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- PREFACE
The chapters o“f‘ thispthesis were written in the format of the J outnal of
Wildlife Managément; ‘ Any duplication in methods or citations betweeri‘ chapters is
intentional. Each of the three chapters is designed for 'easier editing before

submission to a journal for publication. =
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INTRODUCTION AND BACKGROUND INTO BLACK BEAR BIOLOGY

.- - Research often focuses on species of obvious social concern or harvest
importance. . One species that has received extensive Study over the years is the black
bear (Ursus americanus). Early studies focused mainly on the natural history or vital
stgtistics-.of black bears and their populations. Some of these topics include fecundity,
feeding habits, home range size, habitat selection, mortality rates/causes, litter size,
population density, denning biology, diel movements, and population and individual
responses to hunting pressures.

S Management»:issues surrounding black bears are dominated by harvest - -
potentials, population estimation, and nuisance events. Other issues include . ..
techniques for capturing, immobilizing, and tracking black bears. The most useful :
method of determining black. bear population dynamic;s and demographic and natural -
history parameters is radio-telemetry. ‘Ma'ny studies collar.individualsfor more
-accurate estimates of hc;me range size, movement patterns, and habitat -preferencés.
The monetary-and time costs of telemetry studies limit both the size and scope of
such an analysis. . As a;res;ult, most black bear telemetry studies occur over at least 2
ye«;n's, with intensive location and observation during that period. ‘Some studies deél
with a large sample size, but then only run the study for a few years. Few researchers
have examilied data from black bears that have been collared fof a large part of their .
lives. Data obtained from such research could provide valuable information on long-
term trends in populatic;n dynam‘i‘cvsl thﬁt would not be recognizable in a short-term .
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“This thesis focuses on 3hsp’ects'of black bear biology. The first chapter -
following the introduction focuses on t‘h‘e role of density-dependent méchanisms in
regulating 'population size on Stockton Island, Wisconsin. The second chapter
| models several aspects of black bear growth and development. The third bhépter
- identifies habitat-level factors that are important to black beﬁrs in den site selection.

The scope of knowlédge regarding black beﬁs is broad, covering numerous -
tobics and geographical regions. Information regarding home range charaCter'isﬁcs,
reproductive biology, and population dynamics comes from across North America,
covering most of the types of habitats that black bears occupy. The following section
summarizes the impOrtant.ﬁndings of these;studies. This review of the literatﬁre '
covers the broad scope of these studies, comparing and contrasting rergionalA AT
differences and analyzing each for its applicability to a northern Wisconsin ecbsystem. :
Home Range and Preferred Habitat Characteristics . - |

 Home range is Aeﬁned- as the area used by an animal during its normal - -
activities of foraging, breeding, traveling, and réproducing (Burt 1943). The home
range size of black bears throughout their North, American rangé is well known.

Home range size differs between male and female black bears. Home fange'size ’

- averaged 119 km? for males and 7.5 — 19.6 km? for females in Alberta (Fuller and -

Keith 1980; Young and Ruff 1982). In Idaho,-home range‘ avéraged 112.1 km? for
adult mzﬂes and 48.9 km? for adult females (Amsirqp and Beecham 1976).‘ Home
range size also differs with age; yéﬁlings have smaller ranges than sﬁbadulis of the
same sex (Amstrup ‘and/B/eechhm 1976). Kessler (1994) attributed a smaller home

rangey for adults than subadults to the inefficient feeding behaviors of subadults.
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| Hdme range size reported for black bears in Wisconsin Varieé considerably.
Home range sizcs on Stockton Island were smaller than any other in the literature
(Trauba 1996). Males averaged 32.9 km” and femalés 72km? In northem.: e
Wisconsin, home ranges averaged 93.0 km? for males and 18.8 km? ’for females
(Massopust 1984). Elsewhere in Wisconsin, male home fanges averaged 71.2 km?;
female home ranges averaged 13.7 ‘kmz (Kohn 1982).. Females have a smaller home
range than males fof 3 reasons. Males are larger and require larger areas for feeding.
Males have large ranges during breeding season to increase their likelihood of
ﬁleeting.females.that are in estrus (Massopust 1984).. -Females.need to care for young
that are incapable of covering large areas during their daily routines. vAr‘nstrUp and
‘Beecham (1976) hypothesizéd that female black bears with cubs occupy afeas that are
just large enough ‘for adequate nutrition. | D g L
i ‘Factofs other than sex and age determine home range size. - Quality, quantity,
:and=distrii)ution»of food aﬁ'ected home range size (Amstrup.and Beecham 1976). “The =
better the food quality and ébundance, the smaller the home range size. On Stockton
Island, smaller home‘rang‘es of black bears were attributed to high habitat quality
(Traﬁba 1996). The beaver flowages of Stockton Island were ch’piée habitat, and
almost every bear had one as the center of its home range. Also limiting home range. |
size on'Stockton Island was the density.of bears. Density there (0.76 bears’km?;
Fleming--l997A) was among the highest reported in the literature, but not as high as on
Long Island in Willapa-Bay,,,Wasﬁington, where density was 1.76 bezllrs/km2 (Lindzey
and MeSl‘ow 1977). Hig/h/dens‘ityi means each bear has less area available in which to
feed, travel, and den. | |

/,
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Home Range Shape .
- Home range shape and overlap also vary by location. The linear nature of
Stockton Island and its relatlvely small size (40.7 kmz) defined home range shape for
| male black bears. The larger ranges of males tended to cover the entlre island, and :
they were generally linear. Females, whose home ranges were not limited by the size '
of the island, ‘generally had a non-linear home range shape. Home range shape is notk
well reported in the literature. : Amount of overlap ‘between home ranges varies by -

: bear density, sex, and habitat qnality. Females tend to be more eXclnsive than males,
.'vrrith less rhome—range overlap with other bears (Young and Ruff 1 982; ‘Trauba 1996).
Amstru'p and.BeeCham (1976) found a 70-84% home range overlap and conc]uded
that black bears have high intraspecific tolerance, whereas Lmdzey and Meslow
(1977) found a high degree of avoidance behavxor in populatlons of high dens1ty

‘Habitat Use e |

- Habitat use by black bears can be classified.into 3‘~generalr categories: transit, -
foraging, andresting (Massopust 11984). Transit»habitats.are used when‘r_noving_ |
betweenforaging and resting habitats, and were characterized by an open understory
and good horizontaljvisibility. Foraging habitats naturally contained both abundant.

~ and diverse food sources, and were usually mid-Successional.‘ Restingvhabitat o

contained dense coverfand cool air, like that ifound in conifer SWamps of northern

‘ Wisconsi‘n Norton (1981) combined transit and resting in Wisconsin into one

category: shelter-travel Payne et al (1998) 1dent1ﬁed monthly food avallablhty in

spec1ﬁc habitat types in Wisconsin.. Bertagnoli (1986) compared foods eaten by

~ Wisconsin black bears to foods available in habitat types described by Curtis (1959).

T
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Landers et al. (1979)’di'videdk black trear habitat types in North Carolina into foraging,
denning, and escape. Foraging habitats were used froni den emerg'ence Until‘den
entry, but changed from sprirrg and summer to fall. Caroline bays were used from
emergence to July, and hardwood swamps and sand ridges were ehosen as foraging
habitats during late fall. Denning habitats were usually in large, impenetrable bays
and swamps that provided proteetion from disrurbanee; Researchers found.escape
cover to be the most important habitat type for black bear survival; it usu‘al‘ly =
cornprised hardwood swamps with dexrse vegetation and water, |

.7+ Actual cover types that fit these_categories as prime habitat vary
geographically. On Stockton Island, beaver flowages provided all 3 habitat. . |
requirements arrd were‘preferred by mest bears, although other forested areas were

- used as well (Trauba 1996). In northern Wisconsin, fore(st openings and ’aspeh '
(Populus spp',)'-tralsam (Abies balsdmea) mixtures provided good food prodUction,
and northem hardwoods were used‘for shelter-and travel (Norton3198 1, Bertagnoli - -
1986, Payne et al. 1998). Aspen, alder (Alnus spp.), swamp conifer,ﬁérthern

' ‘hardwoods, and swamp hardwoods were all used by black bears m northerri BRI
Wisconsin (Kessler 1994, Payne et al. 1998). Bears in east-central Alberta seemed to
prefer-aspen stands, while using aspen/spruce (Picea spp:;) anrl' spruceareasas well.-
Musicegs appeared to be avoided by black bears (Young and Ruff 1982). Important
cover ty;res in the southeaet United States were pocosin (year-round)'~ and hard and
soft mast;producing areas iq/,the"feil. ‘Roads and disturbed areas also appeared
important,’ appa_rently-be/ing used as travel corridors (Hellgren and Vaughan ‘1991),

unlike in Idaho where bears avoided roads during all seasons and for all uses except SR

