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Introduct ion
ln this papo-rre eumine changcs to l ish habitat
in selected r ivcr basins of eastern Orcplon and
[ 'ashington since thc 1930s. lhe Pacif ic North-
i test Research ,qtat ion (PNS I has usecl Bureau of
Fisheries (BOF. rorl National Nlarinr: Fisheries Ser-
r icr:) f ish babitat sun.cvs conducted from 193,1 to
19.12" rdth cLlrrenl sur 'rcvs. to detecl changcs in

lrool and substrate condit ions over. the pasl 60
vears. To provide contexl an{l  possible erplana-
t ions lbl changcs in f ish habitat.  uc cxaminecl the
larrcl-rrsc historv of these' basins. Addit ion:r l  histor
ical informalion about the ecrr logical hcalth of r irer
basins in easter-rr Orcgon and s.ashington is given
irr Vi issm:rr- er nl.  ( l  !19,1a.b1.

Slrcaln ecosvstern inlcgri tv i- i  coulr ler l  to the
con ' l i t i , , r r  , , i  ' r p l . ' r r , l  a r - , r -  r r n , l  r r , l i r r ce ' r r  r i 1 , r r . r n
arcas (( lregor! et ul.  I991. \aiman era1. 1992).
Riparian ucas are sourrcs oforganic nraLLer (c.g..
coarse \!(x)d\ dcbris. l i t ter).  *hich fonns the energv
and nutdent l)asc for rnanv aqrral ic organi-srns. In
arl t l i t ion. r i l rari l rn alcas stronglv inl lucnce rrater
lcrnpclrtule. l lplarrcJ areas nlso pr-oridc coar.se
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r, ;oody debris (CS D) along t i th sedirncnt, espe-
ciallv in srnall. permancntlv and seas{)nallv flow
ing streams that mat nol hold i ish. The creation
and m:rintenancc of productire aquatic ecosvsLents
, 1 " 1 ' ,  n , 1 -  u r r  n r . r i n t . r i n i n c  l l r c . o r r , c ,  t i \ i t \  l , c t s e F r l
-etream. f iparian. and uplarrd urcas. ' fhis trrnncc-
t ion i-s part ic,ularlv stroDg ir l  rnoLrntdinous Iegions.

Pools and substratc composit ion arc cri t ical
habiLat components lirr anadromous -ralrnonids (On-
corh\TLchus spp.) in al l  phases of thcir f ieshuarer
l i fc histories. Pools prol ide rearing hatr i tat lbr ju,
veni le f ish. rcst ing habitat frr l  adult l ish (Bjolnn
and Reiser 1991). antl  refugia fcr l  adult-.  and
julcni lcs from nalural disturbancres. such as
rlrcrLrght. fire. and viinter icing (Sedell eL al. 19901.
-qnbslriltc composilion affccts the qualitr and quan
tiLl oIspawning habilaL. Lhe avai labi l i lv ofsummcr
dnd rr inLer urvcr for juveni l ,  f ish, and acluati t :

l )roducti \ . i tv (Bjr, fnn and Reiser 1991). Salmonids
are parl i fularlr  sensit ire to thc cl{ccts of f ine sccl i
rnents (< 6 mm) in spa\lning gfavcls (Bjornn and
Itciser 199l. l ivcrcst el aL. 1987). A considera-
blc bodl- of l i ter-atulc has shoun thc dctr imental
elfccts of l ine sediments on salmonid rcproduction
(( i l raprnan 1988. Everest et al.  I9t\7).

Decrr:asccl pool and substratc qu:rlitl anrJ tluan
ti tv also affecL aquatic biodiversitv. Thc loss of f islr
hatritat clivelsitr caLrscrJ bv land-use pratliccs nlter.s
f i - l r  , , , r nmr rn i t r  r om l ,n - i t i un  . r r r J  r e , l r r , . -  - p ,  c i e -
. l i lersitr  (Bisson et ol.  1992, Bisson ancl Sedell
19{14. Rrcvcs et al.  1993). Rcsearch on Or-cgon
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coastal stre:rnrs (Reeves et al.  l99l l)  showed Lhat
spccies diversitr  in loggcrJ brsins js lower than in
sinri lar. unhalrested streams.

The scienti i ic cornmunilv :rgrees on thc l i rnc-
l i o r r . r l  r n l -  ' , i  C \  I t  i r  ,  r ,  r t i ng  ' r r r d  n . r i r r t r i r r i r r g
high-quali tr  l ish habiraL (Bisson ei tr l .  1987. Hick-"
eta1. l99l.Sedell  etal.  I9t3'3). Coarse loodv cle,
I ' r i .  - ,  n ,  -  I  r '  i , l e  . r r  l a r  , , t  I ' l r r  -  ,  . r l  . r nJ  1 , . " 1 ' p i " r l
frrncl ion,. in strcam ecosvslems. Jn additron to cover
:rnd habitaL compicxitv for f ish. i t  also pror idr:s for
scdimcnt storlge. clranncl roughncss, reduced efo-
sional cffccts of high llows. trnd errhanccd pool de-
relopment and Inainlcnance. Several studies har.c
sholn that the loss ol CS'D causes reouceo
salmonid ploduction (Bisson er al.  198i. Er.erest
et al. 1985).

"!olest healLh." as it is gcncrdl_u'' perceivecl. is
fcxrusr:d on thc issue o1 deacl rncl rJving trccs. 

' lo

transcend this t)er,(iption. nranagers and researchers
rnllst sce the pitlute of irrest hciilth as one o1 t'a-
tershctl hcdth. lull,v rer:ognizing thr: intricatc link,
ages bcl$ccn rqudtic and terreslr ial  ccosrstems.
SLrearn ccos!slcms are the ult inrale inLcgrator of al l
rr:rtershed dislurbanccs. lf mnnagernenL plans airncrJ
at restolin€i eeslside forcsts fail to recognize and pro-
tert thc critical linkages beL*een lcrrcshial and
aqlrat i .  ecosvslcms. thr ' 'health" of str-earn r:co-
svslcms nnd lish populatiorrs till continue to decline.
Trarl i t ional apploaches Lo slfeam lcstorat ion ( i .e..
in-slrcarn structlrlesi are at hest band-ilid mcasutes
l iLh a high rJcgrcc oi uncer-taint!  f trr  succcss. cs-
pecial lv in darnagcrJ svstems (Bescht.r et o1. 1991 ,
l  r issel l  and Nawa 1992. T,i  et d1. 1992). I ' rotecr
ing arlLratic ccosvstcms is b,v iar Lhe nrost clficicnt,
cost-effedi!e. and lorvcsl-risk shateg_"- to ensufe long-
tcrm sustainabilitr' of lhese ccosvstcrns (Reeves et
o1. ]991, l leeves rncl -{edtl l  1992). f i lanagernent
Inusl ccl l tcr on a long-lerrn. lrol ist ic approach that
pfotecls and nraintains ecological lrroccsscs at the
scale of large lalcr-shcds (Naimar ct 1rl .  1992.
\\  issmar ct al.  I991b).

Scclcl l  and Eve|est (1990). N' lcTnrosh (1992)
and \ ' l r , Intosh et al.  (199,1) harc documrnted
changes in lhc quul i ty ol 1i-sh habitat sirrcc J93:1.
' lhe 

primarr changc has been the loss of largc
pools (220-rn' area and 20.9-m delrth) in
tatersheds man:rged for rnultiple use. The-"e
changcs appcal to be due to Lhe effctts of land-
managelnent ad;! i l ies. sLrch as t imber haf\est. l ive-
strrck glazing. agriculture. and rnining. Nlult iple
slLrdies havc documented Lhe effccts of l l rnd
managcncnt activities on ecos!sLcm procosses and
lu r r ,  t i , , n - .  . r r ,  h  . r -  i n ,  r c . r - - ' l  - ' d : r r r - ' r t r r t i , , n .  m . r .<

failurcs. ancl peak l1o*s. lrs lrcll as decre:rserl
CS I).  bank stabi l i tv. habitat crnrplcri tr ' .  and t:r
ler qual i tv (Nlcchan 1991t.

