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A b s t r a c t : A e r i a l 1 o c a t i ons o f r a d i o - i n s t r u m e n t e d g r i z z 1 y 

b e a r s , d i g i t i z e d h ab i t a t m ap d a t a , an d d i g i t I z e d r o ad and 

d e v e l o pm e n t m ap d a t a w e r e u s e d t o a n a l y z e e f f e c t s o f hum an 

ac t i v i t y a s s o c i a t e d w i t h p r i m a r y r o ad s an d d e v e1o pm e n t s o n 

g r i z z l y b e a r i n Y e l l o w s t o n e N a t i o n a l P a r k . G r a p h i c and 

Ch i - s q u a r e a n a l y s e s w e r e u s e d . R e s u11 s s u g g e s t e d t h a t o e c u p an cy 

o f p r o x i m a1 h ab i t a t w as r e d u c e d , o t he r w i s e e f f i c i e n t f o r ag i n g 

s t r a t e g i e s w e r e d i s r u p t e d , s u b ad u11 s w e r e d i s p1 ac e d t o w a r d s r o ads 

an d d e y e 1 o p m e n t s b y m o r e d o m i n an t b e a r s , an d t h e 0 - 3 k m z o n e 

s u r r o u n d i ng d e v e 1 o p m e n t s was an a r e a o f e x t r e m e 1 y h i gh m o r t a 1 i t y 

r i s k f o r ad u 11 f e m a 1 e s . R o ad d i s p 1 ac e m e n t an d d i s r u p t i o n w e r e 

m o r e p r o n o u n c e d o n a m i c r o (. 3 - 1 5 6 8 m ) s c a l e ; d e v e 1 o p m e n t e f f e c t s 

w e r e m o r e p r o n o u n c e d o n a m ac r o (. 3 -1 5 k m ) s c a 1 e . 0 c c u p an c y o f 

h a b i t a t a r o u n d d e v e l o p m e n t s by h a b i t u a t e d n e u t r a l b e a r s was 

co r r o b o r a t e d . H a b i t a t p r o d u c t i o n s u f f i c i e n t t o hav e s u p p o r t e d 

three to four adult females was estimated to have been lost due 

t o t he effect s of roads and deve 1 opment s. The zone of 

d i s p 1 ac e m e n t w as h y p o t h e s i zed t o s e r v e as a b u f f e r b e t w e e n m o r e 

w a r y b e a r s a n d m o r t a 1 i t y r i s k s o f d e v e 1 o p m e n t s . C o n t i n u e d 



M a t t s o n Paoe £ 

s an i t a t i o n o f d e v e 1 o p m e n t s an d c o n t r o 1 o f rn o t o r i zed t r a f f i c 

d u r i n g s p r i n g i n p r i m e b e a r h ab i t a t w e r e s u g g e s t e d as m an ag e me n t 

ac t i ons wh i c h c o u 1 d m i t i g a t e n e g a t i ve p r i many r o a d and 

d e v e 1 o p m e n t e f f e c t s . 

SEVENTH INT. CONF. BEAR RES. MANAGE. 

INTRODUCTION 

Grizzly bear popu1 at i ons haye a1most un i versally been 

extirpated or put into decline after sustained contact with 

western c i vi1i zat i on (Crai ghead and Mi tche 11 1982). Thi s has 

primarily been a consequence of human-caused mortalities; habitat 

loss has been a s e c o n d ar y factor. M an ag e m e n t an d res e ar c h ha v e 

thus typically devo1ved to defining how much mortali ty and 

h ab i t at e n c r oac h me n t a b e ar p o p u 1 at i o n c an t o 1 erat e an d r e ma i n 

viable. Key questions in such a process are <1) how do bears 

respond both generally and specifically to encounters with 

different densities and types of human ac t i v i t y , and C 2 ) ho w does 

a given response influence mortality risk and habitat 

effectiveness for the individual animal or population. 

Researchers have attempted to answer these questions. 

Bear-human encounters have been subject to analyses that 

associate human and site phenomena w i t h encount er f requenc i es and 

human fates (Herrero 1976, Merrill 1978, Chester 1980, Jope 1985, 

Herrero 1935, and ot hers). 01 her researc h has at t empt ed t o 

determine encounter effects on bears as a function of individual 

bear history, specific site, season, etc. (Schleyer et al . 1984, 

Haroldson and Mat tson 1985). Still other studies have-

investigated or speculated on more general impacts of human 
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ac t i '•.•' i t i es, pr i mar i 1 y i n assoc i at i on u i t h 1 ogg i ng or hydroc arbon 

e x p 1 o r at i o n an d d e v e 1 o p m e n t (E 1 g m o r k 1978, H an d i n g an d N ag y 1 9 8 9 , 

S c n a 1 1 e n b e r g e r 1 9 8 9 , Z a g e r 1 9 8 9 , Pi u n e 1 9 8 4 , a n d o t h e r s ) . 

