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Abstract
Habi|at nanagcls nccd iniomalion about landscapc conditions in rclation lo thc corlposiic rcquircmcnts of spccics thal dcscr\c
allenrion in corser!alion planning. Consequenll). we characlerized and mapped a broad scitle nerwork olhabilats for iile suites
of terrcslrial lerlebrates iD the 58 million ha lnterior Colunbix Basin (Basin). These iive suites. relerred to as Falnilies, dre
conposed of l'1 species who\e habitah have declined strongl,,- lion historical (circa 185G1890) to curent pe odsiniheBasin,
and thus are of conserlation lbcus. T\ro oI L\e lile Fanilies consisl of species thal deperd or old ibrests. Species ir aDothel
F.rnil) depend on early ser.rl 1bres1s. Species in lhe remaining Families depcnd on sagebrush sleppe or open canop,"_ sagebrush
and grasslaids. For cach Family. wc characlcrizcd currcnr habirat condjtions at thc scalc of thc qatcrshcd (mcan sizc of 22.500
ha). Each watcrshcd wa\ clas\i1icd as onc of thrcc conditions. Watcrshcds in Condition I containcd habi!a!s rho\c qualilt or
abundancc havc changcd litile sincc the historical period. Fl! contrast. $atersheds in Condirion 2 or 3 containcd habirars fial ha\c
changed frc'm histoical condidons. bul in djffcrcn! wa)'.s. \\'atcrshcds in Condjtion 2 had habiats ofhigh abundancc bur nodcra(c
resilienct and quality- whereas wrlersheds in Condidon 3 conlained habitats oflow abundance orlow resiliency and qurlil]. The
Drqjority of $ atersheds (597'80f2 ) were in Condition 3 1br all li!e Faiilies. lrhercas the lowen percentage (57-25%) of water-
sheds was in Condition 2 fbr lbur of ii\e Fanilies. Connecd! il\ among watersheds 1br all Families appeared lo\r in mrn] parls of
dre Basin due to spatial gaps as\ociated rvilh dreas ofhabilal extirpation. Ourcondition maps constitute a broad-scale netwofk of
habilars that could be useiul lbr developing multi specics rcscarch hlpolhcses and managemenl strategies 1br the BasiD.

Introduction

Habitats for a myriad ofterresffial vefiebrates are
declining across the world. Causes for dccline arc
many and varied. Intensive timber harvest. ex
ten . i re  min ing .  e rees . i re  l i re . toek  gruz ing . , . r 'n -
ve$ion ofhabitats to urban and agricultural uses,
recreational activities, road access, and widespread
inr rsion olerotic l lorr and hunr are major cause.
cf decline (Western and Pearl l9lJ9, Noss and
Cooperrider 199.1). As a rcsult. habitat loss is a
najor problem for many tenestdal vertebrates.
Decline has been espccially notablc for old-for-
est, shrub steppe. grassland. riparian, and wet-
land habitats (Noss et al. 1995).

In response to these problems, efforts to as-
sess and manage habitats have tbcused increas-
ingly on large areas, multiple species, and inte-
gration of a suite of beneficial management

strategies. For example, The Nature Conservancy
has completed over 50 Rapid Ecological Assess
ments (REAs) since 1991. with each assessment
cncompassing mill ions of hectares. hundreds or
thousands of plant and animal species, and ma-
jo r  b iomes conta in ing  the  wor ld 's  h ighes t
biodiveruity (Sayreet al. 2000). Results from REAs
now Iorm the hlri. for broad-.crlc con\fr\ Jl ion
strategies ofThe Nature Colservancy across the
world.

REAs and similar broad-scllle assessments, such
as GAP analysis (Scott et al. 1993). are coarse-
ll l ter approaches on which habitat management
can be based. Coarse-fllter approaches assume
that conser,/ing representative land areas and habi-
tats over large areas n,ill provide for the needs of
all associated species, communities. and ecological
processes (Noss 1987, Hunter l99l). By contrast,
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fine-filtcr approaches provide specific habitats for
single or few spccies (Marcot et al. 1994).

Theories of island biogeography (MacAnhur
and Wilson 1967) and mctapopularion dynamics
(Levins 1969). whichled to modern-day principles
of conservation biology (Sou1d 1986, Noss and
Cooperidcr I 994) and landscape ccology (Fomran
and Godron 1987), have direct implicarions for
the design of coarse-iilter approaches. That is.
coarse-filter approaches must provide habitats of
sufficicnt size, connectivity. quality. and resiliency
to withstand the deleterious eft'ects of environ-
mental vadation. changing climate. disturbance
regime dynanrics, demographic stochasticity. in-
breeding deprcssion. trnd Allee effects, all of which
contribute to extinction of small or isolated popu-
lations (Burgman et al. 1993). Ifhabitats arc snrall,
dcgraded. not connectcd. or cannot be sustained,
the probability of population extincrion lbr spe
cles that dcpend on such habitats increases dra-
natically (Doak and Mills 199,1. Harrison and
Fahrig 1995). Moreover, coarse-filterapproaches
recluire consideration ofhabitat needs for a com-
prehensive set ol spccies associated with envi-
ronments that have declined or have been degraded
(Hunter 1991).

