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WWVAIIDATIQ‘IINMGHGAN

BY

James GlemHirsch

'Ihe habitat selection and movanents of 33 radio-collared black

bears MM) weremonitored frunMardmtoDecarber1988, on

Dnmnond Island, Michigan. An attaipt was mde to validate a Habitat

Suitability Index (HSI) model designed for black bears. Habitat

variables required by the RBI model were measured in appropriate

vegetation types to determine HSI scores for each adult bear's home

range. Adult male and female hare range sizes were 75.64 ka and 43.14

kmz, respectively. The movement of bears depended on the distribution

and abundance of preferred foods. Significant correlations were not

obtainedwhenl-ISI scoreswereccrrparedtormerangesizes, cublitter

sizes, cub weight gains, and mean daily mvements. 'Ihe HSI score for

Drummond Island did not correspond well to average age of first

reproduction and mean home range overlap. The black bear RSI model

shaild be revised to better reflect black bear ecology.
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The black bear (HISLSW) is an carnivore which usually

occupies heavily forested regions interspersed with areas of early

succession (Herrero 1979) . Althongh primrily vegetarians, black bears

will eat carrion and occasionally prey upon ungulate fawns (King 1967,

Ballard et al. 1981, Ozoga and Venue 1982, Verspoor 1983, Mathews and

Porter 1988, larson et a1. 1989) . Early spring bear diets usually

corsist of gm and forbs (Hatler 1972, Kelleyhouse 1980, Grenfell

and Brody 1983, Rogers and Allen 1987, Rogers et a1. 1988). These

foods representasouroeofprotein, butdonotresult inweight gains

(Landers et a1. 1979, Beeman and Pelton 1980) . As spring progresses,

bearsoccupyuplarxiareastoforageonupland forbs, ants, andthebuds

and catkins of aspen (Ms spp.) and balsam poplar (2. Esauifera)

trees (Rogers and Allen 1987, Rogers et al. 1988).

Bearsstarttogainweightwhentheircsrbdrydrateuptake

increases in smrner (Rogers 1976, 1987: Alt et a1. 1980). 'Ihe berries

of Canada buffaloeberry (mgmg) , blueberries (yaccinium

app-L servioeberry (W sppo). wild strawberry (Emis-

Spp-). wild sarsaparilla (Malia moguls). raspberries (Ms spit»).

arri cherries (2mg spp.) are preferred foods during smmner (Rogers

1987, Rogers alt] Allen 1987, Noyce and Coy 1989) . Stld‘l berries are

mostabundant inregeneratingaspenstandsarriopenuplanivegetation
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typesinmrthcentraluirmesota (NoyceandOoy1989). Roadsidesand

clear-wtareaswerefanritoprodweahmdantsoftnastinthecentral

Adirondacks of Nev York (Warbuton 1982) . Similarly, Lindzey and Meslow

(1977) observed that soft mast producing species were 7-8 times more

abmflantinclear-artareasthaninoldercaliferardalderstandsm

long Island, Washington. Grasses and forbs are still utilized during

sumer, but to a midi lesser extant relative to spring (Hatler 1972,

Zytaruk and Cartwright 1978, eternal and Brody 1983) .

Infall, bearsshifttheirdietsfrunsoftmasttohardmast.

MastfrunAnericenbeedl (Eagusggrgifglia), northernredoak (m

mgr-a) andotherhardmastproducingtreespredaninate fall diets

(Piekielek and air-ton 1975, Rogers 1976, Iarflers et a1. 1979, Garshelis

and Pelton 1981, Grenfell and Brody 1983, Rogers 1987, Rogers and Allen

1987) . Such foods have a high fat content, allowing bears to build fat

reservesnecessary forwinterdormancy. Softmastcrops still

persisting in early fall, such as roundleaf dogwood (gem m),

highbushcranberry WM), andccnmonwinterberryholly

MM) arealsoutilized. War, thesefoodsarenotas

energyridlashardmastcropsandareusuallypasttheirpeakof

availability (Rogers and Allen 1987) .

Black bears are typically dormant fran OctoberbNovenber to April-

May in cool northern climates (Jonkel and Conan 1971, Rogers 1977,

1987) . In contrast, denning activity is usually brief or non-existent

insouthernregions (Landersetal. 1979). Bearstendtobequite

variable in den selection and cmstruction. For exanple, most bears at

Fortmmrray, Alberta, werefmnritoelmvatedenswithinyormgaspen-
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birth stands (Fuller and Keith 1980) . By contrast, bears at Gold lake,

Alberta, usuallyexcavateddersmflerroomassesinmamrestandsof

aspen-spruce and grace (Tietje and Ruff 1980). Most den sites in the

(htskill Man'rtains, New York, were in rock cavities in heavily forested

areas averaging 1.6 km fran the nearest road (O'Pezio 1980). Bears in

Michigan's Upper Peniralla usually excavate dens under stunps or logs

within conifer and mixed confer-hardwood swanps (Erickson 1964a) . Due

to the low incidence of den re-use, the availability of den sites is

never considered more limiting than the distribution and abundance of

bear foods (Lindzey and Meslow 1976, Alt and Gruttadauria 1984, Rogers

and Allen 1987) .

Black bears camonly reach sexual maturity at 3-4 years: however,

seamalmamrityaslateas7yearshasbeenreported (Kolenoskyand

Strathearn 1987) . Both males and fanales mate promiswously during the

miquune to mid-July breeding season (Kolenosky and Strathearn 1987,

Rogers 1987) . Adult females usually give birth to l-3 :1le during

winter dormancy. Bear cubs accarpany their mother for approximately 18

months. Male bears do not participate in natal care: in fact, they

will occasionally kill cubs (Rogers 1987). Overall, bears are

solitary, congregating only around concentrated food sources such as

garbage dumps.

mnnanencroadmentmbearhabitatisoneofthemajorreasms for

decreased bear numbers (Rogers 1987). Bears are secretive, avoiding

hlman activity centers and dwellings unless a reliable food source

(i.e. garbage dump, orchards) is available. Areas of high human

activity frequently act as population sinks for bears (Rogers and Allen
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1987) . Tinber harvesting activity also negatively inpact bear

popllaticns by increasing hunting ani poaching opportunities, as a

result of road ccnstructim, and decreasing hard mast availability

(Rogers and Allen 1987) . However, logging can also positively affect

bear habitat by providing increased soft nest production.

Historically, black bears were mpnotected in Michigan until 1925,

when declared a game animal by the state legislature (Stuewa 1957,

Midligan Department of Natural Resources 1988) . In 1939, however, the

legislature renoved statewide protection, but allowed the Natural

ReswrcesOamissicntoprotectbearsincolmtiesthatrequestedit.

Prior to 1980, except for a brief period in the mid 1960's, bear

hmrtersneremlyrequiredtopossessadeerlicensetoharvestbears.

Since 1980, aseparatebearlicensehasbeenrequiredtohmltbearin

Michigan. Michigan bear hunters mnbered approximately 10,000 in 1985,

ardthisrnmberhassubsequentlyincreased (MidliganDeparUnentof

NaturalResourcesl988). 'Ihegrmringmmberofbearhm'rtershas

resulted in increased interest and concern over Michigan's black bear

population (Smith 1985). In addition, there has been a persistent

conflict between bear hunters that utilize baits and those that utilize

dogstoharvestbears. Infaceoftheseissuesardprobleis, increased

lmowledge of black bear population dynamics and habitat utilization is

inportanttomaintainoptimalbearmmbersardhabitat.

'Iheplrposeofthisstudywastodetermineblackbearhaterange

sizes, hate range overlap, movanents, activity patterns, and habitat

selection on mmmmd Island, Michigan. Previous studies conducted on

Michigan's black bear pqaulatim have failed to intensively study these
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aspects of black bear ecology (Erickson 1964b, Rogers et a1. 1976,

Manville 1982) . Additialally, this study also involved validation of a

recently developed Habitat Suitability Index (m1) Model for black

bears occupying the Upper Great lakes Region (Rogers and Allen 1987).

Since HSI models are objective and produce a numeric measure of habitat

quality, they have the potential to be valuable wildlife managenent

tools. Hcmever, theacalracyofmostmlnodelshasmtbeentested.

Validation of the black bear HSI model is necessary so that HSI scores

are accepted by wildlife managers, judges, the public, and other

factions involved or influencing land use decisions.



'lhemainobjectivesofthissmdywereto:

l)determirenovanentsofbearsmadailyardseasonalbasis,

2)determinebearl‘merangesizesandrnnerangeoverlap,

3) determine seasonal habitat preferences and critical habitats for

bears,

4)validate the accuracy of the black bear HSI model, and

5)make recannendations for habitat management for bears in

Michigan.



