
United States 
Department of Cumulative Effects Analysis Process 

Forest Service 

for the Yellowstone Ecosystem 

Forest Service 

National Park Service 

Interagency Grizzly Bear Study Team 

Idaho Fish 8 Game Department 

Montana Department Fish, Wildlife 8 Parks 

Wyoming Game 8 Fish Department 

FWS_LIT_012573



1 Introduction 

1 I Approach 

I11 Pabi ta t  Submodel 

IV Displacement Submodel 

V lilortal i t y  Submodel 

V I  Threshold Level 

V I I  E4anagement of Cumulative Effects  

Table 1 :  Coeff ic ients  applied t o  components o r  port ions of 
components contained within 150m of forest-nonforest  
edge 

Table 2: Coeff ic ients  applied t o  hab i t a t  component base un i t  
area  hab i t a t  values, by r i ch  component type 

Table 3: Spring Base Unit Area Habitat Value 

Table 4 :  Sumner Base U n i t  Area Habitat Value 

Table 5: Fa l l  Base Unit Area Habitat Value 

Table 6 :  Non-Forest Base Unit Area Habitat Value 

L i te ra tu re  Cited 

Document Preparation 

FWS_LIT_012574



CUMULATIVE EFFECTS ANALYSIS PROCESS 
for 

THE YELL.OWSTONE ECOSYSTEM 

The Endangered Species Act necessitates tha t  the cumulative ef fec ts  of ].and 
uses and management ac t iv i t i e s  be evaluated as part of the biological 
assessment, process. Cumulative ef fec ts  can be defined as  "The combined e f fec t  
upon a species or its habitat caused by the act ivi ty or program a t  hand, as  
well a s  c8t,her reasonably foreseeable events which are l i k e l y  t o  have similar 
e f fec ts  upon tha t  species or its habitat. Cumulative ef fec ts  can result; from 
i n d i v i d u a l l y  minor b u t  collectively significant events taking place over a 
period of' time." 

Considering the myriad of demands placed on public and private lands within t h e  
Yellowstone Ecosystem, cumulative effects  analysis has become an integral part  
of biological evaluations being prepared i n  occupied grizzly bear habitat .  I n  
addition l;o t h i s  use, the cumulative effects  process can and should be used as  
an effect ive tool i n  management of grizzly bear habitat  prior t o  the usual 
reactionary need nost often associated with biological evaluations. Used i n  
t h i s  n~anrier, we w i l l  be better able t o  achieve our goal t o  Ifsecure and maintain 
a viable, self-sustaining (recovered) pop~llation of wild free-ranging gl-izzly 
bears and the ecosystem upon which it depends." 

In January of 1984, the Yellowstone Ecosyst,em Management Subcommittee of the 
Inter.ager~~-.y Grizzly Bear Committee identified the need t o  develop a cumulative 
ef fec ts  a,ssessment process for use throughout the ecosystem. The objective 
developed by the subcommit,tee was, "Develop methodology t o  quant i ta t ive .1~ and 
qualitatively assess tbe cumulative ef fec ts  of hunan act ivi ty on grizzly bear 
habitat  and bear use of that  habitat  i n  the Yellowstone Ecosystem." A task 
force representing each National Forest of the ecosystem, Yellowstone N.ationa1 
Park, the Interagency Grizzly Bear Study Team, U.S. Fish and Wildlife Service 
and' the Montana Fish, Wildlife and Parks Department was assembled t o  develop 
the process. 

Early i n  the cumulative effects  process it became apparent tha t  con~puter 
implerrentation woul d be necessary. The process tt-ierefore was modeled for  
corrrputet- iriiplernentation arid is now referred to  as the Cumulative Effects Model 
(CEM).  

FWS_LIT_012575



The Cuniulative Effects Model (CEM) is designecl to:  1 .  Qua~rtify individual and 
col lect ive e f fec ts  of land uses and ac t jv i t i e s  i n  space and through time, and 
2. Provide managers an analytic tool for evaluating al ternat ive decisions 

1 re la t ive  t o  grizzly bear recovery goals and objectives. 

J The CEM is composed of three submodels: 1 .  Habitat, 2. Displacement, and 3. 
Mortality (see Figure 1 ). The habitat  and displacement submodels deternline the 
habitat  effectiveness value of an area while the mortality submodel determines 
the mortality risks.  The submodels integrate basic variables which are  
s ignif icant  and subject t o  management. 

The Habitat Submodel incorporates four variables: 1 .  Food and thermal cover, 
2. Habitat diversi ty ,  3. Seasonal equity, and 4. Denning su i t ab i l i t y .  These 
basic variables combined indicate the year-round habitat  quality of an area 
(see Chapter 111 for de ta i l s ) .  

The Displacement Submodel includes four variables of human ac t iv i ty :  1. Type 
of Activity, i . e .  motorized, non-motorized or explosive; 2. Nature of Activity, 
i . e .  l inear ,  point or dispersed; 3. Length of Activity, i .e .  diurnal or 24 
hour; 4. Distwbance Intensity,  i .e.  high or low. Displacement is 

I 
characterized by a coefficient of habitat  effectiveness and by an associated 
zone of influence (see Chapter IV for  de ta i l s ) .  The displacement submodel is 
dj,rectly linked t o  the habitat  submodel via the food/cover variable. 

I The Mortality Submodel incorporates f ive basic variables regarding human 
1 ac t iv i ty :  1 .  Habitat Quality,  2. Nature of Activity (Point, Linear, 

Dispersed), 3. Intensity of Use, 4. Availability of Attractants and 5. Presence 
of Firearms. The re la t ive  r isk of mortality can be compared between a c t i v i t i e s  
(see Chapter V' for de ta i l s ) .  The mortality submodel i s  indirectly linked t o  
the habitat  submodel via habitat  quality and to  the displacement submodel via 
the nature and intensity of human act ivi ty .  

By i n t eg ra t in~ ,  the submodels, the CEM provides two basic outputs: 1 .  Habitat 
effectiveness value, and 2. Mortality r i sk  index. 

Development of the CEM en ta i l s  two basic steps: 1 .  Deriving and mapping the 
habitat  compor~ents, and 2. Categorizing and mapping the land uses and 
ac t iv i t i e s .  

. A s e r i e s  of digit ized base maps displaying habitat/cover types for forested 
habitat  components, non-forested habitat  components, ungulate seasonal ranges 
and t rout  spawning streams t o  a f ive  acre reso,ut,ion are  generated. Both 
exis t ing and potential habitat  values for unique c e l l s  (polygons on the f i n a l  
composite map:) are  generated by season and stored i n  a computer f i l e .  

A se r i e s  of d:lgitized overlay maps showing location and nature/type of exist,ing 
land uses are  also generated. Coefficients for displacement and mortality 
associated w i t h  different  land uses are  generated. The independent and 
combined ef fec ts  upon habitat  effectiveness value and r r ~ r t a l i t ~ y  r i sk  index a re  
generated by rnonth and stored i n  a corrlputer f i l e .  
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Once thresholds appropriate f o r  gr izz ly  bear recovery a r e  establishecl for- the  
two outputs ,  managers can rnanipulat,e the  nulilerous var iables  and analyze 1;he 
competitive r i s k s  of varjous l a n d  uses via conlput,er simulatjons. 

Eiur-eL 

CUMULATIVE EFF'ECTS_MQI>EL 
GOALS AND OBJECTIVES 
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I MANAGEMENT OF CUMULATIVE EFFECTS I 
I  I 
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To deal with an ecosystem a s  l a rge  a s  Yellowstone, i t  was necessary t o  break 
t h e  area  i n t o  smaller more nianageable u n i t s  t o :  

1. Be ab le  t o  assess  ex i s t ing  a n d  proposed a c t i v i t i e s  without having t h e  
impacts washed out  by too l a r g e  an area. 

2. Closely match individual grizzly bear use ~ m t t e r n s  and h a b i t a t  ecology. 

3. Prio: r i t  ize areas  where land use n,anageri!ent needs would require  a cl~mulative 
e f f e c t s  analys is .  FWS_LIT_012577



Bear nianagerrrent un i t s  were del ineated using p r ~ j  rr a r i l  y , grizzly bear radio 
rf:location data and secondarily, topograyilic features.  The e n t i r e  area within 
currently designated occupied grizzly bear hab i ta t  was broken in to  bear 
management u n i t s .  

I n i t i a l l y ,  areas  were delineated which had a substantial  number of radio 
locat ions  during 0, 1 ,  2 ,  or  3 lIactiveu seasons. Active seasons were 
considered t o  be Spring (March through Nay), Sumner (June through August), ard 
Fa l l  (September through November). Areas of extensive ar~d contiguous 
substant ia l  three-sexon use a s  well a s  areas without subs tan t ia l  use during 
any season were ident i f ied.  

A l l  areas with extensive and contiguous three-season use serve as  a core f o r  a 
bear management, un i t .  Pron~inent topographic features  between adjacent 
three-season use core areas serve a s  un i t  boundaries. Where a ltr~on-usell o r  one 
t o  two-season cise area adjoins a three-season use core area ,  a prominent 
topographic fea ture  c loses t  i n  proxiniity t o  the three-season use area serves  a s  
a boundary. 

A s  a consequenc:e, some management un i t s  contain extensive areas of known 
substant ia l  three-season bear use (Madison, Washburn, Lamar/Slough, 
Crandall/Sunli&ht, Firehole/Hayden, Pelican/Clear, and Two OceadLake, 
B . M . U . I s ) .  Other un i t s  a re  characterized by virtual1.y no bear use (Boulder, 
Teton, Plateau, and Henry's Lake B.M.U. 's) .  These minimal use un i t s  a l l  occur 
around the periphery of occupied grizzly habi ta t .  Other un i t s  (Ca l la t in ,  
Hellroaring/Bear, Shoshone, Thorofare, Bechler/Grassy L . )  have subs tan t ia l  bear 
use during only one t o  two seasons o r  have only a l imited area of three-season 
use. 

Each management un i t  may contain up t o  four subunits. Subunits therefore  
provide fur ther  landscape resolution a s  well a s  f i n e r  attunement t o  gr izzly  
bear habi ta t  use patterns.  Subunits a re  delineated primarily on the  basis  o r  
seasonal con~porlent representation and interspersion.  An optimal subunit 
corresponds to a contiguous but more-or-less interspersed area of Spring ranze 
acconipanied, i t )  f a i r l y  c lose  proximity, by s ign i f ican t  areas  of Summer and F s l l  
range. This complex is typically enconlpassed by a niajor drainage and portions 
of intervening ridges.  On the other hand, some subunits a r e  dist inguished,  a s  
a r e  sonle u n i t s , ,  by a uniform lack of high value seasonal corr~ponents o r  by the  
presence of high value feeding opportunity during only one or  two seasons. In 
the l a t t e r  case,  the one or  two higher value seasonal components a r e  too f a r  
d i s t an t  from other seasonal conlponents fo r  a s i gn i f i can t  number of bears t o  
e f f i c i en t ly  in j~egra te  them i n  yearly ranges. 