Recent l ist ing oi t i inook (Ontnrhyu:hut
tshauyscha) and sockeve salmon 10. n.erJ;ul in the
Snale River basin undcr the Endrngefecl Spccics
Act (ESA) makes i t  i rnpclat ive that a comprchcn-
sire. inlegraled approach to $atershecl health lrc
init iated. ln addit ion. thc American l ' isheries So-
cictr.  ha-. documenLed 76 nati i .c anadronous
-qalrrorid stocks in the ( lolumbia River basin that
are rt  a high or rrrxlcralc l isk of ext inct ion (Nehl-
scn cr o1. 199I). Over 200 stocks arc aheaclv er-
l i r ,  l  i r  r l , ,  C r l r r m L i r  R i r " r  l , . r . i r r  1 \ ,  h l - ,  n . r  o i .
l99l).  Slatus of rcsident I ish. such as bul l  t lout
\Solt el iruu anfluentus). r 'hich are being corrsid-
ered ibl l ist ing Lrnclcr ESA throughout their langc
in castcrn Oregon and Srashington. must so l le
iLrl lv considclcd.

l \{anv l i rctols ha\.e contr iLuted to thc dcmise
ol these f ish spccics. Thev inclurle habitat loss and
r l ee r . r ' l : r t i ' , " .  i n f l r l  n , "  u fh , r t che " r  l r r c l i .  F - . , , \ ,  r -
exploitat ion in sport and commelcial l isherirs. ancl
impediments to LrpsLfeam and dolr lstrearn move-
mcnt by lrvdloelecLl ic clarrs (Nchlscn et al.  I991.
\orthwesL Pol cr l)lanning (iouncil 1 91i6. S illiams
ct al. l9B9). These factors har.c not ailecLed fislr
sun ival singularly, but cumLrlat ivclv.

Increased surr,ir'al in frcshvatcr habit:rt. alorrg
rdth improvecl lrassagc and rcduced halvest. l i l l
bc cri t ical to the -sunival of thcsc f ish stocks. l- ish
habilals currcntlv in Elood condit ion nccd protec
tion and clegr-aclcd habitats need restoration. Both
protcct ion and resLor-at ion are cl i t ical components
of anv ccosvstcln rnanagement plan clcvrlopccl to
ded tith lbrest hcalth in river basins. Stlearns rrccd
lcss line sedinrent. rnolc shadc. and increased hab-
itat compleri t ,-  to rrstorr:  f ish habitat to condit iols
that rdl l  suppolt self-sustaining f ish populat ions.
Curfcnl slrrtegies to protect and rcstorc streams
(Anderson eI al.  )992. Heljum et aL. 1994.
t lSI)A 1993) cal l  for enlarging r iparian buffers.
reclucing roacl clcnsit ies. :rnd el irninating or-rcduc-
i r r g  l i r . . t , '  f .  i . r . r z i n2  . r r r d  . l r r r  , , t l r - r  . r r  t i r i t i , .
delr imenLal l()  strcanr eco-rl 'sterns.

Materials and Methods

Bur'eaLr ofFishcrics stream -cur\,e\s. togctho with
rcsurvevs. h*e been Lrscd bv thc P\W to deLect
c:hangcs in f ish habitat in the Colurnbiu River b:r
sin since l934. S'e comparecl crrrr-enl suncvs with
the BOF sLrncls to detect changes in pool and sub
strale conposit ion in the Blue \, lountain ancl

Historical ( ihanples in Fish Habitat :J7



Xlir l-Colunbia lcgions. ln addit ion. resur\ irys r\rrc
uscd to erl luate clrrrenl amounts of C\\rD in
slream-q throughout the t1ro regi.rts.

From 1990 to lhe pfesenl. l )N\ craminecl
streanls : l .rros.c a broacl rangc of geolc,gic conrJi-
t ions. land olrnerships. and land-usc hislor- ics
(Mclntosh 1992. l \ IcTntosh cr a1. 199,1. Sedell  and
Evcrcst 1990). ln condrrcLing thc rcsurcvs. r{e
al lempt( '{ l  lo c\arnine streams:lcross thc Pacif ic
N{)l-thrrrst to encompass as rnur.h variation as pos
sible. This studv docs not account ibl  the dif fer '-
ent f(rte. l ial  ol $atcrshcds to creaLe and ma; lain
fish habitat bec:nse ol cliffercncrcs in bcclrock. soiLs,
cl imale. strean cl ischargc. vegetation. and slruc-
turc. Ongoing resear(i  is being conducted in an
atLeml)l  lo analvzc t irese results based on thc in-
hocnt di l ferences irr walt:rshcds.

Fish Hab tat Surveys

The ROF survcr.s $cre init iated to determinc thc
condit ion ol strearns in thc Colurnbia l l i r .er basin
that providc potential spawning ancJ rcaring habi
tat lbr anadromoLrs salmonids ( l l ich 19,X8). These
rccords arc the earl iest and rnosl cornprchensive
clocurnentation of the condit ion rnd e)i tent of
anaclromorrs f ish habitat avai lable. The BOF srrr-
\evs slstcmrtical lv iDventoried rnore than 8.000
km oi streams in thc Columbia l t ivel basin lrorn
193 ,1  t o  1942 .

Rich {]948) plovided a detai led dcscript ion of
rnethods used in the l lOF survcvs. Data lbr the
BOF survcvs rtcrc svsternatical lv col lecLerl al con-
t i r r  r " . r -  I  [ , 0  r r ]  i r r t e l r c l -  i . r  t l r " r r t i r ,  - , .  t i ' , n  - u r

ve1ed. general lv fronr thc mouth to the upstrearn
erlent of anadromv. \ \ , ' i thin each 100-vdunit. thc
sur!e\ors estimalcd channel $idth. est imated bot-
lom substlate cornfosit ion br sizc-classcs and per
centage per class. ancl counted lhe numher of pools
br sizc-class.

Histor ' ical lv surlcvccl strearns were resurveved
br rrsing thc Hankin Reeves rneLhod ( l lankin and
Ileeves 19ti8i.  This sampling technique involres
slrat i f i ing streams a.cording to channcl units (e.g..
pool. r i l f le. gl irJc). Charurel unit-s lbr the resurvcv
ilcrc bascd on mo{)hological charactcristics rather
th r on an arbitran lcngth. as were the BOF sur-
re"-s. Thc ITankin-Rceves method provides data
lhal ir-c comparable l i th the BOF survcvs.

T , ,  ,  r r r r r i n ,  ,  h . r n2 " -  11  l i - l r  h r l , i t r r  , ' \ ,  r  r im ,  .
t 'e clas-"i f ied irrdividual strcams according Lo Lhe
land-management hi.storr of Lhe basin. Basins vere

classi l ied as either nanagcd ol unmanaged.
tr ' lanagcd basins l  ere predornirrantlv nrult iple-use
areas (e.g.. lor t imbcr. l ivestocL. :rgri t ' rr l ture. and
rn i  ' i r r g  p roJ , r ,  t . " r r , .  I  n r r . , n . , ; , , 1  l ' , r - i r r -  r . - r -
rninirnal lv aifcctccl b1' human dJsturbancc ( i .c.,
$i lderness and r()adlcss areas). \ \  e recognize Lhal
rnanv unmanaged basins lcrc af lected bv grazing
antl  mining historical lr ' .  In thc abscncc ofsuitable
drta. t'e surrnise that grazing usc has declined in
Lrnmanugcd basins sirni lar to managcrJ busins.

I'ool Hahitar

Analvsis of changcs in pool habitat was bascd on
large pools ( > 20-m' area and 2 0.9-n rJepth). To
accounl for hvdrologic variabiJitv and ploride a
consel1'al ive estirnalc of changcs in pool lreqLren-
cics, t 'e el lected an inlentional b;as bv cl iscarding
margirral pools lrom the BOF surrev-c and inchrr l-
ing rnarginal pools in the rcsurrcvs. ln the BOF
survcvs. marginal pools rrere lhose notcd $ shal-
low or srral l  and wele r lot included in thc analv-
- i - .  \ l . r r s i n . r l  p " " l -  . r , 1d . J  r .  r l ^ '  l t r r - ,U  r , , l . r l  \ ,  f c
large pools (>0.8 m depth). ln effect. the data
represent t t \ ,o biascs: u bias for le$,er pools histor-
icallv and a bias lolard more pools in the lesur'-
\els. A lwo-sample t-test $'as used to cornparc pool
frequencies belween lhc l lOl survevs and the

S ubs trrLt e Compos it ion

'fo 
a-"sess changes in substrrte. $,e comparecl rnean

subs[ate compositiolr. dorninanl subshrtc. and line
sedinlenLs bctwccn the t iro sur!ers. One signif i-
cant l i i lure of both srrr lcvs is thc lack of an error
ternl lbr est imales of sLlbslratc compo-sit ion. Both
thc BO!'and current esLimatcs \\ ,crc not colrecled
for- obscrrcr bias. el irninaLing anv rrcans of quan,
t i f r i r r p  t l r ,  r  r r i . r b i l i t r  r - - oc ie te ' l s i t l r t h ,  ,  - t im r t c - .
This l imits the usefulncss of the dala to determin-
ing trends in substrate condit ions.

