
Jeffrey D. Grizzel
Sedro-Woo ey WA

and Noel
98284

Wolff ,  Wash ngton Departf .ent of Natl ]ra Besources 919 North Tor\rnsh p Streer

Occurrence of Windthrow in Forest Buffer Strips and its Effect on Small
Streams in Northwest Washington

Abstract
I{etrining snermside bufl_ers has becomc a cornrnon way ol prolccrirg srre.rns during tnnbef hrrvest oferation!. Trec\ sithir
lbfest bLttTer\ help \tabjlize streamba ks. prolidc \hadc. itnd \cr!c as r source of lrlrge wood) debris. However. buffcr trces .rre
olien subj ec t io ill creased le\d s of $ i ndth ro$ s hich nlr- impair some bu Il er fu nctlons. Fon) (.10 ) foresr bulters bordcring snrll.
non fish bciring srcrms in noih$csL \\'rslington werc usses\ed to quantifi the 1e\'el and in srreain effccls of lvindthrow I to 3
,,'c.rr\ aiicr clcarcuL hancst of adiacent linlber. On r\eftge. $ indthfolv .Lffected l-l percent of buifcr trccs and ranged liom 2 m 92
p.rccnt rcross thc,10 sites. Sixtl se\ en pefcent of $ indrhfow n trees fe ll to the nonh, norihcasl. or northwest. while only tlnee
pcrccnt 01 thc totaL ieLl tor.rd\ the \outb. L.rge $'()od) debfis pre\ent in rlreams at rhe ti c ofhar\csl $.rs significantl) lafgef
rhtrn dcbri! rccrLrilcd !! rr rcsult ol buller $ nxlthrolv (t-testr p<0 0l). Windthfow increased total in slrcaur ]aryc \"-oodv debfi\
piccc cou.l\ b) 5l pcrlcnt. Sc!cnt-- livc pcrccnl of in strerm lruge $(xxll debfi\ pieces recruiled to sreams post harvesl were
susFnded above thc bankiull channcl $lilc liur pcrccnl slorcd sediment. Se\enteen percenr of uprooted trees delilcrcd scdi
nrent  ro ( r rc i lm channcls.  Thc a!cr i lcc !o lLrmc inputwrs 0. l6 cubic metersper uprooted t ree and 0. .18 cubic metcrs pcr  100 nerers
of \lr!'arn channcl rl39 sitcs shcrc rnirss Nirstins d not occ ur. ,A.l lno\t s ite \. rhe volu me of \ediment inpui !o strcams was small
rcleti\c 1o lhc irl1lount stored behnd obstructions. L.lrye woodf debris q'.r\ the pdmarv conrpo.cnt of93 pcrcenl ol rn-stfeaDr
ob\1ru!ti|)lrs $lich stored sediment.

Introduction

Tree nrorlality resulting liom windthrow (uprcoting
and stcm breakage.) has been a concern to lorest
land managcrs in thc Pacific tr-orth$ est tbr most
of this ccntury. Fronr a tinrber production per-
'pr'. l i \ c. $ ir ldlhr, \\\ n lrcc\ relre.errl irrr err 'n' 'mii
loss. These lrccs losc conmcrcial value rapidly
and salvage opemtiolrs are otien costly. Addi-
tionally. if not srlvrged, insects attracted to tl 're
dcad lrccs citn sprcad into surrouncling timber.
From a broadcr ccological perspective. windthrow
is a nalural occurrcncc. and downed trees con-
t r ihure  r , '  l ' , ' r c . l  u r rJ  s t |e r rn  p r , ' Juc t i r  i r1 .

Since the 1970s. the establishment of lbrest
bul'ltrs has incrcasingly becorne a rlry of pro-
tecting strealns durir'rg timber harvesl operations.
A comnron rationale tbrrctaining streamside buff
ers is the assumption that they can provide many
of the same functions as an intact fbrest. How
ever. trees within bu1ler-s are subiect to increased
rv ind  exposure  and s ign i t i can t  amounts  o f
u indlhrow can impair some buffer functions. The
net effect of windthrow on strealus is oftcn clc-
bated tr-om water qualitv. lish habitat. channel
mrr r fh . l r ' ' )  rnJ  lepr l  l i i rh i l i t y  per .pce t ive .

State and private forest land mamge$ in nonh-
west \\rashington have established buffers which
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exceed state Forest Practice rules on manv snall.
non-tish bearing streams during the past several
years. Irstances of severe windthrou in these
buft'ers have caused mi:nagers to question the prac-
tice ofretaining "non-required ' buffers. This study
\\"as undefiaken to develop quantitative infbrma-
tion regarding the late and function of second-
growth forest buffers rctained along small. non
tish-bearing streams.

