiman 1989, Rosgaard and Simmons 1982.
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(U =4.0,P =0.003) than weightsx(= 57.8, SE = 14.h = 8) during summer, while summer
and spring & = 59.5, SE = 12.4) = 3) weights did not differ{ = 11.0,P = 0.838). | obtained
winter (157.3 kg) and spring weights (137.1 kg) for only 1 naald, thus no comparisons were
possible. Weights of black bears in RMNP during the copbeany period were similar to

weights from other western localities (Table 3).

DISCUSSION

Female black bears in RMNP were in presumablg ¢gmexcellent nutritional condition
during summer 2003-2006 (BF = 22.8%; BCI = 1.312), based on compasisbrmgher captive
and free-ranging black bear populations (see below). Howelaek bears in RMNP were in
poorer condition historically (BF = 15.0%; BCI = 0.715). fBxiénces between contemporary
and historical condition were more pronounced for BAles (82% increase for BCl, 52%
increase for BF), thus indicating gains in both BF andcfeusiass since the late 1980’s. Results
from spring sampling further reflected this pattern of iase&l condition, as condition levels at
the end of hibernation from the contemporary populatierevessentially equivalent to those
estimated in summer from historic data, even thougktBfes should be lowest during early
spring (Pelton 2003). Significantly, BF levels of fematewinter in RMNP (X = 33%) were
equivalent to values reported for a captive black bear ptipal(x = 31%; Farley and Robbins
1995) and for 2 additional populations in Colorado and 1 in Wyonirg 32%; Harlow et al.
2002), indicating high nutritional condition for RMNP’s tkabear population.

Increases in condition of female black bearse the late 1980’s suggests an increase in
nutritional quality and/or quantity (Rogers 1987, Beckmann ardds 2003a), though no major

changes in vegetation composition are known to haserced in RMNP during this period to
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explain this increase (Zeigenfuss 2001). This increase mayd®sponse to greater use of
anthropogenic food sources by RMNP’s current black bear papulais such foods are much
higher in calories, carbohydrates, proteins, and fatsri@st natural diets (Stringham 1989; see
Chapter 6). Historically, black bears in RMNP exhibitegbtic behavior and were believed to
avoid heavy human-use areas, at least east of theeatal divide (McCutchen 1990; see
Chapter 7). However, increased development along thedbopiof RMNP has heightened the
potential for human-bear encounters (Zeigenfuss 2001), amg Inleck bears in the
contemporary population no longer exhibit this avoidanceiofdn-use areas (see Chapter 7).
Further, BF and BCI in black bears was positively reladdokar use of human-use areas in
RMNP, especially during autumn (see Chapter 7).

In contrast to females, no increase in boahdition was seen for males between historic
and contemporary periods, though weights did differ. Hewetis lack of difference was
strongly influenced by 2 males from the contemporaryopeiiat were in very poor condition at
the time of capture (BF = 1.0% and 0.0%; BCI = —-0.793 and —1.104g. of these individuals
avoided human-use areas, while | was able to obtain dolg8ions for the other individual
prior to censuring; | was not able to obtain conditiata on these individuals at the peak of BF
accretion in late autumn. Because the 1 male | olstaioedition information for during winter
and spring was in good condition (winter: BF = 33.0%, BQIG35; spring: BF = 18.2%, BCI =
1.032), males may have exhibited similar increases in gondis females, but sample sizes
were too small to adequately test this hypothesis.

Although weight has often been used as a suerédgabody condition, actual estimates
of condition are more appropriate, though much harderlkectgFarley and Robbins 1994,

Chan-McLeod et al. 1995, Gau and Case 1999). Body condittbe aeak of seasonal accrual
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has been shown to be fundamental to virtually everysairgind reproduction parameter of
large mammals (Hanks 1981, Franzmann 1985, Rogers 1987, Gaikdr@@20, Bender and
Cook 2005, Bender et al. 2007a, b, ¢; Lomas and Bender 2007),carid piovide similar
relationships for black bears. In particular, knowledgeoafy mass composition (i.e., BF and
lean muscle mass) is more intuitive and preferred iressituations. For example, studies have
examined changes in body composition between lactatithgnan-lactating black bears during
hibernation to assess daily energy requirements and safrttgese energy components (i.e., BF
or protein; Farley and Robbins 1995, Harlow et al. 2002). Timgeaoson would not be
possible using just weights or BCI scores and underscarewtd for rapid and accurate
conversion of BCI scores to BF. Consequently, myeahpdedicting BF from BCI should
provide a useful tool for future research and managememtcpsdhat require estimates of actual
body condition.

Historical data from RMNP (McCutchen 1993, Zeigeaf2001) indicated lighter black
bear weights than similar populations throughout theewedt.S. (Table 3). This small size was
attributed to poor habitat and low food abundance (McCuat&B83, Zeigenfuss 2001).
However, contemporary black bear weights are subsigrgi@ater than historic values and well
within the range of those typically reported in othesteen U.S. localities (Table 3). The
increase in body weights of black bears in RMNP idyikelated to greater use of human-use
areas and subsequent anthropogenic food sources (seer€bagte 7) such as was previously
observed near Lake Tahoe, Nevada, USA (Beckmann andrE2€@@a, b). Thus, the increase
in black bear weights (and condition) may not indi@tencrease in the quality of foraging

habitat in RMNP. Rather, because black bears are usmgrhsources of foods more than in
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the past (see Chapter 6), these high-energy foodsgy@mage and other human foods) may
simply supplement natural diets, resulting in increasddht& of bears (Stringham 1989).
Significant variability exists with equatioms predicting mass of black bears (see
Swenson et al. 1987 for review), and the hypothesis thatfesgreater number of factors may
explain much of this variation (e.g., Cattet 1990) wassopported in RMNP (Table 2), as girth
alone proved effective in predicting weight of black kedagirth is the measure most commonly
associated with growth in black bears (Payne 1976, Alt 1986n$on et al. 1987), though
models and model fit varies across populations. Comparinglsiof black bear weights among
areas indicated that weights of black bears in RMNfereidl from predictions of the Alberta
model (Cattet 1990), while estimates from models developbtbimtana (Swenson et al. 1987)
were more representative of weights in RMNP. Theeefl concur with Swenson et al. (1987)
that elevational zones occupied by black bears likelyfsgnily influences mass-morphology
relationships. However, if local morphological modmis available for predicting weight, they
are more appropriate to use and provide the best infornfatiduture management practices,

such as predicting BCI or BF.

MANAGEMENT IMPLICATIONS

Contemporary condition of black bears in RMBIBood to excellent, ostensibly
suggesting that contemporary habitat conditions provide gadihg environments (but see
Chapter 7). However, much of the increase in condge®n contemporarily versus historic
levels was likely due to increased black bear use of hwmildiand interface areas, indicating
that bear condition may well reflect supplementatiath human food sources rather than the

qguality of RMNP habitats as black bear foraging areadachn a greater than 15 fold increase in
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consumption of anthropogenic foods has been noted durirgptitemporary period (see
Chapter 6), and both BF and BCI of black bears is relatede of human-influenced habitats
(see Chapter 7). This suggests high potential for incressgative bear-human encounters
(Peirce and Van Daele 2006) which may threaten the viabflIRMNP’s black bear population.
Increasing the quantity, quality, and distribution of highliggpaatural foods in RMNP may

ameliorate this potential problem (see Chapter 7).
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Chapter 3:

Estimating population size and density of black bears in Ré&y Mountain
National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Rocky Mountain National Park (RMNP) is home to a temsity black bear
(Ursus americanus) population that exists at > 2,400 m with a very limiteoMgng season. A
previous study (1984-1991) found black bear densities among the lepesed (1.37-1.52
bears/100 kf). Because of concerns of viability of this small pofiaia we assessed
population size and density of black bears from 2003—2006 to de&etha current status of
RMNP'’s black bear population. Three approaches were ussdiheate population size and
density: 1) minimum number known, 2) occupancy modelind,3rcatch per unit effort
(CPUE). We used information from capture and remotessedsameras, as well as visitor
information, to derive a minimum known population estenaf 20—24 individuals. We used the
median value of 22 combined with a 3,203-m area of effecindrthe boundary of RMNP to
produce a density estimate of 1.35 bears/108 Krhe best approximating occupancy model
indicated black bear occupancy of 41.2% of RMNP. We combireeddtupancy estimate with
mean home-range size and overlap for male and female lidars in RMNP to determine a
density estimate of 1.29 bears/100°K80% CI = 0.16—2.41). We also related CPUE to density
estimates for 8 low-density populations using simple linegression to estimate population size
for black bears in RMNP. Although beyond the range ofifreved model, density estimates
(1.03 bears/100 km90% CI = 0.27-3.67) were well within the 90% ClI for occuparstiyrates
and suggest this approach may be useful for future populatiomomog. The current status of
RMNP’s black bear population appears to be stable, and ocquaathcCPUE methods provide
viable alternatives to monitor future trends in populatioa aizd distribution of black bears in
RMNP.

Estimates of population size for black bebrsys americanus) are important in
assessing trends and understanding dynamics of populatidies @al. 1997). Size and trend
of the black bear population in Rocky Mountain NationakFRMNP), Colorado, is unknown
although historical data indicated one of the lowestitlepspulations recorded (1.37-1.52

bears/100 kf Zeigenfuss 2001). Monitoring such low-density populationsiierative,

although extremely difficult (Romain-Bondi et al. 2004).
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Population estimates of black bears are diffio attain due to their low population
densities, secretive nature, and use of relatively inatdedabitat (McCutchen 1990, Costello
et al. 2001, Pelton 2003, Romain-Bondi et al. 2004). Many techmltpye been used to
determine black bear densities, with mark-recapture technigassfrequently used (e.g.,
Lindzey and Meslow 1977, Young and Ruff 1982, Miller et al. 198&rkGand Smith 1994).
However, results from mark-recapture are often biasedibedaiey do not meetl of the
assumptions or do not clearly delineate the area usee Ipptiulation (Miller et al. 1997, Pelton
2003). In particular, mark-recapture methods do not workfawelbw-density populations, as it
is difficult to establish enough capture-recapture evienpsovide valid estimates (Seber 1982,
Romain-Bondi et al. 2004).

Enumerating the minimum number known may beee appropriate method and could
provide realistic estimates of population size (Beck 1991, Wtdt@n 1993). Enumerating bears
can be accomplished from a variety of methods includapgure (Beck 1991, Costello et al.
2001) and camera trapping (Beck 1997, Martorello et al. 2001). Audily, physical
descriptions of black bears are often provided by visitorsatihal Parks and can provide
evidence of unidentified black bears in low-density populatidstfizing several methods to
identify black bears should provide a more robust approackssessing population size (e.qg.,
Grogan and Lindzey 1999, Noyce et al. 2001). Additionally, captelated enumeration also
allows determination of the effort needed to captureitdals, and catch per unit effort
(CPUE) has been used to relate grizzly beasys arctos) detection to density estimates using
regression techniques (Romain-Bondi et al. 2004). This apppwaeld to be effective at
estimating density and population size for extremely d@msity populations and may be

applicable to RMNP.
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An alternative approach would be to estimatgtbportion of an area occupied by black
bears through the use of presence-absence data. Vaethusds)have been used to assess
presence-absence of bears, including the use of remoteesdicameras (Beck 1997, Martorello
et al. 2001); these methods have become more prevalgat lest 10—15 years (Wintle et al.
2005). However, failure to detect individuals at samplimgtions will underestimate
occupancy (MacKenzie et al. 2002, Gu and Swihart 2004). Recamtéw approach has been
developed that incorporates imperfect detection into occypastimates, thus resulting in a
less-biased model (MacKenzie et al. 2005). This approactabdsvs the user to incorporate
habitat variables in the form of covariates into ocaggaanalyses, thus improving occupancy
estimates. Once derived, occupancy values can bedr&dab®me-range size and overlap to
estimate number of individuals (Augeri et al. 2006). Sutimates can be more robust than
those derived from other approaches.

Maintaining viable populations of all wildlife spexis fundamental to National Park
management (National Park Service 1988). Black bears\aieable resource in RMNP
because of high existence, recreational, and aestiadties. However, current population sizes
are unknown but low, limiting effective management psifor black bears in RMNP. Because
of the difficulty in estimating and monitoring large caores at very low population densities,
using multiple estimators is desirable due to the potdati@orroboration of estimates. |
therefore assessed population size and density of black iheRMNP from 2003—-2006 using 3
estimators: 1) minimum number known, 2) occupancy mogeénd 3) CPUE. | related these
values to previous estimates to determine the apparenritgtabRMNP’s black bear

population. Corroboration of values from the differipgp@aches should provide conservative
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estimates for black bear management in RMNP and showdtiprthe framework for future

monitoring strategies.

METHODS

Capture efforts

| used modified Aldrich foot snares to capturelblaears, with a culvert trap and wire
box trap also used opportunistically in heavier human-wessarl baited snares and traps with
sardines and a sweet attractant (usually honey orsseda and checked snares daily. Primary
capture efforts occurred from late June—early October 2008athdJune—mid August 2004—
2006. Additional efforts occurred opportunistically from rAiggust to late October 2004—2006.
| anesthetized bears with a 5:1 mixture of ketamine hydwode and xylazine hydrochloride
(200 mg ketamine and 40 mg xylazine per ml). Once sedated, | sa&igtied, fitted bears with
a VHF radio collar (Advanced Telemetry Systems, Isatimnesota, USA) containing a
mortality sensor, and ear tagged individuals for visuaitifleation.
Camera operation

| used ArcView 3.3 (Environmental Systems Resebostitute, Inc., Redlands,
California, USA) to design a saturation trapping grid fonega sites throughout the study area.
| placed cameras in grids with camera locations spgoa@mately 5 km apart, which equated
to the diameter of the approximate minimum black beardicange size in RMNP (Zeigenfuss
2001), to ensure that no potential home-range of a blackiNzesaexcluded from the camera-
trapping grid (Karanth and Nichols 1998). When a pre-selasttedvas inappropriate (i.e.,

located on tundra, rocky cliff, etc.), | selected tlusekt appropriate site to place the camera.
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| used 25 passive infrared-triggered cameras (De@®@ClHon Typical, Inc., Park Falls,
Wisconsin, USA) loaded with 24 exposure 400 ASA film and prograd cameras to record
date and time on photographs. | set time delays on camefa5 min intervals to maximize
repeat photographs while reducing the chance that a singéd# fih would be used before it
could be replaced. | attached baits consisting of bualegsscontaining sardines and a sweet
attractant (usually honey or molasses) to a tree appately 2 m above the ground and 3-5 m
from the camera. | checked film, bait, and batterieskly and removed the camera-sets after 2
weeks for a total of 14 days of operation per site. Gamaaby, | left cameras operational for
longer durations due to logistical constraints but casneexe operational for a minimum of 14
days in all but 2 cases (10 days for 1 location in 2004; 18 fd&\l location in 2005). Camera
trapping dates were from 10 August—25 October 2004; 12 August—27 Octobea20@b;
August—20 October 2006 with 57 sites sampled each year.
Population and density estimation

| determined a minimum number known estimalew& 1987) based on captured black
bears and unique individuals identified from remote-sensmaptras. Cubs of the year were
excluded from this estimate. Although non-captured indiveluare unmarked, | was confident
that | could individually identify most bears based @e sind highly variable color patterns
given the low number of individuals in the populatioNonetheless, | could not conclusively
differentiate some bears in some photographs. Tohsecvative, | considered the
indistinguishable bears as the same individual. In axhditiused physical descriptions of bears
from RMNP visitor reports to determine the presencedditmnal unidentified bears. These
additional bears were added to the minimum number knowrotadgr minimum estimate of

population size. | constructed a 3,203-m buffer (radiumedn female 95% minimum convex
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polygon [MCP] home-range size for RMNP; see Chapterdyral the boundary of RMNP in
ArcView 3.3 (Environmental Systems Research Institute, Redlands, California, USA) to
serve as the area of effect and added this to the teeabARMNP for density estimation.
Finally, | divided estimated population size by the totahdtL,627 krf) to derive a density
estimate.

| also used an occupancy modeling approach to coatetpopulation and density
estimates. This approach incorporates imperfect deteafibears at camera sites and results in
an unbiased occupancy model (MacKenzie et al. 2005). Occupaa®fing allows the user to
incorporate habitat variables in the form of covaritestrengthen occupancy estimates
(MacKenzie et al. 2002). For habitat attributes, | usaditypes (Table 1) developed from GIS
coverages of RMNP and surrounding areas provided by RMNMRRta homas, RMNP;
unpublished data) and created a 400-m buffer around all huseaareas (trails, roads,
campsites, and other developed areas) to assess thaation black bear occurrence at the
landscape scale. | also selected 7 landscape médtaibk (2) based on their depiction of
important landscape factors for bears (Linke et al. 2@DElate to bear occupancy. |
calculated all landscape variables using the Patch sinekgension (Elkie et al. 1999) in
ArcView 3.3 (Environmental Systems Research Institute)d®els, California, USA).

| related black bear occurrence to covertypedasadcape metrics at the home-range
scale through the use of a 32.2%sampling window around the camera location and used data
collected within this buffer in subsequent analyse®ldcsed this window size to represent the
average home-range size of female black bears in R{dé#*Chapter 1). All covertypes
represented the proportion of the window covered by teepective class. Last, | included a

year effect in analyses to determine if occurrence vayegear, and camera sites were separated
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Table 3.1. Description of covertypes used to estimatedaeaipancy for Rocky Mountain

National Park, Colorado.

Covertype

Description

Herbaceous upland
Herbaceous wetland
Mesic shrublands
Xeric shrublands
Krummholz

Dead and down

Aspen

Mixed conifer with aspen
Riparian mixed conifer

Mixed conifer

Lodgepole pine
Limber pine
Ponderosa pine
Montane Douglas fir

Rock
Non-vegetated surface

Dry, open meadows
Herbaceous communities found on weitamarshy sites
Shrublands lining streambanks and valteynh®
Shrub-dominated communities associatedivwdr sites
Characterized by stunted limber pine, Engelmanrcepand
subalpine fir at treeline
Characterized by fallen timber from windlaaches, or fire
Forested site dominated by aspen
Canopy dominated by aspen and mixefiicepecies
Canopy dominated by spruce/fir spedies) riparian or
seasonally flooded areas
Characterized by codominance of two or morgf@mus
species including Engelmann spruce and subalpine fir
Canopy dominated by lodgepole pine
Canopy dominated by limber pine
Canopy dominated by ponderosa pine
Canopy dominated by Douglas fir thougtdemsa pine
can be codominant
Characterized by rock, bare soil, or snow
Included areas covered by roads, &rall campsites
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Table 3.2. List of landscape metrics and associated pisns related to black bear occurrence
in Rocky Mountain National Park, Colorado.

Variable Description

Patch density Number of patchesfkm

Edge density Meters of edge/ha

Total core area index Measure of the amount of coe@rdhe landscape
Area-weighted mean shape index Measure of shape caitgple

Shannon’s diversity index Measure of relative patch diwersi

Shannon’s evenness index Measure of patch distributb@aleumdance

Interspersion juxtaposition index Measure of patch atheyg
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into western and eastern subdivisions of RMNP to adaege-scale differences in precipitation
and associated vegetative communities caused by orogréipbicair masses.

For occupancy analyses, | used model 1 (assumd®W¥han changes in occupancy) in
program PRESENCE (MacKenzie et al. 2003). | used Speamanércorrelations to assess
collinearity among variables; if variables were cotesdaatrs > 0.70, only the variable with the
lower AIC value was included in further analyses to redadenmdancy (Agresti 1996). Wayd
statistics were computed for variables in models; onlgiet®owith all variables significant at<
0.10 were considered competing models. | compared resoitatels using Akaike’s
Information Criterion differences\@IC) to determine habitat factors most strongly related
occurrence (Burnham and Anderson 1998). Following informatiberion protocol, only
models withAAIC’s < 4 were considered competing models, with maximescaled
generalized?® values (Nagelkerke 1991) computed to aid us in model seledtissed odds
ratios to interpret relationships of habitat correlabelslack bear occurrence.

Once | determined the best model, | estimadd and female black bear density by
relating occupancy (divided by 2 to separate by sex) vatuagerage home-range size and
overlap for males (95% MCP home-range size = 68%) awerlap of 95% MCP home-ranges =
10.8%; see Chapter 1) and females (95% MCP home-range 328 &nf; overlap of 95%
MCP home-ranges = 32.5%; see Chapter 1) through the fodaaquation:

minimum density =¥ / 2) x 100 knf / [HRS x (1 — HRO)]
where¥ = percentage of area occupied, HRS = home-range sizelR@d- percentage of
home-range overlap (Augeri et al. 2006). | then combinexktiaglues to estimate total black

bear density/100 ki
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Last, | used linear regression (Zar 1999) to relate CPUesity estimates for all
known studies of black bears in the U.S. that providednmition on CPUE and reported
densities of < 20 bears/100 kiTable 3). | defined CPUE as the number of unique black bears
captured/1000 trap nights; density estimates (excluding ewdyg) derived through different
methods including Bowden'’s estimator, Lincoln-Petersomasbr, minimum number known,
modified Peterson estimator, and population reconstru€tiable 3). | would have preferred
utilizing studies that used the same method for estimatingjtgebut such standardization was
not possible given limited sample locations. Suchatm may weaken results but should not
over-inflate model fit. All models were log-transfomin® represent a curvilinear relationship
(Romain-Bondi et al. 2004) and residual plots were checkads@ss outliers. | constructed an
initial model with RMNP included to assess fit; an adaitil model excluding RMNP was

constructed to assess the reliability of the model to grdénsity estimates for my study site.

RESULTS

| totaled 3,617 trap nights (2003 = 934, 2004 = 1,222, 2005 = 860, 801§ resulting
in 16 total captures (2003 = 8, 2004 =1, 2005 = 4, 2006 = 3) of 14 indivilda#l bears (8
female, 6 male). Of these captures, 14 were in sramdsl each in culvert and wire box traps.
Although | exerted greater trapping effort in the wespanmtion of the park (western: 2003 = 0,
2004 = 1,019, 2005 = 619, 2006 = 392, and total = 2,030 trap nightsnead®3 = 934, 2004
=203, 2005 = 241, 2006 = 209, and total = 1,587 trap nights), thetotdler of captures was
greater in eastern RMNP (west = 3, east = 13). Thidadel black bear capture per 676.7 and
132.3 trap nights for the western and eastern portion8/ffR respectively, for a total of 1

capture per 241.1 trap nights for the entire park. Thedagdured in the cage trap was excluded
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Table 3.3. List of studies and locations used to relath qgegr unit effort (CPUE, number of

unique bears captured/1000 trap nights) to density (bears/T)®khlack bears.

Study Location CPUE Densfty
This study Colorado 6.9 1.4
Grogan and Lindzey 1999 Wyoming 22.4 2.5
Orlando 2003, Brown 2004 Florida 16.9 2.9
Harter 2001 South Carolina 21.7 57
Costello et al. 2001 Western New Mexico 42.3 9.4
Cunningham and Ballard 2004 Arizona 43.8 12.9
Frost 1990 Utah 29.1 12.9
Costello et al. 2001 Northern New Mexico 48.2 17.0
Kasworm and Manley 1988 Montana 38.9 17.4

& Density estimators included: Bowden’s estimator =g@roand Lindzey 1999; Lincoln-
Peterson estimator = Kasworm and Manley 1988 (excluding,ddbster 2001, Brown 2004;
minimum number known = Frost 1990, current study; madiifeterson estimator =

Cunningham and Ballard 2004; population reconstruction = Costie#ib 2001.
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from CPUE values as no measurable effort was expendeq pann(incidental capture by D.
Hunter, United States Geological Survey, Fort Collindpaalo, USA).

| operated cameras for 2,608 days (850, 868, and 890 d&@4in2005, and 2006
respectively) resulting in visual identification of a mmmim of 11 additional black bears from 13
total bear visits (2004 =5, 2005 = 5, 2006 = 3) to 7 sites iwéstern portion of RMNP and 11
total visits (2004 = 1, 2005 =5, 2006 = 4) to 8 sites in the egsbetion of the park (Fig. 1).
This yielded 1 visit per 89.1 and 131.8 camera nights for weatet eastern RMNP,
respectively, for a total of 1 visit per 108.7 camera nights.

Although, the largest number of individuals cagd occurred in the eastern portion of
RMNP (12 eastern, 2 western), the distribution of ptpaphed individuals was less variable (6
eastern, 5 western). Two collared black bears weresigd with 2 other recorded mortalities
of collared individuals from unknown causes resulting mimimum number of 21 individuals
(15 on the eastern side, 6 on the western side). Twesé black bears were photographed on
the periphery of the park (< 1 km from boundary) and wetesubsequently observed again;
they may not have extensively used park property so | rddheeminimum number known
value by 1 (half of 2) to account for this probability. Bhse location and physical descriptions
of black bears given in visitor reports, it is likely thevere another 1-2 bears on both the
western and eastern portions of the park resulting irehgopulation size of 20-24 black bears
(excludes cubs). It should be noted this estimate assunadiditional mortality during the
sampling period. Annual survival was relatively high duringstady (adults = 0.96 [SE =
0.04], subadults = 0.83 [SE = 0.14]; see Chapter 4). Thereéfassumed 22 individuals in the

population, which resulted in a density estimate of 1.35/E20 kni in RMNP.
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Figure 3.1. Map depicting camera locations operated from 2004—200&¢b lddlack bear
occurrence in Rocky Mountain National Park, Colora@amera locations with bear visits are
depicted by crosses, while those without bear visitsnar&ed with stars. The dotted line
demarcates the western and eastern subdivisions offRMhile the dashed lines represent park

roads and highways.
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The best occupancy modgi£ 13.6,P < 0.001,R? = 0.10; Table 4) included the
subdivision of RMNPf = 12.3,P < 0.001;8 = —3.902 [SE = 1.115]; odds ratio = 0.020 [90%
Cl = 0.003-0.130]), greater amounts of non-vegetated surfgces8(1,P = 0.004:3 = 1.155
[SE = 0.406]; odds ratio = 3.2 [90% CI = 1.6-6.3]), krummhglz=(3.1,P = 0.080;8 = 0.291
[SE = 0.166]; odds ratio = 1.34 [90% CI = 1.01-1.77]), and limbes giands)f = 9.4,P =
0.002;p = 0.306 [SE = 0.100]; odds ratio = 1.4 [90% CI = 1.1-1.6]), essl &rea associated
with mesic shrublandg{ = 3.3,P = 0.070;8 = —0.321 [SE = 0.177]; odds ratio = 0.73 [90% ClI
= 0.54-0.98]). Alternative models (Table 4) included simidiables but were not considered
further given their higher AIC scores and a reductior 20% inR? values. Additionally, | saw
no effect of year and no difference in occupancy betwesstern and eastern portions of RMNP
resulting in an occupancy rate of 41.2% (SE = 21.8). Wheticed with home-range size and
overlap, | determined density estimates of 0.95 femaleshi€¥r kmi (90% CI = 0.12—1.77) and
0.34 male bears/100 Krf90% CI = 0.04—0.64) for a total of 1.29 bears/100 {@0% CI =
0.16—-2.41).

Given the likely presence of trap-shy beatsenwestern portion of the study area
(ilustrated by large difference for CPUE between eesand eastern RMNP from trapping
efforts and large disparity between trapping and cametdEfor western RMNP), | used
CPUE (6.9 bears/1000 trap nights) only from eastern leesfibr regression analyses. Based on
residual plots, | considered the study site in Wyoming ¢@ncand Lindzey 1999) an outlier and
excluded it from further analyses. Resultant modelsatdd a strong relationship between
CPUE and densityH; s = 54.0,P < 0.001; Fig. 2). The model excluding RMNP also yielded a
strong relationshipHy s = 17.5,P = 0.009; Fig. 2) with predicted density values (1.03 bears/100

km?, 90% CI = 0.27-3.67) falling within the 90% CI derived fromakeupancy model.
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Table 3.4. Summary of selected occupancy models relatiok béar presence to habitat
attributes in Rocky Mountain National Park (RMNP), @ablo. Values reported include
likelihood ratioy” statistics §°) and associated-values P), Akaike’s Information Criterion
(AIC) values and the difference in AIC when comparetheotop modelsAAIC), and maximum
rescaled generalize®f (R?).

Modef v P AlC AAIC R
sub, limp, nv, ms, k 13.6 <0.001 254.1 0.0 0.10
sub, limp, nv, ms 10.3 0.001 255.4 1.3 0.08
sub, limp, nv, k 9.1 0.003 256.6 2.5 0.07
sub, limp, nv 6.5 0.010 257.2 3.1 0.05

& Variable notation: sub = west vs. east subdivisidRMNP, limp = limber pine, nv = non-
vegetated surface, ms = mesic shrublands, k = krummholz.
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Figure 3.2. Regression and 95% ClI relating In catch per fimit éumber of black bears
captured/1000 trap nights, CPUE) to In density (number of laaks/100 kR): (a) includes
RMNP study site, (b) excludes RMNP study site. Model egust (a) In(Density) = 1.328
(IN[CPUE]; SE = 0.347) — 2.33R = 0.900; and (b) In(Density) = 1.45%1(IN[CPUE]; SE =
0.181) — 2.780R* = 0.777.
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Additionally, the means for each method (1.35, 1.29,1a68 bears/100 kfpwere similar,
indicating that methods produced corroborating mean densityagss for black bears in

RMNP.

DISCUSSION

Accurate population and density estimates of leeks are difficult to obtain given the
need for intensive sampling effort and likely violatiamisassumptions of most approaches
(Romain-Bondi et al. 2004). Although total enumeratioa pbpulation is often difficult, it may
be the best alternative for extremely low densitgydations (Beck 1991, McCutchen 1993),
particularly when intensive capture efforts are requicgd$timation of other population
parameters (i.e., survival, recruitment, home-range size). My minimum number known
estimates indicate RMNP had the lowest density okiti@ars reported in the literature (1.23—
1.48 bears/100 kfjy with these estimates consistent with previous repaiensities for RMNP
(1.37-1.52 bears/100 KnZeigenfuss 2001). Although the minimum number known estimat
required significant effort, | felt it was the mostarate method given the additional knowledge
| obtained about the population.

Although confidence intervals were relativeigde for density estimates, the occupancy
method yielded similar results (1.29 bears 106Jkoorroborating minimum number known
estimates. Incorporating additional sampling locatiwasld likely reduce the variability of
these estimates, thus increasing confidence in this agpr@aiditionally, using occupancy to
estimate population size and density has several advaraagetotal enumeration. First,
percent occupancy can be used to monitor long-term tremmbgpulations without deriving

density estimates (MacKenzie and Nichols 2004, MacKenzaé 2005), thereby eliminating
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the need to estimate home-range size and overlamn@gcthe occupancy approach utilizes
non-invasive techniques that reduce stress and impact otreslaoaars (Mills et al. 2000).

Also, less effort and cost are required to estimate pbpulsize once home-range size and
overlap have been determined. Nonetheless, home-ramegargl overlap should be re-evaluated
periodically to account for changes in preferred habitatsian-use components, etc.

A further advantage of the occupancy approatttaishabitat relationships can also be
assessed through occupancy modeling (MacKenzie 2006). | edsacveased occurrence
associated with west-side locations with greater amsoafmon-vegetated surfaces, limber pine
stands, and krummbholz, and less area associated with shegblands. West-side localities are
more mesic given orographic precipitation effects, gaby yielding more abundant vegetation
and subsequent food sources. However, neither cumeimgs nor previous work (Zeigenfuss
2001) indicated any difference in density estimates beteastern and western portions of
RMNP (east = 1.37 bears/100 kmwest = 1.52 bears/100 knZeigenfuss 2001). Additionally,
my investigation indicated no difference in occupancyneses between eastern and western
RMNP, suggesting that at least the precipitation patiadnlittle effect on population
productivity. Interestingly, the effort required to snhlack bears in western RMNP was much
greater than for cameras; CPUE values derived froningnand camera trapping were almost
equivalent for eastern RMNP. This suggests substard@ishyness for black bears in western
RMNP, the reason for which is unknown but could bateel to increased hunting pressure
compared to eastern localities or previous experiencecafiture techniques.

The correlation with non-vegetated surfdiedy reflected an affinity for human-use
areas (i.e., campgrounds, residences, etc.; see ChiaptdcCutchen (1990) noted an avoidance

of such areas in RMNP in the late 1980’s. My results sidg@®INP’s black bear population
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was more habituated to human-use areas and may actuédigabed more frequently in such
areas (see Chapter 7). A similar situation was not#ueisierra Nevada-Great Basin interface
in Nevada, as black bear distributions shifted substhnfiam traditional wildlands to an urban
setting over the course of 10-15 years (Beckmann and Berger, 2)03anis shift was in
response to abundant anthropogenic food sources in arbas and provides a likely
explanation for increased occurrence in non-vegetated gireen increased occurrence of
anthropogenic foods in contemporary black bear diets (lustd.9% of bear scats,
contemporary = 14.2%; Chapter 6).

The correlation with krummholz and limbergstands may reflect the relationship
between dates sampled and elevation. In mountainoasitdstack bears frequently move
higher in elevation X elevation: krummholz = 3,461 m, SE = 1.5; limber pine:28, SE =
8.6; other forested covertypes = 2,980, SE = 3.2) as seasmnesy into summer and early
autumn. These movement patterns typically mirroriffening of soft mast (e.g., raspberry
[Rubus spp.], chokecherryHrunus virginiana]) and other food sources (Beck 1991).
Additionally, limber pine nuts may be an important foodidtack bears in RMNP when other
food sources are limited (McCutchen 1996), although usenbEli pine stands was generally
negatively related to black bear condition in RMNP @kapter 7). The avoidance of mesic
shrublands may also be related to season. Such amasdew food sources from late summer
through autumn but may be more important during spring wladsabeous growth is higher in
protein and more easily digested (Eagle and Pelton 1983, Reigdrd 988).

Relationships between CPUE and density estinfiaténer corroborated minimum
number known densities (1.03 versus 1.35 bears/1680rkspectively) and provided another

alternative for monitoring low-density populations. ketved relatively strong relationships
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between CPUE and density estimates using curvilinear moAedsnilar relationship was
observed for grizzly bear&{ = 0.927) in the North Cascade Ecosystem of Washington and
British Columbia using DNA hair-sampling techniques (Roriamdi et al. 2004), where a
non-linear model fit data better given the curvilineaatiehship between home-range size and
density. This relationship was also likely for black Begiven the known influence of density
on home-range size (Oli et al. 2002, Pelton 2003). Additigmaodel fit from the Romain-
Bondi et al. (2004) study was only slightly better thamwiobserved. This was unexpected
given the nature of the sampling protocols. Hair-snagffarts tend to be more systematic,
whereas capture efforts are often focused in areaev@RUE is expected to be greatest. Also,
the chance of false or missed detections may be grfeateapture efforts (i.e., missed captures
or trap-shy individuals) than for hair-snaring and otleenate-sampling techniques. Further,
density estimates were derived from a wide range ofadstin the studies | analyzed, whereas
those from Romain-Bondi et al. (2004) were all calcdlatging either radio telemetry or
program CAPTURE’s best-fit population estimation modélkese differences in sampling
protocol should decrease the predictive power of my m@8elser 1982), yet they remained
high suggesting a robust relationship between density and @RIdRg low density black bear
populations.

A major purpose for relating CPUE to density Waestablish a method for estimating
density when densities are too low to be estimated by ateans. Because 1 grizzly bear
population was too small to be determined by conventional sn&amain-Bondi et al. (2004)
estimated density for this population outside the rangeeafélstimated data given that they had
little reason to assume such relationships did nottho&lbeyond the sampled range. Although

extrapolation beyond the range of estimated data sth@nNeewed with caution, models
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excluding data from my study predicted density estimatdismtbin the 90% CI of values
derived for RMNP from the occupancy approach. Furtherskbpe of models with and without
RMNP did not differ { = 0.39,P = 0.704), thus providing additional evidence for the validity
this approach. Nonetheless, unless populations are tooterhallestimated by other techniques,
| do not recommend using CPUE models as the only approadhohitoring populations, but
rather to corroborate estimates derived from other appesd(i.e., occupancy, Jennelle et al.

2002).

MANAGEMENT IMPLICATIONS

Corroborated density (1.03—1.35 bears/10%) kirblack bears in RMNP was the lowest
recorded for any known population, but apparently changéaifitthe last 15-20 years,
indicating a relatively stable population. However, eamtorary reproductive data suggests the
potential for substantial growth in population size dhernext 10 years (2016 median
population size = 63; see Chapter 4). Although RMNP’s blaek population is unlikely to
attain such a high population level during this time fraoo@tinued monitoring is needed to
assess changes in distribution and population size. if@igal importance is monitoring the
association of black bears with human-use areas (s&at€ 7). Continued shifts into such
areas could result in higher mortality rates from mgn¢(Samson and Huot 1998), vehicular
collisions (Beckmann and Berger 2003b, Freedman et al. 20@Bjemoval of problem bears
(McCarthy and Seavoy 1994), and could potentially resultarddztline of RMNP’s black bear
population due to emigration out of wildland areas (BecknaanthBerger 2003a, b). If bears
continue to shift core-areas into human-use sitesripementation of mitigation efforts (i.e.,

increasing early successional habitats; see Chaptery7henaquired to reduce bear-human
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conflicts. Continued use and periodic reassessment npaoncy and CPUE models can allow
RMNP staff to effectively monitor the local black bgarpulation to assess trends in population

size and distribution of black bears in RMNP.
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Chapter 4:

Survival, reproduction, and trends of black bears in Roky Mountain
National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Historically, Rocky Mountain National Park (RMNP)shsupported a small
black bear (rsus americanus) population of low population productivity. Increased
development around the periphery and visitor use of RMNRI@&iter survival and productivity
demographics of this population. We investigated contempsuawyval and productivity
parameters for RMNP’s black bear population from 2003-2006 and cednipeese values to
historic levels (1984-1991) and population means throughout therwésS. Results indicated
the contemporary black bear population exhibited earlier ffystoreproduction (historical =
7.5 years, contemporary = 5.5 years) and higher cub survigtbiibal = 0.43, contemporary =
0.71); litter size and adult and subadult survival were ambiétween periods. This resulted in
higher recruitment (yearlings/female/year; historic@l.34, contemporary = 0.56), a greater
number of reproductive years (historical = 7.5, contemgor&.5), and higher reproductive
output per female lifetime (number of cubs reaching reproduage/female reproductive
lifetime; historical = 0.73 [90% CI = 0.26-1.72], contemporaty.80 [90% CI = 0.75-3.49])).
These contemporary values were similar to other we&te®. populations. Additionally,
stochastic population modeling predicted a much higher pidlgaof an increasing population
for the contemporary period (90% probability of growth frento< 53 versus 19 for a 10 year
simulation). This increased productivity may be relateoketter nutritional condition of
reproductive females during the contemporary period (weigistorical = 60 kg, contemporary
= 68 kg; body fat: historical = 15%, contemporary = 23%glyi due to greater use of
anthropogenic food sources. Black bears in RMNP have gneetter growth potential than
observed historically, due primarily to increased productliksly attributable to enhanced
nutrition.

Black beard[rsus americanus) are rare in Rocky Mountain National Park (RMNP), but
reasons for low population size are unknown. Popularowth is determined by the
interaction of survival rates and productivity, but survival egproductive rates can be difficult

to collect for cryptic, long-lived species (Sorensen amad¥l 1998) with low reproductive

capability (Noyce and Garshelis 1994) such as black bearweVwér, knowledge of these
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parameters is necessary to determine whether populatietisnited by low adult survival or
low productivity.