SIUDYAREAIISCRIPI'ICN

missuldywascorductedmnr'lmnorfllsland, Michigan, located at

thenorthernerdoflakemlrm, 1.6kmofftheeasterntipof

Michigan's Upper Peninsula (Fig. 1). 'me island, located within

caippwaoamty, is337kmzinsizeandisoca1piedby800permanent

and 3000 seasonal residents (Drunmord Charter of Camerce, pers.

cannm.). Drummord Island is accessible by ferry year ramd, and

receives heavy recreational use. Sport fisherman take advantage of the

good Yellow perch (MW). walleye (film2m»

and salmon (W spp.) fisheries offered in the vicinity of

minimal Island. mite-tailed deer (Myiminiams) and small

game lnmting are popular recreational activities during the fall. Bear

mmtingonmnmrilslandwasclosedinmaz bemuse ofconcernsof

overexploitation. Hormever, a regulated permit hunt was established in

Santeriber 1988. logging and mining activities also occur on Dnmmond

Island. logging activities are generally concentrated at the eastern

portionofthestudyarea, whileanopenpitlimestonemineexistsat

the western portion of the island. Slightly over 50% of the island is

mgedbyflefldmiganWofNahmalReswrms (MINR), Forest

Managanent Division.

'Ihe climate of Dnmmond Island is considered maritime, but shifts

tocontirentalpolarduringthewinterwavisardr‘rey1984). 'Ihemean



Figure 1. location of study area in relation to Michigan.
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annual tarpsrature is 4.8%, with a monthly mean in July and January of

18°C and -1o°c, respectively (Hadeen 1988) . 'Ilotal anmlal precipitation

averages 82 an, withmost falling as rain (Hadeen 1988). Snow is

permanentlycnthegrand franmid—Novarbertomid—April (lhvisand

Frey1984), resrfltirginagrowingseasmthatisslightlyoverll

months long (Albert et al. 1986). Itaperaulres are moderated, and

cloudiness and precipitation irrzreased, because of lake Huron. In

early fall, thepassageofcoldairmasses franthewestoverthewarm

watersoflakealperiorandlakefhnmresultsinfrequentfog. Simmer

rains are associated with post-frontal northwest winds. long term

(1951-1980) mean monthly tarperature and precipitation data, and mean

nonthly temperature and precipitation for 1988 , are given in Figure 2

(Hadeen 1988).

Drtmmond Island mists of lower and middle Silurian Limestone

andDolanitebedrock, withthenortherntipoftheislarflcontaining

upper Ordovician Limestone and Dolanite bedrock (Davis and Hay 1984).

A thin layer of glacial till can be famd over the majority of the

island. Detalr stony loam, Johnswood stony loan, and Carbondale muck

arecamon soils withinthe studyarea (Veatchetal. 1927). The

majority of organic soils (i.e. carbondale nick) are concentrated in

thecentralportimoftheislandduetothelavelevationinthat

area. 'nleDetarrstonyloamsoil isfertileandhasahighmoisture

content, but is excessively std-1y. 'nle Jolmswood stony loam is closely

associatedwiththeDetalrstonyloam, butisless stony. 'Ihissoil is

moderately fertile and fairly moist. The underlying drift in the

Jolmswoodstmyloamisnotasclayeyasthenetalrstonyloam: thus,
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Figure 2 . than monthly taIperatures and total monthly precipitation

at Chippewa Oamty, Michigan, 1988.
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itisbetterdrained. Bothsoilsterrltobetooshallowfor

agricultural purposes.

Smooth terrain is predominate on the island, with frequent rolling

gramdmorainesandanoccasiaial largeridge. Elevationsvaryfrom

175 to 315 m. Vegetative coverage a1 Dnmnmd Island consists of 42%

aspen-birch, 28% cmifer, 13% upland hardwoods, 5% openings, 4%

wetlands, and 4% lowland hardwoods. In addition, 3% of the island is

carprised of residential, industrial, and recreational areas. 'Ihere

are2 farnsontthislandwhidl, “mouthed, occupy<1%ofthe

total area.

'Iheaspen—birdlvegetationtypeconsisted ofquaking (B.

M) ardbiqtooth asoen (2- W). with scattered

paperbirch (WW). I-Iowt-Ner, sane aspen-birch standswere

exclusively paper birch. Cannon understory species within this

vegetation type included red-osier (9. M) and ramdleaf

dogwood, Canada buffaloeberry, beaked hazel (00mins M),

serviceberry, balsam fir (ALE M), and northern white-cedar

(Miamy. Upland coniferous and lowland coniferals areas

were both categorized as the coniferous vegetation type. lowland

coniferous areas (usually cedar swanps) were predaninately northern

white-cedar with scattered swanp haeyslcltle (m filmifolia)

and speckled alder (bums m) in the understory. Upland conifer-ms

areaswerepredaninatelyredpine MM)wifl1Camda

mffaloeberry. servioeberry. and car-non imper (Mame mtg) in

theunderstory. 'nhcaliferousvegetatimtypehaever, wascanposed

mostly of the lowland coniferals type. American beech and sugar maple
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(MW)weretlhdaninateoverstoryspeciesintheupland

mmodvegetatimtype.wifl1redra8pbenymsrith

Americanbeednandsugarnapleinthemderstory. Openingswere

typicallydaninatedbywildstrawberryardgrasses,withcatm1

WQ-W)Wirgflhperiptery. Harever,sane

stardsdelirhatedasopenirgswereaculallyregerhratirgaspen-birdl

stands. Slmlbswanps,n1dflats,andshallavmarsheswereall

categorized as wetlands. lowland hardwoods were predaninately balsam

poplar and ash (m spp.) with a diverse understory that included

blackspruce (MM), red-osier dogwood, balsam poplar, ash,

andspeckledalder.



wring sunmer, 1986, the m, Wildlife Division trapped ard ear-

tagged23 blackbearsonnnmnordlslardinanefforttosttdyblack

bear populations (Visser 1987) . Capture efforts continued again the

following sunner with sane captured bears fitted with radio-collars.

Additionally, 11 yearlings were fitted with radio-collars as a result

ofwinterdenchecks. Byspring1988, 33bearstr1nmordIslardwere

equipped with radio-collars, ard albsequently monitored for this study.

General location ththods

Radio-collared bears were located fran the grand at rardomly

selected times thralghart their daily activity period (0500 to 2300

hours) fran March to Decaiber 1988, using a portable 'IR-z receiver with

a hard-held 2 element yagi antenna (Felonies, Inc., Mesa, AZ). An

attenptwasnadetolocatebearsatleastonceeveryZdaysbutmnore

than once per day. The vegetation type for each location was

identifiedbywalkinginonthebearorbynovingarandtheanimala

mininum of 3 sides. The overstory vegetation, described by the

Michigan State Forest mentions Inventory systan (Midligan State

Forest Cperations Inventory 1982) , activity, ard predaninate shrub

species were recorded for each location. legal descriptions were used

to a mininum of 16.2 ha (40 ac) to describe locations.

13
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Bear activity was mmitored frun 2300 to 0500 hairs during spring,

m, ardfall (twiceinspring, moeinsunrner, ard4timesinfall)

todetermireifbearsvereactiveatallduringtlhnight. Activity

fordaytimeardnighttime locatia'lsueredetermirhdbyeitherdirect

observatimorbytheintegrityoftl'hradiosignal. Bearswhoseradio

signal varied in intensity were ansidered active, while bears whose

radio signalswerecmstantwerecmsidered inactive. 'lhiswasa

subjective measure of activity, since radio signals can be influenced

by wird, vegetation, precipitation, topograrily, and observer skill

(anger 1988) .

Vegetaticn Sanpling

Vegetation types were delineated on Drunmord Island by a digitized

Systan (MIRIS), a programwithin the lard ard Water Management Division

ofttmR. mismpwasdevelopedfrunthe interpretation of color

infrared aerial motos taken in 1978-79 (14. Scieszka, MINR, pers.

comm.) .

Nunberardpercentstmlbcoverofsoftmastproducing species

were determined by the line intercept method (canfield 1941, Hays et

al. 1981) for aspen-birch, uplard hardwood, ard open vegetation types.

Stratified randan sanpling was caducted, with stards for sanpling

selectedfranthethRISvegetatimcoveragenap. Fa1r30mlong

interceptlineswererardanly locatedwithineachrardanly selected

stard. 'Ihenunberof softnastproducingspecies (inclldingbeaked

hazel), thatcovered>1%oftheline, andperoentcoverageofsoftmast
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producing species were tallied. thans of measured habitat variables

wereextrapolatedtoeadlvegetatimtypefruntheneansofsanpled

stards. 'Jherequirednunber(90%confidenceintervalthatis¢20%of

flaw) of replicatestardsmsdeterminedbyStein's two-stage

sanplenethod(Steelard'Iorrie1980). Forothervegetatimtypes

(lowlard hardwood, cmiferous, andwetlard vegetation types), callar

estimates of habitat variableswerenade, astheocalrrence of soft

nastproducingspeciesinthesevegetationtypeswasextrenelylav.