A subunit corrt?sponds t o  the optimal sca le  fo r  incorporating information on 
grizzly bear habi ta t  u t i l i z a t i on .  1-nsufficient  information is contained a t  the 
individual polygon or  component l eve l  pertaining t o  a l l  important f ac to r s  such 
a s  equity of seasonal feeding opportunit ies and landscape pat terns  of food 
ava i l ab i l i t y .  On the other hand, a t  the un i t  l eve l ,  too much extraneous 
information is contained which obscures the most energet ical ly  e f f i c i e n t  area ,  
given eeneral hab i ta t  condit ions,  a t  which a gr izzly  bear can apparently 
operate. Subunits w i l l  be delineated once hab i ta t  mapping of the u n i t  is 
con~pl e t e  . 
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I11 HAHJTAT SUBMODEL 

The h a b i t a t  subrnodel provides a  r e l a t i v e  nunteric evaluation of gr izz ly  bear 
hab i t a t .  The evaluation is expressed a s  "habi ta t  value.ll Habitat value can 
r e f l e c t  both potent ia l  and e x i s t i n g  condit ions,  i . e . ,  a  range of  foraging 
environnlents, both simulated and extant .  Habitat value der ivat jon incor.porates 
the  fact-or-s of food, cover, hab i t a t  d i v e r s i t y ,  and equity of seasonal feeding 
opport,uni t;y . 
Value a t t r i b u t a b l e  t o  denning h a b i t a t  is not incorporated i n  t h e  submod~tl. 
Denning h a b i t a t  is not considered t o  be l imi t ing  i n  the  g rea te r  Ye1lowst;one 
area (Judtl e t  a l . ,  i n  p ress ) .  However, h a b i t a t  value thresholds  w i l l  bt? 
defined z f t e r  mapping completi.on which would iden t i fy  managenrent  subunit;^ 
requir ing management of high qua l i ty  denning habitat--those s i t e s  meeting a l l  
of the  following c r i t e r i a :  

1 . Cover. type: SF, LP3, WB2, WB3, o r  WR 

2. Hatri t,at type: Abies lasiocarpa/Vacciniun~ scoparium-V. scopariunr phase, 
Abies 3a:iiocarpaNaccinium scopar iun~Pinus  a l b i c a u l i s  phase, Abies 
l a s i o c a r ~ ~ a N a c c i n i u m  globulare-V. scopariur~l phase, or  Pinus albicaul  is/ 
Vacciniurn scopariunr h a b i t a t  type 

3. Elevation: g rea te r  than 81001 (2450 m )  

4. Aspect: northerly (between 292 and 360°and 0  and 68') 

5. Slope: 30 t o  60' 

6. Topography: mid t o  upper one-third slope 

7.  So i l s :  sandy loam 

The habi ' tat  subrnodel culminates i n  ca lcula t ion of h a b i t a t  value ( U H V . )  for 
each bear management un i t .  This value (UtTV.) is an average of subuni t  
hab i t a t  values (SUHV . ) weighted by r e l a t i v k  area.  Subunits a r e  therefore  
the  primary manageneRt l eve l  a t  which g r izz ly  bear 1-lati] t a t  values a r e  
ca lcula t~ed.  Subunit hab i t a t  values a r e  r e l a t i v e  and, consequently, meaningful 
only i n  comparison t o  o ther  u n i t s  or  subunits.  

Habitat value of an area  the s i z e  of a  subunit (25,000 t o  100,000 a c r e s )  10,000 
- 40,000 ha) depends not only on averabe food and cover values but alscl on 
d ive rs i  t) a t t r i b u t a b l e  t o  edge densi t.y and the  con:,istency o r  equity of feeding 
opportunity across seasor~s  durirlg w h i c h  bears a r e  ac t ive ly  foraging. Landscape 
d ive rs i  t). o r  edge densi ty and sea:,onal feeding opportunity equity a r e  t r e a t e d  
a s  a t t r  i t u t e s  of a n~anayentent subunit, j n t h i s  model and only ind i rec t lq  a s  
a t t r i b u t e s  of a  ntanaeement m j t .  Subunit values (SUHV . )  a r e  t .herefore a  
d i r e c t  function of mean hab j t a t  value (MI% which iREorporates t h e  e f f e c t  
of edge clensi t y  , and seasonal subunit valu& equity ( E  . ) . 

Pl 
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Jncreased continuity of feeding opportunit,y acl-os:, seasons is consider-ed to  
increase the habitat  value of a subunit,. Evennes:; cr- continuity of feeding 
opportunity \dould logically result. j.ri ~;reat,et- f ide l i ty  of bears t o  an area 
( subun i t , ) .  T h i s  gr7eat,er f ide l i ty  is a probable consequence of increased 
habituation and increased efficiency of habitat  exploitatj.on. Therefore, a s  
d i s p a r i t , ~  of s u b u n i t  seasonal values (SHVpik) i r~c~.eases ,  mean s u b u n i t  habi tat  
value ( M H V  . )  decreases. 

P1 

An index, E of seasona, feeding opportunity equity is u t i l ized  i n  submodel 
calculationg? E . is an adjusted coefficient of variation for seasonal 
s u b u n i t  habitat  h u e  (SHV . k ) .  Decreased E . corresponds t o  increased 
disparity i n  seasonal valu88. MHV . is thergtore reduced as a d i rec t  
function of E . I s  f ractional valuephhich is, i n  turn,  constrained t.o a 
nrinimum valuepbf .667. 

Mean s u b u n i t  habitat  value (MHV . )  is, as its name inlplies, the mean of 
seasonal s u b u n i t  values (SHV ylcalculated for Spring, Summer, and Fal l .  
SHV is ,  i r  turn,  an area WkYghted mean of indivjdual component habi tat  
v a l ~ & k  ( H V V k L ) .  Subunit habitat  value (SHV ) primarily r e f l ec t s  foragine 
opportunitj ,  although value at t r ibutable  toP%ermal and security cover is a l so  
itlt,ebrat.ed. Greater seasonal habitat  value therefore pt-irrarily r e f l ec t s  
t r ea t e r  qu2lity and diversity of available foods over a broader area. 

Individual cclniponent habitat  values ( H V .  ) are derived from base u n j t  are? 
ccaponent hatbitat values ( U H V 1  . . Badkuunj t area component value 
integrates value of characterid!!ic available foods, diversity of feeding 
opportunity, and feedsite density or. preference for each habitat  corr~ponent by 
season (Sprir~g, Sumnler, or Fa l l )  (Mattson, 1985). Two factors  are applied t o  
base uni t  area values ( U H V 1  . ) t o  derive individual ccln~ponent values 
(IW. ) : ( 1  adjustment toJ&lue (Cvr ) based on a specif ic  distance 
thr.d$Hold from fot-est-nonforest edge ifiko both fores t  and nothforest stand:. 
(Table 1 ,  Appendix); and (2)  adjustment t o  value (Ungtk or Trttk) based on 
inclusion i n  protein-rich areas (Table 2 ,  Appendix). 

Grizzly bear a re  known t o  especially prefer forest-nonforest ecotones in the 
kreater Yellowstone area (Graham 1978, Blanchard 1983, nrannon 1984, Schleyer 
e t  a l .  1984). Base u n i t  area component values are therefore adjusted according 
t o  distance f'rom t h i s  ecotone, with coeffjcients defined by frequency 
distributior;  of recorded feedsites. Yellowstone grizzly bear a re  a l so  known t o  
prefer food items, i . e . ,  ungulates and cutthroat t rout ,  distinguished by 
concentrated protein (Cole 1972, Schleyer 1983, Knight e t  a l .  1984). An 
additional factor is therefore applied t o  base urlS 1, area values which acc:ounts 
fot- value added by extensive concentrations of protein-rich foods and which 
varies accorcling t o  the type of protein-rich food and, for ungulates, the 
season and t.!rpe of range. 

Base u n i t  area habitat  values ( U H V 1  . ) range fron, a ~~axinurn of 1.291 t o  a 
n~inirnl~rn of 0,,000. Base u n i t  area vdlf~es also vary for each component according 
1.0 presence of ungulate concentrations and season. A benchmark base value of 
1.000 is acc!orded the habitat  type unadjusted for cover type, w i t h  greatesl; 
seasonal value; for  t h i s  s t u d y ,  the nonforest Scirpus spp.-Carex spp. 
geotherrnally influenced habitat  type. T h i s  habi tat  type is subsumed i n  t h ( ?  
more generic: low elevation mrsh/fen r~or~forest  con~l~onent. 
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Base u n i t  area con~ponent values a r e  given i n  Tables 3-6 (Base Values) foond i n  
the  Appendix. These values at-e arranged i n  a matrix of h a b i t a t  types and cover 
types,  by season and by t t le  pr.esence of a protein-rjch resource. In t h i s  
submodel, h a b i t a t  cornponents cor.respond t o  in te r sec t ions  of h a b i t a t  type and 
cover. type i n  the matrix o r  t o  any appropriate aggregation of  such f i n e  s c a l e  
components. Comparison of t a b l e  values is meaningful only when s t r a t j f i e c i  by 
presence (UNG) or  absence (GI/O UNG) of protein-ri  ch food concer~ t ra t i  ons. 
Cornpar-isor between the two s t r a t a  or  ca tegor ies  is leg i t ima te  only a f t e r  
r ~ ~ u l t i p l y i r g  the  UNG value by an appropriate factor '  (Ung or  T r t  ,) 
adjus t ing f o r  the  type of protien-rich four1 present  andtkhe typetBf ungulate 
range. 

In s u r m r q ,  ca lcula ted  subunit  ( o r  u n i t )  h a b i t a t  value va r ies  according t o  a rea  
r,epresentz~tion and base u n i t  area value of h a b i t a t  coniponents, presence of  
ungulate c:oncentrations and cut throat  t.r-out spawning streams, in te r spers ion  of  
f o r e s t  ancl nonforest con~ponents, equity of feeding opportunity thrcugh the  
bears'  act;ive seasons, and h a b i t a t  type d i v e r s i t y .  Highest values corrc:spond 
with subur~ i t s  having corlcentrations of ungulates, t r o u t  spawning stream:;, high 
h a b i t a t  di.vet.sity, equity of seasonal feeding opportunity, h a b i t a t  components 
with uniformly high base u n i t  a rea  values,  high densi ty of forest-nonfor-est 
edge, and f o r e s t  cover a t  opt.in~al successional s tages.  

Successive incorporation of h a b i t a t  values culminating i n  g r i zz ly  bear 
managemerlt u n i t  h a b i t a t  values is displayed i n  Figure 2. 

I J H V 1  jku - base u n i t  area con~ponent h a b i t a t  value 
I 

Iwjku 
- u n i t  a rea  con~ponent h a b i t a t  value 

:3HV . - seasonal subunit  h a b i t a t  value 

6 plk 
MHV - mean subunit h a b i t a t  value 

6 Pi 
SUHV 

pi  
- subunit Llabi t a t  value 

d/ 
UHV - management u n i t  h a b i t a t  value 

P 

1 .  Area h a b i t a t  q u a l i t y ,  a s i d e  frori~ human in ter ference ,  is s u b s t a n t i a l l y  a 
fur~ct ior ,  of cover* ancl food a v a i l a b i l i t y .  

2 .  When human presence is not a f a c t o r ,  food a v a i l a b i l i t y  considerabl j  
outwfighs covet- and denning hztj i tat  i r ~  contr ibut ion t o  area  hab i t a t  value 
or  qua1 i t y .  
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3. Feedsite, s c a t ,  and radio relocat,ion data collected by the IGEST a re  
representa,l;ive of the grizzly bear population i n  the greater  Yellowstone 
area.  

4 .  Habitat type, w i t h  cover type superimposed, i:; an accurate predicator of 
food and c:over value for  grizzly bear within an area 10,000 t o  40,000 ha i n  
size. 

5. Subunit hab i ta t  value is accurately predicated by hab i ta t  d ivers i ty ,  equ:~ty 
of feeding opportunity through the bears1 act ive  seasons, hab i ta t  type (or  
con)ponent) representation, and presence of protein r ich animal food 
sources. 

A . . = t o t a l  area representatior~ of habitat.conlponent j i r ~  subunit j 
P l  J of' un i t  p. 

SUApi = t o t a l  area of subunit i i n  u n i t  p. 

U A ~  
= t o t a l  area of u n i t  p. 

h 
= propsrtionate area representation of hab i ta t  type (o r  hab i ta t  type 

aggregate) h i n  subunit i of uni t  p. 

base u n i t  area value of component j during season k i n  prote in-r ic i~ 
jku= slLrata 

Trttl ,  = adjustn~ent factor  for- inclusion i n  influence zone of cut throat  
spawning stream type t during season k.  

Ungtk = adjustment factor  fo r  presence of ungulate concentrations on range 
type t during season k.  

Cvr - ad j~~s tn len t  factor fo r  distance zone x from forest-nonforest edge t k  - in to  cover type t during season k.  

M H V  = ( 2 SHVpik)/3 
pi k : ~  1 

SIJLN = MHV * E 
pi c i  pi 

WHV = ( 2 SUA . * SUHV . )/UA 
P i = l  P 1 P l  P 
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IV Dl SPILLCEMENT SUBMODEL 

The Displacement Submodells objective is t o  quantify the e f f e c t s  of disturbance 
associated w i t h  human uses or a c t i v i t i e s  on the grizzly bear ' s  a b i l i t y  t.o use a 
spec i f ic  habj t a t .  The intel-act;jon of klabj t a t  quali ty and disturbance 
determines the habi ta t  e f f ec t j  veness (actual  carrying capacity).  The following 
s teps  were used t o  develop t h i s  submodel: 

1. St ra t i fy  a l l  a c t i v i t i e s  and human uses occurring i n  the Yel1owst;one 
Ecosy:jtenr in to  groups ref lect ing similar e f fec t s .  

2. Assign disturbance coeff ic ients  and zones of influence for  each 
act iv  i ty  group. 

3. I~ j en t i fy  how the e f f ec t s  of disturbance for  a spec i f ic  area or  project  
are  a,sgregated i n  space and time. 