Common causes of mortality for subadult ahdteéblack bears include intra- and inter-
specific predation (Kemp 1976, LeCount 1987, Mattson et al. 1992¢el® et al. 2001, Gunther
et al. 2002), starvation (Costello et al. 2001, Pelton 2000)pkl age (Pelton 2003), although
legal and illegal harvest typically account for theyést proportion of adult black bear mortality
(Bunnell and Tait 1985, Beck 1991, Schwartz and Franzmann 1991, 1993| &oal. 1996,
Beringer et al. 1998, Pelton 2003). Cub mortality is infleeinoy habitat quality (Beecham
1980, Rogers 1987), spring nutrition (Schwartz and Franzmann 198tell€et al. 2003),
experience of the mother (Elowe and Dodge 1989, Beck 1991), sygaiber (Alt 1984, Beck
1991, Oli et al. 1997), predator numbers (including conspecifeSount 1987, Rogers 1987,
Beck 1991) and mast abundance in autumn (Eiler et al. 1989¢ EloavDodge 1989, Beck
1991, Costello et al. 2003), most of which directly relatsize and nutritional condition of
females and hence maternal investment (Noyce and Gar$Be#). Yearling survival is also
heavily influenced by maternal condition during their fygsar (McCutchen 1993, Noyce and
Garshelis 1994). Therefore, adult condition has a sggmfieffect on cub and yearling survival,
although its role in adult survival is less clear.

Similarly, most reproductive parameters oflblaears (i.e., age of primiparity, litter size,
interbirth interval) are primarily influenced by matdreize and condition (Rogers 1987, Eiler et
al. 1989, Elowe and Dodge 1989, Kolenosky 1990, Samson and Huot 188&Bm and
Berger 2003b, Costello et al. 2003), although the effectsvauiiid the absolute condition of
bears (Noyce and Garshelis 1994). Litter size is greattésghest levels of condition, but

rapidly declines to a stable level of 1-2 cubs/litter (®ognd Garshelis 1994). Mean age of
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primiparity is lower for females in good conditiondatmus can have a strong influence on
overall productivity of both the individual and the populatas mean condition increases
(Rogers 1987, Noyce and Garshelis 1994). Maternal conditionhave less effect on interbirth
interval, though intervals will increase when conditdrops below some low threshold level
(Noyce and Garshelis 1994). Therefore, knowledge of tiondndices should aid in
interpretation of most, if not all population demograph@®l assist in modeling population
growth and trends.

Black bear populations in RMNP have remaine@@at low levels (< 30) for decades (T.
Terrell, RMNP, personal communication). Data from 1980’s and early 1990’s suggested that
low population size was due to poor productivity (McCutchen 1998)ce then, trends in the
black bear population are unknown, although it has liketymaweased significantly. Further,
continued development around RMNP and increasing visitorftR®INP may further isolate
this black bear population (Zeigenfuss 2001), which alreadyaideciged by extremely high
elevation habitats with a short growing season (Mc@nd®993). Because productivity,
survival, and trends of black bears in RMNP are unknows uncertain whether the bear
population is viable or whether it must be maintained byigmation from outside sources to
persist, which could potentially be threatened by incneggisblation of RMNP. To assess the
ability of the black bear population of RMNP to persistetermined survival and reproductive
parameters of black bears in RMNP and used them to moplelgbion trends. My objectives
included: 1) estimate survival for adult and subadult madefamale black bears for both the
historic and contemporary periods, 2) estimate reproduyséikemeters for the historic (1984—

1991) and contemporary (2003—-2006) periods, 3) relate body corditieproductive
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parameters to assess their influence on these demograpidcs) model population growth for

historic and contemporary populations.

METHODS

Capture and radiotracking

| used modified Aldrich foot snares and culvert traps towragdtlack bears from 1984—
1991 and 2003-2006. | immobilized bears with a 5:1 mixture of ketamdrechloride and
xylazine hydrochloride (200 mg ketamine and 40 mg xylazine per ml) oekfis with
radiocollars. | placed bears into appropriate sex andaggories (subadult vs. adult); adult
females were differentiated from subadults based on krsm&nnipple size, and nipple
coloration (Beck 1991, Brooks and McRoberts 1997), while adaliesrwere identified by larger
size, obvious staining of teeth, and descended testiodek (B291, Garshelis and Hellgren
1994). In years after capture, | radiotracked individuais1fiMay through the time of den
entrance. | obtained locations of bears as oftgoasible, with locations typically recorded a
minimum of once per week. However, due to logisticalst@ints and movements off RMNP
property, the time interval between locations was siocally longer.
Survival and cause-specific mortality

| determined annual survival of black bears by sd»age class from radiotracking and
calculated survival rates using the staggered-entry KapkiesMstimator (Pollock et al. 1989).
| determined causes-of-death following Bender et al. (2004¢aodlated cause-specific
mortality rates using the method of Heisey and FulléB%). Here, | attributed each death to the
mid-point of each month and treated each month as arom80 d time period. This allowed the

overall survival estimates from both methods to betiden(Bender et al. 2004).
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Cub production

| determined production and survival of cubs froerginter den checks and from
observations of cubs-at-heel. | recorded age of printyplaom known-age bears, litter interval,
litter size, cub survival (number of cubs surviving to 1 ydaage/total number of cubs born),
natality (number of cubs/female/year), and recruitnfeamber of yearlings/female/year) for all
females from observations and den checks of all ratismed bears. In addition, | estimated the
number of years a female was reproductively active hynaisg reproductive senescence of
females at age 15 and subtracting mean age of primiparity¥6. | selected this age given the
mean age of females = 13 years in 1992 (S. King, persomahaaication via L. Zeigenfuss).
Because no female mortality was documented during thischésee below), | added 2 years to
this age to approximate reproductive senescence/femalalityorf his value may have been an
underestimate, as at least 1 female was believed aliveeproducing at 18 years of age
(RMNP, unpublished data).

| estimated lifetime reproductive success bytipiying recruitment by the number of
years a female was reproductively active to estint@entimber of cubs a female could produce
that would reach 1 year of age during her reproductiventiet | assumed a juvenile sex ratio of
1:1, and divided the number of cubs recruited per femalerigelby 2 to estimate the number of
female cubs surviving to 1 year of age per female reproddifgtiene. | then multiplied this
value by female survivorship from 1 year of age to reproduatiatirity to provide an index of
population viability; a value of 1.0 was needed for the fert@akreplace herself in the population
within her expected reproductive lifetime. | calculate®#90I’'s around this estimate by

parametric bootstrapping using the means and SE’s of eaglemitent variable (Bender et al.
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1996). | compared this index between historic and conteampperiods in RMNP, and to other
populations throughout the western U.S. to provide an inflprpulation viability in RMNP.
Population modeling

| used the stochastic population modeling software PO@dtkion 1.0, Fossil Creek
Software, Fort Collins, Colorado, USA) to model potemi@bulation growth for both the 1985—
1992 and 2003-2006 periods. Data inputs included period specific recrurtates; subadult,
adult male, and adult female survival rates; and initz ef these population segments. POP-
[l randomizes important parameters based on a stabitentral tendency and dispersion
associated with each input. | used a uniform distributomitial population sizes and a normal
distribution for recruitment and survival rates from daibected in RMNP (see Results). To
calculate initial population size | multiplied the propontof individuals of each sex and age
class (determined from captured individuals) by the estinpapdlation size. Population size
was estimated between 20-25 and 20—-24 black bears for histogerfess 2001) and
contemporary (see Chapter 3) periods, respectively. fbnere used the median value of 22 to
standardize initial population size for both periodshehtran 1,000 randomized simulations, and
defined the probability associated with any given levelagfulation size after the 10 year

simulations. | also determined the median populatiemadizr the 10 year simulations.

RESULTS

Survival and cause-specific mortality
| had fate information from 24 radio-collareddi bears (adult male = 6, adult female =
5, subadult male = 6, subadult female = 7) from 1985-1990 and 1reddilack bears (adult

male = 4, adult female = 4, subadult male = 2, subadult &md) from 2003-2006 for survival
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analyses. Survival estimates between historic aneogoarary periods did not differ for any
cohort £<1.2,P>0.20) (Table 1). The leading cause of mortality was harvEse harvest-
specific mortality rate was 0.333 in 1985, 0.111 in 1987, 0.167 in 20125 th 2005, and 0.000
in all other years for a mean of 0.074 over all ye2@8%—-1990 = 0.074, 2003-2006 = 0.073).
All other causes of mortality were unknown.

Cub production

Historic period.—I observed 9 litters totaling 16 cubs (8 male, 8 female; 1.78
cubs/litter, SE = 0.15). Interbirth intervals were notilatée for this time-frame though they
were assumed to be close to 2 years (McCutchen 19@®)cumented age of primiparity for 2
females & = 7.5 years, SE = 0.5). Cub survival was 0.43 per McCutd#98f;n and SE were
not provided. Because of the absence of interbirthvatelata historically, | used the value
derived from the contemporary period (see below) to estimatality at 0.79 (SE = 0.09)
cubs/female/year; recruitment averaged 0.34 (SE = 0.08)ngsdfémale/year.

Contemporary period.—I observed 7 cubs through 4 birthing events by collared black
bears k = 1.75 cubs/litter, SE = 0.25); 4 cubs were counted iné¢hevhile 3 were observed at
heel. Of the 4 observed in dens, 2 were male and 2 exm@d. The sex of the other cubs was
unknown. Interbirth interval for 2 females was 2.5 gd&E = 0.5). Two additional females
likely reproduced in spring 2007 (body fat = 39 and 45% for eaah) tespectively). Although
actual reproductive status was not verified given the efidldfactivities, | assumed
reproduction occurred given known strong relationships étvbody condition and
reproduction (Rogers 1987, Samson and Huot 1995, Harlow et a), 2@€)@ding these 2
females resulted in a mean interbirth interval of 235 € 0.25) years. Age of primiparity was

recorded for 1 bear (4 years). One additional feinatdenot reproduced by age 5 when the study
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Table 4.1. Survival estimates for historic (1985-1990) and contanyp@ontemp; 2003—
2006) black bear populations in Rocky Mountain National Paslgr@do. Survival estimates
were not different between periods for any cohaet (.2, P > 0.20).

Adult Adult Adults  Subadult Subadult Subadults All
males females combined males females

combined combined
Historic X 1.000 1.000 1.000 0.500 0.917 0.745 0.870
SE 0.000 0.000 0.000 0.071 0.072 0.205 0.113
Contemp X 0.917 1.000 0.958 0.500 0.917 0.834 0.891
SE 0.068 0.000 0.038 0.000 0.068 0.136 0.097
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ended and was not likely to reproduce at age 6 in winter @@l fat = 22%). Therefore, |
estimated primiparity at 7 years for this female but aekedge this was not measured directly,
resulting in a mean age of primiparity of 5.5 (SE = 1.8rye Cub survival was 0.71 (SE =
0.12). | estimated natality at 0.78 (SE = 0.15) cubs/fenede/yecruitment averaged 0.56 (SE
= 0.14) yearlings/female/year.
Population modeling

Initial population structure was skewed towardeatgr proportion of subadults and
fewer adults in the initial population structure from 1984-19%ble 2). Because estimated
survival rates were 1.0 for adult females for both dallact@mn periods, | used a survival rate of
0.95 to incorporate adult mortality in models based oeldeneported for other populations
(0.95-0.99, Eberhardt 2002; 0.96, Beck 1991). | also used adult malesuates from 2003—
2006 for both periods to incorporate mortality into adwdies for simulations of the 1986-1992
period. All other survival estimates used in models wereifsp& each data collection period.

Stochastic simulations for 1993—-2003 resulted inad fhedian population estimate of 25
(SE =5) black bears (Table 3), with a 90% probability thatfinal population was 19.
Modeling from 2006—-2016 resulted in a median population size &B3=(8) black bears
(Table 3), with a 90% probability that the final populatwas=> 53. Based on median results,
population rate of growth was greater in the contempgrarngd as compared to the historic
period (historic:A = 1.01; contemporaryl = 1.11).

Modeling results were similar to estimateddéntifetime productivity values (Table 4),
although productivity values suggested that female black beans1®84-1991 might not be
reproducing at a high enough rate (0.73; 90% CI = 0.26-1.72) to repéanselves (Table 4).

Changing age of reproductive senescence to 18 years (arhetefemales were believed to be
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Table 4.2. Initial population size, survival rates (SEJ, mtruitment rates (SE) used in
stochastic population simulation models for 10 year kitrmns of population growth of black

bears during historic (1984-1991) and contemporary (2003—2006) periodskyn Rogntain
National Park, Colorado.

Historic Contemporary
Initial Initial
pop size Survival Recruitment  pop size Survival Recruitment
Females 4.6 95.0 (3.0) 34.0 (8.0) 6.3 95.0 (3.0) 56.0(14.0)
Males 5.5 91.7 (6.8) 6.3 91.7 (6.8)
Subadults 11.9 74.5 (20.5) 9.4 83.4 (13.6)
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Table 4.3. Percent probability of black bear populationesxeeeding estimated levels after 10
years based on 1,000 stochastic population simulations usimupdaphic data for historic
(1984-1991) and contemporary (2003—-2006) periods in Rocky Mountain N&Ranhkal
Colorado. Median population size is in bold.

Historic Contemporary
% probability Population size % probability Populatiaresi

100 12 100 41
90 19 90 53
80 21 80 56
70 23 70 59
60 24 60 61
50 25 50 63
40 26 40 65
30 27 30 67
20 29 20 70
10 31 10 74
0 38 0 92
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reproductively active in RMNP; RMNP, unpublished data) ireedathe number of female cubs
reaching reproductive age/female reproductive lifetime to (B0% CI = 0.35-2.42). Lifetime
reproductive success of females during the 2003-2006 period was 1.8C[(900675-3.49),

similar to other values seen in most western U.Skbbear populations (Table 4).

DISCUSSION

Productivity of black bears in the contempopasiod in RMNP was higher than
observed historically, primarily because of higher reorent rates resulting from increased cub
survival and a reduction in age of first reproduction, whrehtle 2 population parameters first
influenced by changes in maternal condition in largenmals (Gaillard et al. 2000, Eberhardt
2002). Cub survival has been implicated as a primary fagtiating black bear populations
(Fuller 1993, Powell et al. 1996). The rate of cub survibakoved from 1984-1991 in RMNP
was among the lowest recorded for black bears (Gasst@d4), though contemporary levels
were similar to other populations throughout the westegh (T.able 4). Although causes of
mortality were unknown for most cubs for both time pesi, starvation and infanticide were
observed during the historical period (McCutchen 1993). Bedcaizs#icide is seen to some
extent in most black bear populations (e.g., LeCount 198Hhaige in nutritional condition was
likely the primary factor behind increased cub survival se¢he contemporary period. Adult
females were larger (weight = 68 [SE = 6] kg) with higleeels of body fat (23% [SE = 5])
during the summer season than historically (weight = €043] kg, body fat = 15% [SE = 2];
see Chapter 2). Additionally, 2 pregnant females wevern good condition at early

hibernation during the contemporary period (body fat = 8363496 for each bear, respectively).
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Cub survival varies geographically (Beck 1991, NoyceGardhelis 1994) with
maternal condition hypothesized to influence cub survivamihdrops below a certain
threshold (Elowe and Dodge 1989, Noyce and Garshelis 1994) thiéshold may vary
depending on mean size of female black bears but is usuylypbserved with females in very
poor condition (Minnesota = 65 kg, Noyce and Garshelis 19PH¢. small size (60 kg) and
lower condition (15% body fat) of black bears historigcalliggests these reproductive females
may have often been close to or below such a thrednel. Low yearling weightsx = 12 kg;
McCutchen 1993) during the historic period provide further evidehttes) as light-weight
females are more likely to produce light-weight yearli(@arshelis 1994, Noyce and Garshelis
1994). Further, weights close to 10 kgs can predisposengsatb increased mortality (Noyce
and Garshelis 1994), and yearling survival (0.70, Zeigenfuss 2001pwdsriblack bears in
RMNP during the historic period compared to adjacent populati@swest-central Colorado =
0.94, Beck 1991). Thus, increased nutritional condition okidi@ars in RMNP likely resulted
in increased bear productivity observed in 2003-2006, regardled®setter increases were due
to incremental increases in black bear condition oeeding critical thresholds.

Predation and infanticide also likely influesh@&ib survival in RMNP. The 2 known
cubs that died during the contemporary period were harassar/btes Canis latrans) on
multiple occasions and were in close proximity torgdamale not believed to have sired them
(R. Baldwin and L. Bender, unpublished data). However, adthahe cubs appeared healthy,
the mother was in poorer condition (summer body fa#%) than other females in RMNP, so |
cannot conclusively exclude malnutrition as the cause ofatity. Although nutritional

condition may have a dominant effect on cub survivaljigarcan also be influenced by
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density-independent factors and other factors independentefabcondition (Gaillard et al.
2000).

Later onset of reproduction reduces the numbgrars a female is reproductively active,
thereby reducing the number of breeding opportunities. Auatditly, later age of primiparity
decreases the likelihood a female will survive to reprodeicge. Although my data on age of
primiparity were limited, the early reproductive age dérhale (4 years) from the contemporary
period was reflective of good body condition (early hila¢ion: weight = 94 kg, body fat =
34%), as age of first reproduction is influenced by bodyamkpresumably absolute condition
(Beecham 1980, Rogers 1976, 1987, Kolenosky 1990, Beck 1991, Samsoumncari®$b).

Later reproduction was noted for the other primiparousfermbserved from 2003-2006.
However, this female resided almost exclusively in laidd areas and was consistently in poorer
shape (early hibernation weight = 67 kg, body fat = 22%)redsethe earlier reproducing
female was frequently located in heavy human-use aseasQhapter 7). This proximity to
human-use areas likely resulted in greater consumptiantbropogenic foods by the earlier
reproducing female (see Chapter 6), thus increasing habtiattial of the landscape to levels
greater than those associated solely with natural fasdslack bear condition in RMNP was
positively related to use of human-use areas (see Chgpt&he later reproducing female
lacked this dietary supplementation and utilized simil&ithts as those present for the 2
primiparous females from the historical study periodhatje of primiparity similar among the
3 individuals (7, 8, and 7 years, respectively). Increasédtion for nulliparous females,
associated with use of human-derived foods (see Chdptérand 7), will likely reduce the age

of primiparity for black bears in RMNP and could lead to mgreater cub production in the
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future. A similar scenario was observed in the Lakieo€aegion of Nevada (Beckmann and
Berger 2003b) and further supports the sensitivity of repramutti nutritional condition.

Litter size varied little between contempgrand historic data in RMNP and was similar
to other values for Colorado and the West (Table 4)ersize appears to be less sensitive to
maternal condition although conclusions vary by stiMdigffonald and Fuller 2001). Noyce and
Garshelis (1994) noted that the effect of maternal ciomdatn litter size in Minnesota was an
artifact of primiparous vs. multiparous mothers, & fitters were usually smaller than
subsequent litters. They suggested that pooling of firstdrskguent litters can influence the
relationship between litter size and body weight and hasse influenced the positive trends
observed for this relationship in other studies (i.e., Kad&y 1990, Stringham 1990). However,
age was controlled for in a Nevada study and still indadarger litter size with increased
maternal condition (Beckmann and Berger 2003b). Simjlatack bears of very high weights
in Pennsylvania and Minnesota were noted to produce exceptitargkylitters (i.e., 4-5 cubs,
Alt 1989, Noyce and Garshelis 1994). Possibly, substantiaases in litter size require that
condition must approach maximum values. Maximum caigvels for black bears are
unknown, and females in RMNP showed levels of comtiimdy fat = 23%; see Chapter 2) that
were higher than historic levels (body fat = 15%; skapfer 2) without an increase in litter size.
Thus, it is possible that it is absolute size that imbes litter size more than relative condition,
particularly given that most previous work used massdexrcondition.

| was unable to assess changes in interbtehvad as such data were unavailable from
the historic period. Inthe contemporary period, blacksoaBRMNP exhibit comparable or
slightly shorter intervals compared to other weste®. populations. Although long intervals

can reduce natality and subsequent reproductive output of dackpbpulations (i.e., Jonkel
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and Cowan 1971), interbirth interval appears to be thedasoductive parameter affected by
condition (Noyce and Garshelis 1994) and likely had litfiect on the variability in cub
production between sample periods in RMNP.

Simulation of black bear populations in RMNRe@kd increased population
productivity for the contemporary population resulting inagee population rate of increase
(historic: A = 1.01; contemporaryd = 1.11). This increase resulted from greater recruithoent
the yearling age-class (influenced by cub survival), asagedlarlier onset of reproduction.
Earlier onset of reproduction can have several potezffdts on productivity, including a
decrease in the proportion of subadults in the populdésee above), increased years of
reproductive activity (Table 4), and increased number oélesreaching the age of first
reproduction (Table 4). Therefore, even though annual suvivgibadult females was equal
between study periods in RMNP, greater numbers reacheéphoductive age class during the
contemporary period due to earlier age of primiparity andgreate of population increase.

Despite low productivity, the historic black bpapulation in RMNP was likely able to
maintain numbers without significant immigration becaafskigh adult survival (no
documented mortalities of collared individuals during this Yinfeurvival of adult females has
the greatest elasticity on population rate of incré@sallard et al. 2000, Freedman et al. 2003),
meaning that even slight changes can cause large flustsiati population growth. However,
survival of adults tends to vary little annually (Gaillatcak 2000); this would be especially true
in protected areas such as RMNP, where adult survival sateuld be near maximum unless
habitat condition was extremely poor. This protecti@s particularly important historically, as
adult female survival is the primary factor influencing poputatignamics of bears (black

bears—Freedman et al. 2003, brown bedrsis arctos]—Eberhardt 1990, Wielgus et al. 2001,
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polar bearsrsus maritimus|—Taylor et al. 1987, Eberhardt 1990) due to its influence on cubs
and cub survival (Bunnell and Tait 1981, 1985, McLellan and Séek1988, Mykytka and
Pelton 1990, Hellgren and Maehr 1993, but see Gaillard €t98[ 2000] for discussion on
temporal variation). Without these high survival rapgeductivity would have been too low for
black bears to persist in RMNP historically without sigraiht immigration, especially given
early onset of reproductive senescence (Table 4). Theaselin productivity of black bears to
levels typical of other western populations (Table 4jenity seen in RMNP, in combination
with continued high survival, has resulted in high potefaiathe contemporary black bear
population to grow substantially based on current demogmaphable 3). However, because
much of the increase in productivity may be associatddemhanced nutrition associated with
increased use of human-interface habitats, mortatiégnaay increase in the future due to
increased human-bear conflicts. Continued monitoringettrrent black bear population (see
Chapter 3) will be necessary to see whether this oecursvhether increased mortality rates

negate increased productivity.

MANAGEMENT IMPLICATIONS

Historically, black bear populations in RMNP &vamong the least productive in North
America. However, contemporary data indicates prodtgiguivalent to other populations in
the western U.S. This increased productivity may beea@lat nutritional supplementation from
anthropogenic foods in and adjacent to RMNP, as conteanpoonsumption of human foods
has increased by a minimum of 15 fold over historic levéldditionally, both size and
condition of black bears has increased from histovel$ providing an indication of enhanced

nutrition (see Chapter 6), and bear condition is po$ytieesociated with use of human-use areas
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in RMNP (see Chapter 7). Historically, black bears MiN® ostensibly exhibited cryptic
behavior and avoided heavy human-use areas (McCutchen 19®@gver, continued
development along the boundary of RMNP and increasedwisse has increased the potential
for human-bear encounters (Zeigenfuss 2001). Many black retire contemporary
population no longer exhibit this avoidance of human-usesavath home-ranges including
many human-use areas (see Chapter 7). A similar situatis observed in the Lake Tahoe
region of Nevada (Beckmann and Berger 2003a, b). Althougbased productivity initially
appears positive, it may be offset by increased mortatity bear-human encounters. For
example, use by black bears of human-interface arepasead to greater vehicular collisions
(Beckmann and Berger 2003b, Freedman et al. 2003) and will Iik@kease negative bear-
human encounters (Peirce and Van Daele 2006), possidindet the destruction of problem
individuals. One such encounter was noted during this sasdye first human attack by a
black bear in RMNP since 1971 occurred in 2003, with this hdeeguently euthanized.
Additionally, following the conclusion of this studyf@amerly radio-collared individual was
euthanized for repeated damage to property. Improvemenédwhl foods and habitats, such as
derived from prescribed burning, “let burn” wildfire manageter other habitat manipulations,
could provide a sustainable strategy for increasing black bedugtivity while minimizing
bear-human conflicts. Conflicts may also increag@enfuture given that black bears in RMNP
show a high potential of increasing in numbers, which ials@ases the likelihood of black
bears persisting in RMNP. Fundamentally, black bear ntswoi still be strongly affected,
and possibly limited, by the influence of climate, patticy because of limitations associated

with hot, dry years (see Chapter 1). Increased useméh-associated areas and foods,
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however, has the potential to decouple the RMNP blackgmgarlation from such natural

climatic limitations.
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Chapter 5:

Den-site characteristics and denning chronology of black laes in Rocky
Mountain National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Hibernation is an important physiological processblack bearsWrsus
americanus) in temperate North America, and thus dens are keyatatmmponents for
managers. We compared historic (1984—-1991) and contemporary (2003-20g&gatens for
habitat and physiographic attributes and used maximum entrog@limgp to determine habitat
factors most influential in predicting den-site locatiodglditionally, we determined den
entrance and emergence dates for black bears and rélaseddates to productivity, climatic,
and demographic factors to assess their influence on dennimgpidgy. We observed a shift in
the relationship between den locations and most habitbplaysiographic factors (aspect,
elevation, covertype, distance to roads and trailsj tine. Best supported models of den
locations differed between historic (slope, elevatamvertype) and contemporary periods
(slope, distance to roads, aspect, canopy height). nergle den locations were shifting toward
areas closer to human developments. Date of demeatagppeared to be most strongly
influenced by age class and correlates of primary prodiycfgrowing-season precipitation and
temperature), with den entrance typically later forliaolack bears during cooler, wetter years.
Although sex was loosely correlated to den exit (male=rgea before females), we found no
meaningful results for other correlates.

Hibernation is an essential component efilack bearlrsus americanus) lifecycle
throughout most of its geographical range with dens proveledier and protection during this
period (Rogers 1987, Beck 1991, DeGayner et al. 2005). Identifyshgy$aaffecting den-site
selection is important for wildlife managers to providetfos critical habitat attribute.
Biologists believed that lack of appropriate den siteshtriigve been limiting the black bear
population in Rocky Mountain National Park, Colorado (RRjMeigenfuss 2001). Because
number of black bears in RMNP is low (< 24 individualsagter 3), identifying factors
important in den-site selection is important to enshiaé all possible habitat needs are met in

RMNP.
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Den-site selection studies traditionally heempared randomly selected sites to actual
den locations to identify habitat correlates (e.g., JohasdnPelton 1981, Oli et al. 1997,
Zeigenfuss 2001). This approach assumes sites are classaxtlg as used/not used
(MacKenzie et al. 2002, Anderson 2003). However, random sitgy well have been used by
black bears in previous seasons, may simply not be usaddeeof absence of black bears in the
area, or may be used by unmarked black bears; there istamigethat they in fact were not
suitable for denning. Recently, analytical techniques (@@xmum entropy; Phillips et al.
2006) have been developed that utilize only known locatmmentify habitat correlates and are
therefore free from potential biases of approacheaithiate randomly selected absence
locations (Anderson 2003, Phillips et al. 2006). Such appreatiwaild allow much more
confident identification of what habitat correlates aceually associated with den sites.

Understanding the factors that influence tiéntgy and duration of denning also provides
valuable insight for black bear management. It is gelyeaatepted that reduction in
photoperiod and temperature associated with late autumradgdventer provides the initial
cue for denning (Johnson and Pelton 1980, Schooley et al. 198d)evElr, the ultimate factor
influencing denning dates likely relates to energy balantieeoihdividual bear (Lindzey and
Meslow 1976, Elowe 1984, Schooley et al. 1994). As food becscagse, a negative energy
balance occurs, and because it is no longer advantapeoaistinue foraging, bears den.
Therefore, in much of the black bear’s range, food aldity is likely a strong predictor of the
denning period (Johnson and Pelton 1980, Tietje and Ruff 1980, &rethal. 1983, Schooley
et al. 1994, Costello et al. 2001). Unfortunately, reliatdasures of food availability are often
unavailable. Conversely, climatic data such as temperand precipitation have been

correlated to vegetative production (e.g., Koehler ana®2003), are readily available, and
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provide a possible alternative for assessing this reldtipnsLikewise, the timing of den
emergence is also influenced by multiple factors includingvemedt (Rogers 1987, Schoen et al.
1987, Schwartz et al. 1987), temperature (Lindzey and Meslow ©B76zio et al. 1983,
Kolenosky and Strathearn 1987, Rogers 1987), and sex and sgefdladividuals (Novick et

al. 1981, LeCount 1983, Rogers 1987), and consequently appearg soilvstantially across
locations.

Because denning is a critical aspect in thénigtory of black bears in extreme climates
such as RMNP, and because historic data suggested denning inalyitae limited in RMNP,
determining habitat correlates of den sites and proximaterfaaffecting denning chronology
may be necessary to maintain a viable black bear populatinowing factors affecting den-site
selection allows Park managers to ensure that thesgoc@mts are present on the RMNP
landscape. Similarly, knowing what triggers denning chicang especially if related to food,
allows staff to address habitat attributes importantdaokobear energetics and thus productivity
in RMNP. Consequently, my objectives were to: 1) datexrhabitat attributes that best predict
suitable denning habitat both currently and historically in Faviaihd 2) determine which factors

best predict den entrance and emergence of black beRkSNi®.

METHODS

Capture and telemetry

| used modified Aldrich foot snares and culvexp$ to capture black bears from 1984—
1991 (historic period) and 2003-2006 (contemporary period). | immedibears with a 5:1
mixture of ketamine hydrochloride and xylazine hydrochloride (200 rryriae and 40 mg

xylazine per ml) and fit bears with radiocollars to litetie location of den sites. | also placed
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bears into appropriate sex and age categories (subadadtwg; adult females were
differentiated from subadults based on known age, nifgpde and nipple coloration (Beck 1991,
Brooks and McRoberts 1997), while adult males were idedtifielarger size, obvious staining
of teeth, and descended testicles (Beck 1991, Garshelisedigded 1994).

Starting 1 October, | typically located bea&times weekly to determine date of den
entrance; bear locations were checked periodicallyirsjat March to determine date of den
exit. | assigned an approximate date of den entrance edne median date between the last
known date of activity and the first date of known denningwacel versa for den exit. Den sites
were either plotted on maps and converted to UTM coorbrat recorded using a GPS unit.
Denning habitat

| used 7 structural and physiographic variabledemtify characteristics of denning areas
in RMNP. Covertype was the predominant vegetation tymegiven location (Table 1).
Canopy height was the height of the dominant oveystiass and was coded as: 0 = no canopy,
1=<1m,2=1-5m,3=5-15m, 4 =15-30 m, and 5 => 30 m. Lneelaslope from 0°-9Q°,
and recorded elevation to the nearest meter. | clasgeatt as: north = 316°-45°, east = 46°—
1359, south = 136°-225°, and west = 226°-315°. | also measuréstdahealto nearest road (m)
and trail (m). | extracted all habitat attribute datarf GIS layers of RMNP and surrounding
areas using ArcView 3.3 (Environmental Systems ReseartitutasRedlands, California,

USA).

| used-tests (Zar 1999) to compare differences in distanceadsrand trails, elevation,
and slope between den sites from the historic and cpotamy periods. | used Mann—Whitney
U-tests (Zar 1999) to assess differences in canopythenghcontingency tables (Zar 1999) to

test for differences in covertype and aspect betwef fferiods. | used only the actual
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Table 5.1. Description of covertypes used to assess kdackdbn distribution in Rocky
Mountain National Park, Colorado.

Covertype Description

Herbaceous upland Dry, open meadows

Herbaceous wetland Herbaceous communities found on weitamarshy sites

Shrub riparian cross zone Shrublands lining streambarksadiey bottoms

Shrub upland lower montane Shrub-dominated communitiesiatsw with drier sites

Krummbholz Characterized by stunted limber pine, Engelmanrcepand
subalpine fir at treeline

Dead and down Characterized by fallen timber from windaaches, or fire

Aspen Forested site dominated by aspen

Mixed conifer with aspen Canopy dominated by aspen and mixefiicepecies

Riparian mixed conifer Canopy dominated by spruce/fir spedies) riparian or
seasonally flooded areas

Mixed conifer Characterized by codominance of 2 or more eanik
species including Engelmann spruce and subalpine fir

Lodgepole pine Canopy dominated by lodgepole pine

Limber pine Canopy dominated by limber pine

Ponderosa pine Canopy dominated by ponderosa pine

Montane Douglas fir Canopy dominated by Douglas fir thougtdemsa pine
can be codominant

Rock Characterized by rock, bare soil, or snow

Open water Lakes and reservoirs

Non-vegetated surface Included areas covered by roads, &radl campsites
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covertypes where den sites were located in compariswhscanbined several covertypes
(mixed conifer with dead and down, aspen with mixed conifér aspen, rock with herbaceous
upland) to facilitate estimation due to small sampessi Furthermore, because all den sites
from the contemporary period were located east of@ahéreental divide, | conducted these same
tests between east and west-side den sites for hidemgto see if differences between periods
were due to the inclusion of den sites west of the¢imental divide.

I modeled den locations using Maximum Entropy 215 et al. 2006) to predict
areas in RMNP with suitable denning habitat. This approa&estonly known locations to
determine important habitat attributes, thereby elimigate need for absence data (Phillips et
al. 2004, 2006), and provides a less biased alternative to otheaeapes that require the
generation of non-den locations (i.e., discriminatysis; Johnson and Pelton 1981, Oli et al.
1997). | used all previously listed variables for this analgsd constructed separate models for
historic and contemporary periods.

| compared den-site models using receiver operategcteristic (ROC) plots to assess
relative performance and to establish thresholds fattiigeng the viability of a site for a den
location (Phillips et al. 2006). The ROC is a plot ofs#t@nty and 1 — specificity, with
sensitivity representing how well the data correcthdjmts presence while specificity provides a
measure of correctly predicted absences (Fielding and 8&T). | also used the area under
curve (AUC) approach to assist in selecting the mostogpiate model (Fielding and Bell 1997,
Phillips et al. 2006). This approach provides an index of naxeiracy; values range from
0.5-1.0 with values of 0.5 indicating no fit greater that g#xpected by chance. Standard errors
were calculated for AUC values using 30% of the den s#i¢esh data (Phillips et al. 2006).

Often, AUC values are greatest for models with manialeéas, though certain variables may
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add little to the model. Therefore, | used a criticiibrgest (Pearce and Ferrier 2000) to
compare the most general model (containing all variabtdesnpler models to determine if the
increase in explanatory value was significant at0.05. Because models were constructed
using the same evaluation data, Spearman rank corretat@ficients (s) were calculated
between competing models. In contrast to Pearce angrH000), | could only construct
correlations for known den locations as | lacked absdataa Spearman correlation coefficients
were then related to the table provided by Hanley and M{Med3) to derive and were

incorporated into the critical ratio test (Pearce andi¢fe2000) using the following:

A1~ A2

Z =
2 2 _

where A and A represent the AUC values for the most general andeimmpdels,
respectively. If AUC values for derived models were nffedint, | selected the more
parsimonious model as my preferred model.

Additionally, | derived thresholds for probdlyibf use as den sites for test data by
maximizing sensitivity and minimizing specificity (Fieldiagd Bell 1997, Phillips et al. 2006).
| used these thresholds to convert probabilities to biresyonses (presence-absence). For my
study, | used the equal test sensitivity and specificigstiold and used these threshold values to
calculate classification percentages to corroboratdtsefsom ROC curves.

Because maximum entropy is an exponential mdueprobability assigned to a pixel is
proportional to the exponential of the selected combinatfovariables (S. Phillips, personal
communication), thus allowing construction of responseezuto illustrate the effect of selected

variables on probability of use. These response cavesist of a chart with specified metrics
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for the variable in question represented onthegis and the exponential contribution of the
selected variable to the raw prediction score along-tie@és. Upward trends for variables
indicate a positive association, downward movemempiesent a negative relationship, and the
magnitude of these movements indicates the strengtieséd relationships. Finally, | mapped
the change in selected denning habitats between the hesboricontemporary periods to
illustrate shifts in den locations.
Denning chronology

| analyzed denning chronology only on data from 2003—-200&eh entrance and 2004—
2006 for den exit as no data was available from 1984-1991. | nsed tegression (Ramsey
and Shafer 1997) to relate sex, age class, precipitation f@aimum temperature (°C), and
elevation (m) to date of den entrance (Julian dataeysess their influence on denning
chronology with sex (male = 0, female = 1) and agesdlagult = 0, subadult = 1) treated as
indicator variables in the analyses (Ramsey and Sha&#). | obtained precipitation and
temperature values recorded from 1 April-30 September in Bat&shttp://weather-

source.comand 2 additional sites in RMNRt{p://www.wcc.nrcs.usda.gov/snpand used the

average of these values in analyses. | used prempit@id temperature values recorded over
this time-frame as a surrogate for vegetative productioityach respective year as both are
closely tied to herbaceous production (Koehler and P&068). Additionally, elevation was
recorded at all den sites as | believed earlier denniagslmight utilize higher den locations. |
assessed outliers using residual plots and compared moitej$tifor univariate models and
adjusted?? values for multivariate models as all models had similanber of parameters

(Ramsey and Schafer 1997).
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Inspection of data suggested 2 distinct subgroups bastate of den entrance: 1) early
(12 October—6 November) and 2) late (16—27 November). | agesdit regression (Hosmer
and Lemeshow 2000) to relate sex, age class, precipittgimpgrature, and elevation to these
subgroups to determine their influence on probability of earlgte denning. | considered only
models withAAIC’s < 4 as competing models (Burnham and Anderson 1998) uaiteif used
rescaled generalize®f values and concordance in determining model fit (Nagelke9Ra,
Eberhardt 2003). | calculated odds ratios to facilitatermetation of variables. | also used
linear regressions to estimate den entrance basedsmngame factors for early and late denning
periods and analyzed models as above.

| also used linear regression to relate spxcéass, maximum temperature, snowpack,
and elevation to date of den exit. Here, temperaturesepted the mean maximum temperature
for March—April, and was recorded at the same loca@those used in den entrance analyses.
| obtained snowpack from 4 snow course sites in RMNRarch—April

(http://www.wcce.nrcs.usda.gov/cqgibin/state-site.pl?repoxwnsourseg and used the mean in

analyses. | selected this time frame to represergdeture and snowpack immediately prior to
and subsequent to typical den emergence (i.e., midad\fatl). | analyzed data identically to

den entrance.

RESULTS

Denning habitat
| obtained 35 den locations for 1984-1991 and 22 locdtio2903—2006. Although the
specific type of den was not known for all den sites fi®84-1991, 21 were rock dens, 2 were

tree dens, and 1 was dugout; | observed only rock dens in 2003—-200&mporary dens were
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closer to roadst & 2.2, df = 55P = 0.029) and trailst & 1.8, df = 55P = 0.076), lower in
elevation { = 2.4, df = 55P = 0.021; Table 2), more varied in covertyp& € 13.1,P = 0.023),
and less varied in aspegf{= 7.1,P = 0.069) than historic sites (Table 3). Differences betwe
periods were not due to inclusion of west-side dens in lisdata, as only aspect differedy=
9.8,P = 0.020) between east and west-side den locations §ralazed 4).