'lhetimingofsoftnastproductimwasnotedforshrubspeciesthat

wereutilizedbybears.

thanbasalareaofhardmastproalcingtreesgreaterthanwyears

old,ardthemmberofhardmastproducingtreespeciesweredetermined

by the Bitterlich method for the upland hardwood vegetation type. Each

rardanly selected stand was sanpled with 20 rardanly located sample-

points. BasalareawasmeasuredwithalO—factor tubular gauge, and

themmberofhardmastproducingtreespecieswastalliedateach

sanple—point. 'memeanduiatwhidlhardmasttreesweregreaterthan

40yearsoldwasdeterminedbycatparingdbhwiththemmberofammal

grwthringsfandonincrenentborecores. 'Iherequiredmnnber(9o%

confidence interval that 151-201: of themean) of replicate stards was

determinedbyStein'stvn—stagesanplemetlmd (Steelard'Iorrie 1980).

thvalents ard Hone Ranges

Bear locations were plotted m the MIRIS vegetation coverage map

using ARC/INFO (mironmental Systems Research Institute, Redfield,

a) , a geographic information systen operated on a VAX 8650 (Digital
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Equipment Corporatim, thynard, MA). Bears were categorized as adult

males (n = 3), yearling males (n = 5), yearling females (n = 4), ard

adult fenaleswith (n=4) ardwithartalbs (n=12). Bearsz 3years

of age were considered adults, since breeding was evident at this age.

Adult females with albs produced their litters in the winter of 1987-

88, httthesealblitterdatanerenotusedforvalidatirgtheI-ISI

model. mecific tEI nodel validatia'l procedures are disalssed in the

HSI Model Validation section.

Distances noved between conseartive locations were calculated for

all locations using a program created in ARC/INFO. locations 3 days or

more apart were deleted fran analysis. Distances moved between

consecutive locations that were 2 days apart, were not different frat

distancesmovedinlday. 'nms, allmovanentdatawereexpressedas

kilaneters moved between consecutive locations, without modifying the

raw data.

Spring, breedingtard summer/fall time periods were separated for

analysispurposes. ‘nlespringtine-periodocalrredfrandenenergence

tolZJune, breedingfr‘anlBJmletonJUly, ardsunner/fall from14

Julytodenning. 'mestartofthebreedingtine-periodwasdelineated

mulebasisofirrzreasedsightingsoftnnnarkedbears, theoccurrence

of family breakup, ard the location of adult males ard females

together. Frequentdtmpvisitsbyadultnalesnarkedtheerdofthe

breeding time—period. Friednan's test (Siegel 1956) ard the Friedman-

type simltaneals rank test (Miller1981) were used to catpare mean

dailymovanentsammgtineperiods foragivensexandageclass. ‘Ihe

Kruskal-Wallis analysis-of-variance test (Siegel 1956) ard a modified
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Kruskal-Wallis-type sinultaneous rank test (Miller 1981) using mean

ramswereusedtocarparemeandailynovarentsamongsexardage-

classes for a given time period. 'nle selected alpha level was 0.10 for

these ard all other statistical tests.

‘nle Microcarprter Program for the Analysis of Animal locations

(KIPAAL) (H. Stowe ard C. E. Bldlowiak, Corserv. Res. Cent., Natl.

2001. Park, anithsonian Inst., Fra'ttRoyal, Va.) was usedtodetermine

annual bane range sizes for radio-collared black bears. Annual hate

range sizes were calculated with mininum convex polygons (Mohr 1947)

ard 95% harmcmic mean contalrs (Dixon ard (Iranian 1980) for adult

males ard females. The Mann-Whitney U test was utilized to test for

significant differences between male ard fanale bane range sizes

(Siegel 1956) , while the Friedman's test (Siegel 1956) was used to

carparehanerangesizes estimatedbytheharnonicmeannethodwith

thoseestimatedbythemininunconvexpolygonnethod. Annualhane

ranges for adult male ard fanale bears were also delineated with

ARC/INFOusingtheminimnnconvexpolygmnethodtodeterminehate

range overlap, habitat use, ard HSI scores.

SeasonalHabitatUse

'Iheproportionofvegetatimtypesineadlseasonalhcnerangewas

ccnparedtotheproportimofvegetatimtypesonnnmmdlslardby

the Chi-square goodnss-of-fit test, with the null hypothesis that

bears select vegetation types inprroportion to their availability.

Inaddition, seasmalhabitat‘usewassudied withintheannual

hmerangesofadultbears. Percentuseofvegetatimtypesmre
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determined seasmally for each bear that was successfully monitored

thralghout a specific season (i.e. spring, Simmer, ard fall). Percent

availability was determined fran the vegetative conposition of an adult

bear's armual bane range. Subsequently, significant differences

between mean percent use ard mean percent availability of specific

vegetation types were determined by the Chi-square goodness-of-fit

test.

Seasons were divided m the basis of plant plellology, with spring

coalrringfrandenetergencetoumnh, amrerfranlsa‘unetos

September, ardfall fran6Septenbertoderming. 'Ihefirstsoftmast

cup to ripen (Canada buffaloeberry) ard associated feeding sign

definedthestartofsunmer, whiletheinitialappearanceofbeechnuts

ard associated feeding sign defined the start of fall.

HSI thdel Validation

Overall HSI scores were calculated for Drunmord Islard ard for the

amnlhaterangesofadultbearsusingprocedurosaltlinedbykogers

andAllen (1987). Percent area in forested wetlards, percent area in

ram-forested vegetation types, percent area in vegetation types that

havehardmastproducingtrees, ardpercentareairsideazoneof

(Innnan) influence were habitat variables measured using ARC/INFO (Fig.

3). 'Ihe remaining habitat variables were measured in the field as

discussed in the Vegetation Sanpling section.

Overall HSI scores were determined by the following equation:

HSI - ((SISP + (8180 x SIV6) + (SIFA x SIV7) )/3) x SIHI

whereSISP=suitabilityinexvalth forpercentarea in forested

wetlard vegetation types,
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$13} = suitability index for summer foods,

SIV6 :- suitability index value for percent area in non-forested

vegetatim types,

3m - suitability index for fall foods,

SIV7=suitabilityindexva1ueforpercentareainhardnast

producingvegetatimtypes, and

SIHI = suitability index for percent area inside zones of human

influence.

\—'—\.¢

Percent area in lowland hardwood and lowland conifer (i.e. cedar

swanps) vegetationtypos, asdirectedbytheI-ISImdel, wereusedto

determine the spring suitability index (SISP) . 'me suitability index

for smaller foods (SISU) was determined for aspen-birch, upland

hardwood, open, coniferous, and wtlard vegetation type using the

following equation:

8180 = (srvz x SIV3)1/2

where SIV2 = suitability index for percent shrub cover of

soft mast producing species (includes

hazel), and

SIV3 = suitability index for number of soft mast

producingweciaspmentatz 1%shrub

cover.

'Iheremainirgvegetatimtypeshadaamnerfood suitabilityindexof

0.0 because of a lack of soft nest productim.

'Ibe suitability index for fall foods (SIFA) was determined for

upland hardwoods using the following equation:

sm = (SIV4 x SIVS)1/2

where SIV4=mitabilityirdexforbasalareaofhard

mastproducimtreesz40yearsofage,arri
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SIV5=suitabilityirriexformnnberofhardmast

predacingweciespresentwithatleast

a'iematuretreeperOAha.

'meranainingvegetatimtypeshadafall food suitabilityirriexof o.o

becauseofalackofhardmastpmdmtim.

Perwrtareaimideazaieofinfluence (SD-H)wascalc|.11atedby2

neflrcdsasdescribedbyRogersaIflAllen (1987). 'n'iefirstmeflicd

caiputed the area of a zone of influence around specific population

"sirflcs" using the following equation:

K

zg...

[M

where z=areaofzcneofinf1uence

K=mmberofbearskilledatthesim<peryear

D=densityofbearsper2.59km2

M=maximmsustainableanrma1mrtality.

Pcwlatim"sinks"areareasofhighlnmanusemd1ascmtpgrumds,

croplands, andresidences (RogersarrlAllen1987). mismethodwas

amliedtothetamofunnmdbecausethemmberofbearskilledper

yearatthetcwn,thedemityofbears,ardthenaximnnsustainable

armlmrtalitywereallimown. Beardensityarflmaximmaistainable

armlmrtalityvereobtainedfrmacanmrtpopnlatimstudy

(Visser1987).

'meseca'dmethoddescribedbychersarflAllen (1987) assigned

fixed-sized circular areas around towns (102.07 m2), cropland (38.48

m2),arriro£idenca (3.80 W). 'mismethcdwasappliedtocroplands

arriresidencessincethemmberofbearskilledperyearatsudrsitce

wasmflawwnand/orlessthanl.0peryear. Allzamofinfluencewere
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digitizedusirgARC/INPOardsibseqmatlyoverlaidcntobearInne

marritlelflRISvegetatimcm/eragemp. Percentareaoccupiedby

zones of influence was then detemired.

Validatim of the black bear HSI model was attempted by conparing

usr scores of annual home ranges with each of the following: 1)hcme ‘

range size, 2)1988-89 clb litter size (including 3 year old females

that.ddd.nct produce cdbs), 3)cub‘weight.gains (shortly after

parturition to 1 year old), and 4)mean daily movanents (km/day) .

Canparisons were done using Spearman rank correlation tests (Siegel

1956).