Coorse Woody Debis

In the resur, 'evs data rvere col lected on the cluan-
t i t-"" of ( l [  D in channe]s. 

' l  
hc I IO! '  survev did nor

, ul lcct J.r lr  orr t  tr  D. S r r, , .rrrt , :d the luml,er . t
pieces and notcd the posit ions of CWD as single
picces or in jams (> two picccs). fhe mrnrrnum
sizc fol CWD t 'as Z 0.1-m dianreter and > 2.0 m
lengLh. A two-sample t-test \ ' !as used lo compiue
the frcclucncl' of CWf) in managed anrJ Lrnrnanuged
ha-. ins.

38 N' lclntosh. Sedell .  Smith. V' issrnar. ( l lal le. Reeves. and Brorrn



{  R e s u r v e y e d

N o l  R e s u r Y e y e d

F e d e r a l  L a n d

P r i v a t e  L a n d

M i d - c o l u m b i a  R e g i o n

G ' r i i !  r o r d !  3 r '  i

E l u e  M o u n t a i n  R e g i o n

Land-Use History

The :rv:r i lable fecords oi land use histon 1or thc
studv basins. along niLh rnofe j leneral fegional

rccords. lcrc cramincd lo charattcr ize the larrd

management histolv bclirc ancl aftrr thc BOF sLrr-
vevs. 

' fhe 
disturbancc histon'prol idcs thc contc\t

lor identi i l ing potcntial causal mcchrnisms for

changes in f ish habitat.  Thc information cornplc-
nlenls lhe lan.l  use and disturbance histor ' ,v:rr, :r i l

ablc irorn both publ ic and l)r i t  ate sources

Study Area

T  r  r l , i -  - l u , l \ .  " -  - \ r ' ' , i ' r ' , 1  | i r . -  l , a -  r r -  i r l ' n - t e r r

Olegon ancl [ tashington rhere r-esunevs uere ctn-

duc l cd  bc l$ccn  1990  to  ] 992 .  Thcsc  r csL , r r c r s

included poltions ofthe'l ucannon. Asotin. Crandc

Ronde, Yakimt \\ enntchee. and Xlethot' r'ircr ba-
. i  , - .  S '  - - l ' a r . ' t ed  t h - -e  r i r e r  hc - i r r -  i . r t n  t r r , '

rcgions ftrr fu hcr cornparison. Thr: Blur: l \ loun-
tairr region con-sisted ol the 

'fucannon, 
Asotin. and

Cranrlc Ronde basins. ancl the \ ' l ic l-Colurnbia re-
gion containcd thc Yakima. S'cnatchcc. and
Nlethon basins l l ' igurc I  ) .

B[ue l[ourtai* Region

Twnrtrutn Rirer hrLsi l .  The Tu.annon Rirer hasin.
in southcasl Washington. drains an arca ol I  .300
km'. The BO!'surreved the' l 'ucannon Riler and
iLs nrajor tr ibutaries in l9j l5: the resurlevs r{ere
l imitecl to the Tucannon Ri!ef.  Xlofe thrn 70oi of
the basin is plilate land. and the rem:rindel i-" pub
l ic l .u. l .  He.ldlr l lef port ions ol the basin are
t i ldcrness ureas. and the forestecl rea<rhes belol
thc t ' i lc lcrncss arc mlnlgcd for mult iplc usc bv

Historic:r l  ( ihnnges in Fish Habitat l l9



lhc Folcst Ser"r ice. Fronr thc l 'orest Senice bouncl-
ar\ to thc moLrth. the remainder ol thc basi l  is pri-
r  a l c  l and .  P r i r  a t c  l ands  a re  rnan : l g r : c l
predominantlv as rJn croplands and rangclands
( l  SD t  So i l  Conse rva t i on  Sen i cc  1991 ) .

Thc basin - iupporls summcr- steelherd (0.
mtr4isg and spling chinoolc spring chirrook is listccl
as thrcatened uncler thc ESA.:rnd surnmer slccl-
he:rd is l istccl as a species of special concer.n bv
\ ,  h l '  n  r r  o i .  '  l q r - r  i r .  | | i . t , , r i , . r l l r  r l r "  Tu ,  r ' | r ' , , r '
srrppcrrted crrho salml.tn \0. kistLtch). rrhich is now.
e-\Lin.t  in thc basin. Bul l  t l rut is also fcruncl in the
uppcr po ions ol the busin.

Asotin Creeh lcsin. Asotin Creek is in south-
east S'ashington. draining an arca of B2[J km'?. The
upper rrmunlainous. lorestecl por-t ions of thc basin
are managcd lbr rnrr l t iplc rrsc bl the l 'orest Ser-
vice. Lorrer lxrrt ions of the b*in are privalc and
are usecl frr r l lv land crops and rangrlanrl  (L,{DA

,Soil  Conscrvation Senir,e I  9!11.1.

Thc Asotin basin suppor-ts sprinpl chinook ancl
surnrner slcclhcud. Spring chirrook is l isted a-"
thrcatened under Lhc ESA. and Nehlserr er ol.
(1991) l is l  summer -steelhead:r l  a rnoderate r isk
ol c\t indion. ( iurrenL lropLrlal ions o{ anadromous

i::1,1] 
tn" {s,rLiI  basin are 1hr belo$ hisrorir: :r l

Crttrule Rondc lliL'er ttarlr. Thr: Crande Ronde
River ba-"in. in n{)r lhcast OreElon. enr.ornpasscs
- 12.8] 0 km'?. The BOF survcvs lcr.e l i rnited ro
the upper pofl ion ol thc bnsir.  i rorn thc Crancle
Roncle ral lcl  to the herd$rtefs. About 50Vo of the
l.ppcr Crande Roncle Rivcr basin i , .  publ ic lanrl
managed by the Forcst Serrice: most of thr: lancl
is tnounlainous ancl t imbered. Thc val lev bottoms
r r e  ' , r - d o n r i r ' r r r t i r  p r i r r t e h  n r ' n - , 1 - , , ' ' , 1  r h ,  p r i -
rrarv uscs are l ivestock grazing and agriculture
(Xlclntosh 1992. Nolthwest Poter Planning Coun
, it r 990).

I l i s t o l i c r r l h .  t he  l l ppe l  G randc  l l onde  R i re r
basin had Lu ple r-uns of anaclrornou-s salmorrir ls.
' lhe 

basin suppoficd spl ing chinurk. coho. and
sunrmel steelhead (Noll l lest Porel Planning
Counci l  1 990). l  he-*e rLrns harc bccn rcduced to
a srnal l  l ial ion of thcir plc cleveloprnenL nurnbcrs"
rt i th coho bcing ert inct in Lhc Grandc [toncle and
spling chinool l isted as thlcatcncd under the ESA.

llid-Colunbitt Region

Yal;ina Rircr Dasin. The Yakima lliver basin. in
-routh<'enLrlr l  Siashington. drairrs an arca of

15.942 krr '?. \ ' lolc than 600i of thc lancl in the
Yakirna basin is publ ir lv olncd. ancl the r-enraindcr
is in priraLe ou'ncrship. lrr igated agriculturc is the
cur-renL cconomic base. * i th Jivcstock productiorr
ancl forestrv also conLributing to local econornics
(NorthtesL Po* r- ' r '  Planning ( lounci l  198!l).

Historicall,v. the basin supported surnmer- slecl-
head. coho, chinook. and sockevc saLnon. Pre-
developrnenl rLrrr sizcs (pre I870) were (sl imlted
at 790.000 aclults (North$esr lrowcr Planning
Corrnci l  1989. Trble l j .  B,v thc turn of the cen-
turr', mosl runs $erc tJcplctecl. r'ith coho and sock-
ere near ext inct iol ( [  ehelacker 1980). Currentl l .
coho. -\ummer chirrook. and sockeve salnon arc
e\l inct in thc basin. :rnd sumrncr stcclhe:rd. fal l .
and spling chinook arc listecl a-s stable (Thc Wilder-
ness Socirtr l99l l) .

llcnatchee Rirer bosin. l'hc \\'en.rtchee Rilcr
basin is in norLh-ccntlal \ \  ashington; iL drains an
alea oI3",137 km'. The basir i , .  about B00lr pub-
l ic land. rrosLlr in thc mountainorrs, forcstcd
regions. hrigated :rgl icLrl ture, alonpl t ' i th l i lestock
and lbfestry. i , .  lhc current econnrnic basc.