: /,
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feeding (Unsworth et al. 1989). Females in their study preferred upland timber, -
ripaﬁan-argas, and aspens while avoiding meadows, clear cuts, and sagebrush - -
" (Tridentata spp.). |
Reproductive Biology
Many‘vaspects' of repfoduction in blabk bears éppear to point to food -quality

and bear density as determinihg factors. Age of primiparity declines as.population
density increases.. In a relatively undiéturbed population in Montana, little successful
reproduction was observed before age 6 (Kasworm and Thier 1994). Average age of
primiparity was 5.9 years in Alaska (Miller 1994), 5.0 years on Stockton Island -
~ (Trauba 1996), 4.6 years in the southern Apﬁalachians (Eiler et al. A1989),- and 4.0
‘yearé‘in North Carolina (Hellgren and Vaughan 1_989).‘ :

Litter Size and Pregnancy Rate -~

S :Litter size and pregnancy raie seem to be closely related to nutritional status .
of the female, which in turn'reflects the food abundance and quality that year- -
(LeCount 1982, Eiler et al. 1989). Average litter sizes reported in the literature range
from 3.0 (Massopust 1984), 2.4 (Kohn 1982), and 2.92 (Kessler 1994) in high quality
habitat in Wisconsin, to 2.3 in Alaska (Miller 1994) and 2.6 in Montana (Eiler et al.
1989), to lows of ‘1-.75 in northwest Montana (Kasworm and Thier 1994) and 19inan
unexploited black bear population in Arizona (LeCount 1982).

e Aﬁother reproducti\;'e factor strongly influenced by bear density and yearly

food production is pregnancy.rate, 'i'.e. the interval between successive litters. In =
exploited or low density/populations, the average interval between litters is 2 years

(McLean and Pelton 1994). In this case, females produce a litter one winter, den with
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the yearlings the next winter,.and then produce a new litter the next ‘year., Ina high
density, stable structured population,v or when fobd availability is low, the interval
between litters can be as high as 3.2 years (Kasworm: and Thier 1994), and results in é
reprqductive rate of 0.51 cubs/female/year. |
Population :Dynamics

- Population dynamics refers to the changes in population level parametérS as
well as the regulating methods of a population; this includes survival, mortality,
dispersal, age structure, intraspecific interactions, population growth; and population -
density. Perhaps the most importaht factor is dehsity. ‘Density is regulated by habitat
quality, home range sizes and overlap, and human acceptance of the species. In an
unhunted population on Stockton Island, densify reached a high of 0.59 bears’km?, at
which point the population began to decline because of density-dependent regulating
‘mechanisms (Trauba 1996).  Young and Ruff (1982) 1‘ep§rted data that indicate adult
male abundance likely limits population density. They observed an initial density of
0.37 bears/km? and then removed some of thé adult males, which resulted in an-
increase in density to 0.625 bears/km®. Potential problems in den‘éity estimates’
(Garshelis 1994) led to a reanalysis of the data. Sargeant and Ruff ‘('20_01) concluded
that local population density was limited by the p'resences of adult males, 'bﬁt no
conclusions regérding density-dependence could be drawn. Density-dependence -
continuesk to be difﬁculf to observe in natural populat_ioﬁs. As a population
| appro;lches carrying capacity,"l bf Amore regulating mechanismsk‘will begin to limit
population growtﬁ. For t/)lack bears, these can include increased age at primiparity, -
decreased litter size, and decreased survival of cubs and susadults (Taylor 1‘994). =

[
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Numerous confounding. factors 'oﬁe_n mask these mechanisms, As a result, no study
has adequately demonstrated densit};-dependence in a black bear populatioh
(Garshelis v1994)f 5 |
Survival s T e

' Black bear survival rates seem to depend strongly on local factors such as -
hunting pressure and population dénsity. Trauba (1996) found adult and subadult
survival rates to be niear 1.0 in an unhunted population on Stocﬁon Island. In
northwest Montana the adult survival rate was 0.75 (Kasworm and Thier 1994). Most
of the causes of mortality were hunting related. Based on a model incorporating litter
size, age of primiparity, and interval between litters, this popﬁlation could sustain an
annual mortality rate of only 0.12; which means-the population was declining based
on model estimates (Kasworm and Thier 1994). In the southern Appalachian -
Mountains, the-cub-\mortality rate of 0.379 was related most strongly to mast |
‘ production:; which m turn affected the mother’s.nutritional health (Eiler-et al. 1984). -
In northern Wisconsin, survival rates were 0.69 for cubs and 0.33 for yearlings -
(Tfauba 1996). ' The dominant mortality source for cubs and yearlings was !
cannibalism-by mature black bears. Trauba (1996) suggested that intraspecific
killings were regulating this pop:ulation‘in a density—depéndenf fashioh. Working
with an unexploited population, LeCount 1982) observed:a cub survival rate of 0.48;
cannibaliﬁm was the main niortality factor. Kessler (1994) calculated a yearling
survival rate ;)f 0.89-0.94 for.a poéﬁiationof black bears in northern Wisconsin, -
indicating low populatio;l stress, high nutrition, and low climatic impact. In northern
Wisconsin, cub survival (0.45)‘was lowest in an unhunted population, mainly due to

/,
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| cahnibalism; subadult survival (0.29) Was ]owes;t in a hunted populétion, mainly dpe‘
to hunting fnortality (Fléming 1997).‘- Also:in Wisconsin, hunting was the major - ]
 cause of death of marked bears, aécouhting for 94 of ;IOO known mortalitié#; harvest
mortality was 16%, overall annual mortality was 27%, with male’ mortality gfeater _
than female. mortality (Kohn 1982). Mortality rates in the Great Dismal Swamp in
North Carolina of 0.87 for ferﬁales older than ll.5 years and 0.59 for males older than
2.5 yéafs reflected “unﬁatural”- mortality causes almost exclusiveiy, including vehicle
, colliSioris, legal and illegaI harvest, and research (Hellgren and Vaughan 1989). S
‘In general, it appears that unexploited populations e@erienw higher cub - |
mortality and lower aduit mortality than exploited populations. The former is related.z ,
to nutrition and intraspecific predation and the latter to lack of natural predators and
other sources of mortality. Exploited populations tend to exhibit higher subadult and
adult mortality due exclusively to legal and illegal harvest. These populations do not
experience the'sahlé-amount of density:dependent competition and predation that‘ are -
- more common in high density, unexploited, stable populations. -
| Population Age Structure -
- The age structure of ablack bear population has iniportant implications:for its
. growthiand harvest rates? A’stable population in Anzona was ‘domin'ated by adults at -
least three years old, which made up 70% of the population (LeCount 1982). vIn the
pre-remoiral population in Alberta, age structure was dominated (40%) by bears >6
years old. Following removal of sétﬁe of the adults, the number of 2- and 3-year-olds
climbed to 50%. The reéé;rchers concluded that adult males had limited ;he '

immigration of subadults, so after removal of adults, the number of subadults rose



dramatically (Ybung and Ruff 1982). In Wisconsin, 68% of all harvested’ males and
48% of harvested females were 1-3 years éld (Kohn 1982). The age structure was
relatively st‘able, with fluctuations related to increaSéd prbductiVity rather than |
increased harvest mortality (Kohn 1982). | |

:Rates of dispersal by yearling énd subadult bears See_m to be influenced by
population density (Kessler 1994)'. LeCount (1982) lost track of 68% of subadults
from one year to the next, indicating a high dispersal rate. Dispersal -zzlmgng yearlings
in northern Wisconsin occur;ed from mid-May to June, but many returned to their
former ranges to den the following winter. The average dispersal distance was 36 km
(Kessler 1994). Both the density of the populatioh that is left and the dens.'»ity of the
population being entered regulate rates of dispersal (Young and Ruff 1982). ..
Population Growth .- - |