The best models for each subset of param@ers varied between historic and
contemporary periods (Table 5). AUC values differed spnitly between the most general
model and several of the simpler models (Table 5), goll@ed these models from further
consideration. Additionally, derived classificationgertages for each model indicated some
were substantially more efficient than others (TableBgsed on these criteria, | selected the
model containing slope, elevation, and covertype apriferred model for 1984-1991 dens
because of parsimony given relatively equivalent AUCeand classification percentages
(Fig. 1). Response curves indicated increased probaHilityeofor den sites was associated
with greater slopes, higher elevations peaking at 3,100 ngeattiand down, mixed conifer,
lodgepole pine, Douglas fir, and herbaceous upland covertiyge).

| selected the model containing slope, aspetandis to roads, and canopy height as
preferred for 2003—-2006 dens given its high AUC and classificatitues compared to higher
order models (Fig. 3). Response curves indicated highbalpitbies of use for steeper slopes,
north and east facing aspects, mid-level canopies, aag aloser to roads (Fig. 4). The shift in
selected denning habitats between the studies illustrateseamant from more remote areas to

locations of heavier human-use in RMNP (i.e., cldsegpads and developed areas; Fig. 5)
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Table 5.2. Comparisons between black bear den locatiorsetetwded variables from 1984—
1991 and 2003—-2006 in Rocky Mountain National Park, Colorado.

1984-1991r(=35)  2003-2006n(= 22)

Variable X SE X SE t P
distance to roads (m) 2,555 299 1,648 186 2.2 0.029
distance to trails (m) 1,127 150 746 115 1.8 0.076
elevation (m) 3,114 26 2,995 49 2.4 0.021
slope (°) 27.5 1.4 25.1 1.8 1.1 0.298
canopy height (nd) 9.7 0.7 9.3 0.5 0.3 0.765

& Mean scores and standard errors were obtained by usingethian height value for each
assigned class and are presented only for comparative parpblke statistic and associaked
value were derived using the Mann—Whithéyest.
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Table 5.3. Comparisons between black bear den locatiorsetetwded variables for eastern and
western localities from 1984-1991 in Rocky Mountain Natioaak PColorado.

Easterni = 21) Westernn(= 14)
Variable X SE X SE t P
distance to roads (m) 2,352 321 2,859 578 -0.8 0.414
distance to trails (m) 1,179 171 1,050 283 0.4 0.416
elevation (m) 3,097 34 3,139 39 -0.8 0.423
slope (°) 29.1 2.0 25.2 1.9 1.3 0.190
canopy height (nf) 8.7 0.7 11.1 1.5 1.5 0.144

& Mean scores and standard errors were obtained by usingethian height value for each
assigned class and are presented only for comparative parpblke statistic and associaked
value were derived using the Mann—Whithéyest.
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Probability

B High : 100

B Low: 0

Figure 5.1. Map depicting the probability of denning locationdfack bears in Rocky
Mountain National Park, Colorado, 1984-1991. Black starsatelicbserved den sites.
Variables nested within the model include slope, elevatiot,covertype. See text for
description of variables.
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Figure 5.2. Relationships between the exponential contribbofislope (a), elevation (b), and
covertype (c) to the raw prediction score and the obslevalue for 35 black bear den sites
observed from 1984-1991 in Rocky Mountain National Park, Cadora
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B Low: 0

Figure 5.3. Map depicting the probability of black bear denniogtions in Rocky Mountain
National Park, Colorado, 2003—2006. Black stars indicatezdabelen sites. Variables nested
within the model include slope, distance to roads, aspedtcanopy height. See text for
description of variables.
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_— Current: 100

- Previous : -100 /:

Figure 5.5. Map illustrating shift in predicted suitable blaekr den locations from 1984—-2006
in Rocky Mountain National Park, Colorado. Cooler coteq@esent sites historically suitable
for denning but currently less utilized, while warmer coltustrate areas currently selected for
den sites but were previously less suitable. Roads aigetbpy dashed lines, while brown
cross-hatched areas represent urban sites.
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Denning chronology

| recorded 22 (5 adult male, 1 subadult male, 1@ tfodle, 6 subadult female) denning
occurrences from 2003-2006. Date of den entrance ranged froctdl2e®-27 November,
while den exit varied from 30 March-12 May. The best mdeel(= 17.6,P < 0.001,R* =
0.675) for all denning occasions combined included age class andtptesiTable 6) and
indicated that subadult black bears denned earlier duringygiaes. This model excluded 2
outliers; these dates were from a large adult fenmadeny good condition (2005 = 37% body
fat, 2006 = 45% body fat; Chapter 2) which likely allowedtbeden earlier (Rogers 1987). A
model F215= 14.6,P < 0.001,R? = 0.661) including age class and temperature had similar
explanatory power (Table 6). However, examinatioresidual plots for this model indicated 2
additional outliers.

Logistic analyses resulted in 4 competing moideldenning period (early versus late;
Table 7). The preferred models (Table 7) included age (@dsis ratio = 66.3 [95% CI = 0.6—>
999.9]) and precipitation (odds ratio = 1.303 [95% CI = 1.004-1.69d]pge class (odds ratio
=27.6 [95% CI = 0.7—> 999.9]) and temperature (odds ratio = 0.039 (9590.002-0.932)).
Because CI's around odds ratios included 1 for age classjahable was dropped as
uninformative. These models indicated earlier denning invdaym years.

The bestH, ¢ = 57.0,P < 0.001,R? = 0.905) linear regression model for the early
denning period included only temperature (Table 6); warmer tetapesaesulted in later den
entrance. One outlier was observed; this femaletiheatast to den in this group and was
suspected to be pregnant (2 years since previous cub produithid39% body fat; R. Baldwin
and L. Bender, unpublished data) thus potentially influencingafaten entrance (data

collection ended before reproduction could be verifiedgmperature was also the most
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important variable in the best modEL ¢ = 99.0,P < 0.001,R? = 0.917) for the late denning
period and indicated later denning during years with coatepéeatures (Table 6). Two outliers
were removed from this group (adult male and adult fem&ejh denned later than expected
with the female pregnant at the time of den entrance.

Den exit was related to both snowpdek( = 24.8,P < 0.001,R* = 0.692) and
temperatureRy 11 = 23.8,P < 0.001,R? = 0.684) during March—April with greater snowpack and
lower temperatures associated with earlier exit datakl€¢T6). Although not as strong of a
relationship, sexfy 13= 3.9,P = 0.071,R? = 0.229) was also associated with den exit as males
emerged earlier from dens (Table 6). Construction ofivamiate models did not strengthen

these relationships.

DISCUSSION

Denning habitat

Maximum entropy efficiently modeled the probigpbf den use in RMNP, as models
with AUC scores > 0.90 are considered very good (Swets 198R)itionally, classification
scores were generally high, providing further support fovddrmodels. With the exception of
slope, variables most closely associated with denditiesed between historical and
contemporary den sites (Tables 2 and 3). Steeper slogesnaiely allow for increased soil
drainage of snow melt and increased security from hussach®ther predators (Beecham et al.
1983, Mack 1990). Steep slopes were consistently importathtefaelection of den sites
regardless of the sample period, peaking at 31°-32°, gmesdiom RMNP den sites fell well
within the 20°-40° range reported by others (Beecham et al. 18688uht 1983, Mack 1990,

Hayes and Pelton 1994, Costello et al. 2001).
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Historically, elevation and covertype wafgo important in den-site selection. Black
bears used high elevation den sites with probability efpgsking at 3,100 m. Higher elevations
typically result in greater snow cover (Beechaml.et1@83, Costello et al. 2001) which serves as
an important insulator during hibernation (Tietje and R980, Rogers 1987). Also, den sites at
higher elevations provide greater security due to theirivelataccessibility (Mack 1990,

Costello et al. 2001). Covertype also influenced den satebistorically in RMNP. Coniferous
forest types were preferred, presumably due to higher lef/el®ow cover associated with
increased shading and drifting. Interestingly, 1 non-fetesbvertype (herbaceous upland) was
also selected for. Use of such sites have been niswadlere (i.e., west-central Colorado, Beck
1991) but were not likely preferred.

In addition to steeper slopes, contemporagkidd@ar dens were associated with north
and east facing aspects, mid-level canopies, and gitesr ¢b roads (Tables 2 and 3). Preferred
aspects of dens appear to vary with location (Novick €981, LeCount 1983, Mack 1990,
Hayes and Pelton 1994, Costello et al. 2001), although nordéispects are often used given
their greater levels of shading and subsequent snow c®e&dection of eastern aspects in RMNP
may have been influenced by their greater availabilityrgthe absence of den sites west of the
continental divide. Although canopy heights of 2—15 mdgdeater influence on the
probability of den occurrence than other heights, icedtthat the majority of the sites were
closer to the 15-m level. Similar to northern aspexttsh heights provide increased shading and
snow cover due to moderate to dense overstory (Novidk E3&l). Interestingly,
contemporary den sites were closer to roads, which masual as black bears typically den

away from human-use areas (Goodrich and Berger 1994, Letradl|2000, Gaines 2003). Such
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proximity to heavy-use areas may indicate habituatiorutoams (Beckmann and Berger 2003a),
and greater use of human-influenced habitats (see Chapter 7)

The change in factors included in preferred mduiseen the 2 sampling periods was
likely due to a shift in denning preferences by black bearstbedast 15-20 years. | found
contemporary dens at consistently lower elevationschrser to roads and trails than previously
observed. These shifts were likely related to movenfeots more remote, higher elevation
locations to sites closer to heavy human-use areadierBeork suggested that RMNP’s black
bear population exhibited cryptic behavior (McCutchen 1990) eled¢ted den sites away from
human-use areas (Zeigenfuss 2001). However, the predemoman-use areas no longer
appears to prohibit denning of all black bears in RMNP.a¢h  observed 2 black bears that
denned within 100 m of 2 heavily used trails in the contemp@exiod. Similar results were
reported in the Lake Tahoe region of Nevada, presumabiradd response to the increase in
anthropogenic food sources present at the urban-wildlaadaoe (Beckmann and Berger
2003a, b). This shift in core-use areas and associateddoockes led to an increase in overall
body weight and condition in Nevada. | observed coaigarresults for females in RMNP
during summer, as weights, percent body fat, and bodyt@maddex of females increased
from historic to contemporary periods (see Chapter 2), stiggea similar response in use
patterns and associated conditioning to humans (see ladguiefs 6 and 7). Black bear dens
were not associated with any particular covertypeerctintemporary period. The reason for
this change is unclear, although a gradual shift towards/tfeaman-use areas, presumably
because of greater availability of and benefits asstiaith anthropogenic foods (see Chapter

7), may have been more important to denning than any partauar type. Presence of
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autumn food sources has been suggested to influence deresit®san other areas (i.e.,
southern California, Novick et al. 1981).

Although aspect differed between periods, this ikaly an artifact of the inclusion of
west-side localities in historic den sites. Additidyyagven though slope and canopy height did
not differ between sample periods, both were importaptedicting den distribution in the
contemporary period. Steep slopes appear to be a redoiissigtable den sites in RMNP
regardless of proximity to human-use areas. Additigndie same canopy heights were
preferred during both periods though this variable was natdad in the preferred model for
historical den sites as a more parsimonious model providedi féqua
Denning chronology

As observed in other studies (e.g., Graber 199@h®tal. 1994), the relationship
between ecological and environmental variables and desmestivas highly variable. Sex was
not significant in den-entrance models for RMNP, altfftomale black bears often den later than
females (LeCount 1980, O’Pezio et al. 1983, Beck 1991, SmithX394). This may have been
due to few observed denning occasions by males, as maledextalber den entrance dates
than females in RMNP (male& = day 321, SE = 5) = 6; femalesX = day 312, SE =4 =
16). Similar to other results in Colorado, elevation alss not related to den entrance (Beck
1991). Snowfall impacted den entrance dates in some (@gasJonkel and Cowan 1971),
though most found it to be inconsequential (Beecham #9888, O’Pezio et al. 1983, Beck
1991, Schooley et al. 1994, Smith et al. 1994). Unfortunatetyyfll data was insufficient for
analysis in this study, although I do not believe it infleehdenning as little snowfall was

present when many black bears denned, while others math&atieity with 15-30 cm present.
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In contrast to other studies (e.g., Kolenosid/@trathearn 1987, Smith et al. 1994), |
observed earlier denning by subadults. Subadult femaleg population were in poorer
condition than adults during early hibernation (adult biady= 38%, subadult body fat = 24%;
see Chapter 2); typically black bears in poor conditianldier than those in good condition
(Rausch 1961, Carpenter 1973, Hamilton and Marchinton 1980). ugowminant black
bears can act as despots by excluding others from prefereggnig locations resulting in later
den entrance for dominant individuals (Beckmann and B&@@8b). Many adult black bears in
RMNP readily consumed anthropogenic foods (see Chaptlra@)ng to high condition levels
(see Chapters 2 and 7). The exclusion of subadults framyjiglity food patches (typically
anthropogenic food sources) may explain the disparitytm afeden entrance.

Body condition and food availability were likéhe ultimate factors influencing date of
den entrance in RMNP (Johnson and Pelton 1980, Beechalni883, Schooley et al. 1994,
Costello et al. 2001). My use of precipitation and maxinhemperature as surrogates for
vegetative productivity and condition yielded mixed resultedels predicted later den entrance
during years with greater precipitation and lower tentpeesa, suggesting that greater forage
productivity led to later denning dates. In support of thedyderved that the only 2 subadults
that denned in the late period did so during the wettestestogdar. However, a different trend
with temperature was observed between the early éaddaning periods. Black bears denned
in the late denning period during wet years, and later withénpidiiod if the year was
particularly cool. Conversely, black bears denned iretltey denning period during drier years,
but denned later within this period if that year was warniérs suggested a threshold level

response to environmental cues as precipitation and tatapeinfluenced both the period when
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they denned and the time-frame within this period when dieeyed and further supports the
complex nature of predicting the onset of denning.

Models predicting den exit appear counterintutéive are difficult to explain, as |
observed earlier den exits during colder years with greatexpack. Typically, black bears exit
dens earlier during warmer years, as warm weather thelsnow and can cause flooding of
dens (Alt 1984, Kolenosky and Strathearn 1987, Rogers 1987). ngedems earlier during cold
years with abundant snowpack would likely not benefitlolaears. Therefore, | suggest little
influence of snowpack and temperature on den exit which stgpgpaimilar finding in west-
central Colorado (Beck 1991). However, the influence wbseden emergence was expected as
males typically emerge earlier than females (Kolena@sid/Strathearn 1987, Smith et al. 1994,
Gaines 2003). Although I did not observe a strong reldtipnsith sex, this was once again

likely influenced by the small number of males sampled.

MANAGEMENT IMPLICATIONS

Preferred denning locations of black bears shiftedges historic and contemporary
periods in RMNP, indicating that critical habitat fe@sinf species can change over time.
Managers thus should periodically review prescriptionsgrfeeting critical life requisites of
species to ensure that they are still relevant. &s&@ use of denning sites close to relatively
high human-use areas suggests that black bears haveebmooeasingly tolerant or habituated
to humans in RMNP, increasing the amount of potentiallgblé denning habitat and thus

decreasing the likelihood that suitable den sites aréelihin RMNP.
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Chapter 6:

Food habits and nutritional components of black bears in Bcky Mountain
National Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Knowing food items utilized by local black bear populatiana necessary
step towards implementing effective management strategidentifying critical habitats, as
available food items vary geographically and among habpatsty Knowing the nutritional
composition of selected foods also aids this understgimindentifying food sources most
beneficial to the population. Therefore, we collediatk bear (Jrsus americanus) scats from
2003-2006 to determine important foods and relative nutritionaésalf those foods for black
bears in Rocky Mountain National Park (RMNP), Colorado.determine dietary composition,
we conducted volumetric analyses on collected scaesthéh adjusted volumetric values using
conversion factors to better estimate the consurokane of each food item, and tested
subsamples of each scat for gross energy (cals/guge ¢at (%), and fecal nitrogen (%). We
compared the converted volumetric values and nutriticoraponents to determine important
sources of energy, fat, and protein. We also conductad dmimal observation on radiocollared
black bears to corroborate dietary composition valueseatbfrom scat analyses. All analyses
were conducted annually and seasonally. Lastly we cauphe percentage of scats containing
anthropogenic food sources from historic (1984—-1991) and contem28&3—2006) periods

in RMNP to determine if black bears have increased useabf food sources over the last 15-20
years. Adjusted volumetric values were highest annémllgrasses (24.2%), berries (16.8%),
and ants (31.2%). Use of grasdds € 21.8,P < 0.001), berriesH, = 10.1,P = 0.007), and

small mammalsH, = 5.4,P = 0.068) varied by season, with greatest use of grasses (49.1%
occurring during spring and berries (31.6%) and small mamibéds)(during autumn. Focal
animal observation yielded similar trends annually foetspent foraging on grasses (17.8),
berries (10.2), and insects (61.3) with all 3 differingaeetn spring and summer seasons (grass:
U = 253.0,P < 0.001; berriesU = 84.5,P = 0.009; insectslU = 91.0,P = 0.076); no analyses
were conducted for autumn given small sample sizesritidnal assessments indicated highest
values for gross energiif = 9.7,P = 0.008) and crude faH{ = 4.9,P = 0.085) during summer;
no seasonal differences were noted for fecal nitroger@.3,P = 0.119). Gross energy was
typically lowest for grasses and other herbaceousgtnt highest for ants and ungulates.
Fecal nitrogen was strongly related to most animal sslgewas negatively correlated with
vegetative matter. Crude fat showed the strongestymstlationship with berries, though this
was likely influenced by the presence of seeds in thiysiea Collectively, fecal remains
appeared to be less effective in interpreting crude falagk bear diets than for gross energy or
fecal nitrogen. Greater frequency of ants (Fisher'steda& 0.001) but less grass (Fisher’s exact
P < 0.001) was observed in historic black bear diets, whikemmporary diets included
substantially greater amounts of anthropogenic foodsdFsbxactP < 0.0001). This increased
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use of human foods likely contributed to increases inrgbdebody size (weight females:
historic = 52 kg, contemporary = 58 kg), body condition (biatiyemales: historic = 15.0%,
contemporary = 22.8%), and population growth rate (historid.01, contemporay= 1.11)
for the contemporary black bear population.

Black bearlrsus americanus) diets vary geographically depending on food sources
available to bears. For example, in deciduous foresteafastern U.S., black bears heavily
utilize hard and soft mast crops (Pelton 2003), while astd@avily used in north-central
Minnesota (Noyce et al. 1997). Knowledge of food sourcaseadiby local black bear
populations should provide insight into reproductive ratasdibon, and habitat selection of
black bears, thus allowing effective management of theselgttons (McDonald and Fuller
1994). One of the most commonly used techniques for assessth@dbits is scat analysis.

Most commonly, food items are identified aelhted to diets through frequency, relative
density, or volume (e.g., Raine and Kansas 1990, Hellgren K88Bphm et al. 1995).
However, these approaches do not account for the difeligestibilities of food items.
Therefore, correction factors were developed for comfood items to account for these
differing digestibilities (Hewitt and Robbins 1996), with the a$ corrected volumetric values
allowing for more accurate identification of importémbd items. Focal animal observation
provides an alternative method for assessing food habitis. method relies on the ability of the
observer to follow an individual for a select periodiofe while recording activities of the
subject (Morrison et al. 1992, MacDonald et al. 2000). Tlisrtigue allows for direct
knowledge of foods each animal consumes and provides a catigbdechnique for estimating
black bear dietary habits.

However, identification of food sources caned does not necessarily indicate which

food items are most beneficial to black bears, whereaslkdge of nutritional composition of
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food items does provide insight into which food sources supplgteatest amount of energy
and other nutrients for black bears (Gluesing and Field 19B&yeral investigations have
attempted to delineate this relationship (e.g., Elowe and Db@ig@ Kasbohm et al. 1995) by
relating nutritional components of selected foods to quesitonsumed. However, nutritional
composition of the same species can vary substarftiaity plant to plant and even within the
same plant (Holechek et al. 2004). Alternatively, notnél components of fecal material from
species with ruminant and monogastric stomachs haveuseerto assess dietary quality (Leslie
and Starkey 1985, Hodgman et al. 1996, Magomedov et al. 1996)ssigsautritional
components from black bear scats could provide similarmmdtion and has the added
advantage of directly representing the nutritional comnbposof foods consumed rather than
estimating values for food sources that might not beesgmtative of those consumed by bears.
Nonetheless, food sources have a variety of digesBilvith respect to nutritional components
(Pritchard and Robbins 1990). Therefore, estimates dereeddonsumed foods (i.e., scats and
stomach content) may simply represent relative levetaitritional components rather than
direct values, but still likely reflect quality of deetonsumed (Magomedov et al. 1996, Clark et
al. 2003).

Nutritional components that are important exblbears include gross energy, fat, and
protein (represented in analyses by fecal nitrogen). WWopison of energy-rich foods is an
important consideration for black bears given thegdn® accrue large stores of fat for
hibernation (Pelton 2003). High energy foods include mafsihsast producing plants (i.e.,
Vaccinium spp,Ribes spp.,Rubus spp.) as well as fat and protein-rich food sources subarads
mast, insects, and ungulates (Swenson et al. 1999, Rodeobhth&22000, Inman and Pelton

2002). Additionally, high protein diets result in increasaiight gains and fecundity in black
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bears, indicating the importance of such foods in beds @i ate and Pelton 1983, Rogers 1987,
McLean and Pelton 1990, Beckmann and Berger 2003a). Thereiods,high in 1 or more of
these components are more important for black bearsisecd the direct relationship to
increased individual condition and hence individual and papulgerformance.

Consumption of human foods can also be aoitant consideration in many areas, as
these foods are generally high in fat and protein (comyerad black bear diets that are
generally lacking) and are easily obtained (Pelton 2008fortlinately, the utilization of human
foods often brings black bears into direct contact Witimans and can ultimately lead to
conflicts (Zardus and Parsons 1980, Herrero 2002, Beckmann ager B803b). For example,
Tate and Pelton (1983) reported 624 aggressive actions by pangdotack bears in Great
Smoky Mountain National Park, with 6% of these aggressite leading to actual physical
contact with humans. In the Sierra Nevada-GreatrBatrface, Beckmann and Berger (2003b)
found that increased abundance of human foods led fudagtaift of wildland black bears to
urban areas, a heavily skewed sex ratio towards malasges in female reproductive success,
an increase in body mass, and a reduction in home-ssgedime spent foraging, and time
spent in dens. Understanding the level of use of antbespo food sources by black bears can
help identify potential problem situations and allow for appiate management actions to
alleviate this situation.

Historically, food habits assessed for black®@& Rocky Mountain National Park
(RMNP), Colorado, from 1984-1991 indicated heavy use of animtitencompared to other
localities (47.7% of scats; Zeigenfuss 2001), although diceoparisons with other studies is
difficult because food habits were not assessed \atlirally precluding the application of

correction factors to more accurately represent foodswuoed. RMNP’s black bear population
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IS unique in that it is one of the highest elevation patmuis of black bears in the U.S. Such
high elevations result in a substantially shortemgng season and a lack of hard mast crops
often utilized by black bears in other localities. Th&tors were believed to be the cause of
the small size of black bears (adult male = 80 kg, adulilflem 55 kg; Zeigenfuss 2001)
reported in RMNP historically. However, recent obseovet (2003—2006, hereafter
contemporary) suggest increased size (adult male = 99 kgfatale = 68 kg; Chapter 2) and
condition (body fat females: historic = 15.0%, conterapp= 22.8%; Chapter 2) over historic
(1984-1991) populations, a result most parsimoniously relatdthtgyes in foods consumed by
black bears in RMNP. Therefore, | collected scatsados@érvational data from 2003-2006 to
assess contemporary food habits of black bears in RhPcompared frequency of
occurrence of food items between historic and conteanpqeriods to assess shifts in use of
food sources over time. | also analyzed scats fusggenergy, crude fat, and fecal nitrogen to
determine food sources most strongly related to theseiangl components. | conducted
analyses annually and seasonally to determine seasardd trefood habits and nutritional
components. Lastly, | compared the use of anthropogemits foetween historic and

contemporary periods to assess potential difference®ibats/een these time periods.

METHODS

Food habits

| collected black bear scats when encounteredgdassociated field activities (i.e., bear
capture, telemetry, focal animal observations, and aéigatsurveys; Baldwin 2008) from
summer 2003—autumn 2006 with location, date collected, and apptexaga (< 1 week, 1-4

weeks, > 4 weeks) recorded for each scat. For andlygsiaked each fecal sample in water and
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antibacterial soap overnight. | then rinsed samplé®t and cold water for 5 minutes over 2.38-
mm and 1-mm soil-screens. | spread remaining materiadst@y and mixed them thoroughly
with 10-33% of the remaining food items randomly selectedfuftiner analysis (Hewitt and
Robbins 1996). | then submerged these materials in wathbowoessier separation of food
items. Scat items were placed into 1 of 10 categor@hsdimg grasses, other herbaceous plants
(hereafter, herbaceous), berries, hard mast, ants, iagects (hereafter, insects), small
mammals, ungulates, garbage, and non-food items (see Il'tdsléurther description). |
identified plant materials using reference collectiand plant identification keys (i.e., Feucht
1999, Beidleman et al. 2000), while small mammals and ungulaee identified from hair and
bone remains using reference collections and hair keysréMaial. 1974). Once | completed
identification, | squeezed excess water from food itentsestimated volume using water
displacement in a graduated cylinder (Hewitt and Robbins 1996).

| applied correction factors (grass = 0.26, hexhece 0.26, berries = 0.93, hard mast =
1.5, ants = 1.74, insects = 1.1, small mammals = 4.0, teeangulates = 1.5, other ungulates =
3.0) to volumetric estimates of food items to accountitfering digestibilities of food items
(Hewitt and Robbins 1996, Bunnell 2000). No correction factors aeailable for garbage
items (i.e., plastic, paper, rubber, aluminum foil).efi@fore, | excluded scats containing these
items from analyses involving correction factors giveat #ven for food items in which | had
established correction factors, corrected volumes nighihaccurate given the unknown volume
of anthropogenic foods consumed. When | collected nheiipats known to have been
deposited from the same individual from a single feetiogf, | averaged these samples with the

mean serving as a single observation.
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Table 6.1. Description of dietary classes used to caregoiets of black bears in Rocky
Mountain National Park, Colorado, 2003-2006.

Scat items Description

Grass All monocots including grasses, sedges, and rushes.

Herbaceous All forbs and leafy plant material but prilpa/accinium spp.,
Taraxacum spp., andHeracleum sphondylium.

Berries All berries but primarilyaccinium spp.,Ribes spp.,Sheperdia
canadensis, Arctostaphylos uva-ursi, andPrunus virginiana.

Hard mast Sunflower seeds from bird feeders.

Ants All ant species.

Insects All insects other than ants but primarily wasps

Small mammals Members of Rodentia and Lagomorpha.

Ungulates Odocoileus hemionus and Cervus elaphus.

Garbage Includes primarily plastic, paper, rubber, andialumfoil.

Non-foods Primarily woody debris, soil, and sand.
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| determined seasonal dietary composition of blaek diets by placing collected scats
into spring (May—June), summer (July—August), and autumn¢Biyar—November) categories.
| used the median date between date of collection ahdlidy of approximate age (either 1 or 4
wks) for scats where date of deposit was unknown. |alidise any scats in seasonal analyses
that were aged > 4 weeks given high uncertainty abowateeof deposit. | compared diets
across seasons and among years for both uncorrectedraected volumetric percentages using
Kruskal-Wallis tests (Zar 1999).

| also compared the frequency of primary foeohd per scat (i.e., food item with the
greatest percent occurrence in each scat; Rosas-R@a2@03) between the historic and
contemporary periodg{test; Zar 1999) to assess shifts in dietary constitwamtss time; | was
not able to compare volumetric measures given the laskah data for the historic period.
Food items were classed as grass, herbaceous, beegt, iusd animal materials; | could not
further define insect (i.e., ants and other insects) amdadufi.e., ungulates and small mammals)
classes given the lack of specificity for these f@gechs from historic scats. If | observed a
significant differenced = 0.05) between historic and contemporary black bear pomsatio
used Fisher’s exact test with a Bonferroni correction (0.01) for multiple comparisons to
compare food items between time periods (Zar 1999). Unfateiyn | could not compare scats
seasonally, as collection dates were not recordedibeslly. Therefore, results represent an
exploratory comparison between historic and contempatiatg in RMNP. | also compared the
number of scats with anthropogenic food sources to thertomber of scats sampled using
Fisher’s exact test (Zar 1999) for both the historic anmtemporary periods in RMNP to assess

differences in utilization of these food sources. sTanalysis was conducted separately from the
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other frequency comparisons given a larger available datactuding presence of
anthropogenic foods for the historic period.
Observational analysis

| used modified Aldrich foot snares and culvexps$ to capture black bears from 2003—
2006. | immobilized bears with a 5:1 mixture of ketamine hylday@e and xylazine
hydrochloride (200 mg ketamine and 40 mg xylazine per ml) and fis bgth radiocollars. |
radiotracked collared individuals from May through the toheen entrance and collected
observational data on foraging behavior when | was aldet within visual range without
alerting the bear to my presence. | noted observagiesiyy minute until the bear moved off or
became alerted to my presence, and only foraging boutatlihst 10 minutes of observation
were included in analyses. | classed foraging everfta@ging on grasses, other herbaceous
plants, berries, insects, and anthropogenic sourcesauBe¢ never observed foraging for
vertebrates, this category was excluded from obsenatanalyses. | used Mann—Whitrigy
tests (Zar 1999) to compare differences between springuanther seasons. Autumn was not
used in seasonal analyses given a limited sampldasitleis seasom(= 4).
Nutritional analysis
Before soaking scats, | manually mixed and collected aaniple from each scat for use in
nutritional analyses for gross energy (GE; cals/gmjde fat (FAT; %), and fecal nitrogen (FN;
%). | determined GE using a bomb calorimeter (IKA C5000 yoHB by a carbon/nitrogen
analyzer (Leco Truspec model), and FAT by ether extrsiagy a Goldfisch (Labconco)
apparatus. In addition, | determined total ash for eacplsaim convert nutritional components
from dry matter to an organic matter basis. All cheimcdritional analyses were conducted by

The Wildlife Habitat Nutrition Laboratory, Pullmawashington, USA. In addition to
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calculating annual means for nutritional components ol esnpared seasonal values using
procedures defined previously for food composition analyses.

| used simple and multiple linear regressiaar (R99) to relate corrected volumetric
percentages of food items in scats to GE, FAT, and IFd¢sessed outliers using residual plots
(Zar 1999). Additionally, I used Spearman rank correlatiorassess collinearity among
variables; if variables were correlated at 0.70, only the more influential variable was
included in further analyses to reduce redundancy (Agresti 1996&swderelated variables had
no functional relationship to each other. | comparedlta&as models using Akaike’s
information criterion (AIC; Burnham and Anderson 1998), amas@ered only models with
AAIC’s < 4 as competing models (Burnham and Anderson 199830 Lised?? values to aid
model selection (Zar 1999), particularly for single valeamodels. | conducted these analyses
annually and seasonally to assess the seasonal inflobfoz®l items on nutritional components.
Scats containing hard mast were not included in regressaysas as all hard mast was from
anthropogenic sources, hard mast was observed in onl§ZBadcats for which | had nutritional

data, and because most of these scats were extreliresout

RESULTS

Grasses, berries, and ants comprised the igrgeentage of black bear diets in RMNP
based on uncorrected fecal volume analyses (Tabledec@vely, vegetative material made up
57.3% of annual black bear diets, animal matter comprised 28:86,garbage (5.2%) and
non-food items (8.2%) accounted for the rest. Seaspifedial volume for grassesl{ = 20.2,P
<0.001), antsH, = 5.3,P = 0.072), and berriesl, = 16.8,P < 0.001) varied, whereas all other

foods were similarH, = 3.3,P = 0.195). Use of grasses declined seasonally, use of berries
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increased through autumn, and use of ants peaked during sufiahkr 2). Although seasonal
comparisons were not possible, | observed a signifiaéfatehce §? = 35.0,P < 0.001) in the

frequency of primary food items in scats between histeind contemporary black bear
populations, with greater frequency of insects in black Beas for the historic population
(historic = 44.4%, contemporary = 26.1%; Fisher’s efact0.001), while grass occurred less
frequently (historic = 5.6%, contemporary = 31.5%; FishexactP < 0.001) (Table 3).

Corrected for differential digestibility, féaelume also indicated the same 3 primary
food sources annually, though ants became the primadysioarce & 31.2%; Table 2).
Corrected values indicated equivalent volumes of pBh06) and animal (49.0%) food
sources in RMNP black bear diets. Corrected use of grédse 21.8,P < 0.001) again
declined from spring through autumn, bendg € 10.1,P = 0.007) consumption increased
through autumn, while consumption of small mammidis< 5.4,P = 0.068) also increased
through autumn (Table 2). Scats containing anthropogenicsioades were 15.2 times
(Fisher’s exacP < 0.0001) more common in contemporary black bear dietsX4.2%; 17 of
120) than in historical black bear diets£ 0.9%; 2 of 214). Because these foods were
extremely difficult to identify (i.e., many human foocsnsist of leftover meat, etc., that leaves
no distinct remains), this proportion likely significantinderestimates true occurrence in black
bear diets.

| conducted 13, 22, and 4 focal animal observatiob&cdk bears during spring,
summer, and autumn, respectively, totaling 1,172 minkes30.1, SE = 2.7). Observational
data indicated similar trends as scat analyses (Tabl€@)sumption of grasses wa$ times
greater in spring than summer, while berry (> 100 timeg)iasect (> 1.3 times) consumption

was greater during summer than in spring (Table 4). Tlase gends continued through
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Table 6.3. Comparison of the percent frequency of ocatgrehfood items in black bear scats
from Rocky Mountain National Park, Colorado, betweetohis (1984-1991) and contemporary
(2003—-2006) periods. Frequencies included only the most abunddntefooper scat.

Grass Herbaceous Berries Insect Animal
Historic 5.6A 17.5 22.5 44 AA 10.0
Contemporary 31.5B 11.7 18.9 26.1B 11.7

& Percentage frequencies for a food item with a difteletter differed P < 0.10).
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Table 6.4. Percent time spent foraging on food itemsdbas@bservations of black bears in
Rocky Mountain National Park, Colorado from 2003—2006 for gfulay—Junen = 13),
summer (July—August) = 22), autumn (September—Novemlbres 4), and all seasons combined

(n = 39).

Spring  Summer  Autumr? U P
Grass 38.9A 8.1B 2.5 253.0 <0.001
Herbaceous 12.0 6.2 6.0 187.9.114
Berries 0.0A 16.1B 10.9 84.50.009
Insects 49.1A 65.0B 80.6 91.0 0760.
Garbagé 0.0 4.5 0.0

& Significant differences between spring and summer @edrby different letters(< 0.10).
P No test was performed for autumn given small sampéssi

° No tests were performed for garbage given only 1 obsernvafigarbage consumption.

Final Report

156

December 2007



autumn, but small sample sizes precluded testing. Ona dibeervation of garbage
consumption was noted, further indicating use of antlgepio foods by black bears in RMNP.
No predation events were directly observed, althougemviations of predation and scavenging
were noted by RMNP staff, visitors, and local residents

GE P<0.069) and FATR < 0.041) in black bear scats were higher during summer than
in spring and autumn, whereas spring and autumn did not @&ter P = 0.909; FAT:P =
0.749) (Table 5). FNH> =4.3,P = 0.679) did not vary across seasons (Table 5). GE was
positively related to proportions of ants and ungulatesnual diets, while grasses and
herbaceous food items were negatively related (Tabdesl@). Similar patterns were present
for seasonal diets, although ungulates showed litégioekship during summer and autumn
(Tables 6 and 7). Interestingly, GE of black bear dietswegatively related to berry
consumption during autumn (Table 6). Multivariate modeslarly indicated that GE of black
bear diets was positively related to the presence ofadmatter in black bear diets both
seasonally and annually (Table 7), as all bear modatsaied positive effects of the variables
except for summer diets. Similarly, grass and othdvdomous material either together or
separately were associated with lower GE levels its dieall multivariate models (Table 7),
highlighting the proportional lack of contribution of #eefoods to black bear diet quality.

FAT levels in black bear scats were negatikelated to grasses but positively related to
berry consumption annually (Tables 8 and 9). This reldtiprfer berries was particularly high
during summer and autumn. Although other factors wereetktatFAT seasonally (Table 8),
results were inconsistent among seasons and oftetecmtuitive (i.e., insects and small
mammals having a negative relationship during autumn). Tieraiéy weak relationship

between FAT and black bear diet composition was highlibintenultivariate models (Table 9),
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Table 6.5. Mean values for gross energy (cals), crud@datand fecal nitrogen (%) derived
from black bear scats collected in Rocky Mountain Nati®aak, Colorado from 2003-2006 for
spring (May—Junen = 32), summer (July—August,= 55), autumn (September—Novembes
20), and all seasons combined=107).

Annual Spring Summer Autumn H P
Gross energy 5548.7 5441.1A 5656.1B 5425.3A 9.7 0.008
Crude fat 5.5 4.8A 6.2B 4.6A 4.9 0.085
Fecal nitrogen 4.3 4.1 4.4 4.3 4.3 0.119

& Seasons not sharing a letter differBdk(0.10).
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Table 6.6. Results of simple linear regression comparogs energy (cals/gm) of black bear
scats to the percent volume of foods ingested by black be&ocky Mountain National Park,
Colorado from 2003—2006. Results are provided for spnrg34), summerr(= 57), and
autumn @ = 25), as well as all seasons combinee (L23). Significant variables are in bold.

Season  Variable F P AlC R B SE
Annual Grass 22.2 <0.001 1489.5 0.155 -4.788 1.017
Herbaceous 6.1 0.015 1504.1 0.048 -4.919 1.992
Berries 0.0 0.940 1510.1 0.000 -0.083 1.096
Ants 11.5 0.001  1499.0 0.087 3.346 0.987
Insects 1.2 0.285  1509.0 0.009 1.834 1.709
Small mammals 0.0 0.986  1510.1 0.000 0.043 2.387
Ungulates 7.7 0.006  1502.6 0.060 5.194 1.874
Spring  Grass 24.3 <0.001 403.9 0.432 -7.314 1.483
Herbaceous 0.0 0.996 423.1 0.000 -0.017 3.335
Berries 15 0.236 421.6 0.044 5.106 4.225
Ants 0.9 0.346 422.1 0.028 2.440 2.551
Insects 0.1 0.747 423.0 0.003 1.618 4.962
Small mammals — — — — — —
Ungulates 21.0 <0.001 405.9 0.396 10.675 2.330
Summer Grass 3.7 0.060 692.6 0.063 -3.374 1.754
Herbaceous 7.7 0.008 688.8 0.123 -10.264 3.702
Berries 0.4 0.538 695.9 0.007 1.047 1.689
Ants 15 0.233 694.8 0.026 1.668 1.382
Insects 1.0 0.333 695.3 0.017 2.323 2.376
Small mammals 0.3 0.609 696.0 0.005 -1.835 3.563
Ungulates 0.9 0.352 695.4 0.016 4.147 4.422
Autumn  Grass 0.1 0.725 305.7 0.006 -14.729 41.322
Herbaceous 4.6 0.043 301.3 0.167 —9.866 4.595
Berries 3.2 0.089 302.6 0.121 -3.076 1.733
Ants 11.9 0.002 295.4 0.342 6.988 2.023
Insects 0.0 0.890 305.8 0.001 0.376 2.685
Small mammals 0.2 0.706 305.7 0.006 1.171 3.061
Ungulates 0.0 0.897 305.8 0.001 -8.268 63.179
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Table 6.8. Results of simple linear regression comparunde fat (%) of black bear scats to the
percent volume of foods ingested by black bears in Rocky MouNational Park, Colorado
from 2003—-2006. Results are provided for sprimg 34), summern(= 57), and autumm(=

25), as well as all seasons combined: (123). Significant variables are in bold.