T n e effe ct o f h um an act i vi t y c o n c ent rat ed at r o ads an d 

d ev e1o pment s o n bean s i s an i s s u e i n Y e11o wst o n e P an k. In excess 

of 2 million people visit the park each year during the same 

per i od t hat gr i zz1y bears are ac t i ve. F i ft y perc ent of t he park 

is within 8 km (5 miles) of a primary road and 11.5 km (7 miles) 

of a vi11 age or front-country campground. Furthermore, the 

Yellowstone grizzly bear popu1 at i on appear s to be marg i na11y 

viable (Knight and Eberhardt 1984 and 1 9 8 5 ) . 

In this paper we address whether and to what extent pr i mary 

roads and developments have affected grizzly bear in Yellowstone 

N at i o n a1 P ar k. We further address h ow th e s e i m p ac ts w e r e 

manifest by mortality risk and habitat effectiveness. 

STUDY PREP 

The analysis area was constrained to Yellowstone National 

Park (Fig. 1), a m an ag e m e n t e n t i t y ap p r o x i mat e1y 19,999 s q k m i n 

size. E1e v at i o n s w e r e pre d o m i nan 11y bet w e e n 213 9 an d 245 9 m. 

T o p o g rap hy w as d o m i n at e d b y an e x te n s i v e central plate au and 

encircling hi gher re1i ef mountai ns. The c1i mate was 

characterized by long, cold winters and short, cool summers. 

Pverage study area precipitation was around 69 cm; above 2139 m 

most of this occurred as snow. 

Most of the study area 1 ay i n the suba 1 pi ne zone. CI osed 

c an op y fores t c o v e r e d ap pr o x i m at e 1 y 75 '••: o f t h e 1 an d scape. M o s t 

o f this f o r e s t c o n s i s t e d o f 1o dg e po1e pi n e ( P i n us c o n t o rt a ). 

Ext ens i ve c on t i guous non f or est ar eas o c c ur r ed pr i m ar i 1 y be 1 ow 
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2125 m. 0 c c as i o n.a 1 sizable n o n f o r est e n c 1 av e s o c c u r r e d ab o v e 

2275 rfi. 01 herw i se , nonf or est aneas oC c unned as nock and t undna 

above 3000 m on as smaller meadows in basins and on south- to 

east-facing slopes. 

Lange populations of ungulates, principally elk < Cenvus 

elaphus ) bison < Ei son bi son ), moose < fllces alces ), and 

mule deer ( Qdocoi1eus hemi onus ), shaned the study area with 

grizzly bean. Other carnivores included, most notably, coyotes 

< C an i s 1 at nans ) and black bean < Unsus ameri canus >. 

METHODS 

Between 1974 and 1983, 2,561 aerial locations of 

radio-instrumented grizzly bears were made within Yellowstone 

National Park. By 1983 computer files of digitized habitat type 

CMueggler and Stewart 1980, Steele et al. 1983) and cover type 

<Despain, in press) maps were available for Yellowstone Park; 

methodology had also been developed for deriving bear-specific 

coefficients of habitat value for habitat types and habitat 

type-cover type combinations <Mattson et al., in press). We used 

these data and conceptual developments, along with a 1.5 km 

interval grid map and digitized road and development data, for 

our analysis. 

We conducted our analysis at two scales: one defined by a 0 

to 1500 m, the other by a 0 to 15 km buffer along roads and 

around developments. Both scale buffers were divided into 

parallel and concentric zones 100 and 1000 m wide, respectively. 

The zone adjoining a road or development was again halved; a 

total of 16 zones in each buffer were thus created. These zones 
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w e r e t hi e b as is f o r C hi - s q u ar e an d g r ap h i c s an a 1 y s e s. 

Correspondenc e of zona1 bear 1ocatlon f requenc y dist r i but i on 

( o b s e r v e d) w i t h z o n a 1 grid point f r e q u e n c y d i s t r i b u t i o n, w e i g h t e d 

by average habitat productivity score (HPSzk), (expected) was 

tested by the Chi-square statistic. Cells wi th fewer than five 

observations, to the point they comprised less than 2Q's. of all 

cells, were either excluded from analysis or consolidated (Sokal 

and Rolf 1969). The analysis was stratified by season and type 

of primary human emplacement, either road or development (that 

is, village or front-country campground). Seasons were defined 

as spring (March 1 through May 3 1 ) , summer (June 1 through 

August 3 1 ) , and fall (September 1 through November 1 5 ) . 