Historical lv. the Sren:rtchcc had large rurrs oI
stcclhe:rd. chinook. and sockeye salmon. as l , ;cl l
a-s a srnal l  coho salmorr run. Coho tcrc cxulcr r l
the Lrasin bv the 1910s. Reccnt rcsearch (\ Iul larr
et aL. 19921 sLrggcsts thrt currenl $ild rlut sizes
appcar to be -. irni lal  to historical populat ions (Ta-
bJe l).  AlLhoLrgh the clrrrenl populat ion srlerns sta-
blc. the species composit ion of the run has shif tcd
signifir'ant1v. Chinook salmon comlrrise most ol the
ru n; sockcvc salmon populat ions arc reduced and
loho saimon are extind in thc bdsin. Sumrner slcr-'l-
head is l istcd as a specie-r of special concern hr
\ ,  I  l - '  n  , r  a / .  I l ' t q l r I ' r i m r l i h  h e c a r r - ' , , 1  r l r ,  , i
lects of hatchcrl  introgression.

tr lcthor Rier Lotin. The l lethol Rircr basin
i .  i r r  r r o r t l r . ,  n t r . r l  \ \  r . h i ng t " r r :  i t  , l r . r i n -  . r n  r r r ea
of 4662 kmz. About B0oll  of thc basin is publ ic
land managed b\ '  the Iorcst Service. prcdom-
inantl \  in lhc uppel port ions ofthc basin. 1he loler
portions are pr-iralelv ow.ncd. Logging ancl livcstock

lrroducl ion is the econornic basc of this spa|sely
popl ate.l l,asin. rlith iiuit olcharcls also pliwing
a signif icant lole (\ ' lul lan et ul.  l99Lt.

Bcfor-c sett lement bv I iuro-Americans. thc
\ ' lcthot supported signif icant runs of chinook and
coho salnron. along t ' i th steelheacl. l  i th coho be-
ing the most abundant ( l lul l .rn et al- 1992. Tablc
1). Currcntlv. chinook salrron and steelheacl

,10 l lc lntosh. Seclel l .  Srnith, Vissmar. ( l larke. Rccrcs. and Broxn
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rernair l .  and coho salmon arc e\ l inct  in the bnsin.

Nlul lan er  a l .  (1992) suggcst  thaL currenI  runs e\

ccccl  thc h isLol i t  a l  runs in the l ' le thol  basin.  *  i th

chinook replacing coho ( l \ l r r l lan et  o1.  1992).  Wi ld

stcclhead is l isLed : r t  a h igh r isk of  cr t int r ion br

\ehl- .en c i  a1.  ( l  991I  pr i rnar i l l  because oi  the im-

1 , , r ,  t -  o l  i r r i E l l i o n  . r n , l  l r r r t ,  h ,  " r  i n t r , , p r - - - i o r r .

Results

Changes in l l -sh habitat in castcrn Oregon and

Wtrshington ( ' Iablc 2) r lere similaf lo the rcsults
frrr the Columbia River basin (Tablc 3). The trencl

torrards dccr-caserl pool iequencies in manugcd
$alersheds \ras not signif icanl (p > .0:) l  but
- h , , s , . 1 . r  * g i o r r r l p a l l e n r .  l i ' u l  i r , , 1  r '  n ,  i ,  -  r l r r ' -
managcrl waLersheds increa-.ed signif icarrt ly
(2.0-5.9 pools/km, p ( .05) (Table 2]. l rcnds in

sub-rt late cornposit ion $ere rariable. The surlev
fcsLrl ls indicaled that the frequcncv oi CS D tas

signilicurtll glcatcr (p ( .Oi>) in urunrnlged

watersheds (Trble .1). hr thc fol lol , ing sections. le

c\aminc thc changes in incl i l ic lunl r ivcr basins to

lurthcr i l lustratc thcse r{anges.

Blue l \ Iountain Region

The PNS. in cooperation uith Orcgon StaLe

llni lcrsity. r 'csur\e!e. l  260 krn ol strcl lns in thc
BlLre l \ ' lountain re€rion f lonr 1990 to 1992 in the
Tucarrnorr. Asotin. and Oranclc Ronclc basins. The

strncvcd -" lreams \{ent l ioln heaclrtalcrs to lor i-
gradienl.  al lu\ ial  r iveF. across b{)th publ ic and lrr i-
vatc lands. Norre ol the streams surrcrcd in lhc

Blue X' lountain fcgion s)uld be clas-"i l ied as ul-
managed. leavirgi no nrininral lv cl istrrrhed bench
rnafk against which to evaluatc changr.

hxtl Ihr,hi.tttt

Resurlevs in thc Bluc l\'[ountain fegion -choN t]rat
Lhe fuequenc,y oi pools dccrcased br- 57olr lrne:rn
=  5 .6  t o  2 .1  poo l s / km.  p  <  . 05 .  Tab l c  5 )  i n

managcd Natcrshrds. The Tuc:rnnon ltiver rras thc

\  ak i r r r  R i rc r  l jasnr

\ I ' l n r t r  h r t  R i r l r  l l as i r

\ l c t l ,o r  R i rc r  Uas iu

?90.00t)
2i i0.ar00
63.80t)

i .0t 8"
l l0(r-700!
9 t . t 0 0 '

T\ l l l . l l  2 .  ( lh! , ,g.s n i  r l ie  f requener o l
n i  eastern S oshington anr l  Or.gon l rot t  l ' )31 kr  1992.
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l  ABl . l l  .1 .  Cur r . r t  l r (penc ]  o f  r  ourse  rood\  d .h r is  {  >  0 . t r !  d i tn ,e te r  and
and unnarrg(l irater;hrrls oi easterr Or.gon and \\ashingron.

>2.0  m leng lh )  J ; r  s l reams in  r : lec red  marag i r r
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onlv strearn that shot 'ed an increase irr pool l ie-
qufncies (2.:1to 6.5 pools/km). Therc t 'ere no un-
managcd watershcds for comparison in this region.

Our-most exlensive oveniel;  ofchanges in l ish
habitat was frorn the Crandc Roncle basin (X{cTn-
to-sh 1992); -"urvevs in the Trrcannon and Asotin
basins lere l i rnitcd to the Tucannon Rir.cr and
Asotin Creck. l 'he BOF survevs in the Cranclc
Ronclc t 'ere in thc upper basin, from the Grande
ltonde ral lcv to the heaci laters. Irr 1990 al l  histor-
ical11' '  sur.;evccl streams in the Ulfer Grande
llonde Rivcr basin ucrc re-survcvccl (NIcIntosh
1992). These slrcams erLend across a varietv of
l l n , l r  " 1 ,e -  t ,  . - . .  m , ' u r r t r i nu r r - .  n re r , l , , s  r .  l . r r r J -u - -
hi-rtories (c.g., logging, mining. agriculture) ancl
lanrl  olnerships ( i .c..  publ ic. private).

Srrrrcr resul ls incl icare that pool habitat
clccreased signif icantlv (p < .05) rhfoughout Lhr:

Crande Roncle ba-sin despite dif iercnces beru,ccn
streams.' Ihe lrequcncv oi largc pool-s in thc BOI'
survevs ranged from 0.0 to 14.6/km (mean =
6.I/krn. Table 2). In 1990 pool frcquenr:ies ranged
from 0.0 to 7.0/km (mean = 2. l /krn. Table 2).
Tire loss in lurge pools ranged lrom 20ih to IlTL/o.
l i th a mc:rn oI 66(/o ( l 'abLe 5). In the BOF sur-
vers prxrl  f iequencics l ,ere highl,v variabl:  ( lAR
: 23.2) anong the di l lbrenl streams, bur the 1990
sunev shol 'ed thaL pool frequencics rr.ere similar
(\AR = 3.2) for al l  strearns. Thc decreased r.aria-
biJity in Jxrol frcquencies shol,ed that habitar clivr:r-
si tv decrcusecl signif i  cantl1.