Vegetatim Sanplin;

Meanshrubcoverof softmastproducirgspecies, andmeannumber

of softnastproducingweciesweredetermixedforcpen, upland

hardwood, and aspen-birch vegetation types with 20, 20, and 30

replicate stands, respectively (Table 1) . 'Ihe open vegetation type had

thehighestshnlbcoverandgreatestvarietyof softmastproducing

species (P < 0.10) misting mostly of wild strawberry, serviceberry,

ardcalmondlokedxerry. Oonsiderablevariance inshrubcoverwas found

inaspen-bircharxiuplandhardwocdvegetatimtypes. Canada

‘buffaloeberry, rcundleaf dogwood, and beaked hazel were predaninately

found within aspen-bird) stands (Table 2). Upland hardwood stands

however, typically curtailed only red raspberry (Table 2). Ocular

estimtes ofpercerrtshrubcwerofsoftnestproducing species for

coniferous, lowland hardwood, and wetland vegetation types were 1.5%,

1.5%, and 2.5%, respectively. Ocular estimates of the mnnber of soft

mast producing species for coniferous, lowlani hardwood, and wetland

vegetation types were 0.5, 0.5, and 1.0, respectively. 'Ihe first and

lastshrubstoproducesoftnestforbearsmnrunuordlslardwere

Canada buffaloeberry and viburnums, respectively (Table 2).

Meanbasalareaofhardnastproducingtreesgreaterthanwyears

ofagewasdetemiredfranl? replicatestardsofuplarflhardwoods

23
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Table 1. Mean (8.12.) percent shrub cover of soft mast producing

species, mean (8.8.) umber of soft mast producing species,

andmean (S.E.) basal areaofhardmastproducingtrees > 40

years of age for vegetation types on Dmmmond Island,

Michigan, 1988.

 

 

% same NUMBER OF BASAL AREA

W SEETFS (111319;th—

open 15.2A(1.8) 2.61%.2) 0.0

aspen-birch ll.OB(l.9) 1.3B(o.2) o.o

upland hardwood 6.7B(2.0) 0.63(o.l) 2.1(o.2)

 

ABValues with different letters within a column are significantly

different (P < 0.10) by the Kruskal-Wallis analysis-of—variance test

(Siegel 1956) and the Kruskal-Wallis-type sinultaneous rank

test (Miller 1981) .
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Table 2. Timing of soft mast productim and vegetation type location

formajorshrubspeciesusedbyblackbearsmnnnmond

Island, Michigan, 1988 .

 

WWTYPE

  

SPECIES WE IOCM'ION

Canada buffaloeberry Mid-Jme—Early Jilly Aspen-bird:

(WeMia)

Serviceberry Mid-Jime—late Jilly Aspen-birch, Open

We: app-i

Wild strawberry Hidnmne—Early July Open

(malaria 8139-)

Red-csier dogwood Mid-July—Early Aug Aspen-birch

(anus stolonifm)

Red raspberry Mid-JUly—Mid—Aug Upland hardwood

(Ms moses)

Cannon dlokecherry Early Aug—Mid-Aug Open

(Ems 21mm)

Roundleaf dogwood Mid-Aug—Early Sep Aspen-birch

(same name)

Beaked hazel Mid-Aug—Early Sep Aspen-birch

(mus manna)

Viburnum Early Sep—Early Oct Aspen-birch

am Spp-)
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(Table 1). Anericanbeed'lwasthemlyhardmsttreespeciescammly

ammteredmthestudyarea.

Movenents and Hare lunges

(he trnlsard-eight-irmdred-forty-six bear radio-locations were

dartained, 451 (24%) of which involved direct ciaservations. The number

of locaticmsperbearrangedfranltoBSwithareanof 56 locations.

Seascaltrendsinreandailynevatentsweremtcbservedforanysex

and age-class (Table 3) . However, significant differences were

observedammgsexandage—classes forspringandbreedl‘retireperiods

(P < 0.10) (Table 3). nlrire spring, adult females with cubs moved

significantly less per day than other sex and age-classes (P < 0.10)

(Table 3). Adult males, during the breedireseascn,revedtherestper
__ .___.—a

.. ——. ... - . .a__ u................ h...

day relative to all other sex andage-classes (Table3);however,~this

figfiy'Ql'alaéleanuydifferent fran male and female yearlings

(p < 0.10) .

Meananrmallnnerareesize foradultmlesand females (Table 4)

were not significantly different. Amual hare ranges calculated by the

harmonic mean rethod were significantly smaller than amual home ranges

determined by the minimum convex polygon method (P < 0.10) (Table 4).

ibanpercentoverlapamngadultmles, meanpercentoverlapbetween

adultralesandadult fanales, ardmeanpercentoverlapanengadult

fanales were 60.25% (SE 8 22.02), 86.77% (SE I 1.12), ard 76.92% (SE =

6.26), respectively. Mean percent bears that were active, between 2300

and 0500 hours, during spring, sunmer, and fall were 9% (SE = 9), 20%

(no SE), and 27% (SE = 18), respectively. These data do not include
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Table 3. Mean (S.E.) daily reverents (ion/day) of adult male, adult

fanale without cub, adult fanale with cub, yearling male,

and yearling fanale black bears during spring, breeding, and

Simmer/fall on Drurmmd Island, Michigan, 1988.

SW 30%

ADMAIE l.9§‘(0.28) 3.5 (0.17) 1.2 (0.33)

 

  

AD FEMAIE 1.895(0.25) 2.1733(0.37) 2.55A(O.26)

AD FEMAIE W/cJB 0.853(0.24) 1.7953(021) 1.65A(0.42)

YR ma - 1.333 (0.26) 1.83A(0.30)

YR mma - 1.293 (0.19) 1.52A(0.39)

 

ABValues with different letters within a column are significantly

different (P < 0.10) by the Kruskal-Wallis analysis-of-‘variance test

(Siegel 1956) and a modified Kruskal-Wallis—type simultaneous rank

test (Miller 1981) using mean ranks.
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Table 4. Annual hare range sizes (kmz) of adult black bears

calwlatedbytheminimmcmvexpolygmnethod (MOP), and

harmonicmeanmethcd (mu) using 95% contours, onDrurmnond

Island, Michigan, 1988.

 

 

 

ADUDTIMAIES ADUIE'FEMALES

IEEHR# 113? fill IBEHR# EKI’ Iraq

190 72.22 68.00 670 64.91 48.07

510 87.00 84.48 630 20.31 17.61

620 67.71 41.76 090 16.56 15.80

490 12.65 11.89

210 66.89 45.27

480 130.00 91.33

770 14.59 10.60

140 15.55 15.94

050 38.70 21.97

040 90.05 82.29

470 78.69 67.21

250 28.80 24.20

MEAN' 75.64 64.75 NEEN’ 48.14 37.68

SE 5.83 12.44 SE 10.91 8.30
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bearsthatutilizedthegarbagedtmp. Individualsthatusedthe

garbagedmpweretypicallymcturnal.

Seasalal Habitat Use

'meprtportionofvegetatimtypeswithinseasonallmerarees

werethesaneasthosefamdovertlestlfiyareaforalladultbears.

However, useofvegetatimtypeswithinarnlalhmerangesdiffered

from availability for all seasons (P < 0.10) (Table 5). The mmber of

adult bears that were successfully renitored for spring, smmer, and

fall habitat use were 19, 18, and 16 bears, respectively (Table 5).

Yearlingbearsweremtusedforthisanalysis, andsaneadultswere

not successfully-monitored throughout all 3 seasons due to radio-collar

loss, legal and illegal harvest, and natural mortality. This reduced

the nunioer of usable radio-locations fran 1846 to 1137. Aspen-birch,

coniferms, and upland hardwood vegetation types were heavily utilized

during spring, with the use of uplarri hardwoods exceeding availability

(Table 5) . mrire sunner, aspen-birch and upland hardwood vegetation

typeswereheavilyutilizedwiththeuseofaspen-birdlemceeding -

availability (Table 5) . Mean percent use of wetlard and coniferous

vegetation types during fall, were 13% and 36%, respectively, with the

use of both exceeding availability (Table 5) .

RSI Model Validation

'IheHSIscorefoanmmdeslardarflthemeanI-BI scorefcrthe

ammal hare ranges of adult bears were not significantly different

(Table 6). In addition, major suitability index values for the annual
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Table 5. than percent use and mean percent availability of vegetation

typesbyseasmforadultblackbearsmnnmmrllslarfl,

Michigan, 1988.

 

  

 

  

areas 0.15 1.91 0.19210 0.00 1.50

garbage durp 1.93“ 0.02 4.46“ 0.03 1.04 0.03

croplares 0.00 0.04 0.00 0.04 0.00 0.04

open 3.61 5.10 4.01 5.26 1.82“ 5.77

aspen-birch 44.09 42.97 58.72“ 40.49 23.77“ 40.62

upland hardwood 17.20* 14.20 14.41 14.46 20.08 15. 11

coniferous 28.69 27.51 14.22“ 28.69 35.70* 27.68

lowlandhardwcod 0.80** 4.09 1.50” 4.37 4.54 4.55

wetland 2.54* 3.95 1.72“ 4.43 13.05“ 4.53

x2= 112.73“ x2= 499.78** x2: 47.95“

 

:Significantly different fran availability (P < 0. 10).