Published studies dating liom the 1950s docu-
ment a wide auray of site. tree and lbrcst stand
charactcristics that inf'luence windthro* occur-
rence in Pacific Northwest tbrests. Regrettably,
data are lacking to suppofi the causc-and-effect
relationships leporled by many of those studies
(Rollerson 1982). Early windthrow studies in
Washington and Oregon tircused on motality along
clearcut haryest bourdaries and offered recom-
mcndations fbr cutting-line placement to reducc
windthrow (Rulh and Yoder 1953: Gratkowski
1956: Steinbrenner and Gessel 1956). Research
emphasis on windthrow shitted to stleamside
bullers in the l970s as buffers bccarnc more com-
mon on public and private lbrest lands (Moore
1977: Hobbs and Halbach l98l: Steinblums et
al. 198.1;Andrus and Froehlich 1988: Sherrvood
1993; Timber, Fish and Wildlife 1994; Mobbs and
Jones 1995).



Strermside trees can exefi siglificant influence
, 'n  th r t tne l  m, ' ryho log1 rnJ  l luv ia l  p roces .c .  in
small. low-order streams of the Pacific Nonhwcst
(Naiman et al. 1992). Standing trees and/or their
root systems help retard streambank erosion and
maintain stabil ity of stream adjacent hil lslopcs
(Sullivan et al. 1987.). Fallen trccs and l imbs supply
in-strearr woody debris which helps store sedi
mcnt. dissipate streamflow energy, and create
channcl complexitv. Despite these positive ef-
fects of woody debris on channel n.rorphology.
our undcrstuncling of the role of 4arian and stream-
adjacent lbrests in supplying wood has developed
only recently (Bisson et al. 1987).

In this study. \,e characterized tree condition.
large wmdy debris tunction. and stream sedimcnt
input and storage \\, ithin tbrty (40) streamside
hu l le r .  and r . \oc i  (d  non f i .h  bear ing  . t rc rmr
I to 3 years tbllowing clearcut han'est of adja-
cent second-growth timber. The objcctivcs ofthis
study were to:

1) quantify the amount and type of trcc
windthrow by species:

2) assess the abundancc and tunctien of in-
stream large rvoody dcbris:

3) quantity the volume of in-stream sediment
stored in discrete lccumulations or wedges and
tbe volume of sediment delivered to stream chan-
nels fiom uprooted [ccs.

Methods

S te Se ect on

State and private lbrest land managers were askcd
to identiry potential studv buffcrs adjtrcent to small
streallls on the lowcr, $,est slepe of the Nofih
Cascades within the Stil laguarnish, Skagit and
Nooksack ivcr basins of north$,est Washington.
From these potcntial sites. we randoml)' selected
-10 br r i f c r .  rh r r  mr ' r  lhe  l ' , ' l l , ' u  in !  c r i te r i r ;

l) nol lish bearing strernl >1 meter ilverage
width:

2) buffer had acoltinuous, 180 meter or longer
reach within tbe harvest unit:

3 clearcut harvest of adjaccnt timber occurred
during the pfevious three years;

.1) bufltr trees were retained on both sides of
the stream.

While the large majority of buffers had no rc-
moval of live trees. hanest of selected larger co
nifer frees did occur at three sites. The bufltrs
were typical of merchantable. second-gro$,th tbrest
stands in northwest Washington, rangilg in age
fiom 40 to 60 )'ears.

nventory Procedure

Field work u'as completed during the sumrner of
1996. Data wcrc collected u'ithin a 150 metcr
rcach randomly located within each buf'fer To-
tal buffer length rarely cxceeded 300 meters, thus
the study reach usually included at lcast half of
the tolal buffer length (>507. sample.).

Each study reach was divided into l5 meter
segments. Channcl gradient vas measured for
each segment: banklull chamel width, bulflr width
(slope distance), and adjaccnt hil lslope gradients
were measured at erch segment node (11 loca-
tions). Buffer width and hillslope gradients were
meJ.ureJ  perpend icu la r  lo  \ t rcJnr  o r ienr r t ion .
The "lbrming structure 'associated with each in-
steam sediment wedge was determined and stored
sedincnt volume was estimated based on surface
ureir and \tep heighl. Fourclasrusrrf l,.rrminc struc
tures were idcntified: ( l ) pre-han est large woody
debris. (2) post harvest largc woody debris, (3)
combination ofpre- and post haruest largc woody
debris. or (4) bcdrock and/or boulder.