4. Identify the procedures t o  operate the subrr!odel . 
Figure 3 shows the main con~ponents and relatjonships of t h i s  submodel. 

I-TYPE OF ACTIVITY 
ACTIVITY 

I ----.-- -. - CROUP ------- :-NA'l"URE OF ACTIVITY 
I I 
1 I 
I 
I I INTENSITY OR LENGTH 
I 
I :-OF ACTIVITY 

DISTURBANCE I 
I----COEFFICIENT----I 
1 1 
I 1 
I I 
I I--------- CCVER/NON-COVER 
I 
1 
I 
I 
I 
I -ACTNI TY DURATION 
I 
I I (days) 

WITAT-- --- -- - ---DURATION----.- --- ---- - - - ' I 

EFFECT1VE:NESS I COEFFICIENT I 
I 

I 
I I-ASSESSI.1ENT PERIOD 
I 
I (days) 
I 
I 

I 
:----HABITAT QUALITY----------P.PEITAI' SUB-MODEL 

(optinal  acres)  
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Act.ivi t i e s  and human use:; w h i r t i  oc;cur i n  the  Ycl lowstone Grizzly Bear Ecosys terr~ 
were s t r a t i f i e t i  i n t o  gr-oups having s imi la r  clist.ut.bar?c:e 1)ot.entials.  Usually 
a c t i v j t y  l i s ts  r e f l e c t  the  type of user o r  function responsjble f o r  t h e  
a c t i v i t y ;  e.g., t,lrit>et- harves t ,  campground, o i l  and gas d r i l l i n g ,  o r  thinning, 
operat jon.  This type of a c t i v i t y  l i s t  would be enortrious. Grouping a c t i v i t i e s  
by the  degree and type of d is turbar~ce  not only reduces the  nunlber* of ca tegor ies  
t o  deal wi th ,  but s i n ~ p l i f i e s  the  analyzis  without giving up model r e so lu t ion .  
Thir teen a c t i v i t y  groups, s t r a t i f i e d  by the  following cr . j t ,er ia ,  where 
j dent]  f i e d  : 

1 .  Type of Act iv i ty ;  i . e . ,  motorized, non-motorized, o r  explosive;  

2. Nature of the  Act iv i ty ;  i . e . ,  l i n e a r ,  poin t ,  o r  dispersed;  

3. Length of Act iv i ty ;  i . e . ,  d iurnal  or  24 hour; 

4. Cisturbance I n t e n s i t y ;  i . e . ,  high o r  ].ow; 

The type of a c t i v i t y  is determined by the  dominant disturbance element 
associa ted  wj.t.h the  a c t i v i t y .  I f  the  a c t i v i t y  i ~ .  prjmari ly mechanized and 
produces loud equipment noises it is motorized. I f  the  a c t i v i t y  is primari ly 
hunran a c t i v i t i e s  without loud equipment j t  is non-rrotorized. Any time above 
cround explosives a r e  used the  a c t i v i t y  type is explosive. Figure 4 shows t h e  
flow diagram f'or s t r u c t u r i n g  the  a c t i v i t y  groups 

I-HIGH USE 
!-LINEAR-------' I 
I 
I !-LOW USE 
I 
I I-HI-GH USE 
I -DTIIRI,IAL---.-- I 1 

MOTOR JZED --------- -- --- I -POINT- -.-.- -..--- I I -LOW USE 
I 
I 1-24 HOUR 
I 
1 
I 
I 

;-DISPERSED------ HIGH USE 

;-HIGH USE 
I-I.TNEAR -.-- ---- I 
I 
I !-LOW USE 
I 
I 
I 
I -DIURNAL. 

NON-~{OTORIZED----- ----- (-pOI)!T.. -------- I 
I 
I 1-24 HOUR 

I 
I ; -HIGH USE 
I-DJSPERSED----I 

!-LOW USE 

EXPL.OS JVE 
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Table 8 ident if ies  the act ivi ty groups including definitions and specific 
exarr~ples of ac t iv i t ies .  

HQDTQI(JZE_T)-LJBJ& - Motorized ac t iv i t i e s  restr ic ted t o  roads, t r a i l s ,  or. linear* 
corridor of travel such as a i r c ra f t  f l igh t  corridors or seismic l ines.  

H I G H  USE - vehicle t r a f f i c  exceeding one vehicle per daylight hour. Would 
include recurring low elevation (1500 fee t  (<500 neters)  above the ground 
a i r w a f t  use, or seismic exploration without above ground explosivc!~. 
LOW USE - e.g. ,  vehicle t r a f f i c  l e s s  than one vehicle per daylight, hour. 
Generally associated w i t h  prin~ative roads or jeep t r a i l s .  

k ! Q I m ] _ P m  - Motorized ac t iv i t i e s  r.estt.ict.ed t o  a specif ic  point or area; 
e .g. ,  d r i l l i ng  operation, timber harvest ac t iv i t i e s ,  boat dock or ramp,, 
generator s i t e ,  or resort  complex. 

DIURIVAL - Activities which produce loud equipment noises and occur only 
during the daylight hours. 

H I G H  INTENSITY - e.g., major timber harvest a c t i v i t i e s ,  or day use 
only recreation complex. 
l.aI INTENSITY - e. g. , f i r e  wood cutting. 

24 H O U R  - Activities which produce loud equiprr~ent noises on a 24 hour 
operating period; e.g. ,  o i l  and gas d r i l l ing  operation, mill/minesite, or 
resort  complex. 

H O T O B l Z & . L W  - concentrated off road vehicle ac t iv i t i e s  which are not 
restr ic ted t o  roads or t r a i l s ,  bu t  ]-ather occur over broad areas. Use would be 
>1 person/habitat component/day. Can include ei ther  over land (e.g., 
rrrotorcycle) or over snow (e. g. , snowmobile) ac t iv i t ies .  

NON-MOTQUJED-UB_EJE - lion-vehicle use associated with roads or t r a i l s .  Would 
include roads closed t o  motor vehicle t r a f f j c .  

HIGH USE - greater than three part iedday.  
LaJ USE - l e s s  than three parties/day. 

~ - N O T Q ~ ~ N ~  - Human activjt,ies restricted t o  a specif ic  point or area. 
D I U R N A I ,  - e.g. ,  picnic ground or trail .  head. 
24 HOUR - e.g. ,  campground, or sunimer home. 

) J Q & ~ Q I S @ ~ p _ E R $ E D  - Human ac t iv i t i e s  not restr ic ted t o  a l inear  corridor. 
or a specific point. 

H I G H  USE - greater than cne person/habitat con~ponent/day; e.g., 
concentrated hunt in^ at-ea. 
Lm USE - l e s s  than one person/h~bi t a t  con!ponent/day ; e. g. , area without 
easq access, or witt~out recreatAon at t ract ions.  

EJJlQS_IJ'' - Activities i n  which very loud explosions are  associated k i t h  the 
act ivi ty ; e. g. , seismic exploratiofi or road construct,ion. 
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1 It was no t  au toma t i ca l l y  assumed t h a t  a l l  bea r s  would be d i sp l aced  from an 
a c t i v i t y ' s  zone o f  in f luence .  Ins tead  i t  was es t imated  how g r i z z l y  b e a r s  would 
respond t o  a given a c t i v i t y  i n  r e l a t i o n  t o  a 24 hour per iod ;  i . e . ,  what pe rcen t  
o f  t h e  bea r s  would sti l l  use t h e  zone o f  i n f luence  f o r  what percent  o f  t h e  24 
hour per iod.  A d i s tu rbance  c o e f f i c i e n t  of  0 .0  means t h a t  none of  t h e  zone o f  
i n f luence  wou.ld be a v a i l a b l e  ( t o t a l  displacenient f o r  t h e  l i f e  o f  t h e  a c t i v i t y )  
t o  t h e  bear.  A d i s tu rbance  c o e f f i c i e n t  o f  1 .0  means t h a t  h a b i t a t  e f f e c t i v e ~ ~ e s s  
is not a f f e c t e d  by t h e  a c t i v i t y .  A c o e f f i c i e n t  o f  0 .5  rreans t h a t  e i t h e r  one 
h a l f  of  t h e  blears a r e  d i sp l aced ,  a l l  t h e  b e a r s  can use t h e  a r e a  f o r  only h a l f  
t h e  day, o r  any conibination t h e r e  o f .  The r e s u l t  is t h e  same, t h e  a b i l i t y  ';o 
suppor t  bea r s  is reduced by 50 percent .  Table  9 shows t h e  displacement  
c c ~ e f f j c i e n t s  and zones of  i n f luence  f o r  t h e  t h i r t e e n  a c t i v i t y  groups. 

Dis ta rbance  cc)ef f jc j . en ts  and zones of  i n f luence  f o r  each  a c t i v i t y  group were 
i d e n t i f i e d  usj.ng t h e  team's s u b j e c t i v e  r a t i n g s .  Avai lab le  r e sea rch  d a t a  which 
t h e  c o r e  team reviewed was c o l l e c t e d  pr i rnar i lg  i n  o t h e r  g r i z z l y  bea t  ecosyst.ems 
and no t  f e l t  t o  be r e p r e s e n t a t j v e  o f  g r i z z l y  behavior  i n  t h e  Yellowstone 
ecosystem. The zone o f  i n f luence  i d e n t i f i e s  t h e  d i s t a n c e  i n  which gr izs l je : ,  
would be a f f e c t e d  by t h e  a c t i v i t y ,  and t h e  c o e f f i c i e n t  i d e n t i f i e s  t h e  degree  o f  
d i s tu rbance  (on a s c a l e  o f  0 .0  t o  1 .0 )  w i th in  t h e  zone o f  i n f luence .  When 
s e l e c t i n g  t h e  zone o f  i n f luence ,  r i d g e l i n e  and l i n e  o f  s i g h t  d i s t a n c e s  a r e  used 
when less than  t h e  mileage e s t ima te .  Disturbance can in f luence  bear  u se  i n  two 
ways: ( 1 )  a c t u a l  displacement ,  and (2)  change i n  use p a t t e r n s  reducing t h e  Lime 
a v a i l a b l e  f o r  a bear  t o  use an a r e a ;  e . g . ,  24 hour t,o noc turna l  use per iods .  

Based on t h e  assumption t h a t  bea r s  a r e  s e n s i t j v e  t o  m u l t i p l e  s imultaneous 
sou rces  o f  d i s tu rbance ,  d i s tu rbance  wi th in  over lapping  zones o f  i n f luence  it; 
cunwlat ive.  It is  a l s o  assumed because of  l a c k  o f  b e t t e r  d a t a  t h a t  tkle 
currlulative r e l a t i o n s h i p  between overlapping d i s tu rbance  c o e f f i c i e n t s  i s  
a d d i t i v e .  Therefore  w i th in  overlapping zones of  jn f luence ,  f o r  a c t i v i t i e s  
c)ccurr ing a t  t h e  same time, t h e  sun) o f  t h e  d i s tu rbance  c o e f f i c i e n t s  is used i n  
t h e  h a b i t a t  e f f e c t i v e n e s s  c a l c u l a t i o n  (DC > 1.0  = 1 . 0 ) ;  e . g . ,  cover  h a b j t a t  
w ~ t h i n  t h e  zone o f  i n f luence  o f  a high use road (DC = 0 . 7 )  and a non-motorized 
d i u r n a l  p o i n t  a c t i v i t y  (DC = 0 .8 )  t h e  cumulat,ive DC equa l s  0.5 [ ( I  . 0  - 0 . 7 )  + 
(1 .0  - 0.8)  = 0.51. I n  t h e  h a b i t a t  e f f e c t i v e n e s s  c a l c u l a t i o n  t h e  c o e f f i c i e 7 t  
cannot  be g r e a t e r  then 1 .0 ,  bu t  i t  can when ccr ls ider ing a c t i v i t y  schedul ing  and 
coord ina t ion .  