Specific zonal bounds for Chi-square analysis resulted from 

an iterative process. Observed and expected frequency 

distributions were initially examined across all zones. Major 

sign consistent deviations of observed use from expected use were 

noted progressively outward from either roads or developments. 

The first sign break in a major pattern (that is, observed 

intersecting expected) was designated midpoint of the larger zone 

for which Chi-square analysis was conducted. In the absence of 

major patterns, all 16 zones were included in the analysis. 

Zonal grid-point frequency was weighted by average zonal 

habitat productivity score (HPSzk) for conceptual reasons. 

Expected bear use did not logically result from proportionate 

area alone; habitat productivity necessarily played a major role. 

Derivation of habitat productivity scores for each season k was 

described by Mattson et al. (in press). Calculation of average 

zonal productivity scores and nonforest area was based on 
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p r o p o rt i o n at e h ab i t at an d c over t yp e represen t at i on der i ved fro m 

i n t e r se c t i on o f c i r c u 1 ar 0. 5 k m r ad i u s s c an ar e as w i t h d i g i t i z e d 

map data. Grid points and bear locations served as foci for scan 

circles. Bat a management, c alcu1 at i on of di stanc e t o nearest 

road and deve1opment, and intensec t i on of sc an areas wi t h map 

bases were accomplished by the Spac i al Information System <SIS> 

software package (Hoskins 1984>. 

Figures were also constructed in which zonal 1y averaged 

variable levels or variable frequencies were ranged against zone. 

These allowed visual inspection and biological interpretation of 

zone-specific variable distributions. 

RESULTS 

In results and discussion we have used three terms that 

describe tolerances of individual bears to human presence. We 

used the term "wary" to designate bears that characteristically 

flee from human encounters and avoid areas with human 

developments. The term "neutral" was applied to bears 

indifferent to human presence or developments, but not actively 

seeking human-related foods. Given reward, neutral bears are 

predisposed to become "habituated." The term "habituated" was 

applied, then, to bears tending to search out human-related foods 

(Haroldson and Hattson 1985). We have also employed phrases such 

as "road effects" and "development impacts," fully realizing that 

humans rather than physical structures precipitated impacts on 

bears. 

Our analysis and results are reported at two different 

resolutions, hereafter called "micro" and "macro." The micro 



Mat-t son P ag e 7 

scale (a 1-1588 m buf f er > was more sensi t i '•.•'e t o adjust ment. s made 

by more or less neut ra 1 bears res i d i ng w i t h i r_i a zone of i nf 1 uenc e 

i mp i ng i ng on ot her more wary bears. The mac ro seal e < 8-15 k m 

b u ffe r) w as more sensitive to p o pu1 at i o n ad j us t me nt s s uch as t he 

d i s p1 ace m e nt of less ne ut r a1 be ar s to r an g e s f ur t he r fr o m prim ar y 

human emplacements. 

Zonal habitat productivity (HPSzk) varied considerably with 

distance from primary roads and developments and with season 

(Fig. 2). Spring habitat productivity was highest within 5 to 

7 km and peaked within the first kilometer of primary human 

emplacements. Summer and fall zonal productivity was highest and 

peaked well away from roads and developments, generally beyond 8 

km; fall productivity was markedly low within 6 km. 

Primary roads and developments in Yellowstone National Park 

were squarely on top of the highest productivity spring bear 

habitat. This concurrence was understandable. Most roads and 

developments were along watercourses at comparably lower 

elevations. Such areas coincided with major ungulate winter 

ranges and habitats supporting spring-green vegetation, both 

major spring components of grizzly bear habitat in Yellowstone 

Park (Knight et al . 1984>. 

Representation of nonforest habitat strongly peaked adjacent 

to roads and developments, then dropped sharply to 2-3 km, 

leveled, and dropped again to 6 km (Fig. 3RO . Bear use of 

nonforest habitat appears to have been disrupted during all 

seasons, but especially during spring and summer (Fig. 3B). 

During spring, compensatory increased use of nonforest habitat 

was not evident until beyond approximately 2.5 km. Similarly, 
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dur i ng sumrner, c ompensat i on consonant w i t h t he dec 1 i ne and h i gh 

s u m m e r v a 1 u e o f n o n f o r e s t h ab i t at < K n i g h t e t a 1 . 19 8 4) w as n o t 

evident before app r o x i mat e1y 2.5 k m. Compensat i on d ur i n g f a 1 1 

was not apparent until beyond 1.5 km. 