In  . t rear r  la lpc  r l , ' , , .11  debr i '  >  |  0  cent i rne ter  r
in diameter and >1.5 meters in lcngth $as tal-
Iied. Hydraulic function (sediment stolage. bank
protcction, bank erosion. channel roughness. or
bridging) and time-of-cntry (pre- or post han'est)
was recorded fbr each piece lying within the ver
tical projection of the bankfull channcl. Woody
debris pieces outside this zone (i.e., on adjacent
hillsJopes) were not included in thc inventory. Post
han'est debris pieccs were dillerentiated fron pre-
harvest pieces based primarily on physical con-
dition. It was assumed thatpieces in nore advanced
stages ofdecay had been recruited to the charutel
prior to harvesting. while pieces with intact bark
and/or foliage werc of post-harvest origin (i.e.. I
to 3 years since time of recruitmcnt). In addi-
tion, the degrec of embeddedness exhibited by a
pafiicular piece was olten used as an indicator of
recruitment timing.

All standing, uprootcd, tnd broken trees 15
centimeters diameter at breast height (DBH) and
larger wcre inventoried. Downed trecs that
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appeared to result from rvindlhrow prior to tim-
berharvcst were not inventoried. Such trees werc
typically in a more advanced statc ol decay a!
evidenced by loosc or missing bark. and loss of
branches and/or fbliage. Tree condition. (stand-
ing. uprooted. orbrokcn), diameter at breast height
(DBH). distarce fron channcl and rvhere appli-
cable. direction of fall. *as measurcd. The rrea
clownslopc ol each uprooted tree was exanined
tirr evidence of sedinent dclivcry to the str-eanl
channel. Whcrc secliment delivet-y occuned. the
\'olunre was estimated based on surfacc arca ancl
depth of erposcd root mass and evidence of soil
mo\,eneot to the channcl.

Besults

S te Character st cs

Nlost studr- strerms exhibited noryhologies typical
ofstep pool or cascadc channeJ tvpes as described
by Montgomerv and Bulfington ( 1993). Streams
wcrc generalll small. avet aging less than 3 mctcrs
in bankfull rvidth (Table I). Channel gradients
raried considerably amd averaged 2,lpcrccnt (Table
I ). The outer edges of bufttrs ofie n conesponded
with distinct k)pographic slope breaks. Total butflr
widths (both sides of strcam) rveragecl 26 meters
rvhile hillslope uadients a\eraged 39 perccnt (Table
l). Sitcs rvith lower gradient chanlels and adja-
cent hil lslopes were usually located in relatively
wide vrl ley bottoms while sites wilh stccpcr chan-
nels and adjacent hil lslopes tended to be at higher
clcvations in miclslope topographic positiols.

The numbcr of trees inventoried rvithin but'fer
sites ranged frorr 60 to 537. Variations in the
number of trees inventoried *ere allr ibutable to
diflercnccs in butter u idth and stand densily bc-
tween sites. Stand dcnsitics prior to harvest av

eragcd 507 trees/hectare or,17.4 ntr basal arca,/
hectare (Tablc 1). Coniter species contprised at
least 75 pefcent of stanci density (number oftrccs
and basal area) at 19 of the .10 sites rnd 90 per
cent or morc at 1:lsites. Tree DBH avcraged 3 2.9
ceDtnneters (Tablc 1).

The most common species was westeru hem
lock (Zvrga heten4thikt), which accounted tor
33 pcrcent of all trees inventoried. Western
red,ced,ar (Th uj a p I it' atd) - rcd alder (A[nus tub r.t).
and Douglas fr (Pseudotsu,qa netr;lcJii) accountcd
lirr 22 percent. 20 percent, and l0 percent of all
trees. rcspectivelv. Bigleaf maplc (.Acer tnacrc
7rfit l1irra), Pacitic silver fir (ADle.i aiaabllis). Alaska
yeJlow cedar ( Clain uettpuris nootkatensisl. and
black cotton* ood (Po ptiu s trit hocuqn) cttnpised
the remail1ing 15 percent of trees inventoried.

