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Abstract
A laicty of Forcst Hcallh and Protecrion treannents have been proposed Io feduce long-tem fisks to fbrests fft)lll lvildfire,
insecls. rnd diseasc. This rc\ic$ cxaminc! thc potcntial cffects offiese treatments on sediment production in watersheds. channel
lbmirg processcs- iparian !cgcution. and rjsks poscd !o riparian zoner. wildllres can affect upland erosion; howeler. erosion
liom prescribed lires buning lhe samc arca shouldbc nuch smallct Dcnsc riparian vcgcration igh! help regulate the amounl of
sediment that reaches srrcans. bur dis ellecl would bc strongly dcpcndcnt on thc gconrorphic sctting. Foresl palhogcns arc not
e\pected ro cause acceleraled crosioi and srrcam scdimcnErion dircclly. bul indirect effects might be substantial ifthev lcad to
ircre,lsed wildl\rc. Thc lar.gcs! risk of accclcrated erosion is expected from ground-disturbing actilities during fuels reduction
tiJatrncn!s. such as constructior ofroads and firebreaks or salvage logging or thinning.Intense grazing has changed composition
and covcr olriparian legetation. leadin! to bank efosion, and in many places, widening or incision of strean channels. Impro\ed
gnzjng prc\criptions can rcsult in ajorchangesto riparian |egetation. but fesponse ofchannel morphology \\'i11nl(r\t likely be
slor. \lost of thc nudjcs r$icwed were conducted at the site or small-r'atershed scale. Consequently, conclLrsions atlhese scales
are gencrally $ cll supporlcd by thc avai lablc literature. Ihe cumu lative effects of fore st health and frotection reannents i mpo\ed
across a laryc rcgion arc djfficul! to asscss.loll$'er Given the current state of kno\rledge, dramatically changing fore\t land-use
practices across easlcm Orcgon and\Vashjngton including lhe widespread use of prescribed fires. sahaee logging, and mechani
crl l ucl lrcar mcnl\ i \ a long tcrrn. lan dscape scale experiment. the cumu lative effects of \rh ich are unknown.

lntroduction

The composition and structure of many interior-
continental forests ofwestem NofihAmerica has
changed dramatically since Eurc-American settle-
nent. These changes, combined with wide-spread
tree moftality from rcccnt inscct outbreaks and
extensive areas bumed by rgcent, stand-replac-
ing wildlires, are perceived as risks to long-term
tbres t  hea l th  (G s te ta l .  1991.Mutchc la l .  1993.
Hessburg and Srnith 1999, Hessburg ct al. 2000).
The changes in forest composition and the cata-
strophic mortality of foresLs in the interior West
have been the focus of bio regional assessments
(Everett et al. 1994, Hessburg et al. 1994. Quigley
and Arbelbide 1997), and fbrcst health problems
havebeen targeted by managcment sbategies aimed
at reducing long-tcnn risks to forests from wild-
fire. insects, and discasc (USDAand USDl2000).

This p;iper examincs thc potential effects of
forcst health andprotection treamentsr on physical
processes that control sedinrent production in
uu le r 'he , . l s :  thc  in l lucn , ,  , ' l  r ip r r I i rn  rcgc t0 t ion
on streanr sedimcntaliont thc effect on. and dsks
posed to, riparian vcgctation by proposed forest
healft and protcction trealments; and how these
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treatments wil l influcncc channcl ibrrning pro-
ccsses. This paper locuses on sediment becausc
it has long been recognized as an imponant de-
lerminant of water quality and strearr-habitat
qua l i t y  fo r  sa l rnon ids  and a l .o  bccruse r ip r r i rn
zone '  u re  u ide l )  be l ie red  to  bu f le r  \ t re i lm.  in -
tcrcepl sedimenl transported in surface runoff.
thereby l imiting sediment loading of streams. This
paper reviews the published literature and syn-
thesizes the rcsults as they pefiain to forested
watersheds of eastern Oregon and Washington.
Because of the sparseness of published literaturc
describing erosion processes and the role of d-
parian vegetation in regulating stream sedimen-
tation in the interior Colurnbia Basin (Table 1 ). it
was necessary to broaden this literature review
to include studies fiom other regions. The pa
per l ' ir:t pror id.'r a hrre l 'rcr ie$ of ero.irrn. lrani-
port. and deposition processes resulting from
milss-movement, surface runofT. channel inci-
sion, and bank erosion; then examines the 1n-
1'luence of forest-health relatcd disturbances-
inc lud ing  f i re .  in rec ts .  d i ie rse .  and graz ing  on
these erosional processes; and finally. exam
ines the l ikely effects of proposed forest health
and protection treatments namely prescribed