“Significantly different fran availability (P < 0. 05).

=Total number of locations.

BNZ = Sample size of adult bears.
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ticn types (SIV7) ,

for fall foods (SIFA) , suitability index value for percent

area in hard mast producing veg

influence (SIEI) , are habitat suitability index score (HSI)

forallchnmndeslardandfortheammalhmerangescf

suitability index value for percent area in zones of human

adult black bears on Drunlncnd Island, Michigan, 1988.

vegetaticn types (SISP) , suitability index for surmer foods

ten-forested vegetation types (SIV6) , suitability index value

Suitability index value for percent area in wetland

(SISU) , suitability index value for percent area in

Table 6.
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670
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090

490
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480
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040
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140

190

620

770 
0.76 0.30

0.06 0.02

0.48

0.07

0.28

0.01

0
0

1
0

Nfiflmi

S.E. 
0.38 0.08 0.40 0.70 0.270.28Drurmond Island 1.0 
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Innerareesofadultbearsweremtsignificantlydifferentfrunthe

values dotained for Drmunond Island (Table 6). 'Ihe fall food

suitability index (SEA) for Drmmri Island was the lowest value

relative to other suitability indices, while the spring food

suitability index (SISP) was the highest (Table 6). In addition, bear

tuerareesthathadhighSDfivaluesterfledtohavehigherHSI scores.

Spearman rank correlation coefficients were not significant for

cmparisonsbetweenHSIscoreofammalhaterangeswitheadiofthe

following: 1)amma1 hare range size (rs = 0.26) , 2)cub litter size (rs

= 0.14), 3)cub weight gain (rs = 0.0), and 4)mean daily revements (rS =

-0.09) (Fig. 4-7) .
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Figure 4. Spearmans rank correlation analysis of annual hate range

size and overall HSI score (n = 15) for adult black bears

on Drummond Island, Michigan, 1988.
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Figure 5. Spearmans rank correlation analysis of cab litter size and

overall HSI score (n = 7) for adult female black bears on

Dnmmond Island, Michigan, 1988.
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Figure 6. Spearmans rank correlation analysis of cub weight gains and

overall HSI scores (n = 6) of adult female black bears on

Drumond Island, Michigan, 1988.
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Figure 7 . Spearmans rank correlation analysis of mean daily reverents

and overall HSI scores (n = 15) for adult black bears on

Drurmid Island, Michigan, 1988.
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carbined over a 1 month period. Other researchers, however, believe

that adult fen'ales should move less per day relative to males and

occupyareasjust largeernlghtoasslreadequatemtrition (Arstrup

ard Beadlam 1976, Peltm ard Birghardt 1976) .

Sex and age-specific mean daily neverents differed among Drmmom

Islandbearsduringsprirgandbreedingtireperiods. Adult females
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w1th clbs exhibited the smallest mean daily reverents during spring
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relative toadult females withoutmclbs, and adult males. Thlsis ‘

probably the case due to the limitedmobilityof cubsduringspring
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least4m1thsafterdenanereence(LirflzeyardMeslwl977, Altetal.

1982) . wigs.had high nea_r1_daily nevgerrts durire the breedirem
 

tineperiod. ‘misisanattgptbymalestomaximizetheirermmters
"A 4'":-”mm-pun—um MWWW- fin __ . Wmmmmwm-m .

with receptive fgalgmmmml . .,_.,

(Rogers1987).

Adultmalelunerareesterriedtobelargerflianadultfgalehane

  

ranges, similartowtathasbeenfcxriinnmerwsshflieselsahere

(Erickson and Petrides 1964, Jonkel and Cowan 1971, Walker and

Hartwell 1973, Alt et al. 1976, Anstrup and Beecham 1976, Lindzey and

Meslow 1977, Rogers 1977, Reynolds and Beecham 1980, Garshelis and

Pelton 1981, Kohn 1982, Youre and Ruff 1982, Rogers 1987) . The“men.

armuallmerareesize foradultmales (75.641on:) wassimilartothat
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reported frcn Wisconsin(71.5 kmz)(Kohn 1982), but higher than what
 
 

wasfcmdmtheUFperPemnglaofMidiigan (51.7km2) (Ericksonand

wwwww "WE'- “My.”1“vaMW

Petrides 1964). In addition, the mean annual hane range size for adult

 

females (48.14 Inn?) was nuch higher than that fcmd in Wisconsin (13. 7

m2) (Kohn$82)“;that reported fran the Umer Peninsula of Michigan

(26 m2) (Erickson and Petrides 1964). These differences my be

attrihrtedtotheseveresmmerdmehttlatoccirreddurirethesufly

period, which reduced the sunmer berry supply. Pelchat and Ruff (1986)

fcurrlblackbears inAlbertatohavelargerhanerareesizesdurire

years of food scarcity. However, differences can also be attributed to

thedifferentmethcdsusedbytheotherstuiiestodelineatehme

raree.

Phlerareesizesestinatedbytheharmicmeannethodwere

cmsistently smaller than those estimated by the mininum convex polygon
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method. Apotentialproblauwithbothmethodsisthattheyassmean

animalusesallazeaswifliintleirrmerangebanflary(mtlmretal.

1989). l-nvever,mnnnunotfllsland,ahmerangedelineatedbya

minimomwexpolygmusiallyimludedmreareausedfortravelard

nerewaterthanoredelixeatedbyahamicmean. mrt's (1943)
 

definitim of hme range excludes migratim routes aspart of a hme
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22155. This, tleharmmicneannethodpmbablyrepresentsabetter

estimteofrnnezangesize,hrttheminimmoorwexpolyga1nethodis

usefulforomparativepurposes.
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glasses, and among sex and age-c1asses.l~lmerange overlap estimates

wereoonservativeestinates sixeeallbeazswithintlesuflyareawere

not radio—collared. Extensive hme range overlap was also found for

black bears in New York, Idaho, Washington, 'Ilennessee, Ontario, and

North Carolina (Sauer et a1. 1969, Amstrup and Beecham 1976, Lindzey

and lbslow 1977, Reynolds and Beecham 1980, GarShelis and Pelton 1981,

Kolenosky and Strathearn 1987, Powell 1987) . However, sme studies

have reported territorality in adult fenales (Jonkel and Cowan 1971,

ruler and Keith 1980, Young and Ruff 1982, Rogers 1987) . Where hone

rangeoverlapoocurred, mugbearsoftl'esanesexardage, tmporal

separationardagonisticermmterswexe, insmecases, observed.

Waveidmwebytmpomlseparatimwasalsomportedbymrffy
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£21252, Garshelis and Pelton (1981) and Rogers (1987) both suggested
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thatfoodahnldamenayinfluereefledegreeofhmerangeoverlap
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ammg bears. Pmell (1987) observed extensive hme range overlap in

adult fanale black bears in North Carolina, and occluded tJEt
 

increased habitat productivity results inmterritorial
M “”M3_wM»www«-r*u ' mm

behavior. However, Reynolds and Beedaam (1980) suggested that the

patd'lyandmxprediotabledistrihmimof foodresouroesinaarea

resultsininoreasedl'merangesize. Subsequently, theoostof

deferflimtlelmerangefrmotherbearsirereasestoapointwere

defereesbreakdownanihanerangeoverlapensues.

Seasonal Habitat Use

Habitat selection was not evident when the proportion of

vegetation types within seasonal hme ranges (spring, sunmer, and fall)

wereomparedwithtleproportionofvegetatimtypeswithintrestudy

area. 'Ihis is due to the relatively uniform distribution of vegetation

typestlmlglnrttlestudyarea, andttelargeanamtofareabearscan

traverse.

Habitat use, within annual hme ranges, reflected the

distribution and abundance of preferred bear foods. Omiferous, aspen-

biroh, and upland hardwood vegetation types were heavily utilized

during spring. I-lowever, the use of coniferous and aspen-birch

vegetation types did not exceed availability, unlike the use of upland

hardwoods. Bears in early spring forage on grasses and forbs (Hatler

1972, Kelleyhouse 1980, Grenfell and Brody 1983, Rogers ard Allen 1987 ,

Rogers et a1. 1988) . 'lhese foods, on ma Island, were typically

fourriwitlfinoedarswanps. Asspringprogresses, bears forageon

upland forbs, ants, arritlebudsandcatkinsofpoplartrees (Rogers
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1987, Rogers and Allen 1987, Rogers et al. 1988). These foods were

usuallywithinmamreuplandharmoodstandsardmature aspen-birch

stands. FbrbsfreqmatlyoomrrirginbearsoatoollectedintleUpper

Peninsula of Michigan were jack-in-the—pilpitWW),

sweet cioelyWapp-h andwild calla (all: Loggers) (Rogers

1989). Developed areas, lowland hardwood, and wetland vegetation types

didnotoartainpreferredbearfoods. 'nms, peroentuseofthese

vegetation types was significantly less than availability.

Use of the garbage dunp exceeded availability: however, mean

percent use was only 2%, because garbage dunp visits by radio-collared

bears were limited to 3 adult males. 'Ihese visits were usually at

night when only a limited mmber of locations were obtained (up to 2300

hours). Typically adult males utilized the durnp for only several days

at a time before leaving the vicinity.

