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Abstract:

This study employed a sample of 22 radio-collared grizzly bears to document the extent to which
grizzly bears used harvested habitats on a seasonal and annual basis and how this use compared to the
availability of harvested habitats. Use sites within treated stands were sampled and compared to
random sites within the same stand to determine if grizzly bears were selecting unique microsites
within stands or if use sites were representative of the stand as a whole. Instrumented grizzly bears
significantly avoided using harvested stands within the study area during all seasons. Within composite
and seasonal 95% minimum convex polygon home ranges, instrumented grizzly bears used harvested
stands in proportion to their availability within their home range polygons. Use of harvested stands did
not differ significantly among most of the individual grizzly bears. I found no significant difference in
the use of harvested stands between age/sex classes. Instrumented grizzly bears were more likely to use
harvested stands in summer than in spring or fall. Clearcuts were used less than other harvest types.
Stands harvested 30-40 years ago were more likely to be used than younger or older cuts. Univariate
and multivariate analyses of habitat data identified 3 variables that discriminated between use and
random sites in 73% of the cases. They were distance to edge, vegetation density between 1.0-1.5 m
and amount of huckleberry present. I concluded that a lack of security cover, human disturbance, and
food availability, regulated the amount of use that harvested stands received. Also, stands logged in the
study area within the last 10 years are unavailable as grizzly bear habitat and should be recognized as
such. Although the amount of available grizzly bear habitat in the study area is likely to increase as
harvested stands recover, the study area may be currently over-harvested in terms of providing optimal
grizzly bear habitat. I suggest that management agencies conduct ecosystem specific investigations of
the effects of logging on grizzly bears. It is neither appropriate nor valid to extrapolate the results of
studies in one ecosystem to another.
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| .’AB,_STRAC'T .

Th1s study employed a sample of 22 radio- -collared
grlzzly bears to document the extent to which grizzly bears
used harvested habitats on a seasonal and annual basis and
'how this use compared to the availability of harvested

"~ habitats. Use sites within treated stands were sampled and

compared  to random sites within the same stand to determine
if grizzly bears were selecting unique microsites within
stands or if use sites were representative of the stand as a
whole. Instrumented grizzly bears significantly avoided
using harvested stands within the study area durlng all
seasons., Within composite and seasonal 95% minimum convex .
polygon home ranges, instrumented grlzzly bears used
harvested stands in proportion to their availability within
their home range polygons. Use of harvested stands did not
differ significantly among most of the individual grizzly
bears. I found no significant difference in the use of
harvested stands between age/sex classes.. Instrumented
grizzly bears were more likely to use harvested stands in
summer than in spring or fall. Clearcuts were used less
than other harvest types. Stands harvested 30-40 years ago
"were more likely to be used than younger or older cuts.

~ Univariate and multivariate analyses of habitat data
‘identified 3 variables that discriminated between use and
random sites in 73% of the cases. They were distance to
edge, vegetation density between 1.0-1.5 m and amount of
huckleberry present. I concluded that a lack of . security
‘cover, human d1sturbance, and food availability, regulated
the amount of use that harvested stands received. Also,
stands logged in the study area within the last 10 years are
unavailable as grizzly bear habitat and should be recognized
as such. Although the amount of available grlzzly bear
habitat in the study area is likely .to increase as harvested
stands recover, the study area may be currently over-
harvested in terms of providing optimal grizzly bear

- habitat. I suggest that management agencies conduct
-ecosysten spe01flc‘inveStigations”of the effects of logging
on grizzly bears. It is ne1ther approprlate nor valid to
extrapolate the results of ‘studies in one ecosystem to
another.




INTRODUCTION

The grizziy bear was listed as a threatenedySpecies in

1975 under the Endangered Species Act of 1973.. Section 7 of

the Act precludes all federai agencies from actions that
"result in the destructlon or. adverse modlflcatlon of
habltat" of threatened species (Congress 1973). Portlons of
‘currently occupled-grlzzly.bear range administered by the
U.S. Forest Serv1ce are under multiple-use- management.
Tlmber harvest 1s ‘a prlmary act1v1ty in these areas, yet
.- little 1nformat1on exists on how tlmber‘management affects
grizzly‘bears. | | | .
Studles descr1b1ng vegetatlve response to logging are
numerons (Leege and’ chkey 1971 Dyrness 1973, Schmldt
1979).- Studles descrlblng the response of ungulate forage
species to timber harvest have also been’ oondgcted (Lyon
. 1979, Lyon and Basile 1979, Lyon and Jensen 1980). These
.studies nave shown that removal of canopy cover by 1ogging
increases'forage availability and thatlungulate populations_
respond favorably-to this increase. Studies of theveffects‘
of 1ogging on black and grizziy bear piant-foodsoSuggest
_that they respond_mucn like those of ungulates (;indzey‘and
Meslow 1977, Schinidt 1979, Martin 1983) Bratkovich 1985,
- Hamer and Herrero 1986, Noyce and éoy 1989). :

Studies of black bears in the Pacific Northwest have
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shown that increased availabillty of foods due to logging
has increased the rates of recruitment and vigor (i.e.
higher mean body weights) of the_black bear populations
(Lindzey'et'ai.,1986)f :Studies have found that black,bears
preferred selectiyely 1ogged'stands for their high food
ayailability (Lindzey and Meslou 1977, Young and Beecham
- 1986, Unsworth et al..1§89). Because many,of‘the forage
_species.utilized by black bears.in the Northern: Continental
Divide Ecosystem (NCDE) are uSed‘by grizziy bears, it is . |
currently. assumed that grizzly bears also respond favorably
to the 1ncreased amount of forage.

~ Zager (1980) examined the effects of_iogging onlsome
‘key grizzly‘bear_foods in_the South’fOrk of the Flathead '
River drainage in northwestern Montanaf‘hThese.species
generaily inCreased or became,more,productiye after'
disturbance by logging;compared'to those in undisturbed |
stands. Recommendations from this study, and resulting
publications, are the basis for many land management.

.de01s1ons made in the NCDE (Zager and Jonkel 1983, Zager,

‘Jonkel and Habeck 1983). Based on these recommendations and

the results of studies on black bears, land managers have
-undertaken a program'of logging.to-increase‘habitat values
for grizzly.bears,(Garoia 1985;uHillis.1985; Holland 1985).
Literature documenting negatiye effects of logging on'
grizzly and black bears is increasing. However, these

effects are more the result of increased human_activityf
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‘associated with resource deVélopment than to alteré#ion of
' the-physical;environment. One such efféct is temporary
displacement ofuggérs from portions of'their habitat. Mace
and Jonkel (1980)‘foﬁnd that a radio-collared grizély bear
avoided a drainage where active logging was taking pléce.f
Zager (1980) found ﬁhat radio-collared grizzly bears.avoided‘
using‘cleafcuts. Archibald et al.ﬂ(1987) found radio- -
collared grizzly.bééfs wéré diépiaced from the portion of
their rangé where log frucks were haulihd and that the
nunmber of'times the'bears crossed roads decreaséd{ 1M¢Lellaﬁv‘
and Shackleton (19885 suggest that roads in their'study area
rebresentedia loss ofl§% to‘$% of the available grizzly bear
habitat. _This dispracement'séems to be‘limited to:tﬁé
period of.adfivity; the bears return when activitYICeases
(Archibald et al. 1987, McLellan ahdIShackIéfoﬁ 1988). In
some cases grizzly bears may not‘be displaced by aéfivity at
all,uespeciaily when.the area has a high survi§a1 value
(McLellan and Shackleton 1989); Grizzly bear behavior
appears to-parallel that of ungulatés displaced‘by logging
activities (Lyoﬁ'1§79, Lyonandndensen 1530,'Edge.éhd'Mércum"
1935). | | |

Another negétive.effedt ofllogging ié increased bear
vulherability to hunting and poaching.’ Archiﬁald’(1§83):
éuggeSts this as a reason for the.extirpation‘of some 1océl
grizZly bear populations inhdoastal;British Columbia.

Johnson (1977) documented high bear mortality around logging’
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camps in‘Alaska. Brody and Stonen(1987) felt that some
1 timber harvest regimes may‘improve hlack bear habitat in
‘terms of carrying capacity, bnt these benefits-were.
outweighed by the concomitant increase in‘huntind mortality.

Most‘studies have shown a general_avoidance (use
significantly‘less than expectedjmof clearcuts (as opposed
.toAselectionACuts) b§ grizziy,and hlack bears (Lindzey and.
Méslow 1977 Zager 1980) The avoidance may be due to- the
age of the clearcuts (most were 1ess than 20 years old) and
the tendency for clearcuts to be heav11y scarlfled (Zager
1980, Young and Beecham 1986, Unsworth et al. 1989). Heavy
scarification.can significantly delay‘the recovery of bear.

foods and cover thus reduCing the clearcut’s value to bears

(SChmidt.1979, Zager 1980, Martin 1983). Apparent avoidance

of clearcuts could also be.due to other factors including“
presence of open roads; Low carrying capacity‘and grizzly
‘bear numbers, or the presence of better foraging sites
elsewhere (McLellan 1990)1

The objectives of thls.study were to document the
extent that grlzzly bears used harvested areas, how use of
harvested areas varied. among seasons- and among dlfferlng
‘age/sex classes, how use compared to the ava11ab111ty of
various harvest types Wlthln the,study area, andlto
) determine if use sites were representative‘of the:stand as a

whole.




STUDY AREA -

-‘The stddyvareanencompassed approkimately 910 km® (351
‘f;miz) mithin the South Fork Flathead River drainage in-
northwestern Montana (Fig. 1). The-study area was bonnded
‘to the north by the main stem{of_the Flathead Rlver, to the

east by the South Fork of the Flathead River and Hﬁngry‘

Horse‘Reservolr to the south by the Bob Marshall Wilderness

' boundary,‘and to the west by the crest of the Swan

Mountalns.‘ The area is managed for multlple use by the U. S."