In accordance with these principles, Wisdom
et al. (2000) conducted a coarse-filter assessmenr
of9l specics ofterrestrial veflebrates in the Inte-
ri lr Columbir Blsin t Brsin r. The I I :Ircr' ie\ u ere
associated with upland environments and were
selectcd because of empirical evidence of habitat
olpopulation decline. Moreovcr, habitats for these
uplald species could be mapped accurately with
the large pixel size of I km: that was available
firr coarse filter assessment across the vast area
of the 58 mill ion-ha Basin.

As pa of their coarse-fi l fe[ asscssment. Wis
dom et al. (2000) placed the 9l upland species
into 40 groups, and subsequently placed 37 of
the groups into l2 Families. using a hierarchical
classification system based on similarities in habitat
requirements. (Notc that the term "Families" has
no taxonomic meaning, but instead identifies ro-
bust similarities in habitat requirements among
large groups of species. regardless of taxonomic
relation.) Habitat trends for each ol thc 9J spe-
cies, i10 groups, and 12 Families were assessed
iit multiple spatial scales, using habitat cstimates
for hi. lorical i circc I R50- | EqUi and curent peri-
ods. Hann et al. (1997) and Wisdom et al. (2000)

described the innovative methods by which his-
torical and cunent conditions were estimated in
the Basin. and documented the accuracy and
souces ofuncertainty associated with these mcth-
ods.

In this paper, we build on the results of Wis-
dom et al. (2000) to fufther evaluate habitat con-
ditions for 44 of the 9l upland terestdal verte-
brates in the Basin. We provide rationale for
selection of the ,14 species, characterize habitat
conditions for thesc species using a coarse-filter
approach, and describe the results in relation to
relevant theory and implications for management.
Within this framework, our goal was to charac-
tedze areas fbr the,+,+ species where (l) habitats
hirve changed little in quality or abundance from
historical conditions; (2) habitats have changed
from historical conditions and are of high abun-
dance but ofmoderate quality and resiliency; and
(3) habitats have changed from historical condi
tions and are of low abundance or low quality
nd re.i l ienc). The.e rhree characrerization' con-

stitute a coarse-filter network that could be use
ful for developing multi-species research hypoth-
eses and malagement strategies in the Basin. These
potential benefits were the primry notlvatrons
tbr our analysis.

Our work was conducted as part of the Itte
rior Columbia Basin Ecosystem Managemel]t
Prqect (tCBEMP). The ICBEMPwas established
in January 1994 through a charter signcd by the
Chief of the USDA Forest Service (FS) and the
Director of the USDI Bureau of Land Manage
ment (BLM) (USDA Forest Service 1996). The
chaner directed that work be undertaken to de
velop and adopt an ecosystem-based stmtegy fbr
lands administered by the FS and BLM (FS BLM)
within the Basin. The Science Assessment Area
of ICBEMP extends over 58 mill ion ha in Wash-
ington, Oregon, Idaho, Montana, and small por-
tions of Wyoming. Nevada, and Utah (Figure 1).
Fifty-three percent of the Basin is public land
administered by FS-BLM, which was the focus
of the ICBEMP

Study Area

The ICBEMP Science Assessment Area includes
all areas drained by the Columbia River within
the United States that arc east of the crest of the
Cascade Range; also included are portions of thc
Klamath and Great Basins in Oregon (Figure 1).
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selected species in these five Families because
( 1) their habitats have undergone extensive de-
cline or their ranges have contacted substantially
since the historical period; (2) thcir habitats also
encompass habitats in decline for species in other
Families that were not selected;and (3) their habitat
requirements typically are more stringcnt than
species in other Families.

Notably, we did not select species of wide-
ranging mammals such as grizzly bear ( Ursas
.rr.lo-r), gray wolf (Canls lupus), \ynx (bnx
cturadensis). wolverine (Galo galo), bighorn sheep
(Ov is canadensis) - and mountain goat (Oreaziras
americonus). These species are aflected strongly
by human disturbances, have large home ranges,
and require different scales and environmental
conditions fbr consen'ation planning than do spe
cies in the fivc Families that we analyzed (Raphael
et al. 2001). Similarly. we did not selecl thc 82
species associatedwith riparian, wetland, and other
linear or tine-scale leatures that were identified
by Wisdorn et al. (2000) as deserving conscrva-
tion aftention in theBasin. Habitats for these species
could not be analyzed in a coarse-fi l ter assess-
ment because such fine-scale habitats cannot be
mapped accumtely with a pixel size of I km:.
Consequently, we assume that different approaches
than those used here are needed to characterize
environmental conditions 1br the wide ranging
mammals and the riparian and wetland species
identif icd by Wisdom et al. (2000).

Charac ter iz ing  Hab i ta t  Cond i t  ons

G^) la  2n .1  Aaat  tm. t ' i ^na

Our goal was to characterizc broad-scale condi-
tions that reflected composite difTerences in the
quantity. quality. resiliency, and connectivity of
habitats fbr the 4,1 vertebrates species of conser-
vation concem that composed Families l, 2, 4.
11. and l2 (Table 1). A second goal was to focus
our chamcterization in areas containing public lands
to facilitate conservation planning on and near
such lands. We assumed that our broad-scale con-
ditions could serve as a compositc. coarse-fi l ter
approximation from which consenation planning
could be donc over mill ions of hectares of the
Basin in an efficient and efl 'ective manner for
all ,14 species. and for vertebrates in the other
Fan.fl ies whose habitats in decline overlap those
of  the ,1 ,1 .  Mofeover .  we assumed tha t  our

Figure L Boundaries of the science assessment area for rhe
Inlcrior Columbia Basin Ecosynem Management
Proiect in the $eslern Uniled States. The science
assessnenl  area includes eastern Washington
(\!A). easlcm Oregon (OR), no(hwen Nlontana
(l\'lT), nost of ldaho (lD). and small portions ol
northrvcst W!,oming (WY). northwesl Utah (UT).

and nonhern Nelada (NV).