Bears heavily utilized upland hardwood and aspen-birch vegetation

typesduringsunnertoforagemammerberries. However, itwasonly

the use of aspen-birch that exceeded availability. Regenerating aspen-

birdistarflsarflfliimaeduplardhardwoodstandsmnnmmdlslaIdhad

more soft nest production relative to older, un-thinned stands.

Sumnerberriesverefomriinmstaspenstandsinmrthcentral

Minnesota, butsoftmastwasnostabmflantinregeteratingaspenstands

aniopenuplandvegetationtypes (NoyceandOoy 1989). Lindzeyand

Meslow (1977) found bears to select clear-cuts, that were between 6 and

11 years old, for their abundant summer berry supply.

Moststudieshavefom’dpreferredvegetationtypesinanmerto

have an abundant berry surply (Lindzey and Meslow 1977, Fuller and
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filth 1980, Grenfell an! Brody 1986, Peldiat and Riff 1986, Yamg and

Beedem1986,Unsworthetal. 1989). Meanpercentshrubooverand

neannmberofsoftmastproducingspecieswerehiglestintleopen

vegetationtype. Hmevenneanpercmtteeoftheopenvegetatimtype

ms mly 4% which did not exceed availability. 'lhis lack of

oorrespmdereebehveensoftnastahmiameanibearrebitatselection

maybepartiallyattrihxtedtoinaomraciesintleMrRISvegetation

coveragemap. 'IenonOsanpledstands,delireatedastheopen

vegetatimtypebythelmuSvegetatimooveragemp,wereactually

yamg(510yearsold)regereratingaspen-birdmstards. Meanperoent

shrubooverofsoftmastproducingspeciesanineanmmberofsoftmast

producing species were usually higher in regenerating aspen-birch

stardsthanintletypicelopenvegetatimtype. Regaeratingaspen—

birch stands usually contained Chnada buffaloeberry and serviceberry,

withlesserannmtsofbeakedhazelarriviblmuus. 'l‘heopenvegetation

type,mtleotlerhard,oontai1edwildstrawberry,withocrmm

chokederryandservioeberryintleperiplery. 'Ihus,fortheopen

vegetatimtype,ueanperoentshrubooveranineanmmberofsoftmast

producing species were inflated by the misclassifimtion of

regeneratingaspen—bird'lstands.

Garbagedmmusemringstmueremoeededavailability,mtuse,as

in spring, was limited to adult males. Adult males intensely utilized

tlegarbagedmpimediatelyfollowingttebreedingseasm. 'Ihis

resulted in limited movement patterns by adult neles. Eighty-four

percentofadultmalelooationswerewithinZJonoftlegarbagedlmp

frunl4Ju1ytolZSeptmber. 'Ihegarbagedlmpwasusedrarelyafter
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12 Septmber. Developed areas, ooniferms, lowland hardwood, and

wetlarflvegetatimtypesdidmtoontainanahrflantbenywpply;

thus, their use was less than availability.

Useof omifermsardvetlardvegetatimtypesemeeded

availability during fall. Black bears on Dnmd Island appeared to

utilizecedarswanpsandwetlandsinlatefalltoforagemtleroots

andtubersof lowland forbs, andtheberries ofommonwinterberry

holly. In addition, bears for-aged on beechnuts which typically

ocairredwithinmamreuplardhardwoodstands. Hardmast isusually

ooreidered a preferred food item for bears in fall (Piekielek and

mrton 1975, Rogers 1976, Laniers et al. 1979, 6315112115 ard Pelton

1981, Grenfell and Brody 1983, Rogers 1987, Rogers and Allen 1987) .

Mar, meanperoentuseofuplardhardwoodsdidnotexoeed

availability. Fall foods were not found within open and aspen-birch

vegetatimtypes: thus, thesevegetatimtypeswereusedlessthan

availability.

HSI Model Validation

‘Ihe overall HSI score forW Island was 0.27 which inferred

poor quality habitat for black bears. 'lhe low suitability index value

for fall foods (SIFA) suggested that the quantity and quality of fall

foods limits black bear habitat quality on Drunmond Island.

Calversely, the cptimal (1.0) suitability irdex value for percent area

inforestedwetlardvegetatimtypessuggestedthattlequantityand

qmlity of spring foods is least limiting to black bear habitat

quality. However, this suitability index value Md be viewed with
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caution since bear use of lowland hardwoods during spring was

significantly less than availability. Percent area in lowland

hardwoodswasmecriteriausedtodetermiletlespringsuitability

index. Inadditim, tiesprirgaiitabilityirdexdoesmttakeinto

cmsideratim spring use of upland hardwoods. 'Ihe cpantity and quality

of smmer foods, vegetation type omposition, and human influences also

limit black bear habitat quality, but to a lesser degree relative to

the quantity and quality of fall foods.

It appears, for Drumond Island, that the spring food suitability

index and the human intolerance suitability index strongly influenced

HSI scores anong adult bears. 'Ile spring food suitability index was

1.0 forall bears. Whenthisvaluewasenteredintotheoverall HSI

equation, the average of spring, Simmer, and fall food life requisites

was amroocinately 0.33 (1.0/3) . This was subsequently multiplied by

the lumen intolerance suitability index which resulted in an average

lBI score of 0.30 with little variatim. 'mis pattern is from the

nethod by which smmer and fall food life requisite scores are

obtained. Simmer and fall food life requisite scores are determined by

multiplying 2 suitability index values together ($150 and SIV6 for

winter, sun and SIV7 for fall), more of which were very high. 'Ihus,

summer and fall food life requisites were ireignificant relative to the

spring food mutability index. Since the wring food suitability index

was constant (1.0) among adult bears, but a poor reflection of spring

food availability, the lumen intolerance suitability index mused the

mstvariabilityanengHSI scores. 'lhus, thepresentl-lSImodel is

insensitive to charges in sunner and fall food life requisite scores on
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Drunmfl Islam.

Black bear density is not a good inlicator of habitat quality.

‘Il'ebeardensitymnnmnaldlslardwasestimtedat 26 bears/100mm?

(including albs) (L. G. Visser, MEIR, pers. cmmun.), which is higher

thannestreporteddensities intleUmerGreatlakesRegim. Kohn

(1982) reported the sane bear density in Wisconsin (26 bears/100 1on2) .

Rogers (1987) reported a density of 22 bears/100 1on2 in northeastern

Minnesota. Erickson and Petrides (1964) observed a bear density of 11

bears/100 ion? in Michigan's Umer Peninsula. However, all of these

reported dereities came frml populations subjected to taxman-caused

mortality, and the level of mortality varied among these studies. In

adiitial, maximum black bear densities are not kncvm for the Umer

GreatlakesRegimanifcrotherpartsofthecamtryaswell.

Hellgren and Vaughan (1989) rqaorted a bear density of 55-66 bears/100

kmz inthecreatoisnal Swanp, butevenatthishighdensityhuman-

caused nertality appeared to limit the population. It is therefore

impractical to assess habitat quality by black bear abundance alone.

'Ihe level of lumen-caused mortality is difficult to quantify, but has a

strong influence on population density.

Averagehmerangeoverlapammgadultfanalesisapotential

irriicatcr of habitat quality. Powell (1987) concluded that increased

habitat quality results in increased hane range overlap amtmg adult

fanaleblackbears. Ectereivelnnerangeoverlapmscbservedamong

adult females, whidl alggested that Drunmond Island had high quality

bear habitat. conversely, Rogers (1977, 1987) found territcrality

amrrq adult fanales in poor quality habitat. W, human influences
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on bear densities are likely to affect social interactions. 'Ihus, hme

range overlap my be an indicator of habitat quality on Drurmxi Island

butotherfactorscanalschaveaninfluencemhmerangeoverlap.

Meanageoffirstrepromctimisalscapotentialindicetcrof

habitat quality. The average age of first reproduction for bears on

Drunmotrl Islandwas 4.5 years (L. G. Visser, MENR, pers. cmmm.). By

cartrast, tleaverageageoffirstreprcductionfcrbearsin

mrtheasternllinnesotaanieast-central altaricvere6.3 andG.Oyears,

respectively (Rogers 1987, Kolenosky 1989) . These areas are generally

cuisideredpoorblackbearhabitat. mthectherhand, mstbears in

Permsylvania firstreprcducedbetween 3 and4 years ofage (Alt 1989).

films, average age of first reproduction indicated that Drumond Island

was not poor quality black bear habitat.

Cub litter size was not a good indicator of black bear habitat

quality on Drunmond Island. Mean cub litter size for bears on Dnmmond

Island was 2.19 (SE = 0.16) (L. G. Visser, m, pers. callllun.), which

was similar to that found in Michigan's Upper Poninsula (2.15),

Minnesota (2.46), and Wisca'ein (2.4) (Erickson and Nellcr 1964, Rogers

1976, Kohn 1982) . However, habitat quality apparently differed among

these studies.

The mean HSI score for annual hane ranges was not significantly

differentfruntheoveralllBIscorefchrmmldIslam. 'Ihisistc

beexpectedsincethevegetative cmpositimwithinseasonalhme

rangeswassimilartcthat founiovertlewholestudyarea (Table 6).