Forest Serv1ce. T1mber harvest is the prlmary use, but
berry. plcklng and recreatlon are also 1mportant act1v1t1es.
Almost every dralnage 1n the study area had been 1mpacted to
.some degree.by timber harvest. Approx1mately 18/ of the
study‘area and‘33% of the avallable t1mber had been logged
by 1990. Most of the dralnages were accessible from a
brimary, secondary or tertiaryvroad, although some of the
 roads were permanently orfseasonally_closed to motor ;
vehlcles. | ' N | |

| Elevatlons ranged from 940 m (3 084 ft) along the

Flathead River to approx1mately 2,400 m (7,874’ft) along.the

Swan divide. The rugged mountain topography, influenced by ‘

Pa01flc maritime weather. patterns,'created complex local
‘cllmates. ' Mean 1990,temperatures at the Hnngry Horse‘Dam

weather station, located at the'northern,end of the study
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area, were -5.5° C (22.15 F)-fof January and.20.5° C (68,.9.o
F) for August Temperature'ektremes fer 1990 were 35.0° C-
(95 0° F) on 15 August and -28.8° C (- 20 0° F) on 30 |
December. Annual prec1p1tat10n for 1990 was 98. 7 cm (38 8n
-in.) (NQAA 1990). VYearly prec1p;tat10n‘for_the perlod 1969
: te.1§85 averaged 81.71 cm (52.21in)'at the dam=(Hadden et
‘al. 1987). Weather condltlons became much more severe at
‘ higher elevatlons. Snow prov1ded approx1mately 50/ of the
pre01p1tat10n at h1gher elevatlons (Mace and Manley 1991)

A mosaic of vegetatlon_types ex1sted within the study
-area, ranging from closed conifer at lower elevations to |
"true aipine flora at the highest elevations. ' Dominant |

conifers with increasing elevation included spruce (Picea

Spp.), western‘red Cedar (Thuga plicata), lodgepole pine

(Plnus contorta), Douglas flr (Pseudosuga menziesii),

subalplne fir (Abies lasiocarpa), and whltebark plne (Plnus

alblcaulls) (Mace and Aune 1988). The,spruce/flr habitat
types of northwestern Montana have been described by Pfister

et al. (1977).




. METHODS

South-Fork Grizzly . Project'(SFGP) perSonnel used

standard trapplng technlques (Johnson and Pelton 1980) to

" capture grlzzly bears from fall 1988 through fall 1991.‘

Snares were placed throughout the study area using a
systematic‘grid system (Mace and Manley 1991). captured
bears > 1. 5'years of age were fitted-with radio.collars
(Telonics, Mesa AZ) equlpped w1th break-away cotton spacers
that allowed the collar to fall off after 1 to 4 years.i

The 22 grlzzly bears’ monltored dur1ng th1s study

" represented 6 age/sex classes' adult: male,'sub—adult male,

adult female, sub—adult female, female w1th young, and

female with cub(s){ I termed young of the year "cubs" and

yearllngs through 2.5 years old M"young".
Using aerlal radio telemetry, ' SFGP personnel relocated
collared grlzzly bears once per week (weather permlttlng)

from fall 1988 through fall 1989, and twice per~week from

ﬁsprlng 1990 through fall 1991. Relocatlon fllghts were

generally conducted between 8 00 A.M. and 12: 00 noon. Each.

relocatlon s1te was photographed with a Polar01d camera.'

‘ Follow1ng development the location of the bear was marked ;
‘on the photo whlle the plane was Stlll over the area. The
‘relocatlon was later located on a 1:24,000 orthographlc

" photo and slope, elevatlon, aspect and Un1versal Transversed
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Mercator (ﬁjﬁ) coordinates-recorded. A computer data base
was used to store UTH coordinates, bear identificatiOn
number, relocation number, and other pertinent 1nformat10n.
Aerial relocatlons had an error of approx1mately 1 ha (2.5
acres)

The U. S Forest Service prov1ded d1g1tlzed maps of all
harvested stands w1th1n themstudy ‘area. The maps ‘'were
tranSferredafrom ERDAS (ERDAS 1991) to floppy disks;-then'
imported into another.geographic'information system, EPPL7
'(Mlnnesota State Plann1ng Agency 1990). , A database'dueried'
. from the Tlmber Stand Management Record System (TSMRS) '
detalllng the treatment hlstory of each stand accompanled
the stand maps, I reclass1f1ed each stand accordlng to

harvest method, scar1f1catlon method and-age class.

Harvested stands within the study area were placed into

1 of 8 classes: clearcut, shelterwood cut, improvements,‘

liberation cut, seed tree, thinning, salvage cut, and other.

Included in the other category were such harvest methods as
.group and 1nd1v1dual selectlon cuts and harvest methods' that
‘were not specified in the TSMRS. Harvested stands w1th1n
the.study'area were also piaced into 1 of 4 post—harvestm
treatment classes: dozer piling, manual methods, broadcast
burning, and unknown. . Manual‘methods includedfsuch
treatments as_lopping;‘slashing,_and hand piling. The
unknown,categorv contains stands-for which no post¥harvest

treatment was given in' the TSMRS. Each of the harvested
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stands_was'placed into 1 of 6 age class categories based
upon the time elapsedhsince.the stand Was-haryested:, pre—'
1950, 1951-1960, 1961-1970, 1971-1980, 1951?1935, and post—
1985. When combined these classifications”formed layers‘of
a 511v1cu1ture map of the study area.‘

I 1mported 1,811 aerial. relocatlons of 22 dlfferent

grlzzly bears into EPPL7. I overlaid the relocatlons‘on the

stand maps and rectified them with the UTM‘coordinates.‘
Each bear location could‘then be classified as being either
‘in'or‘out of.a harvested stand)_and stand_attributes'could_
‘be compared'among relocations. | |

I used Program Home Range (Ackerman et al.v1989) to

create 95/ minimum convex polygon (MCP) home ranges for each

‘of the 22 grlzzly‘bears.' Compos1te MCPs cons1st1ng of
locatlons collected from 1988 to 1991 (all Seasons comblned)
were created, along with spr1ng, summer and'fall seasonal
MCPs which comblned seasonal locatlons across the 4 years of
the study Changes 1n food hab1ts documented by SFGP
personnel dellneated the seasons. Sprlng was from 30 March
to 13 July (106 days), summer from 14 July to 16 September
(65 days),'and fall from 17 September to 30 October (44
‘days). The grlzzly bears were in dens and 1nact1ve during
the remainder of the year. I 1mported the MCPs 1nto EPPL7
and_oVeriaid them on the stand maps. The map layers were
checked'for accuraCy‘by overlaying'them on a rectified

ThematicvMapper (TM)ISateliite image of. the study areaj
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' (Manley and Mace 1992) Th1s -process enabled me to.
calculate the proportion of harvested stands within the
study area, each home range, and the proportlon of each
| harvest type,'scarlflcatlon type, and ‘harvest age-class
w;thln the MCPs. | - | | |

The map layers described above qUantified thes
"avallablllty" of harvested hab1tats w1th1n the study area.
Relocations were cons1dered "use" s1tes.' Thus hypotheses
concernlng "use"-and_"avallab;llty" of treated habitats
‘.Within the study area and within.MCP’s‘could-be'tested using-'
chi—square_goodness-of-fit‘tests and Bonferroni 95%
simultaneous_confidence intervals (Neu-et al, 1974).'7Unless
.otherWise stated, all‘hypotheses were tested at the 95%
confldence level. | o A

During ‘the 1991 fleld season (May through October), I .
v1s1ted harvested stands that contalned relocatlons. I |
. visited the site within 10 days ‘of the relocatlon or, if the
‘ relocatlon was in an earller year, w1th1n 10 days of the )
‘annlversary of that relocatlon. For the stand as a whole I
recorded habltat type (Pfister et al. 1977), harvest type,'
scarlflcatlon type, fuels treatment, and any_evldence‘of
bear actlvity. The center of the 1<ha (2.5 acre) relocation
site was marked with flagging. I recorded the coVer-typef”
(Manley and Mace 1992), 3 domlnant plant spec1es, slope
‘shape, plot pos1tlon, elevatlon, fuels treatment efflclency,'

special feature, distance to edge, and‘type of edge for the
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| 1-ha relocation site. Because the 1-ha macro-plots vere too
large to sample intensively) I used i 375-m? (1/10 acre) |
micro?plots randomly‘situated‘Within the 1-ha macro-plot
relocation site. I derived most of'the variables from the

| U{S. Forest Service’s ECODATA manual‘(USDAxl9éS):and
measured themuaCCordinglyu The'variables measuredﬂwithin‘
the 375-m? plot are listed in'Tablefl and described in.

detail in Appendix A.

After‘sampling the "use" site, a number of random sites‘

were sampled'in the same‘manner.j The number of random sites
sampled depended upon the size of the harvested'stand; I
‘chose to sample 16/ of each harvested stand thus a 20.2 ha
(50 acre) stand would have 3 1-ha random macro—plots plus
any nhumber of "use" s1tes (usually only one). I sampled 33
.different stands' containing 35 different use sites.fronlo
'different grizzly hears;‘ |

I entered the data into a computer database ‘and used :
Program SAS (SAS Inst. 1990) for analysis. I averaged
values for cont1nuous variables recorded in the 4 micro-
plots w1th1n each macro-plot so that for each var1able there
was only 1 value. Nomlnal var1ables could not be averaged
so l created a new varlable for each category. of each
variable. These.“dummy" variables consisted of éerosvor
ones denoting'presence or absence. 'Thelvalue of'these |

variables for the macro-plot was the total percentage of
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Table 1. Variables measuréd in 375-m* microplots to detérmiﬁe'
‘differences. between use and random sites in cutting units. .

Slope

Aspectl

Covér type

Three dominant cqver.species"

Ground cover disturbance_

Duff depth |

Percenf ground cover for soil, gravel, rock, wood, and moss

Phenology class of éhrubs and deciduous trees, forbs, and |

graminqids. |

Percent total tree cover

‘ Percent cover of seedlings, saplings, poles, mature andllarge
.-matufe trees | | | | |

Percent total shrub céver

Percent céver 6f>low, medium, and tail*shfubs'

Percent tofai grass cover -

»Peréent ﬁbtal forb cover

Bear food_deﬁsity

Pgrcenﬁ Heracleﬁm cover

Horizontal vegetation densityf

Number of stumps . o

Number of stumps disturbed
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micro-plots‘occurring"Within that category, i.e, 0, 0.25

7

0.50, 0.75 or 1.

I tested for d1fferences between random and use macro—'gi-

plots u51ng un1var1ate methods. I used chi- square tests to‘

~detect dlfferences among the follow1ng nom1nal Varlables- :
“macro-plot cover type, slope shape,.plot posltlon, speclal

feature, micro—plot cover type, scarification:efficiency,

and bear food den51ty. Because the data for each‘continuous

Varlable was non—normally d1str1buted Wllcoxon 's rank-sum v
test was used to detect differences between‘random and use
sites for the follow1ng varlables. slope, duff depth edge
dlstance, elevatlon percent ground cover of s01l, gravel

| rock, wood and moss, percent total tree cover, percent cover
of seedllngs, sapllngs, poles,-mature, and large. mature
trees, percent total shrub cover and percent cover of low,

: medlum and tall shrubs, percent total grass cover, percentjt
total. forb cover - horizontal Vegetatlon dens1ty, number of
stumps, and number of stumps disturbed.