The 58 mill ion-ha Basin is subdivided into four
spatial scales (Gnvenmier et al. 1997): (1) Eco-
logical reporting unit (ERU), (2) subbasin. (3)
watershed, and (,1) subwate$hed. Ecological re-
pofiing units. ofwhich there are 13, range in size
fiom about 7.+0,000 to 6,800,000 ha (mean size
of approximately 2,375.000 ha). The 16,1 subbasins
average about 345.000 ha, whereas the 2,562
watersheds average about 22,500 ha each. The
7,65,1 subu'atersheds average about 7,700 ha.
Quigley et al. (1996) described these spatial scales
and the diverse ecological components oftheBasin
in detail. Marcot et al. (1997), Lee et al. (1997),
and Raphael el al. (1998) further described tlora
and fauna occurring in the Basin.

Methods

Se ecting Groups of Species for Ana ysis

We selected,l, l species included in 5 of the 12
Families from Wisdom et al. (2000) for ow analysis
(Table l). The five Fanilies included species that
depcnd on lo\\,-elevation, old-tbrest (Family l),
old-forest encompassing a broad range of eleva-
tions (Family 2). low-elevation. early-seral for-
est (Family .+), sagebrush (Family I 1), and open-
canopy shmbland and grassland (Family 12). Wc
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TAtsLE L Com'non and scientit-jc names of.|:l \crtcbratc spccics of cois.r!rdon lbcus thrr \rere selected liom Wisdoln et al.
(2000) for characterization ofhabitat co.diljon!. and lhc group al1d l)mil,"- in which $'isdon et al. placed each species
as oart  of  iheir  mul t i - \oecies assessmenL

F u m i l \ Gf. r  p tonr nnn nrne t !  n, /4,  , ,u f r

L Old lbrest. l0\\ ele\ation

2. Old ibrest. tt]]elevations'

.1. Foresr strnd initiation'

11.  Srsebrush'

l l .  Grrssland,  open sagehrushr

I

I

I

)
3
,l

5
5
5
5
6
6

6
6
6
6
6
6
6
1
E

IU
l 1

I 2
t l
l 8
33
33
33
33
33
l l
l l

3.1
35
36
37
31
31

White-headed \i oodpecker ( I' teil( s elhdu trutu],)

\\hite breastcd nudrarch (Sittu catolitt( sis)

Pygmy nuiiutch (^Sirkr pl!rrr?.r)

Le$is $oodpecker (M( luk ry{ l(\, i\.j
$/esterrr gray squirrel (Sr:iurus srieus)
Blue grouse (r."dr?sd1,u s ob s. uru,
\orthcm gosha$k (A..?i r(r guti 1? s)

Flamnulalcd o\\l (Odr l7.rrrr.,.rx.\)
Amcdcrn marten (Mdr"tu,s dn( ri cl]nl])
Fi\hcr (Md //(J- t'.n n.rr ri)
Vaux s s$ii (Cr.rrtir.r r.lriri)
Willialnsor's sapsucker (S ph\ rap ic us nt) nid. us)
Piieated woodpecker (r,1 tx qu \ pi I utu\)
HaDrmond's flycatchef ( Entp idnna \ hantnontri i)

Chestnut'backed clrickadee ( Poe dl( rut wn

Brc$n crccpcr (Cerlrid./rk,ri.Yrr.,

Winter wren (?,?gl.rd).? s ttoglo$ttl,

CoLden-crowned kinglet ( Re q ul us \a I rd/:d)
Vaicd thrush (1-Irrcilr,.rrririr)

Sillcr haircd bat (Z.rrio,t\d{i s noc tir a gat]Ll)

Ijoarr_ ba! (/-.r rir.irr .i,r?r"ur )
Boferl o\ll (A.gr1rls /4rr.r.,e.! l
Creat gra) o\i I (.S/fiudr'rlord)

Black-brcked u1)odpecket I P i.oitle s atlitr \)

Olile sided lllc.rrcher (Contopus borealis)

Thfee-toed $1)odpecker ( I' i.oide s tt idud) !u \)

White $inged cro\sbill (l.o\id Iekcopten)
Woodland caribou (Rdrgikr tdrundus catibou)
Nofilcm llr"ing squinel (Cla Lom\s sabrin s)
Lazuli bunting (/'arre,'tirr drrl).d)

Grerter Sage-grouse (a-s n I fl) t:. r. t \ u n p h u \ Mn u ! )
Srge thrashef (Orcrvyt)r e s tnonrunusJ

Bre$ef \ sparfow (5/,:cl1d ,/" ".,,'l)

Srge spxr|or' (A/U},r/'i.d r?//t)
Lark bunt ing lCdldnrrpi :u melunor:oni)

Pygmy rabbit (B/?.h/dsus iddhont i s)

Sagcbrush \ ole (a?rrnircus curtutus)
Black thrcatcd spirfow ( Atn ph i st)i.a bi I i neatd)
Kit fox f l,?0rr f.!r.r)

Loggerhead shrjkc (I,.rrit1s I ulo\ i (i untls)

Col. sharp tailcd grousc (T\mpat ch /s pltdsidtrcllus colunlbian t)