Wlndthrow

Windthrow averaged 33 percent of stand density
across thc 40 sites (Figure l). Tl] is was true re-
gardless ofwhcther windthrow was ctlculated lls
a proportion of total stems (trees/ha) or as a pro-
f , ,n i i  ' n  o l  to ta l  h r . . r l  l r r r  r  rn  , /h r  r .  Uproot ingu l .
thu  In r  r re  r r  r r r  mon fo rm o f  u  inJ th r ,  'u .  r r  e l rF  ing
27 percent of stand density u'hile breakage rc-
counted for thc rcmaining six pefcent (Figure 1 ).
Ole third or lcss ofthe trees were windthrou,n at
2.1 sites while more than two-thirds of thc trees
u,ele u'indthrown at three sites.

The level ofuindthrow varied among trec spe-
cies. Pacific silver fir and rvestern hemlock er-
pericnced the highest levels of winclthrow at 37.3
and 36.0 percentoftotal stens, rcspcctively. Bigleaf
maplc wrs least subiect to windthrorv, rvith 7.5
perccnt of trees being uprootcd or brokel.
Windthrorv occurred at intermediate levcls fi)r red

lABI-E|Chu.rc1.r is t ic tof . | ( ) l inestbufeNandirsocir lcdnul l iShbelL| insstre lm\ innor lh\ \c\ t \ \ l5 l1 jngt I l :chlnne1!1id!h
(averagc channcl !!rdlhl. bu1lef $iclth (alefage bulter \ljdlh on borh side\ of streanl). channcl gradient (averuge
ch.rnnel  gfadicnl l .  h i l l \ lopc gtudier t  (  \erage hi l ls lope gradient .  bolh s idcs ol  \ t realn) .  s t rnd densi ty (n lnd densi t ) .
e\pfessed as trccs/]rL'ctar'c rnd ln br\.rl rLreJhal includes standing. uprootcd. trnd bn)ken tfees). and nand ditrneler rLt
bfeast height (xverxgc dirnclcr. rn!ludes nanding. uprooted and brokor lrccs).

Ch.Lnnel
\ \ idth

Buitcr Clh.rnnel Hillslope
\\'idth Gradie ( Crldient
(mj  (n )  (+ )

St.rnd
Densi t ]  Ba$l  Arca DBH

(lrees/ha) (mr/ha) (cm)

Ntin
Niari

s.D.

) . 1

5 .7

16.3
IJ.5

i 3 .9

21
I

l 5

39
-l

75
l 6

.18.1
261
995
I {n)

11.1
20.0
n7.3
F .0

r2 .9
t t . l
50.0
5 .2
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f-igure L Propofrim of st.rnding. uprooted, and bfoken rrecs ir .10 ibrcst bullcr\ in norrhwest Washingto. (cach bar represenrs

alder ( 17.2 percent). Douglas-lir (20.2 percent).
ancl western redcedar (21.8 percent). Relativell
high levels of rvindthrow firr Pacific silverfirand
\\'estem hemlock were docunented in both mixed
species stands as wcll as stands dominatedblr these
spccics.

Avcragc diameters of windthro$,n h'ees wel€
significantly greater than standing trees tor fbur
of the six most comnron specics (p<0.01, Table
2). Windthlown $'ester-o redcadirr. red alcler.
Douglas-tir, and Pacilic silver lir tended to be larger
than standirg trees of the same species while no
diff'erence between windthrown and standing trees
cxistcd lbr westem henlock and bigleaf naple.

Thc dircction of lhll of rvindthrown trees was
strolgly influenced by prevailing southerly rvincls.
Whilc 67 pcrcert of all windthrown trees fell to
the north. noftheast, or nofthwcst. only thrcc pcl-
cent ofthe total tell to$'ards the south (Figure 2).
This pattern seems to be inclepenclent of strcan/
buff 'er orientation sincc thc ,10 sitcs uere fairly
evenlv distributed with respect to the lbur cardi-

nal directions (10 sites wereoriented nofth-south,
8 \\"ere odented nofiheast-southu est. l0 were
oriented east-u,est, and 12 rvere odented no h
wcst-southcast).

l n - q t r a , m  |  : r n o  \ A / n n r l i ,  U a h r  c

Approximately one-thild of all in-stream li}Ige
woody clebris pieces entered the stream follow
ing adjrcent clearcut harvcst. Thc proportion ol
post-harvest deb s within the banktirl l  channel
langed from 2 to 77 percent oftotal pieces across
the .10 sites. Post ha 'est large woody debris
comprised 25 percent oftotal woody dcbris picccs
at 16 sites and 50 percent at seven sites. Piece
frcqucncics averaged 0.66 pieces/meter (range =
0.05 to 1.3.1 pieces/meter) while clebris volumes
averaged 0.050 mr/m2 (range = 0.00,1 to 0.107
ml/m],.