I used stepwise logistic regre551on to 1nvest1gate the

relatlonshlp between the blnary response proportlons (random_

and use) and the "explanatory" varlables. The‘stepw;se“
logistic procedure first estimates parameters:for the'
Variables‘forced into'the model, starting with'the
intercept. Next the procedure computes the adjusted ch1—
squared statlstlc for all the varlables not in the model and

: examlnes the largest of these StatlSthS. If the statistic
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is significant at the p=0.15‘leve1 it is entered into the
model. Each forward . selectlon step is followed by one or

‘more backwards ellmlnatlon steps.‘ The chi- squared

statistics are_recomputed when a variable is accepted into

the model;‘_If the new chi-squared statistic exceeds the

p=0.15 level (based upon maximum likelihood estimates) it is.

excluded frcm.the‘mcdel. The procedure continues uhtii no:
,fﬁrther.vafiables can be added to the model.

' The hypotheses tested in. thlS study relled upon- EPPL7
'to class1fy each relocation as to occurrence w1th1n a
' harvested stand. As stated earlier, the accuracy of the
_reiocatiqns'is'l ha.-'fhﬁs, relocaficns;closer than 100 ﬁ
(328 ft):to the edge of a stand may have beeh ciaseified as
min" when they were actualiy "out". ' Conversely, felocations

- on the outsidededgerf a stand may actually have been "in"

but classified as "out". Visual‘sightings of the bears were.

nade during some of the relocation fiights. I checked~tﬁese
relqcaticnsdand'ccfrected them if thefvwere‘inccrrectly
classified by EPPL7.‘.

To‘address.the‘possibilifyhthat relocatioﬁs were
‘erroneously classified, I teéted several'hypotheses'
excluding all inside edge 1ccatioas and including all
outéide_edge locations. This in effect shcws.likely'minimum
- and maximum usage of harveeted'stahdsvby the instrumenﬁed:

bears.
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RESULTS
Use and Availability Within‘thevstudy Area

The study_area,ccntained 1;065 harvested stands that

accounted-for approximately lS%_of the‘study area. From -
- fall 1988 through spring 1991 radio4collared grizzly bears |
lwere relocated at least once in’ 112 (10 5/) of the 1,065 |
harvested. stands. Eighteen harvested,stands contained 2
v(1;7%)_relocations and only é contained more than 2 (0 8%)
_relocations. of the 1, 811 radlo relocatlons used 1n this
-study,_161 (8 9%) were w1th1n harvested stands (Table 2).
Thus the hypothes1s ‘that 1nstrumented grlzzly bears use
" harvested areas in proportlon to thelr avallablllty w1th1n
‘the‘study area was re]ected (X%=102.005, d.f.fl p<o0. 001)
Grizzly‘bears‘used harvested,stands within the.study area
‘ Significantly less ‘than expected and unharvested areas'
s1gn1flcantly more than expected in each season, spring .
(X*=62.134, d.f.=1 p<0 001), summer (X2 9. 986 d.f.—
p=‘0.002),:and fall (X*=46.329, d.f.=1, p<0.001). |

..In'examlnlng use of.harvested standslversus unharvested
areas for‘each individual grizzly bear (all seaSOns ‘
comblned), I found that 14 of 22 grlzzly bears (63.6%) used
harvested stands s1gn1flcantly less than expected and .

_unharvested areas s1gn1f1cant1y greater than expected :
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Table 2. Age, sex, and total number and percent of relocatlons of radlo-collared quzzly bears and
relocatlons in harvested stands for each season in the South Fork Flathead studv area 1987 90.

. Total Relocatlons in Harvested Stands ‘ . Total Relocatlons
Age in
Bear 1990 Sex Spring (%) Summer (%) Fall (%) Total Sprlnq (%) Summer (%) Fall (%) Total
la 12.0 F 1 11.1 0 0 -1 141 2 3 33.3 1 11.1 .5 5.5 .9

3045 F 2 25 2 2;5_ 0 0 4 w1 s 34.6.’ 4. 173 81 .
5105 F 2 13 12 81 1 0.7 15 59 3§.9 54 36.5 35 23;6 148
M12s F o0 o" 00 c0 0 0 3 333 4 41 2 226 -j 93: :
8 35 F 2 18 1 0.9 ,‘o‘ 03w 400 &2 %2 B 27 100
2 45 W 5 54 9 97 3 32 17 9 4.9 % 37 18 193 9
% 45 K 1 12 8 06 0 0 92 3T 36 48419 29 8
2 1.5 H 0. 0 0 0 0 0 o0 3 37;5 Y 2.0, 1# 20.4 ss‘l
$5 195 F 1 1.2 1 12 | 0 0 2 730 B3 W 43.5 18 2.2 85
8 05 F 0 0 7.' 7,?, 1 1108 3 38;25 3? 4;.6“'18 20.2 ’fd89
no25 W 3035 11 128 3 35 17 2 3.2 35 40.7 19 22.1' 8
% 105 F 9 7.4 9 7.4 ¢33 2 60 9.2 42 3420 164 12
96 175 F 0 00 0. 0 0 | 0 50 41.0 B 5.2 29 23.8 125
137 35 F 3 27 £ 037 1 09 8 42 385 43 3.4 24 22.0 109

139 65 F .5.109 1 22 1 2.2 7 2 5.6 18 9.1 7 15.2 46
W 75 P 3 31 3 31 1 10 .7 8 M5 3 B3 A M9 9%
1t 135 W0 0 283 0 0 BT 7.4 1 w2 7 18.4 ‘38“‘
6 75 W 0 0 2 43 0 0 2 2. 4.5 16 348 10 2.8 16 :
147 45 F ‘8_ 61 1398 0 0 2 55 _4i¥%-' 50 37.9 .27 20.4 132
Mga 95 M 00 133 0 o0 1 1 467 13 43.3 f 3100 30

149 10.5 M 117 3 52 0 0 4 20 345.29 50.0 9 15.5 58

150 85 W 5. 109 4787 1 2.2 10 25 543 12 26.1 9 19.6 46

TOTALS: - 51 4.6 93 57.8 17 10.5 161 740 40.9 695 38.4 376 20.8 1811
a. Deceased or lost COlla; prior to 1990. Age shown is age at last relocatien. :
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(pgb.04). The remaining 8 (4 adult females and 4\Yound
" adult maleS) used harvested stands.in proportion to-their
avallablllty within the study area (p>0 51) No bears uSed
harvested stands 51gn1f1cant1y more than expected (Table 3).
Use of harvested stands dlffered 51gn1flcant1y among’
some of the grlzzly bears (X%=97,786, d.f.#2;, p<0.001).
Five grizzly bears, 4 adult females.(bear number 14, is; 45,
and 96) and 1 juvenile male (bear nunber.42) used harvested
stands signifiCantiy lessythanpthe cther i? érizzly'bears, |
d During spring, 9 of-ZZ.Qrileyubears (46;9%) used
harvested stands less thanAexpected (p<0.047), and the
_‘remainind 13 used harvested stands in proportion to their
availabiiity (Table 4)'_:During summer; 6 cf 22 grizzly ,
bears (27.3%) used harvested stands less than expected |
(p<o0. 020), 15 used harvested stands in proportlon to thelr
avallablllty,_and 1 used‘harvested stands greater than
expected (p=0. 029) (Table 5). During fall, 8 of 22 grlzzly
,bears (36. 4/) used harvested|stands less than expected
(p<0. 047) and. the remalnlng 14 used harvested stands in

'proportlon to their avallablllty (Table 6).
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Table 3. Results of chi-square analyses of observations of radio-collared grizzly bears in

harvesteq andlunharvested habitats within the study area, all seasons combined 1987-90. Expected

observations in harvested stands calculated as (n%+n2) x 0.18. Expected observations in unharvested
ree ' :

_stapds‘calculated as (mtn,) x 0.82." Deqrees of freedom=1. _
Bear Obs. in Exp.'Obs. Obs. in Exp. Obs.
I>  cuts(m) ~ incuts uncut (n)) - in uncut - P
1.2 e 70 T4 0008 0.742
I Cue o7 664 937 0.002
w15 65 1 1213 6.215 0.012 ,
414 0 BT I 76.2 20,428 0.000 -
- %18 3. 19.8 _ 1w ‘90,2 17399 0.000 |
2 U 167 % 762 0005 0.9
% 9 s 74 68:0 2887 0.0
M2 0 158 B 720 19330 . 0.600
M52 15.3 - 8 - 6.7 13.680  0.000
%48 5 160 Cos O 405 0.026
o1 15.5- B T (X 0180 0671
% 2 220 100 - 1000 0.000 - 0.994
we 0 20 12 ‘-: 1000 26.7%9 0,000
a8 19.6 " 100 9.4 8405 . 0.003
B 7 8.3 39 . 3T 0.3 0622
+143 -7 Cowm3 sé o 78,7 . 7.469  0.006
414 2 6.8‘ ' 36 S V| 4281 0.040
k6 2 6.3 M W7 CRe1s 0015
W oa 2.8 om0 sz 05 0.5
a1 - 54 | 2 w6 A6 0.0%
STCRE 10.4."" B | 4.5 4851 0.027
150 10 8.3 % 37 04% 0;510 ‘

a. may not be a valid X test, average of both categories <.
* used harvested stands significantly less than expected.
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Table 4. Results of chi-square anaines of spring obseruations of grizzly bears in harvested und
"unharvested stands within the study area 1987-90. Expected observations in cuts calculated as (nl+n2)
x 0.18. Fxpected observatlons in uncut calculated as (nl+nq) x 0.82. Degrees of freedom—

Bear  Obs. ;n Exp.-Obs. © Obs. in Exp. Obs.

1D cuts (n,) in cuts uncut (n,)  in uncut K. P
“la L 0.5 2 25 0477 0.489
E S0 9 9.0 0.000  0.988
52 0. 0: EEEE T R TS 1,977 0.159
a0 . s6. - a4 6.809 - 0.009
$18 2 7.7 o B2 5197 0.022
22 5 7.0 ¥ R0 07 0.3
2 1 2. S0 32 0.0
42 R o 59 - om 270 7.249 0,007
#45 1 sa 2 a6 4376 0.0%
" 0o 6 w29 Tae 0.008
no 3 58w %2 11516‘ 0.203
w9 104 s w2 o o5
6 0 00 50 . 4.0 1098  0.000
u137 3 | | 7.6 390 - 344 3359 0.066
B s a0 7 180 0332 - 0.564
gy 3 8.8 % 02 5689 0030
am o , W ' 18 17 305 0,006
a0 36 20 ‘1§.4 4393 0.03§
w " s 9.9 v 451 §;447 ©0.503
148 o - 2s v14A s o 0.079 _
U1 -3.§ , 19 . . 164 . 2293 0.130
150 5 45 ' 20 205 0.067  0.7%

a. May not be a valid ¥¢ test, average of both catagories <.
% use of cuts significantly less than expected.
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Table 5. Results of chi-square analyses of sumiier observations of grizZly'bears in harvested and

unharvested stands within the study area 1987-90. Expected observations in cuts calculated as (n 11,)
x 0.18. Expected observations in uncut calculated as (n,+nq) x 0.82. Degrees of freedom=1.