, Both o f  t h e s e  f a c t o r s  were considered i n  c o e f f i c i e n t  development. Cover wa:; 
f e l t  t o  be important  i n  determining both t h e  zone of  i n f luence  and t h e  deg ree  
of  d i s tu rbance .  Cover is def ined  a s  t h a t  vege t a t i on  capable  o f  h id ing  90 
pel-cent o f  a s t and ing  a d u l t  bear  from view o f  a human a t  a d i s t a n c e  equal  t o  o r  
less than 200 f e e t  (61 meters). Separa te  va lues  were developed f o r  cover  and 
non-cover s i t u a t i o n s .  Another cons ide ra t i on  i n  c o e f f i c i e n t  development was 
bear  behavior ,  s p e c i f i c a l l y  bear  hab j tua t ion  t o  r e c u r r i n g  ( p r e d i c t a b l e )  
non-threatening a c t i v i t i e s .  A t t r a c t i o n s  a s soc i a t ed  wi th  va r ious  a c t i v i t i e s  

I 
which might o v e r r i d e  t h e  b e a r ' s  f l i g h t  response was no t  cons idered  i n  t h i s  
subnodel.. A t t r a c t j o n s  a s soc i a t ed  wi th  a given a c t i v i t y  a r e  a key element  it) 

! t h e  m o r t a l i t y  submodel. 
I 
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ACTIV JTY GROUP COVER NON-COVER 
Z I DC Z J DC 

t*lot,orized [.inear 
High Use 

ridge l i n e ,  
0.5 mile 

r idge l i n e ,  0.6 
2.0 miles 

r idge l i n e ,  0.;3 
2.0 miles 

Motorized Linear 
Low Use 

ridge l i n e ,  
0.5 mile 

Motorized Point 
Diurnal High Intensi ty  

ridge l i n e ,  
1.0 mile 

r idge l i n e ,  O..q 
2.0 miles 

Motorized Point 
Diurnal Low Intensi ty  

r idge line, 
1.0 mile 

r idge l i n e ,  0.5 
2.0 miles 

Motot3ized Point 
24 Hour. 

ridge l i n e ,  
1.0 mile 

r idge l i n e ,  0.1 
2.0 miles 

Motor izea Dispersed 

Non-Motorized Linear 
High Use 

l ine-of-sight ,  0.7 
0.5 mile 

Non-Motorsized Linear 
Low Use 

l ine-of-sight ,  0.9 
0 .5  mile 

none 

Non-Motorized Point 
Diurnal 

0.3 mile l ine-of-sight ,  0.5 
0.5 mile 

Non-Motorxized Point 
211 Hour 

0 .3  mile l ine-of-sight ,  0.3 
0.5 mile 

Non-Motorized Dispersed 
High Use 

N.A. N.A.  0.7 

Non-Motorized Dispersed 
Low Use 

N.A. N.A. 0. 9 

Explosives r~ .dge  l i n e ,  
1.0 mile 

ridge l i n e ,  0 .3  
2.0 rni1.e~ 
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Habitat qual i ty  determines the a h i l j t y  of a spec i f i c  hat~j t .a t  t o  support a bear 
(Habitat Submodel). Disturbance det.erniines the  a b i l i t y  of a bear t o  use a 
spec i f i c  hab i ta t  (Disturbance Submodel). Habitat ef fect iveness  is the  pi-oduct 
of these two submodels, and i den t i f i e s  the hab i t a t ' s  act.ual carrying capacity.  

Habitat ef fect iveness  is determined w i t h  an analysis  of ovei-lapping disturbance 
zones-of-influence and habi ta t  polygons, and equals the disturbance coe f f i c i en t  
tires the  optjrnal acres within the  affected portion of the polygon. An 
example: 640 acres of gr izzly  spring range, 50 pelrent  receiving high use 
non-motorized dispersed use i n  good cover would reduce the  hab i ta t  
ef fect iveness  ( H E )  of t h i s  640 acre spring range by 20 1:ercent (%I = 0.5 x 640 
= 320; DC = 0.6, 1.0 - 0.6 = 0.4, 0.4 x 320 = 128, 128/640 = 0.2) .  This 
assunles that, o l l  640 acres a re  of equal hab i ta t  qual i ty .  I f  hab i ta t  qua l i ty  is 
not, constant t.hen the  out come of t h i s  analysis  can be qu i te  d i f f e r en t ;  e .g . ,  
640 acres  of @,rizzl.y spring range, 50 percent low qual i ty  hab i ta t  (0 .2 )  and 50 
percent high c,uali ty hab i ta t  (0 .8 ) ,  non-motorized dispersed high use occurring 
i n  the  high q ~ i a l i t y  portion with good cover would reduce the hab i ta t  
ef fect iveness  of t h i s  640 acres by 32 percent; ( Z L  = 0.5, 0.5 x 640 = 320; 
0PT.A = 320 x 0.8 256; DC = 0.6, 0.6 x 256 = 153.6; 0PT.A = 320 x 0.2 = 64; 
153.6 + 64 / 256 + 64 = 0.68, 1.0 - 0.68 = 0.32);  i f  t.t-IF: dispersed use occurred 
i n  the  lower. c,uality portion the  over a l l  hzbj.tat ef fect iveness  would be 
reduced by only 8 percent (ZI = 0.5, 0.5 x 640 = 320; 0PT.A = 320 x 0.2 = 64; 
DC = 0.6,  0.6 x 64 = 38.4; 0PT.A 320 x 0.8 = 256; 38.4 + 256 / 64 + 256 = 
0.92, 1.0 - 0.92 = 0.08). Habitat qual i ty  must be considered i n  t he  
quan t i t a t ive  ~ ~ n a l y s i s  of hab i ta t  effectiveness.  This j s  a nrathematically 
simple but ofl.erl l og i s t i c a l l y  demanding procedure. The technique is t o  s i m ~ l y  
jdentify fo r  every homogeneous vegetative un i t  (polygon) within a zone-of- 
jnfluence of a given ac t i v i t y  (1 )  the polygon's optimal acres  (number of l.C 
qual i ty  acres ;  e.g. , 40 acres  of 0.5 qual i ty  ra t ing  equals 20 optimal a c r e s ) ,  
(2)  percent of' the un i t  effected by the  zone of influence , and (3) the  
disturbance cclefficient involved. The product of ( 1  )x(2)x(3)  above divided by 
the  t o t a l  optjnial acres equals the percent l o s s  i n  habjt.at ef fect iveness  a t  a 
given point in  time. 

When an activ:.ty cccurs and how long it l a s t s  is jus t  a::; inlportant a s  its 
distur.bance potential  it! determining the e f f e c t s  of disturbance on gr izzly  
hab i ta t  effectiiveness. Activity duration is another input coef f jc ien t  i n t o  t he  
submodel. Th1.s c ~ ~ e f f i c i e n t  is simply the proportion (0 .0  - 1.0)  of the 
a c t i v i t y ' s  duration i n  r e la t ion  t o  the assessment period. The assessment 
per iod 's  length can vary w i t h  the de t a i l  of the analysis .  For rrtost 
appl icat ions  :I monthly assessment period, aggregated by season (spr ing,  sumnler, 
f a l l ,  denning) seems appropriate. I n  specia l  circumstances daily assessment, 
periods could be used. The shor ter  the  assessment period the  more refined Jtour 
analysis  of a c t i v i t y  duration,  increasing your capabi l i ty  t o  ident i fy  ac t i v j t y  
bottlenecks and opportunit ies fo r  a c t i v i t y  schedule cool-dination; e .g . ,  w i t t i  a 
nlonthly asses:;ment. period you cannot evaluate when i n  ti-ie month the ac t i v i t y  
occurs, only the  overal l  proportion of the month involved. J f  a spec i f i c  
port.ion of a rronth is important then you must use a shor ter  assessment period. 
Habitat effec'tiveness would have t o  be calculated for  each assessment period, 
thus increasi1.1~ the  need for  the  l og i s t i c a l l y  demanding mapping procedures. 
An examp1.e using a monthly assessn~ent period, aggregated by season would work 
1 ike  t h i s :  a17 ac t i v i t y  with a 90 day operating period (May 15 t o  July 15) ;  
spr ing definetj bet-e a s  May - June and sllrlmEt- as , T l j l v ,  A I I P I I F ~ . ,  2m1 C ~ I ~ ~ C ~ I ~ ~ ~ C I - ~  
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The duration ccefficier:t for June wou1.d be 1.0,  while for  May and July it.  would 
be 0.5. For spring the coeffj-cient mu1 d be 0.75 and for  summer it woulcl be 
0.17. These coeff icj.ent.s are  multiplied against the product of the  disturbance 
coeff ic ient  ancl optimal acres (habi ta t  qua l i ty )  t o  determine the  habi ta t  
effectivenc?ss for  the ent i  r e  assessment period. 

The e f f ec t s  of disturbance is one of three rr!ain contponents of the cwnula'tive 
e f f ec t s  nro3el. The Disturbance Submodel is linked d i rec t ly  with the Habitat 
Submodel, the product is habi ta t  effectivetiess. Habitat quali ty from the 
Habitat Submodel i s  an acre input in to  the habi ta t  effectiveness equatio:n; 
i . e . ,  habi ta t  quali ty expressed i n  optimal acres x disturbance coef f ic ien t  x 
percent of polygon involved with the zone-of-influence x a c t iv i ty  duration 
coeffjcient.  This l ink  w i t h  habi ta t  quali ty creates  a feedback loop between 
the two subrnodels. The Mortality Submodel is only indirect ly  linked w i t h  the  
Disturbance Submodel. The ident i f icat ion of bear displacement from one area t o  
another cculd influence the high quali ty/  low quali ty leve ls  (bear numbers) 
s ign i f icar t ly  changing the mortality r i sks  ident i f ied i n  the Mortality 
Submodel. This relationship must be kept, i n  mind when interpret ing the model 
o~l tpu ts .  

Assumink t ha t  habi ta t  mapping, analysis uni t  delineation,  and seasonal t ' ab i t a t  
elements have been corr.pleted fo1l .o~ these steps t o  implement the Disturbance 
Submodel. ( 1  ) Identify and map a l l  exist ing a c t i v i t i e s  and human uses within a 
selected bear analysis u n i t .  Complete a separate map for  each assessrner~t 
period based on ident i f ied ac t iv i ty  durations, and selected assessnrent period 
strbai-.I f ication.  (2 )  For each map above identify zones-of-influence and 
clj~turbance coeff ic ients  (from Table 9 ) .  (3)  Overlay habi ta t  polygon maps and 
ac t iv i ty  zones-of-influence maps and identify for  each polygon involved the 
perccent of polygon overlapping a given zone-of-influence, the appropriate 
disturbanc:e coeff icient(DC) for  each zone-of-influence, and the approprj.ate 
duration c:oeff'icient for  each zone-of-influence. Be sure t o  sum the 
disturbance coeff ic ients  for  any overlapping zones-of-influence. ( 4 )  Corrtpute 
the exist.ing habi ta t  effectiveness for  each assessment period. Be sure habi ta t  
qua1 i t y  ref  le(:ts approyr.iate seasonal rating.  (5 ) Do the same for  any proposed 
a c t i v i t i e , ~  or human uses on a projected yearly basis for  a t  l e a s t  a 5 year 
planning ,period. A cartographic coniputer grogran1 has been designed t o  do a l l  
t h i s  for  .you. Training w i l l  be available on how t o  use the cartographic:: node1 
t o  complete analysis of cumulative e f fec t s  c,rt an interact ive basis a t  the 
terminal. 

As man-caused n~or ta l i ty  of grizzly bears within the Yellowstone Ecosysteni 
c:c)ntinues t o  'be one of the most signifjcarlt. ciel;er,r-er~ts t o  population recovery, 
i t  is necessary tha t  the r isk of gl.izzly bear mortality due t o  ntanls ac t iv i ty  
be evaluated i n  the cumulative e f fec t s  process. Tl~e mortality submodel 
provides a re1 a t ive  rlunreric evaluation of t h i s  r isk .  The mortal i t y  subrnodel 
culrrlinates i n  the calculat ior~ of a rr~clrtality r i sk  lndice for  each bear 
rnanagen~er~t uni t  and or  subur l i t .  

Five bas1 c variabl e s  are j.ricor.porated in to  ttte nrot-tal i t y  subrnodel: 
1 .  Habit.irt Quali ty 2.  Nature of A c : l , i b  i t y  (Point;, I.inear, Dispersed) 
3. 1nten:ii t y  of Use 4 .  Availability of &tt;r.act.ar~t::~ 5. Presence of 
f i rellcrnls. 
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These f i v e  bas ic  va r i ab les  combine t o   for^ dis t inct  a c t i v i t y  groups f o r  whi,ch 
niortal j ty r i s k  indices  were developed. 

