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Occurrenco ofWindthrow in For€st Bufter Strips and [s Eflect on Smatl
Sireams h No.lhwost Washinglon

Te monaliry BDlriig fi.nwinddifl (ururitrs
'id !.fr bEak:ge) hd bt.! a con(n to roE"

ros. These h.s tose commsci,l vat!. mpidly

don y, jf not $i%€ed, in$ds dracbd ro rhe
d.:d res.an $rc.d ido sMoundtus dnbd.
Frcm abrudtre.oroEical pdspc.ir, linddmw

sina .he r 970r rhe eshblishne of foa(
butre^ has incresiisly become 3 val ot pm
tdhs nEams dunng ambr hn6r oFsrjoE

*q res eirhii buffqs c $bj.( r inoss.d
wiid exposure fd sisnificant ,mounr of
wddthw an inpaisone blifer tu.dioB. '.he
ner efld of wind$rcw on srems n oiretr de
bded frcn *arer quliry. fish habit(.h&nel
no.PhologyandlegrlliabiIitypenp.div*'

sbE md priyab fofn lmd nan.ge6 in ndh,
w$r wshingb haE sEbtish.d butr$s {hich

2r.1 Nonhw*rS.i.re,vol.71, No 3. 1993

y!6. In$rnces or $vea wiidrhrov in rh.*
b!treB have.d$d mmass o qudrid rhe pl?c
ldoffujning"notrEqdfd'butr6.'Ihissfudy
wrs unden,r.i e d.velop qudikrive iifmr
rioi rceanins rhe hr. and tuidioi of ssoid-
grcwrh fors buites Erai0ed alo.s snitr, non

hblished sudi.s dlrirs from $e t 950s d@u-
bcit a wide d3y of sir., us bd fore$ smd
chucrerisiics rhat idluencc lindrhrcw ..cu.

dft ft rsckiis ro srppon the caus aid..tred

lRolrsoi 1932) Esry {indrhro* nudies jn
vsfunglonmdoEgoifdDcddmofutitygloig
d.d hard b.uf,dais rd otr rd Ecom

shddow (Rurh and Yods 1953i GErkovskl
1956: SrinbEnder sid css.r 1956). Rs*.h
emphdn on lindrhm* shifred ro lEamside

moi on pubr'c aid pnu'e foEn ldds (Moof
1977i Hobbs 3id Harbrh r93ri scinbtums.r
d r934: Andrus.nd Frcehlich 1933; Shesood
r 993i rinb€( Fjrh sd w drife t994i Mobh\ xnd



srl.did.lfficueidsisifi en.innu.n.e

(Naid d al. 1992). Scdiig ftA androi rheir

mainein sdbility or stum adj&n' hillslop*
(Sulljlm d d. 1937). Falhn tussd ljrbs $pply
itrjkd voody dlbts {hi.h hdps nore sdi
me( dn5ipab !rcamnow ene'!y, and seat
chonel .odplexiry. Despib rhse pdsitiv..r'
ret or "oody debris on chdid no'lhology,
ru rdastudingor6emb ordpdd udtu-
adlacEd forcsb ii $pplyins {ood hd d.rropd
only rftidy (Bhson ei d r937t

li &is study. {e chardiftd 6 coidition,
l#ge voody debns rmdion, dd sFm sdimenr
itrpd od nor4a wirhin fonr (10) s@mside
bo6e6 dd *srciabl non.fish b.d.g sdlft
I ro 3 yds folowing cl.m$ hRd or adja
cn sond-lr*rh rinb.i r1'. objsris ofdris

I) quu'ity rhe rnount and qpe or te

2) 6ss rh. abundanc. and fundioi or ii-

3) qud'iry $e volumc or ii{tu sedimeir

ojdsriryrocntial sudy btrtrn sdjeentrosn n
sr.rm on rh. lMr. wei dope of rhe Nonh
cscads *nhin $. srillzelmish, Skasn and
Nook$ck;vdb8siisolnonhv.nwlshiiglod'
Frcm ths. poGrtial sirs. q. dndonly $1eEd
a0 buflds rhai md d,e folloeiic .ndia:

I) noi fish bedins sGm >r ndd 8vdlge

2) blff{hadacoi'inuou5 lsomecrorlonss

3 dead! hNAbfadjae timbersotud

4) buf{ tr!$ *d rchined on b.rh sid6 or

while rhe lrs. mjodry ol botre6 h'd io F

drq kd did Nr at rhEe siE,. Tn. buffen
9e g?ical ormenhmbbl., s{dd-sord h$

1996. Dau verc corla!.d wnhb a I50 neEr

b]bUfitrkng]h@Iyexeeded300mecs'Ihus
$e nudy crh usually ircltrd.d d ledr hilf ol
rhe robl butr{ lcigrh e$9t sopr.).