Results of micro-scale c hi-s q uare and g r ap h i c s an a1ys e s 

evidenced differences in bear response to roads and developments, 

by season. Roads appear to have been more impinging than 

developments <Fig. 4 ) . During spring, depressed use out to 

600 m along primary roads was evident. Frequency distribution of 

bear locations, including compensatory inflated levels beyond 

600 m, significantly differed <P < 0.005) from that expected by 

area and habitat productivty. Summer bear locations evidenced a 

similar pattern. Although marginally significant in a 

statistical sense (.8.05 < P < 0.10), we imputed biological 

significance to the summer pattern because of consistent 

depressed use out to 

680 m and consistent inflated use beyond. Mo road effects were 

apparent on a micro-scale during fall. 

Development centered micro-scale analysis results contrasted 

with those of roads <Fig. 5). Insufficient data precluded 

analysis of spring effects; substantial depression of bear use 

close to developments was not evident during summer and fall. 

Congruency of zonal levels of expected and bear use characterized 

summer <Fig. 5A). During fall <Fig. 5b), bear use tended to be 

inflated above that expected closer to developments. Differences 

in observed and expected fall use levels out to 1588 m were 

statistically marginally significant <8.85 < P < 8.18). 

Occupancy of the 1588-m zone around developments by neutral and 
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habi tuate d bear s d u r i n g t h e s t u d y pe ri o d is s tr o n g1y s ug g e ste d by 

these summer-fall results. 

Resu11s of macro-scale (0-15 km) chi-square and graphi c 

analyses also suggested differences in bear response to roads and 

d e v e 1 o p m e n t s, b y s e as o n. M ac r o - s c a 1 e d i s p 1 ac e m e n t, i n c o n t r as t 

to the mi cro-sc a1 e , ap pears to have bee n greatest in the vicinity 

of d e v e l o p m e n t s . During spring (Fig. b H ) , depression of use 

around d e v e l o p m e n t s was rel a t i v e l y minor. Observed use was 

substantially less than expected out to approximately 1.5 km. 

The pattern of observed deviated only marginally from expected 

out to 8 km (0.05 < P < 0.10). 

During summer, development impacts were major (P < 0.005) 

but varied (Fig. SB). Observed and expected frequency of bear 

use was congruent out to 2 km. Beyond 2 km to approximately 

5.7 km, observed use was substantially less than that expected by 

area and habitat productivity. fl second deviation of observed 

use below expected occurred around 8 to 9 km. Conversely, 

inflated use characterized the 6 to 7 and 10 to 11 km zones. The 

0 to 2 km pattern suggests the presence of neutral and habituated 

bears, the 2 to 6 and 3 to 9 km deviations, displacement of more 

wary bears, and the inflated use around 6 to 7 and 10 to 11 km, 

compensatory adjustment. The double pattern of depressed and 

inflated use could be interpreted as evidence of two cohorts of 

bears differentiated by sensitivity to human presence and/or 

behaviorally induced within-species spacing. 

Development effects were apparent during fall (0.05 < P < 

0.10), but were less than those evidenced for summer (Fig. 6C). 

Marginally greater bear use than expected in the 0 to 1 km zone 
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c o r r o b o r at e d m i c r o - an a 1 y s i s r e s u 11 s an d t h e p r e s e n c e o f 

habituated bears. Consistent but marginally depressed use w a s 

evi denced out to approxi mate1y 4.7 km. Compensatory i nf1 ated use 

occurred between 5 and 7 km. Although statistically marginally 

s i gn i f i cant, we imputed biological signi f icance to this pattern 

because of its consistency and interpretabi1ity. 

Deviation of observed from expected levels of bear use in 

zones paralleling roads was highly significant <P < 0.095) during 

all seasons. During spring, substantial depression of use out to 

approximately 0.3 km corroborated micro-analysis results 

(Fig. 7 R ) . Considerably inflated use between 0.3 and 2.5 km 

could have reflected several factors, most likely: 

(1) compensation for displacement; (2) undei—valuation of habitat 

by HPSzk, arising from greater year-to-year consistency in 

availability of high value spring foods within this zone; 

(3) displacement of subadults to this zone by other more dominant 

bears; and (4) substantially increased cover beyond roughly 

1.5 km. During summer (Fig. 7B>, no displacement effect was 

evident except that already indicated by micro-analysis for the 

0.0 to 0.6 km zone. Inflated bear use between 1 and 4.5 km is 

most logically tied to the disproportionate presence of subadults 

in this zone. As we will discuss later, this subadult presence 

was likely due to displacement by other more dominant bears 

rather than inate quality of habitat. Displacement was suggested 

during fall (Fig. 7C) for the 0 to 4 km zone; inflated use was 

apparent in the 4 to 7 km zone. Forest cover substantially 

increased at the 4 km transition and may explain some difference 

in use between the two zones, especially during this season when 



Mattson Page 11 

use of whitebark pine ( P i nus albic au1i s ) nuts in host forest 

h ab i tat w as s o c r i t i c a 1 ( M at t s o n e t a 1 . , this v o 1 u m e ) . 