The following is a desc r ip t jon  of each of the  variable:, t h a t  comprise the  
a c t i v i t y  groups: 

1 .  Habitat  Q u a l i t y  

Deciding whether an a c t i v i t y  occurs i n  low o r  high q u a l i t y  h a b i t a t  is 
primari ly based on s t r a t i f i c a t j o n  c r j t e r i a  es tabl i shed i n  t h e  lfYellowstone 
Guidelinesw (1979). A s  a l l  lands  within occupied p,rizzly bear h a b i t a t  a r e  
s t r a t i f i e d ,  a c t i v i t i e s  occurring i n  S i tua t ion  1 h a h i t a t  a r e  categorized a s  
high q u a l i t y  while a c t i v i t i e s  occurring i n  S i t u a t i o n  2 a reas  a r e  
categorized a s  low q u a l i t y .  A c t i v i t i e s  occurring In managenent S i t u a t i o n  3 
areas  apt p r iva te  lands f a l l  i n t o  the  qua l i ty  habji,at inmedjately adjacent  
t o  i t .  h h i l e  it is recognized t h a t  h a b i t a t  qua l i ty  can vary within a 
s t r a t i f i e d  a rea ,  s t r a t i f i c a t i o n  by management s i t u a t i o n  is cur ren t ly  t b e  
most ~on:~is t ,ent  measure of h a b i t a t  qua1 i t y  . A s  ha i l i ta t  mapping and h a k i t a t  
values a r e  ca lcula ted  according t o  the  h a b j t a t  subrr~odel, h a b i t a t  q u a l i t y  
can be fu r the r  ref ined.  

2. Nature of Act iv i ty  

In  looking a t  the  potent ia l  sources of i l l e g a l  man-caused mor ta l i ty ,  it. was 
found t h a t  they could be categorized i n t o  the  th ree  groupings es t ab l i shed  
i n  the  djsplacement submodel. The following is a desc r ip t ion  o f  each group 
along with those uses which a r e  typ jca l ly  r e p r e s e ~ t e d  i n  each grouping: 

Point  Sotirce - This group includes those a c t i v i t i e s  by which man could be 
providin4: g r i zz ly  bears  w i t h  a food a t t r a c t a n t .  Tlie following a r e  examples 
of situai;ions which would be c l a s s i f i e d  a s  point  sources of mor ta l i ty :  1. 
Rackcount;ry camps with food, l ives tock feed,  game nea t ,  e t c . ,  2. P r i v a t e  
homes, :I. Road k i l l e d  animals, 4.  Developed campgrounds, 5. Bear b a i t j n g  
s t a t i o n s , ,  6. Domestic sheep al lotments.  

Linear Source - This group includes roads, t r a i l s ,  and stt-earn corridor:; 
where g r i zz ly  mor ta l i ty  could occur. Linear sources a r e  divided i n t o  10 
mile segroents. ( E x .  20 mile road equals  2 soul-ces, 8 mile t r a i l  equals. 1 
source 1. 

Dispersed Source - This group would include those a c t i v i t i e s  not assoc:lated 
with point  and l i n e a r  sources. Examples would be hunting o f f  t h e  t r a i l  01- 

road, be]-ry picking, hiking o f f  t r a i l ,  c r o s s  country sk i ing ,  e t c .  
Dispersed sources a r e  measured i n  u n i t s  of people/habitat  con~ponent/da!i. 
Mor ta l i t i e s  associated with dispersed sources would be associa ted  with 
random gl-izzl y bear/human encounters. 

3. In tens i ty  of Use 

A s  each a c t i v i t y  is categorized,  i n t e n s i t y  of use on both l i n e a r  and 
dispersed sources should be determined. The following a r e  guidel ines  :for 
assign in,^ i n t e n s i t y  o f  use 1-evejs: 

Low Use: Roads < 1 vehicle/daylight  hour. 
Trails/Roads closed t o  veh ic le  < 3 p a r t i e d d a y  
Dispersed < 1 person/hahj tat.  coti~ponent./rlnv 
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High Use: Roads > 1 veh ic l e /day l igh t  hour 
Traj.1 s/Roacls c l  osed t.o vebic l  e s  > 3 par t ies /day  
Dispersed > 1 person/habi ta t  cornponent/day 

4 .  A v a j l a b i l i t y  of  A t t r a c t a n t s  

Avai l -ab i l i ty  of a t t r a c t a n t s  at p o i n t  sources  of  a c t i v i t y  has  been a 
s i g n j f i c a n t  f a c t o r  i n  griz.zly hear  r ~ ~ o r t a l i t y  thrsoughout t h e  ecosystem. 
Whether a t t r a c t a n t s  a r e  a v a i l a b l e  t o  bears  or no t  is defined a s  fol lows:  

A t t r a c t a n t s  Avai lable:  Food a t t r a c t a n t s  a r e  a v a i l a b l e  t o  g r i z z l y  bears. 
I f  food s t o r a g e  r.equirements a r e  i n  e f f e c t ,  but  not erlforced, t h e  
a t t r a c t a n t s  a t  t h e  p o i n t  source a r e  considered ava i l ab l e .  

A t t r ~ t a n t s  Unavailable: Food a t t r a c t a n t s  a r e  unavai lab le  t o  g r i z z l y  
bear.  Food s t o r a g e  requir,errents a r e  enforced t o  a level t h a t  point; s o u r c e s  
a1.e ::or~sidered unava j 1 ab le .  

5. Presence o f  Firearms 

While g r i z z l y  bears  a r e  pro tec ted  wi th in  t h e  Y'ellowstone Ecosystem, 
nurrterous m o r t a l i t i e s  due t o  f i r ea rms  have beer1 recorded. The Yellowstone 
a rea  is unique i n  t h a t  a l a r g e  po r t ion  of t k ~ e  a r e a ,  Yellowstone and Grand 
Tetxn National Parks,  have r egu la t jons  p r o h i b i t i n g  t h e  ca r ry ing  of  
f j rearrns ,  while  t h e  remainder o f  t h e  a r e a  has ncl such regula t ions .  Risk o f  
bear mor t a l i t y  is t h e r e f o r e  higher  on those  l ands  al lowing f i rearms.  
A c t i v i t i e s  a r e  ca tegor ized  a s  fol lows:  

Firearms Present :  No r e ~ t r i c t ~ i o n  on t h e  pub l i c  c a r r y i n g  f i rearms .  
Generally inc ludes  a l l  l ands  o t h e r  than  those wi th in  t h e  National Parks.  

Fi r.earrr~s Absertt.: Firearms cannot be c a r r i e d  by t h e  publ jc .  General ly  
inc:.udes a l l  l ands  wi th in  t h e  Natiorlal Parks.  

Mor ta l i ty  r i s k  i n d i c e s  f o r  each a c t i v i t y  group were developed by c a t e g o r i z i n g  
each man-caused g r i z z l y  mor t a l i t y  occurr ing  i n  t h e  ecosysteni through t h e  per iod  
1973-19133. Mor ta l i ty  da t a  was obtained ft-om Kenneth J .  Creer ,  Montana 
Department o f  F i sh ,  W i l d l i f e  and Parks.  S p e c i f i c  d a t a  on ind iv idua l  
mor t a l i ' t i e s  no t  a v a i l a b l e  from K. Greer was obtained from ind iv idua l s  who have 
inves t i ,3a ted  t h e  m o r t a l i t i e s .  

M o r t a l i t i e s  were then ad jus ted  upwards f o r  a l l  c a t e g o r i e s  with known l o s s e s  due 
t .o f i rearms .  Th i s  i nc rease  was based on t h e  f a c t  t h a t  al.1 m o r t a l i t i e s  
:j:bsociated wi th  f i r ea rms  a r e  not  I-epcjrted. Knight and Eberhardt ( 198fJi) 
repor ted  t h a t  dur ing  the  1959-1970 per iod ,  c a l c u l a t j o n s  sugges t  t h a t  roughly 
ha l f  of  t h e  ac tua l  mo t - t a l i t i e s  may have been recorded. Ac t iv i ty  groups wi th  
known fjr-earm l o s s e s  were increased by a f a c t o r  of  2.0 t o  r e f l e c t  non-reported 
n l o r t a l i t i e s .  The mor t a l i t y  r i s k  i n d i c e  is si.nlply t h e  ad jus t ed  l o s s e s  f o r  each 
a c t i v i t y  group divided by the t o t a l  number of ad jus t ed  l o s s e s ,  

Due t o  a r e l a t i v e l y  small sample s i z e ,  s e v e r a l  c z t e g o r i e s  have i n d i c e s  of  .00. 
Managers  rust. be aciare that. cumulative ac t i .v j  t ies  i n  t h e s e  apparent  low r i s k  
ca tegor , ies  may inc rease  rrrc~rta! j~t,y r i s k  and t r e a t  then1 appropr i a t e ly .  

Table 10 d e p i c t s  t he  mor t a l i t y  r i s k  i n d i c e s  fot- a c t i v i t y  e~-ouy,s. 
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TABLE 10 

- . - - ........-..........-..........--.... ........................................-.............-....-........... 
I 
I I K n m n  I Adjusted I Mor ta l i t y  I  
I I Losses ) Losses I Index I 
I  I 

I.. ................................................ --- . -- --111413=1983:i- ( 13 91349832 I.. .......... . I  
I I Firearnis I 1 4  1 28 I -33 I 

I I 1  1 1 

I  H I  P I E . . t t ractant  I . . . . . . . . . . . .  I  ....... I ----. .------ I I  
I  J I 0 I  P.vai3able ) No Firearrr~s  I 15 I 15 I . l 8  I 

I  I  I  

I  G I 1 1  --------- I ---I-II-III.- I I  
I H I N I  I  F i r e a r m  I 0 I 0 I  .OCs I 

1 1 

I  I T I  P . t t r ac t an t  I  - - - - - - - - - - - - -  I - - - - - - - - - . - - - I  I - - - _ - - - -  I  
1 H I  I  l ; nava i l ab l e (  No Firearms I  1 I 1 1 .01 I 

I I 

I  A I 1  ------------ I - - - - - - - - - - - - - - - - - - -  I  -----------.- I  - - - - - - -  I  ----..---- I  
I B I  I I  Firearnls I 0 I 0 I  .00 I 

1 

I I I  L I  H i g h u s e  I - - - - - - - - - - - - -  I  ------------ I  -----.------ I  - - - - - - - - - - - I  
I T l I :  I  No Firearms I 3 I 3 I  .04 I 

I A I  N I ---.------- I  - ------------------  I  -----------_- I I  - - - - - - - -  * - - I  
! T I E !  I  Firearms I 0 I 0 I  .OC I 

I I 

I  I  A I 1.0~ Use I ........-. I  .... I I  I  
I Q I R I  1 No Firearms I I 0 I .OC! I 

I c I I 

I  u I I  ---------- I  ------------------- I  I  -----.------ I  ----------- I 
! A I D !  I  F i r e a r m  I I 1 I 2 I -02 I 

I I 

I  L I  I I  High Use I I I I I - - - - - - - - - - - I  1  - - - - - - - - - - I  ---------- I  

I I I S l  I  No Firearms I I 0 I 0 1 .OO I 
I I 

I I R I  I,ow Use I  - - - .  . . . . . . . . . . . . . .  I I ----------- I  -----------  I 
I I s !  I No Firearms I C I 0 I  .OO I 
I I E I  1 I I I I 
I I I 1 I 

I - -  I 1 1  -----..-----I ------------------- I ----------- .-  I  I  - - - - - -  I  
1 1 ;  I Firearms I 7 I 14 I . l i '  I 

I I P I A t t r a c t a n t  I  ----------- -----  -- - I- -.-- -------- I -  - -  I  I 
I  L I 0 I  Avai lab le  I  No Firearnis I 9 I 9 I  .1'l I 

I 

1 1 I 0  I 1  I - . - - - - - - - -  I  - - - - - - - - - - - - - - - -  I  I - - - - - - - . -  I ------- I  
I W l N I  I F i r e a r n ~ s  I I 0 1 .OO I 

1 0 I 1 

I  I T I  i l t t r a c t a n t  I - - - - - - - - - - -  - - - - -  I ----------- I - - - - - - - I  - - - - - - -  I  
I H I I  IJnavailable;  No Firearms I 0 I 0 I  .00 I 

I 

11 I I: I I-liehUse I  - I I ----------- I  - - - - - . I  
I T l N I  I  No Firearms I 0 I 0 1 .OO I 

I I 

I  A I E I . . - . - - - - - - - - - -  I -------------.--------- I -----------I - - - - - - -  I I 
I T I A I  I  Firearnis I 0 I 0 I  . O o  I 

I  I  R I  ]-ow Use I  --------  .---..------ I I - . - - . - - - - -  I I 
I Q 1  I I No Firearms I 0 I 0 I .OC) 

1 
I  

I  u I---, ------- I I I I 
1  I  I  --------- I I 

: A I D !  ) Firearms I I 0 .OO I 
I 0 I 1 

I  L I  1 I High Use I  --------.---------- I  --..----.----- I I I  
I I I S l  I No Firearms I 0 I 0 I  .OO I 
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As mortality factors may change over time due t o  improved management, 
enforcenent, e tc . ,  mortality indices should be calculated annually using the 
l a s t  five years to reflect recent chat)&es i n  nlorta1:ity sources. This 
inforrclation w i l l  allow managers to evaluate and conlpare current nlanagement 
practices against the o r i ~ j n a l  data set .  These rnor1;ality indices, however, 
would not be used i n  the calculation of the nlortality risk index for a bear 
management u n i t  or s u b u n i t .  