Bear Obs. in Exp. Obs. Obs. in Exp. Obs.

D cuts (n) incuts  uwncut (n)) inumcut . ' _ f :
la 0 02 1 0.8 0,220 0.639
w2 0.1 - 54 45.9 - 7.906 0.008
5 U187 B 8.3 . 1.457 _0.227‘ E
*14. © 0 7.4 -‘_ 41 . 336 9,006 0.002
g1 7.6 a 4 6.8 ‘o.qos
2w 9 65 | 27‘.v 2.5 L1 0.275
5 5 6.5 28 20.5 0433 0.510
#42 0 63 3 w7 Tes 0.005
#45 1 e LM 287 542 0019
8o 67 - 3 0.3 0.0 0885
nb . 61 B 29 AT 0.029
W 9 ‘ 7.6 "35' | eh 0.3 0.564
w6 0 T6. 42 34 926 0.002
137 - 7.6 | 3% a4 2088 0152
e 1 3.2 Do W L8 0.169
143 3 5.8 2 - 2.2 1616 -p.zoj
U2 2.3 11 10.6 . 0.061  0.805
Cue 2 2.9 j W 131 032 0566
W oB 88 % 02 2409 0.120
w1 23 . L L 106 0,937 ; 0.333
w3 5.0 2 S s LG 0o
50 4 an 8 9.8 1.908 0.167

a. May not be a valld G test average of both catagories <6.
use of cuts significantly less than expected.
b. use of cuts 51gn1f1cant1y greater than expected

»*
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Table 6. Results of Chl -square analyses of fall observatlons of quzzly bears in harvested and
- unharvested stands within the study area 1987-90." Expected observations in cuts calculated as (n )

x 0.18.  Expected observatlons in uncut calculated as (n1+nq) x 0.82,

Deqrees of freedom—

Bear  Obs. in Exp. Obs. 0bs. in Exp. Obs.
ID cuts (m,) in cuts uncut (n,) in uncut b 7 P
la 1 0.9 4 £1 0013 0.907
3 o 25 14 15 a0 0.7
w1 6.1 3. 2.9 5.2 0022
Y 0 3.8 21 172 4613 0.091
%18 0 4.5 25 - 20.5 5.492  0.019
2 3 3.2 15 14.7 o2 08w
0. 3.4 19 15,6 4174 . 0.041
#42 0 3.2 18 W7 395 0.086
#45 0 3.2 18 W 3954 0.086
w1 52 B W7 Lel 018
7 3 3.4 16 156 0.065  0.801
94 4 3.6 16 ©16.4 0.054 ot816
96 0 5.2 29 B8 630 0.00
137 1 1.3 7 197 3115 0.077
a1 1.3 r B 57 0.06  0.797
I 1 3.8 20 17.2 2,496 . 0.114
42 0 13 7 57 L5 0,215
146a 0 1.8 10 82 2197 0.138
ag 0 1.9 27 2. 5.9  0.014
ua 0 0.5 3 25 0.65%  0.416
a0 1.6 9 4 LT 0
150a 1 1.6 8 7.4 . 0290  0.5%

a. May not be a valid Y° test, average of both catagories <6.

* use of cuts significantly less than expécted.
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I found no 51gn1f1cant dlfference in the use of
'harvested stands between the dlfferent age/sex classes
(X%=6.956, d.f.= 5, p=0.223). ‘Instrumented grlzzly bears
' used harvested stands more during the summer than durlng the
sprlng and fall (X2 58. 244 a.f.=2, p<Q.001). |

Clearcuts accounted err53 2% of all the harvested
stands, shelterwobd cuts‘7 5%, 1mprovements 5.2% liberation‘h
‘cuts'7.5%, seed tree cuts 4.9% thlnnlng 7 2% jsaluage auts7
9.8%, and others 4.70.' There was a. 51gn1flcant dlfference
in.thevharvest types used (Xz—21'457 d. f‘—‘; p=0. 003) The
1nstrumented grlzzly .bears used clearcuts less than, and ;
salvage cuts greater than, the remarn;ng categories. |
| Of  the post-harvest treatment‘nethods,‘dorer niling
acccunted for‘57;9% of therharvested stands, manual-methods
3.6%, burningglz;l%, andlunknoWn'26.4%.. There were‘no'
significant differences in use among post.harvest treatnent
methods. (X°=7.3607, d.f.=3, p=0.oéd).' .

rThe area'occupiedlhy each_of.the harvest - age classes
Qas as follows: pre-1950 0.54%, 19511960 12.6%, ;96141976
31. 69‘ 1971—1980 36 2%,”1981—1985 10 9%, and post—1985‘é.3%.
I found significant differences in use of the dlfferent
stand age classes (x2=33.370 ‘d.£.=5, p<o. 001) ' The -
1nstrumented grlzzly bears (all seasons comblned) used the
pre 1950 age class 1n proportion to avallablllty, the 1951- .
1960 age class greater than expected the 1961- 1970 age

class and the 1971- 1980 age class 1n proportlon to‘
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.f availability, and the 1§8l4l985 and pest¥1985 age clasSesd
less than expected. | o o
The-average elevation of'harvested stands was 1'364'm

(4 475 ft) and the standard dev1at10n (sd) 191 m (627 ft)

©  They ranged from 1, 067 m (3, 500 ft) to 2, 164 m (7,100 ft)

The average elevation of 1,811 grizzly_bear relocations was
;1 670 m (5, 477 ft) and the sd=283 m (9é8 ft). The anerage
elevation of the 130 stands with 1 to 2 relocations was _
1,419 m (4 654 ft) and the sd—190 m (622 ft) The average
elevation of the 9 stands w1th at least 3 relocatlons was

1,609 m (5,278”ft) and the sd=102 m (336 ft).
'Use‘and'AVailability Within MCPs

All but'4 of the_instrumented grizzlf bears seleeted |
home ranges that contained'less than 18% harvested area
(Table 7). Composite and seasonal home range polygen areasv
- are given in Appendix B. . |

When I examined use of harvested stands versus
unharvested areas w1th1n each 1nd1v1duals compos1te home .
range pqugon, Chl square goodness—of flt tests 1ndicated
that all hut 4 1nd1v1duals.(2 adult females, 1 juvenile
ﬁale,'and'l adult male) used harvested stands in,propertion
to -their availability within their eombpsite,home range
polygon,(p30.058). The z‘females and the juvenile male used

“harvested stands less‘than'eXpected'(p50{042) while,the-
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Table 7. Percentage of 95% minimum convex polygon home ranges
occupied by cut and uncut stands for 22 grlzzly bears in the
South Fork Flathead. studv area 1987-90. :

Comp031te . ___ Spring Summer ' Fall

Bear Suncut $%cut Suncut %cut ~ %uncut $%cut. %uncut %cut
1 91.7 8.3 - % *  100.0 0  84.8 15.2
3. 94.3 5.7  96.4 3.6  96.7 3.3  89.2 .10.8'
5 '90;4 9.6  88.4 11.6 . 90.7 : 9.3 ‘88.6 11.3
14  98.3 1.7 8.1 1.8  97.9 2.1 .100.0 O
18  91.6 8.4  90.6 o 92.2 7.8  93.5 ‘6;5

22 85.6 14.4 - 84.9 15.1 - 81,9 18.1  81.5 18.5

25 89.8. 10.2  90.3 9.7 90.1 9.9  95.3. 4.7
42 93.3 6.6 94.9 5.1 . 98.0 2.0 100.0 o
45 .94.9 5.1  96.3 3.7 93.3 6.7 | 96.6 3.4;
48  85.9 12.1 . 89.9 . 10;0' 84.9 15.1 95.7 4.3

71 83.8 ‘16.2  82.9 ' 17.1  86.6 13.4  73.5 26.5
o4 72.4  27.6  69.6 30.4:i '84.0 16.0 "73.7‘ .26,3
96-‘ 96.3 3.7 98.6. 1.4  97}2 2.8 94.7 5.3
';37 '87.9 12.1  90.6 9.4 faé.g‘ | 7;11- 97.6 2.4
139 92.7 7.3 '93.5 . 6.5  83.5 16.4  94.1 5.9
143 90.4° ‘9.6. 89.4 10.6 85.5 14.5  87.0 13.0
144 86.9 13.1  92.4 7.6 - 69.0 31.0  93.1 6.8
146 92.6 7.4 91.2 8.8 90,3 9.7 - 97.2 2.8
147 88.1 "il}s '88.3 11.7  85.4 14.5 87.8 712.?
148 . 98.1 1.9 98.5‘ 1.3 86.8 13.2  *  *
149 89.4 10.6 ' 90.4 9.6  90.3 9.7  89.0 10.9

150 _88.0 12.0 ~ 87.3 12.7 _88.4 11.6 90.1

» . 9.9
~mean: 9.9 9.4 , 11.2° . . 9.4
sfd.. . 5.6 - ' 6.5 6.7 7.5

* Insufflclent sample size to bulld home range poiygon
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adult male,used‘harvested stands-greater than expected
(p=0.042) (Table 8) 'InStrumented grizzly bears also used
_harvested stands w1th1n thelr home range polygons more often
1n the summer than dur1ng sprlng and fall (XZ—61 774
d.f.= p<0 001).
Use of harvested stands w1th1n home range polygons
. differed s1gn1flcantly among some of the grlzzly bears
(X%=101.657,‘d.f.=21, p{0,00l). Flve used harvested stands
significantly less than expected. TheselWere the same 5
bears that used harvested stands less.than.expected within
the entire study area; | | | |
‘Use of harVested stands within each'individual’s ‘home
range polygon for- each season was nearly 1dentlcal to use of
harvested stands over the entlre study area. The only_
difference was that 1 adult female‘used harvested stands
less during the:fall than spring or.summer;‘ Results Were’
also simllar comparing_use of harvested stands‘between
differing age/sex classesf "no significant difference“was

observed (X4=8 511, d.f.=5, p=0'129) With only 161

o relocatlons 1n harvested stands, sample sizes were

.1nsufflclent to test for dlfferences in the use of dlfferent
harvest types, scarlflcatlon methods, and harvest age
classes between 1nd1v1duals or age/sex classes.

of the 161 relocatlons within harvested stands,.l44
_were w1th1n 100 m of the edge of the stand (89 4%) and only_

28 of these relocatlons had v1sua1 s1ght1ngs of the bears.
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Table 8. Resulfs of chi-square analyses of obServétions‘of_rédio#collared grizzly bears in
harvested and unharvested portions of their composite 95% minimum convex home range polygons 1987~
90. Expected observations in cut and uncut calculated as min, x & area given in Table 7. d.f.=].