We a 1 so i n vest i gat ed i nf 1 uenc e of pr i mar y human emp 1 ac ement s 

an d ass o c i at e d h u m an ac t i v i t y on z on a1 d i s t r i b ut i o n of be ar 

classes. Individual bears that contributed to our data base were 

classified as either fully mature adults (fld), subadults (Sfld), 

or older subadults - young adults (Sfldfld). Average fld ages at 

first and last years of tracking were 19.8 and 14.8, 

respectively. Respective ages for Sfldfld were 4.1 and 9.1, and 

for Sfld, 3.1 and 4.7. Sfld's were typically tracked later and 

Sfldfld's earlier in the study period. Thus, most individuals of 

the Sfldfld class were young adults at the time data was collected 

on the Sfld class. This classification accommodated individual 

bear tracking histories and also vulnerabilities to man-induced 

mortali ty. 

During all seasons subadults were proportionately most 

abundant close to roads (Fig. 8 ) . Representation of subadults 

diminished to near zero, typically between 19 and 15 km. We 

interpreted this trend to be the result primarily of subadult 

displacement by more dominant bears. This phenomenon has been 

documented for brown bear concentrated in high quality habitat 

(Hornocker 1962, Egbert and Stokes 1976). Observations and 

research in Yellowstone Park (Schleyer et al. 1984, Harting 1985) 

have also suggested that such a phenomenon is operative in more 

dispersed populations. Concentration of the subadult class along 

roads is therefore logically attributable in part to displacement 

effected primarily by more dominant young adult and fully adult 

bears established in more secluded habitat (see Table 1 ) . fl 
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similar but less clear-cut trend of greater Sfld representation 

c 1 os er t o d e v e 1 opm e n t s was a 1 s o ap p ar e n t; d i m i n i s h m e n t o f t h e 

SRdfld class was, however, a stronger trend in zones closer to 

villages and campgrounds. 

Grizzly bear forag i ng ef f i c i ency was a1s o i mpac ted by 

primary human emplacements. In nearly all zones beyond the 

conceivable influence of roads and developments, grizzly bear-

occupied habitat substantially more productive than was average 

for the zone. This implies that, where allowed, bears actively 

selected more productive sites from amongst those available. 

However, productivity of habitats occupied by grizzlies was close 

to or depressed below the average in zones proximal to roads and 

developments during all seasons. By implication, grizzly bear 

foraging strategies directed towards habitat optimization were 

disrupted by the front-country human presence. This disruption 

extended out to approximately 3.5 km around developments during 

spring and summer; bears were less affected during fall 

<Fig. 9). Foraging was also disrupted along roads out to 

approximately 2.5 km during spring and summer and out to 4 km 

during fall (Fig. 10). These results logically tie to the 

previously noted disruption of compensation for zonal 1y declining 

availability of nonforest habitat out to approximately 2.5 km 

during spring and summer and out to 4 km during fall. 

Knight and Eberhardt (1984 and 1935) have suggested that the 

Yellowstone grizzly bear population is marginally viable; that 

loss of an additional one or two females per year could lead to 

eventual extinction. They have stated that adult reproductive 

females are key to the near future welfare of the Yellowstone 
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grizzly p opu1 at i o n. F or t h e se r e as on s, we con du c t e d a sec on d ar y 

an a1y si s s pe c i f i c t o ad uIt f e males (n - 8) d uri n q su m m e r. 

R e su11s we re con s onan t wi th t h os e already r e po r te d (Fig. 11), 

although effects on zone occupancy and foraging tended to be more 

pronounced. 

From adult female specific results we calculated 

proportionate reduction of habitat effectiveness along roads and 

around developments due to reduced use (Dd and Dr) and disrupted 

foraging (DHQd and DHGlr) within specified zones (zones of 

influence, ZI). We then calculated total reduction of habitat 

effectiveness within Yellowstone Park due to roads (TDr(hq)) and 

developments (TDd(hq)). Total effective loss of habitat 

(TDdr(hq)) was derived by addition of TDr(hq) and TDd(hq) after 

accounting for overlap of road and development zones of 

influence. Details of these calculations are in Appendix 1. 

Calculation results indicate that 15.75( of available habitat-

production in Yellowstone Park was not used by adult females 

during summer because of primary road and development effects. 