Clay-colored sparro\\' (Jpi,-e | | e pul I i lu)
(nasshopper sparror (n,nnodMnus \odn drun)
Idaho ground squiffel (six r"uphilus bruntrcus)

r Habitats consist primarill of lower moniane forests in late seral conditio..
I Habital! consisl primarill of nonlane ro subahine lbrests in late-seral condition.
I Habitat\ consist primaril! of lo$cr nronlanc and monunc for.sls in earl)- seral condition.
' Habitats consi\1 pri arily of sagebrush comnunities.
' Hahitats con\ist primarilt of bunchgra\s coinmuniiics as wcll as srgebrush and othef shnrbland communitie\ !r'ith open cano
pies

Wisdom ct al.



characterization of broad-scale conditions could
be used for largc-.cllc. lonB-tcrrn con.errl l i ,.rn
planning but would require augmentation at lo-
cal scales, using fine scale data on individual spe-
cles orgroups, te ensure appropnate management
implementation. Finally. wc assumed that ourchar-
acterization ibllowed principles of conservation
biology. in th t suitable habitats are identified in
tems oI composition and structure (as defined
by Wisdom et al. 2000), size (as indexed by esti-
mates of habitat abundance), quality and resil-
iency (as indexed by a disturbance deprLrture vrLri-
ab l<) .  and connec l i \ i l )  ra5  inde\cd  b1  rn rpp ing
of spatial gaps). described below.

Habitat Abundance

We used estimates of the number of hectares of
habitat from Wisdom et al. (2(D0) for the 19 groups
of the ,1,1 species within Families 1, 2, 4. 11, and
12 (Tablc I ) to establish three classes of habitat
abundance among watersheds for each Family.
First, we calculated the mean number ofhectares
of habitat currcntly present in each watershed
among all groups of species in a Family. Second,
for cach Family. we ranked the watersheds tiom
highest to lo\!est, based on the mean number of
hectares in each watershcd. Finally. we placed
the ranked watersheds in three classes: Class A,
detlned as watersheds with a ranking in the top
two quanilcs ofall watersheds for a Family: Class
B. composed of watersheds in the next-lowest
quartile lbr a Family: and Class C, made up of
$'lrtersheds in the lowest quafiile. These three
classcs reprcsent a ranking of$atersheds at three
levels ofhabitat abundance: high (Class A); low-
moderate (Class B): and very low (Class C).

Habitat Quality and Resiliency

We combined the three classes of habitat abun-
dance with a variable that reflected habitat qual-
ity and resiliency to express the composite quan-
ti ly, quality. and rcsil iency of habitat in each
watershed for each Family. To cstimate quality
and resiliency, we used the disturbance departure
variable derived by Hann et al. (2002). This vari-
able is a composite estimate of depafiure from
lhc  h i : lo r i cc l  hnd.c rpe  mo.a ic  : rnd  :uccc . : ion-
disturbance regimes. caused by the oumulative
effects ofpast timber management. cxcessive live-
stock grazing, wildfire suppression. road devel-
opment. agricultural conversions, invasions of

exotic plants, ilnd other human activities that do
not mimic historical regimes (Hann ct al. 2002).
Levels ofdisturbance depafiure rcflect the degrcc
o f  (o i r r : ( - .c r l c  ch lnge in  p i t l \h  \ i /e .  compos i
tion, and arrangemcntl frequency and intensity
of f ire events;timing and severity oftrce monal-
ity associated with inscct defbliation and patho-
gen events; successional rates and pathways: timing
and intensity of ungulate grazing; composition
of nativg versus non-native vegetation: and hu-
man activities and presence. The readeris refered
to Hann et al. (2002) for details on thc spatial
assignment of the disturbance departurc variable
to watersheds.

Disturbance departure was derived as four'
classes (low, moderate. high, verv high), with very
high representing the greatest level of dcviation
from historical conditions (Hann et al. 2002). A
departure class was assigned to each watershed.
based on the combination of three broad-scale
variables previously developed by Hann et al.
l l a97) :  landsc lpe  p l lem.  porcnr ia l  veg( rJ l i ( 'n
group, and succession-disturbance regime. Hann
et al. (2002) used these three variables to derive
thc disturbance departure variable, based on their
ability to reflect the nrid- and fine-scale data con-
ceming change in landscape mosaic and succes-
sion-disturbance regimes. Data for these variables
are from Hessburg et al. (1999), bascd on photo-
interpreted maps and change in fine-scale featurcs
estimated from sample plots.

The disturbance departure variable indexes
hab i t r t  qur l i t y  be i ruse  u  i th in - . tand compos i t ion
and structure ofvegetation, and among-stand spa-
t i r l  c r r rngemcn l  dnJ  pu l te rn  u l ' regeta t ion .  a le
highly conelated with thc variables that compose
the departure variable. For exampie, densities of
large snags and large logs in forest stands decline
with increasing road density, timber harvest, and
wildlre suppression (Hann et al. 1997), all of which
are conelated with incrcasing levels ofdisturbance
departure (Hann et al. 2002).

The disturbance depanure variable also indexes
resilicncy because the rate ofbabitat recovery and
the retum ofdesired habitat functioos, lbllowing
disturbance events, are highly correlated with
variables that compose the depafiure variable. For
example, resiliency ofnative vegetation in range-
lands is incrcasingly disruptedby invtuion ofexotic
plants, increasing road density. higher fiequency
and intcnsity of wildfire events, and excessiye

A Habitat Network for Terrestrial Wildlile



livestock gmzing. A11 of these factors are corrc-
lated with increasing levels ofdistwbance departwe
(Hann et al. 2002).