1 .  Mortalities include a l l  dead bears as well as bears removed from the 
ecosystem alive. ( j . e .  zoo's, other ecosystems, etc.) 

2 .  O n l y  man-caused grizzly mortalities are included i n  the development of 
r11orta:lity indices. No legally killed bears (hunting) or mortalities 
associated w i t h  research activi t ies are included. 

3. Distribution of mortalities does not differ  ttiroughout the period in a 
manner which would significantly a l ter  the nlortality indices. 

4. Prior to 1983, bears removed a t  point sources were due to attractants being 
available unless specific evidence is available indicating the opposite. 

5. A l l  man-caused non-fi rearn~ related rrtortalities are reported. 

1 .  List a l l  existing activi t ies from h a b i t a t  effecytiveness submodel for a 
grizzly bear management unit. Categorile a s  t c ~  whether the activity occurs 
w i t h i n  h i g h  or. low ciuality habitat. 

2 .  Categ,orize activi t ies as to  whether they are point linear or dispersed for 
each assessment period. 

3. Assign to each activity w i t h i n  an assessment period intensity of use and 
availability of attractant values. 

4. Determine whether or not firearnis can be legally associated w i t h  the 
activity. 

5. Select mortality index from Table 10 and assign to each existing activity. 

6 .  Add n?ortaljt,y i~dic:es for each hear rrranagen~ent u n i t  and or subunit. 

The value generated for each activity is not the probability of a grizzly bear 
k i n g  lost  w11en a specific activity exjst,s o r .  i s  being proposed for a bear 
nianagen~ent u n i t .  The cilniulative mol-t,ality index for the bear managemerit u n i t  
and/or subunit. is a quantjtative value of the mortality opportunities. The 
higher the value, the higher the risk of a grizzly bear n1ortaljt.y. 
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A f i n a l  s t e p  i n  t h e  developnent of  a cumulative e f f e c t s  assessment  e n t a i l s  
e s t a b l i s h i n g  and v a l i d a t i n g  th reshold  l e v e l s .  Tkit?se t h r e sho lds  represent .  t h e  
niinimrn accep tab l e  l e v e l s  o f  h a b i t a t  e f f e c t i v e n e s s  and/or m o r t a l i t y  risk:; 
requi red  f o r  s p e c j e s  recovery. Thresholds  could var:y by season and by bear  
n~anoben~ent u n i t .  

J d e a l l y ,  t h r e sho lds  f o r  h a b i t a t  effec.t.jver!e:;s :>l-~o~ild provjde f o r  t h e  ener8ge t ic /  
s p a t i a l  needs o f  t h e  gr-izz1.y bear  populat ion du r ing  llworst-casell s i t u a t i c l n s  
(seasona1.1 y/annual I y ) . One possibl  e approac:h wolild be t o  con~pare llworst-.-casell 
home range -3 lifetime honie range ( seasona l ly /annual ly)  of  a r e p r e s e ~ t t ~ a t i v e  
se t  o f  a d u l t  female bea r s  w i th  multi-year h i s t o r i e s  o f  t e lemet ry  l o c a t i o n s .  
Even approxin~at~e  ca3 cul a t i o n s  of a v a i l a b l e  energy for  clj f ferent .  sea.sons/:,'ears 
would g r e a t l y  enhance our understanding and modeling o f  s p a t i a l  needs o f  
t-;rizz,ly bears .  By ana lyz ing  bea r s1  s p a t i a l  use i n  a r e a s  o f  comparable 
e n e r g e t i c  va lue  but wi th  d i f f e r i n g  l e v e l s  o f  hurr,an a c t i v i t y ,  it may be p o s s i b l e  
t o  a s s e s s  t h e  i n f luence  o f  human a c t i v i t y .  

E s t a b l i s h i n g  and v a l i d a t i n g  th reshold  l e v e l s  based on bea r s1  response t,o 
varying e n v i r c m e n t a l  cond i t i ons  and human a c t i v i t y  w i l l  r e q u i r e  kiabi t a t .  
mapping of' several.  bear  management u n i t s  and i n t e n s i v e  a n a l y s i s  o f  t h e  e x i s t i n g  
d a t a .  With decl irles occu r r ing  i n  both t h e  g r i z z l y  t~ear .  popula t ion  index and i n  
key populat ion parameters  it would be highly d e s i r a b l e  t o  e s t a b l j s h  i n t e r i m  
th re sho ld  goa l s  f o r  both t h e  h a b i t a t  e f f e c t i v e n e s s  va lue  and t h e  mortal it,^ 
index. The fol lowing g o a l s  a r e  reconinended f o r  imp1 ementat ion throughout  t h e  
ecosystem a s  i n t e r im  guidance. 

Within eac:h bear  management u n i t  and/or s u b u n i t ,  h a b i t a t  e f f e c t i v e n e s s  va lues  
at. a n~ininiurn should be r e t a ined  a t  t h e  c u r r e n t  level., wi th  no decreases .  
However, when t h e  c u r r e n t  l e v e l  is below 80% o f  p o t e n t i a l  h a b i t a t  
e f f e c t i v e n e s s ,  a minimum goal of reaching 80% is des i r ed .  Hab i t a t  
e f f e c t i v e n e s s  w i l l  be measured on a seasons! b a s j s  and rlot aggregated j r- o r d e r  
t o  safeguard a g a i n s t  l o s s e s  o f  seasona l ly  s i g n i f i c a n t  h a b i t a t .  

It  is reaclily accepted t h a t  man-caused kr-izzly bear  m o r t a l i t y ,  p a r t i c : ~ l l s r l y  j n 
t h e  a d u l t  female segment, is t h e  key i s s u e  i t1 cor~sel-vine t h e  g r i z z l y  bear  
populat, ior~ i n  t h e  Yellowstone ecosystem. W i t h  t h i s  i n  mind, it  is recon~mended 
t h a t  t h e  n lor ta l i ty  index goal  f o r  each bear  management u n i t  and/or- s u b m i t  be 
e s t a b l i s h e d  a t  no i nc rease  above e x i s t i n g  l e v e l s .  Decreasing t h e  e x i s t i n g  
index,  p a r t i c u l a r l y  i n  t h e  category of  a v a i l a b l e  a t t r a c t a n t s  a t  p o i n t  scrurces, 
should be an imnediate p r i o r i t y .  

FWS_LIT_012594



VII M,PJBGEljNl OF C U W E  EFEm 

The cun~clatjve e f f ec t s  model wi1.1 enhance decision making for  land and resource 
managers i n  several ways. F i r s t ,  i t  w i l l  provide the manager a quantified and 
graphic representation of the effective habi ta t  values and n~ort,ality r i sk s  f o r  
the ex is t ing  ( a s  well a s  potential)  si tuation.  The manager then can use the  
computer t o  simulate the additive as well a s  the independent e f fec t s  of 
d i f fe ren t  land uses (exis t ing or proposed). I n  other words, the manager can 
ask a s e r i e s  of what i f ; ; ; ? ,  questions and explore the r e l a t i ve  consequences. 
The CEM should a l so  enable the manager t o  discriminate which land use j s  
contributj  ng rrrost t o  the sinulated e f fec t s  (ttcorr.petitive r i s k  analysisn) and 
whether i t  influences habi ta t  per s e ,  habi ta t  use, and/or survivorship of 
grizzly bears. This can be done i n  space and through tine and a t  d i f fe ren t  
planning levels .  

Hence, t,hrough the CEM, the manager can optimize decisions by a t ta ining grizzly 
bear rec:overy while minimizing social  and econcxnic costs.  
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Coeffic:ients applied to  components or portlorls of components contained w i t h i n  
150m of forest-nonforest edge. 

Spring 

Surrune r 

Fa1 l 
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Coeffjcien'ts applied t.o habi ta t  coniponent base u n i t  area hab i ta t  values, by 
protein r ich conlponent type. 

P-&--PQJE_NI2NENT.TYPE CQEEEEI EN 

Moose wintllr range 1 . O O  

B j  son winter range 1 .OO 

Geot,hermal l y  influenced elk wi nt-er range 1. goa 

Higher elevation mountainous e lk  winter range 1 .boa 

Lower elevation valley e lk  winter range 1 .OO 

Sunnler-Fall high use ungul a te  range 1.50 

Fish spawning stream (high value) 3.75 b 

Fish spawning stream (low value) 1. goC 

22AX?NFPPLIIH1 

Spring 

Spring 

Spr i ng 

Spr ing 

Spring 

Sunnler-Fall 

Summer 

Summer 

a :  E l k  winter range coeff ic ient  supercedes moose and bison winter range 
coef f ic iec~ts  (i.e. val.ues a re  not addit ive or  mul t ipl icat ive) .  

b: Applied on a subunit basis ,  f o r  subunits w t .  > 1.5 miles of spawning strean! 
recejving signifjcarlt, bear use; f i s h  spawning st rear,^ coeffj.cient; super-cedes 
Sumrwr*-Fa1.l high use ungulate range coeff ic ient .  

c :  Applied on a subunit basis,  fo r  u n i t s  w t .  between .5 and 1 .5  miles cf 
spawnirlg :,treanl recej v i n e  s ignif  j cant bear use; fi:h spawning streani 
coeff ic ient  supercedes S u m r - F a l l  high use ungulate range coef f jc ien t .  
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IUBU'AT- YL;LC=TX-~PE- - - - .. -1 - - .. - SEQkiQ --. 

1 !LNG YLI1-1IE 
P i  r~us cont.orta/ I 

I 

Purshia t r i den t a t a  1 .I63 .013 
Carex geyeri 1 ,077 .OOl 
Calamagr-os ti s rubescens 1 .045 .022 
Vaccinium scoparium 1 .I96 .060 
Fes tuca idahoensis 1 .047 .022 
Moist meadow I ,664 ,245 
Thermal 1 ,677 ,010 

Pseuclot.su~;a rnenz iesj. i/ I 
I 

Symyhor lcarpus oreophilus I 
Juniperus communis I 

I .I13 
Arnica cord i fo l ia  I 

I 

Berber i:; r e  yens I 
I .O88 

Spiraea beful i fol  i a I 
1 

Calamagrostis rubescens 1 ,016 .OO9 
Symphoricarpos albus I 

I 007 
Vaccinium kl ohulare 1 

I 

Picea engt?lmanni/ I 
1 

Gal iuni 1;riflorunl I . 0 1 0  .03@ 
Equisetum ar-vense 1 .086 .182 

Abies I as.iocar.pa/ I 
I 

Junj yerus comlunis I 
1 

Arnica l a t i f o l  i a  I 
I 

R i  bes rrnntigenurn I 
1 

Vaccini~~rn scopar ium - I 
I 

P i n u s  a1 b icau l i s  I 
I 

Vaccinium globulare - I 
I 

Vacci~niuni scopar-ium 1 .012 .036 
Cal.amag:rostis canadensis 1 .039 .036 
Carex gleyeri 1 ,009 ,029 
Strepi,o,pus amplexifol i u u  1 
Symphoricarpos albus I 

I 

Spiraea be tu l i f o l i a  I 
I 

Calarnagrostis rubescens I 
I 

Berberis repens I 
I 

Arnica cordifol i a  1 .016 ,051 
Vaccinium scopariun~ - I 

1 

Calamagrostis rubescens 1 ,007 ,022 
Vaccinium scoparium - I 

1 

Vaccinium scoparium 1 .@I5 .006 
Vaccinium globu1.at-e - I 

I 

Vaccinium globulare I 
1 

Linnaea boreal is 1 .028 .026 
Thalictrum occidentale 1 .048  ,012 

Pi  rlus albicauli .s /  I 
1 

Fectuca idahoensi s I 
I 

Juniperus cummunis I 
I 

Vaccinium scopariuni I 
1 

- Abies lasiocarpa I 
1 
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I UBG 
I 
I 