I

Bear  Obs. in  Exp. Obs. Obs. in  Exp. Obs.

Id. cuts (n) incuts  wncut (n))  in uncut ¥ P_
a1 07 8 . 82 0.00 078
3 4 15 B 50060 6,807
5 15 134 126 1%6.6 0212 065

W, 0 16 @ 9L.4 . 1.608  0.204

M8 3 8.8 102 '9%6.2 4150 0.041
2 v w5 W5 . 1865 0.072
5 9 o 15 6 64 03 057
w20 5.9 . 8 sl 6319 0.1
51 w1 oo g.éso 0.117
‘._48. 8 | 11.4 o 73 169.5 1208 0.1
nooT 1 | 6 04 L9 0.315
o 2 30.9 % . 8L0 3581 0.058
496 - 0 45 122 - 117.5,‘ 4.687 .0.030
B 7 122 o 87 2.5 010

16 3l % e 309 0.8
w6 07 75.0 058 0.463
w2 48 5 o3l Lo 0.165
M6 2 w4 a0 26 o062 0430
Cw a1 W 129 2492 0.114
s -1 0.4 ': o - 21.6  0.837 "0;360
Ms 4 s5 48 465 0470 0.493
150b T 5.5 % 05 410 0.8

a. May not be a valid %% test, average of both catagories <é.

% ‘used cuts significantly less than expected.
b. used cuts significantly greater than expected.
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. Thus, 116 of the relocations (72.0%) were questionable as

to whether or not they were in a harvested standm-
Tests Excluding'inside Edge Relocations

.Instrumented grizziy bears uSed‘harQested stands ﬁithin'
" the study area significantly less than expected and
.unharvested areas s1gn1flcant1y greater than expected

_(Xz 278.777, d.f. =2 p<0. 001) The same was true for-each
season (p<o. 001) I found no s1gn1f1cant dlfferences 1n use
"Qf harvested‘stands among seasons (X475.41}, d.f.=2

;p=0 065). Also, each age/sex class: used harvested stands
w1th1n the study area equally (X2 8 435 d.f.=5, p—o 133)
“No s1gn1flcant dlfferences in the use of dlfferlng

_harvest types were observed_(x%=9.652, d.f.=7, p=0..208).

Each of the post—harvest treatment Categories was'used.in
prcportion to availability,within,the'study area (X%=4.311;‘
d.f.=3, p=0.228). o | | i

| There. were significantvdifferences in use among the
_stand age classes (X?=14.860, d.f.=5, p¥0.01i)5 The pre-
1950, 1981-1985, and post—1985'harvest age classes were'nsed
;less than_expected; the,195r51960 and ;95141970 age'classes.
- were used_eqnal‘to‘expected, andithe 1971-1980 age class was ,

'vused greater than_eXpected.
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Tests Including Outside Edge Relocations

.Instrumented drizzly'hears ﬁsed harvested:stands and
unharvested areas within the stndy area in proportion to
their'availahility'(x%ﬁz 151, d. f'= , p=0 142). -Grizzly
bears used harvested stands w1th1n the study area less than
_expected and unharvested areas greater than expected durlng
sprlng (X%=4.579,.d.f.=1,-p=0.032) and fall (X%=9,269,
-dﬂf';;' p=0.002). Harvested standS‘Were used Qreater”than3
expected'and unharvested areas equal to expecteddduring.-
summer (X*=4.338, d.f.=1, p=o.o37j. |

. Grizzly hears nsed harvested stands more ofteén than
,expeCted during-the‘summer and‘lessleften in spring'and_fail
(X*=47.181, d.f.=2, p<d.001). Each ofuthe age/sex classes
used harvested stands equal‘to expested,(X%=7;367; d.f.=5

p=0.194).
Use and Random Site Habitat Sampling’

Among all the variahles sampled.only 2, fdod density
and horizontal vegetation density, were identified_by'the
univariate tests as significantly different between use and

random plots. The remalnder had p—values >0. 085.

Horlzontal Vegetatlon dens1ty was d1v1ded 1nto 3 categorles{

below 0.5,m, 0.5—1 m, and 1- 1.5 m (Griffith and Youtie

by R
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1988). The helow 0.5 m Category (mean veg.‘density,A) was
not significantly differentfbetween use and random sites.
The 0.5-1.0 m section (mean veg. density B) was non-
significant at p=0.085 and the l.d—l;Szm‘category fmeannneg.
-dens1ty C) was s1gn1flcant1y d1fferent at p—O 013 (Table 9).
Bear foods were generally scarce in the stands, so all
species found were 1umped into 2 categorles, globe

huckleberry (Vaccinium globulare) and other (Table 10).

 There was no significant difference in abundance of-foods in

the other category hetween use and randomfsites., There was
'significantly more globe‘huckleberry in the use sites than
the random sites (X2 6.260, d.f.=2, p—O 044). | |
Stepw1se 1og1st1c regress1on (SAS 1990) 1dent1f1ed 5
var1ab1es that best fit the 1oglst1c model. These were edge
d1stance, horlzontal vegetatlon dens1ty in the 1-1.5 m |
category,inortherly aspects, stumps, ‘and presence of roads.
Horizontal vegetatiOnndensity and stumps-had negatlve
parameter estimates, i.e. low values for these variabies
:were'associated with higher use.:‘The‘association ofh

predicted probabllltles and observed responses was

concordant in 73.36 ofrthe cases, dlscordant in 26.6% of the

cases,‘and tied in 0.1% of the cases. The stepw1se logistic
'procedure and an ana1y51s of maximum 11ke11hood est1mates

are summarlzed in Appendlx C.
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Table 9. Wilcoxon rank sum comparisons of habitat-variables at random and grizzly bear relocation

sites in the South Fork Flathead study area 1990. HO: The class distribution functions are equal.

Std. Dev.

Cover-lge.mat. Use 45 3633.5 3622.5

; Sun of Expected Mean Prob.
- Variable _Class N___ Scores (0) Under HO (E) Under HO - Score 1 >l
Slope = . ‘Random 115 9031.5 9257.5 2635 78,5 EE
o Use 15 3848.5 3622.5° 263.5 85.5  0.855 0.392
Duff- . Random 115 9207.0 9257.5 262.9  80.1
Depth - Use 45 3673.0 ©3622.5 262.9 81.6  0.190 0.849
Edge- Random 115 . 9627.0 9257.5 2619 83.7.
Distance Use 45 - 3283.0 3622.5 261.9 72.3  -1.410° 0.159
Flevation”  Random = 107 7976.5  8078.5 240.4 74.5
Use 43 . 3348.5 3246.5 240.4 77.9  0.423  0.673
. % Ground - Random 115 - 9453.5 . 9257.5 . 260.9 822
cover-soil  Use 45 3424.5 3622.5 260.9 - 76.1 -0.757 0.449
% Ground _ Random 115 9357.0 9257.5 2612 8l.4 L
Cover-gravel ~ Use 45 3523.0 . 3622.5 261.2 78,3 -0.379  0.705
% Ground Random 117  9753.5 . 9594.0 268.8 8.4 x
© Cover-rock  Use . 46 3612.5 ~3772.0 268.8  78.5 -0.591 0.554
3 Gromd  Random 115 9427.5  9257.5 260.7 82.0 '
Cover-wood  ‘Use 45 3452.5 © O 3622.5 2607 76,7 -0.650 0.516
% Ground  Random 115 B8%47.0 . 9257.5 244.6 77.8 o
Cover-moss’  Use 45 3933.0 . 3622.5 244.6  87.4  1.267 0.205
% Total Tree Random 115 9299.0 . 9257.5 263.4  "80.9
Cover Use 45 3581.0 3622.5 263.4 ~ 79.6 -0.155 0.876
% Total Tree Random 115 9399.5  9257.5 263.1 81.7 - :
Cover-seedl. Use 45 - 3480.5 ©3622.5 263.1 773 -0.538 0.591
"% Total Tree Random 115 9120.5 9257.5 263.3 79.3 _ .
Cover-sapling Use 45 3759.5 . 3622.5 263.3 83.5  0.518 ° 0.604
% Total Tree Random 115 9260.5 . 92575 . 2615 - 80.5 o
Cover-pole - Use 5 - 3619.5 3622.5 261.5 80.4 =-0.009 0.992
"% Total Tree Random 115 9424.00 . 9257.5 247.6 81.9 o
Cover-mature Use 45 3456.0 3622.5 247.6 - .76.8 -0.670 0.503
% Total Tree Ramdom 115  9246.5 9257.5 203.8°  .80.4
203.8 80.7  0.051 0.958
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Table 9. Continued.

Sum of

Expected

© Std. Dev.

Prob.

dist. stumps Use

3622.5

260.6

_ Mean
Variable Class N Scores (0)  Under HO (E)  Under HO  Score 1 >l
% Total Shrub Random 115 9059.0 9257.5 " 263.2 78.8
Cover Use 5 3821.0 3622.5 - 263.2 849  0.752 0.452
3 Total low Random 115  9294.0 " 9257.5 2613 80.8 o
shrub cover  Use 45 3586.0 3622.5 - 261.3 79.7 -0.138  0.890
. % Total mid  Random 115 9150.5 9257.5 2625 79.6
shrub cover  Use 45 3729.5 3622.5 262.5 82.9  0.406 0.685
% Total tall Random 115  9196.0 9257.5 2633 80.0
shrub cover  Use 45 . 3684.0 3622.5 263.3 - 819 0.232 0.817
% Total  Random 115  9515.5 1 9257.5 260.7 827 :
Grass cover Use = 45  3364.5 3625 260.7  74.8 T-0.988  0.323
% Total Random 115 9397.0 . 9257.5 2631 8L.7 :
Forb cover  Use 45 - 3483.0 3622.5 2631 77.4 -0.528 0.597
sidan Veg.  Random 115 . 8994.0 9257.5 226.0 782
Demsity-A  Use = 45 3886.0 3622.5 226.0  86.3 1164 0.244
 Mean Veg. | Ramdom 115 8822.5. " 9257.5 %23 - 6.7 :
“Density-B  Use 45 4057.5 13622.5 2523 90.2 1722 0.085
- Mean Veg. Random 115 8608.5 9257.5 261.0 74.9 S
. Density-C  Use 45 4271.5 3622.5. 261.0 949 2.484 0.013
Number of Random 115 9445.0 © 9257.5 263.0 82.1 .
Stunps Use 45 3435.0 3622.5 2630 763 -0.711 0.478
Number of - Random * 115 - 9200.5 '9257.5 2606 0.0 o
45 3679.5 8 . 0.217 0.828

% Hean Veg. Density-A refers to the horizontal density of vegetation 0-0.5 1 above the ground.
Veg. Demsity-B refers to horizontal vegetation demsity 0.5-1.0 m above the ground. Veg.
Density-C refers to horizontal vegetation density 1.0-1.5 n above the ground.
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Table 10. Summary statistics for grizzly bear food items recorded in habifat-plots in the South Fork

Flathead study area 1990.