Su bs t nue Compcts i. t it n

Trcnds in substrate composit ion varicd among lhr:
three basins. No change $,as found in substrate
conposit ion for Asotin Creek, but the Tucannon

12 Nlclntosh. -ccdcl l .  Srnith. Wissmar, Clarke. Reevcs. and Brown
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Rirer shotcd a shift toward lar€ier sLrbstratcs. l'ine
sedinents renAined al lon' level-r in Asotin Creel
(6oh) and the Tucannon l l iver (7olo). Substrate
cornposition in the f,ppcr Crande Rondc Iliver lia-
sin shif tccl totarcl f incr subshates. Sul,srruLe conr-

lxrsi l ion changes throughout the basin. l . i th l iner
sediments bcing depositcd clorvnsrrearn in the
Crande Ronclc River.

Analvsis oi mean substrate composition sug-
gesled no change in finc sedirnenls in thc llpper
Crandc Ronde Rirer basin although finc sedimenrs
uerc 200/u ol the substrate composition in thc
(lrande Roncle Rirer. Thc spatial disLribLrtion offire
sediments rclative to anarlromous s:rlmonid habitat
r,;:rs examinccl bv plottirrg thc pcrcentage of sur{ace
iines ior indir.idual channel units fi.orn the dol'n-
-rtream to upstream extcnt ol the l Jrper Crande
llonde Rircr. 

'I'his 
spaLial analvsis sho\\,cd that line

scdimenl in thc headwater portions of rhe Llppcr
Crande Ronde Rir.cr greatl;- excecdcd 200/o of rhc
subsLrate c:ornposition thfoughollt mosL ()fthis r.cach
(-l lclntosh 1992). hr addit ion. most ol the srrcam
channels throughout the headw:rters are highl,v
ernbcclded. generallv exceeding curr.ent standards
of 3570 (tJ-sDA Forcst Senir:e 1991, 1992a).

Lant!-Ltse Histon'

Our survev of lund-use hisLorv rl'as limiterl to the
uppcr Crande Rondc basin. Fulurc r,".ork rdl l  ex-
rm i r r '  t l r -  T r r ,  r nnon  a r r ' l  A -u t , n  bc - i n -  i n  s r ,  r t c r
detai l .  ' Ihe 

historr of Euro-American clrrerol)menr
and land usr in the Grancle Ronde basin mav bc
inJ i ,  a t i r .  u t  t he  ge r re ra l  t , . r l t r  r n  rb r  r he  B l r r -  \ r l eun
tain rc€iion of northcast Oregon and southeast
\ 'ashington. Wissmar er ol.  (199,1b) detai l  the
l:rncl-use historv of the John Da,v basin. showing
j t -  - i r n i l . r r i t r  l o  t l r e  { , r r nJo  l l o r rd .  Lus in .

^t lhe tinlc of the BOF surn'eys. rhe flpper
Orande l tonde Rivcr basin hacl alreadv ex-
pe cnced considcrable human-incluced disrrrr.-
bance. Available records ofland-use history for this
basin r,".ere eramincd to characterizc land-use his-
torv beforc and after thc BOF surver-s. Records
of timber harvest, road construdion, and lir,estock
grazing wcre available from the Wal]owa-S'hitman
National ForesL.

,lfioirug llining las thc first iniluencc of lluro-
Americans in the l .  ppcr Crande Rondc l l iver ba-
sin.'l'he headl'aters ol the basin have been rnined
lcrr goid -" ince 1870. r ' iLh ertcnsive dredgc
mining in the earlv 1900s. Cold mining has

Historical Changes in Fish Habitat 43
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signi l i t ;rnt lv altered rhc r iver and i ts l looclplain
throrrghout the hcadwaters. Erlcnsire minc laiJings
l i " ' n  d r * , l y i r r r  l l r n , r r ; h , , ' . t  q [ -  r r 1 ' ; "  1 r ' i r e ,  r , , n - r r i ,  r
l l r '  r r i r , n - l en r  ,  h r rnne l  : r r r , l  1 ' 1 " r  i Je  . r  , r , n t i r r r r u r -
. ' u l c e  , , i . , , l j m e r ' t .  T l r i -  r - e ,  r r  , , t  l h c  r i \ ' r  ( . r r -
renLlr- l ) fo\. ides nrost ol t i re spring chinrxrk spat 'n
irrg haLitat in the Lrpper Grande Ronrlc.

Liestocli gnuing. Earlv recorcls of livestock
g raz i r r g  i r r  t h ,  I  1 ' 1 , " r  t l r r r r ' , l e  Ru r r Je  ha - i n  - r r gB ,  - l
lhat pafis ol lhc basitr r lcre orergrazed bv the
l l t E r  i -  i \ 1 , , \  l i  l , ' , , 1 , .  R . . . o r d r  u l  . r r r n u r r  ; r r z i r r g
usc wcre availablc from the ['allot a-Srhitman Na-
t ional l-orest f i  onr 191I ro I  990. Ovcr that perirxl .
grazing by- l i rcstock (catt lc urd shccp) decl incd
iSolr (Figurc 2). The decl ine in grazing was Jargerv
duc to the tol lapsc ofthe shccp indusrrv in norLh-
eest Orcgon. CAtl le rcprcsenl ) 901/o of thc gr.az
ing animals todav.

Tinber han:est. Thc historical rccord ofr irnber
hancst in the Uppcr Orandc l londe Rivcr basin
shows Lhat logging bcgan in the latc 1800s (Far-
ncl l  1979). Hancst has incrcascd srearl i lv sint.e
1896. uith lhc most inlcnsi le logging coming af-
t , f  i . ) ; 0  ( l  i q r r r -  j r .  p r imJ r i l r  

' r r  
r c -p , , r r r  l u  i r r -

si 'c l  outbreals (tr ickman l99l).

Although harvcst has incrcased ovcr t irne, rhc
elfects of spatial patlcr.ns of harvcst and harvest
methods mLrsl also be consir lered. Hu-rest in thc
carlv part of the ccnturv $as rcstr icted to r iparian
arers ancl lhr adjacent hi l ls lopes. and primari lv
selectercl lor mature ponclerosa pine (Pizr.r poa
derora). Logs uere rroved Lo thc miils first b,v log
drives and splash dams (-t{}90-1919). Lhcn by rai l
I  l u  lU -  l i  r ;  I  r .  r nJ  f i r r r l  '  L '  r oJ , l :  r l ' l 3O- | r ' e - ,  n l r .

ln the latter part ol the rrr:ntury. highcr elera-
t ion and hcadlater sct l ions of thc ba-sin *crc

Iteeves. anrl  Brorrn

0
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11 l \ lclntosh. Sedell . ,Srnith. Vissmar. ( l larke.
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N Harvest All Lands
I r ig r r r  3 .  lo1uml  , , l  l imber  hah, is t ,a l  (nmbi l  lo r  t ln i , ,n  Count r .  Orcgrn .  1896 ro  1990.

accesserl as road crrnslruction int,rcascd, Fronr
195,1 to 1978, road rni leagcs increaserl more than
nrolbld (3.200-7.200 km). doubling again l ionr
l97B ro l9B9 (7.200-16.000 lon. Figurc 4). Clear-
cutt inS and sclect ire hancsl became thc prel irred
methods of hanest from thc I 950s to lhc presenr.

Strearn t:h.annelizatioz. lhc inl luenccs of
strcam channelization appear in thc L pper Granclc
R , , r r J ,  b+ in .  : l f , . r n r  i  l r cn r - l i / . r t i L , r r  p r , j e ,  r .  r r -
tcmpted to pfolcd pri \ale propert l  i rorn f l(roding
by " locking" thc strearn channel in placc *i th
r i p r r r p  r n d  l - \ , , . .  l l r .  t , ,  r i , , , l -  o f  r r r , , . r  

' n t ,  
n - i r -

adiritv were oflrn in responsc h major floorJs, such
as thc 1964 l lo(rd.

M d Co umbia Fegion

From I990 to 1992. thc l 'NW. in cooperarion r, ; i rh
the l  nivcrsitv of Washington and Lhc k-enatchee

1 9 6 5 1 9 8 8

and Okanogan National Forcsts resurverecl ovcr
lJ70 km of historical lv surveved strcams in lhe
Yakima. Wenatchee. and Methou Rrrer oasrns.
' l 'he 

surrcvcd strearns rangc hom small .  rnoun-
tainous strclrns to large. al lLrvial r i lcrs. 

' lhese

streams cxtend aoross both private and public land
and hale various land-use hisl(rr ics. Although rhese
,eur\ evs rcpresenl a small  sample of BOF strcams
in these basins, r,".e bel iere thev repfcscnt the trpes
of change that slrcams in this region havc under-
. o l ,  - i n . c  E r r r , - \ r n ,  r i ,  r n  . c  l cmen , .