Glope dkEne), dd adFent h']hroP. sndieB
!.r me4trcd d emh s.sn n iode (I1 loca
riont. Bufier widd md hi[slop. gddi.ds wer

The romirs sh.ture" asoci.td wirh e8h in'

edined rclume es etimnEd bacd oi suiflc.
e!ddsl.pheigh|Fouc|sssoffomingsc.
tuas ftrc id.n'iri.d: (l) pG.hddi res. woody
d.brii (2) F$ hNen lecl {oody debris, (3)
.ombinlion ofpF md pclhdenbJE. wody
d.bns, or (4) bdrc.k Ddor boulder

in dm.k lid >1.5 m..e6 in lsgih wrs El
li.d. Hydnulic fun.tion Gedinen! s bngq bd
prcEdion, bsk .msion, .hdid mugnnss, or
bndsiic) sd riFof.nty (pF orpon-hn*t
vs rccorded for.mh pi.e lyirg wirhib rh. vd
licJ pojection orftt bmkn chand. woody
d.bris pies dtrhidc 'nis zone (i . , on adlsad
billslop.s) wtr nor i*lud.d in rhe iMntd-y. Pos-
h*es debnsi{s ftE diFemriddl nln Prc
hfl6t pie..s basl Findlly on physical con-

$ass ofdery had ben editd ro rhe chrnnel
pnor b hdeniq, while pie.* vi$ idkd bdk
and/or foli,s. vde or pon-hrd onsin (i e , I
ro 3 yem sii@ lime of €crunn n0. In ddi
lion.lhed.eGorembedd.diss*hibi'edbya
pdnuk pie.c as ofren used I ro iidicdor of

.edimeEtr di,nerer r bred hcighr (DBH) and



,pp.sd ro csuk fmh idrhmw pnor b rim-

evidened by lm. ot missiig bdk, md |o$ of
brochs and/or foliase. TE coDdidon, Gond
ing, urotd. dbmkfl). dimd{ a bEdr heicht
(DBH), disrm. rron .hnn.l md eh.r. ippli-

dNslop. of each uprcord c. ws drnitud
fo, wjdeic. of *dim!n. d.liv.rr to dre sMm

vdum ua *rimd.d &sed oi $de. ftr dd

Msr study s!€,m exnjbiEd mo4horogi* ryt..l
offtpp@r or.s.d. chann.l9pd s dc.nbed
by Modgonery dd Buffneroi (Issl). St ad!
ea. s.rtdrly stur, *.6ging l.s rhatr 3 merr
in bankrull !id'h (rable l). chmi.l endi.dc
vdied.onsid.nbly,nd d.dgcd24p.E$r(Table
l). T.e odd edgs orbune6 oii.n coapdid.d
viddisrind roposiphic slop.breals. Tol:lbutr r
*idd's Go'h sides orstem) aveeged 26 neh
!hir. h kropcsidieddmsen 39 peHr (Iable
l). sird widr 1wq sradienr chmn.rs dd 3dj,
c. hilsrop* $ec ustr,]ly r@aEd in Ehriyely

0ers rd dj$dt hilhlopa Enddd !o be aihishd
e|ddionsinmidslopetopogEphicpositiois'