Season  Variable F P AlC R B SE
Annual Grass 6.2 0.014 249.4 0.049 -0.016 0.007
Herbaceous 1.6 0.211 254.0 0.013 —0.016 0.012
Berries 21.8 <0.001 235.2 0.153 0.029 0.006
Ants 1.0 0.311 254.5 0.009 —-0.006 0.006
Insects 0.0 0.910 255.6 0.000 -0.001 0.010
Small mammals 14 0.237 254.1 0.012 -0.017 0.014
Ungulates 0.7 0.417 254.9 0.006 0.010 0.012
Spring  Grass 3.7 0.064 61.3 0.103 -0.018 0.010
Herbaceous 0.1 0.726 64.9 0.004 0.006 0.017
Berries 0.2 0.686 64.8 0.005 0.009 0.022
Ants 15 0.233 63.5 0.044 0.016 0.013
Insects 1.7 0.201 63.2 0.051 —-0.033 0.025
Small mammals — — — — — —
Ungulates 2.6 0.115 62.3 0.076 0.024 0.015
Summer Grass 2.7 0.105 122.2 0.047 —0.019 0.012
Herbaceous 0.3 0.612 124.7 0.005 -0.013 0.026
Berries 8.7 0.005 116.5 0.137 0.031 0.010
Ants 6.0 0.018 119.1 0.098 -0.022 0.009
Insects 1.2 0.288 123.8 0.021 0.017 0.016
Small mammals 0.0 0.940 124.9 0.000 0.002 0.024
Ungulates 8.0 0.007 117.2 0.127 0.078 0.028
Autumn  Grass 0.4 0.522 45.3 0.018 -0.147 0.226
Herbaceous 1.7 0.204 44.0 0.069 —0.035 0.027
Berries 31.7 <0.001 24.1 0.579 0.037 0.007
Ants 0.7 0.406 45.0 0.030 -0.011 0.014
Insects 3.0 0.096 42.7 0.116 -0.024 0.014
Small mammals 7.7 0.011 38.5 0.252 —0.041 0.015
Ungulates 1.2 0.295 44.6 0.048 0.364 0.340
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which were constructible only for summer diets. Thiglelondicated positive effects of both
berries and ungulate biomass on FAT levels of black diets.

FN was typically positively related to comgtion of animal foods, while increasing
amounts of grasses, herbaceous plants, and berrieasser@ated with less FN in black bear
scats seasonally and annually (Tables 10 and 11). Regavtifessson, insects other than ants
were consistently positively associated with FN valadtbpough ants did not exhibit this
relationship (Tables 10 and 11). Ungulates were also $§rpogitively related to FN during
spring, while small mammals exhibited a similar responseglsummer and autumn (Tables 10
and 11). Multivariate models of FN{{ = 0.62—0.84) in black bear diets were generally much
stronger than models of GB{= 0.22-0.61) or FATR = 0.28), with strongest relationships

(i.e., largespP’s) in models always associated with animal matteblgal).

DISCUSSION

Annual diets of black bears are typically cosguliof approximately 85% vegetative
matter, with the bulk of animal matter coming from inssmurces (Hatler 1972, Raine and
Kansas 1990, Hellgren 1993, Pelton 2003). However, relative piarmoof vegetative versus
animal matter can vary substantially among populatierts,(southern Yukon = 94.9%
vegetative matter, 2.6% animal matter [MacHutchon 1983%tham Wisconsin = 61.7%
vegetative matter, 28.0% animal matter [Payne et al. L98j)h historic (insect = 40.0%,
vertebrate = 7.7%; Zeigenfuss 2001) and contemporary (insE&19%, vertebrate = 10.0%;
Table 2) data from RMNP indicated some of the highestafs@simal matter reported. This
was particularly evident when diets were correctedliberential digestibility, as 49.0% of

RMNP’s contemporary black bear population’s diet congisfeanimal sources (Table 2). High
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Table 6.10. Results of simple linear regression comparaad fgrogen (%) of black bear scats
to the percent volume of foods ingested by black bearsekyRdountain National Park,
Colorado from 2003-2006. Results are provided for spnirg34), summern(= 57), and

autumn @ = 25), as well as all seasons combinee (L23). Significant variables are in bold.

Season  Variable F P AlC R B SE
Annual Grass 10.7 0.001 257.3 0.082 -0.022 0.007
Herbaceous 1.6 0.215 266.2 0.013 —0.016 0.013
Berries 16.9 <0.001 251.7 0.122 -0.027 0.007
Ants 0.0 0.931 267.7 0.000 0.001 0.007
Insects 11.9 0.001 256.2 0.089 0.036 0.011
Small mammals 18.7 <0.001 250.1 0.134 0.062 0.014
Ungulates 59.7 <0.001 218.4 0.331 0.078 0.010
Spring  Grass 8.6 0.006 58.9 0.212 -0.027 0.009
Herbaceous 0.8 0.368 66.1 0.025 —0.016 0.018
Berries 1.2 0.288 65.8 0.035 -0.024 0.023
Ants 0.1 0.783 66.9 0.002 —0.004 0.014
Insects 3.1 0.088 63.9 0.088 0.044 0.025
Small mammals — — — — — —
Ungulates 85.9 <0.001 22.7 0.729 0.077 0.008
Summer Grass 4.2 0.047 82.0 0.070 -0.017 0.008
Herbaceous 3.3 0.077 82.9 0.056 —-0.033 0.018
Berries 52 0.027 8l.1 0.086 -0.017 0.008
Ants 0.0 0.861 86.1 0.001 0.001 0.007
Insects 15.2 <0.001 72.3 0.216 0.039 0.010
Small mammals 22.9 <0.001 66.3 0.294 0.068 0.014
Ungulates 0.3 0.602 85.9 0.005 0.011 0.021
Autumn  Grass 0.2 0.669 60.6 0.008 -0.133 0.307
Herbaceous 0.6 0.452 60.2 0.025 —0.028 0.037
Berries 24.4 <0.001 42.8 0.514 —0.047 0.010
Ants 1.0 0.325 59.7 0.042 0.018 0.018
Insects 4.0 0.059 56.9 0.147 0.037 0.018
Small mammals 13.4 0.001 49.3 0.368 0.067 0.018
Ungulates 0.1 0.804 60.8 0.003 -0.118 0.470
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use of animal matter may be related to the absencardfrhast crops in RMNP. Hard mast
crops provide the principal food sources for black bear papatatvhen available (e.qg.,
Hellgren and Vaughan 1988, Costello et al. 2001) because ofriegipyeand fat content (Eagle
and Pelton 1983, Inman and Pelton 2002). However, when lata@eablack bears compensate
by increasing intake of soft mast and animal matter, ectwely they provide substantial
sources of energy, fat, and protein (Swenson et al. 198 &d Robbins 2000, Inman and
Pelton 2002; Tables 6-11) that collectively can match oreelevels attained from hard mast
(Kasbohm et al. 1995). However, animal sources are niifiailti to find, resulting in
increased foraging time (Rode and Robbins 2000) which maydmaa influencing the smaller
size of black bears typically associated with areélsout high density, high abundance food
sources (Welch et al. 1997).

Seasonal diets also vary substantiallpsscgeographic localities depending on the food
sources that are available. Seasonal use in RMNP &gpamirror that observed in most other
localities that lack natural hard mast sources (e.gneRand Kansas 1990, Kasbohm et al.
1995). Green vegetation (grasses and other herbaceouglsgateas the primary food source
during spring (Table 2) when actively growing early phenololgynts show seasonal peaks in
protein and digestibility (Pritchard and Robbins 1990). Consomti grasses decreased over
time as crude fiber content increases, resulting inr@neein and digestible energy for simple
monogastrics such as black bears (Pritchard and Robbins 1990).

Predation of neonate ungulates and consumptimtdr-killed carrion is common
during spring for many black bear populations (Irwin and Hanthi®85, Raine and Kansas
1990, Schwartz and Franzmann 1991) and provides much needed prabénl(d) to replace

muscle mass lost during hibernation. Additionally, ungulptesided a greater energy source
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than green vegetation during spring in RMNP (Table 6). latgsiiwere relatively rare in black
bear diets in RMNP; thus, although most common in gatiats, the differences were not
significant (Table 2). However, ungulate matter wassthengest variable in models of both FN
and GE in spring black bear diets, highlighting the impodarfangulates in spring diets, even
when relatively rare.

In contrast to ungulates, small mammal consempticreased from spring to autumn
(Table 2). As neonate ungulates age, they become suabyamiore difficult for black bears to
capture (Schwartz and Franzmann 1991). Therefore, black im@grhave supplemented their
diets with small mammals to maintain levels of protipplied by ungulates during spring, as
small mammals were the strongest component assowdte&N levels in black bear diets in
autumn (Tables 10 and 11).

As with many black bear populations (Raine and #&th890, Noyce et al. 1997), ant
consumption peaked in summer (Table 2). Ants provide anrtanicsource of protein, fat, and
subsequent energy for black bears (Noyce et al. 1997, Swenhabri999, Mattson 2001).
Although results from fecal analyses did not indiGgggnificant positive relationship between
ant consumption and either FAT or FN (Tables 8 and 1@3,veere the strongest variable in GE
content of black bear diets in autumn in RMNP (Tablesd7g. Greater digestibility of alates
and pupae may have affected summer results, as thesgalifes are higher in nutritional value
than adults (Noyce et al. 1997, Auger et al. 2004). Gressengation of protein and fats from
these sources may yield lower values excreted by black {@alobins 1993).

Consumption of insects other than ants (priynaasps) did not differ significantly
across seasons (Table 2). Wasp consumption is typlaghest during late summer and autumn

(Grenfell and Brody 1983, Irwin and Hammond 1985, Holcroft aadé¢fo 1991), although
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wasps can provide a significant source of protein annuadligléT10). However, wasp
abundance can vary dramatically across years (Graber B8&20ft and Herrero 1991). |
observed highest consumption of wasps in 2003 compared toyetrs (corrected

volumetricx : 2003 = 48.9%, 2004—-2006 = 2.1%; Mann—Whitbley 768.0,P < 0.001).
Because | pooled samples across years to increaseessingd, these yearly fluctuations may
have hidden the relative importance of wasps as a faadesavhen abundant for black bears in
RMNP. Unfortunately, sample sizes were too small fecefely test seasonal differences
across years.

Berry consumption was greatest during late-semand autumn (Table 2) when these
food items became abundant. Soft mast is typicadlis m energy content but low in protein
(Rode and Robbins 2000). However, | observed the stronggsbmehip between berry
consumption and fecal indices of diet quality with FAVdls in both summer (Tables 8 and 9)
and autumn (Table 8). These results were likely inftadrby the indigestibility of seeds. Most
of the energy associated with berry consumption teerform of sugars (Rode and Robbins
2000); these are readily utilized by black bears leaving piyrthe indigestible seeds and
casings to be excreted. These seeds are typicallyrhigh(Robbins 1993) and likely accounted
for the high values | observed. This potentially minirdieéfects of other foods on FAT, thus
resulting in weak and often counterintuitive models ATKTables 8 and 9)

Although consumption of anthropogenic hard nwstd did not differ seasonally, my
ability to detect differences was limited given the Bmamber of scats that contained such
items @ = 6). Additionally, no difference was noted in seawdaise of garbage. However,
annual intake of anthropogenic food sources was 15.2 greeser for the contemporary period

than the historic. This increased use of human foodsainegdy be manifested in body
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condition of black bears in my study population (body nfiesgles: historic = 52 kg,
contemporary = 58 kg; body fat females: historic = 15.@temporary = 22.8%; see Chapter
2), as anthropogenic food sources yield higher caloaihohydrate, protein, and fat intake than
most natural diets (Stringham 1989). Use of human-esesdoy black bears, where
anthropogenic foods are available, was also positivéyee to black bear condition in RMNP
(see Chapter 7). These effects likely resulted in piadgropulation growth rates (histofic=

1.01, contemporary = 1.11; Chapter 4) being much greater in the contemppogylation (see
Chapter 4). Further, comparisons of the frequency of caecerof natural food items between
historic and contemporary periods suggested higher qualityrdsttsically (i.e., less grass,
more insects; Table 3). Therefore, supplementationtbf@pogenic foods into black bear diets
was likely required to attain the size, condition, anputation growth rates exhibited by the
contemporary black bear population in RMNP. Unfortunatélg, increased use of human
foods can also result in negative encounters with hunfate énd Pelton 1983, Peirce and Van
Daele 2006). Historically, black bears in RMNP exhibitegticybehavior and were believed to
avoid heavy human-use areas (McCutchen 1990). Howevealpgewent along the boundary of
RMNP has increased the potential for human-bear enemufeigenfuss 2001). Many black
bears in the contemporary population no longer exhibitatlagdance of human-use areas, with
home-ranges including many human-use areas (see Chaptet§ )L &lthough current levels

of use (5.2% of fecal volume annually; however, it stidad noted that this value almost
certainly underestimates use of these foods, as conters such as meats, cheese, and
processed grains [i.e., bread, donuts, etc.] leave ntfidble residue in scats) are not as high as
some other populations (Yosemite National Park, Cali#ormi5%, Graber and White 1983; San

Gabriel Mountains, California = 33%, Stubblefield 1993),ttkad toward increased use
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parallels that observed in the Lake Tahoe region @& (Beckmann and Berger 2003a, b),
which ultimately led to the emigration of most blacknseaut of wildland areas. Therefore, care
should be taken to minimize access to such foods in RMNP

Focal animal observation corroborated seasm®apatterns seen in scat analyses.
Although | was not able to test for differences during autbtack bears spent significantly less
time foraging for grasses during summer than spring, but gpeater time foraging for berries
and insects during summer than spring (Table 4). Additignadlid not directly observe black
bears predating or consuming carrion, but have photographeafianed observations and
reports from RMNP staff, visitors, and local resideritsuzh incidents.

The seasonal variation in fecal GE and WA&E likely driven by differences in dietary
composition (Tables 5-11; see above). However, incrdasadd carbohydrate assimilation
during autumn could also have influenced these values,lasagBrody and Pelton (1988)
found increased assimilation of GE from August to Novembé captive black bears. Such a
physiological change could reduce the amount of energyaardcreted through waste, which
would result in the pattern observed in my data, withilar FAT and GE levels during spring
and autumn but higher FAT and GE levels during summer (Bblélowever, Brody and
Pelton (1988) believed that increased fat and carbohydssairaikation comes at the expense of
protein assimilation. In contrast, | did not obsemg seasonal differences in FN even though
diets varied substantially across seasons (Table[#$. sliggests that black bears were able to
maintain or increase protein consumption annually in RMNRe strongest relationship to FN
levels in black bears shifted from ungulates to small mals (and, to a lesser degree, insects;
Tables 10 and 11) as the year progressed in RMNP, witlctotaicted ungulate-small mammal-

insect consumption peaking at 25.1% of autumn diets (Tabl&!f)s, if protein was assimilated
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less in autumn, FN levels should have risen in RMIdiher than remaining similar. Differing

assimilation efficiencies must be further exploredbefr clearer understanding can be obtained.

MANAGEMENT IMPLICATIONS

Black bears in RMNP utilize grasses and dikebaceous plants extensively during
spring and early summer, but nutritional gains from tiheseurces were minimal compared to
animal matter. Conversely, vertebrate consumptiorpesed < 12% of black bear diets
annually in RMNP, yet provides a valuable source of protainesergy for the population.
Maximizing foods high in energy, protein, and fat would likeénefit the local black bear
population, but remains difficult given the high elevattdiRMNP and the park’s “natural
regulation” philosophy. Because plant material is mucrerabundant, maintaining high quality
herbaceous forage habitats is important in RMNP. Becanost use of grasses occur in spring,
current prescribed burning practices and letting wildfires boithe extent possible could
provide early successional habitats as well as increaseb®) speed green-up, and increase
nutritional quality of black bear diets because of deexctaanopy cover, released nitrogen from
ground litter, and warming of microclimate for faster gre@ (Neary et al. 1999). Similarly,
dead and down ground cover (i.e., fallen logs from dead)tcee&l increase post-fire, providing
abundant logs and cover for ants, other insects, and sraalmals (Noyce et al. 1997, Suzuki
and Hayes 2003).

Additionally, RMNP staff has proposed sevatadrnatives for reducing elk numbers in
RMNP (National Park Service 2006). Such a reduction id se could reduce available
ungulate biomass, particularly in spring, due to loss ofemkiiled carrion and fewer neonates

and warrants future monitoring given the importance of watgalas a protein and energy source
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in spring diets. If insufficient numbers are availalblack bears will likely need to compensate
by switching to other high protein-high energy sources émall mammals, insects, etc.).
Lastly, I have noted a shift in black bear use away fnolsiands into human-wildland interface
areas (see Chapters 1 and 7). This shift, combined witkeisied use of anthropogenic foods by
black bears over the last 15-20 years, warrants furthettoniogi given the propensity of black
bear populations to habituate to urban settings (BeckiaadiBerger 2003a, b), frequently

resulting in conflicts detrimental to local black bear papahs.
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Chapter 7:

Determination of critical habitats of black bears in RockyMountain National
Park, Colorado

Roger A. BaldwinDepartment of Animal and Range Sciences, New Mexico Shaiteersity,
P.O. Box 30003 MSC 4901, Las Cruces, New Mexico 88003, USA

Louis C. Bender, United States Geological Survey, NewiddeCooperative Fish and Wildlife
Research Unit, P.O. Box 30003 MSC 4901, Las Cruces, New M&8003, USA

Chapter summary: Black bearsWrsus americanus) are rare in Rocky Mountain National Park
(RMNP), Colorado (20-24 bears), and understanding habitat cemsoeritical to their
productivity and survival is essential in maintaining su@adensity population. We assessed
habitat selection across 3 spatial scales (landscape-hange, and site-specific) to delineate
critical habitats for black bears in RMNP for both higt§1984—-1991) and contemporary
(2003—-2006) populations to identify critical habitats and sdeefe changed over time. Black
bear habitat selection at both landscape and home-saafgs was highly variable both
historically and contemporarily, although commonly inclugesgference for aspen covertypes
and human-use sites and avoidance of open covertypéastioRghips were more consistent for
landscape metrics, with black bears preferring highly de/éandscapes high in edge and
comprised of small patches both in the historic andecroporary periods. Nutritional condition
of black bears in RMNP was most strongly positivelyoagged with aspen, mesic shrublands,
and human-use areas, while limber pine and mixed conifethigamost consistent negative
influence on bear body fat and body condition indicdsiman-use areas were also used at a
much higher rate contemporarily (70% of black bear locafiohsiman-use areas) than
historically (51% of black bear locations in human-usasiesuggesting increasing habituation
of black bears for human influenced habitats. This triedllwas driven by high yield resource
capture (i.e., anthropogenic food sources) which may exiplereased size and productivity of
black bears in RMNP. Site-specific analyses indictttatiblack bears preferred north and east
facing aspects, greater numbers of logs and ant moundiesangtass and woody cover at
foraging sites as compared to random sites. Site-gppo#ferences correspond to habitat
attributes that predict greater quantity and quality oftpdad insect foods for black bears. Few
differences were found between resting and foragingiota However, observed differences
indicated a preference for steeper slopes and denser wodestory cover at resting sites.
Both of these attributes relate to less disturbanceyeeater security. Black bears in RMNP
likely use areas proving the greatest security withingiogasites for resting locations.
Collectively, analyses suggested that small, evenly loiged patches of aspen, human-use, and
mesic shrubland covertypes provided the best habitat fok bizars in RMNP. Covertype
composition was likely less important than high haldte¢rsity, however, as black bear
distribution patterns were tied closely to actual dsiion of food sources that show high
annual, seasonal, and spatial variability in RMNP. Byim&ing diversity within home-ranges,
black bears likely assure that at least some componssusiated with important foods will be
present in home-ranges. Management strategies ddésmpeovide or increase the diversity of
RMNP’s landscape and provide key structures associatedhatk bear foraging (i.e., dead and
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down logs, etc.) may help reverse an apparent shift inusesto high human-use sites while
maintaining good bear body condition in RMNP.

Rocky Mountain National Park (RMNP) conseraesmall population of black bears
(Ursus americanus) of uncertain ecological status (20-24 individuals, se@@h&). Virtually
every survival and reproductive demographic of large mammagdated to energy balance of
individuals; body reserves are gained through nutrition@stdhrough daily activities and
disturbance (Hanks 1981, Franzmann 1985, Rogers 1987, Gaillar@@d@|.Bender and Cook
2005, Bender et al. 2007a, b, c; Lomas and Bender 2007). Botionuand security are critical
habitat attributes and fundamentally related to individoaldition (Davis 2006, Bender et al.
2007c¢); thus, habitat is critical for survival and productivitplaick bears. Despite small
population size, little is known of habitats criticaltiack bear survival or productivity in
RMNP. Because of this, RMNP staff has concerns dewiability of the black bear
population, preservation of which is a key managementafdhe National Park Service
(National Park Service 1988).

Historic data collected from 1984-1991 indicatedRMMNP’s black bear population
was unique, as it had one of the lowest densities and repiredrates ever recorded (see
Chapters 3 and 4; Zeigenfuss 2001). Additionally, black beamss well below average and
home-range sizes were much larger than typical (esbefor females; see Chapter 2;
Zeigenfuss 2001). These characteristics (small individea) ®w productivity, large home
ranges) are all indicators of habitats providing limitedition (Hanks 1981, Rogers 1987,
McLoughlin et al. 2000). RMNP is comprised almost enticélundra, high elevation forests,
and meadows; such habitats generally lack hard mast enoghsoft mast crops can be scarce

and variable. Moreover, potential food sources for blagk$are limited, and high elevations
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(> 2,286 m) result in short growing seasons (6—7 monthsagtae), limiting the time that black
bears have to obtain resources necessary for growtrearoduction. These characteristics
suggest that habitats of RMNP may be of low quality facklbears. Because of the importance
of nutrition for survival and productivity of wildlife populatis (Hanks 1981, Cook et al. 2001,
Noyce et al. 2002, Lomas and Bender 2007, Bender et al. 200pasbible plant composition
and growth limitations in RMNP habitats makes it impdrtaridentify key bear use areas and
critical foraging and security areas. Disturbance toss of these critical areas could strongly
affect survival and productivity of RMNP’s black bear populati®@ecause review of historic
demographics (see Chapter 4; Zeigenfuss 2001) suggested thatkhedalapopulation in
RMNP was barely able to balance mortality with retcnent, loss of critical areas could lower
survival and productivity and could result in the loss oflblaears from RMNP or lead to
increased use of areas outside RMNP boundaries.

Additionally, increased development of wildlaareas surrounding RMNP (Zeigenfuss
2001) and potential habituation to humans could yield an altgrexhdc between RMNP’s
black bear population and habitat/landscape componentse(bldi983, Rogers 1987, Beckmann
and Berger 2003a, b). Such effects were seen with incredsuegppment in the Lake Tahoe
region of Nevada (Beckmann and Berger 2003a, b), and msuliecreased use of human-
associated habitats and anthropogenic food sourceds Bhaf human-use areas could result in
greater property damage (Peirce and Van Daele 2006); mgiréality rates from hunting
(Samson and Huot 1998), vehicular collisions (Beckmann a&ngeB 2003b, Freedman et al.
2003), and removal of problem bears (McCarthy and Seavoy 1&8#potentially the decline
of RMNP’s black bear population due to emigration out ofllaitd areas (Beckmann and

Berger 2003a, b). Therefore, understanding the influenbetbfnatural and anthropogenic
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habitat attributes on use, survival, and productivity paraseeecessary to effectively manage
RMNP’s black bear population.

Habitat selection of most large mammalsdaiy focuses on 3 scales: 1) selection of an
individuals home-range within the landscape (hereaftelsizape); 2) selection of different
habitat patches within the home-range (hereafter hamge); and 3) selection of site specific
areas (i.e., feeding and resting sites; hereaftespéeiic; Johnson 1980, Lofroth 1993). These
different levels reflect the hierarchical nature cfoarce selection (Johnson 1980, Aebischer et
al. 1993, Anderson and Gutzwiller 1996). Because selectioaaam at multiple scales,
understanding habitat use patterns in the context of bpedile is only relevant after examining
habitat use across multiple scales (O’Neill et al. 18&@#liar and Wiens 1990, Lord and Norton
1990, Apps et al. 2001).

Additionally, the fractal nature of landscapas influence the perception of habitat
components across various scales (O'Neill et al. 1988hiRi1998). The fractal nature of many
landscapes results from varying sizes and distribubbnssource patches. This fractal nature is
at the heart of habitat selection, as the scalehahwan individual perceives the environment
influences how habitat factors are perceived and thedence of resources it detects (O’'Neill et
al. 1988, With 1994, Ritchie 1998). For example, a black beapst@give a given fractal
habitat as having only a few large patches or it may pertkis same habitat as having many
small patches nested within one to several larger pafetiens 1989, Ritchie 1998). Therefore,
an understanding of how black bears are selecting patbhbesd result in more efficient habitat
models that link habitat-use patterns across hierarcleizalsl of selection.

The importance of different scales varie®ag species. Landscape level features can be

the overriding factor in determining habitat suitabilitysoime animals [e.g., spotted o®lr{x
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occidentalis); Hansen et al. 1993] while smaller-scale factors anme nmaportant for others [e.g.,
bison Bison bison), Fortin et al. 2003; elkJervus e aphus), Jones and Hudson 2002].
However, the more likely result is selection at mpldt scales, resulting in a hierarchy that
explains selection at progressively higher or loweele (Pedlar et al. 1997, Jones and Hudson
2002, Weir and Harestad 2003). Few studies have assessedussbitgtblack bears across
multiple scales (Clark et al. 1993, Lyons et al. 2003); suabrarchy should allow for greater
understanding of relationships between site-specific peteamand stand and/or landscape
components resulting in more effective and applicabldatsoof habitat selection and
consequently development of more effective conservatiategies (Mysterud et al. 1999, Weir
and Harestad 2003).

To determine habitats in RMNP that are ctitcdlack bear survival and productivity, |
assessed habitat use across 3 spatial scales (landswaggerange, site-specific). Because
habitat quality fundamentally relates to quantities ofyb@derves black bears can accrue, |
related important habitat attributes to various indafdsear condition, including percent body
fat and a body condition index. Last, | related blag&rdocations from 1984-1991 (hereatfter,
historical period) and 2003-2006 (hereafter, contemporary peddajnban-use areas to assess
differences in use of such areas over time. My gaal @ identify which habitat components of
RMNP best provided for fundamental needs of black beadstcaaissess whether these factors

have changed over time.
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METHODS

Capture and radiotracking

| used modified Aldrich foot snares and culveps$ to capture black bears from 1984—
1991 and 2003-2006. | immobilized bears with a 5:1 mixture of ketamdrechloride and
xylazine hydrochloride (200 mg ketamine and 40 mg xylazine per ml) loekfis with
radiocollars. | radiotracked individuals from capturetigh the time of den entrance, and
subsequently from May through den entrance annually. airedd fixes of bears as often as
possible, with locations typically recorded a minimunoote per week. However, due to
logistical constraints and movements off RMNP propéhtg,time interval between locations
was occasionally longer. | used locations to cons8&&t minimum convex polygon (MCP)
annual home-ranges (see Chapter 1) for habitat analibest. fixes were within 200 m of the
bear’s location (1984—-1991 = 83%; 2003—2006 = 84%), with direct observaecorded when
possible from 2003-2006 for use in site-specific analyses.
Landscape

| estimated 16 annual home-ranges for 9 (5 &sndlmales) black bears from 1984—
1991 and 21 annual home ranges for 10 (6 females, 4 maleshpbkskirom 2004—-2006 (see
Chapter 1). Historically, 11 home-ranges were easteotontinental divide while 5 were west.
Contemporarily, 20 home-ranges were east of the divitteamly 1 in western RMNP. |
randomly placed an additional 100 circular simulated hoanges throughout RMNP for
comparison to actual home-ranges. | used the meanfapeadult female black bear’'s home-
range in RMNP as the size of simulated home-ranges (988 M32.2 kifi see Chapter 1).
Although the shape of the home-range can influence landseaipies, this difference was

negligible for a similar study with American marteiartes americana; Potvin et al. 2001) and
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| assumed this would not influence these factors in thiys | extracted habitat attribute data
from GIS coverages of RMNP (Salas et al. 2005) and suriagiageas provided by RMNP
staff, and used forest covertypes (Table 1) and 7 landscoatpiesr(Table 2) to model black bear
landscape use. | selected landscape metrics basediogepiction of important landscape
factors for bears (Linke et al. 2005). | also creatd@®0 m buffer around all human-use areas
(trails, roads, campsites, and other developed areaskséss their impact on black bear
occurrence at the landscape and home-range scales mtdththese areas in covertype
analyses. | calculated all landscape variables usingdteh Analyst extension (Elkie et al.
1999) in ArcView 3.3 (Environmental Systems Research utstiRedlands, California, USA).

| used logistic regression (Hosmer and Leme2@D0) to assess univariate associations
(a = 0.10) to home-range composition and associated landsezgpes for each variable
individually between actual and randomized home-rangased Spearman rank correlations to
assess collinearity among variables; if variables wenelated ats > 0.70, only the variable
with the lower Schwartz information criteria (SIG)lwe was included in further analyses to
reduce redundancy (Agresti 1996) unless correlated variables Hadational relationship to
each other. Once the data set was reduced, | consturgtediate and multivariate models
using logistic regression, and used ghscore statistic (Hosmer and Lemeshow 2000) to
determine the 16 highest scoring models for each levabokl parameter size (i.e., 1 through
the highest number of parameters in the reduced datd setnpared resultant models using
SIC differencesASIC) to determine only those habitat factors most styoradhted to
occurrence (Link and Barker 2006). | considered only modelsAfIC’s < 4 competing
models, and used maximum rescaled generaRzeglues (Nagelkerke 1991) and concordance

(con) to aid in model selection (Hosmer and Lemeshow 20B).each model selection criteria,
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Table 7.1. Covertypes used to construct black bear halwlsifor Rocky Mountain National

Park, Colorado. Covertypes were derived from vegetatassification maps of RMNP and
surrounding areas (Salas et al. 2005).

Covertype

Description

Herbaceous meadow
Herbaceous wetland
Mesic shrubland
Xeric shrubland
Krummholz

Dead and down

Aspen

Mixed conifer with aspen
Riparian mixed conifer

Mixed conifer

Lodgepole pine
Limber pine
Ponderosa pine
Montane Douglas fir

Rock
Non-vegetated surface

Dry, open meadows
Herbaceous communities found on weitamarshy sites
Shrublands lining streambanks and vallégrbst
Shrub-dominated communities associatediwéhsites
Characterized by stunted limber pine, Engelmanrcepand
subalpine fir at treeline
Characterized by fallen timber from windlaaches, or fire
Forested site dominated by aspen
Canopy dominated by aspen and mixefiicepecies
Canopy dominated by spruce/fir spedias) riparian or
seasonally flooded areas
Characterized by codominance of two or morgf@mus
species including Engelmann spruce and subalpine fir
Canopy dominated by lodgepole pine
Canopy dominated by limber pine
Canopy dominated by ponderosa pine
Canopy dominated by Douglas fir thougtdemsa pine
can be codominant
Characterized by rock, bare soil, or snow
Included areas covered by roads, arall campsites
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Table 7.2. Landscape metrics and associated descriptiatedro black bear occurrence in
Rocky Mountain National Park, Colorado.

Variable Description

Patch density Number of patchesfkm

Edge density Meters of edge/ha

Shannon’s diversity index Measure of relative patch diyersi

Shannon’s evenness index Measure of patch distributbalaumdance
Total number of patches Total number of patches summaedl fcovertypes

Area-weighted mean shape index Measure of shape caitgple
Interspersion juxtaposition index Measure of patch atheyg
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| assigned the best model (i.e., lowest SIC score, Higfieand highest concordance) a rank of
1, with each successive model ranked incrementally lowesnsidered only models witRf
and concordance differences < 10% equally supported. | edmanks for all model selection
criteria and chose the model with the lowest sumaddéist supported model (Lomas and
Bender 2007). In case of a tie in rankings, | chose tive parsimonious model. | used odds
ratios to interpret relationships of habitat factorsatalkcape selection, and multiplied
Shannon’s evenness index by 100 to facilitate this intetmmetaBecause | compared black bear
home-ranges to randomly generated home-ranges, as oppa@sedd of known absences,
primary emphasis of results was placed on odds rat$he relative ranking of habitat
components rather than on predicting overall probalwfityse (Keating and Cherry 2004).
Similarly, multivariate models were primarily developed&tidate the consistency of direction
of habitat components (i.e., either positive or negatweblack bears rather than to predict
absolute relationships between variables.

| conducted separate analyses for home-raagésfethe continental divide, west of the
divide, and collectively for both sides for the histqreriod; analyses were conducted only for
the east side and for both sides combined during the contamperad given the lack of
home-ranges west of the continental divide. For dole@nalyses of both sides of RMNP, |
used all 100 random home-ranges, while for separate anédysssstern and western localities,
| used 50 random home-ranges.

| also used occupancy modeling to provide an alieengpproach for assessing habitat
selection at the landscape scale. This approach m@es imperfect detection of black bears at
remote-sensored camera sites (see Chapter 3 for sanategol) and results in an unbiased

occupancy model (MacKenzie et al. 2005). Additionally, oconapanodeling allows the user to
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incorporate habitat variables in the form of covariédesssess habitat features influencing
occupancy (MacKenzie et al. 2005). | related black bearroerace at camera sites to
covertypes and landscape metrics at the home-rangetioaligh the use of a 32.2 km
sampling window around the camera location and used dagateallwithin this buffer in
subsequent analyses. | selected this window size to reptesaverage home-range size of
female black bears in RMNP (see Chapter 1). For occyaralyses, | used the same variables
used in the logistic regression analyses. Also, casiegs were separated into western and
eastern subdivisions of RMNP to assess large-scdézatites in precipitation and associated
vegetative communities caused by orographic lift of airseabetween the separate sides. For
occupancy analyses, | used model 1 (assumes Markovian chamgesipancy) in program
PRESENCE (MacKenzie et al. 2003). All model selectiamtedures followed those listed
above for logistic regression analyses. However,usecaamera trapping was conducted in late
summer and autumn, and black bear distribution and habifatgmee may change seasonally
(Pelton 2003), I limited interpretations of occupancy modaebss $easonal context.
Home-range

For known locations (either visually observezhrd foraging or moving, or observed
foraging or resting sign from a radiocollared bear s disturbed through tracking efforts)
from the contemporary period, | determined the propoudifamse (total number of locations per
covertype/total number of locations per home-rangepuértypes (see Table 1) and human-use
areas (within 400-m buffer of campsites, roads, ang}rat each individual and subtracted this
value from the proportion of covertypes available widaech home-range. | took these
differences for each bear and randomly selected wilhegement (bootstrapped; Efron and

Tibshirani 1993N = 1,000 combinations of difference values. | used\tkel,000 mean
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difference values from each bootstrap replicate taer@&requency distribution of differences,
and ranked the frequency distribution to exclude the extBmalues from each tail to develop
90% bootstrap Cls. If the Cl included 0, bears were diggtbrandomly with respect to that
covertype. For all covertypes non-randomly utilized @i not include 0), | calculated selection
ratios (percent use/percent availability) to expressBetefor or against covertypes (Bender et
al. 2007b). | conducted these procedures for both annual asohse¢ home-ranges.
Additionally, | used Fisher’s exact test (Zar 1999) to tif&trences in bear presence in human-
use sites between historic and contemporary periods. nbtlidonduct bootstrap analyses on
historic data given the small number of data pointectdld annually and seasonally for most
black bears from this time period and uncertainty of copedyssociated with many locations.
Additionally, 1 used Maximum Entropy (MaxEngrsion 3.1) modeling (Phillips et al.
2006) to estimate the influence of habitat types (Tableelghhof canopy (height of the
dominant overstory classed as 0 = no canopy, 1 =<1 m-5m, 3=5-15m, 4 = 15-30 m,
and 5 = >30 m), elevation (m), degree of slope, aspech(ad6°-45°, east = 46°-135°, south
= 136°-225°, and west = 226°-315°), and distance to nearest roadsl (irgils (m) on known
black bear locations from the contemporary period. Tppsaach utilizes only observed
locations (i.e., presence) to determine important ha#itabutes, and has the advantage of using
random background locations for comparative points rakiaer tequiring the use of known
absence locations for comparative sites (Phillips.€2Qfl6). As such, MaxEnt modeling can
provide a less biased alternative to other approaches thakerdwigeneration of non-use
locations (i.e., discriminant analysis, logistic ggion) when it is unknown if such sites are

truly unused (Phillips et al. 2006).
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For this approach, | constructed 95% MCP homgesa(see Chapter 1) for each bear for
which | had a minimum of 15 known locations. | comparederknown locations to 10,000
random background points within each bear’s respective fnange using MaxEnt modeling
procedures. | used receiver operating characteristic [ROEG to assess relative performance
of models and to establish thresholds for identifying theiliy of a site for use by each bear
(Phillips et al. 2006). The ROC is a plot of sensitiaityl 1 — specificity, with sensitivity
representing how well the data correctly predicts preseintle specificity provides a measure
of correctly predicted absences (Fielding and Bell 1993@)sd used the area under curve (AUC)
approach to assist in selecting the most appropriate r{ileig&ding and Bell 1997, Phillips et al.
2006). This approach provides an index of model accuracy;svednge from 0.5-1.0 with
values of 0.5 indicating no fit greater than that expetty chance. Standard errors were
calculated for AUC values using 30% of locations as tdst (@illips et al. 2006). Often, AUC
values are greatest for models with many variables, thoeigain variables may add little to the
model. Therefore, | used a critical ratio test (Pearad Ferrier 2000) to compare the model
with the highest AUC to simpler models to determineefiticrease in explanatory value was
significant ato = 0.05. Because models were constructed using the saat®n data, |
calculated Spearman rank correlation coefficiersogetween competing models. In contrast to
Pearce and Ferrier (2000), | could only construct correlatmrighown locations as | lacked
absence data. | then incorporatenhto the critical ratio test (Pearce and Ferrier 200Diguhe

following:

A1~ A2

Z =
2 2 _
\/SEA1+SEA2 2r, SE A SE A
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where A and A represent the AUC values for the most general andeimmpdels,
respectively. If AUC values for derived models were nffedint, | selected the more
parsimonious model as my preferred model.

For each model, MaxEnt calculates the ivegiercent contribution of each variable.
This value provides an approximation of the weight of eaclable in the model, thereby
providing a quantifiable method for establishing the importafieach variable in the selected
model (S. Phillips, personal communication). | compahnedoercent contribution of each
variable in the preferred models of individual bears usidguskal-Wallis test (Zar 1999) to
determine collectively which variables were most influanti predicting black bear occurrence.
| then included all significant habitat variables in alfidaxEnt model to collectively illustrate
the influence of those factors on black bear distribstiorRMNP. By constructing models
separately for each bear to determine habitat variates influencing bear distribution, | was
able to use the bear as the replicate rather than@aation.

Additionally, | derived thresholds for probélyibf use for test data by maximizing
sensitivity and minimizing specificity (Fielding and Bell 19%hillips et al. 2006). | used these
thresholds to convert probabilities to binary resposessence-absence). For my study, | used
the equal test sensitivity and specificity thresholdalculate a classification percentage (number
of test locations with predicted probabilities greatantthe threshold value/the total number of
test locations) to corroborate results from the R&D&ve for the final model.