Ptxtl Habitat

Survr:v rcsuits -.how that largc pool habitats in-
crcased sippifir'antlv (p < .05) in both rnanagr-rl
and unrnanagccl *atersheds in the Yakima.
s'cnatchee. ancl \ ' lethor,".  l l iver basins since 1934
(Table 6). Of the l l  strcams \re surlr--cu! onrv
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1 2
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the Amcricun Ri, 'er had a decrcasc (3.3-2.,1

pu " l -  l n r r  i r r  l , on l  h . r l ' i t , r t .  I ' " ' , 1  h ' , 1 ' r - r ' ,  i - -  r , . r "

similar for both managcd (mean : 2.2 pools/km)

and unmanaged watemheds {mcan = 2.0 pools4on)

in the BOI'suncls. In the re-qurve,vs, the incrcase

in pool habitat ! !as t\{ ice as Elrcal in unmanaged

*alcrshcds (2.0-5.9 pools/km) as in rnanaged

wetcrsheds (2.2-4.1 pools/knr).

l'ool habitats incrcased bv a similar magnitLrdc

in both marrrgeri  ( I .B 3.8/krn. I l lo/o) ancl un

inanaged (1.6-3.9/krn. 1.1,40/o) port ions ol lhc
Yakirna Lasin. In the V enatchcc anrl Methot '  ba-

sins. a tt'ofolcl to thrccfold greater increase in pool

l iequcncics was found in unmanagcd versus

managed $,atelsheds.

76 \ ' f t : Intosh. -sedell .  Smith" Wissrnar. Clarke,

0 -
1954  1959  1963  1967  1971 1 9 7 s  1 9 7 9  1 9 8 3  1 9 8 8

year

-i kilometers of roads

l i su re1 .  I toad mi lees .  tknr l  o r r  rhc  \ iaL losa  t rh i tman \a t i rna l  f i r t s t .  195 '1  to  l9 !10

Su bstrtte Cont pos ition

' l  
hc rcsur, 'eys indicated that cbunges in sLrbstrate

composit ion were highlv variable. Substratc q)rn-

posit ion appeared to changc l i t t le in unrnanaged

iraLersheds: changes in dominant subslrate were

cornmon in mana€ied $atershcds. Tn the Yakima

busin, substrale composit ion shif tcd torvard larger

,cubstr i l lcs in the Lit t le Naches Rivcr and Taneurn

Creck (Smith 199i ' i ) ,  but i t  remaincd the same in

l latt lesnake CreeL. No substratt dara were avala

ble for the American River. Fine -qediments in-

cfeased in' fancum Creek (7-IB0/o). lncrcassl f ine

sediment, along tith high leveLs of ernbcdclcclncss,

suggested that fine scdiments have increased sincc

193,1 (Smirh 1993).

Reevcs, anrJ Bro*n



T1BLE 6. Changes nr th
region l rorn 1931 to 1992.

Km 1 9 3 1 - 1 2 1990,92
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' l ) i l i ; re ! .e r  l ,eh \ . .n  th  U0f  sunos  unr l  thc  d , r .n t  s !n ,1s  s ign i l i . r . t  ! l  p  <  .05 .

(ihanges in dominarll substfate were also r'ari-
able for sLrr-levcd strcams in thc Sicnatchcc Rir.cr
basin. C)fthe unmanagecl streams, Jack Cr-eel and
Lhe Chiwata Rivcr rcmaincd the same. but lcicle
(lreek shif ied to smaller substrate classes. \ason
Creek, thc mdnagcd strcam. also shilied totard
smaller -rubstrates.

Compalisons ol substrate composition of the
streams in the X{ethorv Rirer basin suggcsted no
signif icant trcnds. Thc exception rras the Xlethot '
River. lhere the dominanl substfale shi l tcd to
smdllcr substr{tes.

Land-Use History

1he earll Eruo American developrnent of the NIid-
( iolumbia region fol loued a similar pattern to that
of thc I'lluc Nlountairr region. Alier the I930s. de
veLrpmenl in the l \ ' [ id-Columbia region was cl i f fcr-
c r r t  l r um the  B iue  \ l oun t , r i n  r eg ion .  \ l i r r i ng  r . e -  o r r .

of the first activitics during thc scttlcment era. be
ginning in tire l850s (Wissmar et al. 199,1h). The
floodplain and streambed hal'e bcen affecicd morc
e\tensi!ely bv mininpl fbr nonmetal l ic resorrrces
(c.g.. gravcl,  sand. Limcstonc) (Wissmar et rzl .
I99,[b).

Litestocl; grazirLp;. Livestock grazing began in Lhe
LBI;0S; .rattle populations prakcd in thr: I8B0s and
shccp populations pcakcd at the turn of the cen-
tun and again during Srorlcl  War I (Smith 1993).
tscforc 1890 cffects of ppazing tere concenlrated
in  t h -  l " r ' . "  1 ' ' r t i un -  L , f  t h ,  l ' . r . i n .  { -  y r . r z i nF  p le -
sures increased, use expanded to all portions of lhe
ba-sins. (lattle and sheef used tlre high meador,s
for sumrner rangc, moving to thc valley bottoms lbr
tintcr. Bv 1907, pubJic outcry over overgrazing
t'as heard in the Yakima basin (Cooperative Sicst-
crn llan€{c Stud,v 1938). ln the l9jlOs livestock
populat ions clecl inecl from historical pcaks and
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allotmcnt managcmenl srslems replaced the opcn
range (S. Carter. Supervisor's Officc. S'enaLt'hee
\ational Forcst, S'enakhee. WA. unpubl. data).

Tinber hanest. 
' lhc 

earl iest records ol t imber
hln'esL sho$ loplging beplan in thc latc I  {300s in
the X' l id-Columbia rcgion (Plumrner 1902). Lnti l
thc 1950s. t imber hanest las largcly l imited to
selective logging of maturc trnifers n om the val-
lc,v bottoms and acl jacent hi l ls lopes {Smith 1993).
uith l i t t le han'est on public lands anl i l  the 1960s.
From Lhe rnid-1970s to thc prcscnl. ( learcutl ing

bccamc a crrrnmon practice. and the volumc ()f  l im-
bel hanestecl incrcasr:d signific antl-,_. Accompanv
ing thcsc pracLices $as a substantir lncrcasc In
r()ad aonstructron.

l 'he highcst t imber har.vests 1br the l l id-
Colurnbia repdon were rccordcrl in the l9{los (Xlul-

hn et al. .  1992t. Even with increased harvcst in
the past dccadc. (r5(/o of Lhe Wenatchee ancl 7570
of the Okanogan n:rtional forcsts. rcmain in wilder-
ness or rordlcss dcsignation (llSDA l'orest Scrricc
1989. l99O). Timber harrest in this rcgion has
not been cithcr as intensi\e or e\ lensive as that
r l , "  r r r n - r r t e , l  i , ' r  t he  B l r r e  \ l u r rn t r i r r  r . ; i , ' r r .

lfigotion antl tlru nt. IrriElated cropiancls arc lhe:
dorninant lbrm of agriculture in the \Iid (lohrmbja

rcgirrrr ( l \ Iul lan et al.  1992). l-xtcnsire fr.ui1 or-
chards and croplands afc presenl in:1l l  the mrjol
rivcr valL:vs. pror iding the primary cconomic base
for the region (Nort l l lcst Pouer Planning ( lounci l

1989). Thc najor effecls earh in thc ccntlrn'$'erc
lrom dams ancl irr igation diversions with inadc-
quaLe bvp:lss or scrccning f:rci l i t ies. For erarnple.
u hvclroelectr-ic dam near the mouth of thc Methow

River completclv blockcd lhe upstream migration
of anldromous salrnonids l iorn I9I2 to thc I 930s.
This balr iel  caused the ert inct ion of ooho salmon
in thc blsin l lnd se\erel]  feduced othcl dnddro-
mous rLrn-r ( l{ul lan ct ol.  1992. [ ' . issmar ei al.
l99:1b). Culrentlv. inadequatr scrccning and \ari-
able strcdmflo$s remain a problem in manv arcds.
For- a more thorough rcvicrr of the effects of irri-
gation and dams, scc s' issrnar er al.  (1994b].