Food ifem

N Obs..

Counits of food item within plots

Class N Min. Max. Mean Std. Dev.
Amelanchier Random 114 2 6.00 30.00 18.00 - 16.97
Use 46 2~ 31.00 400.00 215.00 260.00
*Ants Random 114 68  (recorded as presence or absence, 0/1)
Use T 46 3 ' ‘ . :
Equisetum- A Random 114 5 1.50 27.50 (11,24 11.02
' -' Use - 46 -4 - 4:00_ 8.14- 5.78 1.77
Graminoids Random 114 31 -1.00 25.45  10.19. 5,65
Use - 46 10 1.50 22,00 11.37 7.15
Osmorhiza Random 114 9 ° 1.00 386 1.9 1.08°
: Use 46 6 - 1.00 - 8.00 2.33 2.80
Taraxacun Randon” 114 4'_ ~1.00 2,00 . 1.58 0.50
Use 46 2 1.00 1.00  1.00 0.00
" Vaccinium Randon: 114 62 1,00 175.16 ._36.81 34.77
' Use 46

T3l 2.5

141.00 51.16 . 41.38

* Ants were recorded as presence or absence of an ant colony.

If an ant colony was

found, a 1 was recorded. A colony could be in_rotted logs, stumps or in the ground.
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DISCUSSION
Use and Availability

'IftusenleSS'than expected reflects avoidance, then
1nstrumented grizzly bears clearly aV01ded harvested stands
.1n the’ study area. Four years of radlo-tracklng a large _ |
Aportion of the grizzly bear population within the study area
falled to show appreciable use of harvested stands. Many of
the harvested:stands had high globe‘huckleberry production,-
yetfleSS'than 1% of all harvested stands contained.more'than
2 relocations. |

_ The study area had a relatively high dens1ty of grizzly.
bears, approx1mately 4.5 per 100 km? (60 mi ) Under
conditions approaching carrylng capa01ty, sub dominant
1nd1v1duals might be forced 1nto marginal habitats. T found
no statistically significant differences in the use of
. managed stands'among'differing age/sex classes, honever;.my.
' sanple‘of adult males was"too small for adequate tests.
| Johnson s (1980) hierarchlal class1fication of habitat
selection prov1des a framework in which to 1nterpret the
results of this study First order selectlon 1nvolves.the
.geographic area an individual selects for its home range.

First order selection of the study area by grlzzly bears- may
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be largely by default. The ad301n1ng Swan and Flathead
River valleys have large human populations and are generally
unavailable fOr occupancy. Other portions of the NCDE have |
high densities of grizzly bears (Aune and Kasworm 1989) SO
- are also unavailable for establishment of new home ranges.y
hThus, grizzly bears.born in the study area‘generally must
remain there due to limited dlspersal options.

Second order selection determines the home range of an
indiV1dual. Wlthln the study area the average home range
included 9:37% harvested area in the spring and fall and |
11.16% in the summer (Table 3.). This may have been the
~amount of harvested area tolerable to a grizzly bear. It
could be argued that the high dens1ty of grizzly bears” |
' w1th1n the study area was for01ng 1nd1v1dua1s to have a.
greater proportion of harvested area w1th1n their home
ranges. -

Third order selection pertains to habitat use within
the home range. Most (81 8/) of the marked grizzly bears d
used harvested stands in proportion to their avallability'
within their home range. This;‘together with the lack of
differential use.by sub?dominant age/sex claSSes, suggests
that the‘acceptable area hypothesis is more likely to-be
'correct. Each-individual griézly bear can_be expected to
develop its own unique survivalistrategy and the observed'
differences in the use of harvested stands reflected the

nature of that strategy ‘ Some 1nd1v1duals were never
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- ‘reélocated in a managed stand, while others‘were found in
harvested stands up to 31% of the time.

HUse of harveSted stands increased‘during the sumner.
Summer is the berry season’ and some harvested stands have'
exceptlonally hlgh berry productlon. Thus it seems.
reasonable that grlzzly_bearsllncrease their use of
harvested'stands to take advantage of thisrreSOurce. Large'
influxes of‘professional.berry pickers may explain why use.
of harvested stands is not higher during the summer. The
‘study area has a national reputation as having high'berry
production. Diuring the berry season nearly'all accessible
stands had pickers in them. ﬁany of these pickers_were;-
armed and constituted a threat"to, and may have displaced,
foraging drizzly bears. o .
| Use of‘harvested stands‘decreased in_the_fall,
Phenological shifts of the vegetal food base to higher
_elevations orhto unharvested.areas and the opening of the
‘general big gane hunting seasonvmay expiain this change in
use. The drop may also be due to decreased sample size.
The frequency of days with weather unsultable for fly1ng
'1ncreased as winter approached.’ Thus, fewer relocatlons |
were collected 1n fall than in summer.. Thevlength of the
fall season was also shorter than the other 2 seasons.

The average elevatlon of grlzzly bear relocations was .
substantially hlgher than the average elevatlon of harvested

stands. Harvested stands used by 1nstrumented‘grlzzly bears
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had a higher mean elevatlon than stands in general, and.the
9 stands with thelgreatest use were higher still. Griézly
bears within the study area spent very.little time-in:the
elevation éones Where-harvested stands uere‘most common.‘ I .
belleve this was because human use of harvested stands kept
bears at higher elevatlons. Every managed stand was
access1ble by road, though some stands were more access1ble"
than others. That 7 of the 9 stands with the h1ghest use

had limited’access (closed gates and/or over-grown roads)

suggests that human disturbance was the factor Kkeeping bears

at higher elevations. Also Mace and Manley (1990) found

that remote camera. stations'were more likely to detect

fgrlzzly bears at elevatlons above 1, 567 n (5, 140 ft). Roads .

. in harvested stands at h1gher elevatlons (espe01ally above

1,524 m (5, 000 ft)) were more likely to have llmlted‘access
than those at lower elevatlons. |

Grlzzly bears in the North Fork of the Flathead River
dralnage made extensive use of river bottom habitats

(McLellan and Shackleton 1988). Creation of the Hungry

'Horse reserv01r in the late 1950’s e11m1nated these habitats

in the South Fork drainage. The remalnlng low elevatlon

habitats in the study area tend to be non-rlparlan and may
not have a surv1va1 value hlgh enough to tempt grlzzly ‘bears
into rlsklng encounters w1th humans to réach them.

| Use of cuttlng unlts was so 1ow that dlfferentlatlng

use of one harvest type over another was dlfflcult._ That

I




[N - L WL

38

grizzly bears avoided clearcuts more than_other types of

cuts may have been due to shortcomings in the method used to

. test for seiection‘fNeu'et al. 1974);_ In the.study area;’y
clearcuts made.up 53,2%.of-the total:harvested'area. For.
- this habitat‘to-be “preferred“, observed use:Would have‘to
exceed 53.2%. Expecting this level of use'may be

unreallstlc (McLellan 1985)

Conclusions concernlng the use of stands with one. type

Of'post—harvest treatment versus another type could not be |
" drawn due to shortcomings in the TSMRSlwhich‘resulted in a

- large unknown component.' This database of stand information
_ relles on old records to document past stand histories. fIn
many ‘cases these records are 1ncomplete. In some cases more
than one treatment method was used 1n a s1ng1e stand. .Due'
to computer_l;mltatlons_IIWas forced to class:the stand.'
based:on the treatment accounting for the most acreage.'-
This may have obscured biological responses toithe:treatment

method.

Grizzly bears avoided stands harvested since 1980. 'In

most of these stands the vegetatlon had not recovered enough
;.to,provlde securlty cover. They preferred to use stands

- that were harvested 30 to 40 years ago. Schmldt (1979)

reported that scarified clearcuts required about 4 years to

recover 25/ of thelr pre—harvest shrub volume.
Extrapolatlng from this, 1t would take 16 years to recover -

. 1006‘of pre-harvest shrub volume. 1In old,growth stands .




within the study area, shrubs’did notfprévide 100% of the
security cover. It is'conceivable'that'200%‘of the pre-
‘harvest shrﬁb volume is requifed to cpmpénsate;for the loss
of trees that also_cont;ibuféd to éecﬁriﬁyﬁ00ver. Thus it
'may takél30 years to estéblish a ievel'of fégeneration
sufficient.to provide hidiné cover to a'grizzly bear.
Harvesfgd.stands produce'thé most bear foods 8 to 15 years
after hafvest'(Zagef 1980, MartinTlQSé), but in mani_cases‘
‘may not'beVUSed dﬁe_to'léck of éecgrity‘cover{ |

Becéuse some of the locétibné may.have_beén
misclassifiea as to being in or out of managed stands, I
-provided,a "range of possibilitieé" by.testing uselﬁs._'f;
availabiiity using samples that included ahd eXCluded_edge";
locations; Approximately 39% of the ré1odations within
_'managed'stands were_leés than 100 m_from the edge of the
stand. This is consistent with the findings of other‘.
studies of grizzly beér.habitat‘usé,(ZaQer 1980,.Blanqhard
1983, Aune ‘and Kasworm 1985)} Whether Of‘not the béar“
aétually en£ered the étand may be irreleﬁant'if it Was_.
using, and deriving.benefits from, édge habitats associatéd
_with the stand. If bearslgnlthe oUtsidé‘édge actualiy
entered ﬁhe:stand (quite likely given the’grizzly bearé
capacify fér movement) then use éf hafvésted ftands withiﬁ
fhe'study area becomes'pfqportipnal to availability ét
‘p=0.142.' This.may sti11 be conéidered avbidance, though not

statistically significant avoidance. Harvested stands were
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still significantiy_avoided in spring and fall.

'Habitat Sampling

Accordlng to “the log1stlc regresslon; none of the
varlables measured could accurately dlscrlmlnate between'
random and use s1tes.‘ Even though unlvarlate tests
1dent1f1ed 2 varlables that were dlfferent T could not
reject the null hypothe51s that use s1tes within managed
stands were the same as the stand as a whole.'_Stands ‘were
:dellneated by the Forest Service on the ba51s of like
: community types,iso at -a large scale{ one‘would not expect

to find dramatic'differences-within stands. Furthermore,'

the process of selecting use ‘and random 51tes is subject to .

error. Random sites were not’ necessarlly non-use sites and

1n some cases I may have been comparlng 2 Or more use s1tes.