'misisalscduetcthestructureoftlepresentHSImdel. Spring

food and human intolerance life requisites strongly influenced HSI
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scores iretead of all 4 life requisites (spring foods, sunner foods,

fall foods, and lawn intolerance life requisites).

No significant correlatims were dotained when HSI scores of

ammlhmerangeswerecmparedwithcibheightgain, cublitter size,

hme range size, and mean daily mveuarts. lbgers (1976) found that a

scarcityofsummerandfall foods resaltedinretardedcibweightgains

and low cib production. It was assumed that overall habitat quality

influencedtheseparaneters. WhencmparingHSI scorewithcublitter

size and HSI score with cub weight gain, a valid HSI model should yield

positive correlations. However, significant correlations were not

obtairedinthissuxiy, hitsanplesizeswereverysmall. Additional

dataareneededtotesttheHSImodel inthismarmer.

Yelling and Riff (1982) suggested that the bane range sizes of

adult fanale bears could be a means of chparing habitat quality among

populations. Similarly, Sardersm (1966) suggested that there is

probably an inverse relationship between hane range size and habitat

quality. 'Ihishasnotbeendemonstrated forblackbearhmeranges,

buthasbeenillustratedwithtleterritcry sizes ofscngsparrows

WM) (Ricklefs 1979) . nierefore, it was expected that a

validHSImodelwouldslmaregativecorrelaticnbetveenHSI scoreand

armualhmerangesize. However, thiswasnotobservedforthisstudy.

Ccrrelatim analysis was also conducted on nean daily movelrents

(Jon/day) . Anstrup and Beecham (1976) found an inverse relationship

betweenfoodabundameandneandailywvments fcrbears inIdahc.

'Ihus, itwasexpectedthatanegative correlatimmuldexistbetween

lBI score and nean daily Wits. However, a significant correlation



48

was not (heaved.

Inadditim, probluvereencamteredwlenusingtl'ems

vegetatim coverage map for dataining habitat variables required by

the HSI model. ‘Ihe classificatim scheme used for the MIRIS vegetation

coveragenepfailedtcrecognizeageclassesmmdstockingdersitiescf

forestedstards, midlisrecessarytoreducevariancescfneamred

habitat variables and nere accurately explain black bear habitat use.

Apotentialscluticntothisproblanistcimorporatestardageam

stocking density to the MERIS classification scheme.

An additional modification, to ixxzrease accuracy, is the use of an

ecological land classification schme. An ecological land

classification schme takes into consideration the effects of soils and

site factors on the vegetative cmposition of an area. For exanple,

the understory species cmpositim of 2 aspen-birch stands of identical

age and stocking density will often be different. However, these

differences can often be attributed to soils and site factors.

Finally, inaccuracies were found in delireating and classifying

certain vegetatim types. For example, 10 of 20 open stands sanpled

frantleMIRISvegetatimcoveragenapwereactuallyyamg (5 10years

old) regenerating aspen-birch stands. 'Ihis caused minor errors in HSI

scoredeterminaticn, sincemlysikcftlestudyareawasdelireatedas

thecpenvegetationtype. ‘Ihus, everiwitlla50%errorratein

delineatingthisvegetatimtype, mly2.5% ofthetotalareawouldbe

affected. A vegetation coverage nap with greater detail and accuracy

shmldbeutilized forfutureresearc'htcreducevariances ofmeasured

habitat variables and reduce error in 161 score determination.
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'neblackbearlBInedelslmldbealteredinanattmptto

inproveitsaccuracy. Percentareainforestedwetlandvegetatim

typesisapoordeterminantoftlespringfoodliferequisitescore.

Bearsinwringuseawidevarietyofvegetatimtypestoforagema

diversity of foods. Bearsinearly spring forageongrassesardforbs

(Hatler 1972, Kelleyhcuse 1980, Grenfell and Brody 1983, Rogers 1987,

RogersandAllen1987,Rogersetal. 1988). Asspzringprogresses,

bearsocmpyuplardareastofeedmuplardforbs,ants,anittebxis

andeatkinsofpcplars (RogersandAllen1987,Rogersetal. 1988). In

addition, spring use of lowland hardwoods (a forested wetland

vegetation type) by bears was less than availability (Table 5). Spring

habitatqualitysl'nlldnotbeneasuredsolelybypercentareain

forested wetland vegetation types. Habitat variables that actually

measmespringfoodablmdanceshmldbeincorporatedintotlenodel,

arritlesensitivityofthemodeltothesefoodsrefired.

'Iherelaticnshipbetleenbasalareaanihardmastabmriance(SIV4

inHSImodel)shculdalscbealtered. 'meminimlmcptilralbasalarea-‘t

intrepresentblackbearHSInedelarpearstobetoohighforuplam

hardwoodstanisintheUpperGreatlakesRegim. RogersandAllen

(l987)basedtleirassnnedcptimalbasalareamuplardhardwoodstands

in Pennsylvania. Species cmlpositim and basal areas of upland

hardwoodstardsinPemsylvaniaaredifferentfrunthoseoftheUpper

GreatlakesRegion. Adiitimalreseardlisreededtodetermirethe

prrperrelatimshipbetweenbasalareaanihardmastabmflaree. In

additicn, the fall food life requisite score has little inpact on the

overall HSI score because the fall food life requisite score is
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obtairedbymltiplyinnguitability indicestogether (SMaxflSM).

'nepresentlBImdelalsofailstotakeintocalsiderationotherfall

fooditens. Blackbearsmnnmrilslandselectedcedarswanpsand

nm-forostedwetlandvegetatimtypesduringfalltoforagemthe

tubersandrootsof lowland forbs. Anethodology shouldbedevelcped

that accuratelymeasures the abundance ofthese lowland foods, orthat

incorporatesthesevegetatimtypaintothemdel.

'IhepresentHSImodelsuggeststhatcptimalbearhabitatis

cmposed of 25 to 50% non-forested vegetation types (SIV6 in present

HSImodel). 'Ihisisapoorasamptimsireemtallnm-forested

vegetatimtypesproduceanaburriancecfamrerberries (i.e.

herbaceousrangelands). InanearlierdraftoftheHSImodel,itwas

assmedthatcptimalbearhabitatwascmposedofSMsmmerfood

producingvegetaticntypes(Rogersetal.1986). 'Ihisincludednm-

forestedaswellasforestedvege‘taticntypes. 'Ihisprdaably

representsabettermeasureofSIV6thanwhatispresentlyusedinthe

HSInedel. 'menedelshculdbealteredsothatitisasamedthat

ideal black bear habitat contain at least 50% sunmer food-producing

vegetationtypes (Fig. 8). Simmer food producing vegetationtypes are

thosethathave>10%softmastshrubcover. 'Ihe10%shrubcover

criteria was selected because this produced a suitability index score

for softmastahlrdance(SIV21nI-EI nodal) of 0.50. 'lhealtered

suitability index increased the value of SIV6 for Dnmmond Island frml

0.38too.97,andsubsequentlyincreasedt1eoverallHSI score frmi

0.27t00.30.

Measurement and mlculatim of the hmian intolerance life
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raglisite score should also be altered. Variables utilized in the

presentlSImodeltodetermiretlel'nmanintolerance life requisite

score are typically difficult to obtain by most wildlife managers.

Bear density, nmber of illegally killed bears, and naxinum sustainable

amlal mortality are usually unknown in most managment situations. An

alternative method outlined by the HSI model assigns fixed sized

cirmlarareasamnritoms, crcplands, arriresidences, whichare

easily delineated, but fail to take into cmsideration regional

differences in l'nlman attitudes towards bears. In addition, the data

suggestthatthefimedsizedareamethodrepresentsaworstcase

scenario. 'Ihehlmanintoleraree zmeamnfltletwnofvnmnond, as

calculated by bear density and mortality rates (14.58 in?) , was much

enaller than its appropriate fixed sized area (102.07 kmz). 'Ihis

dmuetzatedthattrefixedsizedareametledcandrasticallyreducean

overall l-BI score for an area.

Primary road and dwelling density are more appropriate measures of

blackbearhuman intolerance. Roaddensity iseasilyneasuredandhas

been used to measure habitat effeCtiveness for Rocky Mclmtain elk

(mug.mM) (IJyon et al. 1985). Dwelling dereity is also

easilyneasured, butcareshouldbetakentotallyonlytl'iosedwellings

thatareoccupiedyear—rolmd. lbstblackbearmisancecmplaintsm

WIslandcane franpermnentresidents, whichsuggestedthat

seasonalresidentsveremretolerantofbearsthanpernanent

residents. Thus, seasonal dwellings are not likely to negatively

impact bear populatiae. Suitability index curves for road and

dwelling density were modified frml Rogers et al. (1986) , and these
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mitability curves can be easily modified to take into account regional

differences in lumen attitudes towarrk bears (Fig. 9-10) . The lumen

intolerance life requisite score should be calculated by determining

themeanofthe2 suitability indices. 'Iheprimaryroaddensityand

dwelling density on ormnond Island was 0.66 kin/2.59 km? and 2.1

mum/2.59 m2, respectively. The altered 161 model increased the

lumen intolerance life requisite score for Dnmmond Island frmi 0.70 to

0.82.