Coarse Woody Debr s

Resunevs sholcrl  thal l l te frequencv of CWD $as
signi l icantlv higher (p < .05) in unmanaged than
in managecl ba-sins oI eastem Orcgon and Siashing-
ton (Table,1). Thc lrcquerrcv ol CWf) pieces and

iums *as 58{xr and 620i greater in unmanaged ba-
sins than in lnanaEied basjns. The erception was

the l\{etholi basin. t'herc thc frcgucncv of CS'D
rras greatcr in managed than in rurmanaged
$atersheds.

I lala on cLrrrent frequencics of CWD in the
B l r e  \ l u r r n t : r i n  r ,  g i , , r r  u . r -  l i r n i t " d  t o  - r r n e r .  i r r
the Crancle Ronde basin. Currcnl Forest Senice
sunevs show that streams in nlanaged $atersheds
throughout the upper Crande Ronclc basin hare
e lo$' frequencv of CWII, r,hile unrnanaged por
t ions have higher l iequencies (LISDA Forest Ser-
vicc l  99l,  I  992a). The frecluenc,v of CWD in tht:
upper (irande llondc 1!as similar to olher rnanapJed
rivcr basins suNeved in eastcln Orcgon and
\{ashington, but firr less than in unmanaged
basins.

Discussion

This historic,al studv shows that f ish habitat has
changccl in selectcd river basins o{ castcrn Orc-
gon and WashinSon sincc l934- Pool habitat
decreascd signif icanth in the Blue Mountmn rc-
gion and increased in the Sl id-CoJumbia region.
Substrate condil ions shif tecl toward smaller sub-
slrates in managed n'atershcds and remaln un-
changccl in unmanaged 1\'atersheds. Finc scdirnents
also inclcascd in sorne basins, especially thc
Crande Ronde. Current frcqucncics ol CWD are
much highcr in unmanaged than in managcd

The changes in pool habitat are dist inct lbr the
firo r-cgions. Pool habitat increascd in the llTid-
( iolumbia rcgion r, 'hether the watelshed is
n rcna !ed  o r  unmJn . r scJ .  u l t h , ' u l h  t h .  i nc r . c -e  i -
tvicr as great in unmanaged $'atcrsheds. In the
Blue Mountain rcgion" the loss in pool habitat is
largc and consistenL. The exception is thc Tucan-
non River, where pool habitat increased signif i '
cantlr .  Our f ield obsen'at ions suggcst that
reco!erin€t ripar';an vcgclation and reduced
se(l imentation cont butc to improved c{,ndit ions
in thc Tucannon. The headwaters of thc Tucan-
non are largelv intact becausc oI rvilderness pro-
tection. Although thc trend to$,ard impror.cd fish
habitat is posit ive, the 

' fucannon 
and Crande

Ronde basin n'ater temperatures are at sublcthal
to leLhal for salmonids throughout nuch of the sum-
mcr (Therrrer et aL. I9B-c. Bohlc 199,11.

Sh i l t -  r n  s r r l , s t r u t '  , , , r n1 ' n - i t i on  f o r  - t r e rm .  i r r
managed wate$heds suggestcd ultered sediment
supplies. Chanplcs in subslrale size can signifi im-
pacts olsediment inputs (Dietr ich eral.  1989) and
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bedlond transport in the slream {Hcede 19801.
Civen current and pasl managcment fracliccs. both
hare l ikch occurred (Dunne and Lcopold 197[1.
Ridrards 19132). These changcs can r-esrr l t  in
channel-* idcn ing. leadirrg to increased !,ratcr.tem-
pelaturcs (frlacDonalLl et al. 199ll. dccreased pool
lohrmes (Lis1c and Hil torr 1992). and change-. in
-<pecics composit ion ( l leeves et al.  l99i l) .  Tn-
creases in t lne secl imcnls can signif icantlv lower
egg surl ival (Bjornn and Reiser 1991. E\erest et
ol. I9B7) anrJ dccrea-"e or climinate pcxrl habitat
(Lisle and Hil ton 1992).

Signif icantl l .  lor, icr amounrs ol C\lD in
rnanagetl  l 'alershcds. couplecl wi lh the hisLorv of
r  t \  D  r ,  r n o r r l , : h n \ 1  t l r ,  . \ t e n r  r , ,  s h i ,  h  r l r e  r i r r r , -
tion.rl role of CWD decr-eased in the managcd svs,
tems. Thc los-. of CS/D reduce-r habitat complerirv"
channcl roughness, and sediment storage, and mav
contribuLe to lol,rer salmonid sur"riral (Bisson et al.
198i).  Thcsc t lecreases in CWD irr munaged srs-
lcms appeaf lo be due to thc cffects ol pasl lancl
lnanagcment prart;ccs. such as splush dams.
rlcbris-removal prograrns. and ripalian limbcl hal-
vest iscdel l  ei dl.  l99l). ' l 'hese practices mal also
inl luence fulrrrc'  rccluitrnent of CWD in managed
streanl e( osvstctns. Analysis ol currerrL forcst prat'
lices rLrlcs in OreElon and Waslington suggests Lhat
thc recruitmenl of CWD wil l  dccrease wirh cach
succeeding han'esL rotat ion (Heimann 1988. Ore-
gon Departmcnt of ForesLn 1992).

' lhe 
staLLrs and trends in pool habi laL, substrate

cnn ' l i l : , , n - .  . r nd  ( l {D  i n , l i c i r t e  t l r r t  i L | e rn r "  iD
managcd wrtershcds are simpli f iccl comparecl with
those in unmanaged waLershcds. Slan:rgc{l strcnms
shov decrcascd l iequencics and r l iversit ics of hab-
i lat trpes ( i .e..  pools, r i I l les. siclc-channels). CWD,
and othcr strucLural clcments conrtrol t t t  un-
nranaged slrcams (l leer es and Sedell  1992). ' l  hi-s
stud! suggcst-r the gcncral trend for the entirr- '
Colurnbia Rirer basin is totarcl a los-q in lxxrl  hab-
i t . r l  o r r  mr r r : r ; ,  d  Lnd -  a r r , l  s t r h l n  o r  i n r l , r , , r  i nB  , . n r r -
dit ions on unmanagerl lands. WaLcr qual i tv ( i .e.,
lcmperature. turbidity) mav also be reduced in
manr of the managrcl stre:rrns.

Fish habitat condit ions in r irer basins sunevcd
in the Mid-Columbia region appear to be rccor.er
inE( lo somc cxtent lrorn past land rnanagernent

l)racl iccs. ln conLrast. l ish habitat condit ions in the
Il luc ! lounLain rcgion decl incd signif icantlv over
the past 5 dccades. A possible e,rplanation is the
di l fcr ing land rnamgemenl historr clocumentcd for
the Lwo lcgions. \ ' l inimal human cl isturbancc af-

Iectccl lhc sun'eterJ port ions ol Lhe X' l id-ColLrrnbia
rcgion l iorn thc 1930-q to thc 1970-s. *hi lc rhe op,
posite occulred in thc r ir .er basins of the Blrrr_'
I lountain Iegion. 

' lhc 
cumulativc clGcts ol lancl

monagemenl practices ha\c cxucerbaterJ or rnag-
I ' i f i - d  t h ,  ,  l hc t - , , i a r r r  un ,  r i c r " r , , t ,  r . r r i n :  i n  i . , .
lut ion.

The hisLorical records shol, that dLrr. ing earlv
Errro-Amerit 'an sctt lcmenr (I850 ro 19110). lhcse
two regiol ls cxpc enr:ed similar land-usc histories.
During this period Lhc major inf lut:ncc on stream
ecosvstcms is attribLltcd to Jirestock grazitrg. -(h16p
grazed the high meadows thi le catt lc grazed the
l loodplain-. in numbcrs t iral far cxcceded Lhe ca-
pacirv of rhc ranple (Plaus 1991. ILs EI,A 1990).
Anccdotal reports and photographs clepitr sLrrnmer
ranges so hcavily sto<:ked l-ith sheep, rhc,v look liLe
snol dri l is. The lcgacv ol this pcriod i-s sr i l l  cvi-
dcnt throughorrt thc eastern Orcgon and Wdshin€r
ton as witncssed hv the tcrraced hi l ls lopcs caused
bv the consLant trodding of rnillions of hoof-.
throLrgh the decacles.

Although I ivestock usc h:rs decl incd since rhc
I930s. concern {ol nquatio c'rosvstems incrcasecl
rdth the shiit from -.heel to cattle. In genr:ral, car
tle r:an have a €ireaLcr cflect on strcamside areas
Lhan shcep (Plalts 1991. S' issrnar er al.  t99z1,b).
Although improverl rangcland concl i t ions tended
lo occur in the upland areas. little irnJrrovcment
t'as nolccl in riparian arca-e. l'or a rnore detailcd
cl iscussion on rangc condiLions and the inf lLrcnces
of ppazing on riparian ecosvstem-q see Platts ( 1991)
and srissmar et u.L. l)994hj.