In-stream largc woody dcbris diamctcrs avcr-
aged 28 centinleters (range = 2l to 37 centime-
lers). Pre-han'est debris was significantly larger
than post harYest debris when conparing nean
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TABLE L Conrpariso. ofrican dialneter at brer\r heighr (c ) and Standard DeIi.rion (SI)) ol s[ndirg .rnd windthfo\rn irccs
rnd mean dia eler (cm) oi in channel lafge \{ood}' debris dcpo\iled pre- and po\r-hanesr in :l0lbrest buffefs.rssocj
.lled $ith non-fi\h-bearlng strcams in noihwest \l'ashinston.

Standing l iees
Dian. SD

Windrhrown Trccs
Dian. SD

P.r4l!e
Species

Bigl.rl In.rple
DrLrgl.rs lil
Rcd aklcr

Prci f ic  s i l \er  f i r

Larg€ woody debris

3 t .5
38 .9
33 .0
29.)
28.,1
10.2

(it.6)
(11 . , 1 )
(1 ) . 2 )
(  13 .5 )
(.r.6)

(13 .7 )

3t. l
12.2
31.E
10.7
33.8
30.0

(3.6)
(7.1)
1ri. r)
(7.9)

( l 1 . 2 )

0.'150
<0.001
<0.001
0.003

<0.001
0.I l . l

<i).00130.0 (20.8) (  r3 .7 )

P !.rlucs lbr mean l|ee diameters were bascd on trlann-Whitney rank sum tcsrs and P value\ fbr large $'oody dcbis diaDretef\
$crc bbcd on r Student \ t'test.

s
Figure2. Pcrccnr ol\rindthro*n (up(xxed and broke Jlrccs

ialling in a giler direction Drtr is froJn .10 forcsl
buffers in no(h\!est \\'rshingt(m (n = 2.18E).

piece dianeters (p<0.01. Table 2). Pre harvest
debris averaged 30 centimeters in dianrctcr while
debris of post hanest origin averaged 25 centi
melers in diameter. Forty percent of pre-harvest
debris pieces were larger than 30 centimete$ in
diameter while only 28 percent of posGharvest
picccs fell into this category. Seven percent of
pre-harvest debris and less than 2 percent ofpost-
harvest debris u,as larger than 60 centinreters in
dralnelet

Approximately 66 percent of all large woody
debris picccs were located within the bankfull
stueamflo$,zonej channel roughness was the pd-
mary tunction associated with 55 percent ofthese

2l8 Grizzel and Wolff

pieces while 32 percent stoled sediment. Thirty
fbur percent of all woody clebris pieces were sus-
pended above thc bankfull streamJlow zone. While
these pieces cunently exeft no direct influencc
on fluvial processes, they may bccome incoryo
mted into the channel at a later date.

Figure 3 illustrates the tunction class distribu-
tion fi)r both pre and post-han'est lar:e \\"oody
debris pieces. Eighty-five percett of pre-harvest
debris pieces u'ere located within the bankfirll flow
zone while l5 percent bridged the channcl (Fig-
ure 3a). Twenty eight pcrcent of large woodv
debris pieces that entercd streams post-ha est had
a direct influence on channel processcs (Figure
3b). Most post haNest woody debris pieces
bddged the stream channel (73 perccnt): post-
harvest pieces accounted for72 percent of all largc
woody debris pieces in this function class (984
of 1.364 pieces).

Sed iment  S torage

An average of 3.8 sedinrent wedges/IO0 mcters
ofstream channelwas recorded across the 40 sites.
Seven sites had no wedgc-asseciated storage within
the study reach while 25 sites had bctween 0.5
and 25 m' of sedimcnt stored in wedges (Figure
4). Average wedge volume was less than 3.0 ml
for 28 ofthe 33 sites where wedges were present.

Large woody debrjs dams were the primary
tirrming nechanism for 93 percent of all sedi-
ment wedges; thc remainder were fomed by bed-
rclck or boulder obstmctions. Debris damscom-
prised primarily ofpre-han'est large woody debris
lbrmed 76 percent of inventoried wedges while
post-harvest debris dams fornred 5 pelcent of

N
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nrclcr strean feach. Sediment input is rssociared $ith ufrooted bufier tree\: sedimcnt sloragc is associated \rith in-

strean q'edges cre ted b] obstruciion! or "dams-.
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wedges. Debris dams usually consisted of sev
cral pieces of woody debris anchorcd by larger
key picces ofwood. boulclers or bedrock. Inmany
cases, the accumulated debris served to iDcreasc
the height of thc debris dan. thercby increasing
i1s storage capacitv. Debris smaller than our mrm
mum piece s1ze. and not iucluded in the inven
tory. comprised a signiticant poftion ofsonre struc
lurcs; debds dams composed wholly of such small
debris also stored signil lcant sediment volumes.