We dellne resiliency as the capability of sys-
tr:m biota and thcir cnvironments to renew the
cycle oflunctions, processes, and conditions fol-
lowing disturbance, as detined by Hann et al. (1997)
tiom concepts and interpretations of Allen and
Hoekstra ( t992) and the summary by Noss (2001).
Under this definit ion, habitats of high resil iency
have a high probability of maintenance and re-
covery under disturbance regimes of firc, disease,
herbivory and insect defoliation (Hann et al. 1997,
Hann et al. 2002). Use of this definit ion implies
that habitat quality and resiliency are highly cor
related. That is. habitats that are not resilient carulot
maintain quality over cxtended time pcriods.

Whi le  our  de f in i t ion  o f  re ' i l i enc l  iq  compat -
iblc with our goal to characterize habitats fbr broad-
scale. long teml conseNation planning, habitats
that are not resil ient also could be impotant. The
long-term contribution of non-rcsil ient habitats,
however. would be negligible. Consequently, iden-
tif ication of high-quality but non-rcsil ient habi-
tats requires examination at local scales, using
finc-scalc data, to cnsure appropriatc consideration
ofthese habitats over short time periods in relation
to our broad-scale characterization of conditions
thr t  u r '  dc . igncd fo r  l , ' ng- tsnn p lxnr ; , r t

Habitat Conditions

We used the following mles to combine the four
classes of disturbance departure with the three
classes of habitat abundance to estimate three
habitat conditions for each Family during the
current period. Condition I was detined as any
watershed with low disturbance departure. regard
Iess of habitat abundance (class A, B, or C): this
condition rellecls high resiliency ofhabitat and a
qulntity and quality of habitat that is relatively
unchangedfrom historical conditicns. Condition
2 was defined as any watershed with moderate
disturbance deparlure and habitat abundance in
clas s A (watersheds within the two highest quafiiles
of habitat abundance); this condition rellects
moderate resiliency, moderate quality, and high
quantity of habitirt. Condition 3 was detined as
any watershed that did not qualify as Condition 1
or 2. Accordingly. Condition 3 occurred in wa-
tcrshcds within the two lowest quarti les of habi-
tat abundance (Class B or C) that had a distur-

bance departure other than 1ow, or in watersheds
with habitat abundance ofClass A that had a dis-
turbance departure ofhigh or very high; this con-
dition typically ret'lects habitats of low quantity
or low resiliency and quality.

Condition I can be thought of as watersheds
with habitats similarto historical conditions. while
Condition 2 mightbe considered wateffheds with
degraded but abundant habitats. By contrast, Con-
dition 3 could be described as watersheds with
degraded and uncommon, rare, or extirpated habi-
tats.

We applied our rule set to any watershed, for
a given Family, that was within the range of any
species in the Family, irnd that contained habitat
for the Family during the historical or current
periods. Estimates of species ranges. and of habitat
occurrence during historical and current periods,
were obtained from Wisdom et al. (2000). Ap-
plying our rule set to watersheds that contained
habitat lbr a Family during the historical period
was impo ant because many of these watersheds
no longer support habitat. This loss ofhabitat over
time would otherwise have been overlooked, thus
biasing our evaluation.

Whilc our rule set may appearto combine too
many different characteristics in too fe$,catego-
ries of habitat condition, we explored a variety
of altcrnative rules for combining the classes of
disturbance depafiure and habitat abundance. We
concluded from these explorations that the three
habitat conditions were efficient at providing a
coarse-filter approximirtion of the composite dif
ferences in habitat quantity, quality, and resiliency
fbr each Fnmily, in accordance with our goals and
assumptions. For example, we tbund that water-
sheds in Condition 3 typically contained habitats
of very low abundance, with a high or very high
departure tlat indicated low or very low quality
and resiliency. We also found that habitats had
been extirpated in many Condition 3 watersheds.
an ocourrence unique to this Condition. These
characteristics of Condition 3 contrastcd strongly
with those of Conditions I and 2.

Condition Analysis

Use of our rule set resulted in classification of
three muluall) erclusire habitat condition. among
watersheds within the range of species in each
Family. Accordingly, we used the nlle set to map
watersheds in each ofthe tbree habitat conditions

Wisdom et al.



for each Family during the curent time period.
We also calculated the percentage of watersheds
in each habitat condition. Finally, we calculatcd
the percent overlap of watersheds in each habitat
condition, and all conditions combined. with wil
demess areas, roadless areas, and National PcLrks:
this u,as done to gain insight about the relation
between habitat conditions and areas where cus
todial (non active) management is a common prac-
tice (with the exception offire suppression, which
has occurred in many of these areas lHann et al.
r  9971).

We did not apply the rule set to the small per-
centage of watersheds (18'/o) composed entirely
of private lands. We excluded such watcrsheds
because (l) our analysis was designed to charac-
terize condjtions on public lands, particularly for
FS-BLM management; and (2) managers ofpublic
lands havc nojurisdiction or control over pdvate
lands. Private lands, however, are intemixed with
public lands in most watersheds that we analyzed.
and in thcsc cases, coordination between public
and private landowners is more likely to occur.
We therctbre included all watersheds that con-
tained any amount of public ou,nership in our
analysis. Public lands included all local, state, and
federal ownerships; that is, all lands not privately
ou,ned.

dent i f y ing  Gaps n  Connect  v  ty

Although u'e did not conduct a formal evaluation
of habitat connectivity within or across watersheds.
we identified the watersheds fbr each Family that
historically contained habitat, bu1 where habitat
cunently is extilpated or rare, as detlned below.
Estimates ofhistorical and current occurrence of
habitats were obtained from Wisdom et al. (2000).