Little data exist on black b_éar population growth. McLean and Pelton (1994)
calculated an ‘intrinsic rate of increase, r, 0f 0.054 for déta collected over 20 years for '
‘bears in the Great Smoky MoimtainsNatio_nal Park (GSMNP). This indicatés that the
population was only slightly increasing. Based on projected population estimates
using model simulations, the population in GSMNP may increasé exponentially (with
continually good mast) ordecline to near extinctioh (with bad mast in all years).
“Thus, knbwing the future abundance of the food supply helps to predi¢t future
| population size. In Shenandoah ﬁ;tional Park, r = 0.000 (Carney 1985) ’and in Great
Dismal Swamp, Virginis, r = 0.0032 (Hlellgren 1988). This limited information is

evidence that black bear populations grow slowly, many are at or near carrying
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capacity, and niany achieve a Sfationary population sizé and sfable agé sttucture, as-
indicated by r values at ;>r near zero. ‘Also, the daté. show the large iinpact of nutrition
on black bear population growth and individual surviQal. Managing black bear
habitat is‘more ihiportant than managing the popuiation‘ itself. - -
Individual Black Bear Chhracteristiés

| . Individual growth is dhedly related to the amount and qualit)"“ of availaBle :
food, but variation exists between sexes. "-Nort()ri (1981), Bertagilol'i (1986), and o
Payne et al. (1998) found that black bears in ndrtherri Wisconsin lost wéight in spring
and early Summer, é time when they are consuming grasses:ﬁnd dthér gfeens;- Maies ~
lost more Weight than females during this period,poésibly.due to the stress of |
breeding activity. "Wcight gain occﬁfs once mast and~fruit‘c'rops Become available.
For the first 6.5 years of life, males added 30% and females 10% to their body Weight,
from one spring to the next.. Overwinter weight loss .is more dramatié in females due
to reproduction. Females lost 40% of their weight and maies 25% of their ;veight
over winter. -In Wisconsin, weight gains averaged 78% for ferﬁales and 36% for
" males from May to August (Kohn 1982). o | |
Movement e |

Black bear mbvement pattemé change 5y the season. Beafs are most actiVe’

during breeding and foraging. Black bear inovement i§ predominantly brepuscular in
spring, diﬁmal in sﬁmmer, and n'octumai in fall'(Garsheiis and Pelton 1980; Kessler
1994). Activity appears to be pésit‘i‘vely related to temperatufe, and snow cover

decreases activity (Garsl;elis and Pelton 1980). Females tend to be more active than

11



males in spring and fall‘as they prepare for reproduction and all bears are less active

in years when food is abundant (Amstrup and Beecham 1976).

Denning BIOIJX

The denning biology of black bears is fairly well described in the literature.
In Wisconsin,'black'bears enter thefr dens during 10-25 October. Most dens are in
v;rindblownltrees and excavated holes (Massopust 1.984). Kessler (1994) reported
slightly earlier denning dates (15 September-16 October), with den entrance related to
mean weekly temperature. He fouad the following chronology of den entrance
related to sex and age of the bea'rs: Pregnant females, females with cubs, yearlings,
and adult males. In southern latitudes, bears den later and leave earlier. In North
Carolina, bears entered their dens in late December and emerged in late March
(Landers et al. 1979). Bears in Idaho denned in October and November, and emerged
in mid-late April (Amstrup and Beecham 1976) Bears in southern, old growth
forests appear to prefer hollow trees (Weaver and Pelton 1994), while 66% of black
bear dens in an Arkansas study were in rock cavmes (Hayes and Pelton 1994).
Summary |

The scope of research on black bear biology is broad. Studies from around
North America have focosed on olaekvbear ho.me range size, habitat preferences;
denning biology, reproductive biology, and moveoaent. The same is true for black -
bears in .Wisconsin, where UW-Stevens' Point stodents have documented.fhese
parameters.l The major gaps,in kaovvledge fall in the area of population dynamics.

Most studies have not lasted long enough to address questions of changing age -

12



structure, survival, and population growth adeqUétely. Ongoing research through
UW-Stevens Point has provided the data that allow for just such analyses. M
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ABST RACT We tested for ev1dence of densrty dependence ina populatron of black
bears ( Ursus amerzcanus) on Stockton Island, WI usmg data collected from 1984 to

1997. We tested for trends in litter size and cub and yearhng werghts over a range of V
densities (O 07 bears/km O 76 bears/kmz) Litter size declmed as densrty mcreased
but cub and yearllng welghts appeared unaffected by densrty Applylng the Ricker
' stock-recrurtment model we estlmated that maximum recru1tment occurred at 0.21

bears/km2 Surv1val rates were constant for both sexes over all years and recapture

rates drffered by sex but not by year
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Density-dépendeﬁ'ce in wild animal populations is frequently hypothesized;
but infrequently observed. In order for population growth to be reduced as the -
population approaches carrying capacity, one or more mechanisms that regulate
population growth ne'eli to take effeé’t." Some of thesé self-regulating mechanisms for |
black bears include increased age at primiparity, 'decreasgﬁd litter size, decreased cub
and subadult survival (Taiylof 1994), and skipped breeding cycles. Numerous studies
have attempted to demonstrate density-dependent regulation of North Américan black
bear populatioh"sf But none has done so adequately (Garshelis 1994). The study
providing the most support for density-dependent pOpulation‘regulation in black bears
was begun by Kemp ( 197'2, 1976) and continued by Young and Ruff (1982). In this
study. denisity and Survival were estimated before and after the removal of 23 adult
méles.} ‘Wheén Both density and percentage of subadults increased foliowing removal,
the researchers c(mcluded that adult males were regulating population density by
limiting subadult recruitment info the population. Garshelis (1994) noted that density
éstimates were biased and the conclusions were possibly errdneoﬁs, due to violated
assumptions of the Lincoln-Petersen estimator. Reanalysis of the data showeda
| similar iﬁcréasé in density. But due to an arbitrarily delimited, srhall study areé, the
researchei‘s concluded that/only‘ ]béal population density was regulated by adult males;
no inferences fégarding ;iénsity-dependence in the population were possible (Sargeant

and Ruff 2001). "
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" Other studies with apparent-denéity-dependent reguiation were confohnded by |
density—independént factors,» such-as food availability (Lindzey and Meslow 1977) of
male-biased sex ratios (Clark 1991). Furthermore, mdst black bear populations are .
too stable and metflods of measuring population parameters are too impreéiSe to .
detect densify—de’pendenf regulation mechanisms adequately (Garshelis 1994). Study ~
areas are also often arbitrarily delimited, making accﬁrate population-level density
estimates impossible. Sargeant and Ruff (2001) recommended reserving population
status for disjilnct groupingsf eliminating the confounding effects of immigrationand
emigration and making birth and death the bnly important processes of population
dynamics. Differences in methods and local conditions limii the usefulness of
cdmpaﬁng stﬁdies from different regions when testing for densityedépéhdence. Asa
result, the sfudie’S,most capable of determitiing density-dependent ‘eﬁ'ects would cover

a broad range of densities and consist of disjunct populations.

~ The study on Stockton Island, Wisconsin fits both of these criteria. Research

began in 1984 with the collaring of 2 adult bears and continued until 2001. Accurate
density estimates for the island are available from 1984 to 1996. Bear densities
during the study rangéd from 0.07 bears/km? to 0.76 bears/km?. ‘Immigrationrwas .
limited to 1 or 2 bears, and 7 bears emigrated over an 11-year pe"riod,"altliough 2 were
removed due io nuisance complaints and 2 left temporarily to nearby islands F lenﬁng
1997). -*

We used previously ’unpubi'i.shed data (Trauba' 1996, Fleming 1997) to(l)

model the trajectory of this population over fime, (2) test for density-dependence in . |
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black bear litter size, reproduction, and survival, and (3) mOdel.recruitmentfwith a
Ricker. stoc;k-fecfuitment model (Ricker 1.975).": i s
STUDY AREA = |
- This‘ study,»i'as conducted on Stockton Island, Wisconsin, a 40.7-km’ island
lyocated 7.9 km from the Bayﬁelci Peninsuia in Lake Supeﬁor.t. Stdckton Island is part
of the Apostle Islands National ’Lake'shoré (AINL), managéd 'b'y the Na’tiot;alPark
SerViée (NPS). The local climate is affected by the maritime ﬁature of thé _islandv, |
with warmer winters an‘d‘ cooler summérsthan fhe nearby mairﬂand. <»i\daximum daily
mean temperatures range from 25.5°C in July to ~4.5°C in January and annual '
precipitation averages 75 cm (Judziewicz and Koch ’1.993)._ The isiand was logged
intensively in the late 1800s, and fires and logging continued fo affect thé Qegétatioh | , |
until 1950. Currently,‘the‘ island is covered by second-growth fofr.e*st,' dominated by
white birch (Betula papyrifera), sugar maple (Acer saccharum), red maple (4.
| rubrum),.Whitefcedarl(Ii'mja bccident;wlis); balsam fir (4 bie& balsamea), aﬁd quaking "
aspen (Populus tteﬁtuloides) (Judziewicz and Kobh- 1993). ‘Hunting was not éliowed
on tﬁe islzind befoi‘e 1994, Hunting Was allowed beginning in: 1994, but it is unlikely.
that .any beérs were hunted or harvestéd due té restrictions o baiting and difficult |
| ~ access to the island (Fléming 1997). Most island ‘us’e) Wﬁs 'r‘ec_reational,?(mainly .
~ camping and hiking. " i
METHODS
‘Bears were capmrgd‘wiih ”.fv'oot snares, barrel traps, tranquilizer dart guns, by
hand, or in dens. Trapp/ing occurred during summer 1984, 1987-1990, and 1993-1994