:ns cnsld fEd 60 ro 537. vIirrioN h rhe

difedos in bufld wid& hd nand detriry be-

.dsed 507 te.srhelm or 47.4 nrbral3Ed
h*de (rrble l). cotriftr specis .ohpdsd *
16t 75 Frc.d or3hd densiq (nmbeorbe.s
md basal rea) at 19 ol rh. 40 sircs sd 90 p€F

lock (tura ,?i,,prllla), vhi.h accouit.d for
r3 percent of 'll h.s inventoi.d. we$er
td dtx lrh'jd ptnob),ted ztdet<atd's bra),
ud Doglas-f (P5.do&s,uiridil ecouitd
fitr 12 p4.ir 20 perenr, dd I0 percenr or rll
cs! rcsFdiv.ly. Bicl.rf mple (.... na.a.
!r/ru), Peinc silsrf r(ari?sd,aririJ),Alaka
yenow ceda (ctunecj?arrnoo*,'.,ri!), ind
blskcdoN@l (,4pdd'nita,,?,).ompri*d
lhe rem,iniis 15 pded of Fs iNeDbned.

\']drhrc* ryeasld 33 pdceit of sbd dcnsnt
afts 'n {0 si6 GisuE l). rlris ws b. G

rprcponionor'o',ircm(kes^nor$pro
potud otm'd b:sol f r1mlh' lprcou08 wr
d. more comon fm ofwindrisq $eneiis
27p€ftdnto'sbddensilyrhilebErtageac
@Dnbd ror $c Emainins six reE.nt (Figure l).

TrE Lvd ofwindr@w vdi.d 3mis t.. sp.'
cGs. Pacifi. silver lir md wesM henriock *
pzn.i.ed th. bjshes levels or winddmw at r7.3
snd 36.0pcedof toral sbtu, Gpatiely. BiEl..f
mapr. *d kst $bi.d b wj.di\oq wi,h 7.s

rlrtrdtuN Gur.n d iil.m.dift kvels forred



Di€e dimer.^ (p<0 0r, rsble ?) Prhnat
lebtu  drsed 30 c.nrind{s ii dimeter while
debns of po;lhddt origin svdrsed 25 ai'i

oie@s'ellinb$iscacgo's€venPdc.iiof
; h-*, d.bn" dd r"* 'r'- 2 p--t "rP"('
hd6r dcb ws la{ th,n 60 cennneE6 'n

ADpioxirarely 66 percenr of lll ldge {oodv
d.bd! pi@* ftF l6abd rhin th. ban*tull

Di@swhite32Frce noedsdineit nrinv_
iourerdora eoodv debds piecs '.t strs
Hd;d sbo* de bmldrll sftmnN bne sLi"
;{se piecs sredly *zn io dird! iiflmrce
on fluvbl prc.d*s, 'h.y mav beome nco$d'

FLgdrt]' l|shhs.furboic|s5di'nbu.

debtuDiecs E,shq n{ percenrorpre hs$'
+h\;€d {tr ldred v'du L\e bai,ktu 1 flow
b'e ;bib t5 pdcenr bndc.d rh. .hsnel (Fis.

uE l4 rv$ry-.ieht pddr orkse wod)

debnspidsu\Irnred 5ffi Ps!hff n i&
, d e( 'nflma on rhrrelPrce$s (FiguR

3b). Mo$ pon-hren {oodv dcbds piecs

bddq€n lhe.ued rhsnel (7r p.Rnr) Pod
h,ftn0(sddiled|or?,FMdofdIl$ge
vodry;ebri. pieces in n\h fuicrion cld: (931

Ai *drse ofr.3 s.dineni*dgs/100 m.Ie6
dstur;hflnel rs rsonied .ms 'ne $ sires
s*.n sics had io {edgddseiakd sonee wisii
se rtudy i€rh $hLLe25 ris had bt'rren 05
a ^ d 5 m r 0 1 5 . d m e  n o R d  i \ e d c s ( F i c r r e
4). Average *eds. volun vsle$rhdl0
for 23 ol d,? 33 sns *h.rc vedgd lcre prcs.ir'

Lm. Modv d.brn dms weF ln. Pnrary
romii_a m(hldisn tor 9l pu.ent or all $di
Fd *;d3q $. .*"i"d*"* r"*"d bv b.d_

i " -d% F( . . . rh ' - . *d  * .ds" '  -h ib
p c l h t [ * t d e b n s d i m s f o m e d 5 p . r c e n ' d
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k.ypld^ol*ood'boulderorh.n4k'Ilmany
ds*, rh. tromulard d.bns sered ro ii.fae
d'eheiehroflh"debdsd]m,'r'ff.byincEing
i6 do4. crp€ciry. D.b smalsdaoumini-
nuf pi.e size, and mt inclDd.d in rhe inven

oal debiis dms conpcd vhorry oiluch smdt
debds ,rso eor.d si$ificanr sdimed votm*.