Watersheds with extirpated habitats were de
fined as those historically containing habitat but
no habitat currently for each Family. Watersheds
u ith rare habitats were defined as those with per-
cent area of habitat >Q% bLtt <1% for a Family.
By mapping and enumerating these wate$heds,
we could quantity and examine spatial gaps across
watersheds where habitats for each Family were
absent or nearly absent, but were present histori-
cally. We chose to map watersheds with extirpated
habitats. and those where habitats wcrc rarc, af-
ter examining a frequency distdbution of habitat
area for all watersheds tbr each Family. This ex-
amination revealed a relatively large set of wa-

tersheds with little or no habitat for the cur:rent
time period that historically contained larget
amount r  o f  h rb i t r t .  Con:equent ly .  rh i \  n rapp ing
cxercisc was intended to reveal spatial gaps in
connectivity that could be addressed through habitat
restoration, because such watersheds historically
supported a larger amount of habitat for each
Family.

Impo antly. our estimates of extiryated and
rare habitats. as with all our habitat estimates, werc
based on the large pixel size of I km'that was
used as our mapping unit. With this pixcl sizc,
cover types that occur in small patches of <4 ha
otien are not mapped. unless such patches com-
pose >257. of a given pixel (>25 ha) (Wisdom et
a[. 2000). Consequently. relatively small. isolated
patehcr of h:rhitat could .t i l l  hc prc.cnl in u i lr. 'r-
sheds that we defined as extirpated or rare.

Besults

A11 five Families had the highest percentage of
watersheds in Condition 3. which indexed areas
of degraded and uncommon. rare, or extirpated
habitats (Table 2). Watersheds in Condition 2.
which indexed areas of degraded but abundant
habitats. composed the lowest percentage of $,!l-
tersheds fol four of the five Families (Fam il ies I .
2, 4, and 12, Table 2). Family I I had the lowest
percentage of watersheds in Condition 1, which
indexed areas with habitats similar to historical
conditions.

Watersheds in Condition I had 64%-84% over-
lap with wildemess areas, roadless areas. or Na-
tional Parks fbr all f ive Families (Table 2). By
contrast, watcrshcds in Conditions 2 and 3 had
'7%-23c/c 

o\erlnp with these areas. Condition 1
was particularly concantrated in parts of north-
wesl Montana, central ldaho, noftheast Oregon,
the Cascade Mountains of Washington, southeast
Oregon, southwest Idaho, and northwest Wyo-
ming (Figures 2-6). Watersheds in Condition 3
were found across large areas of the Basin, with
geographic concentrations varying by Family
(Figures 2-6). Watersheds in Condition 2 also varied
gcographically by Family.

Family I (low elevation, old forest) had a par
ticularly low pcrcentagc ofwatersheds in Condi-
tion I and high percentage in Condition 3 (Table
2). Watersheds in Condition 3 forthis Family were
widespread (Figure 2). Notably, watersheds whcrc
habitats were extilpated composed 307c of all
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TABLE 2. Percenrage (numbcr) oflratenheds by habilat condition and containing extirpared habitats. rare habitats. and wilder-
ness areas. roadlcss arcas. or Nrtional Parks, for fire Families of:!1 lerrebrares species of consenation tocus in rhe
Inrerior Colunbia Basin. Habitat conditioDs and extirpated and rarc habiuts are dei-ined in the methods.

PcRcnlcr(  (Number)  uf  Wrtersheds

Famil!
Habrlal

Condition
B] Habi iat
Condi t ion

wllh EaliryaGd
Habitats

With Rare
Habitats or ),lationalParks

I
2

A l l
I
2
3

I
l
3

AI
I
)
3

At1
I

)
l

A

1,1 (176)
6 (13)

80 (999)
100 (12.18)

22  (313 )
l0 ( l , l8)
6E (998)

100 ( 1'159)
2) (293)

s (62)
73 (95s)

1 0 0  (  1 1 1 0 )
r s  ( r 8 9 )
l s  ( 310 )
s9 (7301

100 ( 1229)
lE  (2351
r3 ( r  65)
69 (897)

100 (r297)

0 (0)
0 (0)

3r (373)
30 (373)

0 (0)
0 (0)

3  (28 )

0 ( )
0 (0)

:15 (333)

0 (0)
0 (0)

rs (179)
15  (170 )

0 (0)
0 (0)

1 9  ( 1 7 1 )
1 3  (  r 7 1 )

.1  (51 )
0 (0)

I I  (  l :12)
1s  (192 )

<1 (,1)
0 (0)

7 (98)
1(142)
<1 (7)
0 (0)

6 (7s)
6 (J2)

< l  (  l 0 )
0 (0)

5 (56)
s (66)
<l (6)
0 (0)

3 (:12)
.l (.18)

8 l
1

22
29
8.r
l 3
l 8
)9
11
23
1 1
l0

20
2 1
26

20
1 8
2',7

wate$heds. and all cxtirpated habitats \\'ere as
sociated with Condition 3 (Table 2). Watersheds
characterizcd by rare habitats composed an addi-
tional l5clo of all watersheds. Watersheds with
extirpated and rlre habitats for Family I occurred
mostly in nofihem parts of the Basin (Figure 2).
By contrast, most watersheds in Condition 2 for
Family I occurred in southwestern areas.