Sed i rnent  De l ivery

Se!cnteen per-cent of uprooted trees delivcred at
leasl some sediment to stream chalDels. No sedi-
menl delivery occurred at three sites. <l ml was
deli\ercd i it 27 sites, bclween I and 2 mr rvlis
delivered at ii sites. and >2 mr was delivered at
two sites (Figurc rl). A disproportionate amount
o1 lhc total sediment volume delivered at all sites
resullcd lron uprooting at a single site. A mass
u l ' t ing  t rcn t .  p robrb l l  t r iggereL l  h1  uph ' , r t ing
of sevcral large tlees, delivcred an estimated 200
nr of matcrial to the channel (Figure ,1). This
site was clraracterized by stccp channel adjacent
slopes cornprised of deep. ulconsolidated glacial
outwash materials. This u'as the only site vith
ths combinrtioo of geolo-uv and landform. Ex-
c lud in t  .c , l rme l t  de l i re r l  . r r  Ih i .  . i te .  inpu t .  i r l -
tributablc to uprooted trecs averaged 0.,18 mi per'
100 mctcrs of stream channel.

Most \\, indthrow-rclated sediment delivery to
streanrs was associated with trees Iocated wifi in
3 meters of thc channel edge. Eighty-tiye per-
ccnt of the sedimcnt delivered to strctm chan
ncls at 39 of the 40 sites originated from within

that zone (thc mass $'asting site was not included
rs its delivered volume excecded the total of all
olhcr sites). Uprooted trees that t'ell toward or
across thc stream usually did not deliver sediment
because the exposed poftion ofthe rootRad t'aced
away ftom the stream. Sedimcnt inputs odginat-
ing beyond 3 mcters usually rcached the channel
as a result of trecs sliding or roli ing down a steep
slope. However, in most cases. the rootwads of
buflcr trees did not move downslope atter being
uprooted.

At 23 olthe.l0 sites, scdiment stored in rvedges
was approxinrately l0 times greater than the vol-
ume delivercd to sffeam channels as a rcsult of
uprooting (Figure 4). Whcre deliverl' equaled or'
exceeded storrge, channel gradients and/or val-
ley confinement wcre genemlly not conducive to
the fom'ration of sediment wedges. High-gradi
ent channels dominated by bedrock oftcn had little
capacity tbr scdiment retention. Low graclient,
uncontlned channcls contained ltrrge volunes of
stored scdiment. but nost sediment rvas n()t stored
in distinct wcdges that mel our inYentory crite-
ria. Sediment slorage in these cases olien oc-
curred on adjacent tloodplain landfbrms.

Discussion

W ndthrow

In geleral. wc tirund higher lcvels of rvinclthrorv
than has been reported elsewhere in the Pacific
Northwest (Table 3). Only one study. Sreinblums
(l978), repoted average u'indthrow levels simi-
lar to those found by this study. The relatively
high levels of windthrow lbund ntay result frorn

T \ B I I  r .  s . r r  r J r \  '  l f e , ' .  1 r o n r t t ( r  . l r . p \ ' n J r , r  . \  \ - l r ( . r n l  e  P .  c r t r .  \ .  h $ i n .

Stud\ Locrt io. # Sl te\
Buffer Agc

()erLf,i) Ranse(%) N{eln(%)

This stud)
Nlobbs .ud Jone\ (1995l

TFN ( 199.1)
Shcr$00d (  l99l)
r \ndru!  . rnd Froehl ich (  1988j
H o b b \ a  d H a l b r e h ( l 9 8 l )
S t c i n b l u m s  ( 1 9 7 8 )

\Vashington
$,estern OR
lvesrern OR

Ncstcrn OR

l 0
37

t 3
I

3-,1
l5-19

2 5
I  t 5

5 l

l 0 l

l : r r

22.

19 .