Because maximum entropy is an exponential mtweprobability assigned to a pixel is
proportional to the exponential of the selected combinatfovariables (S. Phillips, personal
communication), thus allowing construction of responseesuto illustrate the effect of

variables on probability of use. These response cavesist of a chart with specified metrics
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for the variable in question represented onxthais and the exponential contribution of the
selected variable to the raw prediction score along-dogs. Upward trends for variables
indicate a positive association, downward movemempigesent a negative relationship, and the
magnitude of these movements indicates the strengtiesé relationships.

| also modeled historic use of habitat compankytblack bears in RMNP to assess
potential changes over time. Because | was uncertaheqdrecision of some historic location
data, | only used locations with estimated error ternrss20 m to most accurately define
habitat use by black bears while providing a sufficient nurob&rcations for analyses.
Nonetheless, | acknowledge that historic locations haaxe been less precise than contemporary
locations and could bias results; thus, | only used sefuitgeneral comparisons between
historic and contemporary populations. | extracted &lithaattribute data used in MaxEnt
models from GIS layers of RMNP and surrounding areasi¢3slal. 2005) using ArcView 3.3
(Environmental Systems Research Institute, Redlandgo@ad, USA).
Site-specific

| selected 15 structural, physiographic, and cové@hblas (Table 3) to relate to observed
foraging and resting locations of radiocollared black ©iedihe actual location of bears served
as the plot center, and | established 4 25-m transecgdingdirom the plot center at 90°
intervals with the initial direction chosen at randohused the point intercept method (Levy and
Madden 1933) to assess percent cover for the area andiédiealli vegetation to species when
possible. For analyses, | combined all points into 7gcaies: 1) logs, 2) fruit producing
species, 3) ant mounds and rocks with ants underneath, 4) specigs, 5) grasses, 6)
herbaceous plants, and 7) non-vegetated surfacesafige boulders, duff layer, water, etc.). |

assessed slope in degrees at plot center and at the esxchafadial transect and averaged these
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Table 7.3. Means, standard errors (SE), and associatgis iifsMann—WhitneyJ-test$
comparing habitat characteristics measured at foragirg36) and restingn(= 8) sites of black
bears in Rocky Mountain National Park, Colorado during 2005-20@ufi€ant variables are

in bold.
Foraging Resting

Variable X SE X SE v P
Canopy cover 57.6 4.2 68.6 4.7 1.33 0.248
Vertical cover 45.1 3.9 50.5 8.8 0.25 0.618
Canopy height 7.7 0.6 8.5 0.6 0.17 0.685
Stem density 12.3 1.3 104 2.6 0.43 0.512
Basal area trees 26.3 3.4 21.2 2.9 0.32 0.574
Basal area snags 10.9 1.8 10.7 4.6 0.01 0.937
Slope 18.6 1.3 25.4 3.5 3.00 0.083
Aspect 3.59 0.310
Ants 1.1 0.3 0.4 0.3 0.72 0.396
Logs 7.0 1.1 5.1 1.4 0.37 0.541
Grass 7.1 1.9 6.6 3.3 0.03 0.871
Fruits 18.5 3.1 16.8 2.6 0.33 0.563
Woody 3.3 0.6 11.0 4.1 4.09 0.043
Herbaceous 10.4 2.1 14.1 6.1 1.19 0.276
Non-vegetated 52.6 4.5 46.0 5.3 0.35 0.553

24% approximation statistic listed for comparisoryf@nalysis of aspect.

P Categorical variable analyzed usiffgest. Number of locations in each class for forggin
(F) and resting (R) sites, respectively, are as fdloworth: F =16, R =2; east: F =10, R =4;

south: F=4,R=2, west: F=5, R=0.
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values across the 5 points. | recorded aspect as padt),south, west, and flat at the plot
center.

| estimated stem density using the point-centert@uaethod (Cottam and Curtis 1956)
for all trees= 5 cm in diameter at breast height (dbh). | measuradteistances to all trees
except when the closest tree was > 100 m away; theml I1@m in density estimation. | also
recorded the dbh and height of each tree. | colletisdiaita at 5 sampling points per plot (plot
center and at the end of each 25-m radial transect).

| multiplied the mean dbh of trees by the nunatbestems to determine the basal area of
trees (M’ha), and averaged all tree heights to establish @ w@@py height (m). However, |
listed mean canopy height as 0 if the basal areaité avas < 1 fitha to prevent the illusion of a
high canopy when no real canopy was present (i.@pan area with 1 large tree would be
represented as having a large mean canopy value). liredasasal area of snags*(ina) = 10
cm dbh using a 10 basal area factor prism at plot cemtieatethe end of 2 randomly chosen
radial transects, and used the mean in analyses.

| assessed vertical cover through the use€ahax 0.2 m cover-board checkered with 0.1
m x 0.1 m black and white squares. The percentage of boakdowvas recorded in all 4
cardinal directions at plot center. Additionally, | dsespherical densitometer to determine
canopy cover with readings taken in all 4 cardinal tibes at plot center. | repeated vertical
cover and canopy cover measurements at the end of 2mgndieosen radial transects and used
the mean values in analyses. For comparative purdasesrded these same characteristics at
randomly selected sites that were representativd obetrtypes present in RMNP. | sampled

bear locations within 2 weeks after observation witisisds sampled from May—August.
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| tested for differences between foraging and restiogtions of black bears for all site-
specific variables except aspect using Mann—-Whithegsts (Zar 1999); differences in aspect
were assessed wiffi analyses (Zar 1999). | used logistic regression (Hosntet@meshow
2000) to model site-specific characteristics between raraa known foraging and resting
locations using both univariate and multivariate modelb aalytical and model selection
procedures followed those listed for landscape-level agslydthough | divided stem densities
by 100 to facilitate interpretation of odds ratios.
Body condition-habitat relationships

| located and immobilized (see above) colldadk bears in dens during early
hibernation to assess the nutritional condition atthioy bears during the previous year (see
Chapter 2). | used bioelectrical impedence analysis)(BlAssess percent body fat (BF) in
bears during den checks. This technique measured themesistfaan electrical current that was
passed through the bear and related this resistance measttemorsal contour length
(excluding tail measurement) and weight to estimateMaiA€y and Robbins 1994, Hilderbrand
et al. 1998). For resistance measurements, | placed heastarnally recumbent position with
hind legs extended backward and front legs extended forwarteperdhe length of the body
(Gau and Case 1999, 2002). | placed bears on a plastic &lnmiteate conductivity problems
associated with wet ground (Farley and Robbins 1994, AtkinsdiRamsay 1995). | positioned
electrodes in a snout to tail configuration with alligatlamps attached to the lips and needle
electrodes inserted 3 cm to either side of the badeedbil (Farley and Robbins 1994).
Measurements were taken multiple times to verify ireged  Additionally, | measured body
condition index (BCI) scores for black bears using shtaige body length and weight (Cattet et

al. 2002). Derived BCI values are strongly correlatedu® body conditionr(= 1.0,P < 0.001;

Final Report 194 December 2007



Cattet et al. 2002) and reflect the combined mass of BFkatetal muscle of an individual
relative to its body size (see Chapter 2 for furtheéaitlen BF and BCI methods).

I modeled BCI and BF values of individual blackrbees a function of percent home-
range composition (i.e., landscape scale) and percerd-hamge locations (i.e., home-range
scale) in covertypes (Table 1) using simple linear regragZar 1999) to assess the influence of
each covertype on body condition. | performed sepansdé/ses for annual, spring, summer,
and autumn home-ranges to assess the influence of eaatype on condition indices both
seasonally and annually. Additionally, | included langscanetrics (see Table 2) from annual

home-ranges in models to determine any influence of fhesars on nutritional condition.

RESULTS

Landscape

Contemporary period.—Most (20 of 24) habitat variables were related to home-range
characteristics at the landscape scale (Table 4) a¢®essing both east and west sides
combined. Of the significant variables, Shannon’s dive(gity 36.2,P < 0.001; odds ratio = >
999.9 [95% CI = 108.0—> 999.9]), Shannon’s evenngss 84.4,P < 0.001; odds ratio = 1.4
[95% CI = 1.2—1.6]), and interspersion and juxtapositjér=(31.4,P < 0.001; odds ratio = 1.3
[95% CI = 1.2-1.5]) indices were the landscape componenss strongly related to black bear
home-ranges (Table 4), and collectively indicated a preés for a greater number of evenly
distributed patches. Aspeyf € 29.9,P < 0.001; odds ratio = 3.7 [95% CI = 2.1-6.4]) and
human-use areag’(= 23.2,P < 0.001; odds ratio = 1.06 [95% CI = 1.03-1.09]) were the
covertypes most strongly related to composition of blek home-ranges in RMNP; positive

B’s indicated overrepresentation of these variabldédaiok bear home-ranges (Table 4). A
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multivariate model containing limber ping’ € 5.2,P = 0.023;8 = 0.176 [SE = 0.077]; odds
ratio = 1.19 [95% CI = 1.03-1.39]), dead and doyfr=(6.6,P = 0.010;8 = 0.657 [SE = 0.255];
odds ratio = 1.9 [95% CI = 1.2-3.2]), and Shannon’s evenness {f = 12.6,P < 0.0018 =
0.293 [SE = 0.083]; odds ratio = 1.3 [95% CI = 1.1-1.6]) was thedupported multivariate
model of black bear habitat ugg € 45.8,P < 0.001,R? = 0.52, con = 90.4%) (Table 5). This
model indicated that black bear home-ranges included gpraigortions of limber pine and
dead and down areas and greater evenness in patch distribution

During the contemporary period, 19 of 24 variableewassociated with home-range
composition east of the continental divide (Table &xong covertypes, herbaceous meadows
(x* = 14.6,P < 0.001; odds ratio = 0.87 [95% CI = 0.80—0.96]) and rocky agéasi4.3,P <
0.001; odds ratio = 0.82 [95% CI = 0.70-0.96]) had the strongediveegasociations, while
aspeny? = 15.2,P < 0.001; odds ratio = 2.6 [95% CI| = 1.5-4.6]) showed the stropgsiive
relationship (Table 6). Shannon’s evenngsés(25.8,P < 0.001; odds ratio = 1.5 [95% CI =
1.2-1.8]), Shannon’s diversity’(= 18.2,P < 0.001; odds ratio > 999.9 [95% CI = 21.9—>
999.9]), and interspersion and juxtaposition indigés(21.3,P < 0.001; odds ratio = 1.3 [95%
Cl = 1.1-1.5]) were all positively associated with blac&rii@me-range composition, indicating
a preference for more diverse and evenly distributed eat@rable 6). The best supported
multivariate model) = 37.0,P < 0.001,R* = 0.59, con = 90.3%) included Shannon’s evenness
index ¢ = 11.4,P < 0.001;8 = 0.486 [SE = 0.144]; odds ratio = 1.6 [95% CI = 1.2-2.2]),
Douglas fir §* = 6.6,P = 0.010;8 = —0.201 [SE = 0.078]; odds ratio = 0.82 [95% CI = 0.70-
0.95]), and krummholzf = 6.4,P = 0.011:3 = —0.763 [SE = 0.301]; odds ratio = 0.5 [95% CI =
0.3-0.8]), with black bears selecting home-ranges with grea&gmess of habitat patches, but

less krummholz and Douglas fir (Table 7). Collectivepen, interspersion and juxtaposition,
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Table 7.5. Summary of selected black bear habitat-use natdéls landscape scale for Rocky
Mountain National Park, Colorado, during the contempopanod (2004—-2006). Models were
constructed collectively for both the eastern and westedes of the continental divide. Values
reported include likelihood ratigf statistics £°) and associatefdl values P), Schwartz
information criterion (SIC) values, the differenceSIC when compared to the top models
(ASIC), percent concordance (% con), maximum rescaledajeee R* (R?), and the
summation of the rank scores rank) when comparing models throug8IC, R?, and % con.
The preferred model is in bold.

ModeP v P SIC  ASIC R % con X rank
Limp, dd, sei 458 <0.001 85.08 0.84 0.523 90.4 4
Limp, dd, k, sei 49.0 <0.001 86.67 2.43 0.552 90.1 7
Limp, mcwa, sei 44.4  <0.001 86.45 2.21 0.510 89.7 8
Dd, k, sei 44.2 <0.001 86.66 2.42 0.508 89.4 11

& Variable notation: limp = limber pine, dd = dead and desen= Shannon’s evenness index,
k = krummholz, and mcwa = mixed conifer with aspen.
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Table 7.7. Summary of selected black bear habitat-use naidéls landscape scale for the
eastern side of the continental divide in Rocky Moumniational Park, Colorado, during the
contemporary period (2004—2006). Values reported include likelitatamyf statistics £°) and
associatedP values P), Schwartz information criterion (SIC) values, thi#edence in SIC when
compared to the top modeKSIC), percent concordance (% con), maximum rescaled
generalized?® (R?), and the summation of the rank scoesank) when comparing models
throughASIC, R?, and % con. The preferred model is in bold.

ModeP v P SIC  ASIC R % con X rank

Mdf, k, sei 37.0 <0.001 63.80 0.00 0.588 90.3 3
Limp, dd, sei 33.8 <0.001 66.96 3.16 0.549 89.7 6
Hm, mdf, sei 33.1 <0.001 67.61 3.81 0.541 88.3 9

& Variable notation: mdf = montane Douglas fir, k = krumota, sei = Shannon’s evenness
index, limp = limber pine, dd = dead and down, and hm = herbaaceeadow.
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and Shannon’s diversity and evenness indices were as=bevith black bear home-ranges more
frequently than any other variables, and in all casse \positively associated with black bear
home-ranges in RMNP during the contemporary period (T@blés

Occupancy models—Only 1 model fit the model selection criteria and intkcaselection
for western RMNPy? = 12.3,P < 0.001;8 = —3.902 [SE = 1.115]; odds ratio = 0.020 [90% CI =
0.003-0.130]); for greater amounts of non-vegetated surfgces8(1,P = 0.004:3 = 1.155 [SE
= 0.406]; odds ratio = 3.2 [90% CI = 1.6-6.3]), krummhgfz<3.1,P = 0.080;3 = 0.291 [SE =
0.166]; odds ratio = 1.34 [90% CI = 1.01-1.77]), and limber pine s{ahgs9.4,P = 0.002; =
0.306 [SE = 0.100]; odds ratio = 1.4 [90% CI = 1.1-1.6]); and & deea associated with mesic
shrublands)¢ = 3.3,P = 0.070:;3 = —0.321 [SE = 0.177]; odds ratio = 0.73 [90% CI = 0.54—
0.98]) by black bears in late summer—autumn.

Historic period.—For east and west sides combined, 19 of 24 habitat variabtes
related to black bear home-range characteristics damdscape scale (Table 8). Area weighted
mean shape index (AWMSI) exhibited the strongest reighip among landscape metrigs £
24.0,P < 0.001; odds ratio = 0.14 [95% CI = 0.05-0.40]), indicating eepeate for less
complex shapes of habitat patches (i.e., less peripetearea for each patch). Home-range
composition was strongly negatively related to rgék=(21.9,P < 0.001; odds ratio = 0.7 [95%
Cl = 0.6-0.9]), krummholzyf = 19.7,P < 0.001; odds ratio = 0.4 [95% CI = 0.2—0.8]), and
herbaceous meadow covertypgs< 17.4,P < 0.001; odds ratio = 0.8 [95% CI = 0.7-0.9]),
while human-use areag’(= 17.4,P < 0.001; odds ratio = 1.06 [95% CI = 1.03-1.09]) exhibited
a positive relationship (Table 8). The best multivanacelel §* = 41.6,P < 0.001,R* = 0.55,
con = 92.1%) included limber ping®(= 4.4,P = 0.035;8 = 0.257 [SE = 0.122]; odds ratio =

1.29 [95% CI = 1.02-1.64]), Douglas fi(= 3.5,P = 0.062;3 = —0.094 [SE = 0.050]: odds
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ratio = 0.911 [95% CI = 0.825-1.005]), krummhojz £ 6.9,P = 0.008;3 = —1.089 [SE =

0.414]; odds ratio = 0.3 [95% CI = 0.2-0.8]), and AWMEI% 7.9,P = 0.005;8 = —1.478 [SE =
0.527]; odds ratio = 0.2 [95% CI = 0.1-0.6]) and indicated a @nederfor sites with less
complex shapes of habitat patches, more limber pindessikrummholz (Table 9). The
influence of Douglas fir was weak given odds ratios tivatrlapped 1. An equally ranked model
included a positive association with riparian mixed corafeng with the previously mentioned
variables % = 45.8,P < 0.001,R? = 0.59, con = 94.2%), but was not further considered ghen t
more parsimonious nature of the selected model.

During the historic period, 18 of 24 habitat vagahlere associated with home-range
composition for black bears east of the continentadidi(Table 10). Among landscape metrics,
AWMSI (x* = 41.0,P < 0.001; odds ratio < 0.001 [95% CI = < 0.001-0.087]) showed the
strongest relationship, with black bears selecting homgesain locations with habitat patches
of less complexity (Table 10). Additionally, home-rangéth lodgepole pine)f = 14.6,P <
0.001; odds ratio = 1.12 [95% CI = 1.05-1.20]) were preferred, Wwaileaceous meadowg €
13.6,P < 0.001; odds ratio = 0.83 [95% CI = 0.70-0.97]), krummhglz(12.7,P < 0.001;
odds ratio = 0.5 [95% CI = 0.3-0.9]), and rogk< 12.4,P < 0.001; odds ratio = 0.72 [95% ClI
= 0.54-0.98]) covertypes were selected against (Table 1@ b&st multivariate mode}{=
45.2,P < 0.001,R = 0.86, con = 95.1%) included AWMS#(= 6.5,P = 0.011;8 = —10.758 [SE
= 4.224]; odds ratio = < 0.001 [95% CI = < 0.001-0.084]) and limber(gire2.8,P = 0.096;3
= 0.450 [SE = 0.270]; odds ratio = 1.6 [95% CI = 0.9-2.7]) and atelicca preference for stands
with habitat patches of less complexity (Table 11); thegaree of limber pine in the model was

uninformative given odds ratios that included 1.
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Table 7.9. Summary of selected black bear habitat-use natdéls landscape scale for Rocky
Mountain National Park, Colorado, during the historicqu& il984—-1991). Models were
constructed collectively for both the eastern and westees of the continental divide. Values
reported include likelihood ratigf statistics £°) and associatefdl values P), Schwartz
information criterion (SIC) values, the differenceSIC when compared to the top models
(ASIC), percent concordance (% con), maximum rescaledajeee R* (R?), and the
summation of the rank scores rank) when comparing models throug8IC, R?, and % con.
The preferred model is in bold.

ModeP v P SIC  ASIC R? % con X rank
Limp, k, mdf, awmsi 41.6 <0.001 75.23 3.19 0.546 92.1 5
Limp, k, mdf, rmc, humu  45.8 <0.001 75.80 3.76 0.591 94.2 5
Rmc, awmsi, nv, hm 41.4 <0.001 75.43 3.39 0.544 91.2 8

& Variable notation: limp = limber pine, k = krummhotagf = montane Douglas fir, awmsi =
area weighted mean shape index, rmc = riparian mixedecohumu = human-use areas, nv =
non-vegetated surfaces, and hm = herbaceous meadows.
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Table 7.11. Summary of selected black bear habitat-use naidbks landscape scale for the
eastern side of the continental divide in Rocky Moumniéational Park, Colorado, during the
historic period (1984-1991). Values reported include likelihood gastatistics £ and
associatedP values P), Schwartz information criterion (SIC) values, thi#edence in SIC when
compared to the top modelSSIC), percent concordance (% con), maximum rescaled
generalized?® (R?), and the summation of the rank scoesank) when comparing models
throughASIC, R?, and % con. The preferred model is in bold.

ModeP v P SIC  ASIC R % con X rank
Awmsi, limp 45.2 <0.001 24.69 0.00 0.857 95.1 4
Awmsi 41.0 <0.001 24.74 0.05 0.802 97.5 5

& Variable notation: awmsi = area weighted mean shajgx and limp = limber pine.
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West of the continental divide, fewer varegsb(12 of 24) were associated with black bear
home-ranges (Table 12). No landscape metrics were Btrasgpciated with black bear home-
ranges, with only Shannon’s evennegs<(3.8,P = 0.053; odds ratio = 0.81 [95% CI = 0.64—
1.03]) and interspersion and juxtapositigh% 3.0,P = 0.084; odds ratio = 0.85 [95% CI =
0.70-1.04)) indices exhibiting a significant relationship (Table a@dis ratios including 1
indicated the weak nature of these associations. Ammvertypes, human-use aregas% 16.6,
P < 0.001; odds ratio = 1.21 [95% CI = 1.03-1.41]) and non-vegetatedesig’ = 11.8,P =
0.001; odds ratio = 90.1 [95% CI = 4.0—> 999.9]) were overrepess@nhome-ranges. Only 1
multivariate modely¢ = 16.3,P < 0.001,R? = 0.56, con = 95.6%) fit my selection criteria and
included non-vegetated surfacg$% 5.6,P = 0.018;8 = 4.296 [SE = 1.820]; odds ratio = 73.4
[95% CI = 2.1—> 999.9]) and mixed conifer with aspygzn:(4.0,P =0.0454 = 2.016 [SE =
1.005]; odds ratio = 7.51 [95% CI = 1.05-53.76]); black bears selbotad-ranges with more
non-vegetated surfaces (i.e., asphalt, dirt roads,atd.)nixed conifer with aspen patches
(Table 13). However, the univariate model for human-usasgre= 5.2,P = 0.022;8 = 0.186
[SE = 0.082]; odds ratio = 1.21 [95% CI = 1.03-1.41]) had lowera®iChigheR? values
(Table 13) than the multivariate model and was better swggptran any multivariate model.
Collectively, herbaceous meadows (negative associatiock (negative), krummholz
(negative), human-use areas (positive association)yegetated surfaces (positive), and
AWMSI (negative) were associated with black bear homgea more frequently than other
variables for the historical period in RMNP (Tables 8-13).

Home-range
Annually, herbaceous meadows, xeric shrublamiskrummholz were always avoided

by black bears (Table 14). Other covertypes varied dependiggas, though limber pine and
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Table 7.13. Summary of selected black bear habitat-use naidbks landscape scale for the
western side of the continental divide in Rocky Mountdational Park, Colorado, during the
historic period (1984-1991). Values reported include likelihood gastatistics £ and
associatedP values P), Schwartz information criterion (SIC) values, thi#edence in SIC when
compared to the top modeKSIC), percent concordance (% con), maximum rescaled
generalized?® (R?), and the summation of the rank scoesank) when comparing models
throughASIC, R?, and % con. The preferred model is in bold.

ModeP v P SIC  ASIC R % con X rank
Humu 16.6 <0.001 24.95 0.99 0.570 92.8 4
Nv, mcwa 16.3 <0.001 29.26 5.30 0.561 95.6 5

& Variable notation: humu = human-use areas, nv = egetated surfaces, and mcwa = mixed
conifer with aspen.
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Table 7.14. Mean differences by habitat type between propart annual locations within
habitat types and proportion of habitat types availefitlein annual home-ranges (significant
differences in bold) for black bears in Rocky Mountaatibinal Park, Colorado. Selection ratios
(SR = percent use/percent availability) are listed feamdifferences that were significant.

2004 2005 2006 Combined
Habitaf Mean SR Mean SR Mean SR Mean SR

HM -3.22 0.28 -5.07 0.13 -5.58 0.10 —4.83 0.15
HW -1.98 0.00 0.37 -1.34 0.00 -0.69
XS -2.01 0.00 -2.05 0.10 -1.65 0.00 -1.89 0.05
MS —4.23 0.00 0.01 0.95 -0.49
ROCK -0.03 -2.48 0.00 0.32 -1.05
DD 0.81 -0.38 14.29 8.60 3.21
K -0.65 0.00 -1.80 0.00 -1.40 0.00 -1.43 0.00
LIMP -1.54 -2.95 0.49 -1.52 -2.29 0.57
LP -0.72 7.59 1.33 -1.01 3.23
PP 2.57 -1.20 5.27 -1.50
MDF —2.67 -0.60 4.39 0.60
RMC 441 -1.91 0.48 4.89 3.19 1.56
MC 9.90 3.11 -1.47 3.33
MCWA —2.64 3.37 1.89 -0.80 0.33 0.68
ASP 0.43 3.82 1.06 2.25 2.41
NV -0.52 0.00 -0.24 0.12 -0.20
HUMU 4.06 7.66 2.11 3.80

#Habitat abbreviations are as follows: HM = herbaceneadows, HW = herbaceous
wetlands, XS = xeric shrublands, MS = mesic shrublaR@K = rocky areas, DD = dead and
down, K = krummholz, LIMP = limber pine, LP = lodgepole piR® = Ponderosa pine, MDF =
montane Douglas fir, RMC = riparian mixed conifer, M@ixed conifer, MCWA = mixed
conifer with aspen, ASP = aspen, NV = non-vegetatedgfadlUMU = human-use areas.
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herbaceous meadows were also typically avoided. Gbneesults were most dissimilar in
2005, perhaps given the relatively hot, dry growing seaspri{®ctober) that year
(precipitation [cm]: 2005 = 31.1, 2004 and 2006 = 4Z./aximum temperature [°C]: 2005 =
20.1, 2004 and 2006 = 18.5). Collectively, aspen yielded the sttopggtive association with
black bear occurrence (Table 14).

| obtained sufficient locations for only 2 y@during the spring season, with herbaceous
meadows and wetlands, xeric shrublands, rocky areasedipine, and krummholz typically
avoided (Table 15). Lodgepole pine showed the strongesivpasssociation. Additionally,
human-use areas were preferred in spring 2005 (Table 15), whichlso have been related to
the hotter, drier climate that year. During summerb&eeous wetlands, xeric shrublands, rocky
and dead and down areas, limber pine, krummholz, and notatedesurfaces were typically
avoided, while mixed conifer was most consistently pretefable 16). Herbaceous meadows
and wetlands, xeric and mesic shrublands, rocky and dead amdageas, non-vegetated
surfaces, and human-use areas were typically avoidethdautumn (Table 17). No consistent
positive relationship was noted for any covertype during auttmugh mixed conifer with
aspen was selected for during 2005, while montane Douglasifiri@arian mixed conifer was
preferred in 2003 (Table 17). Collectively, among all anaundlseasonal analyses, herbaceous
meadows and wetlands, xeric shrublands, krummholz, ah@dipine showed the strongest
relationships to black bear use of home-ranges, and we@nalstently avoided. Black bears in
RMNP were never located in herbaceous meadows, hermeatlands, and krummbholz, and
were located in xeric shrublands only during the summer.

| had sufficient locations of 11 black bears historicaiig & black bears contemporarily

to conduct MaxEnt modeling procedures. For the historic pdraid,not observe a consistent
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Table 7.15. Mean differences by habitat type between piopart spring locations within
habitat types and proportion of habitat types availedtlein spring home-ranges (significant
differences in bold) for black bears in Rocky Mountaatibinal Park, Colorado. Selection ratios
(SR = percent use/percent availability) are listed feamdifferences that were significant.

2005 2006 Combined
Habitaf Mean SR Mean SR Mean SR
HM -4.68 0.00 -3.82 -4.29 0.26
HW -1.31 0.00 -2.06 0.00 -1.66 0.00
XS -1.23 0.00 -0.97 0.00 -1.24 0.00
MS 2.39 1.40 0.90
ROCK -2.25 0.00 -1.88 0.00 -1.21
DD 1.05 2.79 1.73
K -1.75 0.00 -1.80 0.00 -1.78 0.00
LIMP -9.71 0.00 -2.06 —-6.12 0.09
LP 6.64 14.15 1.74 8.14 1.51
PP 1.51 -5.52 0.00 -0.64
MDF 1.46 -4.10 0.35 -1.11
RMC -1.42 2.33 -0.09
MC 4.90 -0.59 4.69
MCWA 0.59 -0.75 0.04
ASP 1.92 3.39 2.14
NV 1.48 -0.69 0.00 0.28
HUMU 27.78 1.56 -8.43 9.52

#Habitat abbreviations are as follows: HM = herbaceneadows, HW = herbaceous
wetlands, XS = xeric shrublands, MS = mesic shrublaR@K = rocky areas, DD = dead and
down, K = krummholz, LIMP = limber pine, LP = lodgepole piR® = Ponderosa pine, MDF =
montane Douglas fir, RMC = riparian mixed conifer, M@ixed conifer, MCWA = mixed
conifer with aspen, ASP = aspen, NV = non-vegetatedgfadlUMU = human-use areas.
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Table 7.16. Mean differences by habitat type between propat summer locations within
habitat types and proportion of habitat types availafitlein summer home-ranges (significant
differences in bold) for black bears in Rocky Mountaatibinal Park, Colorado. Selection ratios
(SR = percent use/percent availability) are listed feamdifferences that were significant.

2004 2005 2006 Combined
Habitaf Mean SR Mean SR Mean SR Mean SR

HM -3.09 -5.67 3.26 0.74 -2.74
HW -5.13 0.00 -0.33 -0.67 0.00 -1.72 0.46
XS -1.37 0.00 -1.38 0.17 -2.68 0.00 —2.46 0.06
MS -0.11 0.39 -0.57 0.13
ROCK -4.91 0.00 -3.46 0.00 0.84 —-2.42 0.30
DD -0.67 0.00 =-1.77 0.00 13.13 3.04
K -2.34 0.00 —2.96 0.00 -0.52 0.00 -1.87 0.00
LIMP -8.10 0.00 4,77 0.44 -2.11 -4.51 0.39
LP -3.51 4,92 —6.03 -1.55
PP 4.70 1.77 -2.59 0.12
MDF 3.10 -3.02 0.87 1.21
RMC -0.80 -1.85 6.68 2.93 1.80
MC 18.51 6.12 1.60 1.25 8.96 3.28
MCWA 3.60 1.19 -3.78 0.54
ASP -2.92 0.00 8.87 6.36 -1.35 1.88
NV -1.26 0.00 -0.57 0.00 0.13 -0.74 0.13
HUMU 5.93 7.87 -9.44 2.00

#Habitat abbreviations are as follows: HM = herbaceneadows, HW = herbaceous
wetlands, XS = xeric shrublands, MS = mesic shrublaR@K = rocky areas, DD = dead and
down, K = krummholz, LIMP = limber pine, LP = lodgepole piR® = Ponderosa pine, MDF =
montane Douglas fir, RMC = riparian mixed conifer, M@ixed conifer, MCWA = mixed
conifer with aspen, ASP = aspen, NV = non-vegetatedgfadlUMU = human-use areas.
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Table 7.17. Mean differences by habitat type between propat autumn locations within
habitat types and proportion of habitat types availafitlein autumn home-ranges (significant
differences in bold) for black bears in Rocky Mountaatibinal Park, Colorado. Selection ratios
(SR = percent use/percent availability) are listed feamdifferences that were significant.

2003 2004 2005 Combined
Habitaf Mean SR Mean SR Mean SR Mean SR

HM -5.32 0.00 -3.01 0.00 -3.43 0.00 -4.09 0.00
HW -1.88 0.00 -0.91 0.00 -1.06 0.00 -1.28 0.00
XS -3.16 0.00 -1.92 0.00 -2.02 -2.35 0.22
MS -0.81 —-2.92 0.00 -1.88 0.00 -1.62
ROCK -1.76 0.00 0.98 -2.40 0.00 -1.15
DD -1.75 0.00 -2.84 -1.06 0.00 -1.69 0.14
K 4.01 =-1.77 0.00 -0.52 0.00 0.35
LIMP -3.52 6.38 0.78 1.16
LP 3.89 3.16 —6.33 0.39
PP 5.09 -1.43 -1.27 0.72
MDF 9.83 2.74 -2.01 1.50 3.59
RMC 6.71 5.28 0.61 -2.19 0.00 1.83
MC -9.54 0.28 4.14 3.13 0.39
MCWA -1.10 0.41 14.75 4.82 3.49 2.09
ASP -0.62 0.39 2.89 0.56
NV -1.06 0.00 -1.01 0.00 -0.98 0.00 -1.04 0.00
HUMU 7.68 -16.48 0.74 —6.09 0.91 -3.78

#Habitat abbreviations are as follows: HM = herbaceneadows, HW = herbaceous
wetlands, XS = xeric shrublands, MS = mesic shrublaR@ZK = rocky areas, DD = dead and
down, K = krummholz, LIMP = limber pine, LP = lodgepole piR® = Ponderosa pine, MDF =
montane Douglas fir, RMC = riparian mixed conifer, M@ixed conifer, MCWA = mixed
conifer with aspen, ASP = aspen, NV = non-vegetatedgfadlUMU = human-use areas.
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relationship among bears across habitat factors andHgse§.8,P = 0.183; Table 18),
indicating little consistent selection of habitat fastacross bears, and thus, | did not construct a
combined model. For the contemporary period, distangaite &and elevation were the primary
factors influencing bear usel{ = 11.5,P = 0.075; Table 19) with black bears typically found at
lower elevations and closer to trails (Fig. 1). Tlassification percentage for this model was
72.6%, with the greatest likelihood of occurrence prediatednd heavy human-use sites (Fig.
2). Vegetation type was an important variable in only & contemporary black bear models
and 2 of 11 historical models, indicating a weak associatiinspecific vegetation types for
black bears in RMNP (Tables 18-19). Lastly, comparisonsdagtwlack bear locations
obtained from 1984-1991 (51% in human-use areas) and 2003—-2006 (70% inusenaa@as)
indicated a greater proportion of locations in humanaueas during the contemporary period
(Fisher’s exacP < 0.001).
Site-specific

| sampled 35 foraging and 8 resting locationsaxflbbears, as well as 105 random
locations throughout RMNP, during 2005 and 2006. Foragingwées associated with classes
of ground cover and aspect (Table 20), with aspéct (2.8,P = 0.005; north: odds ratio = 2.8
[95% CI = 0.9-8.9]; east: odds ratio = 2.3 [95% CI = 0.7-8ddjtls odds ratio = 0.5 [95% CI
= 0.1-1.9]), grass (odds ratio = 0.966 [95% CI = 0.937-0.996]) and woedy ¢° = 6.0,P =
0.014; odds ratio = 0.917 [95% CI = 0.843-0.996]) exhibiting the stroagsstiations,
although odds ratios for any particular aspect includedigatidg a weak relationship.
Presence of ant siteg’ (= 4.1,P = 0.044; odds ratio = 1.3 [95% CI = 1.0-1.6]), logfs<4.4,P
= 0.036; odds ratio = 1.08 [95% CI = 1.01-1.16]), and non-vegetated = 3.8,P = 0.052;

odds ratio = 1.01 [95% CI = 1.00-1.03]) were also positivelbted to black bear foraging sites
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Figure 7.1. Relationships between the exponential contiibofielevation (a) and distance to
trails (b) to the raw prediction score and the obskradue for 9 bears from 2003—2006 in
Rocky Mountain National Park, Colorado.
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Figure 7.2. Map depicting probability of use by black bearsoickRR Mountain National Park
(RMNP), Colorado from 2003-2006. Variables nested within theefiaclude distance to
trails and slope. The RMNP boundary is demarcated biychldack line, roads are depicted by
dashed lines, while white-bricked areas represent urkem sit
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(Table 20). The best multivariate model for foragingtams included aspect, non-vegetated
ground cover, and log cover (Table 21). This model indicgiteater use of sites with nortff (
=5.3,P=0.021;3 = 0.778 [SE = 0.337]; odds ratio = 3.1 [95% CI = 0.9-10.8]) andf@aag
aspects;{ = 4.4,P = 0.036:8 = 0.789 [SE = 0.377]; odds ratio = 3.2 [95% CI = 0.9-111.9)),
while southern aspectg’(= 7.2,P = 0.007;8 = —1.198 [SE = 0.446]; odds ratio = 0.4 [95% CI =
0.1-1.9]) were avoided. However, odds ratios for all tiwvas included 1 indicating a weak
relationship for aspect. This model also indicated s&epeate for greater coverage of non-
vegetated surfaceg?(= 6.4,P = 0.012;3 = 0.022 [SE = 0.009]; odds ratio = 1.02 [95% CI =
1.01-1.04]) and logg{ = 5.6,P = 0.018;3 = 0.101 [SE = 0.043]; odds ratio = 1.11 [95% CI =
1.02-1.20].

Given the small number of resting sites dad)d did construct logistic models of resting
sites. Resting and foraging sites only differed (Tablie 8egree of slopdJ) = 84.5,P = 0.083)
and percent ground cover of woody vegetatldr=(76.0,P = 0.043). Resting sites thus were
similar to foraging locations in RMNP, but were asataml with steeper slopes and more
understory woody vegetation (Table 3).
Body condition-habitat relationships

Landscape.—For annual home-range composition, BF was negativstycésted with the
amount of limber pineRy 7 = 9.0,P = 0.020,R? = 0.564;3 = -0.937, SE = 0.312) contained in
female home-ranges, while no variables were relatedCidd® annual female home-ranges.
During spring, asperF{s= 4.7,P = 0.083R* = 0.483;8 = 5.037, SE = 2.330) and Douglas fir
(Fis=4.2,P =0.095R* = 0.459;8 = 0.564, SE = 0.274) composition were positively related to
BF, while herbaceous meadow £ = 4.8,P = 0.081,R% = 0.488;3 = —1.130, SE = 0.518) and

mixed conifer F15= 4.4,P = 0.090,R = 0.469;3 = —0.286, SE = 0.136) stands exhibited a
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Table 7.21. Summary of selected black bear habitat-use naidbks site-specific scale for
foraging sites in Rocky Mountain National Park, Cottara2005—-2006. Values reported include
likelihood ratioy? statistics §°) and associatel values P), Schwartz information criterion

(SIC) values, the difference in SIC when comparetieéadop modelsASIC), percent
concordance (% con), maximum rescaled generaRz¢g’), and the summation of the rank

scores ¥ rank) when comparing models througBIC, R, and % con. The preferred model is in
bold.

ModeP v P SIC  ASIC R % con X rank

Aspect, non-veg, logs 244  <0.001 162.75 0.00 0.236 76.5 3.0
Aspect, non-veg, woody 22.6 <0.001 164.47 1.72 0.221 75.0 6.5
Aspect, woody, ants 226 <0.001 164.48 1.73 0.221 74.4 8.5

& Variable notation: aspect = direction of slope, neg-¥ percent coverage by bare soil, duff,

and leaf litter, logs = percent coverage by logs, woodyreem coverage by woody species, and
ants = percent coverage by ant mounds and rocks witluadésneath.
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negative association. BCI was positively related peagis = 9.2,P = 0.029,R = 0.6474 =
0.607, SE = 0.200) and lodgepole pified= 5.3,P = 0.070,R = 0.513;3 = 0.054, SE = 0.023)
stands. For summer home-range composition, limber\pas negatively related to for both BF
(F17=9.2,P =0.019R* = 0.569;8 = —1.065, SE = 0.350) and BGH,(; = 3.7,P = 0.098 R =
0.343;p = —0.086, SE = 0.045). During autumn, human-use aFeas=(4.9,P = 0.062R? =
0.412;8 = 0.236, SE = 0.107) were positively related to BF, winitdér pine 1 7=7.5,P =
0.029,R* = 0.517;8 = —0.302, SE = 0.111) exhibited a negative association; mixgfec(, ;
=3.9,P = 0.091,R* = 0.343;8 = 0.032, SE = 0.016) composition was positively associaitd
BCI. No landscape metrics were associated with ciondmdices.

Home-range—Use of limber pineRy ¢ = 4.9,P = 0.069,R* = 0.448;3 = —0.809, SE =
0.366) stands was negatively associated with BF annually, mieéc shrublands were
positively associated with both BFy(s = 5.1,P = 0.065,R? = 0.459;3 = 1.899, SE = 0.841) and
BCI (F16=8.8,P=0.025R = 0.594;8 = 0.225, SE = 0.076). During spring, mixed conifer
(F15=5.9,P = 0.060R* = 0.540;3 = -31.791, SE = 13.117) and limber pifke{= 4.9,P =
0.078,R* = 0.494;8 = —102.086, SE = 46.212) locations were negatively assoidte&BF;
aspenFis5=8.6,P = 0.033R* = 0.6318 = 8.105, SE = 2.772) and mesic shrublafds &
12.8,P = 0.016,R% = 0.719;8 = 10.070, SE = 2.818) were positively associated with BT
covertypes were associated with condition indices gwsimmer. Ponderosa pine starféissE
7.2,P = 0.075R = 0.705;3 = —31.724, SE = 11.839) were negatively associated with Bfgdur
autumn; both BFRy 3= 9.2,P = 0.056,R = 0.754;8 = 23.100, SE = 7.620) and BGH(; =
10.5,P = 0.048,R* = 0.778;8 = 1.611, SE = 0.497) were positively associated withkitiear

use of human-use areas in autumn.
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Collectively among indices, covertypes ngtgingly related to black bear condition
annually were limber pine (negative relationship) and nswigblands (positive relationship).
Seasonally, aspen (positive) and mixed conifer (negah@yed the strongest relationships
between spring habitat use and condition, limber pineathar between summer use and
condition, and human-use areas (positive) with black lheaitat use in autumn. Thus, among
all seasons and condition indices, only aspen, mbeiblnds, and human-use areas were

positively related to black bear condition in RMNP.