(Fleming 1997). All collared bears thaf could be located were checked once while in o

(;
\

J
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the den every year from 1984 to 2001, when all collars were removed and the stody‘
was terminated. | Trapped and denned bears were immobilized with a mixture of - k
ketamine hydrochloride and xylazine hydrochloride (’1984-19796) or Telazol (1997-
' 2001). ‘All bears were sexed and weighed. At first capture, all non-cub. bears were
marlced with ear tags and a permanent lip tattoo. - A premolar tooth was extracted
from all bears of unknown age to determine age. All captured bears of suitable
weight were equipped with radiocollars. |

. We obtained abundance estimates, population age structure, and litter sizes
from F leming (1997).. Yearly population estimates are based on the number of bears
present in May. We ran 3 different arralyses 1o test for evidence of density-.
dependence in fecundity as well as yearly variation in survival. . We tested yearly
populatron estrmates for ﬂt t02 common populatron growth models an exponentral
growth model and a logrstrc growth model We: determmed model ﬁt wrth the 2nd
| order Akalke Informatron Cntenon (AICc) corrected for. small sample size; the model |
of lowest AICc value was the best ﬁt to the data (Bumham and- Anderson 1998)

We. calculated the average number of cubs for each pnmrparous female o
wrthout yearlmgs for each year from 1984 to 1996 We mcluded mature females that‘
skrpped a breeding cycle ‘when determmmg average litter size for the year. Thrs .
allowed us to comhine actual litter size with breeding frequency to better estimate
total productivity'in the population. _This value was regressed agair_lSt estimated total
ab»ufndance. . We also regressed mean cub and yearling weights against total |

abundahce to test for eirldence of density-dependence in cub and ye_arlihg weight.
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We obtained survival estimates with Program MARK, using a recapture only | ,
analysis (Whrte and Bumham 1999).. We ran 16 models with as few as 2 parameters ‘
(constant surv1va1 and recapture for both sexes over all years; <I>( )p(.)) and as many |
as 64 parameters (tirne and sex dependent survival and recapture probability;
D(g*t)p(g*t)). We determined model fit using the second order AI}Cc scores
generated by MARK. |

- We used a Ricker model (Ricker 1975) to test for the effect of stock size and

Winter Seyerity Index (WSI) values on yearlly’ recruitment: -
o,—BS-cX
R=aSe ™"

where cub recrurtment (R) is a limctlon of stock srze (S) a densrty mdependent )
productron parameter (a) dens1ty—dependent 1nteractions (BS) and WSI values (cX).
WSI is measured as the number of days from November to April wrth temperatures |
below 17. 8°C (O°F) and more than 18 mches of snow on the ground (Kohn 1975)
We estlmated model parameters (ot and B) by srmple hnearregres{sron using the log-
transformed equatron | |
loge(% = loge(a) BS—cX+&

We estimated model parameters (ot B, c) for the model containing WSI values with
multiple regressron by usmg SAS statistical soﬁware 'We ran 3 model varlants by
using dlfferent deﬁmtlons of stock: all non-cub bears, all females and all females ‘.'
available for breedmg We chose the best model based on adjusted R* values. We

8

X
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added the WSI variable to the best model, and we compared the two models by using

the second order AIC,:

AIC, = n*In(RSS/n)+ 2K + 2XE+1)

- Where (n) is sample size (years), RSS is the sufn of sduared residuals, and K
is the number of estimated parémeters (including an error ¢stimate). Again, the best
fit model had the lowest AICc‘_sc}ore. | | |
RESULTS .

| Densities ranged from a low of 0.07 bears/km” in 1984 to a peak of 0.76 ©
bears/k_m2 in 1994 (Table 1). Population growth best fit a logistic growth curve " |
(logistic model: AIC. = 22.59, exponen.tialmodel AIC, = 28.11), where carrying
capacity (K) is 27, initial population size (No) is 4, and intrinsic rate of increase () is .
0dFEg ). S |

- Average litter size declined as black bear density increased (g = 0.568, p=-
0.007; Fig. 2). The decline in wihter yearling weights és density increased was
‘ jnarginal and likely related to inadequate samplé size (* = 0.676, p = 0.09; Fig..3),'
whereas winter cub Lweights did not appear to be affected by total dbunda_nce_(rz__ =
'o.13, p=0.38; Fig. 4). - | .

.. The best w&iVﬂ moqglcoht;ained a single parameter for survival for both
sexes and all years, as we’llﬁ;is 2 parameters for recapture probabilify, 1 for males and
1 for females (Table 2, 3). | |
(/
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The Ricker Stock Recruitrrient model of best it did not contain a coefficient :
: ~for WSI. Best fit occurred when Stock (S) included all n‘on-cub‘bears m ‘the s
populatioﬁ and pfedicted the following year’s recruitment (*=0.605,p= 0.0029;Fig. |
5). When best fit was achieved, the'den_sifyeindependent production parameter (cx)}

© was 1.63, 'é.nd the density4dependeht parameter (B) was 0.117 (S.E. 0.029). "vl‘h'e‘ﬁnal‘

model looked like this:

R=1.638¢""°
A;ﬁ;:ording to the nafure of t,h?‘ mo;_icl, ;ecfuitment (R) wa§ maximizc_q at51 -
cubs/ye#r when ;tpck size (S) is 8.5 non-cub bears, or a density of 0.21 bears/kmz. ‘ i
DiSCIfSSIbN . o |
,Althqugh it is 'ge‘:nera}llyundxerys{;qod that popp!gﬁons at or inear écqrr:ying o
: Qapacity are regul.ate,d: through dens_i?y-depegdent meqhanisms? gv.i)dencc that‘ §uppprts
tpat position for black bear popula;ions is weak (Taylor 1994). The main difficulties
in obtaining evidence fqr dgnsity-ficpepdent populatign regulatipg ar§ density-“ |
independent, stochastic events that act as confounding factors. The data from .
Stockton Island clearly »Sh,"“,’ a decline in f¢cundity (measured as a{/erage litt"e_r‘size) -
as dens‘itvyincreased.. The data also proyide‘ eyidence of logistic population growth .
apprpaqhing the island’s cairying éépacity. : Survival waé constant’fdr”all_ years and |
| both sexes ba‘se_d‘vo‘n gnalys‘.‘i’s‘in program MARK No model with time-dependent
éurvival had a médel likelihood greater than0003, whereas the third and fourth best

models conta}ined 'sex-dependent survival parameters. It seems likely, therefore, that E
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decreased survival at hi gher densiﬁeé does not act as a regulating mechanism in the
| Stockton Island popﬁlation, AnalySis of the Ricker Stock Récruitment model shoWs
that recruitment is maximized at an intermediate deh‘sjity.. The data oh»yearllingf
Weights also suggest that perhaps competition for resourcés ai high density Iimits .
yéarling size, but the sample size is small, aﬁd other factors like female condition or
food abundance may play a larger role. These factors combined proﬁde evidence of
density-dependent regulation in the Stockton Island popul‘ation.‘ Annual cub, yearling,
or subadult mortality, another potential regulating niechani'sm at higl.l densitiés ey
(Taylor 1994), could not be estimated in this study due to inadequate sample size.
Fleming (1997) observed several cases of probabfe cannibalism on shb-adult ahd
~ yearling bears>during fhe years of highest density, when interactions between bears
would be highest. |

Long-term studies gré clearly impoﬁmt to better understand the dynamics of
an animal population. But few studies are able to continue long enough to discover
trends (Pelton and van Manen 1996).. This pi'oject was long enough both to determine
trends and to cover a wide range of densities. - | |

Garshells (1994) rev1ewed much of the research on North Amerlcan black
béar populatnons that potentially exhibit density d,epenc_lence;v Kemp (1972, 1976)
 initiated a unique study in east-central Alberta involying expérimental »manipulation’)
of an unhunted black‘ bear pdpulation. After obsérving the population and generating
Linéoln—Peteréen estimates.”gf pbﬁﬁiatio'n size, he removed 23 adult m.alesv over 2 |
- years. Following remoVai, _the \population was again monitored for 4 more years.