According to the lOngth regresslon, 736 of_the s1tes

‘used by grizzly.bears were closer to the_edge of:the'stand,
-had less couer between 1.0-1.5 m in height, had north
. aspects, had fewer stumps, and were closer to a road than

random sites. Distance to edge was by far the:most
'impOrtant variable in‘the.logistic regresSion; The
foreg01ng results and dlscus51on also indicated the
1mportance of thlS factor. T do not know why areas with
'~ less cover above 1 m would be selected. .This category was

significant in the univariate tests as well. . Perhaps areas
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w1th less cover in this category prov1ded better v131b111ty,,
better food resources or may have been easier to negotiate.
The greater'occurrence of,north aspects among use sites may
be due to higher abundance of foods, thicker vegetation
(security cover), or cooler temperatures." ‘

Most of the harvested stands had many roads runnlng
_through them, both logging roads and re—vegetated skid
i,trails. In many cases overgrown logging roads were used as.
travel corrldors by a varlety of w11d11fe, 1nclud1ng grizzly-‘
.bears, but were difficult for humans to negotlate. Because

the roads formed a terrace, they often had a more h1gh1y

' 'developed shrub overstory, allow1ng w11d11fe to travel

_unseen. I'suspect that, in some instances, the roads
created moist microsites that produced higher levels ofibear
- foods than their more xeric’surroundings. Despite these' |
' possibilities, the regression failed to correctly‘classify
26.6% of the cases examined. |

Globe huckleberry was s1gn1flcantly more abundant in
use sites than at random sites. This suggests that food
availability was of importance in site selection'within
‘harVested_stands, but these data Were.not entered into the

logistic model.
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MANAGEMENT IMPLICATIONS

Hlstorlcally, the grlzzly bear ranged the ent1re North
Amerlcan cont1nent (Cralghead and M1tche11 1982) and |
successfully exp101ted a large Varlety‘of habltats. Given
 the wide_amplitude of suitable habitats, the alteration of "
: forested areaszin the NCDE to earlierzsuccessronal Stages
.should not, in-and‘of itself, impair the grizzly bear’s
ability to survive. Howeﬁer, too mueh logéing,accompanied
by increased human access may decrease'grizély bear .
survival. |

The study area receives'ever 80 em of'precipitatipn per
year and is relatively‘productiye when compared,te other“

" ecosystems occupied by grizzlies. Zager (iQSO) found that.
logging generaily increased the amounts and kinds of bear
foods in harvested stands in the South Fork dralnage.

: However,‘ln 1ess productlve habitats, logglng may have a
more severe effect on the'aVaiiability‘of critical food and
cover (Mattson and Knight:1991)ﬁn Vegetation studies need_to
be repeated in different ecosystems to quantify‘these I
differences. The results from studles in one ecosystem, or
even in one habltat type, do not necessarlly apply to
another. Furthermore the 1nteract10ns between long—term

" changes in landscape dynamlcs and the1r ultlmate effects on -

the grlzzly bear have not been 1nvest1gated




43

Stands harvested in the study area since 1980 represent
a loss of grizzly bear habltat. They are 11kely to remaln‘
‘so for at 1east 15 years. ThiS_lOSs needs to be recognized
in forest management plans. - |

It appears that human disturbance is the faotor_
preventing gri221y bears from using somenharvested stands.
It the enhanced human.access resulting from timber harvest
is maintalned the area may never regain its pre—harvest
level of usefulness. Certainly not all stands are useful as
grizzly bear'habitat. Prior to 1n1t1at1ng a timber sale the
potential of the stand as grizzly bear habitat should be
evaluated and conflrmed.

Most of . the harvested stands in the study area were-cut
’-between 1961 and 1980. As these stands recover, the |
" potential grizzly habitat in'the study area is likely to
‘increase, provided new timber sales do not cause further-
losses.'Thismay'result'in'an'increase in thelgrizzly bear
population.' |

Instrumented grizzly bears in the study area selected
hOme ranges-that.were; on the average, up to ll% harvested.
‘The study area itself is overyls%'harvested and‘33%_of‘the
available timber-has been‘harvested. It is possible that
_the study'area'is over—harvested in‘terns.of‘providing

optimal grizzly bear habitat.
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‘Usingrthg Tinber Sténdeanagemgnf_Reqord System

The TSMRS is a_cdnvenientléource-of information
cbnéefning the treatment’histdrylnf harvesﬁéd stands.
Hoﬁever‘the"syStém cannot repiace the original‘reéords kebt
inﬂthe District's.stand files; -Older stands often‘have_: |
.incOmplete records,‘and as_é result, thé,TSMRS'recbrds do
" not fully describe what occurreal. I found that the TSMRS
. was reésonéblf accurate in ‘describing the activities thnf
occurfed witnin a stand in general terms, but it”is"usuélly:-
ihpossible to verify tneSe activities aften the‘fact.‘_The
‘descriptions nf.stand activities are curéory. One or 2 4-
;digit numbers afe used to descfibé'how a stand was har&ested
' and;séafified. Sometimés_the7only‘squrce:of‘infnrmanion»dn
stand actiVitiés afe the nemories of thbsé persons who wére
‘in.charge df overseeing the operation. Thesé people can be
a Valnable source of more specific infdrmatipn'concerning
harvested stands. Also the information in ﬁhe-TSMRS
concerning the cnrrent status of é stand is only as godd.és_
the last stand exam. If thé:éxnm was‘conducted“a lqng timel

ago the information may not' be accurate.
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APPENDIX A
DESCRIPTION OF VARIABLES MEASURED DURING

FIELD DATA COLLECTION
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Table 11. Variables 1ncluded in fleld data collectlon Most
are derived from USFS Ecosystem Classification Handbook FSH

12/87 R-1 Suppl., while others are from SFGP files. The
remainder have been created for this study. :

GENERAL INFORMATION |

1) ‘6BSERVER - name of collector(s)

2) DATE - entered as mn/dd/yy .

'3) START TIME - entered as mllitary tlme to nearest minute.

4) BEAR DATE - the date and tlme of the relocation.

'5) STAND I.D. - the stand i.d. number is the same as that
used by the Forest Service. : ‘ :

6) PLOT I.D. - each plot is identified by a-unique number.

7) 'EVIDENCE OF BEAR ACTIVITY - any evidence of past or

present bear activity at the site or if noted on old
relocatlon forms.

STAND INFORMATION

8)  HABITAT TYPE - the habitat type of the stand is
verified using Pfister et al. (1977) and coded using the
standard USFS ADP system. '

9) HARVEST TYPE - domlnant tree removal method used within
the ‘stand; coded as fOllOWS‘

- Code ‘ "HarVest type

4110 - Clearcutting
4121 Shelterwood prep cut
4122 Seed tree prep cut
4131 - , . Shelterwood seed cut
4132 Seed tree seed cut
4141 ' Shelterwood removal cut
4143 Overstory removal cut
- 4146 Shelterwood final cut -
4147 . © - Seed tree final cut
4151 Individual selection cut
4152 ‘Group selection cut-
4211 Liberation cut
4220 o Thinning
-4230 ' Salvage
99. "~ Other (spec1fy)

-1 s :not»recorded
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Table 11. Continued.

10) SCARIFICATION TYPE -'method used to prep site for
plantlng, seedlng or natural regen, coded as fOllOWS‘

Code T Method
- burning
" chemical
mechanical
) manual
99 - -~ other (specify)
-1. : not recorded

B WwN =

11) FUELS TREATMENT - descrlbes the method used to treat
logglng residues on the site; coded as folloWS" ,

Code - Treatment

4975 . : dozer piles burned
4976 " handpiles burned
4977 : grapplepiles burned
4978 B broadcast burn
4979 : ‘ jackpot burn

14980 understory burn
4981 . . ‘ wildfire

4982 ' lopping:

4983 - grapple plllng
4984 , dozer piling

4985 o ' wildlife burn

4986 . _ hand piling

4994 ' fuel break

4997 ' burn landings

-1 © -, not recorded
MACROPIOT (2.5 acre‘.iNFORMATION

12) . SFGP COVER TYPE =" the cover type of the 2 5 acre plots
was recorded using the follow1ng cover type

class1flcatlonS°
: Code o ' Cover Type ‘ :
1 ' ©  .coniferous forest ( >40/ conlfer)
2 - S deciduous forest (>40/ deciduous

‘ trees)
alpine (above tlmberllne)
tree wetland (>25% trees)

"~ shrub wetland (>25% shrubs)
herbaceous wetland (>10% herb.)
shrubland (>15% shrub, <40% tree)
grass/forbland (>10% herb.) . :
rockland (>40% rock, <10% veg.)
nonvegetated (<10% rooted veg )

" not recorded

=

FOWVWRENOUDW
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Table 11. ‘Contiﬁued;

13) SFGP COVER TYPE SPECIES - Recorded the name of the three
- most dominant species (>50% aggregate coverage)
compos1ng the cover type llsted above.

- 14) SLOPE SHAPE - " the topographic shape of the 2 5 acre . plot
S was recorded as follows.

Code = Slopedshaée
1 o Even or straight

2 .. Convex or rounded

3 Concave or depression _

4 Patterned (microrelief of hummock and
swale or other)

5 ‘ . Undulating pattern of low rellef
L o ‘ridges or knolls and draws
oo=1 ) ‘ not recorded

15) PLOT POSITION - the position of the 2.5 acre plot on the
slope was recorded using the following codes:

Code _ o Position N
11 " - wide valley bottom (>0.5 miles wide)
12 ' ~  slope in a wide valley bottom
13 ridgetop or  rounded- knoll in wide
valley bottom g
14 : narrow valley 'bottom (100’-.5 m.
: . ‘ wide) - C
15 : ‘draw (<1007 w1de)
01 - - toeslope
02 footslope
. 03 - - - lower slope -
04 midslope
05 shoulder :
06 ‘ bench or terrace in mountainous
' . terrain ' ‘
o7 . " narrow ridge : :
08 . platform summit or broad r1dge summit
09 o saddle, gap or pass on a ridge
10 - , short slope, neither upper or lower.
-1 ~ not recorded

16) ELEVATION - recorded from topo map to neareét contour
' interval (40 feet). .
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‘Table 11. Continued:

LN

17) FUELS TREATMENT EFFICENCY - subjectlvely evaluated
~completeness of residue removal,_coded as follows:.