I 
Pico/Putr I 

Cx ge I 
I 

Carl] I 
I 

Vasc I 
Feid I 

Mstmdw I 
Thrml I 

Psme/Syor I 
J uco 1 .022 
Arco I 
Bere I .017 
Spbe 1 
Caru I .062 
Syal 1 .055 
Vagl I 

PienIGatr I -038 
Eqar 1 .334 

Abla/Juco 1 
Arla I 
Rimo I 
Vasc-Pial I 
Vagl-Vascl .046 
Caca 1 .I53 
Cx ge 1 .036 
S tam 1 
Syal I 
Spbe I 

Caru I 
Bere I 

1 

Arco I .063 
Vasc-Caru I . O r /  
Vasc-Vasc I .057 
Vagl-Vagl I 
Libo 1 -107 
Thoc 1 .I85 

Pial /Feid I 
Juco I 

Vasc I 
I -Abla 

b l L Q k K U N G I ~ l  
I I 
I : 

.028 1 I 
,002 1 I 
.046 1 1 
.I28 1 I 
.047 1 
.522 I .. . . e ' I 

I 

.022 1 I 
1 0056 -051 1 
1 0071 - m o m  I 
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e 3 - C a w  SPRING 

I ------- FO 
I l!uQLK 
I 
I 

Pico/Putr I 
Cxge I 
Caru I 

Vasc I 
Feid I 
Mstmdw I 
Thrml I 

Psme/Syor 1 ,032 .030 
Juco 1 .021 .069 
Arco I 
Bere 1 .016  .054 
Spbe I 
Caru 1 ,015 .003 
Syal ( ,053 .004 
Vagl I I 

PienIGatr I ,009 .Oll 
Eqar 1 .081 .065 

Abla/Juco I 
Arla I 
Rim I 
Vasc-Pial J 
Vagl-Vascl 
Caca I 

L 

Cx ge I 
Stam I 
Sy a1 I 
Spbe I 

Caru I 
Bere I I 

Arco 1 . 0 1 5  .018 
Vasc-Caru I .007 .008 
Vasc-Vascl .014 .002 
Vagl-Vagl I 
Libo 1 .026 .009 
Thoc ( ,045 .004 

Pial /Feid I 
J uco I 
Vasc I 
-Abla I 

FWS_LIT_012602



1 WBO WB? 1 WB'3 I I 

I Wb!AU!Kil UKWIO. .UNGI r n l , l u s u s I  ~ h l ~ l  
I I I I I 

1 I I I 
I I 

Pico/Putr I I I I I 
I I 

Cxgc. I I I I 1 
I Carl1 I I 1 I I 

Vasc I I I I I 
I Feid I I I I I 

Ms trndw I I I I 
I 

I 
Thrrnl I I I I 1 

Psme/Syol- I I I I 
I 

I 
Juco 

I 
I I I 1 I 

I Ar co I I I I 
Bere 

I 
I I I I 

I 
1 

Spbe I I 1 I 1 
Caru I I I I 1 
Syal I I I I I I 
Vagl I I I I I 

I 
I 
I Pien/Gatr- I I I 

I 
I 
I 

I 
Eqal- I I I I 

I I I 
I 

Abla/Juco I 1 I 
I 

I 
Arla I 1 I I 
Rim) 

I 
I I 

I I I I 
Vasc-Pial I I I I I I 
Vagl-Vasc 1 I I I I -037 .049 I 
Cace I I I 1 .I24 .049 1 
Cxgc? I .009 .009 1 .038 ,032 1 .034 .036 1 .O3O .O39 I 
Stan I 

I I I 
I I 

I 
Syal 

1 
I I 

I I I I 
Spbe I I I I I 
Caru 

I 
I I 

1 I I 
I 

I 
Bere I I I I 

I 
I 

Arco 1 I I ( .051 .O  ? I 
I 

Vast=-Caru I I I I I 1 
Vast,-Vasc I I I I I I 
VagL-Vagl I I I 

I 
I 

Libo I 1 I I I 

I 
I 

I 
Thoc I I I 1.150 .001 1 I 

Pial/Feid 1 ,105 .I93 I ,259 .312 1 .265 ,278 1 ,270 .248 I 
JUCO I I I 

I I I I 
I 

I 
I 

Vasc I I I I I 
-Ab.la I I I I 1 
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la2J2z-Y ~WlBASLUb'51- BE_AMlT_AT-Y ALUE 

HABITAT OR I 1 I I 
I 

1 
I 

1 
I ~ l l X F J L . - _ S F Q f L P D D  - -  F L L I - - - S E L L E  I LP3 1 

I UG lUQYK I IJG f 1 UG ~ L Q U  I UG IJLQ-UG I 
I I I I I 

I 
Pico/Putr 1 .327 .I34 1 .352 .I44 1 .371 .I53 1 

Cx ge 1 .230 .I80 1 .249 .I93 1 ,262 .204 1 I 
I 
I 

Ca ru 1 .I10 .I34 1 .I19 .I44 1 .I25 .I53 1 
Vasc 1 .I42 .I72 1 .I54 .I85 1 .I62 .I96 1 

I 
Feid 1 .I24 4 1 .I33 .I60 1 .I40 .I69 I 

I 

Mstmdw 1 .I48 .025 1 .I59 .026 1 .I68 .028 1 
I 

Thrml 1 I 
I 1 

I 
I 

I 
1 

Psme/Syor I I I 
Juco 

I 
1 .007 .012 1.008 .012 1.009 .009 1.008 .011 I 

Arco 1 .I38 1 .I67 1 .I88 1 .I54 I 
Bere 1 .042 .076 ! .052 .076 1 .058 .057 1 .048 .067 1 
Spbe 1.060 .I06 1.072 .I06 1.081 .079 1.066 .093 I , 
Cam 1 .056 .075 1 .070 .075 1 .082 .052 1 .064 .063 1 
Syal 1 .052 .018 1 .063 .018 1 .071 .013 1 .058 .016 1 
Vagl 1.060 .I06 1.072 .I06 1.081 .079 1.066 .093 ( 

PiedCatr 1 .064 .I20 1 .081 .I20 1 .094 .083 1 .073 .I01 1 
Eqar 1 .I98 .366 I .250 .366 1 .291 .254 1 .227 .310 1 

Abla/Juco 1.064 .I18 1.081 .I18 1.094 .082 1.073 .I00 1 
Arla 1.064 .I18 1.081 .I18 1.094 .082 1.073 .I00 1 
Rim 1.029 .023 1.035 .023 1.040 ,010 1.032 .Ol7 1 
Vast-Pial.1 0237 -193 1 .286 .I93 1 .326 .083 1 .263 .I40 1 
Vagl-Vaa'cl .I85 .325 1 .234 .325 1 .272 .226 1 .212 ,276 1 
Caca 1 .I66 .310 I .210 .310 I 2 .215 1 .I90 .262 1 
Cxge 1 -048 ,086 1 .060 .086 1 .070 .060 1 .055 .073 1 
St am 1.075 .I41 1.095 .I41 1.111 .098 1.086 .I20 1 
Syal 1.137 .066 1.173 .066 1.201 .046 1.157 .056 1 
Spbe 1 .024 .043 1 ,030 .043 1 .035 .030 1 .027 .037 1 
Caru 1 .069 .053 1 .088 .053 1 .I02 .037 1 .080 .045 I 
Bere 1.081 1 4  1.102 .I48 1.119 .I03 1.093 .I26 1 
Arco 1.065 .I21 1.082 .I21 1.096 .084 1.075 .I02 1 
Vasc-Car-ul .I13 .210 1 .I43 .210 1 .I66 .I46 1 .I29 .I78 1 
Vasc-Va:bcl .I60 .245 I .203 .245 1 .236 .I70 1 .I84 .207 1 
Vagl-Vadl .I85 .344 1 .234 .344 1 .272 .239 1 .212 ,292 1 
Libo ) .I05 1 1 .I32 1 4  1 .I54 .I35 1 .I20 .I65 1 
Thoc 1.091 .I02 1.115 .I02 1.134 .071 1.104 .087 ( 

Pial/Feid I I 1 I 1 
I 

I 
Juco f I 1 
Vasc 

I 
I I I 1 I 

-Abla 1.076 .062 1.092 .062 1.105 ,027 1.085 0 1 
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E&l.s-Y_~CmLiud SUMMER 

1 I 
-,-- ----,--- _1-,-X-,t ---- L---_( ----- AS- ! 1 

I !JAG U9-!LNG 1 LNG YfQ-!JK I !4E M f W  : MMQE i 
I 
I 

1 I 
I 

I 
I I I 

Pico/Putr 
I 

I 
I 1.367 *lo9 1 I 

i 
Cx ge I 1 .259 .I46 1 , . a c  

I 
I I ' I 

Cam I I ,124 ,109 1 1 1 
Vasc I 1.160 .I40 1 1 1 
Fe id I 

I 1.139 .I21 1 I I 
I 

Mstmdw I 1 .I66 .020 1 I 8 
I 

Thrml I I I I - .  I I 

Psrne/Syor I 1 1.101 .042 1.072 .m. : 
I Juco I I 1 ,008 .OM 1 .005 ..oob ; 

Arco I 1 1 .I52 1 .I08 s a @ 
Bere I I 

I I 
I ,047 .050 1 .034 -036 1 

Spbe I I 1 .066 .070 1.0117 -050 I 

Cam I I 
I I 1 .063 .044 1 .046 .W6,  i 

Syal I I 1 ,057 -012 1 .0111 -00B D 
Vagl I I 1 .066 .070 1.0117 -050 I 

PienIGatr I .097 .I27 I 1 .072 ,070 1 .053 .0112. : 
Eqar 1 .300 .389 i 1 .224 .216 1 .I63 -127 I 

Abla,/Juco 1 .097 .I25 1 .084 .056 1 I 
Arla I ,097 .I25 1 .084 ,056 I I - I 

I 

Rim 1.035 ,030 1 1 
Vasc-Pial I .286 ,251 1 I 

I I 
I I I 

Vagl-Vascl .280 .346 1 I I I 
Caca 1 .251 ,329 i I 1 I 

Cx ge 1.072 .092 1 .062 0 4  1 I 
S t  am 1 .I14 .I50 1 I I 

I 
I 

Sy a1 1.207 ,070 1 
I 

1 .I55 .039 1 .I12 .M3 I 
Spbe 1 .036 .046 1 1 .On .026 1 .020 .015 : 
Ca ru 1 .I05 ,057 1.091 ,025 1 .078 .031 1 .05'7 .018 1 
Be re 1 .I22 .I58 1 1.092 .088 1 .067 .052 : 
Arco ( .099 128 I .085 -057 1 -074 -071 1 ,054 .042 1 
Vasc-Cam1 .I71 ,223 I .I48 .099 1 .I28 1 2  1 .093 .073 1 

I Vasc-Vascl .243 .260 1 .210 .I16 1 .I82 .I44 1 .13L .a5 , 
Vagl-Vagl 1 .280 .366 1 1 .209 .203 1 .I52 .I20 1 
Libo 1 .I59 .206 1 1 .118 .I15 1 .086 .068 1 
Thoc 1 .I38 .I09 1 1 .I03 .060 1 .07!5 .036 1 

Pial/Feid 1 I I I I I 

Juco I I 
I 

I 
I I 1 

I 
1 

Vasc 1 I I I t I 

-Abla 1.092 .081 1 I I I I 1 
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------.-- _I_WH---4 WDE ---- 1 ---- D E / D F ? d - - - J I M  - -  I !. 
I YK brL9JJ.N I UG YLQ-UE I I UJ& bVQUNCt I I 

I I I I i 
I I I 

I I I I 
I I I 

I I 
i 

Pico/Putr I I I I I i 
i 

Cx ge 1 I I I 
I I I i 

Caru I I I I I I 

Vasc I I I 1 1 I ! 
Fe id I I I 

1 I 1 I I 
Mstmdw I I 
Thrml I I 

Psme/Sy or  1 .072 .030 1 .089 
Juco I .005 .006 1 .007 
Arco 1 .lo8 I .I36 
Bere 1 .034 .036 1 .042 
Spbe 1 .047 .050 I .059 
Cam 1 .046 .026 1 .057 
Sy a1 1 .041 ,008 1 .051 
Vagl 1.047 .050 1.059 