The overall m1 equatim should be altered to better reflect black

bear ecology. A proposed HSI equation is:

HSI = (SISP + 2((SISU + SIV6/2) + (Slim + SIV7/2))/5) x SIHI

where srsp = suitability index for spring food abundance,

SISU = suitability index for Simmer food abundance,

SIV6 = suitability index for percent cmlpositicn of sunner food-

producmrg vegetatlcn W905,

SIFA = suitability index for fall food abundance,

SIV7 = suitability index for percent cmpositicn of fall food

producing vegetation types, and

SIHI = suitability index for human intolerance.

'neprwosedHSquuatimgivesuereveighttosmuerardfall food

life requisite scores. Sumer and fall foods strongly influence cub

growth, cub production, and subadult survival (Rogers 1976). Spring

foods, mtheotlerhard, arehighinproteinbutdonotresultin

veigntgainsrecessaryforwinterdoruencyarrireproductivesuccess

(Jcnkel andcowan 1971, lenders etal. 1979, Kim 1982).

'meprcposedHSquuatimasslmesthatfoodahmianceandpercent

cmposition of food producing vegetatim types have equal weight when
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calculating smaller and fall food life requisite scores. '11qu SISU and

SIV6areaveragedtodetemiretl'eamuerfoodliferequisite, and

likavisesmaniSIWareaveragedtodetermiretlefall food life

requisite score. The present HSI model multiplies both SISU and SIV6

together, arrismandSIWtcgether, whidmserveasreduction

functims, rather than modifying functims (i.e. (0.2 x 0.2) < (0.2 +

0.2)/2).

These uedificaticns increased the l-BI score for Drmrmond Island

fran 0.27 to 0.36. Average age of first reproduction, mean cub litter

size, and mean bane range overlap among adult females indicated that

Dnmnond Island should have an HSI score of approximately 0.60. Based

onthefindingsofthisstnldy, thelBIuedelreedssmeadded

modifications. Additional research on paraneters of the model will

help clarify necessary modifications.
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l. Significantseasa'altrerflsinmeandailymvanerrtsweremtfm

forbearsmnnnmxilsland. I-hvever,therewasaterdencyforadult

malestohavehighdailymvenentsduringthebreedingseasm. 'Ihe

snallmmberofadultmalesnmitoredinthissmdyprohably

omtributed to the nonsignificant test result.

2. Sex and age-specific mean daily movanents differed among bears

during spring and breeding time periods. Adult fanales with cubs

mved significantly less per day relative to other sex and age classes

during spring. Adultmaleshadhighdailymovexentsdmirgthe

breedirg season, but this result was only significantly different from

male and female yearlings.

3. Adultmaleharerangesterdedtobelargerthanadult femalehane

ranges, but suall sample size appeared to keep differences fran being

statistically significant.

4. Honerangesizesestimtedbytheharmmioneannethodwere

significantly snaller than those estimated by the minimnn convex

polygonmethod. 'mehammicmeanmethodprobablyrepresentedabetter

estimteofhmnezangesizebuttheminimmomvexpolygmmethodis

useful for oarparative m.

57



58

5. Ehrtensivehanenngeoverlapwasdaservedbetweensexesarxiage—

c1asses,andamongsexardage—clm.

6. Habitat selection reflected the distribution and abundance of

preferred bear foods.

7. mring spring, aspen-birch, coniferous, and upland hardwood

vegetatim types were heavily utilized, with the use of upland

hardwoods exceeding availability. The garbage dunp was also preferred,

primarily by adult males.

8. Aspen-birch and upland hardwood vegetation types were heavily

utilizedduringsrmuer, withtheuseofaspen-birduexceeding

availability. 'Ihe garbage dunp was also preferred but the majority of

use was limited to adult males.

9. Bring fall, bears utilized upland hardwood, wetland, and

coniferous vegetation types, with the use of wetland and coniferous

vegetation types exceeding' avail'ability.

10. mt use was less than availability for most vegetation types

that lacked preferred bear foods.

11. No significant correlations were obtained for carparison of HSI

scores with each of the following: a)hane range size, b)cub litter

size, c)wb weight gain, and d)mean daily mvements. In addition, the

HSIsoorefoandeslanddidmtoonespafiwelltoaverageageof

first reproductimanimeanhcnerangeoverlapammgadult females.
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Habitatmanaganentpractioes shouldamanoetheproductim of

preferredbearfoods. Cedarswanps,mamreuplandhardwoodstarfls, and

aspen-birdistankstnildbemaintairedtosupplybearswithsprirg

foods. Cedarswanpsprovidebearswithgrassesardforbswhidmare

preferredearlyspringfoods. Asspringprogresses,bearsfeedon

ants, forbs,andthebudsarflatldnsofpoplartrees(Rogersand

Allen 1987, Rogers et al. 1988) , which typically occur within mature

aspen-birdiarduplardhardwoodvegetatim types.

thtingsstmldbeooniuctedmaspen-birduarfluplandhardwood

vegetatimtypeetoelmanoesoftmastproductim. Regeneratingaspen—

birdIstmflsandthimeduplardhardwoodstardsmdeslaIflhad

moresoftmastproductimthanolder,m—thimedstands. Lindzeyand

Meslow (1977) famdbearstoselect clearcuts, thatwerebetweené

arrillyearsold,toforagemamnerberries. NoyceandOoy(1989)

fanisoftnasttobemstabmflantinregeneratingaspenstardsard

open upland vegetation types. Selective cutting of non-mast producing

modyplantsslnfldbepractioedmpermarentopeningstoemanoeor

mintainsoftmastproductim. PeImanentopeningscontainedwild

strawberry,withserviceberryanioam1drokedrerryfamdatthe

perman-

Manneuplanihardwoodstardsslmldbenaintairedtoprovide
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bears with beechmts, a preferred fall food. Since upland hardwoods,

mDrmnondIsland, aredaninatedbyAnericanbeeduandsugarmaple,

light selection outs favoring American head: can be utilized for tinber

regeneration. However, fliesawlogbasalareaslnildmtbelessthan

4.6 m2/0.4 ha (Tubbs 1977). Mature cedar swanps and man-forested

wetlank should be preserved to supply bears, during late fall, with

roots and tubers frcm mesic plants.

Ideal black bear habitat should be oarposed of 15% spring food-

produoing vegetation types, 50% winner food-producing vegetation

types, ard35%hardnastproducingvegetatimtypes (Rogersetal.

1986). Cedar swanps, aspen-birch stands, openings, non-forested

wetlands, anduplandhardwoodsproducedavarietyofpreferredbear

foods. Cedar swanps supplied bears with early spring grasses and

forbs. In addition, during late fall, starchy roots and tubers were

supplied by both cedar swamps and Inn-forested wetlands. Aspen-birch

starrismtmlyprwidedaspenleaveeandoatkinsaslatespring foods,

hitalsoproducedanablmdantbenywpplyduringammer, especiallyin

regenerating stands. mutt openings, especially at the periphery,

supplied additional sunlner berries. Upland hardwoods provided bear

foods year-mmd. During late spring, upland hardwoods supplied bears

withinsectsandforbs. Raspberriesaxflothersoftnastproducerswere

available in upland hardwoods in sunlner, usually where logging activity

occurred. Finally, during early fall, beechnuts were produced within

mature stands.

mnnanencroadnnentmbearhabitatisaueofthemajorreasms for

decreasedbearmmbers (Rogers 1987). Bears are secretive, and



61

generally avoid human activity centers and dwellings unless a reliable

food source is available. Bears that utilize artificial food sources

(i.e. garbage) aremrelikelytoamnmtomman-cnused mortality

(Rogersl987,RogersarriAllen 1987). 'nnus,l'nmandevelo;ment should

berestrictedwherepossible. Inaddition,roadsoonst:ructedasa

result of logging activity should be closed to minimize Imman

dishurbarmsardpoachingqporumities.

'IheblackbearHSInodelstmldberevisedandre-evaluatedin

ternsoftnvthemdelcorrespondstospringarflfallblackbear

habitat preferences. the present HSI model evaluates spring food

abnriarcethmughpercentareainforestedmtlardvegetationtypee.

I-Iowever, meanpercentuse of lowlandhardmods (a forested wetland

vegetatim type) by bears was significantly less than availability. In

addition, fallfoodahmdanceisevaluatedinthepresentHSImdelby

quantifyinghardnastproductim. However, bearsduring fall,

preferredrm-forestedeetlardsanicedarswanpstoforagemstardmy

rootsandtubers. 'lhepresentHSImodelfailedtoaddressrootsand

tubersasfallfoods. hemdelshouldalsoberevisedintermsofits

quantification. 'IheIBI score forDerlnord Island (0.27) wasvery low,

aruddidmtoorrespmdwelltoaverageageoffirstreproauctimand

meanhanerangeoverlapamongadultfetales. Basedmthefindingsof

this study, theHSImodel reedsmdificntiomtomreaoaurately

reflect black bear habitat quality.
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