This habitat loss was due to suboptimal utilization as well as 

outright avoidance. If an adult female population near 50 is 

assumed (Knight and Eberhardt 1984), additionally that near 39 of 

these animals resided predominantly within the park's boundaries, 

and that Yellowstone Park was near carrying capacity (Picton et 

al., in press), then this effect roughly translates into loss of 

habitat sufficient to have supported five or six adult females. 

In a final analysis we investigated individual habitat 

occupancy and additive yearly probability of mortality with 

respect to developments. Individual bears (n = 28) fell into one.. 
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o f three g r o u p s define d b y m o da1 z o ne p r o porti on at e re1ocat i on 

d e n si ty. These t hre e g r o u ps c or r es pon de d t o be ar s wi t h a peak 

relocation density between (1) 0 to 3 km, (2) 3 and 9 km, and 

(3) 9 and 15 km of developments. Bears characteristically using 

habitat closest (0-3 km) to developments were likely habituated 

and almost certainly neutral to predictable high density human 

presence. 

Fully adult grizzlies (fid) evidenced a distinct bimodal 

distribution across the three zones (Table 1). For both males 

and females, neutral/habituated bears characterized by modal 

occupancy of the 0-3 km zone were distinct from another, probably 

more wary, group occupying the 9-15 km zone. Males were more 

likely to be occupants of the closer zone than were females. 

Subadults (Sfld) and young adults (SRdfid) evidenced antithetical 

trends across the three zonal groupings. fill six young adults 

were modal occupants of the 9-15 km zone; subadults were more 

often occupants of the 0-3 and 3-9 km zones. 

Striking trends in probability of man-caused mortality were 

also apparent between bear classes and across zonal groups 

(Table 1). fidult occupants of the 0-3 km zone apparently stood 

twice the risk of mortality as similar occupants of the 9-15 km 

zone; however, risk was nearly five times as great for females 

and only marginally greater for fully adult males in the nearer 

of the two zones. Conversely, indicated probability of mortality 

among subadults increased further from developments. In the 

near vicinity of developments, fully adult females were 

apparently in greatest and subadults in least risk of man-caused 

mortality. This pattern was opposite to that indicated for the 
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9-15 km zone where mortality risk was, progressively, least to 

greatest in the Rd<F>, Rd<M), Sfidfld, and SRd classes. 

fl behavioral i nt erpret ati on of these di st r i but i on and 

mortality risk patterns is most logical. Subadults were very 

likely displaced, as we have noted before, by fully adult and 

young adult bears. This was evidenced by two trends: <1) modal 

representation of subadults primarily in the two less secure 

zones nearer human habitation, and (2) highest probability of 

mortality amongst subadults co-occupying the 9-15 km zone with 

what were probably adult bears wariest of the human presence. 

Thus, subadults were probably displaced across zones towards less 

secure habitat proximal to developments and, within the 9-15 km 

zone, towards population sinki. 

High adult female mortality risk closest to developments was 

a consequence of habituation. This is corroborated by 

unpublished histories of individual bear management actions. 

Conversely, lower mortality risk for subadults and adult males 

modally distributed in the 0-3 km zone was probably a consequence 

of neutral rather than habituated behavior. This is again 

corroborated by individual bear histories and by intensive study 

of one of the subadults occupying the 0-3 km zone <Haroldson and 

Mattson 1935). 

Markedly low subadult mortality in this zone can also be 

attributed to the nature of interaction with fully adult bears. 

Because most adult bears in the 0-3 km zone were likely neutral 

or habituated to human presence, the within-zone, between 

bear-class displacement of subadults to population sinks, 

evidenced in the 9-15 km zone, was not likely. Therefore, 
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s u b ad uIts were 1i k e1y oc c u p yi n g p r od u c t i v e n at u r a1 hab it at and 

eu i dene i ng neut r a1 behaui or w i t h i n t he 6-3 k m zone while 

especially adult females were focusing on human-related foods. 

This is corroborated by average habitat productivity scores 

<HPSzk> for the different bear classes; subadults consistently 

occupied productive natural habitat in the 0-3 km zone. 
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DISCUSSION AND CONCLUSIONS 

S i mp1 e i nt erpret ati on of resu11s was c omp1i cated by bi ases 

inherent in aerial location of radio-instrumented bears. Host 

locations occurred in the morning hours. Because of grizzly bear 

diel activity patterns in the Yellowstone area (Schleyer 1983, 

Harting 1985), the likelihood was high that habitat use conducted 

under cover of darkness went undetected. This problem was 

especially likely for summer; nocturnal activity levels were 

highest during this season (Schleyer 1983). 