DISCUSSION

Black bears in RMNP were very eclecticamposition of annual and seasonal home-
ranges. For contemporary and historic periods, 20 of 24 aatiZBhabitat types and
landscape metrics were significantly over or underreptesl in home-ranges, respectively
(Tables 4 and 8). Similar results were observed wheneadtern or western home-ranges were
considered; contemporary eastside home-ranges had 19 ai@dlessignificantly over or
underrepresented (Table 6), and historic eastside anddeeltsne-ranges had 16 of 24 and 12
of 24 variables, respectively (Tables 10 and 12). Hencee tirere few commonalities in the
features most strongly associated with home-range csitigpobetween historical and
contemporary periods. For the contemporary period, blaats bended to have more aspen,
greater interspersion and juxtaposition of habitat patced greater Shannon’s diversity and
Shannon’s evenness scores associated with home-rdndastoric home-ranges, black bears
tended to have less herbaceous meadows, krummholz, and raektshabore human-use and
non-vegetated sites, and lower values of AWMSI. Howewhile there were few

commonalities regarding covertypes within home-rangegldcape metrics for both the
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contemporary and historical period indicated a preferéarcemall patches and high landscape
diversity (see below). Similarly, MaxEnt models umbdd vegetation covertype in only 1 of 8
and 2 of 11 best models for contemporary and historic pemesisectively, indicating highly
variable use of vegetation covertypes among black ie&®NP. This also supports
movement data of black bears in RMNP (see Chapterhighvguggests that black bear
distribution is related more to differing annual and sealstistributions of foods rather than
covertypesper se. In contrast to landscape-level analyses, use of aggetcovertypes within
home-ranges during the contemporary period was more temisias several covertypes
(herbaceous meadows and wetlands, xeric shrublands, krdmrahd limber pine) were
consistently avoided, likely because of negative @atons with accrual of body condition and
thus food sources (see below). Collectively, howetvappears that black bears in RMNP seek
highly diverse ranges characterized by small patches @gthregard for any particular
covertype. Such selection highlights the strong sedaodaannual variation in availability of
preferred foods in RMNP (see Chapter 6).

Despite this variation, patterns observedssspatial scales and relationships with black
bear condition help explain associations seen withynsgale of analysis. Collectively, the
patterns indicated positive associations with aspdrhaman-use areas and negative
associations with open vegetation cover types (iegbdteous meadows and wetlands, xeric
shrublands, rocky areas, and krummholz). Open areastypacally avoided by black bears at
both landscape and home-range scales. Black beakdNiiPRonsumed a high proportion of
insects (37.3% adjusted fecal volume; see Chapter 6), \kedyr contributed to their lack of
association with open habitats, as ants were not fouadyi site-level sample plots in open

habitat typesr(= 18) in RMNP. The only open habitat used with any subatdrequency was
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mesic shrublands, which was positively related to aceretf both BF g = 1.9, SE = 0.8) and
BCI (B = 0.2, SE = 0.1) in black bears annually, likely due toartance in spring foods (BOp:
=10.1, SE = 2.8). Although not significant, black beamsi&u a positive association with
mesic shrublands for all years at the home-range doalleg spring (Table 15). Typically, such
areas are only used by black bears during spring and early sunmere herbaceous material is
most digestible and relatively high in protein (Kelleyse 1980, Graber and White 1983,
Stubblefield 1993). All black bear locations in mesic slao@é in RMNP occurred before 24
July (x = 28 June), indicating little use of such habitats lat¢he year.

Similarly, aspen (0.54% of RMNP) was relagvere in RMNP, but was consistently
overrepresented in contemporary home-ranges (althoudtistotical). Aspen was the lone
covertype positively associated with black bear use anniealljome-ranges (Table 14) and was
also positively related to nutritional conditiontd&ck bears at both landscape (BE 5.0, SE =
2.3; BCl: p = 0.6, SE = 0.2) and home-range (BEE 8.1, SE = 2.8) scales. Deciduous
covertypes have similarly been identified as preferedaitats in other areas (Washington, Lyons
et al. 2003; Virginia, Hellgren et al. 1991; New York, Costallal Sage 1994) due to greater
food abundance associated with these habitats.

Human-use areas were important for both isémd contemporary periods.
Historically, this was particularly relevant when exaimy west-side localities, as human-use
and non-vegetated surfaces were both strongly relatezhte-range composition (Tables 12—
13), whereas east of the divide neither was overregesteiT his disparity suggests that
historically, black bears may have been habituating to htuea sites west of the continental

divide while maintaining their wild nature in eastern RMNP
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During the contemporary period, human-use aveas positively associated with black
bear home-ranges (Tables 4 and 6), non-vegetated surfacesaluded in the best occupancy
model, and human-use areas were strongly related twahodBF (landscape scalgé= 0.2, SE
= 0.1; home-range scalg= 23.1, SE = 7.6) and BCI (home-range sdate:1.6, SE = 0.5)
during autumn. MaxEnt models also indicated that blackslmsdected sites at lower elevations
that were closer to trails during the contemporary pdiftagl 1); this further indicated a pattern
of selection by black bears for areas that were iseclproximity to human-use sites (Fig. 2).
Additionally, a greater proportion of locations wetg#aned in human-use areas contemporarily
(contemporary = 70%, historic = 51%; Fisher’s exe&t0.001), and comparisons between
contemporary and historic black bear diets (frequencgaifimence) indicated that
anthropogenic food consumption was 15.2 times higher duringptitemporary period
(contemporary = 17 of 120 scats, historic = 2 of 214; Fislea@stP < 0.001). Overall, these
patterns highlight increased use of human-associatectsbitith black bears deriving
substantial benefits (i.e., greater nutrition) from #gsociation. Consequences of this
association should include an increase in conditionawkhbears from the historic to the
contemporary period, because resources associated widnhuse areas (anthropogenic foods)
are much higher in calories, carbohydrates, proteinsfaamdhan most natural diets (Stringham
1989). In fact, nutritional condition of black bears ineeghfrom historical levels (see Chapter
2), and in the contemporary period both greater compogifiboman-use sites within home-
ranges (BFF,7=4.9,P = 0.062) and greater use of human-use sites within horges#BF:
F13=9.2,P =0.056; BCl:F1 3= 10.5,P = 0.048) during autumn (the season most closely tied to
fat accretion in black bears; Pelton 2003) were positiredgted to black bear condition in

RMNP.
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Collectively, these results indicate thiaick bears in RMNP may be habituating to
human presence, and deriving substantial resource bgefiténcreased condition and
subsequently increase individual fithess) from this assoniatAlthough historically, black
bears east of the continental divide in RMNP may leebited cryptic behavior and avoided
heavy human-use areas (McCutchen 1990), it appears thabblackin western RMNP
historically were exhibiting patterns similar to eastalack bears in the contemporary
population. A further shift in black bear behavior wedhefcontinental divide may have
occurred since the historic period, as both black bedlesed in western RMNP were captured
within 6.4 km (diameter of mean home-range size of fesnaom the contemporary period; see
Chapter 1) of Grand Lake Village, and 4 of 7 camera sitigsblack bear photographs were
located within this same distance (2 of the 3 other sigze within 7.8 km of Grand Lake
Village). The changing distribution of black bears in RRMtowards areas with greater human
influence (including selection of dens sites; Chaptea, increased size and productivity of
black bears in RMNP (see Chapters 2 and 4), itself lixgdyoduct of increased nutrition,
indicates that black bears in RMNP are altering behataoascess high yield resources
associated with human-use areas. Such changes havauphgtieen documented in the Lake
Tahoe region (Beckmann and Berger 2003 a, b), where nebaivehuman encounters also
increased. Recent negative bear-human encounters irPRMI¢h as a black bear attack at a
backcountry campsite during 2003, may further reflect inargdsabituation to humans by
black bears in order to exploit high yield resources @ethropogenic foods).

Black bear associations with other covertypere far more variable and less consistent.
Black bear use of mixed conifer at the landscape scalgeshlittle consistency (Tables 4-7),

and condition indices were negatively correlated witked conifer at both scales during spring,
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but positively associated during autumn. Food availabilibftesn the overriding factor
influencing black bear habitat selection (Rogers 1993) anly iikuenced these differences for
mixed conifer stands. The primary foods (% volume ofifoimgested; Chapter 6) of black bears
in RMNP were green vegetation (57.5%), insects (46.9%)bands (31.6%) during spring,
summer, and autumn, respectively. When comparing mixeifecstands to other covertypes,
mixed conifer contained substantially less green vegetémnixed conifer = 6.9%, others =
32.2%;U = 148.0,P < 0.001) but greater cover associated with berry spéuiged conifer =
38.9%, others = 13.7%J = 1031.0,P < 0.001) and insects (mixed conifer = 7.0%, others =
5.0%;U = 824.5,P = 0.024). Given the high volume of green vegetatidslack bear diets in
spring, a lack of these items might result in a negaélationship between these components
and nutritional condition. Likewise, increased availapof berries and insects would likely
increase use of mixed conifer stands during summer montrghandtl lead to increased
condition of black bears during autumn. Therefore, althdbghmportance of mixed conifer
appears to vary substantially depending on season, tifileserttes appear to be related to food
availability.

Limber pine nuts have been hypothesized to lm@ortant food for black bears in
RMNP (McCutchen 1996), and limber pine was positively @ased with landscape models of
black bear home-range attributes in RMNP (Tables 4—-7)ugaexcy modeling utilizing remote-
sensored cameras also indicated that limber Bire((306, SE = 0.100) was an important
component related to black bear occurrence in RMNP diaiegsummer and autumn.
However, nutritional condition was consistently negati related to limber pine, and limber
pine was consistently negatively related to black beaurrence at the home-range scale in all

but autumn (Tables 14-17). Limber pine nuts are consumeddi/tli@ars in RMNP during late
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autumn when other food sources are scarce (McCutchen 188@itionally, 3 of 4 limber pine
sites surveyed contained ant mounds or ants under rocksyp@ent related to site-specific
selection of black bears), while only 24 of 100 other rand@miyeyed sites contained such ant
sources (Fisher’s exaPt= 0.053). Ants and other insects are one of the mgsirbant food
sources available to black bears in RMNP (see Chaptértt@refore, limber pine stands may
provide foraging opportunities for insects and pine nuts dautumn when other foods may be
scarce. Nonetheless, even during autumn such sitegdi@ealot greatly benefit black bears
given the negative relationship between use of limber gtands and BF of black beas{(—
0.302, SE = 0.111).

Lodgepole pine, ponderosa pine, and Douglas fivarsed considerably depending on
scale and season (Tables 4-7, 14-17). At the landscapemdgépole pine was positively
related to BCI during summer. Preferred use of lodgepatels was also described previously
in RMNP (Zeigenfuss 2001). Lodgepole pine stands containedartpgoportion of sites with
ant sources (6 of 13) than the other habitat types comfieaff 91 sites; Fisher’s exaet=
0.095), and this may have influenced black bear use of sbdatisa At the home-range scale,
ponderosa pine was negatively correlated with BF during autiMegative associations with
ponderosa pine sites have been documented in other{argadMollohan et al. 1989) as such
stands typically provide little cover and few food sosrcBouglas fir was positively related to
BF accrual of black bears at the landscape scale durimgsprit reasons for increased
condition associated with Douglas fir stands remaintdear. However, use of similar habitats
was noted in other locations (e.g., California, Kellayd®1980), and Douglas fir logs have been

considered preferred sites when foraging for ants @uwl. 2001).
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Method of analysis may also affect habitatretsionships. For example, greater
amounts of krummholz were preferred in the occupancy nuesgite being strongly avoided by
black bears (black bears were never located in krummhdlzs discrepancy was likely the
result of the relationship between dates sampled andt@lay In mountainous terrain, black
bears frequently move higher in elevationglevation: krummbholz = 3,461 m, SE = 1.5; limber
pine = 3,125 m, SE = 8.6; other forested covertypes = 2,#86,32) as seasons progress into
summer and early autumn. These movement pattermmsatlypmirror the ripening of soft mast
(e.g., raspberryRubus spp.], chokecherryHrunus virginiana]) and other food sources (Beck
1991). Because camera-trapping was conducted in late summeasrgndutumn, the positive
association between black bears and krummholz (and lipabe)y in occupancy models may
merely reflect use of high elevations in this period. $8guently, whenever possible, multiple
techniques should be used to assess habitat affinitiesthas project.

Although the influence of landscape metricklack bears has not been assessed for
most populations, such information has provided valuable itssigto resource selection in
other mammals (i.e., Virginia opossuBiflelphis virginiana] [Dijak and Thompson 2000];
marten [Potvin et al. 2001]). All landscape metrics padiassociated with black bear home-
ranges (interspersion and juxtaposition and Shannon’s esemamd diversity indices) indicated
a preference for numerous patches with even distrigi{ibables 4—7). Increasing patch
diversity and edge in RMNP thus yielded higher quality hesfta black bears. Such a
patchwork landscape provides a wide diversity of resouvdash is likely more important in
RMNP than in most other locations given the paucitgmfndant food sources in high elevation

areas (Beck 1991). Similarly, the negative associatitmAYWMSI historically implied a
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preference for a more even distribution of habitat sypleough it places more emphasis on the
shape of the habitat patch (i.e., less edge per interior).

The use of site-specific data can also éurtlur understanding of habitat selection at
both the landscape and home-range scales. Result$dfraging sites indicated a preference for
northern aspects but an avoidance of southern aqadtbsugh odds ratios indicated these were
weak relationships); greater coverage by fallen logs,vegetated surfaces, and ant mounds and
rocks with ants underneath; but less grass and woody €badele 20). Mesic north slopes
typically have greater vegetative production (Beidlentaal.2000). This increased understory
production yields more abundant food sources and Etheealment than southerly aspects.
Rotten logs often harbor abundant insect and grub populationk are preferred foods (Bull et
al. 2001), and are also often used as resting sites (Mollehal. 1989, Bull et al. 2001).
Additionally, black bears preferred less woody cover idimg sites; less woody cover likely
reduces visual obstruction allowing for better visualtyowhile foraging. Increased proportion
of non-vegetated surfaces was also included in the mtlsnof foraging locations (Table 21).
Reasons for this are unclear but could be related to thenkiggative correlation between non-
vegetated surfaces and grasses (0.616), as grass cover was strongly avoided (Table 20) at
foraging sites.

Slope and woody cover were the only variablesdiffered between resting and
foraging locations (Table 3). These differences yikeflected the differing needs of black bears
in terms of food vs. cover. For example, slope wrasiter for resting locations than for foraging
sites. Steeper slopes likely allow black bears greaterrsy due to inaccessibility of sites
(Mollohan et al. 1989) and less visual obstruction whichdsenmmportant at resting sites

(Mollohan et al. 1989). Likewise, the higher woody vegetatiover | saw at resting sites also
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provides additional security cover (Cunningham et al. 2003grdllyhowever, there were few
structural or other habitat attribute differences betwesaging sites and resting sites in RMNP.
A similar observation was noted in mixed conifer standSalifornia (Kelleyhouse 1980), which
suggests that black bears may simply choose the mastdecation in foraging areas to rest
given that they are less mobile and their energysdostmovement are greater (Robbins 1993)

than species such as elk and deer, which typically henyedistinct foraging and resting sites.

MANAGEMENT IMPLICATIONS

Body condition of black bears was most stippgsitively influenced by aspen (spring),
mesic shrublands (annually), and human-use covertypes (@ytamnd negatively associated
with limber pine (annually and all seasons) and mixedfeo(spring) covertypes in RMNP.

This was reflected to some degree in placement of blaankhmene-ranges (aspen included in
amounts greater than available) and to a lesser degeeef abitat types within home-ranges
(aspen used annually much more than available within hanmges; increased use of human-use
areas relative to historic black bear locations). Addally, all habitats consistently avoided by
black bears, including herbaceous meadows and wetlands, kalmméric shrublands, and
limber pine, were either not related or negatively eissed to accrual of body condition in black
bears. As indicated in analyses of foraging siteskidaars apparently specifically seek out
areas with greater supplies of food regardless of hdjpiaf this was reflected in analyses of
black bear distribution patterns as well (see Chaptef ks also explains the consistent pattern
of landscape metrics that indicate high habitat diweesid significant edge in home-range
placement of black bears in RMNP. By maximizing diugrisi home-ranges, black bears can

likely increase the probability that important foods, whiary significantly in annual, seasonal,
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and spatial availability in RMNP (see Chapters 1 [movesand distribution] and 6 [foods]),
are available within home-ranges. Thus management a&iored at addressing landscape
distribution and specific structures of covertypes maynore important in providing for the
critical nutritional needs of black bears in RMNP tipaoviding for any specific habitat type,
per se, with the possible exception of aspen.

Potential management actions can produce batligehowever (i.e., providing critical
structure associated with foods, such as downed logs, ansirig on specific vegetation types
that are positively associated with black bear comlitsuch as aspen). Active forest
management (i.e., prescribed burning, thinning, and clearcuftgmall patches), such as
associated with fuels reduction programs in urban-interdaeas, in a patchwork design would
increase the abundance and distribution of these @artessional habitats (Irwin and Hammond
1985) and facilitate the fractal structure of habitats predielby black bears in RMNP. These
management practices would be most effective on nortast facing slopes. Similarly,
wildfires often burn asymmetrically, thus providing higherersity and more edge of habitat
types, as well as increased early successional haptittsgreater plant productivity) and more
downed and coarse woody materials (insect habitats). Aspeds particularly require
continued disturbance to maintain their presence itatiescape (i.e., to halt succession to
mixed conifer stands, which have far less value to blaclsled&MNP).

The positive association between black beaditon and use of human-associated areas
of RMNP is problematic for the long term viability of thiack bear population in RMNP,
however. Increased use of human-associated landscap&sckyears in RMNP can only
ultimately negatively affect the black bear populatiohears usually lose in human-bear

conflicts. Because this use is almost certainly reso(food) driven, management actions or
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natural disturbances that enhance the forage attribb®8INP habitats could shift black bears
away from human-use areas, maintaining the wild natuRMINP’s black bear population,
while reducing human-bear conflict. As a minimum, awnred prescribed burning in RMNP
and a “let burn” management philosophy towards wildfiretfgoextent that safety allows) can

only help provide the habitat diversity and resources pesfdyy black bears in RMNP.
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APPENDIX.—LITERATURE REVIEW

General information

The distribution of black beatdr&us americanus) is more widespread than other ursids
in North America, covering much of the U.S., Canadd, fmarts of northern Mexico (Pelton
2003). Nonetheless, their current range has been redueggbtoximately 38% (Pelton and van
Manen 1994) and is only 10% of their historical range intsmagtern U.S. (Pelton 2003, Maehr
1984, Garshelis 1990, Jones et al. 1998). The current black lpedatmm estimate ranges from
514,081-547,951 but does not include estimates from Alaska, Idakit, [3akota, Texas,
Wyoming, New Brunswick, Northwest Territories, Nova Sxobaskatchewan, or Mexico, so
this number would be somewhat higher (Pelton et al. 1999).

Coloration and size can vary for black bel@sending on their geographical location.
The typical coloration is black with a brown muzzleghe eastern U.S. and brown in the western
U.S. (Rounds 1987). However, many variations exist includiniglack, blond (northern
California, eastern Washington, ldaho, Montana, Albentd, Saskatchewan), white (Kermodes
bear; coast of central British Columbia), blue-gragder bear; Jonkel 1978), and occasionally,
some bears are seen with a white blaze on their Reands 1987). The difference in
coloration appears to be a cryptic response with beaksnse forest habitats exhibiting the
black phase, while those in more open forests and assddiabitats exhibit a lighter phase
(Rounds 1987).

The average weight of adult female black beaisally ranges from 40-200 kg and
from 100-300 kg for adult males (Pelton 2000). Bears in Rocky MouNational Park
(RMNP), Colorado, historically fell in the lower entitbe average weight range (55 kg/adult

female: 80 kg/adult male; Zeigenfuss 2001). Although heavidstidaals are typically found
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in Pennsylvania and New York, skull measurements indicaténttize eastern U.S., larger bears
are found in southern localities (i.e., Louisiana anddigsippi), while smaller bears are found
further north (i.e., Quebec; Kennedy et al. 2002). This difference was most influenced by
mean January and July temperatures, precipitation,cdndl@vapotranspiration; these are all
factors either directly or indirectly associatednmwegetative productivity. Elevations in RMNP
range from 2,657-4,343 m (Zeigenfuss 2001). As with more notfdtécrdes, higher

elevations are typically associated with lower vegeggiroductivity and provide a likely

explanation for the small body sizes observed in RMNP

Reproduction

Black bears are polygynous with the breedaagasn typically occurring in June and
July, but can start as early as late May and extemddeAugust (Jonkel and Cowan 1971).
Black bears exhibit delayed implantation; blastocystsalonmplant until late November or early
December (Wimsatt 1963). In some situations, the physicalition of the pregnant female
may not be good enough to support offspring. In these situati@blastocysts will not
implant and will be reabsorbed by the bear (Elowe andgeé 1989, Hellgren et al. 1990).

Average age of first reproduction for femaigsdally occurs between 3—4 years but can
range from 2—7 years, while males generally become repreelycictive at 3—4 years of age
(Pelton 2000). In RMNP, average age of first reproducborieimales was approximately 7
years (Zeigenfuss 2001). Similar investigations in redftielose locales found that the average
age of first reproduction was 4.7 years in western Cdto(Beck 1991) and 5.5 years in New
Mexico (Costello et al. 2001). Age of first reproductionfemales appears to be directly

influenced by body size (Beecham 1980, Rogers 1976, 1987, lskle©690, Beck 1991,
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Samson and Huot 1995) and indirectly by nutrition (Rogers 197@)tason plays a primary
role in determining body size. Beecham (1980) and Rogers (1987) proposed that body
size was a primary factor in determining age of firstadpction. Beck (1991) found the same
general results although minimum weights appeared ta diff®ss broad geographic localities.
Because of this, he suggested that certain factors sucheticghfferences in growth rate,
social dominance, and variation in available microh&bitaay all influence age of first
reproduction, while Rausch (1961) suggested that latitude plaggoantant role, as greater
latitudes typically result in shorter growing seasams lass food biomass. Nonetheless, body
size of bears in RMNP is small and is likely a prim@gtor in the greater age of primiparity
observed historically.

Late onset of reproductive activity is alsi@etied by nutrition, as years of berry and hard
mast failure have resulted in delayed estrus for priragmfemales (Jonkel and Cowan 1971,
Rogers 1976, Eiler et al. 1989, Elowe and Dodge 1989, Noyce artgBarl994). In a related
study, Costello et al. (2001) noted that age of first reptamtuevas greater following years of
poor mast production, although this figure was not signifidéaly due to small sample sizes.
Hard mast crops are essentially nonexistent in RMNPo#mer food sources (such as berries)
may not be abundant enough to allow the local populadi@it&in minimum weight thresholds
needed to produce cubs at typical ages (3—4; Pelton 2000) prcat titter sizes (1.8-2.4; Beck
1991). Therefore, the effect of inadequate nutritionaaytsize suggests that a lack of abundant
food resources may limit population growth in RMNP.

Cubs are born in dens in late January and Ealyuary and are small (0.2—-0.3 kg),
blind, and hairless when born (Pelton 2000). Sex ratiotypieally 1:1 at birth with litter sizes

that generally range from 1-3 (Pelton 2000). Howeverrdittp to 5 are possible (Jonkel and
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Cowan 1971, Alt 1981). The number of cubs in a litter cap, \aut are typically less in western
states (2.4, 2.5, 2.2, and 1.8 cubs/litter in eastetesst@reat Lakes region, Alaska, and western
states, respectively; Beck 1991). Average litter siz&MNP was 1.7 (McCutchen 1993).
Several factors related to body condition (includindypaveight, habitat quality, and overall
nutrition) have been implicated in influencing litteresiZJonkel and Cowan 1971, Beecham
1980, Rogers 1987, Alt 1989, Elowe and Dodge 1989, Stringham 1990, Schnart
Franzmann 1991). This is particularly pronounced when dealthigareas that contain
supplemental food sources such as garbage dumps and udréaceareas (Rogers 1987, Alt
1989, Beckmann and Berger 2003b). In fact, in a study conductgukzaly bears\(rsus
arctos) in Yellowstone National Park, Stringham (1986) found &werage litter sizes decreased
by 17% once the dump was closed. These artificial foattes may be key when determining
increased cub production as natural food production appearfiutenice litter size only in
extreme situations (Rogers 1987, Beck 1991, McLaughlin et al. 1284eNnd Garshelis
1994). If black bears are able to supplement their typieadth alternative foods (including
human-related sources such as dumps and corn fields) thecrease in typical foods will
likely have little effect on litter size (Kasbohm ¢tE096, McDonald and Fuller 2001).
Nonetheless, food limitations may be reality forrlsaa RMNP and alternative food sources are
not readily available (lack of garbage dump, crop fieldsykiers on park are mostly bear
proof). Therefore, a lack of abundant foods is likatyiting litter sizes for bears at RMNP.

The interval between successive breeding aota$or females is typically 2 years
(Pelton 2003). However, if a year of poor food productionums;dears may forego
reproduction for that year (Jonkel and Cowan 1971, Rogers 180gunt 1982, Young and

Ruff 1982, Eiler et al. 1989, Elowe and Dodge 1989, Hellgren 08D, Beck 1991, Schwartz
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and Franzmann 1991, Costello et al. 2003), thereby leadingytwlrsnization of reproduction
in subsequent years (Free and McCaffrey 1972, Lindzely 896, Lindzey and Meslow 1977a,
McLaughlin et al. 1994). In some extreme cases, littessiccessive years are possible, though
they likely occur due to a loss of the entire litteryean the summer or to estrangement of cubs
just before denning (LeCount 1983b, Alt 1989). The time for ssaaebreeding intervals for

bears in RMNP has not been reported but is believed 26-dgears.

Survival

Cub survival rates vary dramatically across ggaige locations with values ranging
from 0.45 in northern Alaska (Bertram and Vivion 2002) &@40n northern Wisconsin
(Massopust 1984). These rates appear to depend on a numhtorsf ifecluding habitat quality
(Beecham 1980, Rogers 1987), spring nutrition (Schwartz andriReaom 1991, Costello et al.
2003), unspecified social regulation (LeCount 1982), experiefitee mother (Elowe and
Dodge 1989, Beck 1991), spring weather (Alt 1984, Beck 1991, OliE3%r), predator
numbers (including conspecifics; LeCount 1987, Rogers 1987, Beck 499 1all mast
abundance (Eiler et al. 1989, Elowe and Dodge 1989, Beck 1991|l&Cesid. 2003) that
directly relate to size and body condition of femgMgyce and Garshelis 1994). Cub survival
in RMNP fell below these levels (0.40 £ 0.16; Zeigenfuss 2080Cutchen (1993) implicated
starvation and cannibalism as the primary mortalityofiesctor cubs at RMNP, but other factors
such as habitat quality, body condition, and reseadisairbance (see Linnell et al. 2000 for
review) could be responsible as well.

Cub survival has been implicated as a primatpifaegulating bear populations (Fuller

1993, Powell et al. 1996) and is therefore a factor impottalo¢ar managers (Beck 1991,
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McDonald and Fuller 1998). However, other researchers foand adult survival (particularly
female) to be the primary factor influencing populationaiyics of black (Freedman et al.
2003), grizzly (Eberhardt 1990, Wielgus et al. 2001), and po&skdrsus maritimus; Taylor
et al. 1987, Eberhardt 1990) due to its influence on cubs and cuad{Bannell and Tait
1980, 1985, McLellan and Shackleton 1988, Mykytka and Pelton 199Qrétednd Maehr
1993). Recent work on large herbivores may provide some inetglthis debate. Galillard et
al. (1998, 2000) reported high elasticity values for adult lbegbivores, while low values were
observed for juveniles, suggesting that adult survival is mgpertant in influencing population
growth. However, temporal variation (determined by coleffit of variation) is much greater
for juveniles, thereby superceding the influence of elagti@lack bears exhibit similar
variability in annual cub production (Beck 1991), and thereidely influence population
growth in a similar manner. Nonetheless, adult fersatgival is an important factor in
regulating population growth, particularly in hunted popalaiwhere hunter kills can
significantly increase mortality (e.g., Powell atZ96, Beringer et al. 1998) thus placing a
greater influence on adult survival (Gaillard et al. 2000).

As suggested, adult survival rates seem to vanaphnaue to human-related mortality.
In non-exploited populations, survival of adult females ghlfe.g., 0.96, Beck 1991; 0.94,
Doan-Crider and Hellgren 1996), while it is somewhat lofwehunted populations (e.g., 0.85
and 0.89; Schwartz and Franzmann 1991). Males follow this sanmekbut typically have
lower survival rates (mean survival = 86% for females, 73%nfmles; Kasbohm 1994; but see
Powell et al. 1996) due to the fact that they have largeeh@nges, travel greater distances,
and are more aggressive (Beecham 1980, Beringer et al. 199&)aga yearly survivorship for

adults on RMNP was 0.84 + 0.07 from 1984-1991 (Zeigenfuss 2001). Témithin the
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range typically expected for adult bears and suggestsuhbanortality and reproductive
limitations are more likely factors limiting populatignowth at RMNP.

Survival rates of subadults show much variation, but fotllevsame pattern as adults in
that males typically have higher mortality than féesa Reported survival rates for females
typically range from 0.81 (Kolenosky 1986) to 0.94 (Beck 1991sbkatBeringer et al. 1998)
while those for subadult males can be as low as 0.26 (e et al. 1998). Reasons for
increased subadult male mortality are similar to thheperted earlier but include added
components such as dispersal, incautious behavior, aadgatific harassment and killing
(Beck 1991, Schwartz and Franzmann 1991, 1992). Yearling survgahésally lower than
adult and subadult survival with reported rates ranging 98 for yearling males (Elowe and
Dodge 1989) to 0.94 for all yearlings combined (Beck 1991). No sumstimates for
subadults and yearlings have been reported for RMNP.

There are numerous causes of mortality fackobears but most are human-caused,
particularly in hunted populations (Bunnell and Tait 1985w&etr and Franzmann 1991, 1992,
Beringer et al. 1998, Pelton 2003). Both legal and illegalihgician serve as significant
sources of mortality. Powell et al. (1996) found that 20%ortality at Pisgah Bear Sanctuary,
North Carolina was from legal hunting while 13% was figmaching, and Beck (1991) found a
large illegal harvest of subadult males in west-ce@odbrado. Other sources of human-
induced mortality include depredation control and vehicle eaid ¢ollisions (Wooding and
Brady 1987, Brandenburg 1996, Miller and Tutterrow 1999, Costelib 2001, Van Why and
Chamberlain 2002, Pelton 2003, Rogers 1987). Natural mortalityqiginsaobserved from
intra- and inter-specific predation (Kemp 1976, LeCount 198Ttdla et al. 1992, Costello et

al. 2001, Gunther et al. 2002), starvation (Costello &04l1, Pelton 2000), and old age (Pelton
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2003), but is less of a factor in hunted populations.oR€R2003) reported several neoplastic,
rickettsial, viral, and bacterial diseases that inféatkbbears, but noted that none played a major

role in population regulation.

Population estimation

Appropriate estimates of population size foclblaears are important in assessing trends
in populations, understanding dynamics of a population, aestablishing hunting quotas
(Miller et al. 1997). However, these estimates arfecdlIf to attain for bears due to their low
population densities, secretive nature, and use of rdiathaccessible habitat (McCutchen
1990, Costello et al. 2001, Pelton 2003). Many techniques haveibegno determine bear
densities, but traditional mark/recapture techniques haveusseihmost frequently (e.g.,
Lindzey and Meslow 1977a, Young and Ruff 1982, Miller et al. 1284k and Smith 1994).
However, results from mark/recapture are often biasedusedaey do not meet one or more of
the assumptions or do not clearly delineate the argaottn@lation is using (Miller et al. 1997,
Pelton 2003). In recent years, more “modern” techniques been developed to better meet
these assumptions. Some of the more promising technioglade mark-resight through use of
cameras (Beck 1997, Grogan and Lindzey 1999, Martorello et al. Ra®@zzi et al. 2002),
dogs (Akenson 2001), telemetry (Miller et al. 1997), ingestechdnikers (Garshelis and Visser
1997), and DNA mark-recapture through fecal samples andraing (Woods et al. 1999,
Murphy et al. 2000, Hirth et al. 2002, Boersen et al. 2003). elfeehiniques may be more
realistic and/or less biased than traditional capturémalstbut still have downfalls. For mark-
resight, camera traps can be expensive, require largdesaigs, and still maintain a potential

negative bias through the use of bait (Noyce et al. 2001yMoet al. 2002); use of dogs
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requires easily accessible localities and drier ciesiavhile mark-resight combined with
telemetry can be cost prohibitive (Akenson 2001). Esamderived from ingested biomarkers
are most accurate with several years of data caleetind are most appropriate for hunted
populations (Garshelis and Visser 1997), while DNA profilingofesults in missed “captures”
due to insufficient availability of genetic material fnsamples. It can also be quite expensive,
particularly when used in areas with both black and brosars (Woods et al. 1999).

Harvest data are extensively used by statiif@ibgencies to assess population sizes in
many states, although these data are not usually releBkxaand age composition of harvested
animals are usually biased by a number of factors (changesather and food availability
[Lindzey et al. 1983]; different growth rates across popriat[Caughley 1974, Harris and
Metzgar 1987]; difference in methods, season, selectasity,number of hunters [Kolenosky
1986, Litvaitis and Kane 1994, Kohimann et al. 1999]). In faing evidence suggests that
mortality does not accurately represent population trépelson and van Manen 1996, Garshelis
and Visser 1997, Garshelis 2002). Due to limitations of e&tte different techniques for
estimating population size, it is recommended that stdéferent strategies be employed to
more accurately assess population size (Pelton 2003).

Density estimates vary widely across thearggaphical distributions. This variation is
likely due to differences in methodology, as well agedénces in quality of habitat and bear
populations (Beck 1991, Miller et al. 1997, Pelton 2003). Deasifie 50 bear/100 kiand >
10 bear/100 kfare typically observed (Beck 1991) but extremes of 1.8tsHe&® kni (Grogan
and Lindzey 1999) and 149 bears/100 kave been reported (Lindzey and Meslow 1977a).
Density estimates for RMNP (excluding alpine locaticars) 2 bears/100 Knfor the east side

and 2.2 bears/100 Krfor the west side (Zeigenfuss 2001). These estiraagespproximately
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equal to the lowest reported densities for black bears (GaghLindzey 1999) and suggest
that habitat in RMNP is marginal for bears, althougkelis known about the relationship of
habitat quality and density of bears (Beck 1991, Garshelis 2@xjmates for other
geographically similar populations are 12—16 bears/100fémwest-central Colorado (Beck
1991), 36 bears/100 Knfor northwestern Colorado (Beck 1995), 8.1 bears/10bam 39.0
bears/100 kffor 2 areas in north-central Colorado (Beck 1997), 2.5¢sH20 ki in
southeastern Wyoming (Grogan and Lindzey 1999), and 17 bearsif® korthern New
Mexico (Costello et al. 2001).

Population indices are alternatives that pi@ess costly and less time consuming
alternatives to density estimates, but are also Esgate and effective (Anderson 2001, Pelton
2003). Much discussion has recently occurred on the tsatiflpopulation trends derived from
indices (see Anderson 2001, 2003, Engeman 2003). Nonethelesstipopntices are likely to
continue to be used as they are easier and less expalteivatives to population estimates.
Population indices used to monitor bear trends include stations (Lindzey et al. 1977), bait
stations (Carlock 1986, Miller et al. 1995, Rice et al. 200a4gktand scat observations (Pelton
1972, Kendall et al. 1992, Clevenger and Purroy 1996, Valdmahni2€04d), and tree markings
(Burst and Pelton 1983). However, only bait station eslignd sign surveys appear to have
promise in determining population trends in bears (CleveaggiPurroy 1996, Pelton 2003),
though determination of individuals from track dimensionsysald minimum population sizes
(Valdmann et al. 2001).

It is interesting to note that natural beartality in completely unexploited populations
occurs through density-dependent regulation (Taylor 1994, Giar&06R), but for density-

dependent mortality of adults to occur, populations mesttior near carrying capacity (Fowler
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1981; though density can have a regulatory role in juveniteival, Gaillard et al. 1998).
However, few current bear populations are at this |dvegérs 1993, Taylor 1994, Garshelis
2002). Much effort is spent on the issue of density dependemtpopulation regulation.
However, Sargeant and Ruff (2001) point out that it mightiore profitable to address factors
that limit population growth in low density populatiorfRocky Mountain National Park is a low
density population and provides an interesting locatiassess factors that influence bear

mortality and production that limit their population growth.

Home-range

Knowledge of the spacing and distribution of&ean lead to a greater understanding of
how they are using available resources. Determining hramge size and the degree of overlap
of home-ranges provides a first step in understandisg¢hationship. Home-range shape and
size is influenced by many factors including abundance stdbdition of foods (Lindzey and
Meslow 1977b, Garshelis and Pelton 1981, Rogers 1987, Eloweaaige 989, Schoen 1990,
Schwartz and Franzmann 1991, Schooley et al. 1994a, Powe€ll&907, Samson and Huot
1998, Koehler and Pierce 2003), population densities (Alt 08D, McLoughlin et al. 2000,
Oli et al. 2002, Pelton 2003), sex and age class of individdiatdkel and Cowan 1971, Poelker
and Hartwell 1973, Lindzey and Meslow 1977b, Alt et al. 198@eR01987, Powell et al. 1997,
Hirsch et al. 1999, Koehler and Pierce 2003), social stattigt(Al. 1980, Bunnell and Tait
1981, Powell et al. 1997, Koehler and Pierce 2003), and the tectamduaethodology used to
determine the bear’s home-range (White and Garrott 1990”206, Pelton 2003). Because
of the dynamic interaction of these factors, tlezne be a large variation in the size of black bear

home-ranges. Home-range sizes are almost always fargeales than females (typical range
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= 5-49 knifor females, 221,721 Knfor males; Pelton 2000), although this difference is not
always as pronounced (e.g., Lindzey and Meslow 1977b, GarsimeliPelton 1981). Subadult
home-ranges are generally somewhat smaller (Alt &980D). Average home-range size for
female bears in RMNP was 53.9 while male bears averaged 35.6°K@eigenfuss 2001).
There was no significant difference in home-range eiz the east and west sides of RMNP for
females, but there was for males (13.% km east side, 58 Knon west side; Zeigenfuss 2001).
This difference was attributed to small sample sizelssaglisproportionately large number of
collared subadult males. Nonetheless, the home-raageged for females in RMNP were
larger than those reported for other black bear popuatidMore than any other factor, habitat
qguality and therefore, abundance and distribution of foade been linked to home-range size
(Lindzey and Meslow 1977b, Reynolds and Beecham 1980). As rémartier, the lower the
quality of habitat, the greater the home-range sizeeréefire, these large home-range sizes
suggest that a lack of abundant food sources is a priiaatior limiting productivity of bears in
RMNP.