TABLE 1. Sunmary ofliteranrrc richncss lbr elilct of rparian zones on slrcam sedimentation in eastern Orcgoi and\lLshingion
and effect on strea habilal qualily ir response to forest disturbancc.

(.rrgrn rrm Sub\\'arcrshcd

Basic Information

Tre.rtment Options

Efiects on FH&P of:

Decisron making tools

2

I

l

2

I

2

l

I

I

I

I

I

I

1 = Almost nothing
2 = Some coverage
3 = lloderatc colcrage
,1 = Considerable covcragc
5 = Exrensive coleragc

tire, mechanical fuel treatnent, salvage loggilg.
rnd  changes in  g raz ing  prc . ( r ip l ion \ .

Background Erosion and Sediment
Transport Processes

In regions of steep, unstable topography, erosion
is dominated by mass-movement processes such
as landslides, debris flows, and earth flows
(Swanson et al. 1982). Steep hil lslope hollows at
the hcads of ephemeral channels are cornnron
init iation points for landslides. Once init iated.
landslides can stall in ephcmeral channels, espe
cially where logs transported in small landslides
lodgc against dense stands of large trces. Alter-
natively, landslides can be mobilized into debris
flows that entrain logs, trees, and sediment fiom
np;Lrian zones and transport it down the stream
network (Nakanura et aI.2000). Debris t ' lnws
typically stop where channel gradients flatten or
when they encounter sharp tums in channels, es-
pecially at tdbutary junctions (Nakamura et al.
2000). Riparian forests are unlikely to stop de-
bris flows once they have gained momentum
(Beschta 1990), but roots of trees may help sta-
bilize the soil, tending to prevent landslides. Several
studies have shown that removal of upland for-
ests by clear cut logging (Swanson and Dymess
1975, Nakamura et al. 2000) or stand-replacing
forcst f ires (Swanson 198I . Beschta 1990, Meycr
and Wells 1997) can signil icantly increase land-
slide rates. Howcver. increased landslide rates
fbllowing loss of forest cover tend to occur in
relatively landslide-prone landscapes, and not in
areas wilh more landslide-resistant geology
(Swanson and Dymcss 1975).

Surface mnoff almost ngver occul's ln mesic
forests (e.g.. the moist forest and cold tbrest po-
tcntial vegetation groups of Hann et al. 1997)
because precipitation rates almost never exceed
infi ltration rates (Helvey 1980, Wilson 1999).
Infiltration rates in mesic forests are high because
litter and organic laycrs tend to be well devcl-
oped, protecting the underlying soil fiom rain
drop impact, andbecause underlying mineral soils
are well structured. Surface runoff and attendant
closion does occuf in lbrcsts, but tends to be re-
sfficted to dry tbrest types (e.g.. thc dry fbrest
potential vegetation group described by Hann et
al. 1997 for eastem Oregon and Washington.). but
even in dry tirrests. surface runoff is relatively
rare. For example. the only surface runoffobservcd
inponderosa pine fbrest jn the Entiat Experimental
Forcst. where annual precipitation averages 58
cm/yr, came from exposed bedrock (Helvey 1980).
ln other dry fbrest types. rainl all intensities of 30
to 45 mnthr are needed to generatc suface run
off ftom undisturbed soils and have expectcd re-
tum pcriods of 2-5 yr, but storms with these in-
tensities tend to bc of shoft durution (Wilson I 999).