2 9))
0-1001
0,801
0-65'
0-12.
0  1 7
0 71J'

rIn some cases. $rrdthr(N includes bolh uprooted and brokcn trces. lvhile in othcrs. onlt upfoored irccs re included.
'c\prcssed as r percenl ol \lrnd stem density rccs/ha)
'cxprcssed as a percent ol sund b.rsal rfea (nrr/hr).

rcprcscnls \ i  indt lnow thal  occurred o\ ,ef  the pcr iod 1977- 1990i  uscs Sr iDblun\  (  1978) rcported post-$ indrhrow !otumes as r
basis tbr  cstLmated $indihro$.
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soil. topographic. and stand characteristics unique
to the Nofih Cascadcs rc-eion.

Relatively rcccnt glacirt ion in the Nofih Cas
cades ( I 0.000 1'ears before prescnt) has shaped
large-scrle landtbrms ald ilfluenced soil char-
aclcristics in ways that may intluence windthrow.
Thc typicallv broad. glaciated vallevs andhillslopes
oftcn o1ltr little topo-qruphic protection from winds.
BulTcrs on small streams are commonly associ-
ated with narrowly incised channels that drain
broad. exposed hil lslopes. Othcr rcgions of the
Pacific Nofthu'est u ith highlv dissected drainagcs
milr'bc lcss susceptibleto windttfow due to greater
prolection afti)rcled by local topographv. Further-
morc. soils in the region are geterally shallow (<
I neter) ancl underlain by compacted glacial till or
bedrock which rcslricts root penetration and an
choring. A perched water tablc tvpically persists
thr,,uph,'ul Ihe $er \e!l.on uherc dr.inlgc r. im-
peded. Sitcs *,ith shallow. wet soils arc typically
more subjecl 10 windthrow (Stathers et al.. 199:l).

The tree species composition of bullcrs may also
intluence rvindthrow occun'eDce. Pacific silvcr tir
and wcstcrn hemlock compdsed over a third of all
trces tallied at the rfo sitcs and *ere most suscep
tible to windthrcw Studies which rcpofted rela-
tivelv lorv levels ofwindthuorv examined sitcs gen-
crallv clominated by deciduous tree specics such as
recl alder (Mobbs andJones 1995;Timbcr, Fish and
Wildli le 199.1; Hobbs ard Halbach 19811. rvhich
tcnJ  t , '  bc  n r , ' re  \ r ind l lnn  lh i ln  rnos t  spec ie . .

Silc conditions documented in this study i l-
lustrate the influcncc of prevailing southerly winds
on hee lall direction. Such infbrrnation rnay sug-
gest that bufTer orientation could influence the
degree of windthrorv aL a given site. That is, one
might expect buffers orientcd perpendicular to the
direction of prevail ing winds would experience
highcr levels of windthrow than those oricnted
parallel toprc\ail ing winddirection. Inthis study,
$e docunented a \\,ide rangc of windthrou, lev-
cls and tree lall directions. However. wc found
no er,idence to indicate that bufler onentatlon
intluenced u'indthro\\, lcvcls. It is l ikely that the
lc r t  l  r ' l  u i t t t l th r , ' r r  occu lTe l ) (c  i l l  I  g i run . i te  i .  r
complex interaction of a range of tactors which
vary in thcir degree of influence fron slte 1o sitc.

In -Channe Large Woody Debr is

Buffer rvindthrow increased the number of in-
channel large woody debris pieces bv 3,l percent

across the 40 sites within one to three years atjer
han'est. Such shod{enn increases in u'ood loading
suggests that butler windthrow is a significant
mechanisrn by *hich debris is rccru ited to steams
soon after harvcst. Furtherrnore. tree tall pattcrns
we docunented suggest that woody debris recruit
mcnt tiom forest bullers is non-randonr. with trees
tending to lall towards the north. For slrc:rms
with east \\, est orientations, this suggests that much
of the debris recruitment occurring within a ferv
years post haNest wil l originate fron the south
side of the strcam.

Much posrharvest clebris recruited to channcls
was suspended over the strcam and will do little to
influence channel processes in the ncar-tenn. These
pieces must undergo a secondarl' recruitment phase
where they break apan and cnter the bankfull flow
zone. The tinrc between the initial rvindthrow and
this secondary phase rvill van dcpencling on the
species, size, and condition of rvood pieces. Sec-
ondary recruitulent of smallcr htrdwoods is likelv
to occur in a natter of a few ycars while larger
conifers may remain suspended for decadcs.