sd.ib.o p.rc.d of lprcoEd Les d.tivend r.

r$o sir{ (Figtrrc 4). A dispDponio.@ mounr

auxed from uprooring ar a sinsr! sn. Amas
wsrins d.fi, p6b$ry rissered by upiooriis

mr of nd.n'r 'o 'he ch.n.el (Fich 4) nn
sir us chddsiad hy nep .hilrc] adjcir
srop6 compdsed ofd..p, uicoi$ridaEd slacirl
our*ash daenar' T]ln *a fie oiry lire pift
rhis combimrion or s.otogy and tmdron. E\
clldi's $dimmr ddivq ar rhb sii4 inpus 4
ribuhblc ro upr@red res avssed o43 n3 pd

Mo* windrhmp rkred kdiEed ddiEry io
shm. wa, 6s@iard qirh ftes ro.drd virlir
r meh or rh..bhel.dse. Eichty 6v. Fr

nek ,r 39 of $e 40 siB odciid.d tom lnhin

ddzoieah.ma*eaiingsnc!6.orinctuded

o'rrd si'et. updd ft4 rha' fell rNqd or

bgauselh.exPo*dPonionol'h.roolwtdfugd
Nay f6n $e {rcam. s.dinenr itrp36 onsinat
ingb€ymd3mden6ullyruchedlhechhill

b!ffd hd did ior nov. downJoF after b€ing

upDorins (Fi3ue ,1). whd delivery e,iu.l.d or

uicof,fi 0edchhndr.orbln.d l[gevolum*of

.u.cn on dj,..d noodpldi rtudrom'

drai h6 b.ri r.pod.d.ls.whse in rhe Pacific
Nonnwd crabb 3 ). only one nudn scinbrms
(re73). repdn d 'Ers. whddrw r4els simi
h ro those found by dris study. The rlalivery

;



ods (10,000 y.m betor paseo h$ shaped

den$ics ii *iys $n niy iintr.ia *indttus.
Th.i}lidlry bud.slaciared vdr.ys od hinJopes

niy beles stwpri6le ro wiidntu dr b grdcr

moie, soih in rhe Egion e sen.Elly shrlrs (<
I merr) and uiddlaii by compmtd sbchl ri[ or

cbodng. A perched vdd uble rr?i.,lly p.Girts
i\muglrN'fte9d$sdwheadnrmgckim
p.ded. SirB virh shrlo( wer soils e rypically
noE subjed 6 wiDddrtw (shd6 d sr , rec4).

Tft Ee sFdcs onp.sidoi orbutr 6 my slso
infi@.c siidd'N o(urence. Pacifi. silv{ tu
6dBhhen']ckompl'*d}galbJdoldl
lrB bllied n !r 40 sih nd {ea mo{ sue.p

Ed aldd(Mobbs sd Jors l995i Imb.r Fishud
wldlirc l994iHobbr and Htbsh r93r). wiich

siie condiiions do.un icd ii rhis study il
hshE 6. inatr.ice ofpFvailing sorhdly winds

ssr dur butrer oneDhiion cduld innmi.. tne
desree of vindrkow 3r a givei sit.. I'ar is. one
migh!dpst btrtrds onentd po-pendicul{ to d,e

pulhlropavsilirc*itrddiEction lnrhis$udy,

els aid fte fdl diuriois. Hor.vd. we rouid

complex inrcddon or , nns. of rador whnh

n.ChaDrc Larce WoodY Debts

.hsrtl lsJEe wmdy debns pieas by 14 Ftdt

rccs rhe 4o siE! wirhh on. .o $t. y.ri afEr

ffihmLm by vhi.h d.tis is r€mird 'o 6@oq

*e dNmenred sss*r thd voody d.idr c.tun'
n ni tmm roE$buffds n ioi mdon. widr @s
rnding @ tarl 6wrds rhe noin. For lcms

iinHcec|r-ndPlic*sindEnefi-cm.]r'se
ple*mNsdeEolgmd4nmiomlphd.

ene.Tl1c rime brNeen rhe inirid *indrhnw rd
'iks(mdffyph*will*Jydep.ndinsmd'e
species. siz, md condition ot wed piecs. se!

b Kr ii a ffcr of a td yem sbile ban

n. 