Tl sur{ace runoff uere lo occrtr. riprri ln r eg-
etation could be an important factor regulating
the amount of sediment transpoded in surface
runoff that reaches steams (Kau1lhan and Kruegcr
1984). Dense vegetation slows surface runoff,
allowing deposition of f ine sediment beforc it
reaches streams. However, in stccp "V"-shaped

valleys, riparian vegelation is less likely to be
effective in but'fbring streams. Convcrscly, where
valley floors are wide. sediment rnay be trapped
ef fec t i rc l l -  e ren  u  i rhour  s ign i [ i car r t  in te rac l ion
with riparian vegctation. Of course. rainl'all fiom
intense storms (e.g.. thundcrstorms) cat generatc
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extremc surtace runoff capable of noving large
quantit ies of sedimcnt. leading to sedimentation
of strearrs and vallcy f'Joors. The contribution of
such lnlcnse storms to long-tem] sedirnent bud-
gets has not been asscssed becausc these storms
are rarc and tvpically cover a small area.

So i lc reep lnd  dr1  r r r . . l  a re  impo lmnr  e ros ion
processes wherever topography is steep, in both
dr,/ and $,et-tbrest lypes (Helvey 19110, Swanson
er al. 1982. Beschta 1990). Where vallev floors
are nanou,, or where strcam channels are Iocated
i l l  lhe  bc :c  n l ' \ leep  : lope . .  Jence r ip r r ian  r  egc tJ -
tiol may eflectively trap dry ravcl preventing it
from reaching strcam channels. Soil creep, how-
evcr. tends to continuously feed balrk erosion in
these geomorphic settings. In contrast, where
streams are isolated from steep slopes by wide
valley floot.s.little sediment fiom eitherd{' ravel
or soil creep will reach the stream, regardless of
the status of riparian vegelation.

Most research and published literature has fo-
cuscd on hil lslope erosion processes at the site
and srnall watcrshed scale (Grant and WollT 1 991.
Kctcheson and Megahan 1996, Lewis l998). This
rcsearch docurlcnts that many historical land-use
pr i rc l i (e \  ha \e  l .L l  l  Jcce lc ra leJ  e ro . ion  ra le \
throughout rruch of westcrn North America.
However, fcw studies have attempted 10 quantify
the amount of sedimcnt eroded liom hillslopes
that is actually delivercd to sfteanchannels. Simply
assuming that all sediment eroded is rapidly dc-
Ii\ cred l. ' . lreurn chfl tnel: ma\ o\ erL.\t i lni lte 5lreittn
sedimentation (Gil l 1994. Tdnble and Crosson
2000) bccause much ofthe sediment eroded ftom
hillslopes is either redisrributed downslope
(Ketcheson and Megahan 1996, Davenpon et al.
1998. Reid et al. 1999. Trimble and Crosson 2000.t
or stored on alluvial fans and floodplains (Costa
1975. Trinblc 1983. de Ploey and Yair 1985.
Nakamura el al. 1995). Because stored scdiment
may renrain on valley l1oors tbr lOs to l00s of
years (Bunte and MacDonald l995, Nakamura
et al. 1995, Nagle and Ritchie 1999), continued
erosion of stored sediment may maintain elcvatgd
sediment loads in streams long afier restoration
aclivit ies have rcduced accelcrated rates of ero-
sion on uplard sitcs (Trimble 19ti3, Trimble and
Crosson 2000). Nagle and Rirchic ( 1999) showed
that sLrrface erosion appears 10 contribute little to
curTent stream-sedimeDt loads in threc streams
in eastem Oregon. irrcspective of dominant land
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usc F,ithin each of the three wate$heds. Rather,
sediment loading in streams dominated by agri-
culture or grazing of domestic livestock was pri-
marily tiom baDk erosion. The sediment load of
the stream draining a watershed dominated bv
lorerl l irnd u.e u r: luu. Nrg le and R irehie 1 I ooal
suggested that channel meandering and stream
avulsions occurring during high discharge r.ework
sediment rt,rred on r i l l le) l loors. cnlri l jning lt inlo
sleam channels where it maybe transponed down-
strcam.