The actual depression of use near roads and developments and 

complementary inflation of occupancy beyond very likely did not 

correlate with the proportionate difference between observed and 

expected use. Bears were probably making additional use of 

"zones of influence" under cover of darkness and evacuating 

during diurnal periods to more secure nearby habitat. 

Nonetheless, this does not discredit the fact that primary roads 

and developments were depressing or complicating grizzly bear use 

of habitat. For these reasons our calculated loss of habitat and 

concomitant five or six adult females could be revised down to 

three or four animals. 

Another factor that complicated interpretation of 

observed/expected frequency distributions was the mortality 

effect associated with developments. Some macro-scale depression 

of observed relocation frequency below expected could be 

attributed to the higher mortality rate sustained especially by 

females in zones closer to developments. However, this effect 

was likely buffered by the low mortality rate amongst subadults 
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and moderate m o rt a1i t y rate am o n g s t ad u11 m ales in proximal zones 

and also by the probab1e at t rac t ant effect of v i11ages and 

c ampgrounds on hab i t uat ed and . n e u t r a 1 bears. 

fl third major source of bias in our data was the suspected 

higher capture rate of habituated/neutral bears. This would have 

tended to proportionately increase relocations closer to roads 

and developments and, thus, mask some displacement effects. This 

bias would have further tended to counteract suspected 

macro-scale effects of higher mortality rate among habituated 

bears. 

Assessment of our data corroborates the likely effects of 

differential capture and mortality rates on observed zonal 

frequencies. Consistent substantial negative deviation of 

observed from expected bear location frequencies was evident 

beyond 11 to 13 km around developments and 9 to 11 km along 

roads. We also calculated an index which quantified the probable 

effects of mortality on relocation data collected for a given 

zone (for details of calculation see Appendix 2>; the greatest 

effects were calculated for the zones 9 through 15 km. It is 

likely, therefore, that a break in differential mortality and 

capture rate effects on relocation occurred at, roughly, 11 km. 

All our Chi-square and graphics analyses were, by our interative 

investigation, constrained to less than 11 or 12 km. We 

therefore concluded that these potential biases had little effect 

on our analysis. 

We have shown that human activities attending primary roads 

and developments affected grizzly bears in Yellowstone Park in 

several ways. Occupancy of proximal habitat was reduced 
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c one urrent wi t h subopti mal ut i1i zat i on resu11i ng from d i srupti on 

of otherwise e f f i c ie nt f o r ag i ng st rateg i e s. Sub adu11 s were 

displacedby other bears to less secure habi tat adjoi ni ng 

deve 1 opment s . The 8-3 k rn zone sur round i ng de ve 1 opment s was also 

an area of extremely high mortality risk to occupant habituated 

adult females. (Knight et al . , in prep., will further describe 

the critical effects of human activities, including those 

associated with developments, as population sinks.) 

Human activity associated with roads and developments had 

different effects on grizzly behavior during the study period. 

Roads tended to reduce proximal use on a micro-scale; 

developments didn't. In fact, micro-scale use proximal to 

developments was likely inflated during fall. This followed from 

association of habituated bears with human-related feeding 

opportunities present at developments but typically absent along 

roads. On the macro-scale, concentrated human activity at 

developments had a much greater effect on grizzly bear occupancy 

and utilization of habitat than did roads. This probably 

resulted not only from greater human density at developments but 

also, perhaps more importantly, from persistent high levels of 

human activity into nocturnal hours and excursions by humans 

during other times of day into adjoining habitat. 

Substantial reduction of habitat effectiveness adjoining 

primary roads and developments has been demonstrated; however, 

this does not automatically imply negative consequences for the 

Yellowstone grizzly bear population. Virtually all mortality 

known for radio-instrumented bears has occurred at the hands of 

humans (Knight et al . 1985). Displacement may help create a 
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buf f er bet ween wary bears and human ac t i vi t ies and ref use. This 

may, in turn, lessen exposure of these bears to human-re1 ated 

mortali ty ri sk. 

However, sanitation of human developments is critical to 

preventing habituation of bears (Herrero 1985). Without 

sanitation, as the history of bear management in Yellowstone Park 

has shown (Heather and Phillips 1989), habituated behavior will 

develop in bears despite displacement effects. Displacement 

probably constitutes a measure of resistance to this behavioral 

degradation of survivorship. 

Habituation was, by our assessment, apparently a critical 

factor in the demographics and survivorship of fully adult 

females. Habituated adult females that focused their activities 

around developments stood a strong probability of death within 

4 years. For this reason, 8'/. of the park area was essentially 

unavailable to adult females and comprised the geographic extent 

of population sinks centered on developments during the study 

period. For the wariest adult females an additional 26'4, or 

total 34^, of the park was not sufficiently secured from human 

intrusion. It is also notable that for those warier adult 

females tending to range more than 9 km from developments, 

survival for up to 28 reproductive years was likely. Thus, 

sanitation of developments is indicated to be the measure by 

which neutral adult females could occupy habitat near 

developments and yet not incur unacceptable risk of mortality 

associated with habituation. 