Population size increased initially, and later fell to pre-removal levels. Following
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adult removal, YoUng and Ruff (1§82) obserYed a douhling‘ of the proportion of 3
subadults in the population.- ‘The researchers concluded that the population Was held
~ in check by adult male densrty, one of the main hypothes1zed densrty-dependent
regulatory processes in black bear populatrons Garshelis (1994) questioned these
conclusions based on further analysis of recapture rates that 1nd1cated the Lincoln- -
Petersen estimates of population size were unreliable at bestl dn Garshelis’ (1994)
recommendations, Sargeant and Ruff (200 I)reanalyzed the ‘data hy usingJolly-Sel)er '
open population'models to estimate population size. Based on this-reanalysis,' theyl '
concluded that adult males inﬂuenced local bear densities on the Cold Lake Study
Area. ‘But they also cautioned that their results did not “pennit inferenoes about
density dependence or population regulation” as they defined thiem.‘ They
recommend that bear hiologists reserve population status for disjunct or “much larger
populations™ to avoid confusion and minimize apparent density-dependent effects of E
local, small, arbitrarily defined black bear populations (Sargeant and Ruff 2001). |
Other studies cited in Garshelis (1994) contained limited evidence of density-
dependent population regulation Lindzey and Meslow (1977) observed the highest o
| reported densrty (176 non-cub bears/ 100 km?) on Long Island i in Washmgton |
F ollowmg a decline in berry production, subadult and adult bears began to dlsperse
and 6 cases of conspecific klllmgs were reported. Of 2 populations of black bears in |
'Arkansas with biased sex.ratios, Clark (1991) found the population With a higher _
“ male sex ratio had a lower mean l‘i‘tt‘er size and cub survival. -These differences are
most likely attributable to the higher number of males rather than an)i' density-
dependent effects (both populations had relatively low densities). -

{
-
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The main llmltatlon of this study is the lack of data on confoundmg, densnty-
mdependent eﬁ‘ects Data on food abundance and avallablllty were not collected
throughout the course of the study. It is possible that what we interpret as density-

'. dependence could in faet be a resnlt of low food production during certain years
(Payne et al. 1998).' But we believe that the trend, which spans 13 years, COVers years
of poor and goed food production and sfill maintains a downward trend as density

| inc'rea'ses." Increasing density eausea competition for foovd resources, perhaps 5
decreasing female fitness and reducing litter size. In this instance, lowfood s
availability would be directly causing the litter size trends We obserifed, but these
trends would be density related nonethe_less. : | |
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‘Table 1. Estimated number and density of non-cub black bears on 40.7-k1n2 Stockton -
Island, Wisconsin, during May 1984-1996. Data from Fleming (1997).. . "=

: No. No. SR : L
Year males females =~ Total Density (bears/km?)
1984 - 1 2 3 -0.07
1985 - N 2 - 3 - 0.07
1986 5 T 12 A 0.29
1987 6 7 - 13 ; 0.31
1988 7 8 15 037
1989 8 9 17 0.42
1990 8 10 . 18 0.44
1991 1 12 23 e 0.57
1992 9 11 22 g 054

1993 0 12 11 23 T osT
1994 ‘ 15 . 16 31 - 0.76
1995 11 : 15 26 - 0.64
1996 10 _ 15 ‘ 25 - - 061

7
//‘”/
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Table 2, Rank of the 5 best survival models (based on AIC,) generated by program.
MARK for a population of black bears on Stockton Island, Wisconsin, 1984-2001.

‘\l

Model A, A K Model Likelihood”
O()p(g)* 29242 000 . 3 100
o()pt) - 29263 021 ... 18 090 ¢ o
o@Ept) 29413 171 19 | 043
o0)p() 29796 - 5.54 2 0.06
*K=numberofparamet¢_rsin’the‘mode‘li ‘ e
Model Likelitond = QAIC (CurrentModel)
V ... QAIC,(BestModel)

/.
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. Table 3. Pa‘rametér estimates generated by progra:n MARK for the best survival
- model for a population of black bears on Stockton Island, Wisconsin, 1984-2001.

Model i’arameters* * Parameter éStimate B 95% CI

‘Survival : 0808 - 0.749-0.856
Recapture-males : 0.820 - | -0.710-0.895
Recapture-females : 0966 0.875-0.991

: *Modei parameters based on model ®(.)p(g), where ®=survival, p=capture
probability, (.) indicates constant survival, and (g) indicates sex-dependent capture

probability. ’
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- Figure 1. Population growth curves for black bears
on Stockton Island, Wisconsin, 1984-1996. Data from
Fleming (1997). Dashed line indicates exponential
model, solid line indicates logistic model.
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Figure 2. Negative relationship between mean litter
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Figure 3. Mean yearling weight versus bear

density, Stockton Island, Wisconsin, -
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_ Figure 5. Linear Ricker stock recruitment model for a Wisconsin
~ black bear population on Stockton Island, 1984-1996.
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ABST RACT We developed two von Bertalanffy growth curves and a model ’

\ predrctmg werght from pad measurements glrth and length usmg data collected
from black bears (Ursus amerzcanus) in northem Wlsconsm from 1990-2002 Lco
from the length—age curve was’ 161 6 cm, and W from the welght-age curve was
92 299 kg The multlple regressron model predrctmg werght mcluded chest grrth ‘
total length and rear pad wxdth, w1th an overall r2 of 0 936 Both von Bertalanffy | _
growth curves are valuable for comparlsons between populatlons or between years

: w1tlnn the populatron, and act as mdrcators of envrronmental condltrons ‘

Key words black bear morphometncs Ursus americanus von Bertalanffy
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: Morphometrics often are recorded in animal studies to assess body condition,
detemnne taxonomy, record growth, or predlct dlfﬁcult to measure vanables like age
and welght Von Bertalanffy growth models have been developed for several species
to assess growth rates quantitatively for compansons between populations, sexes
‘within a population, or years within a population. “ A"I‘heses models have been used.
most extensively in fisheries research but have been applied to some mammalian o
populations as well. - Predictive equations have been/ldeveloped for many species that
relate a single easily_ measured morphometric to more difﬁcult to measure parameters

" through a simple linear regression equation. Others have been developed using

’ multiple regression to increase thepredictive accuraey through the measurement of
several variables. Still otherimodels have been developed that use morphometric

| parameters to generate an index of health, body condition, or survival probabilities.
One problem with these equations is:t:he interpopulation variation that exists in the
parameter relationships. e |

| The most common predictive relationship for black bears‘ (Ursi:s nmericnnus)
has been between welght and chest girth. Not only does sucha model prov1de an
easier means of assessmg the weight of a heavy ammal but lt also provndes o
information on the growth and shape of the ammal. Payne (1976) developed a
weight-girth eqUation for Newfoundland black bears, and others have been developed
for black bear populations in,Tennessee, Montana,and Arizona (Swenson et al 1987);
Kessler (1994) developédﬂtwo .models‘for black bears in LWis_consin, using chest girth

“and neck circumference to predict_weight. Brooks et al. (1998) developed models to
[
\/
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predict body lengfh; weight, and skull width from pad width measurements for black . |
bears in Minuesota. Kohn (1982) showed evideuCe-of a strong relationship between
both chest girth and composite pad measurements aud weig.ht,‘but did not provide an: |
| equation describing thut relationship. He noted that some of the variation may have
been caused by cbllecﬁng weights throughout the summer and recommended " .
generating uredictiVe equations based on data collected over a shurt time period.
Von Bertalanffy growth equations are less common for mammal populations,
but they have been fitted for a population of polar bears (Kingsley 1579). In order to
understand the growth rates and development patterus of black beAars'b‘etter, we
developed predictive equations as well as von Bertalanfty vgrowth equations for a
population of biack bears in northern Wisconsin, .
METHODS - .