Fanily 2 (broad elevation, old fbrest) had a
larger percentage of watersheds in Condition I
than did Family l. and a smaller percentage in
Condition 3 (Table 2). Most watcrsheds, however,
were sli l l  chamcterized as Condition 3. but the
percentage of watersheds whcre habitat was ex-
tlrpated or rare was lowest of all Families (Table
2). Most watersheds in Condition 2 fbr this Fam
ily occurred in the southwestern piuts of the Ba-
sin, whercas distribution of watersheds in Con-
dition 3 was widespread (Figure 3).

Family,l (early seral forest) had a particularly
high percentage of watershcds in Conditions I
and 3 (Table 2). Extirpated habitats occurred in
25% ofall watersheds. and rare habitats occuned
in an additional 6cl. of watersheds (Table 2).
Watersheds in Condition 3 were found through-

out the Basin fbr Family,+. withextiryated and rire
habitats conccntrated in southwestem and north-
eastern areas (Figure 4). Watersheds in Condition
2 wcre largely absent in Oregon and scattered
throughout other arcas for this F;rmily (Figure 4).

Families 1l (sagebrush) and 12 (open-caoopy
sagebrush and grassland) had a majority of wa-
te rshed.  in  Cond i t ion  J  and r  lou  percenrage in
Condition I (Table 2). Extirpated or rare habitats
for these Familics occurred in 17c/c 20Vo of wa-
tersheds (Table 2) and werc widespread. with the
exception of southeast Oregon, where Condition
2 was dominant (Figules 5, 6).

Discussion

Network Character stics and Patterns

Our results depict broad-scale pattems ofhabitat
conditions fbr the five Families in the Basin. One
important pattem is the high overlap of Condi-
tion 1 wate$heds with high-elevation wilderness
areas, roadless areas, orNational Parks for all five
Families. Moreover, Condition 1 watenheds com-
pose only 117c-22Vc ofall watersheds among the
Families. In combination. these rcsults demonstrate

Wisdom ct al.



Figurs 2. Nctwork lbr Famil,,- 1, corlposed of Low-elevation. old-forest habjtats. \\hlcrshcds in Condilion I contain habnats thal
havc undcrgonc lillle change since the historical period. Watersheds in Condition 2 or 3 ha\e changed since the
historicalpcriod. bul in dilGrenl $ays. Watersheds in Condition 2 are characterizcd b!' habiurs ol high abundance but
moderate resiliency and qualily. Walersheds in Condition 3 contain habitats of low abundancc or lolr resiliency and
qualiry. Watersheds with cxtirpalcd habiuts are dose containing habitat historically but no habilat cunenlly. \\'ater-
sheds with rare habitats arc thorc conlaining >07. but <lq. ofhabiiat area for the Family. Whitc arcas are walehheds
that either contain no public lands or are oubide rhe range of species in the Familt.

Family 2 Netwqrk
Habitat Condition:

I l
m 2

a4 Exti.pated or
Rar€ Habitats

Figure 3. Network for Famil! 2. composcd ofbroad elevation, old-fbresl habitats. Watershed condirions and lare and exrirpated
habitats for the Family are defined in thc caplion for Figure 2 and described in the methods.
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Famlly 4 Network
Habitat Condition:

f 1
xr2
D r
f7 exli'pated ol- - - 

Rare'Habitats

I

Figure.1. Nelwork lbrFamily,l. co poscd ofhabitats oflo$'er nrontane and moniane early-seral forest. Watershed conditions

and rare and extieared habitats fof the Family are delired in rhe captioi lbr Figure 2 and describcd in thc mclhods.

Figure 5. Nelwork lbr Family I l. composed of sagebrush habitah. \4htershed condition s and rare and extiryated habitats for the
Fanill'. are defined in the caption for Figure 2 and described iD the methods.

i
Family 11 Network
Habitat Condition:

- i

X z
U r
[t:-l Extirpated or- 

Rare Habitats
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Family 12 Network
Habiiat Condition;

I 1
K z
t .  , l  . t

l-i) 9a1i1i"1"6 o,* 
Rar€'Hebitais

Figure 6. Network for Famil) 12. composed of open-canopy sagebrush and grassland habitats. Watershed conditions and rare
and ertirpaled habitats lbr the Fanily arc dciincd in thc caption for Figurc 2 and dcscribcd in thc mclhods.

that wilderness areas, roadless arcas, National
Parks, and Condition I watersheds currently make
a small contribution to available habitat tbr the
five Families, and that most of this contribution
is in lands that are not actively managcd.

A second, complcmentary pattem is that most
habitats for Families l. I l, and 12 exist at lower
elevations in sub-optimal condition (Condition 2
or 3). Moreover, watersheds in Conditions 2 and
3 have small overlap with wildemess areas, roadless
areas, or National Parks, and typically have been
subjected to intensive timber h vest, intensive
grazing by livestock, extensive road development.
and u idespread lire .uppre.sion. Thi\ same pul-
tem also exists for Families 2 and 4, but is not as
strong as that for Families I , I I , and 12. ln com-
bination. the above rcsults suggest that any con-
servation rpproach based solely or mostly on
maintenance of Condition I watersheds, without
explicit consideration for managing watersheds
in Condition 2 or 3, would not address the com-
posite needs of species in the five Families.