The degree of home-range overlap in black heaiss considerably depending upon sex
and location. Males generally have home-ranges tlatapvwith other males and females (but
see Jonkel and Cowan 1971, Poelker and Hartwell 1973), altheugbrtality may be
expressed during the breeding season (Wooding and Hardisky 18®®ntrast, the degree of
overlap of female home-ranges is quite variable withesstudies showing extensive home-
range overlap (e.g., Amstrup and Beecham 1976, Lindzey andwi&877b, Reynolds and
Beecham 1980, Garshelis and Pelton 1981, Beck 1991, Wooding anskidr@b4, Hirsch et
al. 1999, Oli et al. 2002) while others show little (Jonkel €&owan 1971, Young and Ruff

1982, Pelchat and Ruff 1986, Rogers 1987, McCutchen 1990). Sex¢oatthave been
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implicated in affecting the degree of home-range ovanapammals including presence of
altricial young (Wolff 1997, Wolff and Peterson 1998), genetlatedness (Jonkel and Cowan
1971, Lindzey and Meslow 1977b, Pelchat and Ruff 1986, Rogers 188Mhahitat quality
(Reynolds and Beecham 1980, Garshelis and Pelton 1981, R&&@é|IRogers 1987, Hellgren
and Vaughn 1990, McLoughlin et al. 2000, Oli et al. 2002). Theditstnative implies that
female bears should be territorial to reduce the tlokEafanticide by other females (Wolff
1997, Wolff and Peterson 1998), although there is little evidensaggest that this applies to
bears. For example, in brown bears, a few instamaes been recorded of unrelated females
killing other cubs. However, most occurred in areas &/bears expressed a lack of territoriality
(McLoughlin et al. 2000), while for black bears, most studie® l[sown moderate to extensive
overlap between females, suggesting that infanticide pldgsole in the degree of home-range
overlap.

Several authors have suggested that femalledange degrees of home-range overlap
are genetically related (e.g., Lindzey and Meslow 1977lchBednd Ruff 1986, Rogers 1987,
Oli et al. 2002). However, Schenk et al. (1998) found thraaifes were not overtly related to
other females with overlapping home-ranges; McLoughled.g2000) found the same general
results for brown bears. Therefore, although reltgsdhles in some regions may share portions
of overlapping home-ranges, available evidence does not stlgygeselatedness is the
overriding factor.

The third potential factor influencing home-rangerlap appears to be the most likely
explanation. Territoriality models have been propose@dmpenter and MacMillen (1976) and
Maher and Lott (2000) that suggest that territoriality thiced when food resources are either

abundant or very limited. However, territoriality iepent when these resources fall at an
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intermediate level. Although there is no direct quatiitkacomparison between food abundance
and home-range overlap across studies of black bears,ughlio et al. (2000) were able to
make this quantitative comparison across 30 brown bear piopglatResults from this study
strongly supported the previous models and suggest that extéasne-range overlap will

occur in areas with abundant and limited food sourckdewnore intermediate areas will have
less overlap. McCutchen (1990) reported little overlagemale bears in RMNP. However, the
reported sample size was for only 2 individuals; curres¢arch suggests that this degree of
overlap may be somewhat higher (Baldwin 2008). Severaltigagésrs have noted non-
territoriality among mammals when resources are paichiyniting (e.g., Reynolds and
Beecham 1980, Maher 1994, McLoughlin et al. 2000, Samson and Huot 2004 Jvould
provide a likely explanation for the observed levels ahleange overlap in RMNP.

Seasonal differences in home-range sizeexist and are primarily the result of 2 main
factors. First, adult males and adult females havenelgghhome-ranges during the breeding
season to optimize mating opportunities (Alt et al. 1980, Mleni®83, Rogers 1987), while
females with young cubs use a compressed area untilbseacel able to travel greater distances
(usually towards fall; Lindzey and Meslow 1977b, Alt et1®80, Hirsch et al. 1999). The other
seasonal alteration in core-use areas is due to shitted abundance (Alt et al. 1980, Garshelis
and Pelton 1981, Rogers 1987, Hellgren 1988, Beck 1991, Schwartz anth&na 1991,
Samson and Huot 1998). These seasonal movements campzhleens for National Parks that
control disturbances such as logging and fire (Bunting 199sltdad Graumlich 2002). By
eliminating such disturbances, habitats are allowed tgress towards successional climax with
few early successional habitats available (Bender afldrk¥)05). These early successional

habitats are important food sources for black bears durmgisu and early fall (Poelker and
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Hartwell 1973, Beeman and Pelton 1980, Garshelis and PeltonR88érs 1987, Hellgren et
al. 1991, Schwartz and Franzmann 1991, Samson and Huot 1998, INitchEowell 2003).
While disturbances are limited in National Parks, ttygycally are not on adjoining property.
Therefore, foods associated with disturbed sites (ssisbfa mast species) are available off
National Parks, but these locations do not afford the giotethat is available on park property.
For example, Samson and Huot (1998) found that bears mdéMeal Mauricie National Park
(LMNP), Québec, Canada, during summer and fall to foragmfirmast foods. Subsequent
mortality associated with this shift in activity regdtin mortality rates that were close to the
maximum sustainable mortality rate derived for LMNP (Samand Huot 1998). This same
situation could be problematic for bears in RMNP, atudbance factors have been curtailed on
RMNP resulting in little early successional habitat Qvtchen 1993, Bender and Keller 2005).
Therefore, bears may be leaving the park in search diadd food sources. Some evidence
exists for such mortality as hunting accounted for 2 kri@vn deaths of male bears monitored
in RMNP from 1985-1991 (Zeigenfuss 2001). However, an assessntbataMailability of
critical habitats on the park should give a better undetstg of if and how this lack of early

successional habitat is affecting bear populations.

Activity patterns

One step toward delineating critical habitatsues through an understanding of the
activity patterns of bears. Of primary interest isvimears optimize time constraints on
foraging, social activities, and environmental requiresiéaschoff 1964). Several different
techniques have been used to assess activity patterngsnrimdading the movement and/or

fluctuation of radio signals (Roth 1983, Roth and Huber 1986yBll and Sandegren 1987),
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motion sensitive collars (Garshelis and Pelton 1979, 1988h6i&s et al. 1983, Lariviere et al.
1994, Wagner et al. 2001), and direct observation (Jonkel andrCtO71, Herrero 1983,
MacHutchon 2001). The movement of a radio signal reliethe observers ability to detect
changes in the location of an emitted signal and thexeis able to assess only 1 kind of activity
(active or not). Because of this, intense foraging $that occur within a small area could go
unnoticed, thus representing a bias (Wagner et al. 2001)wltdmoet al. (1968) provided

further evidence suggesting that signal fluctuations weramappropriate method for assessing
activity.

Motion-sensitive collars have been used famynyears to assess activity patterns and
can be reliable for assessing activity budgets of blaclslfeay., Garshelis and Pelton 1979,
Garshelis et al. 1982, Lariviére et al. 1994). These caliamde used to determine the level of
activity or simply to discern active vs. inactive miduals (Wagner et al. 2001). Motion-
sensitive collars typically perform better than refyon movement or fluctuations in radio
signals, but have problems including a need to calibratedtlae to known levels of activity
(Wagner et al. 2001) and provide a lack of information ersgrecific activities of the bear at the
time of recording (MacHutchon 2001).

Direct observation is the preferred methada&sessing activity patterns as it allows the
observer to directly assess activity budgets of individulliswever, it can be very difficult in
cryptic species (such as black bears; McCutchen 1990, Lareiéal. 1994) as it requires
continuous observation of individuals over an extende@gerf time (MacHutchon 2001).
Nonetheless, direct observation is 1 of the only wayassess specifically what a bear does and

eats during a 24-hour period and is a valuable tool when aspé®s activity budget of bears.
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Black bears are typically solitary, as abtiteractions between black bears are usually
limited to male and female contact during the breediag@® females and young, siblings after
weaning, and at feeding sites (Herrero 1983, Pelton 2003, Rogels I%é&ir solitary existence
appears to be the result of 2 main factors: 1) theg hdle need for group protection, and 2)
their primary food sources (e.g., berries, insects] haast) are usually too scattered for group
feeding (Rogers 1987). Therefore, there is no advantageup tiving. However, dumps and
other feeding stations provide the exception. In sucksaséabundant food sources, bears
tolerate the presence of other individuals (Herrero 1983, R&gel. 1976, Rogers 1987) and
will occasionally engage in play activity with othemspecifics (Rogers 1987).

Black bears are typically crepuscular or diljimat time of activity also appears to be
influenced by the kind and amount of foods present, brgexttivity, and the presence or
absence of humans (Amstrup and Beecham 1976, Ayres et al.LEOB&re et al. 1994,
Lindzey and Meslow 1977b, Beckmann and Berger 2003b, Pelton 2N08)erous
investigators have noted differences in diel activitptighout and among years. Upon
emergence from den sites, individuals generally renmaictive for a period of time, as food
sources are not available (Rogers 1987). It is not krdfonsure why bears abandon dens prior
to food source availability, but is believed to be reldteenergy conservation. In a study
conducted in northeastern Minnesota, Rogers (1987) redertgxeratures in dens to be below
that of ambient air temperatures at the time of gerae (generally between late March and
early April). Therefore, even if food sources weoe available at the time of emergence, the use
of solar radiation (sun bathing) while maintaining lowatabolic activity could make it

energetically efficient for bears to exit dens.
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Once vegetative green-up occurs, bear activitigsase. A small peak in activity is
typically seen during the breeding season (Hamilton aactMnton 1980, Rogers 1987), while
a larger peak is observed during late summer and earlyTfaié peak coincides with hard and
soft mast production (Garshelis and Pelton 1980, Garshells983, Lariviére et al. 1994,
Pelton 2000). The length of time that bears remainvettroughout the year appears to be
influenced by the abundance of available foods. Abunidawt sources existing late into the
year may act to delay denning activities (Beecham et al. Xt88fe 1982, Johnson and Pelton
1980, Kolenosky and Strathearn 1987, Lariviére et al. 1994, #gheioal. 1994b, Tietje and
Ruff 1980).

Numerous investigators have also noted gbiftsore nocturnal habits when bears occur
in close proximity to humans (e.g., Ayres et al. 1986séter1983, Reimchen 1998, Pelton
1999, Beckmann and Berger 2003a). Ayres et al. (1986) and Beclamamerger (2003a)
noted that this shift coincided with the decline in humaivily and is likely an adaptation to
reduce interaction with humans. Current evidence fronNRMuggests that the resident
population is behaving in the same manner (i.e., crepudoutdurnal in more natural locations,

crepuscular to nocturnal in heavy human-use areas; BwBalpersonal observation).

Hibernation and denning

Hibernation is a form of winter dormancy eegged among mammals and is an
adaptation to cold environments that lack abundant food sodureng this season (Watts et al.
1981, Ruby 2003). Denning provides shelter from inclement weattguradators, but
hibernation is the mechanism that makes it energetitslyible to utilize dens (Beck 1991). In

hibernators that experience deep torpor (body temperatl@X3, individuals typically reduce
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respiratory rates by 10-100 fold, decrease heart and meteddek; have a relaxed muscle tone,
and maintain a curled-up position that conserves body helitdFal. 1972, Lyman et al. 1982,
Nelson et al. 2003). These deep hibernators will typicadintain body temperatures 1-3°C
above ambient temperatures for a few days to sevexi{sat a time (Lyman et al. 1982), but
then for reasons unknown, will spontaneously rewamshiort periods of time before reentering
torpor (Ruby et al. 2002). Initial debate existed about ify&ss bears as true hibernators (e.qg.,
“winter lethargy”’; Hock 1960), as they do not exhibit deepdofpllowed by periods of arousal.
Rather, they maintain temperatures slightly below thethermic norm (approximately 5 and
4°C below norm; Craighead et al. 1976, Rausch 1961, respertimeyghout the dormancy
period (Folk et al. 1972, 1976, Nelson et al. 1983), thus maimggskeletal muscle strength and
activity for quick arousal during emergencies (Tinker e12@8, Harlow et al. 2001, Nelson et
al. 2003). However, more recent investigations have detedthat bears do share several
additional characteristics with true hibernators,(héggh serum magnesium, reduced QT interval
of heartbeat; Folk et al. 1972, 1976), and may show a mofeumd and efficient form of
hibernation than that exhibited by more classic hibersdeg., woodchuckdvarmota monax];
Folk 1967, Folk et al. 1972, 1976).

Unlike classic hibernators, bears do not hawensume food or water, nor do they need
to urinate or defecate throughout the course of the dosnmar@d (Hock 1960, Folk et al.
1972, Nelson et al. 1983, Pelton 2003). Bears do not needdaesti the accumulation of fat
from late summer to late fall. This fat typicallypglies all energy required during hibernation
(Nelson et al. 1975, Lundberg et al. 1976), and cataboligmsofat provides metabolic water to
replace that which is lost from respiration (Nelsbm@l. 1973). Urine is produced daily, but is

reabsorbed through the bladder wall, thus maintaining uneeeatrations (Nelson et al. 1975).
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Uremia is avoided through a series of reactions. Filstine is produced and in turn yields
glucose. Then through transamination reactions, otherwaacids are produced and enter
protein synthetic pathways more readily in winter tmsummer (Lundberg et al. 1976, Nelson
et al. 1983). These reactions allow the bear to preseuscle tissue and avoid uremia (Nelson
1980, Nelson et al. 1983). What little urea produced is matadcdnd degraded (Nelson et al.
1975). These metabolic adaptations allow relatively qaiockisal times for defense and care of
themselves and young (Pelton 2003), while maintaining oraserg metabolic efficiency
compared to “classic” hibernators (20-27% winter weight fosblack bears; 25-30% winter
weight loss for “classic” hibernators [Hock 1960, Kayser 196Hpwever, if fat supplies are
depleted, protein catabolism will occur, resulting insslof lean body mass (and a
corresponding total weight loss of 3—7%; Maxwell et al. 1988)is situation could lead to
dehydration and may potentially be life threatening (Maketeal. 1988).

Hibernation is a necessary adaptation forgirof most North American bear
populations, but appears to require a pre and post-hibernatiod peadapt to the required
biological adjustments (Lindzey and Meslow 1976b, JohasahPelton 1979, Hamilton and
Marchinton 1980, Nelson et al. 1983, Pelton 2003). The pre-hitie@nperiod may last up to 1
month and is likely a physiological and behavioral adapdtiat allows the digestive system to
prepare for hibernation (Nelson et al. 1983, Pelton 2003ne8me during the pre-hibernation
period, select vegetative material is consumed thataasfecal plug in the lower colon to
prevent defecation during hibernation (Hamilton and Marohirit980). This plug is typically
constituted of a random collection of vegetative malgrbear hair, and a residue of secretions

(Smith 1946, Johnson and Pelton 1979). Following hibernati@plug is excreted.
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The transition back to normal metabolic satecurs during post-hibernation (sometimes
referred to as walking hibernation; Nelson et al. 1983). Thisgéypically lasts for 10-14
days. During this time, bears become active but do sate normal food or water
consumption, even if readily available (Nelson efl@lf9, 1983). However, nitrogen loss
through urine is negligible and daily excretions of icadg phosphorous, and magnesium are
low. Therefore, it appears that the biochemical stdidbernation persists during the post-
hibernation period, thus explaining the lack of food and waiesumption during this time
(Nelson et al. 1979, 1983).

Hibernation is the process that allows $éaisurvive through the winter season.
However, dens are the structures that provide shelteprartiection during this period (Beck
1991). Many types of dens are used (abandoned buildings and fonad&kinner 1925,

Jonkel and Cowan 1971]; ground [Hamilton and Marchinton 1980gteelland Vaughn 1989,
Wooding and Hardisky 1992, White et al. 2001, Martorello ancR&003]; culvert [Barnes
and Bray 1966]; excavated [Erickson et al. 1964, Tietje antilR8D, Beecham et al. 1983,
Hayes and Pelton 1994, Smith et al. 1994b]; rock cavity [LeCb@Ba, Beck 1991, Doan-
Crider and Hellgren 1996, Zeigenfuss 2001]; snow den [Manville 19&¢€],dens [Johnson and
Pelton 1981, Wathen et al. 1986, Weaver and Pelton 1994, Qlil&94], Klezendorf et al.
2002]) and the selection of den type appears to be influencad@doybination of factors
including den availability, potential thermal regulatiomtpction from predators, and protection
from the environment.

In an attempt to reduce heat loss, bears bifterens with litter as energy expenditure is
reduced if dens are well insulated (Lentz et al. 1983). fideing material is particularly

valuable as most heat is lost from conduction througlgtbund (Maxwell et al. 1988). This
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litter often includes pine boughs, leaf litter, mosgkband grass (Maxwell et al. 1972, Johnson
and Pelton 1979, Tietje and Ruff 1980, Beck 1991, Smith et al. 18@4kello et al. 2001), and
can range in depth from a few to 30 centimeters (Regnetl al. 1976, Tietje and Ruff 1980,
LeCount 1983a, Davis 1996, Bertram and Vivion 2002). Howevegnme locations, nesting
materials are absent, likely a result of warmer teatpees or lack of availability of nesting
materials at the time of denning (Erickson et al. 1964, JamdeCowan 1971, Davis 1996).

In colder environments, den size may have ameinfle on den selection. Several
investigators noted a relationship between body size andizie(Pearson 1975, Tietje and Ruff
1980, Bertram and Vivion 2002). They concluded that largecdambers would facilitate
greater heat loss, and therefore, were selected ag&lostever, this appears to relate only to
bears in the most northern extension of their raagelen sizes are quite variable in response to
bear size in warmer locations (Beck 1991, Davis 1996).

Of the different den types, excavated anddess appear to provide the greatest
thermoregulatory advantage. Most studies conducted mmottieern-most parts of their range
show bears using excavated dens (e.g., Tietje and Ruff 188 & al. 1994b, Bertram and
Vivion 2002), presumably due to the greater insulative alafitsoil vs. rock (Folk et al. 1972).
Near Fairbanks, Alaska, Folk et al. (1972) reporteddhainoccupied, excavated den
maintained a temperature 37°C higher than the ambient tetupe while in northeastern
Minnesota, Rogers (1987) reported temperatures within closedaeamain slightly below 0°C
even when external temperatures dropped as low as —41%evelo he noted that most dens in
this area were open and resulted in temperatures only 1-2f@wnidnan ambient temperatures,

but did still serve as efficient windbreaks.
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In eastern localities, tree dens provide gréagemoregulatory protection and are
selected for when available, particularly by female$iidon et al. 1978, Pelton et al. 1980,
Wathen et al. 1986, Weaver and Pelton 1994, White et al. 26@iltpn et al. (1980) noted that
this protection was due to the avoidance of 3 primary fat¢tat affect the rate of heat loss and
energy consumption: movement of cold air along thempisurface, insulation provided by
forest canopy (decrease of cold winds above ground Jared)a dry interior cavity.

Specifically, Johnson et al. (1978) determined that usingleee resulted in a > 15% energy
savings vs. denning on the ground and yielded drier den sites (Adm$®elton 1981).

In addition to thermal advantages, tree déstsafford superior protection from human
and environmental disturbance. Numerous investigators egpsubstantially reduced
abandonment of tree dens compared to other den types wheactpgd (i.e., Pelton et al. 1980,
Weaver and Pelton 1994, Costello et al. 2001). This wdy ke to the inaccessibility of the
den to most potential predators (Costello et al. 2001)ization of above ground den locations
is also important to cub survival in flood-prone areaseasanal floods can result in
reproductive failure (Alt 1984, Smith 1985, Weaver and Pelton 1994t @. 1997, White et al.
2001).

Although rock dens may not be as energy efficas excavated and tree dens, they do
provide excellent protection from predators (i.e., wolves @her bears; Rogers and Mech 1981,
Alt 1984, Horejsi et al. 1984, Tietje et al. 1986). Rock deagyguically located on steep slopes
in well protected areas (Hayes and Pelton 1994, Costddlo 2001, Zeigenfuss 2001). In
addition, these dens typically have small openings ff@tdabears greater protection from
predators when denning (median = 35 and 50 cm in west-ceoticab@o for females and

males, respectively; Beck 1991). If a bear is disturbédeim den, they typically position
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themselves near the den entrance as it is the migststlde part of the den (Beck 1991, R.
Baldwin, personal observation). Therefore, smaller @@nings provide a significant advantage
for defense. Most dens in RMNP are rock dens witle kitlationship between bear and den-
chamber size (Zeigenfuss 2001, R. Baldwin, personal obseryatiggesting that defense and
protection may be more important than thermoregulaspgcts (Beck 1991).

In the absence of alternative den locatibears may use ground dens (i.e., Johnson and
Pelton 1981, Wooding and Hardisky 1992, Hayes and Pelton 1994, &vhite2001). To
account for decreased thermoregulatory insulation andasedepredation risk, most ground
dens are found surrounded by dense vegetation (LeCount 1983ap$kglemd Strathearn 1987,
Hellgren and Vaughan 1989, Hayes and Pelton 1994, MartorellBedtah 2003). It is unlikely
that these den sites afford the same protection asd¢her as bears using ground dens have less
protection from the environment and are more prone to distoeday humans and other animals
(Johnson and Pelton 1981, Weaver and Pelton 1994, Costall®601). However, it is
unknown if this results in lower productivity in bears wlwmpared to bears using other den
types (Hellgren and Vaughan 1989, Hayes and Pelton 1994).

Time of den entrance and exit varies among pbgudaand demographic makeup of
populations. All black bear populations living in northernarg den (Linnell et al. 2000), but
not all cohorts den in their southern expanse (e.gnilktan and Marchinton 1980, Hellgren and
Vaughan 1987, Graber 1990, Doan-Crider and Hellgren 1996). Hovesesr for southern
populations, denning seems to be necessary for pregnanefemadsumably for security of
newborn cubs, and typically lasts for approximately 3iting (Graber 1990, Wooding and
Hardisky 1992, Doan-Crider and Hellgren 1996). Generally, preggemales spend the greatest

time in dens, followed by non-pregnant females and subadléts. Adult males spend the least
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amount of time in dens with difference in time varyfrgm a few weeks (e.g., Lindzey and
Meslow 1976b, Beck 1991, Smith et al. 1994b) to months (e.Golet 1983a).

Several ideas have been given to explairdifierence in denning duration. A simple
part of the answer is that female bears with cubsallgicemain in dens longer due to the
reduced mobility of young cubs (Lindzey and Meslow 1976b, Ra#8%). However, other
factors are likely involved. Several investigators beliaat appropriate den selection is an
important factor in cub survival (Johnson et al. 1978, Peltah 1980, Tietje and Ruff 1980).
They theorized that by denning earlier, they could selec d@éich provided the greatest
protection (i.e., small openings that prohibit entrancergtlamales) and were most energy
efficient. Parturition and lactation have substdrgffects on body weight (additional 9% weight
loss [Tietje and Ruff 1980]; additional 37% fat loss [Harlet al. 2002]). Therefore, dens that
provide greater insulation should decrease the amount gffabcequired for successful
reproduction.

Related to this, Smith et al. (1994b) suggesti¢hadle black bears den when it no longer
is energetically advantageous for them to remain ect8everal investigators report a minimum
body-condition threshold required to produce cubs (Rogers BX78989, Samson and Huot
1995). Therefore, in harsh climates, it may be advaatagf®r pregnant females to den soon
after attaining such a level, as further activity may keaa negative energy balance and result in
a reduction of body condition to a level where reproducis no longer possible (Schooley et al.
1994b).

Alternatively, Tietje and Ruff (1980) theorizdat males could remain active for longer
periods of time due to their decreased surface area-toaealatio. This decreased ratio would

ensure less heat loss to the environment. A negativg\ebalance is unlikely to have as
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profound an impact on males as reproductive females a®t®gy requirements are not as
great (Tietje and Ruff 1980, Schooley et al. 1994b)

Time spent in the den varies with latitude alevation (7 months: Alaska [Schwartz et
al. 1987, Bertram and Vivion 2002]; 6 months: Colorado [Beck 198ltiven 2008]; 5 months:
Arizona [LeCount 1983a]; 4 months: New York [O’Pezio etl883], Michigan [Manville
1987]; 3 months: North Carolina [Hamilton and Marchinton 1988{ansas [Oli et al. 1997])
and has been attributed to a number of factors inclutiogvfall (Jonkel and Cowan 1971,
Northcott and Elsey 1971), temperature (Folk 1967, Lindzey arsioMel976b, Rogers 1987),
precipitation (Hellgren and Vaughan 1989), photoperiod (Folk &9&6, Johnson and Pelton
1980, Nelson et al. 1983), food availability (Johnson and ®&B80, Tietje and Ruff 1980,
Beecham et al. 1983, Schooley et al. 1994b), physical comdiieckson and Youatt 1961,
Carpenter 1973, Lindzey and Meslow 1976b, Schwartz et al. 1988nm& combination of
these factors (Lindzey and Meslow 1976b, Johnson andnPEI®O, Novick et al. 1981, Rogers
1987, Schooley et al. 1994b).

It is likely that the initial cue for denningtige reduction in photoperiod and temperature
associated with late autumn and early winter (JohnsdrPation 1980, Schooley et al. 1994Db).
However, the overriding factor influencing denning dates noawyadly be the present energy
balance of the bear (Lindzey and Meslow 1976b, Elowe 18&#ith 1985, Schooley et al.
1994b). If food is abundant, the bear is likely to curgiforaging. Once a negative energy
balance occurs, it will no longer be advantageoushfamtto continue foraging. At this time, the
bear will enter their den.

In most expanses of the black bears range,deaithbility is likely the best indicator of

the denning period. In captive bears, Erickson and Youatt J18parted that when bears were
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fed, they remained active. However, when feeding \adtedh denning promptly occurred.
Several other studies have reported extended foraging pduodg years of heavy mast
production (Johnson and Pelton 1980, Tietje and Ruff 1980, Hugie B882ham et al. 1983,
Schooley et al. 1994b, Costello et al. 2001). Therefoozl &vailability appears to be the
proximate factor influencing the date of den entrance.

However, other factors are related to enbeggnce as well. Weather can affect food
availability by influencing the abundance, timing, and qualitipod items (Schooley et al.
1994b). If heavy snowfall is present, food sources willifecult to acquire. Therefore, even if
abundant food sources are present, a negative eneemngealill occur due to the difficulty
associated with food acquisition. Likewise, coldergeratures and rainfall can increase the
amount of energy required to forage and will have arachpn their energy balance. Therefore,
modeling den entrance dates would likely involve a balantvecle® food abundance and other
secondary factors.

Like den entrance, emergence appears to bemakd by several factors (cub
development [Doan-Crider and Hellgren 1996]; photoperiod [Lin@zel Meslow 1976b,
Kolenosky and Strathearn 1987]; snow melt [Rogers 1987, 8atad. 1987, Schwartz et al.
1987]; spring precipitation resulting in den flooding [Oli Et1®97]; spring temperatures
[Lindzey and Meslow 1976b, O’Pezio et al. 1983, Kolenosky&tnathearn 1987, Rogers
1987]; vegetative green-up [Pearson 1975, Beck 1991, Schooley @94h]). It is likely that a
combination of these factors affect den emergence, buh@erstanding of this interaction is

lacking.
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Food habits

The diet of black bears is highly varied, raggrom sedges and berries to insects and
carrion. By definition, black bears are omnivores, Imgraximately 85% of their diet is
vegetative material. What little animal matter conedns generally made up of colonial insects
(Hatler 1972, Clapp 1990, Pelton 2003), although they do have thg sbdapture and
consume live prey such as beaveador canadenss), white-tailed deer fawngOgdocoileus
virginianus), and moose calveslces alces; Franzmann and Schwartz 1986, Matthews and
Porter 1988, Smith et al. 1994a). However, their diet saaamsiderably seasonally and
regionally. When bears emerge from their dens, thy@gdlly enter into a period of negative
foraging where they may consume small quantities @d fdout generally continue to lose
weight, due in part to reduced consumption but also due fowheutritive value of available
foods (Jonkel and Cowan 1971, Poelker and Hartwell 1973, Rogéés Reeman and Pelton
1980, Eagle and Pelton 1983, Herrero 2002, Pelton 2003). Initial foodamed include the
previous year’s hard and soft mast, carrion, and new gtamtth (Kendall 1983, Irwin and
Hammond 1985, MacHutchon 1989, Raine and Kansas 1990, Schwartaanch&nn 1991,
Costello 1992, Kasbohm et al. 1995). As spring progresses, $gamd more time foraging,
usually on herbaceous material, such as sedges, squaanodiprsetail (Hatler 1972, Graber
1983, Garner 1986, Hellgren and Vaughan 1988, Stubblefield 1993, Kasbahrh395, Payne
et al. 1998). Summer feeding is characterized by a shiftfftorsst and insects (Bennett et al.
1943, Hellgren and Vaughan 1988, MacHutchon 1989, Raine and Kansas 18@0p 2892,
Hellgren 1993, Kasbohm et al. 1995, Roof 1997, Payne et al. 1998hgDhis time, bears are
generally able to recoup some of the weight theydwest winter. The fall season is marked by a

voracious appetite by black bears as they try to ragalily weight for winter dormancy. In
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many parts of their range, this means heavy consumptioardfmast species (i.e., acorns, beech
and pine nuts; Bennett et al. 1943, Landers et al. 1979, Eapleedton 1983, Graber 1983,
Garner 1986, Hellgren and Vaughan 1988, Costello 1992, Roof 1997).velowere such

foods are unavailable, foraging focuses on fall bermesimsects (Hatler 1972, Poelker and
Hartwell 1973, Rogers 1977, Irwin and Hammond 1985, MacHutchon 198% &ad Kansas
1990, Schwartz and Franzmann 1991, Kasbohm et al. 1995). Durisgntimeer or fall period,
bears may travel great distances to utilize availade sources (Jonkel and Cowan 1971,
Rogers 1987, Elowe and Dodge 1989, Schwartz and Franzmann 19%tgvdrathey typically
return to their normal spring and summer range for denniags(@lis and Pelton 1980,

Schooley et al. 1994a).

Consumption of human foods can be a problemmainy areas, as these food sources are
generally high in fat and protein (an aspect of beas diett are generally lacking) and are easily
obtained (Pelton 2003). In fact, high protein diets haenlshown to be related to increased
weight gains and fecundity in black bears, suggestingrnipertance of such foods in bear diets
(Tate and Pelton 1983, Rogers 1987, McLean and Pelton 1990, &=cland Berger 2003a).
Unfortunately, the utilization of human foods often garbears into direct contact with humans
and ultimately leads to conflicts (Harms 1980, Singer amdt@n 1980, Zardus and Parsons
1980, Herrero 2002, Beckmann and Berger 2003b). Tate and Pelton (@8&3¢d 624
aggressive actions by panhandling bears in Great Smoky Kouétional Park with 6% of
these aggressive acts leading to actual physical contdichwnans. In the Sierra Nevada-Great
Basin interface, Beckmann and Berger (2003b) found thagased abundance of human foods
led to a rapid shift of wildland bears to urban areagaaily skewed sex ratio towards males,

changes in female reproductive success, an incred®elynmass, and a reduction in home-range
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size, time spent foraging, and time spent in dens. Tdrerefare must be taken to secure human
foods from bears to minimize conflicts.

As with almost all black bear studies, vegetatnaterial was the primary source of food
historically for bears in RMNP, with berries (primgrVaccinium, Fragaria, Prunus,

Shepherdia, andRubus spp.) and horsetaiEQuisetum spp.) the most frequently occurring items
(Zeigenfuss 2001). However, diets of black bears in RMNferdiom most populations in their
frequent use of animal matter. Zeigenfuss (2001) reportéi¥e-of bear diets was comprised of
arthropod parts, while > 13% was comprised of vertebrateem These numbers are somewhat
unclear, as she defines diet composition based on pea@ntomposition. However, the
percentages result in a value much greater than 100%.tHédess, it is apparent that bears in
RMNP are using animal matter (particularly insects) gl hates.

Unfortunately, no dates were available folyam of this data set and no nutritional data
were obtained, so no seasonal description of food habitatritional information was available.
Nonetheless, young vegetative growth (usually in the fofreedges, grasses, catkins,
herbaceous material) is usually the predominant food saniarly spring and is high in crude
protein but also high in dietary fiber. Therefore, matthe vegetation is indigestible, usually
leading to weight loss in early spring (negative foragimippe Eagle and Pelton 1983),
although several investigators theorized that the wéagbktmight more accurately reflect a
period of hypophagia than increased fiber content (Nelsah #9083, Hellgren et al. 1989).

During summer, bears consume greater quardftesft mast and insects. During this
time, the mean crude protein and crude fiber contentsoakftypically decrease (Eagle and
Pelton 1983). The shift to less fibrous materials resultgyher protein and energy

consumption. In particular, a few investigations hawméba high use of ants in mid-summer
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(48% scat composition at Banff National Park, Raine aswasis 1990; 58% scat volume in
north-central Minnesota, Noyce et al. 1997; female blaek $gent three quarters of her time
foraging for ants, Rogers 1976) and have speculated teahtiheased utilization coincided with
increased abundance and size of ant broods and a deoré&asge quality of other available
foods (especially protein; Noyce et al. 1997). Alternasverces of protein can be particularly
important during mid-summer months, as protein conteme¢gétation decreases over time (i.e.,
with phonological development; Eagle and Pelton 1983, dleyal. 1997, Mattson 2001). Diets
containing < 12—-35% crude protein require increased energy ofistalfRode and Robbins
2000). Therefore, energy requirements would be substgartigher if insufficient levels of
protein were available.

Ants can also provide an important sourcenefgy (Noyce et al. 1997, Swenson et al.
1999, Mattson 2001). In fact, a single ant mound can provide 280dkgdested energy
(Swenson et al. 1999), thus constituting a major porti@anhears diet (mean daily maintenance
cost approximately 700 kJ for a 70 kg bear subsisting on ¢ghdietontains 35% crude protein;
Rode and Robbins 2000). Therefore, higher insect consuntatiorg mid-summer could be a
function of both an increased need for protein and thdadility of a high energy food source,
or simply may represent the best available food source.

During autumn, where hard mast food sourceawaiéable, there is typically a shift to
such items (see Clark 2004 for review). This shift resultswer protein intake but higher fat
and energy intake (Eagle and Pelton 1983, Kasbohm et al. 18%&}heorized that this shift
allows for accumulation of fat for hibernation at thepense of increased lean muscle mass

(Brody and Pelton 1988). This is possible because musele lost during hibernation is
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replaced during the spring and summer months, allowingdaaeto focus solely on fat accretion
during autumn (Nelson et al. 1983, Brody and Pelton 1988).

In areas where hard mast is unavailable, iheapy food sources are berries and insects.
However, the results are approximately the same. dtaslet al. (1995) investigated the effects
of a gypsy moth infestation on food habits and nutrigbhlack bears in Shenandoah National
Park, Virginia. This infestation resulted in a compless of the acorn crop, causing a shift in
dietary preference to soft mast, as soft mast crapsased due to canopy removal. This
increased soft mast consumption combined with increasecbmatter intake allowed for
similar crude protein and fat intake when compared to pidialgon levels. Therefore, bears
may be able to compensate for these changes by using armfdoed sources though an
increase in the time spent foraging would likely be reguioeoffset the loss of higher energy
food items.

One possible explanation for the increasethtfake may be related to a shift in
digestibility that allows for a higher assimilationtofjh carbohydrate and fat foods at the
expense of protein. Brody and Pelton (1988) showed that ineagase their ability to
assimilate such compounds, and inferred that this mayhbenaonally controlled adaptation that
allows for rapid fat assimilation. High levels obpgin would no longer be required, as lean
body growth ceases in fall (Nelson et al. 1983). Suddaptation would seem to provide a
significant advantage for fat accumulation.

An understanding of how and why bears select fsag®iecessary step towards
understanding how they select habitats (Kansas and RaineN@®@® and Coy 1990, Clark et
al. 1994, Costello and Sage 1994). In addition, reproducties &se related to nutritional

availability (Jonkel and Cowan 1971, Rogers 1976, 1987, Eilgr 089, Elowe and Dodge

Final Report 274 December 2007



1989, McLaughlin et al. 1994, Costello et al. 2003), which in tureléed to food availability.
Most food habit studies have been conducted through setdroach analyses. Identification of
food sources from stomachs requires dead individualstlefore, is not always possible.
Scat analysis does not have this problem. Most sedysms have assessed percent frequency
and percent volume of ingested foods (i.e., Bennett #04B, Hellgren and Vaughan 1988,
MacHutchon 1989, Clapp 1990). Unfortunately, this only accoontatiat is excreted by the
animal; it does not specifically relate to what is stgd. However, Hewitt and Robbins (1996)
developed correction factors to eliminate this bias thatilsl be useful in further investigations.
An understanding of the quantity of differesads ingested is an initial step toward
understanding the influence of food on reproductive ratesauithhselection. However, this
information does not fully explain how these factaesiafluenced by nutrition. Nutritional
information related to ingested foods and those avaitakel@eeded to adequately assess this
relationship (Gluesing and Field 1986). Several investigatiane attempted to assess this
relationship (Mealey 1975, Bunnell and Hamilton 1983, Eagle alhdPE83, Brody and
Pelton 1988, Elowe and Dodge 1989, Hellgren et al. 1989, Kasbohlml&95, Noyce et al.
1997, Welch et al. 1997, Rode and Robbins 2000). However, thelsessivere based on
nutritional factors obtained for foods available ana@msumed but did not account for different
levels of digestibility of foods (e.g., Kasbohm et1895, Inman and Pelton 2002; but see Welch
et al. 1997, Rode and Robbins 2000). Pritchard and Robbins (199G)ewakeped digestive
and metabolic efficiencies for different bear foodgplication of these models to foods
consumed should give a better understanding of how beauselecting food sources (e.g.,

Welch et al. 1997, Rode and Robbins 2000). Subsequently, relapisrbetween these
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nutritional levels and associated body condition measeints should elucidate which habitats
are most important for bear survival and reproduction.

An alternative method for assessing food habitisrough focal animal observation. This
method relies on the ability of the observer to follamwindividual for a selected period of time
while recording activities of the subject (Morrison et1®92, MacDonald et al. 2000).
Advantages of this technique include direct knowledge of whelh individual animal consumes
(i.e., allows observer to assess food habits forasexage categories; not usually possible with
scat analysis) and how much time it spends foraging @ehifems. It also allows for recording
of exact locations as opposed to relative locations detedithrough triangulation. However,
this technique relies on the assumption that the obséoes not disturb the animal in any way
(Rogers 1977). Also, measures of independence are difficdétermine (i.e., are
measurements recorded in 2 hour intervals independer& dagintervals independent, etc.;
Morrison et al. 1992, MacDonald et al. 2000).

Observational studies on wild bears are relgtivecommon, due in part to their cryptic
behavior (McCutchen 1990, Lariviére et al. 1994, Pelton 2003t Maservational studies have
been conducted on bears at garbage sites or along rog@sgieBarnes 1967, Rogers et al.
1976, Herrero 1983). However, several investigators havedideno address various questions
about bears through direct observation including food hdiatstat selection, and the effects of
food supply and kinship on social behavior, population growtth,naovements of bears (Rogers
1987, Rogers and Wilker 1987, Rogers et al. 1988, Mollohan et al. 88%uyn 1992, Bull et
al. 2001, MacHutchon 2001) and suggest that focal animal sampdingnovide additional
information not obtainable through scat analysis. S$ufcdnmation should be useful in assessing

food and habitat preferences of black bears.
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Body condition

Knowing what and how much of certain foodngebears consume, along with their
associated nutritional compositions, are initial stepgard understanding their importance in
bear energetics. For example, numerous studies hawa gffects of food availability on
habitat selection and reproductive success (e.g., Rogers @i eCal. 1994, Costello et al.
1994) as well as an association between body weightegndductive success (e.g., Rogers
1976, 1987, McLean and Pelton 1990, Stringham 1990). Howevetjanakquality should not
be directly inferred from food availability (Pritchaadd Robbins 1990), nor is body weight a
direct measurement of body condition (Farley and Rebb994, Chan-McLeod et al. 1995, Gau
and Case 1999). Therefore, the relationship between f@oldlaility, nutrition, and body
condition should result in a better understanding efinkeraction between these aspects and
habitat selection and reproductive success (Hellgren £9938).