.. - Data Were collected ﬁombears in Ashland County-in the Chequamegon
National Forest of northern Wisuunsin. :;Flcming (1997) described capture and
ﬁandling methods. Bears rwure ixlitially captured with foot snares and barrel traps
between May and August vBears wereurad}iu-collared, éar—tagged, andhp-tattooed
Year of biﬁh was determined af first cépture for bears of unkuoum age Ey Acounting
Cementum annuli on a first premolar. . Beai‘s Were monitored by fadio-felemutry from
den émergence until dén entrance; Deus wefe \./isited;in’ lufe January, Febmary, and
eérly March. -Bears were sedated with a mixture of ketamine hydroéhloride and
xylazine hydrochloride (1_990-1996) or Telazol (1997-2002). Sedated bears were

- removed ﬁ'oul the deﬁ,/piaced in a‘ net, and weighed with a ,spn'ngécaie to the nearéét

pound and later‘con\ierted to kilograms. Data in this study were lacking for male

/
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bears, because enly females were monitored for most of the study peﬁod. As aresult,
we fitted models for females only. Four pad measurements were taken: right front -
‘width (at the widest point), right front length (irr a straight line down themiddle of the
pad), right rear width (at the widest point), and right rear length (in a strarght line
down the middle of the pad). Chest girth measurements were taken directly behind
the front legs while the bear was lying on its sjde. Total body length was measured
from the tip of the nose to the base of the tail along the contour of the spine. Over
the course of the study (.1 990-2002),» several people took partin takrng arl_d reeording
weight, girth, pad, and _len‘gth measuremerlts.‘ .‘ '- o

We ﬁt ven Bertéalantty Weight-age, length-age, and weight-length growth
equations for female bears only. F er the length-age data;-pve used an additive error |
inodel because residuals were evenly distributed for all ages (i.¢., variability in length
was not an increasing function of age):

L L (1 -Kﬂ”—to) )N
where Lt is length at age t, Lm is maximum or asymptotrc length K is the rate at
WhJCh Lt approaches Lw, and tp 1s length at age 0 (Klng 1995) We estlmated ”
parameters by usmg a nonlmear least-squares method in SAS (PROC NLIN SAS
Irrstltute Irrc . 1999), An additive error model was also approprrate :for weight-age
W=W, (1 —e Kt

where Wt is wetght at 'aée t, Wo is maximum or asymptotic weight, K is the rate at :
'Whjeh W, approaches W.,, t is weight at age 0, and P is a shape parameter derived

/
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froma weight;length relationship (King 199.5);: Beta was'estimated ‘from the weight- :
length relationship; we estimated all other parameters using PROC NLIN in SAS
(SAS Instrtute Inc 1999) Weight-length data requrred a multlphcatlve error model
as resrduals increased w1th increasing length (1 e., vanabrhty in weight was an.

increasing function of length) The basic model is

CWealf .
where W is Weight 'L is length, B isa parameter describing the shape and a describes
the relatronshlp between length and weight. We loge transformed the model s0

re51duals would be evenly dlstnbuted at all lengths

10ge (W) loge (a) + ﬂ loge (L)

We estimated parameters by using simple linear regression. We then used the \'
~ estimate of beta in the weight-age model.

Because multlple measurements ‘were performed on 1nd1v1dual bearsin
multiple years the lack of mdependence among the data might have led to blased
estimates and confidence intervals. To test for bias in parameter estimates and
generate unblased conﬁdence 1nteruals for parameter estlmates we used a
bootstrappmg techmque for all 3 growth models We calculated conﬁdence 1ntervals R
by usmg the blas-corrected percentlle bootstrap based on 1500 bootstrap samples
. (Dixon1993). S

.. We performed all multlple regress1on analyses w1th SAS software. Individual
bears with missing data we ellmlnated from the analysis. We double loge transformed
~ datato achreve llneanty. AIl recorded measurements (4 pad measurements, total |

llength, and c/h'est girth) we included in regression analyses as independent variables to

s
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predict weight. We based model selection on RSQUARE AIC in PROC REG in SAS
(SAS Instltute Inc 1999) AIC is calculated as — 2LL + 2K ‘where LL is the log of
- the llkellhOOd of the model and K isthe number of parameters 1ncluded in the model
(Burnham and Anderson 1998) We used AIC values to balance the 1nev1table result
of i mcrcasmg ﬁt as more parameters are added to the model w1th the necessrty of
keeplng models as 51mple as possrble We chose the model w1th the best fit based on
the lowest AIC score. | |

| From 1990 to 2002 138 measurements of age wetght total length, chest glrth “
| and pad dlmensmns were taken from 61 female black bears Sample sizes vaned |
between analyses because not all measurements were taken on all bears All
parameter‘ estlmates were unblased based on bootstrap results |

| Results of the(welght-length model were based on 134 measurements of 61
bears (Table 1) The s1mple regresston model between welght and length was

s1gmﬁcant (p<0 001 ad_]usted r2 - 0. 879 F1g 1) y1eld1ng the followmg relatlonshrp

W= 0 00000485L3 24
| Based on 130 measurements of 55 bears and usmg the}b'eta value obta_ined
from the weight-length relationship above the \}on Bertalanffy .Weightjage model

- yielded the followmg relatlonshlp (F ig. 2)

W 92 299(1 e—O 349(t+l 749) )3 264 i |

/

The length-age model (Flg 3), derived from 122 measurements of 50 bears drsplayed

the following relattonshlp between length and age: -

[
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s L o 161 635(1 e—0509(t+0995))

Multrple regressron models were based on 131 measurements of 59 female |
bears.- For all 63 models in the model set r2 ranged from 0. 333 to O 937 (Table 2). |
The best model based on AIC values had an adjusted r2 of 0. 936 and contamed 3 )
parameters glrth, length and rear pad width (Table 3. o
DISCUSSION R

Swenson et al (1987) suggested that a srngle equatlon may be vahd wrthtn
elevatronal zones. They reported studtes from elevatlons of 548 m to 3 270 m. In

general they noted an increase in the exponent of chest gxrth in the Standard

relatronshlp W aGﬂ as altrtude 1ncreased suggestmg altrtude affects black bear

growth and body shape The beta parameter in our smgle parameter equatron

(W 0. 0004G2°‘m) was Srmllar to that found ata srmllar elevatlon, suggestrng an \‘
elevatlonal model mrght be appropnate |

Whrle provtdmg less brologlcal mterpretatron than a srmple chest gtrth-wetght
relatronshtp, multtple measurements mrght prov1de better esttmates of werght than a.
‘ single parameter model Some other measurements oﬁen taken 1nclude pad g
dtmenswns total body length, and skull w1dth Swenson et al (1987) 1ncluded a B
body srze mdex parameter (length X grrth Squared) to estimate welght more accurately
| But addrng more parameters will 1nev1tably mcrease ﬁt (Bumham and Anderson |
1998) Usmg AIC to balance model performance w1th the prmcrple of parstmony, we.
were able to ﬁnd the best predlcttve model of wetght posstble for the measurements
that were taken The beSt l-parameter model contarned only grrth, and enplarned

89% of the vanatton in wetght The best 2—parameter model tncluded girth and length, ,

/
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explaining an additional 3.6% of the variation inv‘weight.. The final parameter that -
increased fit enough to lower AIC was rear pad width, which explained 6.65% more
variation in vveight (Table 3).  Three other 4—parameter models were,within 2 AIC of
‘» the best model but did not increase the ﬁt of the model (Table 2). Because chest girth
is by far the best single predictor of weight, it is more practical for hunters to use;‘ )
- rather than taking less viable measurements.

A potentially signiﬁoant additional source of variation is inter-researcher
variation. During the 13.years of the study, several people were involved with..
handling; measuring, and recording data. This source of variation might be greater
“ than inter-population variation (Eason et al.' 1996). Eason et al. (19.96)J suggested
| ways to reduce researcher-induced variation, including us1ng clearly deﬁned
parameters, .usmg multiple measurements in predictive equations, 11m1t1ng the number
of people involved i in taking morphometncs dunng the course of the study, and :
| prov1d1ng training and proper eqmpment to ﬁeld researchers |

~Von Bertalanffy growth models have been developed for many different
animal species, and they\represent a theory of orgamsmal growth that ‘relates length
and weight to age.. Such relationships allow comparisons between sexes,A populations,
or time periods within a population. The equations provide infOrmation'on the rate at
which an individual 'app_roaches maximum length or weight, as well as what the |
maximum weight or length is., Few weight-age or length-age models have been
deveioped for iarge mammals, and none for black bears. Kohn (1982) presented '
average live vveighteat-age data for male and female black bears in Wisconsin. He -

: ‘  found that females reached their maximum weight after 6-7 years on average, and



males reached maximum weight at 8-9. Kingsley (1‘979) generated ven Bertalanffy_ -
weight-age models for polar bears during 2 time periodsto'test for differences in S
growth caused by an rmusually severe winter.‘ Analysis of the curves suggested that’
subaduit polar bears’ were most aﬁ'ected by the severe winter, perhaps due to their 5
lack of experience and success in.' hnnting with a reduced prey base. ..