Riptrrian vegetation is an intportant factor de
temining rates of bank erosion. Roots of ripar-
ian vegetation can stabilizc stream banks and slow
bank ercsion (Smith 1976, Kauffman and Krueger
1984. Platts et al. l985, Clifton lg89.cregoryer
aI.1991), although ir may be ineffcctive in stabi-
l izing banks along somc deep channels or along
larger rive$ (Nanson and Hicken 1986). Ripar-
ian vegetation can also slow flowing water that
has  o t  cnupped ch lnne l  ban k . .  c re i l t ing  en  r  i ron
menls wherc fine sedimentcan be deposited, lead-
ing to floodplain accretion (Platts el al. 1985.
Clifton 1989. Gregory et al. l99l) and may re-
duce sediment load offlood water. Consequently,
p ro tcc t iun  and ml in lenance o l  r ip f f ian  \egeta
t ion  mi r l  be  an  impor l rn t  u  ay  lu  ma in ta in  o r  re -
duce strcam scdiment loads.

Effects of Disturbance

Fire

The effect of llre on erosion depends on the size
ofthe area burned, thc intensity ofthe fire, and in
some cases, on the frequency of tires (Swanson
l981, Cresswell 1999. Wilson 1999). Undercur-
rent fire managenent pmctices, most naturally
ignited fires arc quite small (Pyne 198.1, Turner
et al. 199,+) eyen when allowed to burn without
intefterence (Romme and Despain 1989). Becausc
the typical fire is small, it is unlikely to have sc-
vere effects in most watersheds. ln contmst, fires
ranging in size from the site/srand (1,000 ac:,100
ha) to the subwatershed (8.000-20.000 ac; 3,200
8.000 ha), or largcr, may havc a large eff'ecr on
stream sediment budgets (Swanson L98l).While
such fircs are rclatively uncommon, land man-
agenent practices over the last century, such as
selective harvesting, lire suppression, fire exclu-
sion via domestic l iveslock grazing. and road
constmction converted open forest stands into



denser stands dominated by shade tolerant mid-
and late-seral spccies (Mutch et al. 1993, Belsky
and Blumenthal 1997, Hann et al. 1997, Tiedemann
et al. 2000). ln prescnt-dity tbrests, severe fires
probably affect largcr areas: increased landscape
contagion combincd with high luel loading. high
crown bulk density, and fuel ladders all contrib-
ute to higher rates of fuel consumption atd en-
ergy release for given bum conditions. Thus, there
is increasilg concern that many Tnterior Colum
bia Basin forests nay be incrcasingly vulnerable
to large, stand-replacing fires (Agee 1993. Mutch
et al. 1993, Hessburg etal. 1994.Hannetal. 1997).
However. both long fire-free interuals and exlen-
sive stand-replacing tires also occurred prior to
Euro-American settlemert (Rommc and Despain
1989. Mever et al. 1995, Bfown et al. 1999)

Surface runoffis the factorthat generates most
concern when considering potcntially accelerated
erosion fbllowing fires. Howevet greatly accel
erated surface erosion can occur alter fires. even
in the abscnce of rainfall and surface runoff
fBe.(htr lqq0). Dry-rrrel crorion crn inr. reirse
to rates that greatly exceed background filllow-
ing the loss of physical stmctures on steep slopes
(e.g.. large logs laying across slopes) and rclcase
large quantit ies ofstored sediment (Bennctt 1982.
Bcschta 1990).Although much ofthc eroded sedi-
ment u,ill be redepositcd t'urther downslope, dry
ravel will. over timc. transport substantial amounts
of sediment frorn hil lslopes to valley l loors
(Swanson et al. 191i2).