Code Fuel Loadlnq Class ' '
11 : light logglng'slash varying in continuity
12 : moderate, continuous logging slash
13 . ,‘heavy,_contlnuous 1ogg1ng slash
-1 ~ ~not recorded :

18) SPECIAL_FEATURE - recorded the presence of any untisual

or unique feature within the plot; coded as follows:

Code . Special Feature
99 - not applicable
o1 avalanche chute with non-scoured surface
02 avalanche chute 'with scoured surface
03 talus (rock fragments at base of cliff)
04 scree (rock fragments mantllng a slope)
07 _ wet meadow
09 ' swamp (shrub dom1nated; s01l surface wet

in mid-summer

12 ( swale (concave or bench area w1th no.‘

surface water -but moist s01l)

13 - seep (lower concave or bench area w1th(

.surface water) -

14 riparian area (adjacent to stream,,rlver

pond or lake; within- 3’Vertlcal and
o 100’ horizontal) '
16 : snow catchment area (retains snow 2-4

weeks longer than surrounding areas

- of same aspect)

18 .+  rock. outcrop
19 ‘ road

"~ 00 ' other (spe01fy)
-1 not recorded

19) DISTANCE TO EDGE OF CUT - measure of the shortest

distance from plot center to the edge of the cutting
“unit in‘meters.. May be paced or measured from maps.

L

-
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Table 11. Continued.

MICROPLOT (0.1 acre) INFORMATION |

20) SLOPE - a clinometer was used to measure‘pefcent slope at
plot center and was recorded directly as percent. These
: may be recoded as follows: '

‘Code . Class : Midpoint
0 , .0 - 10% 5% .
Sl 11- - 20% 15%

2 21 - 30% 25%

13 31 - 40% o 35%
- l :

not recorded

21) ASPECT - aspect was_recorded at plot center and entered
directly as degrees. This may be coded as follows:

A

Aspect : Range Midpoint

Q
o]
S
0 -

.. level or rolllng~j 0 ‘ ‘ 0
2 north. _ .. 337=22 - 360

3 "northeast = . 23-67. 45
4 east o . 68-112 © 90
B southeast =~ 113-157 . 135

6 -south : 158-202 ' 180

7 southwest - © . 203-247 225
"8 west o ' ' 248-292 270
‘9 northwest 293-336 - 315
_1 °

not recorded

22) SFGP COVER TYPE. - the cover type of the 0.1 ‘acre plots
was recorded using the cover type class1flcatlons used
for the macroplots (#12).

23}' SFGP COVER TYPE SPECIES - Record the name of the three
most dominant species (>50% aggregate coverage)
compos1ng the cover type llsted above._

24) SCARIFICATION EFFICENCY - measures of post-harvest site
condition are used to estimate intensity and
: completeness of scarification. The three measures ,
are ground cover disturbance, duff depth, and ground
‘cover. These variables were combined into one variable
(scarification efflcency) They will be coded as
follows. ‘ ' ' :
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Continued.

24a)

24b)

24c)

GROUND COVER DISTURBANCE

' Code '~ Disturbance class
- 99 undlsturbed (ground cover stable)

1 1ow (1f mechanlcal dlsturbance 5~ 20/
g of ground cover removed exposing
bare soil and pavement; if fire,
most fine  fuels burned, " some
~charring of 3+" fuels, woody
plants scorched but not burned
to ground; uneven patch burning
of duff and litter)

2 moderate (1f'mechanlca1 dlsturbance,
: ' 20-40% of ground cover removed
exposing bare soil and pavement;
if fire, nearly all fine fuels
conisumed, Some consumption of
3+" fuels, some woody plants
consumed; patch distribution of
"duff and litter consumption)

| KL

3 - high (if mechanical, = 40-100% of

ground cover removed exposing

bare soil and pavement; if fire,
many areas of exposed mineral
‘soil, many woody . plants
consumed, most 3+" fuels charred
- and many consumed; fairly even
. distribution of duff and litter
consumption)

-1 - not recorded

-DUFF DEPTH - recorded depth of -duff layer to

nearest 1/2 inch (duff layer is between mineral
~soil and litter where active decompos1t10n is
s occurlng) at plot center.

GROUND COVER - cover class was’ estlmated for each
of the follow1ng ground cover categorles.

- bare soil (<1/16“ diam. soil partlcles)
- gravel (1/16" - 3n dlam )

‘= rock (>3" diam.)

wood . (downed wood >1/4“ dlam )

- MOSS

= other (spe01fy)

oRswan’
I

St
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‘Continued.
Code . " Range of class . . Midpoint
o] A 0% cover _ : 0%
1. >0 ~-<1% cover o - 0.5%
2 'l - <5% cover . : 3.0%
3 5 - <15% cover L 10.0%
4 15 = <25% cover - ' 20.0%
-5 25 - «<35% cover - 30.0%
6 35 - <45% cover - - : . 40.0%
7 - 45 - <55% cover _ 50.0%
i 55 - <65% cover 60.0%
9 - ~ 65 - <75% cover 70.0%
10 75 - <85% cover o 80.0%
. 11 85 - <95% cover * 90.0%
12 . .95 - 100% cover : 97.5%
-1 * not recorded ‘
25) PHENOLOGY CLASS - the . developmental 'stage of each
vegetation class was recorded us1ng the follow1ng S

classes.

OO W
|

2
3
4
5_.
6
8

Shrubs and broadleaved trees:

-] -

less than 3/4 leaf development without flowers
3/4 to full leaf development w1thout flowers

flowering with leaves developed

seeds developed with leaves developed

fruits developed with leaves developed
senescent leaves

flowers developed prior to 3/4 leaf development
no floral development th1s year, full veg.
growth “ S

not recorded

Forbs:

l_

i -

less than 3/4 leaf development without flowers
3/4 to full leaf development without flowers
flowering with leaves developed .

seeds developed with leaves developed

seeds dispersed with leaves developed
senescent leaves :

no floral development th1s year, full veg.
-growth

not recorded
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Table 11. Continuéd.

Graminoids :

1 - leaves partially developed no heads .

- inflorescence inside the sheath (in the. boot)

- 'inflorescence partially exerted from the sheath
- inflorescence fully exerted from the sheath
seed heads dispersed :

— senescent leaves co

- no seed head this. year, full vegetative growth
- not recorded . ) ' '

P OOUAWN
i

Fields 26 through 29 use the same cover class1flcat10ns as
those used in field 24c. _

. 26) TOTAL TREE COVER -~ estimated % canopy cover for trees as
a life form, then by subclass. This field cah serve
as a measure of post-harvest. regeneration, and
removal efflcency. ~Code as follows: :

seedllng (<1" d. b h.)
sapling ( 1 - 5" d.b.h.)
-pole (5 - 9" d.b.h.)
mature (9 - 13.9" d.b.h.)
1arge mature (14+" d.b.h.)
27) TOTAL SHRUB COVER - estimated % cover for shrubs as a
. " life form then by subclass. ~Coded as follows:

1ow shrub (<6" high)
mid shrub (6" - 4.5 hlgh)
tall shrub (> 4.57 hlgh)

28)‘”TOTAL GRAMINOID COVER - estlmated - cover for gram1n01ds
(grasses, sedges and rushes) as a llfe form.

29) TOTAL FORB AND FERN COVER - estlmated $ cover for forbs
and ferns as a 11fe form._ _

30) HORIZONTAL'VEGETATION DENSITY .- a measure of the
: thickness of surrounding vegetation. Analogous to
"hiding cover". A "cover pole" was used following the
method of Griffith and Youtie (1988).

31) BEAR FOOD DENSITY - I counted the number of bear food
- plants within 4 randomly placed 51x51 cm (20x20 in) plot
. frames. When berry bushes were encountered {Sorbus,
Amelanchier or Va001n1um sSpp. ) the number of berrles
were counted. .
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APPENDIX B

AREAS OF HOME RANGE POLYGONS




162

Table 12. Areas in km* of 95%. minimum convex home range
polygons in the South Fork Flathead study area 1987-90.

Bear_ 1ID. Composite Spring Summer - Fall
1 | ~ 331.0 T 0.26 46.4
3 . asas.e | 268.6 123.7  9l.6

5 .. 77.2- . 89.6 52.5' 7.0
14 177.4  164.7 19.8 - 25.5
18 69.7 36.0 50.8 6.6
22 ' 496.0 - 443.9 314.3  80.9
25 © 235.2 2241 37;4‘_'_ 87.7
42 S 31.9 . 26,2 159 3.3
45 . s2.4’ . 35.0 78.4 7.9
48  T67.1 _;5.4' ' '55.8 .  12.6
71 | 507.6  471.7 . 338.1 .. 45.1
oa o 60.9 | 42.3  30.7  34.7
96 - . . 101.0 3.6 ' 58.6  25.9
137 133.9 :21;71[ 140.9 - 14.9
139 1215 85.3 - 15.5 - 34.6
143 . | 57.8 49.8 34.8 23.3,
144 ‘ 545.2 ' 370.4 77.0 37.8
146 . 4201 © - 207.8  213.2 . 64.3
147 .- 242.2 171.8  .100.2  87.8

148 - 785.8 375.7 as.a o

149 . 1036.0 989.7 ; 645.7  212.2
150 390.0 166.8  273.0 _132.5

* Insufficient sample size to build polygon.
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APPENDIX C

SUMMARY OF ‘S;I'EPWISE LOGISTIC PROCEDURE
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Table 13. Summary of stepwise logistic procedure.

Step Variable Eﬁtere& . Sc&re % Pr}le,
1 Bdge Distance 5.2609 - 0.0218
"2 Hean Veg. Den. C 4.2876  0,0384
3 spect c@tagory 2 3.7964 0.0514
4 stups "'3.3830. . 10.0659.
ec. B ‘2.2488‘ |

"5 Spec. Peat. 19

© 00,1337

Table 14. LAnalvsis_of Tayimun likelihbdd[estimateé.

Variable d.f.

Intercept 1

Asp. Cat. 2 1 .

Edge Dist. 1

Sp. Peat. 19 1
Mean Den. ¢ 1

Stuﬁps 1

Parameter’ . Standard

standardized bddS'3

Estimate  Error Py’ Fstimate  Ratio -
3320 . 11027 0.0026 27.856
L 0.7 076903_ 26219 3.0
0.00% . 0.006 0.14;7 10.208531, . 1.004
360 . 244 0132 ool .07
.60 ¢ 02210 0.0028 -0.449676  0.512

-0.2189

0.1139

0.0546

-0.228584 0.803

Table 15. Association of predicted probabilities and observed responses.

‘Discordant

.Tied

Concordant.=,73t3%

26.6%

0.1

(4905 pairs)

-Somers’ D = 0,466

Ganma

Tau-a

c

= 0.467

=0.194

= 0.733
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