Data in this study,were lacking for male bears, because only females were -
eollared for most of the study period. Asa resu1t, no eomparison between sexes was
possible. The curves previde‘ a baseline on female growth during that period studied,
which might be useful as a source of comparison between other populations or even
in future years for the same population. . Kohn (1982) suggested that blaek bear
average weights inay provide information on changing population age structure. -~
- Because bears feed at bait piles used for hunting, Wis’consin’s recent (spring 2003)
ban on deer baltmg and feedlng, if continued, mlght also have effects on black bear
growth rates that could be detected by ﬁiture werght-age relatlonships and analysrs of
von Bertalanify growth parameters., These models providermportant, mdlrect
information on food availability and abundance, environmental stresses, and intra-
population stresses including increased intra-specific competitien resuiting ﬁbm high -

population densities. n
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Figure 1. von Bertalanffy winter weight-length relationship for female black bears in
northern Wisconsin, 1990-2002. Dots represent actual data pomts (p<0.001,
adjusted rz—O 879, =134 measurements of 61 bears) ‘

49




120 -

004 -

80

60 -

- Weight {kg)

0‘ | ,‘ ‘ T T T . T - T T K
o 2 4 6 8 10 12 14 16
| Age (years) Lo |

Flgure 2 von Bertalanffy winter welght-age relatlonshlp for female black bears in
northern Wisconsin, 1990-2002. Data points represent actual measurements, For,
parameter estimates see results sectlon (F=1304.3, p<0.0001, n=130 measurements of

.- 55 bears).
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- Figure 3. von Bertalanffy winter length-age relationship for female black bears in

northern Wisconsin, 1990-2002. Data pomts represent actual measurements. For

parameter estimates of the growth equation see results section (F“334 4, p<0 0001
n=122 measurements of 50 bears).
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Table 1. Parameter estimates and 95% confidence limits of 3.von Bertalanffy growth o

models for a population of northern Wisconsin black bears, 1990-2002. = =

MOdCl R | S ‘Palameter B Estlmate N

W, =W, (- )
K 0349

T, 1749
L=L,(-e* ™)

- UK 0.509

To - -0.995

W=al’ o  4.85E-6

B - 3.264

L.* 161635

N

Lower
85.08

U 02m

2,594

15809
- 0.441
0649
20356

3.109

*Weisinkg, Lo isinem.”

L
~
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‘Table 2. Top 5 multiple regression models to predict female black bear weight from
4 pad measurements, chest girth, and total length for northern Wlsconsm black bears,
~'1990-2002. Model selection based on AIC values, =

Parameters in model S r2 k | A_AI_Q
glrth length, rear w"' R 0936 0‘

girth, length, rear w, frontl B 0936 51”1._326
girth, length, rear w, rearl R 0.936 ) 1702 _ .
girth, length, rear w, frontl. S 0936 CS ”lv.9‘68
girth, length rear w, rear |, frontw 0937 2728

*rear w = right rear pad width, front 1= front nght pad length front w = front right

- pad width.

n=131 measurements of 59 bears
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Table 3. Parameter estimates for the best model to predict female black bear welght
for northern Wlsconsm black bears 1990-2002.

Variable :P eter estlmag - Partial 2 Model r* F-value‘ P-value‘

Intercept -10 278 (0.428)* 575.60  <0.0001
Girth i '1.336 (0158) 08937 0.8937 71.86‘ ~ <0.0001
Total length 11452 (0.197)~ : 0'.035'93‘;‘* 09296 - 5427 <0.0001
Rear pad width 0.520 (0. 145)' 0.0065 70.9361 12.92 | 0.0005

*values in parentheses are standard errors.
) n—131 measurements of 59 bears
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ABSTRACT We developed a Resource Selectlon F unctlon (RSF ) predlctlng black
bear ( Ursus amerzcanus) den s1te SClCCthIl in northern Wlsconsm 1993-2002

| Logjstlc regressron analysns mdlcated that the 2 51gmﬁcant habltat condltlons

| predxctmg den slte selectlon were dec1duous cover and water cover w1thm 500 m of
the den Dens occurred in areas w1th hrgher declduous and water cover than avallable ,
in the study area. Declduous cover and nearby water sources mtght provnde the |
necessary condltlons for rapld recovery from hlbematton

Key words black bear den site selection, Geographrc Information System, logistic

regressmn, Resource Selection Functlon, Ursus americanus-
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) * Black bear habitat use often changes from spring to summer to fall, and milst
fulfill 3‘pre-requis_ites: ‘foraging; travel, and denning: Habitat used for denning is
especially important for parturition and early cub growth and development (Clark et - |
al. 1998). Den insulation and protection from spring flooding are important factors
affecting cub surVival and overall female productivity/(Oli et al. 1997, Clark et al.

1998, Hellgren and Vaughan 1989, White et al. 2001). Den sites and their o
surroundings must proVide protection from disturbance by humans or predators ‘
dunng hibematlon be suitably dry throughout the spring and early winter to prevent
drowning or premature den evacuation, prov1de adequate energetlc eﬂiclency through’
adequate insulation (Oli et al. 1997), and provide 1mportant food, water and shelter :

for the critical first few weeks Of physiological transition following hibernation
(LeCount 1983). Den sites and types of dens used have been shown to vary by
geographic location and local availability; snggesting the impoft_ancé of int’estigating
‘local conditions that might influence den site selection (Beecham etal 1983). ‘Some
studies have repofted den site vegetative characteristics like basal area and kspecies o
, dominance. To our knowledge only one study has used Geographic InformatiOn‘ ‘
Systems to model black bear den site selection relative to large scale’ habltat
charactenstlcs (Clark et al 1998). Our ob_]ectlve was to charactenze black bear den |
site selectlon in northern Wlsconsin relative to various habitat charactenstlcs by °

developing a resource selectioﬁi’unction (RSF). -

L
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METHODS
The study was conducted in Ashland County, Wisconsin on the Chequamegon
Natlonal Forest. Metods and study area were described by Fleming (1997) Bears
| were captured with foot snares and barrel traps between May and August. ‘All -
females were ear-tagged, lip-tattooed, and radio collared. Males were cnly monitored
during the earliest years of tlle study, and data on their den site sel}ectioin was lacking.
Throughout the course ol' the study, female #arlings of collared adult females were
collared and added to the study. 'Age was deterrnined using cementum annuli analysis
~of a first premOlar.' Bears were monitored at least biweekly up ‘to den entrance.‘
Denned bears werev located initially in December or January, and revisited in January,
‘ F ebruary, or March when they were immobilized and removed to measure and weigh
adults, cubs, and yearlings, and collar new female yearlings. Den location was :
determined with a Garmin hand-held GPS receiver, recorded in Universal Transverse
Mercator (UTM) pro_lectlon and later transformed into Wlsconsm Transverse
: ‘Mercator (WTM) projection.. |
- All spatial data were manipulated by using ArcView GIS 3.3 (Envir_o‘nmental ‘
Systems Research Institute, Inc.).i Habitat coverage of the study area was obtained = ‘
- from the Wisconsin Initiative for Statewide Cooperation on Landscape ‘Analysis and
Data (WISCLAND) Land cover data were obtamed from LAN DSAT Themat1c ‘. !‘
| Mapper satellite i 1magery from ﬂy-overs in August 1991 May, July, September and
October 1992 and May 1993 (Wlsconsm Department of Natural Resources 1998).
We combmed 42 land cover classes obtained from WISCLAND into 12 classes for

the analysis. Of the 12 land cover classes, only 9 occurred within the study area:
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égﬁcultllré, grassland, coniferous forest,»decidubus forest, mixed
deciduous/coniferous forest, open Water, wetlénd, forested wetland, and shrubland |
(Table1). - | '

~ We used logistic regtession to identify tﬁé Qaﬁables -usgﬁ.ll in pfediéting ifa
site is used by a black bear for denning. We ran the analysis with PROC LOGISTIC
in SAS statistical software (SAS Institute Inc. 1999). We enteréd 14 paraimefers into
the logistic regression ahaly_sis: habitat type at den site (habitat),.distahce toroad o
tdistance), slope of topégraéhy (slope), aspect of topography (aspect), diversity of |
habitaté within a 500 m radius buffer (diversity), coverage of agriculture iﬁ the buffer
(ag), graésland coverage iﬁ the buffer (grass), cbniferous forest coverage in ﬁe buffer
(conif), deciduous forest coverage in the buffer (decid), mixed’coniferous/deCidliouS
forest coverage in the buffer (mixed), dpén water coverage in the buffer (water), -
wetland co‘vefage in the buffer (weﬂand), forested wetland cdvérage in the but_‘fef =
(forwetland), and shrubland coverage in the buffer (shrub). A 500 meter radius buffer
(.79 km?) was chosen because it coveré a similar area that is utilized by black bears
shortly before and shortly after'dennin'g. To estimate total habﬁat availability, we
generated 320 random points within thé study area, and each of the 14 parameters
 listed above was calculated for the rahdom ;;oints as well as for the den sites. "To ,
limit the model set, we comi)ared the 5 best 1,2,3 ,4,~énd S‘paraméter models (25 total
| modélé) based on AIC"value's. ‘We obtained confidence intervals for parameter |
- coefficients by using a biag,-coi‘ré’c‘ted bootstrap proéedure based on 1500 iterations