Despite the potential beneficiance of a displacement buffer, 

mitigation is warranted during some seasons. Very little 
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m an-caused grizzly b e ar mo r t a1 it y h as hi st or i c a11y o ccur r ed i n 

th e Yellows t o n e ar e a pr i or t o J u1y (u n pub1. dat a). Thus, 

r educti on of mortality risk by displacement i s pr obab1y of no 

great consequence during spring. Habitat productivity is also 

concentrated during this season in the proximity of primary roads 

and developments. Mitigation is therefore recommended for 

spring, most logically by limiting motorized traffic during April 

and May on roads that transect prime ungulate winter range. 

Certainly, increased levels and duration of motorized traffic 

during these 2 months is not recommended. 

Our documentation and quantification of displacement is also 

crucial to evaluating habitat effectiveness and thus carrying 

capacity in the face of permanent human emplacements. An 

analysis procedure (hereafter the C.E.A.) has been developed for 

the greater Yellowstone area (Weaver et al., in press) in which 

loss of habitat effectiveness due to human activity was modeled. 

Zones of influence and displacement coefficients were estimated 

for different human activities by a team of wildlife 

professionals familiar with grizzly bear behavior and 

displacement effects on other wildlife species. We compared 

displacement coefficients and zones of influence derived for 

primary roads and developments from our analysis with those 

estimated by Weaver et al. (in press). Arbitrary zones of 

influence estimated for the C.E.A. were less than zones suggested 

by our analysis. However, displacement was estimated by the 

C.E.A. team to be higher within the narrower zones. After 

adjusting for comparable zones of influence, the displacement 

coefficient, averaged over cover and noncover around 
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d e y e 1 o p m e n t s , e s t i m a t e d f o r t h e C. E. Pi. ( 0 . 3 2 0 ) c am e r e m an k ab 1 y 

c l o s e t o o un de n i we d c o e f f i c i e n t ( 9 . 3 9 5 ) . C o e f f i c i en t s f o r r o a d 

e f f e c t s w e r e i n t h e same b a l l p a r k , b u t d i f f e r e d more 

s u b s t a n t i a l l y ( C E . f i . = 9 . 1 7 5 ; t h i s a n a l y s i s = 9 . 3 9 7 ) . I n 

g e n e r a l , o u r a n a l y s i s s u b s t an t i a t e d t h e i n t u i t i o n o f 

k n o w1e d g e ab1e p r o f e s s i o n a1s a t t e m p t i n g o b j e c t i v i t y . 

http://CE.fi
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1RM ; • : i*gW*^*ik» yeculy probability ^ mMaUy IV bear i f 

. r^a/vtkA 0^ a. mw-WlVy claying T^C&^"iy pxribd 
vVE; : riiA^Wcj/ year^ boar* i cc*arv-WflO do weUoiten daW be-:*. 
Z/VlSj • TOAL fwy-UliW 5fo%e , derived [cr all becaS , i , Y€CC*6C& 

ft& a en<wbAiVy deyvra d b - •S'Vdy p e ^ a 

^ i ' nw^W dV/ ^yedvs o] InisVy «v b«^r i 

"HSSj : ZOKL SlA\fM?\ SC0V?_/ cWvrrj W all W.Y3 / I / kr\cMA% % 
VwvC Survived rle, sVoy (2e*k?d 

AT£fj : a d b s W sum $ KPvj across all U a o \**c\*jf\ -te 
Inovn 5\nrvivrCc\ -VW_ v b d y px -̂.ocx , tr> £a^°- \ • 

•d/lP.* pv-opwr-ic/n yfearfSNlbtfr ?t7rc_ occcronrv-y arlnbvV -V0 

Wc? vcc^rdtd as a- rry^VaJiTy di/nra dk^sdvcVy 
pvyviod • ^ 

i M E I i : 2*J* w & * cV vnnovta\<4y ^VVGC^S or\ rpJoc<\Ti(no daia . 
ccllu+ed aV t aaL ; . 

lEAai ^ l / V g f 

J
 J 

KS5, s ^ C ^R j * r tP ;p I 

/YTZPj = "HSS>j * ( ^ £ BPjj /&L CVR j * HPtf >>) - kV W Vr ,*^ dp SV^VC 

A/lp- = "T^Pj- / C T Z P J -T- A T 2 P . 0 - * : ftr W reaMkd as c f r v h f e 
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