 

in smll h.adrd skm chdtrds or $e
nodhven hr! b..tr docum.nr.d p!.viousry
(O Connor ad Hd 1994:Pons sd Ande^on
1990: Mes,nd 1932). PoB and A0dftor O 990)
loudd $n o4rnic malb rc.otritd ror ov{ 60
pded of ror,l sdime nodc. wnnin.ishr
@b.s orfd to rhi,n odd.hdnels in wsEn
MoiEe. sifrilrln Mesah& (1932) Epotud
dd oryaij. ratn?r fomed 76 p.n. 

 

orchs
nel obshcdois asociatd with sdimeni io.

Renov,]ofthnma@rixlvirsdvsgeloggingor

nel (Bilby le8a) and ilcr.de kdimed expon
fton dE synem (o'coinor md Hn lelq) Tia,
butrffs dsy provide a lonsa.m source oi rilge

debrisloidlsd€duesedjmEnlyj.lds,Hol'
.ri, ll4e wody dsbns rcnited as a Esulr or
{indlrro* 1po$ hfls' debnt sd sisiifr.sdy
6nalls in dianeM thm debns ftmired pnor b
butr$ 6hdnhnenr I prc hF41&b!t. Apdr

ril!fl pi...s acnired from rhe onsiml fore$
sm,lld debris genenlly hls r shds eidene



b d.;rd.hmrtrs a a rcrliorpoe hdsr

riv€ly r all dr$ avd,g.d ] 41 dr/trpoor.d hd
Hsever rhe rvem€e *6 only 0. t6 m%prooted
ft. d 3s ot Ih.40 sics rberc mas Nstiie vd

w6rins. A0dru. dd Fs.hli.h ( r 933) i.poncd

re* did ior xcml.nr nss s$riis. I'cEses

be ofser by sdih.it !069. sir* n d.d by ft'

curtlily mnig $dimeit (Fisw rb).
Mon wiidrtuov g.nemcd sedinent delivery

Educsdinentinputlosftms'olhelbutr*

@runncn! ud shde would be adued or elini

]t. magod" df wiidlhow in buff.n bordel

winddnw r.kh vd. sd.nxy hth3,is 'noe

In a mrnaged foie$ Idndscee, bliler

nismby*hrchldge{oodydebnsisrecruitdo

nlomdebn5linswhichhpadsoE$difdl

vinddft{n h* e commof,ly sspod.n above

cenenlly. r.suks of lhn sudy indicare
*iidrhrcwkmrrsisnificd!sour.ors.dimcnl

vindhw *eE small ElariE ro rh. oou noEd

m.itrorhecha0ml. ]1,irw*'h.oilysn.vhsr
rhe roren bufid developed in de!p. u.coisoli

Foftn bufiea e ort. *ublished io nrin
6inaEng.ol{osysemrunc'io6 Ri,hro!
my comprcmn. $n. or rhse tuidions G.9..
:hade, wdd 'tudity, sreamboL iabtuy) phie
n rhe sme tiE. .ih$cing orhss G g. Ialce
voodydebdsEcruimmi*did. nods.) rne

d.p.id on $e masnibde aid sp$d rid r.npo.

dq dificuft tnain and w.aIhtr .onditiois ro
oned ndd dd fd ,his prcjed. nre walnng
bi D.pmenr of NaruFl Rsms - Nonhv.$
Resion prcvid.n froe ar &e fi.acial suppon.
Addnional ftridine was povided by i\e wdh-
iigron D.pdment of Ecology. cn*n Pacin.

pd?ljm,mddre*!6ddblN'bBlRe$utrs
asisd in id.nrilyins potenrial sddy s cs and
pmvided rcce$. li rddirioi. c. Aid s, R.

Agec, R Fell$. md $c ,noiymoDs avi.w.^
prcvided us.ful comm.trh atrd sugge$ions on
eglj'rvefionsoflhemanu$riP|
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