(Dixon1993).
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RESULTS AND DISCUSSION

- In the winters of 1993 to 2002, 76 dens of 29 female bears were located. of
thé 14 parameters included in ihe logistic regressjon analysis, the best ‘model ,
contéined jﬁst 2 parameters: coverage of deciduous forest in the bﬁffer and coverage
of water in the buffer (Taible 2). The coefficients indicate that den éite‘selection is
positively related to both parameters (Téblc 3); Bobtstrap results indicated rio bias in
p’arametéf esfiniates; i k

. © Black bear den site‘ selection varies throughoﬁt their North Americén range.
Dens vary ﬁ'om hollow trées‘and rock den§ to nest bowls, excavations, aﬁd brushk .
; piles. Suitable den siies are most likelyylimiting where tree dens are the prédominaﬂt
type used. ‘Where dens can range from brush piles to excavations to root tips to nest
bowls, den availability will likely not be a limiu:_ng facior on thé f)opmaﬁon. This is- )
true of the avéilability. and quality of dens in-northcm Wiséonéin,- where béam denon
thé grounkdr or in excavations almost ex.clu's-ively (Kessler 1994).' ‘ E .

Other macro and microhabitat conditions also play varying roles in densite '
selection. An important characteristic of“many den site IOCatiQns is concealment.
Beecham ct/al. (1980) found that low-elevation dens (<1800 m) in Idaho were in -
thick brush cover, whereas bcars denning at higher eievatiohs Wére more often in the
open ahd dependent on the higher snow cdver for concealment. Héilgren émd
Vaughan (1989) also obsgx;vcd the importance of deﬁse.vegetation in deh site. i |
| ’seléction in the Great«/D/i’smal 'Sv'vamp.‘ Hayes and Pelton (1992) observed an inverse
relationship between the structural security and habitat cover of den site locations.

!
!
| ’
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Dens that provided high structural security (rock caves) had limited amounts 6f
understory vegetation, whereas dens with high understory vegetation pfdvided limited
5tructural security.- Both, however, were capable of providing the concealihent and
protection neede& by hibematihg’ black bears. |
Aspect was not a signiﬁCant j)rediéfor variable for den site seleétidn in our

model. In Arkansas rﬁore dens} were on south flmd west facing slopes than on éast and
north slopes (Hayes and Pelton 1994). Moie dens in Alberta faced north and west =
than south and east (Tietje and Ruff 1980). Most dens in Idaho had e.lspect_s facing
west, northwest, and north (Beecham et al. 1980). But aspect can ﬁave e’.ffect on den
selectic'm (Schwartz et al. 1 986).. Aspect of ’d.ens in Wisconsin did not appear to differ
from random (Kessler 1994). Several theories regarding aspect have been’dcveloped.l;
North facing slopes retain snow cover longer into spring months thus prOviding “
greater insulétive effect, and they alsb niight pfovide favorable soil moisture e
conditions for understory development (Beecham et al. 1980). Southern slopés might
be preférred over northern slopes wheré bﬁth gxist_, but local topographical éonditions
that likely dictate den aspect and selectioh are most likely related to den availa})ility
(Hayes and Pelton 1992). In flat tppography regions like the boreal forests; -
windblown trees and availability of excavation sites can be fhe principal determinants
of both den location and entrance aspect (Tietje and Ruﬂ‘ 1980).

 Given the :elétively small topégrabiﬁcal relief in our study area; aspcbt
probably is not an importggt detéi';nining factbr in den site selection in Wisconsin;‘ :
- Where steep slopes are ;;lailable, excévation denskprobably will be locéted on the -

steeper available slopes because of their better soil drainage characteristics (Beecham | |

i
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et al. 1983). The slope at den site locations in our study was not significantin . |
predicting den site selection and‘was not included in the model. 'Again, the relative
lack of topographi.c reljef likely resulted in den sites w1th slopes thatfweré not - |
different than what was available. “

Several studies have looked at the land cover type that predominates in areas -
where black bears den. In Arizona, 91% of all dens were located in the chaparral
habitat type, due to dense cover that p_rovided ’protecti(‘)'ny “fro.m rain, wind, and én’ow in
winter and reliable forage in spring (LeCount 1983). Deﬁs in AlaSké»wére located
mainly in mature upland forests and regrowth upland forests; use only of regroiyﬂl
upland forest differed from what was‘ava.ilable, and bogs seemed to be avoided _
(Schwartz et al. 1987). Elsewhere in Alaska, aider (Alnus spp.) draws with associatéd
spruce (Picea spp.) or‘birch (Betula spp.) treeé’appearéd to be the preferred habitat -
type (Schwartz et al. 1987). In Ontario, 88% of dens were located in upland sites,
whlch consisted of rmxed hardwood mixed softwood, or monotyplc stands of whxte '
birch (B. pqpyrgfera) and poplar (Populus spp.) (Kolenqsky and Strathearn 1987). In
~ the Dead Stream Swamp apea of lower peninsula Michigan, Manville (1987) listed |
conifer swamps, upland hardwoods, and lowland shrubs and hardwoods as the
- - preferred Wintér habitat types. In Alberta, young stands of aspen and birch co‘ntained’

4 of 6 dens (Fuller and Kéith‘ 1980). Dens in Oregon were located‘ mainly in late seral
grand fir (dbies grandis) stands (Bull et al. 2000). - Habltat type was not a predlctor '
~of den locatlon in our study But dec1duous tree cover ina 500—m radius around the
- den site was 51gruﬁcant. Dens were located in areas mth Ipore deciduous cover thap

" was available throughout the study area (Téble 4). Kessler (1994) idcritiﬁed seasonal
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habitat use by black bears in Wisconsin. During the‘ denning season (1 October until
den entrance), aspen-birch had the highest importance value, followed ‘by swamp i
conifer, swamp hardwoods, and northern hardwoods. Throughout the year, aspen
v‘ was the most 1mportant habitat type used in northern Wisconsin, Kessler (l 994)
attributed this to the high number/of mast producing shrub species. He observed :
.mcmased aspen use as black bear age increased. This suggested that competitive |
e)rclusion occurs in this important habitat type. "Our results also stress the importance
of deciduous habitat, including aSpen, in black bear den site selection. Our logistic
regression analysis indicated that deciduous habitat was the most important variable
determining den site selection.

~ Use of Geographic. Information Systems coupled vvith digital land cover maps
provides a relatively simple method to extract habitat data at den sites and random . -
“locations. Using this information in conjunction with a logistic regression technique
can be a relatively unbiased way of selecting the hal)itat variables important toden
site selection by blaCk bears. Few mathematicalk models of den site selection have
been developed for black bears. Bv using Mahalanobis distance values, Clark et al.
(1998) developed a model to predict black bear den site selection in Arkansas relative
to 7 data layers. - While model perfonnance for all dens was poor, amodel including
only rock den sites contained 4 significant variables. Rock dens were located at |
middle to high elevations, on steep slopes, near roads, and in areas with many forest
types. Forest cover type, aspect,and distance tostvreams were not significant..

" Our RSF modélcontained 2 significant variables: amo_unt of deciduous cover |
and amount of open water vvithin 500 m of the iden. Deciduous cover is the most .

!
!
!
s

62



abundant cover type in the study area, but dens were located in areas thh more E ..
dec1duous cover than avallable Other studies mdlcated a preference for upland : -~
hardwoods and softwoods by denning black bears (Manvrlle 1987,,‘Kolenosky and
Strathearn 1987, Schwartz et al. 1987_);' Deciduous habitats lrkely prov‘ikde important
food sources for bears following hibernation. F emales‘withvcub‘s‘ remained in tlre
vicinity of the den for 2-30 days in Ontario (Kolenosky and Strathearn 1987), the
time when cubs are especially vulnerable tofinclement weather and predation. '
Principal spring foods for black bears in Wisconsin include grasses sedges, and
trembling aspen leaves and catkins (Payne et al 1998) These foods are presumably
| more abundant in sprmg in deciduous cover types. The second srgmﬁcant variable
‘was open water; bears chose den sites with more open water within 500 m than
randomly available, although the absolute difference between used and available sites
was rninimaly'(Table 4). Few if any studies have reported an affinity of black bears
for _den‘ning near water. Possit)ly, the presence of nearby yvater is important in the
- days immediately following den emergence. |
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