PienIGatr 1 .053 .042 1.066 
Eqar 1 .I63 .I27 1 .204 

Abla/Juco I I 
Arla I I 
Rimo I I I 

Vasc-Pial l I 
Vagl-Vasc 1 
Caca 

I 
I I 

Cx ge 1 I 
Stam I 1 
Sy a1 1 .I12 .023 1 . I 4 1  
s ~ b e  1 .020 .015 1 .024 
Cam I .057 .018 1 .071 
Bere I ,067 .052 1 .083 
Arco 1 .054 .042 1 .067 
Vasc-Cam1 .093 .073 1 . I16  
Vasc-Vascl .I32 .085 1 .I65 
Vagl-Vagll .I52 .I20 1 .I90 
Libo 1 .086 .068 1 .I08 
Thoc 1 .075 .036 1 ,094 

Pial/Feid I I I 

Juco I I 
Vasc I I 
-Abla I I 

FWS_LIT_012606



~ k L 4 ~ O h t l ! S d  SUMMER 

I I 
I 

I 
I 

Pico/Putr I I I I I 

Cx ge I I I I 
Caru I 

I 
I 
I I 

Vaasc I I I I 
I 

I 

Feid I I I I I 

Mstn~dw I I I 1 

Thrml I I I I 

Psw/Syor I I I 
I 

I 

Juco I I I 
I 

I 

Arco I I I 
I 

I 

Bere I I I 
Spbe I 1 I 

I 
I 

Caru I I I I 

Syal I I 1 I 

Vagl I I I 
Pien/Gatr I I I I I I 

Eqa r I I I I I 

Abla/Juco I .088 ,138 I .084 ,138 1 .079 .I37 
Arla I .088 .I38 i . 0 8 4  .I38 1.079 .I37 
R i  mo I .038 .03'1 1 .036 ,030 1 .035 .030 
Vasc-Piall .309 .256 1 .297 .254 1 .286 ,251 
Vagl-Vascl I ( .228 .377 
Caca I I I .205 .359 
Cx ge 1 .066 .I01 1 .062  .I01 1 .059 .I00 
Stam I 

I I I .Og3 .I64 
Syal I I I I 
Spbe I I I I I I 

Caru I I I I 1 
Bere I 

I I I 
Arco I I I .081 ? .140? 
Vasc-Caru I I I I I 

Vasc-Vasci I I I 

Vagl-Vagl l I I I 
L i  bo I I ! 
T ~ O C  I I I I 1 .I12 .I10 

Pial/Feid 1 .036 .032 I .037 .033 1 .038 .033 
Juco 1 .236 .212 1 .241 2 1  1 .246 .216 
Vasc 1 .I52 .I25 1 .I47 1 2  1 .I41 .I23 
-Abla I .099 .083 1 .096 .082 I -092 .081 
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I PO 1 SFI/LP1 L 
I 

-I-- _ S E 2 / L P 2 L _ - _ b 9 3  ---- 1 
1 UIG kUUE 1 W UQW 1 UhlG blLQ-!.UG ( W WLOG 1 
I 1 I I I 
I 

1 
I I I 

I I I I I 

I I 
I 

Pico/Putr ( .012 .012 1 .011 .011 1 .010 .010 1 I 
Cxge 1 .279 .299 1 .259 .279 1 .239 .258 1 

I I I I 
I 

Caru I I I 1 I 

I 
# 

Vasc 1 .I48 .I42 1 ,137 .I33 1 1 . I23 1 
I 

1 
Fe i d  I 1 I I I I I I 

Mstmdw I I I I I I I I 

Thrml 1 I I I I I I I I 

Psme/Sy or  I I I I I I I I I 

Juco 1 1 I I I 
I I I 

Arco I I 1 I 
I I I 

Bere 1 1 I I I I 

Spbe 1 .186 .I27 1 .212 .I29 1 .223 .I47 1 .I84 .I81 1 
Caru 1 .094 ,115 1.131 .I16 1 .144 .I34 1 .104 .I68 1 
Syal I I I I I I I I 

Vagl I I I I I I I I I I 

PiedGat r  I I I I 
I I I I I 

Eqa r 1 I I I I I I I 

Abl a/J uco 1 .242  .297 1.338 ,300 1 .372  .345 1 .268  .431 1 
Arla 1.231 .284 1.324 .287 1 .356  .330 1.256 -412 1 
R ~ m o  1.019 .I04 1 . 1 1 9  .I10 1 .149  .I52 1 .045  .242 1 

1 
Vasc-Piall.050 .293 1 .317  .312 1.397 .429 1.119 .683 1 
Vagl-Vascl .524 .546 1 .734 .552 1 .807 .635 1 -581 .794 ( 

i 
Caca 1 .452 .487 1 .633 .492 1 .696 .566 1 -501 .708 1 
Cxge I .094 .I15 1 .I31 ,116 1 .I44 .I34 1 . lo4 .I68 I 
Stam 1.079 .098 1 . 1 1 1  .099 1 .122  .I14 1 .088  .I42 1 
Syal I 1 I 1 1 1 I 1 
Spbe 1 .094 .I15 1 ,131 .I16 1 .I44 .I34 1 .I04 ,168 1 1 
Caru I I I I I 

1 I I I I 
I 
I 

Bere I I I 1 1 I 
I 

I ! 

Arco I I I 1 I 
I I I 

Vasc-Carul ,035 .043 1 .049 .044 1 .054 .050 1 .039 .062 1 I 

Vasc-Vascl .279 .334 1 .390 .338 l ,429 .388 1 .309 .485 1 
Vagl-Vagl 1 I I I I I I I 

Libo l .298 1 .418 1 -459 1 -330 I I 

Thoc 1.110 .I49 1 .155  .I50 1 .170  .I73 1 .122  .216 1 
Pial/Feid I I I I I I 1 I 

Juco I I I I 
I I 1 I I 
I 

I Vasc I I I i I I I I 

-Abla 1 .012 .068 1 .077  .072 1 .097  .099 1 .029  -158 1 
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I SF I LP I ASP I m u ----- 1 I 

\ u r o :  JllGllYQAKvro L l N G 1 I  m- 1 
I I I I I I 
I : I I I I 

Plco/f'utr I I i .017 .016 1 I I 
Cxge I I ; ,398 ,410 I I I 

1 

Caru I t I 
I I I I 

Vasc 1 ) ,211 .I95 I I I 
I 

Feid I 0 I I 
I 1 1 I 

btmdu I 1 I I 
I 1 
I I 

I 
l'hrml 1 I I I I 

Psme/Sy or 1 1 I C 
I I I 

L'UCO 
I I I I 
I I I 

I I 
I 

I r co  I I I I I 

Elere I I I I 
I I I I 

Spbe I f 1 .I60 .I16 1,112 -a ( 
C:aru 1 I I 1 .079  -103 1.049 : 
Syal I I I I I I I 

V agl I I 1 I I I I I 
I 

PiedGat r  I I I I I I 
Eqar I I I I I 

Abla/Juco 1 .405 .469 1 -424 .245 1 I - u I 
Arla 1 .388  ,449 1.406 .234 1 I , I 
Rmo I -372 -345 I 1 I 

I 
I I - 

I 
Vasc-Pial l ,992 .976 1 I I t I 

Vagl-Vascl .880 .864 1 I I I I I 

Caca 1 .759  -770 1 I I I 
I 

Cxge 1.157 .182 1.164 ,095 I I I I 
Stam 1 -133 .I55 1 I I I I 
Sy a1 I I I I I 

Spbe 1 .I57 .I82 f I .079 .I03 1-049 ,ooO I 
Caru I I I I I 

I 
I 

I I 
: 

Bere I I I I I 
Arco I I I 1 I I 
Vasc-Carul ,059 .068 1 .062 .036 1 .030 .038 1 -018 m015 
Vasc-Vascl .468 .528 1 .489 .275 1 .236 ,299 1 -1% ,116 1 
Vagl-Vagl 1 I I I I I 

Llbo 1 .500 1 1 .252 1 ,156 I 
Tnoc 1.185 .235 1 1 .094 .I33 1.058 ,052 I 

Pial/Feld I I I I I I I 
J uco I I I I I 

I 1 1 

Vasc I I I I I 
I I I I I 

-Abla 1 .242 .225 1 I I I I I 
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lLa.tLk-5 - C Q & ~  FALL 

* I 

Pico/Putr I 

L 
I 

Cx ge I 
Caru I 

I 

Vasc I 
Fe i d  I 

Psme/Syor I I I I 1 
I JUCO I I I I I I I 
I Arco I I I I I I 
I Arco I I I I I I 
I Bere I I I I I I 

s ~ b e  i .I12 .066 I .I28 .lo0 1 .I44 .I34 1 
Caru I .049 ,040 1 .056 . I 1 9  1 .063 .I16 1 
Sy a1 I I I I I 
Vagl I I I 1 I 

PiedGatr  I I f I I I I 

Eqa r I I I I I I 

Abl a/J uco I I I I I 1 .201 
Arla I I I I I ,192 

I Rim I 1 I I I .048 
Vasc-Piall I I I 1 .I29 
Vagl-Vasc 1 I I I 

I Caca I I I I 
I I 

I 
Cxge I I I 1 .078 
Stam I I I I 
Syal I I I I I 
Spbe I .049 .040 1 .056 . I19  1 .063 ,116 1 
Caru I 

I 
I 
I 

I 
I 

I 
I 

Bere I i I I I I 
I Arco I I I I I I 

Vasc-Carul .018 .015 1 .021 .044 1 .024 .044 1 
Vasc-Vasc:l.146 ,116 1 . 1 6 7  .345 1.189 ,338 1 
Vagl-Vagl. I I I I I I . Libo 1 .I56 i -179 1 .I94 I 

1 

Thoc 1 .058 .052 1 .066 .I54 1 .075 .I50 1 
Pial/Feid I I I I I I .056 

Juco I I I I 1 .048 
I Vasc I I I I I I .040 

-Abla I I I I 1 .031 
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IiitiS-5- FALL 

I 
---1- 

I 
1 
I 
I 

Pico/Put r  I 
I 

Cxge I 
Caru I 

I 

Vasc I 
Feid I 

I 

Mstmdw I 
Thrnil I 

Psme/Syor I 
J uco I 

I 

Arco I 
Be re I 

1 

Spbe 1 
Caru I 

I 

Syal  I 
'ir a g l  I 

Pien/Gatr I 
.Eqar I 

Abla/Juco I 
,9rla I 
I3i m I 
Vasc-Pial 1 
Vagl-Vasc I 
Caca I 

I 

Cx ge I 
I 

2; tam I 
I 

:; y a 1  I 
Spbe I 

Caru I 
fjere I 
Arco I 
\rrasc-Caru 
\rrasc-Vasc I 
\Iragl-Vagl I 
L. i bo I 

I 

I'hoc I 
I 

Pial/F'eid f 
J uco I 

I 

V'asc I 
-Abla 1 
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4 D r y  Grassland 
I I . I I I I 

High Elev. Rocky Grassland I ,087 .091 I . I22 ,106 1 0 
I I I 

0 1 
I I I I 

Low Elev. Moist Grassland 1 .474 5 1  1 .300 ,274 1 ,480 .496 1 
I I I I 

I 1 

High Elev. Moist Grassland I 0 0 1.241 .258 1.469 .478 1 
I ! I 1 

I I I 

Low Elev. Wet Grassland 1 .I56 .078 I .235 .207 I .I02 .094 1 

High Elev. Wet Grassland 

Low Elev. MarstJFen 

High Elev. MaraNFen 

Dry Forb Meadohr 

High Elev. D r y  Forb Meadow 

Moist Forb Meaclow 

Wet Forb Meadow 

High Elev. Wet f o r b  Meadow 

Forb Dominated Seep 

Wet F o r e s t  Openings 

Dry-Moist F o r e s t  Opening 

Dry Sagebrush Shrubland 
A 

4 Rocky Mat. Sagebrush Shrubland I ,377 .322 I .29O .253 1 .278 ,190 I 
I I I I 
I I I I 

Mst.Sagebrush/Cinquefoil Shrub: .476 .477 1 .322 .282 1 -556 .381 I 
I I I 
I I I I 

Low Willow Shrubland 0 0 1 .I64 1 4  1 0 0 I 
I I I 

I I I 

Low Elev. T a l l  shrub Ccinm. 1 .460 .290 1 .Zl7 .I88 1 .459 .460 1 
I 1 I 

I I I 
High Elev. T a l l  Shrub Comm. I 0 0 1 . I49 .I29 1 0 

I I 
0 1 

I I 
I I I 

Tundra I 0  0 I 0  0 0 0 I 
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T h i s  process :,s the resu l t  of the e f fo r t s  of many individuals and agencies k i t h  
expertise and responsibi l i t ies  related t o  grizzly bears and the i r  management.. 
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