The role ol woody debris in retaining scdi-
mcnt in small headwater stream channels of the
nofthwest has bcen documented previously
(O'Connor and Harr l994: Potls and Andersot
1990: Megahan 1982). Potts andAnderson (1990)
tbund that organic matter accounted for over 60
percent of total sedinent stora-qe withir eight
rcaehe. r ' f l lrst t,, thirLi ! 'rder ch:l lulrl. in u rsrern
Montana. Similarly. Mcgahan (1982) reported
that organic material tbrmed 76 percent ofchrn-
nel obstructions associated with sediment stol '
age in sevcn small drainages in the ldaho batholith.
Removal of this material via salvage logging or
stream cleanout would likcly destabilize the chan-
nel (Bilby 1984) and increase sediment expofi
trom the system (O'Connor and Harr 1994). Thus,
bul'Iers may provide a long term source of llrge
woody debris which hclps create and maintain
debris loads and reduce sediment viclds. How-
ever, large woody debris recmited as a rcsult of
windthrow ( posthancst debris) was significantlv
smaller in diameter than debds rccruited prior to
buffer establishmcnt ( pre-harvest debds). A por-
tion of the pre-ha est debris load consisted of
larger pieces recrui|ed fiorn the original forest.
Smallcr debris generally has a shoner residence
time and may be less eftective at creating and
maintaining sedimenl storage sites compared tit
larger pieces.
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Sed ment De ivery

h most cases. the volunrc of sediment dclivered
to strean channels as a result of post halvcst
windthr-ow was rclativelv small. Sedimelt de-
livery at all sites areraged 1 .43 m:r/uprooted tree.
Howcver. the avemge was only 0.16 mr/uprooted
t rce  u t  J ( )  ,  r l  the  -10  r i t c .  u  he le  nnr .  u  l s t in !  u  a :
nol associated with uprooted trees. Except un
der the unusual physical conditions prescnt at this
single site. windthro$'did not accelerate mass
wasting. Andrus and Froehlich (191i8) reported
an avcrage delivery of 0.87 ml/uprootcd tree lbr
windthrow in the Oregon Coast Ran-sc. They
concluded that the volume of sedinent delivered
to streams was usually small compared to over-
all watersherl sedimenL vield rnd tl'tat uprooted
trees did not accelerate n-Iass wasting. IDcreascs
in sediment iDputs attributable to windthrow nlay
be olAct bv sediment storage sites creaLcd by r-e-
cruted \,()()dy debris; howevel we tbund that
relatively few post harvcst debris preccs were
currenlly storing sediment (Figure 3b).

Most u'indthrow-gcnerated sediment delivery
originated fiom trees roolcd in the streambank.
This zone genclally extetrds outward 3 meters fiom
thc channel edge and rccounted for approxinately
85 pcrcent of windthrow-generated sedinrent de
lilcry. While harvest of trees in this zone might
reduce sediment input to strcans. other buller
functions such as rootin-q strength. woody debris
recruitncnt, and shade would be rcduced or climi-
nated.

Conclusions

The rnagnitudc of windthrow in buffers border-
ing small. non-tish bei:Ldng streams in northwest
Washington is highly variable. Evcn so. obsen'ed
windthrorv levels werc generallv highcrthan those
repoded in studies for othcr areas il the Pacific
Northu'est.

In a managed forest landscape, buffer
u'i ldthrorv is l ikely the nost signil icant mcchr-
nisrn by which large u'oody debris is recruitcd to

streanr channels. Such debris is an impofii:utt stluc-
tural component in small hcadwater streams u'here
it lbnns debrisjams which tap and sk)re sedimenr.
Hou'ever, lbr narrow, confined stream channels.
windthrown tees are commonly suspended abovc
the channel. providing little immediate influence
, 'n \ 'hilt)nel prr (u\:e\ l lnd .cdirn, nt r,rtrt ing

Generally, results of this study indicate
windthrow is not a significant sourcc ofsediment
delivery to strcam channels. In addition. volunres
of sediment delivered to streams as a result of
windthrow were snrallrelati\e 1() the amount stored
within the channel. A notable exception occurred
at a single site where uprooted trees accelerated
mass wastlng and delivered largc volumes ofsedi-
nent to the channel. This u'as the only site wherc
the forest bufTer developed in deep. unconsoli-
dated glacial outwash materials.

Forest but'fers are often established to main,
tain l range of ecosystem functions: windthrou,
may compronlse soms of these functions (e.g.,
shade. water quaJity, steambank stabilit),) while
al the same timc enhancing others (e.g.. large
woody debris recruitment. sedirnent storage). The
exlcnt to which these tunctions arc affected will
depend on the magnitude and spatial and tempo-
ral occurrence of windthrow
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