Body condition is most often defined by eitther percent of body mass that is fat or by
the fat:nonfat ratio (Noyce et al. 2002). Determinatbhody composition and thus body
condition is most accurately determined through chenaitalysis of the entire carcass (Cattet et
al. 2002). However, this is often cost prohibitive and reguihat bears be dead. Therefore,
many different techniques have been developed to estimayecbadition in various mammals
including bioelectrical impedance analysis (BIA; Farleg &obbins 1994, Atkinson and
Ramsay 1995, Hilderbrand et al. 1998, Gau and Case 1999, Hildesdiralh 2000, Partridge et
al. 2001, Gau and Case 2002, Noyce et al. 2002), isotopic wat@rd{latnould and Ramsay
1994, Farley and Robbins 1994, Atkinson and Ramsay 1995, Atkinshrl&06, Hilderbrand
et al. 1998, 2000, Partridge et al. 2001), body mass and morplwomeasurements (Schroeder

1987, Hellgren et al. 1989, Cattet 1990, Scott 1991, Noyce andeBsukd04, Samson and
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Huot 1995, Cattet et al. 2002), ultrasonography (Stephensorlé&9a8l. Cook et al. 2001,
Stephenson et al. 2002), blood chemistry (Franzmann and 8z(1988, Hellgren et al. 1989,
1990, DelGiudice 1991, Hellgren et al. 1993, Noyce and Garshelis Ga@dand Case 1999,
2002), bone prominence and skin-fold measurements (Coaok2&0dl, Noyce et al. 2002), and
internal fat levels (Cattet 1990, Scott 1991, LaJeunesse ams®e1993, Chan-McLeod et al.
1995, Stephenson et al. 1998, Cook et al. 2001, Stephenson et al. PB@2pllowing
paragraphs provide a brief description of the techniqueshssvtheir prior use and
applicability for bears.

BIA.—Farley and Robbins (1994) developed protocols and equationsvouskss to
determine percent body fat in bears using BIA. Duringyaiglresistance to conduction is
determined by passing a low-level alternating current thrthgbody (Kushner 1992, Gales et
al. 1994). This resistance value is related to body nmaksraout-to-tail length to determine total
body water. Determination of total body water is gdesecause conductivity of body lipids is
4-5% that of lean tissue, body fluids, and bone (FardyRobbins 1994, Gau and Case 1999).
Body lipid content can then be calculated using totayweater, as the composition of fat-free
mass is constant (Johnson and Farrel 1988, Robbins 1993n&G&ase 1999). Farley and
Robbins (1994) concluded that this technique is a rapid (5—-15 mildgse et al. 2002), non-
invasive, and highly accurate methéd € 0.96, SEE = 2.2% [Farley and Robbins 199¥]=
0.88, SEE = 3.3% [Hilderbrand et al. 1998]) for estimatinggerbody fat and has since been
validated by Hilderbrand et al. (1998) in a single blind studgwever, this technique is
sensitive to bear body position, mass and length measuatsnprevious injuries in the

conductor path, and moisture on the fur when in diretacd with the ground (Farley and
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Robbins 1994, Hilderbrand et al. 1998). Care must be takemitastidze protocols when using
BIA.

| sotopic water dilution.—As with BIA, isotopic dilution measures total body emand
relies on the close inverse relationship between veaigfat and the constancy of protein and
ash to fat-free mass (Robbins 1993, Farley and Robbins 1994)hig~analysis, anesthetized
bears are injected with either tritium or deuterium oxdd allowed to rest for > 120 minutes to
allow equilibration of the isotope in the body water Igg@rley and Robbins 1994, Hilderbrand
et al. 1998). After the required time, a blood samplekisit@and serum extracted from
centrifuged blood to allow analysis of tritium or deutaricontent in blood. Total body water is
then estimated as the ratio of the amount of isotapetied to the concentration measured after
the equilibration time (Farley and Robbins 1994). This taidllwater measurement is then
used in a predictive equation derived by Farley and Robbins (i®@4)imate percent body fat.

Isotopic water dilution is highly accurate inesssng percent body fa&{= 0.93; SEE =
2.7% [Farley and Robbins 1994 = 0.94, SEE = 2.3% [Hilderbrand et al. 1998]) and does not
suffer from measurement error concerns of BIA. Heavea major problem with isotopic water
dilution is its lack of applicability in a field settinglhis technique requires use of lab equipment
and long sedation times, making it a more suitable techrigube lab (Farley and Robbins
1994, Hilderbrand et al. 1998). Interestingly, a combinatidiA and isotopic dilution appears
to be the most accurate method for estimating body tondR? = 0.97; SEE = 1.7%
[Hilderbrand et al. 1998]). However, as with isotopicitdn, field application is difficult.

Body mass and morphometric measurements.—Body mass and associated morphometric
measurements have served as surrogates of body carfditimany years. Numerous

reproductive parameters have been related to body massf(@ge reproduction [Rogers 1976,
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Beecham 1980, Noyce and Garshelis 1994]; litter size [Alt 198hson and Huot 1995]; sex
ratios [Noyce and Garshelis 1994, Samson and Huot 1995]) ands/anorphometric
measurements have been developed to provide a more unagueadch to estimating body
condition across different populations (e.g., lengtigieratios; Schroeder 1987, Hellgren et al.
1989). Certainly many associations derived from body massunements are simple to apply
and informative across broad scales, but they lackhititydo define body condition at the
resolution required for exact applications (i.e., analg$ienergy balance, survival rates, habitat
selection, productivity parameters) due to the variati®hapes and sizes across different
demographic parameters (i.e., age, sex, locality, boahposition; Berg and Butterfield 1976,
Calder 1984, Swenson et al. 1987, Atkinson et al. 1995, Hildeflataal. 2000).

To account for this inherent weakness, modelg usarphometric measurements were
developed. Initially, simple length/weight ratios weraployed (Schroeder 1987, Hellgren et al.
1989). However, these ratios were inadequate, as theogedalatios were correlated to age and
nonfat body weight (Hellgren et al. 1989, Cattet 1990). Martate models were constructed to
eliminate this relationship. Cattet (1990) and Scott (1991) dpedlsuch models in an attempt
to determine body condition in bears. They were abkcturately predict nonfat body weight
in black bears (straight-line body length [cm], age fskand foreleg circumference [cmi? =
0.985 [Cattet 1990]; forearm circumference [cm], neck aitfenence [cm], head width [cm]R?
= 0.890 [Scott 1991]). However, determination of percent latyas tenuous at best, and only
useful for comparisons between groups rather than forighgls due to the large variation
observed between predicted and observed fat mass (C28t&tScott 1991).

Although multivariate models were much bettantsimple length/weight ratios, they

were limited by variations within sex, age, reproducsitate, geographical population, and date
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at time of measurement (Cattet et al. 2002). There@atet et al. (2002) developed models
using residuals from the regression of mass againstlsgtlaig body length. These developed
models exhibited a strong relationship between estimategddmoulition and true body condition
(polar, black, and grizzly bears:= 1.00) and resulted in highly significant models (polar bears
R? = 0.98; black bears:Rf = 0.93]). Nonetheless, measurement error is an inhiaanthat
exists with all body condition indices derived frommizometric measurements (Eason et al.
1996, Cattet et al. 1997, 2002, Noyce et al. 2002). This errdrecamnimized by utilizing few
observers and developing stringent standards for datctiofi (Eason et al. 1996, Noyce et al.
2002).

Bone prominence and skin-fold thickness aegrative indices for assessing body
condition in various species (she€is aires], Russel et al. 1969; dairy cattiBds taurus|,
Otto et al. 1991, caribowRpngifer tarandus], Gerhart et al. 1996) and appear to be applicable in
bears, as well. Noyce et al. (2002) compared such measotieto percent body fat derived
from BIA and determined that they were as good or better body mass at determining certain
reproductive parameters. They determined that such techmguéd be beneficial to employ,
as BIA is expensive and not without sources of erinetheless, BIA was more accurate
estimating body condition and should be used where geeatracy is required.

Ultrasonography.—The use of ultrasonography to measure fat and muscle depth at
specific points on the body (usually along rump or scapelzion; Stephenson et al. 1998, Cook
et al. 2001) is an efficient technique for estimating boahydition in various species (moose,
Stephenson et al. 1998; elk, Cook et al. 2001; mule @e&tchileus hemionus], Stephenson et
al. 2002). To derive predictive equations, fat and/or muscléd aegt measured using electronic

calipers with resulting depth measurements related taldett and lean body mass estimates
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derived from chemical analysis of the carcass (Stepimegtsal. 1998, Cook et al. 2001,
Stephenson et al. 2002). Resulting equations have begrefficlent at estimating percent
body fat & = 0.80, Stephenson et al. 1988;= 0.90, Cook et al. 200R? = 0.83, Stephenson et
al. 2002), but are unable to measure fat depth below centaimum levels (e.g., ~ 5.6% for
mule deer; Stephenson et al. 2002). Nonetheless, thisigee has been effective in
determining body condition in several ungulate speaiescauld be applicable in bears, as well.
Blood chemistry.—Several studies have shown a relationship betweeougabiood
parameters and body condition of bears (Schroeder 198%rkaan and Schwartz 1988,
Hellgren et al. 1989, DelGiudice et al. 1991, Hellgren €1393). To determine this
relationship, the investigators compared various blood psdfil@nother measure of body
condition. Initially, various measures of body siparfarily body weight) were used as the
comparative measure. These studies showed a relapidretineen hemoglobin and packed cell
volume to body condition (Schroeder 1987, Franzmann and&8th1988, Hellgren et al. 1989,
DelGiudice et al. 1991, Hellgren et al. 1993; but see NoydeGamshelis 1994). However, it
was suggested that these results only provided crude estiofdtedy condition, and thus, were
applicable only as population-wide estimators (FranzmadrSahwartz 1988, Noyce and
Garshelis 1994). Later, Gau and Case (1999, 2002) related blaadtehiatics to body
condition estimates derived from BIA. They found narelation between any blood parameters
and body condition. The observed difference in tessllikely due to the difference in body
condition measurements used. Additionally, using bloodhddtey to define condition with
short-term data often varies too much to be usefuh iBtonsidered a superior method for

estimating body condition in bears (Farley and Robbins 19@derbrand et al. 1998),
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suggesting that results obtained from earlier investigat@we limited at best. Presently, blood
chemistry does not appear to be a viable method for estgriaody condition of bears.

Internal fat levels—Levels of fat in bone marrow, muscle, and around ithedy have
been used to assess body condition in various spetdsaae yielded moderate success (e.g.,
R? = 0.41-0.78 an& = 0.61-0.72 for femur marrow fat and left kidney fat, respely, in
caribou; Chan-McLeod et al. 1995). However, some of théets have resulted in a curvilinear
relationship (e.g., LaJeunesse and Peterson 1993), witchsglered unsuitable for predictive
purposes (Robbins 1993). In bears, Cattet (1990) assesselhtibaskip between body
condition and fat in bone marrow and muscle, while Sa®®1) attempted to determine body
condition using fat around the kidney and in bone marréesults from these investigations
showed little promise for the use of these techniquesans. Regardless, even if efficient and

appropriate, this technique is of limited value asitasapplicable to live bears.

Habitat selection

Prime black bear habitat is typically definedddgtively inaccessible terrain, abundant
food sources, and thick understory vegetation (Pelton 2008 eYtr, regional variation exists
in specific habitat components. In the southeastetaiesr 2 primary habitat types: mountains
and coastal plain. Prime mountain habitats typiaatiyur in relatively steep terrain covered by
either oak-hickoryQuercus-Carya) or mixed mesophytic forests. Understory vegetation
includes berry producing plants such as blueb&fagdinium spp.), blackberryRubus spp.), and
raspberry Rubus spp.), with laurelalmia latifolia) and rhododendrorRhododendron spp.)
providing thick understory cover. Coastal plain habitatdaw elevation areas with black gum

(Nyssa sylvatica) and cypressTiaxodium spp.) as dominant overstory vegetation in mesic areas
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and pine Pinus spp.) and oak dominant in drier areas. Greenlfgiailgx spp.), holly (lex
spp.), huckleberryGaylussacia spp.), and arrow-arunP@tandra virginica) are typical
understory plants that provide food and cover (Pelton 2003).

In the northeast and upper Great Lakes regimrstory hardwood species include beech
(Fagus spp.), birch Betula spp.), and mapledter spp.), with spruceRjcea spp.) and balsam fir
(Abies balsamea) comprising the main coniferous component in prime babitdt. However,
swampy areas are primarily composed of northern wieitlexc{Thuja occidentalis). Important
food sources include blueberries, raspberries, apllalsi$ spp.) from abandoned orchards, corn
(from agricultural areas), and oak-hickory mast (Hugie 19#¥ih, swamp vegetation providing
excellent cover (Pelton 2003).

Along the Pacific coast, forest canopy imgrbear habitat is dominated by redwood
(Sequoia sempervirens), hemlocks Tsuga spp.), and Sitka sprucBi¢ea sitchensis). Drier sites
commonly include lodgepole pinifus contorta), ponderosa pind’(nus ponderosa), and
Douglas-fir Pseudotsuga menziesii), with early successional areas such as brushfieletsamd
dry meadows, high tidelands, riparian areas, and atyarienast-producing hardwood species
important for food and cover (Lawrence 1979, Pelton 2003)hdisouthwest, bears are
primarily found in vegetated mountainous areas from 900-3,00Cefavation. Oak and
pinyon-juniper Pinus-Juniperus) woodlands are the primary habitats, although bears
occasionally move into open areas to feed on prickdy fi@puntia spp.) (Waddell 1979, Pelton
2003).

Spruce-fir and lodgepole pine forests dominatéhrfithe habitat occupied by bears in
the Rocky Mountains. Important food sources include vateunsy producing plants (i.e.,

whortleberry Maccinium spp.], bearberryArctostaphylos uva-ursi], raspberries), with
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whortleberry and bearberry dominating much of the undsgrg$hkdcCutchen 1990). Heavily
used nonforested areas include avalanche chutes, roadisides,wet meadows, riparian areas,
sidehill parks, and subalpine ridgetops (Kemp 1979, Pelton 200BMNP, historically, bears
follow this same general pattern with females preféabyiselecting lodgepole and spruce-fir
habitats while males preferred lodgepole habitats (Zeige (k).

Bears shift habitat utilization patterns defrnon the season. Rogers et al. (1988)
noted that bears in Minnesota used primarily wetland avéhsabundant new growth in early
spring, while in Arkansas, Clapp (1990) reported heavy usekeflominated forests where
leftover acorn mast was consumed during early springatérsummer and early fall, black bears
sometimes move long distances to utilize abundant $oadces associated with these distinct
habitats (Rogers 1987, Elowe and Dodge 1989, Schwartz and RramA991, Clark 2004) but
return to prior sites before denning (Garshelis and P&B80, Schooley et al. 1994a).

The selection of habitats by bears appears &ifected by several basic requirements
including food, water, denning locations, escape cover, aveément corridors (Rogers 1993,
Pelton 2000). Food availability may be the overriding factifuencing bear habitat selection
(Rogers 1993). Quantity and quality of food affects survimdlr@production (discussed at
length in prior sections). In addition, presence ohalamt food patches appears to influence
overlap of bear home-ranges (Powell 1987, Samson and Huot 28Cdreas where food is
either extremely abundant or extremely scarce,nbtsenergetically viable to defend territories
(Brown 1964, Krebs and Davies 1993, Samson and Huot 2001), but vadtealdfondance falls
somewhere in between, semi-exclusive home-rangedbeaaintained (e.g., Jonkel and Cowan
1971, Hugie 1982, Young and Ruff 1982, Pelchat and Ruff 1986, Rogers 198vgvéd, even

in such situations, some overlap often occurs (e.g.tmsnd Beecham 1976, Powell 1987,
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Horner and Powell 1990) likely due to the co-utilizatiorabfindant food patches (Samson and
Huot 2001).

Many indirect effects of food availability thabitat selection also exist. Lack of food
can cause malnourishment, subsequently weakening cubsaaimdlehem susceptible to
predation and disease (Jonkel and Cowan 1971, Rogers and R@gerfogers 1987, Pelton
1989, Rogers 1993). Likewise, food scarcity can lead to iredeasvements resulting in
unusual social encounters (Schorger 1949, Rogers 1987) arasetiguman-related mortality
(vehicular collisions, hunting, nuisance control; Reged76, 1987, Kane 1989, Pelton 1989,
McDonald et al. 1994, Clark 2004). Even in the absenceoaf $oarcity, supplemental sources
can have a significant impact on “habitat” selectasithe abundance of anthropogenic food
sources can greatly alter behaviors of black bears ¢kef983, Rogers 1987, Beckmann and
Berger 2003a).

Interestingly, black bears can maintain poputateven where food productivity is low
due to their ability to grow slowly. However, in thestiations, mortality rates must be
minimized to assure population viability, as correspondepgoductive rates are low. Rogers
(1993) noted that bears historically occupied most areggngfrom Mexico and Florida north
to treeline. He argued that black bear existence in lodyatovity areas meant that food
supplies catimit bear populations but do not work in a density-dependent mémregul ate.
However, food supply more likely serves a®gulatory factor, as food failures can lead to
reproductive failure and high mortality (Pelton 1989).

Water must be readily available throughoetydar for bears to utilize areas in an
unrestricted manner (Hugie 1979). Wetlands and riparian areassed for thermoregulation

(i.e., wallowing; Kelleyhouse 1980, Rogers and Allen 1987)farabing on hot days, as heat
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stress can limit use of open areas on hot days (Joné&lawan 1971, Rogers 1980, Rogers and
Allen 1987). Although water is required while consuming nuisgats, and vegetation, it is not
needed in great quantities while consuming berries (Reger#\llen 1987). Precipitation may
result in the greatest influence of water on habitieicien. In areas with insufficient rainfall,
food abundance will not be great enough to support bears (REgf#8% Therefore, in contrast
to food supply, water maymit populations, but does not likedggulate them (Rogers 1993).

Denning may be the most vulnerable time inaa'dife-cycle (Pelton 2000). Therefore,
habitat selection must include appropriate denning sitesorthern localities, excavated dens or
thick vegetation combined with the presence of snow mayuadelg provide appropriate den
sites (Erickson et al. 1964, Tietje and Ruff 1980, Rogers 198@\vever, in more southern
localities, reproductive success is highest for femalese tree dens are present (Johnson and
Pelton 1981, White et al. 2001). Therefore, habitats witlilahle tree cavities may be selected
by females though males will use a number of potentiakgees (Johnson and Pelton 1981,
Wathen et al. 1986, Costello et al. 2001). In general,rfeiseurbances occur when denning in
more secure locations (i.e., thick vegetation, highea,tdeep in crevice; Pelton et al. 1980,
Hayes and Pelton 1994, Pelton 2000). Some evidence suggeésiartisdes are limiting factors
in bear population size (Weaver and Pelton 1994, Oli &98l7). Nonetheless, it appears that
den sites will only act as a density-dependent factbeifibundance of appropriate den locations
is limited (Rogers 1993).

Large trees and thick vegetation provide beatsseiturity cover (Rogers 1993, Pelton
2000). These aspects are particularly important in heamah-use areas and where other bear
encounters area frequent. Large trees (> 50 cm dbh) pogtant for escape routes of cubs and

for black bear encounters with humans and grizzly bearggR 1993), as grizzlies can predate
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on black bears when they wander too far from foresteasgMattson et al. 1992). Grizzly
claws have evolved primarily for digging; black bears hewa@ved more curved claws that
allow them to climb trees (Herrero 1972, 1978, Stirling and €e01990). Likewise, thick
vegetation provides concealment for bears (Pelton 2000)amsderve as an auditory warning
system of approaching danger (Costello et al. 2001).

Black bear populations can suffer increasedalityrbecause of movements associated
with seasonality of food resources (Garshelis arcb®&981, Rogers 1987, Beck 1991,
McDonald et al. 1994, Samson and Huot 1998), disjunct habitatgsafRlogers 1987, Maehr et
al. 1988, Elowe and Dodge 1989, Stratman et al. 2001b), and dispiessibadult males
(Beecham 1983, Bunnell and Tait 1985, Beck 1991, Schwartz and FamnA@92, Wertz et al.
2001). Therefore, protective travel corridors are requoguovide safe movement into and out
of habitats due to mortality associated with vehiculdrstmns and hunting pressure during such
movements (Beecham 1983, McDonald et al. 1994, Wooding andskpfi94, Stratman et al.
2001b, Wertz et al. 2001). Habitats that provide effectaset corridors typically consist of
dense, unmanaged forests located along creek and river deindgetops, or gaps (Mollohan
et al. 1989, Pelton 2000, Wertz et al. 2001).

Although the above outlined factors are théclmsmponents driving habitat selection,
interactions among these factors vary across diffeseales, likely resulting in alternate use
patterns depending upon the fractal nature of the landsodpbe perception of these factors at
different scales (O’'Neill et al. 1988, Ritchie 1998). Tiaetal nature of many landscapes results
from varying sizes and distributions of resource patchidss fractal nature is at the heart of
habitat selection, as the scale at which an individaedeives the environment influences how

habitat factors are perceived and the abundance of cesoiidetects (O'Neill et al. 1988, With
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1994, Ritchie 1998). For example, a bear may perceive a fyactal habitat as having only a
few large patches or may perceive this same habitatvaggh@any small patches nested within
1 to several larger patches (Wiens 1989, Ritchie 1998). Therefo understanding of how
bears are selecting patches (i.e., selection of fabches through complete random utilization or
complete discrimination) should result in more eéfitihabitat models and is a necessary step
for delineating critical habitats.

Habitat selection is typically defined at falifferent scales: 1) selection of the species
geographic range, 2) selection of an individuals home-rastye the landscape, 3) selection of
different habitat patches within the home-range (terraabisselection), and 4) selection of site
specific areas (i.e., feeding and resting sites) (Johb@8@, Lofroth 1993). These different
levels reflect the hierarchical nature of resourcectiele (Johnson 1980, Aebischer et al. 1993,
Anderson and Gutzwiller 1996) and reinforce the idea thataheext of spatial scale is only
relevant after examining habitat use across scalese(D&4 al. 1988, Kotliar and Wiens 1990,
Lord and Norton 1990, Apps et al. 2001). Nonetheless, habletti®n at the first scale is
typically ignored.

The importance of different scales varie®ag species. Landscape level features can be
the overriding factor in determining habitat suitabilitysoime animals (e.g., spotted o%ir[x
occidentalis]; Hansen et al. 1993) while smaller-scale factors anmenmaportant for others (e.g.,
bison Bison bison], Fortin et al. 2003; elk, Jones and Hudson 2002). Howewemdre likely
result is selection at multiple scales, resulting merarchy that explains selection at
progressively higher or lower levels (Pedlar et al. 198Aes and Hudson 2002, Weir and

Harestad 2003). Such a hierarchy should allow for the wontisin of models that relate site-
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specific parameters to stand and/or landscape comporsatsng in more effective and
applicable models (Mysterud et al. 1999, Weir and Harestad .2003)

To my knowledge, only Clark et al. (1993) and Lystnal. (2003) have assessed habitat
use of American black bears across multiple scaley @bsessed second and third order
selection), though Carr et al. (2002) determined habitataressa2 scales for Asiatic black
bears and Gautestad et al. (1998) developed models that ulsefilesziabitat use to assess
home-range selection in black bears. Nonethelessnuus studies have assessed habitat
selection at specific scales (e.g., landscape [Jdra@s¥98, Samson and Huot 1998, Beckmann
and Berger 2003b]; stand [Hellgren et al. 1991, Wooding and Hgriigdd, Stratman et al.
2001a, Fecske et al. 2002]; site-specific [Mollohan et al. 198®¢eBal. 2001, Cunningham et
al. 2003]). Numerous factors have been identified as pdteatigponents involved in habitat
selection. The following paragraphs provide an explanafitimese variables.

Geophysical and environmental characteristics.—Factors in this category include slope,
terrain ruggedness, aspect, soil type, geologic unitagdey climatic values, and actual
evapotranspiration (AET). Slope has been shown tdgnificant factor in habitat selection
for bears, as steeper slopes provide greater proteotioesting, foraging, and denning locations
(Beecham 1980, LeCount 1983b, Mollohan et al. 1989, Zeigenfuss 2RelHted to slope are
indices of terrain ruggedness (e.g., Land Surface Ruggediiess Beasom 1983; landform
index, McNab 1993). These indices provide an estimatepofjtaphical relief in an area.
Rugged areas are preferential locations for denning (Mack 198@ravide superb escape
cover for bears (Mollohan et al. 1989). Aspect canrbenportant factor in determining den
sites (presumably for increased insulation and reductigprarig flooding; Beecham et al. 1983,

Rogers 1987) but directionality differs by locality (i.eestern, Washington [Lindzey and
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Meslow 1976a]; southern, California [Novick et al. 1981]; neadtern, Arizona [LeCount
1983a]). In RMNP, bears typically select north and fzasthg slopes (Baldwin 2008). Aspect
also affects vegetative productivity and composition (Bgecham and Rohlman 1994,
Sternberg and Shoshany 2001), thus providing a potential ioBummhabitat selection. Soils
greatly influence the productivity of an area (Rogers 198@eRoand Allen 1987, Noyce and
Coy 1990). Knowledge of present soils should serve adan iof productivity across the
landscape. Underlying geologic units are greatly resporsib&oil types present (e.g., Burke
2002), and could also be an important factor in determininguseaof an area.

Food abundance and maturation can be heaflignced by the elevation in an area
(i.e., effect of stacked life-zones; Brown and Lomoli®98). In locations such as RMNP, bears
are known to follow elevational gradients as seasangress to maximize food consumption
(Beck 1991). Additionally, substantial climatic differescare observed across different
elevational gradients (i.e., differences in temperatanelsprecipitation amounts). These
climatic differences can lead to differences in ve@etairoductivity. This difference in
productivity is an important factor to consider, as tifeience of climate on habitat can have
long term effects on population size (Beecham 1983, Joletisain2002, Bender and
Weisenberger 2005). AET is a tool often used to assess treg@iaductivity across different
watersheds and landscapes (Rosenzweig 1968, Whittaker 1975,\Baudjieox 2000).
Measurements of AET are related to moisture loss freap@ration and transpiration (thus
measuring the simultaneous availability of water andrseriergy; Rosenzweig 1968) and are
determined under actual conditions of moisture supply (Bgdgid Fox 2000). These values

are used as surrogates of vegetative productivity and havetesdige utility in predicting
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species distributions (Whittaker 1975, Badgley and Fox 2000). iA&gfbe an effective large-
scale tool in assessing productivity for bears in RMNP.

Forest characteristics—General covertype is the most frequently assesseablain
habitat studies (e.g., Lindzey and Meslow 1977b, Hellgreh #0681, Costello et al. 2001) due
to the strong relationship between cover/stand type andubea Vertical cover represents a
measure of visual obstruction and vegetative density, anddegisimplicated as a principal
factor influencing habitat selection of black bears iizéma (Mollohan et al. 1989).

Canopy cover has several effects on hadpitality including visual obstruction,
precipitation and radiation interception, a strong negatlationship to forage production, an
insulative influence on temperature, humidity, and wind speedican override all other
variables in determining understory development and pollgrt@mposition (Hoefs and Shay
1981, Parker 1995, Bull et al. 2001). All these factors, egiimgularly or cumulative, could
influence habitat selection (Rogers et al. 1988). Staighteas been assessed in several studies
(i.e., Hayes and Pelton 1994, Martorello and Pelton 2003)samdeflection of age and structure
of a stand.

An alternative assessment of vertical strecsurepresented through total basal area
(BA) but only reflects cover associated with treeglaRng size classes of trees to basal area
measurements also provides insight into the seral stdgeests. Additionally, BA of large
trees is often recorded, as large trees can providékkuianning and refuge sites (e.g., Rogers
and Allen 1987, Mitchell et al. 2002, Mitchell and Powell 200i8) contrast to vertical cover,
basal area measurements are often included in standarddpkS thus providing a variable that

can easily be assessed across various scales.
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Several studies have noted the importangmysfand snags for denning (Lindzey and
Meslow 1976a, Davis 1996), resting (R. Baldwin, personal gaten), and foraging locations
(Rogers et al. 1988, Noyce et al. 1997, Bull et al. 2001, MiteimellPowell 2003). These could
potentially be very important components for bearsMNR, as insects comprise a large part of
bear diets in RMNP (Zeigenfuss 2001). Burn locationswaftetain a large number of snags
and logs. Additionally, they typically contain easlyccessional species which are important
food sources for bears (Rogers et al. 1988, Mattson 1990 a8ehand Franzmann 1991,
Samson and Huot 1998). Many food items are often assouwidgtedetlands, streams, and
lakes (Rogers et al. 1988). Additionally, wetlands canraidermoregulation during warm days
(Rogers et al. 1988). Therefore, distances and densitibes# factors could be important
factors in habitat selection.

Size and density of habitat patches were ia@d as important characteristics defining
black bear habitats (Jonkel and Cowan 1971, Rogers et al. 1988hah et al. 1989, Mitchell
and Powell 2003). Likewise, several investigators have ribgennportance of habitat
juxtaposition and forest diversity to black bears (Lindaeg Meslow 1977b, Clark et al. 1993,
Jones et al. 1998, Koehler and Pierce 2003). Therefore, paécipatch density, and contagion
(an index of habitat heterogeneity) could be relatecktr lmcations to determine their influence
on habitat selection.

Food.—The importance of food in habitat selection has bésusgsed in detail above.
Nonetheless, assessments of food biomass should providéendaadions of preferred habitats
(e.g., Rogers 1976, Noyce and Coy 1990, Costello and Sage 1994gvét, biomass only
reflects food available; it does not define preferred fodetsod selection by bears should be

positively related to body condition. Since body dtiod is related to various reproductive
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parameters and ultimately survival, bears should be sgJatibse habitats which provide the
greatest abundance of preferred foods. Therefore, unadirggjshow and why bears select foods
should yield insight into habitat selection. To helptefood use to habitat selection, Kansas
and Raine (1990) introduced a food importance value which Clalk @t994) further

developed into a food value index (FVI) that incorporateglage percent cover, mean food
production, and average frequency of occurrence in scaissevalues were then summed to
determine FVI's for each forest type. Similar technigemdd be useful to assess the
relationship between what is available and what iswoesl.

Nutritional components are known to influencedptivity in bears and may serve as
good indicators of habitat quality, as well (Elowe and Dotigg9, Kasbohm et al. 1995, Noyce
et al. 1997). Relating digestive and metabolic efficesnaf different foods to associated body
condition indices should yield insight into criticalbitats for bears, ultimately discerning those
factors exerting the greatest influence on survival anddeation. These values can be
assessed for an entire site, but can also be combitiedowd value indices to determine
nutritional quality selected.

Human influence.—Presence of humans can greatly impact bear populatoins a
subsequently, habitat selection. Heavy human-use aneasstdt in avoidance of associated
areas (McCutchen 1990, van Manen 1994, van Manen and PeltorCI9@nd Gilbert 1999) or
can serve as attractants due to abundant energy-ridlstamces (Barnes 1967, Herrero 1983,
Beckmann and Berger 2003b). Remote buildings and backcoamipgstes elicit similar
responses (Jonkel and Cowan 1971, Keay and van Wagtendonk T9&8¢fore, these factors

must be considered when determining critical bear habitats
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Several investigators have assessed the infla¢moads and trails on bear occurrence
(i.e., Garner 1986, Beringer et al. 1990, Hellgren et al. 1228igenfuss 2001). This influence
appears to be affected by the level of use. Heavily usats rand trails typically elicit avoidance
responses (Garner 1986, Beringer et al. 1990, van Manen 199 Eéed. 2002). However, if
traffic is minimal, they may be selected for, asrbeaill use roads and trails as foraging
locations (associated with increased early succedsipaaies) and travel corridors (Jonkel and
Cowan 1971, Manville 1983, Hellgren et al. 1991, Bull et al. 2000herefore, the level of use
of roads and trails should be included in analyses to hettrstand the suitability of

associated habitats.

Habitat modeling

Determination of habitat use is often accosheld through modeling. Many different
forms exist, but the Habitat Suitability Index (HSI) andritional carrying capacity (NCC)
models are 2 of the better known techniques. Habitat Sugdhdex models are designed to
reflect critical habitats in measurable units throughhdex of carrying capacity that is
proportional to that of the actual habitat (Anderson ana@lker 1996). Typically, scores of
models are based on a scale of 0.0-1.0 (0.0 reflecting unsuitaitat, 1.0 optimal habitat) that
reflect the percentage of the maximum habitat capalBiyder et al. 1996). Construction of
HSI's involves establishing species habitat requirements]ageng the model, and determining
HSI's for available habitat (Anderson and Gutzwiller 199@ndels are typically constructed
from literature reviews or researcher judgment ancaftelude several major components
including food, cover, habitat interspersion, indicatdfrsuman disturbance, and special

requirements for reproduction (i.e., den sites for hétwgers and Allen 1987, Zimmerman
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1992). Once constructed, data can be collected to detetmigapability of a habitat to support
“X” number of individuals.

Habitat Suitability Indices generally yield lin@aodels that are simple to understand.
Additionally, these models are applicable across lgpgtad scales and are widely included into
management plans (Roloff and Kernohan 1999). Howeverntathod is hindered by several
problems including limited field evaluation, an oversirgdl view of habitat interactions, a lack
of variance estimates, and the inability to relateexnscores to actual productivity parameters
(Anderson and Gutzwiller 1996, Bender et al. 1996, Roloff amddtean 1999). Nonetheless,
HSI's have been published for black bears in the upper gkest legion (Rogers and Allen
1987) and in the southern Appalachian region (Zimmerman 199&IRet al. 1997, Mitchell et
al. 2002, Mitchell and Powell 2003). Rogers and Allen (1987) negted their model, but
acknowledged the need to do so. Hirsch and Haufler (1993)siRogers and Allen’s (1987)
model and determined that habitat quality for Drummond disibtichigan, was low (0.27).
However, this did not reflect known productivity paramgteuggesting that the model required
significant revision. Models constructed in the southAgppalachian region were tested and
yielded a strong relationship between the HSI and actuabbakiection (Zimmerman 1992,
Mitchell et al. 2002). However, Garshelis (2000) noted #e=lrio also associate demographic
vigor (i.e., reproduction, juvenile growth rate, etc.; kafh978) to such models. Unfortunately,
such relationships are often beyond the scope of KiB&sgh inclusion of a nutritional/food
component may allow such a relationship). Thereforen éaccurate HSI models can be
constructed and validated, they typically lack the abibtdirectly relate to fitness/productivity

parameters.

Final Report 296 December 2007



Nutritional carrying capacity models allow direstimation of carrying capacity,
therefore determining a specific number of individualslitat can support (Robbins 1973,
Hobbs and Swift 1985). Measures of NCC usually relate to gquamid quality of forage or
their associated interaction. For example, McCadil.e(1997) measured range supplies of dry
matter, digestible energy, digestible nitrogen, dry mattéigestible energy, and dry matter x
digestible nitrogen to determine carrying capacity of rangela exas for white-tailed deer.
Additionally, some investigations have incorporated thetmnal condition of the animal,
along with the prior outlined variables, to develop a nam@urate estimate (e.g., McCall et al.
1997).

A major advantage of NCC models over HSlthas they allow the user to specifically
predict habitat capability, thus allowing direct comparisiongroductivity parameters.
However, these models are typically complex andaalthe assumption that forage is equally
available throughout the habitat, thus making extrapolatiificult across larger scales (McCall
et al. 1997). They also fail to account for additionatitmape effects that may influence habitat
suitability (i.e., road density, escape cover, ettherefore, NCC models are generally used
only for relative assessments of carrying capacity (dMic€t al. 1997).

Although these 2 methods have limitations,ralsoeation of their attributes may have
applicability. Animal production is directly related tetrenergy gains (Cook et al. 2002).
Therefore, an understanding of the inherent ability bfthaipatches to produce net energy gains
should be useful in determining critical habitats. Howealt aspects of habitat selection (i.e.,
food, water, denning locations, escape cover, and moverogittors) must be considered in
determining the realized value of habitat patches. kample, road densities can have a

negative influence on bears (Garner 1986, Beringer et al. 199@)yefore, buffers must be
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placed around roads to account for the reduction in inheadut v of associated habitats.
Nonetheless, the relationship of body condition foithés selected should yield models that are
applicable at larger spatial scales, are linked with mameagepractices, incorporate forage
quality and quantity, and allow for the prediction of fgsgroductivity parameters.

Likewise, such assessments should lead ttiexr baederstanding of how bears are
selecting resources spatially. Three basic theoriss mgarding habitat selection: 1) complete
discrimination (CD; Pulliam 1996), 2) ideal despotic disttitn (IDD; Fretwell 1972), and 3)
complete random utilization (CRU; Pulliam 1996). The ulyiteg theory behind CD is that
each individual in a population will seek to use that hakitach provides the greatest net
energy gain. They will only utilize lesser quality hatsité populations become so saturated that
it is more energetically beneficial to utilize suclbibats (i.e., the value of the preferred habitat is
deteriorated to the point that the second most pesfdrabitat is selected, etc). Such a situation
implies that fitness measures are equal across the earge (Beckmann and Berger 2003b).
Ideal despotic distribution implies that dominant individyadeferentially select “prime”
habitats and exclude subordinates. Such exclusion leadedoal fitness measurements across
the landscape (Messier et al. 1990). Complete randoiatioh infers no prior knowledge of
surrounding habitats. Individuals select habitats simplgHance.

An IDD model has been proposed by Beckmann argeBE€003b) for black bears in
the Lake Tahoe region, California. However, this poputagixisted at an urban/wildland
interface where abundant food sources existed in wetielbfpatches (i.e., garbage). In this
situation, large males excluded females from foraging. sb@®ilar results have been observed
for garbage dumps (Rogers 1987), berry patches (Jonkel arah®w¥1, Rogers 1987), and

oak stands (Garshelis and Pelton 1981). Nonethelesbgtiasior is typically only seen in
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areas where such well-defined patches exist. No appatehepdave been found in RMNP,
suggesting that the local population will not conformiRd|

Complete discrimination models have sewendkerlying assumptions: 1) foragers act to
maximize foraging efficiency, 2) they have perfect krenigle of resources (this may be an
inappropriate assumption if animals are not always fgedin such a situation, exploratory
movements allow individuals to locate higher quality pesclvithout having perfect knowledge
of the area.), 3) they have equal competitive abiliaesl 4) individual resource capture
decreases with increased competition (Kennedy and Gray 199@prtunately, one or more of
these assumptions are often not met (i.e., individumads-use poor sites and under-use prime
sites; Kennedy and Gray 1993). Many factors could accouthifoincluding population
densities, presence of anthropogenic factors (i.e., campdg@nd roads), and age and size
structures of the population resulting in competitive advgastdor some (i.e., smaller females
better suited for climbing cherry trees than larger myaBarner 1986). Nonetheless, CD should
serve as a good starting point for assessing spatialnmaiteinabitat use. Once landscape effects
are determined, they can be incorporated into the modettease accuracy.

As stated earlier, CRU models infer no pkioowledge or selection preference within
the landscape. However, this does not appear to appéars, as many long-range movements
to food patches have been observed (Jonkel and Cowan 19¥sR®87, Elowe and Dodge
1989, Schwartz and Franzmann 1991). Therefore, it is likalyttabitat selection for bears in
RMNP falls somewhere between CD and CRU. Measur#gssoflistribution should help in

determining critical habitats in RMNP.
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