With Lhc decline ol thc liveskrk inclustr-r in the
|930s. the sirni lar i tr ,  in land-usc histories lor the
I r ro  r - ! : i , , r .  o rd .d .  Th ,  I t l ue  \ 4o r rn r : r i r r  r eg io r r  r r . r s
along the main niglation roLrte to the Pacific Norrh-
lre-ql (r.g..  Oregon Trai l) ,  thich caused this arca
of Oregon to bc'dcveloped rnorc rapidh. Thc I'licl
Cohrmbia region t'as relativch isolared. As the live-
stock industrv throLrghout easLern Olegon and
S'ashington cJtclined, the limber. industr-v began
to expand in easLcrn Oregon. Demand lbr t inbcr
nas the result of expancl ing rai lroads and growing
pol)ulat ions. The Limber indusLrr boomed aftcr
S'orld Wal I I .  stcadih incrcasing to rhe prcsenl.
Local er:onomies in eastcrn Oregon have been
dorninated by t intbcr since.

Recent research (\{ullan et ol. 1992, Wissrnar
et al.  1992trb) suggests that thc land-use historv in
the  \ l i , l - r . o l u r r r l , i r r  r ,  g i u r r  d i t f e r ,  r l  f r u rn  r l r r r  r ' , . r
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ol the (lascades :rnd in the Blue X'lountairr legion.
r,".hcrc land-usc plt lcrns appcarcd to halc dif fcr-
ent influences on verine ecosvstems. As lilestock
grazing cleclined. de,relopmenl pressures rvere con-
ccnlralcd in thc largcr r ivcr ral lc,vs (c.g..  Yakima
and Wenatchee). where i +lated agriculture bc-
carne lhe eoonomic base. Hcad!valcr and tf ibularv
portion-s ol the basins t'ele minimallv aflected. This
prttcrn corr-csponds 1{ith land allocations on thc
Wenatchee and Okanogan national forests; more
than 6506 of their land base oc(.urs in wilderness
or'  roadless areas. Hum:rn activi t ics incrcascd in
the upper portions of the ba-"ins as timber han'est
and road construction bcgan ;n thc late 1950s.
The-"e activities shifted over tirne from seleclile har'-
vest to clealcutt ing. Since the 1970s. t inrbcr har-
!esl increased lhfoughout the \r l ic l-Columbia region
(Siissmar rt al. I991b).

Thc pcrirxJ of rc'r luccrl  human dcvelopmcnL
(1930-1970s) in thc tributar_-v portions of \lid-
Columbia hasins. lol lowed bv much later enlry for
timber hanest. mav explain the trend tol'ard in-
crrased pool habitaL. Pool freqrrencies *er-c the
same f managed (2.2 pools/km) and unmanaged
(2.0 lxnls/kn) uatersheds in Lhe BOF sur, 'e_'-s. In
1 l ' "  c u t r c ' l l  -  I r r e r - .  l h c  n r ' t , . r s , -  s " r r ' l s i , r ' r .

€rreat in the unmana€ied (5.9 pools/krn) than in
rnanagcd (4.1 pools,&m) r,atersheds. The daLa sug-
ge-rt that uDmanaged -iy-ctems may be more struc-
I  r f i r l l \  i n t J ,  t  r i . , . .  C \ I  D .  h . r l ' i t . r t  J i r ,  r . ; t r .  r i p r r i r r r
!egetation). allowing a positive interaction with the
slrcam proccsscs ( i .c..  pcak f lols, sedimenl roul-
ing) that shape and maintain high-qualitv lish hab-

Although the trends tolrartl increased pool hab-
itat in thc \ ' l id-Columbia region ar-e encouraging.
poor fish habitat c,ondilions remain in manv
managcd t'atcrshcds. High rlatcr tcmpcralurcs, in-
adequate strearn llxls. and high levels of line -"edi'
mcnts havc bccn drxumcnted in manv managed
$atcrshcds. cspccially in thc Yakirna basin (Fast

eL al. 199I. Noflhuest Po\r,er Planninpl (iouncil

1989, Srr i th 1993). Civcn thc l l tc cntry fol t im-
h - r  h r " ' . - t -  f i . h  h r l , i t e t -  ma \  r o t  l , e  e r1 ' r e - - i 11g
the cumulutir.e effects of hdrvest rctilities of the
past 20 vrs. ProLecting stream ecosvslems should
lrc a managcmcnt priorit_v kr continuc thcsc irnprov-
rn€t trends.

Our data suggcst th:rt  f ish habitats are in bet-
ter condition in the N'lid (lolumbia than in the Bhre
frlountain rcgion. This conclusion is lurther
sLrengthened by the stable condit ion of most

:rnadromous runs in the Nlid Columbia region (\Iul-

lan er d. 1992. Nchlscn et ol.  l99l .  Thc tr i ldcr-
ness Societv 1993). ln contrast. most Jnadromous
runs in the Blue Nlountairr region are Jisted bv ESA
or arc idcnti f ied as stocks at varying degrces of r isk
by Nchlscn er a1. {1991) or Thc Wildcrncss Soci-
eLv (199iJ). The exception is summer steelhead in
the (]rande Ronde, r'hich is identified as stable
(Thc Wildcrnrss Societv 1993). Anaclromous runs
to both regions are subjected to the eilects of B
to I0 mainstem Columbia River dan'".

Conclusions

From these snapshots over time, it is apparent that
the responsc offish habitrt to diffcrinli natulal and
human-induced disturbances varies greatly. A1-
though prccisc, quanti f i  ablc rclat ionships bct*ccn
ldr€i'term trends in fish abundance and land use

fradjces are diflicult to oblain (Bisson e, aL 1992),
thc bodv ofLitcraturc concludcs that land-usc prac-
Lices cau-qe the sirnplilication ol fish habitat (Hicks
et al.  I99I, Bisson e, al.  1992, Meehan 1991)

'Ihe 
conclusions of this paper must be viewed

*ith caution. A broad regional overview ofthis na-
ture can fail to idcntify known arcas of conccrn.
A few anadromous stocks in the Xlid-(lolumbia re
gion are at r isk, especial l l  steelheacl (N{ul lan et ol.
1992. Nehlsen er al.  1991. The Wilderness Soci-
ct_-v 1993). Altcrnativclv, mo.Jt anadr-omous runs
to the Nlid-Columbia region are stable (Nlullan et
al.  1992. The S'. i lc icrness Society 1993). Tn thc
Blue llountain re€iion. fe$'anadromous runs are
sLable; mosl are se!erel;_ depressed and declining
(\chlscn et ol.  l99l.  The Wildelness Societv
199:3). The results of this study suggest that this
dif fcrcncc may bc duc to butcr habitat condit ions
in the Mid-Columbia region.

Slralcgies lo prolect and restore anadromous
and rcsidcnt fish habitat must be based on a va-
tershed approach that protects the remaining hab-
iLal and restores historical halr i tats (Johnson et aI.
1991. I leeves and Sedell  1992. USDA 1993). The
Forest Service is currentlv developing such a
stratepp (PACFISH) to be applied across the range
of anadromous salmonids throrghort the wcstern
Llnited States (LSDA Forest Sen' ice 1992b).
Xlanagement plans addressing ibrest health in ea-st-
ern Orcgon and Washington must expl ici t ly incor-
porate a wate$hed stlategv that reco€inizes the
cri t ical l inkages between the uplands. r ipar;an
areas. lish habitat. and lish populations. Land

; ,0  \1 ,  In r , , - \ .  S , ' l , l l ,  Smi rh .  Wis -m. r r ,  C l . r rL ' .  R . . r . - .  . , r l l  I tn , "n



nan gernenL acti t i t ie-r lhat contdbLlted to the for-
est health problern ( i .e..  selecl ive han est und 1ir.e
supprcssir-,n) have hacl an cqllal or grcater effeot
on aquatic ccosvstems. l i  i le are to restore rncl
m . r i r r t a i r r  h i p l r  quJ l i t \  f i - h  l r aL i r : r r .  r hen  1 , r , , r ec r i r r g
J r rd  11  - l o r i ng  J , l uJ l i .  a r , , /  t ,  r r e - t r i : r l - ,  1 , - \ . t c t n -  i .
essenlial.
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