Athird important pattem is fhe relatively small
percentage of watersheds in Condition 2, where

reduced resiliency and quality may limit the long-
tenn presence and suitability ofhabitat. Although
watersheds in Condition 2 make up a relatively
small percentage of all watersheds, this condi
tion implies the need to restore disturbance rc-
gimes in a manner that can improve resiliency,
combined with a need to reduce road density and
human disturbance activities in a manner that can
improve quality. Consequently, watersheds in
Condition 2 may often require active restoration
to improve habitat quality and resiliency while
maintaining habitat abundance.

Finally. a founh and perhaps most compelling
pattem is the dominance of Condition 3 water-
sheds for all Families, and the large percentage
oI these wate$heds where habitats have been
extirpated. This pattem implies that (1) habitat
conservation is critical to protection of small, rem-
nanl habitats that dominate many of these water-
sheds: and (2) habitat restoration is key to increas-
ing the typically low habitat abundance within
these watersheds. and to improving the weak habi-
tatconnectivity among these and other watersheds.
ln particular. the rcstoration of extirpated old-forest,
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sagebrush. or grassland habitats will require long
time periods, focused planning, sustained imple-
mentation, and explicit consideration ofthc com-
posite needs ofspecies in the five Familics within
trnd ilmong the Condition 3 watersheds.

Felation of Theory to Network
Characteristics

The conncction between principles of conserva
tion biology and thcir application is not always
clear (Doak and Mills 1994). In particular, much
debate has fbcused on landscape issues of patch
size, quality, resiliency. conncctcdness, and hu-
man disturbance etlects in relation to meeting
species needs. For example, whethcr habitats
should be composed of a largc number of smal)
reservcs (Simberlof'f and Abele 1976a, 1976b)
versus a small numberoflarge resenes (Diamond
1976) is one simplistic illustration ofthis debate.
Such debate continues today, and is magnified
by the question of hou uell theory can be used
l( '  meet the compo.ite needs oI manl spec ie. Jcros:
largelandscapes (Shafcr 1990. Harrison and Fahrig
1 9 9 5 ) .

Despite this debate. the combination oftheory
aDd empidcal data to datc provides compelling
evidence that a species' persistence depends on
suitable habitats of sufllcient size and connect-
edness. sustained indefinitcly over large areas that
encompass all or nost of the species range (Shafer
lqg0). The.e condition' bu lTer the otherwi.c ncga-
tive effects of environmental variabil ity, demo-
graphic stochasticitv, inbreeding depression. and
other deleterious processes that cause extlncton
of small or isolated populations (Burgman et al.
1993. ) .

In that context. our broad-scale nctwork pro-
vides both a theoretical and a practical fbunda-
tion fbr conservation planning for groups of spe-
cies that rre of conservation focus. Specifically,
the network could be used to maintain habitats in
a relatively unchanged state from historical con-
ditions (Condition 1), to improve habitats where
quality and resil iency have declined (Conditions
2 and 3), to restore habitats in areas of extirpa
tion or low abundrnce (Condition 3), and to im
prove connectivity where spatial gaps have de-
veloped (Condition 3). Such characterization is a
coarse filter approach, developed for a large set
of vertebrates of conseryation focus, as summa-
rized over a vast area of the lntcrior Nonhwest.
lo r  po ten t ia l  usc  in  con:er r r t iun  p l tnn ing .

For example, a managemcnt strategv could be
developed from the network information to main-
tain historical fire regimes in Condition I water
sheds. helping perpetuate this Condition. Another
complementary strategy could emphasize the re-
duction of road-associated eff'ects in Condition 2
and 3 watersheds. to improve habitat quality and
rcsiliency. A third strategy could focus on con-
se ation of rare habitats in Condition 3 water
sheds, with emphasis on protection from immi-
nent management threats, such as those posed by
stand-replacing wildfires or by intensive timber
harvest. A fourth sffategy could outline long-tern
treatments needed to restore extiryated habitats.
thereby improving connectivity over timc.

Our network also provides a basis fbr testing
theory as part of adaptive management experi-
ments (Walters 1986). We are unaware of any
research hypotheses thathave been tested to evalu
ate the theory. empirical accur;rcy, and manage
ment implications associated with habitat condi-
tions tbr such a large landscape and large number
of vertebrates as that analyzed here. Unfortunately,
past research on species of conservation focus.
both within the Basin and elsewhere, has largely
been tine-scale. single species, obsenational, not
replicated, conducted over short time periods, and
not designed to incorporate habitat conditions and
associated management actions as treatments.

By contrast. our characterization of a broad-
scale network of habitats provides an explicit
opportunity for testing multi-specics research
hypotheses lbr veftebrates of conservation fbcus
acrcss an extremcly large landscape. Forexample,
researche$ could hypothesize about multi-spc-
cies. communityJcvel relations lbr these terres-
trial vertebratcs in relation to ow habitat condi-
tiol]s. and design and conduct va]idation research
to test these hypotheses. Results of such valida-
tion research, if replicated across large areas of
the Basin. could provide a rigorous test of the
efficacy of our coarse-filter approach for nan-
agement applications.

Without such multi-species conserlation plan-
ning and research. the likelihood of extir?ation
tbr many vertebrate species in the Basin is high,
both fbr the current time period and under pro-
jected management (Raphael et al. 2001). We urge
managcrs and researchers to consider these im-
plications in their future consenation and research
designs.
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