Post-firc rainstorms have the potential to se-
verely crode burned hil lslopes. but this depends
on fire intensity, storm intensily. t ime since fire
and the availability of crodible sedinent. Fire
intensity is the primary tactor determining the
degree to which soil properties are changed by
fire (Beschta 1990). Intense fires bum sudace lirrer
layers and combust soil organic horizons. which.
combined with thc loss of the tbrest canopy, cx-
poses Lhc surtace soil to laindrop impact that can
disperse soil aggregates, allowing fine sediment
to ciog soil pores and reducc infi l tration (Beschta
IoqO) .  S imi la r l ) .  combur t ion , , t '  r ' r ! ln ic  maner
in the mineral soil can lead to the loss ofsoil stlnc
ture. reducing both porosity and infiltration rates
(DeBano et al. 1998). Finally. hcating can con
vert soil organic matter into hydrophobic com-
pounds that also l imit infi l tration (DeBano ct al.
1998) .

There is great concern over the dsk of accel-
erated erosion following wildllre, but actual ero-
sion is highly depcndent upon both rainfall in-
tensity and infiltration rate. In many mesic-forcst
types. l i tt le sheet, ri l l . or guJly erosion may oc-
cur, even following intense wildfires. For example,
in  ues lem Orcgon;nd  Wa.h ing ton .  in tense r l in
fall tends to be rare. Fufiher. soils tend to be well
structured, and hydrophobic layers tend to be
spatially discontinuous and relatively shof last-
ing (Beschta 1990) so thal sud'ace runoff is rare
and causgs little surface erosiorl (Swanson et al.
1982). In contrast, increased surface erosion lbl-
lowing severe wildfirc is well documented in ar-
eas thatrcceivc intense rainfall ftom thundcrstorms,
especially where intiltrution rates dccrease (Helvey
1980. Bcschta 1990, Scoft and Van Wyk 1990.
Scott 1993. Rinne 1996, Robichaud and Brown
1999. Wilson 1999). For example, in dry-lbresr
types ofcentral Idaho, the coarsc, unconsolidated
soils are easily eroded oncc surface litter is re-
moved. There, prescribed burning following he-
licopter logging greatly accelerated erosion. Fur-
ther. becau\e re(o!cr) ol o\er\toD regenlion (,n
dry, south facing slopes was slow, high erosion
rates penisted fo[ at lcast l0 years followiDg bum-
ing. In contrast, vegetation regrowth on ncarby
north-facing slopcs was rapid and erosion returned
to background rates within 3 ycars (Megahan et
a l .  1995) .

The amount of sedirnent eroded after fires is
also dependent upon the rcsistance of scdiment
pirrticles to detachment, itnd the amount of sedi-
ment available to be eroded. Fires, especially those
oflow to moderate severity, typically cause minimal
surface disturbance so that relatively little sedi-
ment is available to be eroded. In contrast, accel-
crated ercsion is often observed where the soil
surtace is heavily disturbed-fbr ex nple from trce
1all, fire-tighting activitics, pre-tlre land use. or
post-fi re salvage logging (S\'",anston 1971. Beschta
1990. Marston and Haire 1990. Gresswcll 1999,
Wilson 1999, Mclver and Stan 2000), both be
cause more sediment is exposed to erosional pro-
cesses and because sediment from disturbed soil
is usually more easily detachcd.

Extremeclimatic events soon after severe fircs
can lead to unusually severe erosion. Forexample.
an intense thunderstornr I yeff after a stand-re-
placing wildfire led to the deposition of s much
as I mcter of sediment on thc valley floor of N.
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Cable Creek in the Blue Mountains, Oregon (Wi1-
liam Russell. Oregon State University, personal
communication). In another case, Helvey ( 1980)
documented tnaior landslides and debris t'lolls 2
years after a severe stand-replacing fire on the
Entiat Expedmental Forest in central Washing-
ton. Thc landslides were triggered when unusu
ally deep snow packs combincd with rapid warming
pushed stream discharge to three times thc maxi-
mum observed during the previous I0-)'car cali-
bration period. It is unknown if thcsc landslides
would have occurred without thc preceding fire.
but increased rates oflandslides ;ind dcbris flows
have been observed tbllowing timber harvest in
westem Washington and Oregon (Swanson and
Dyrncss 1975, Nakamura et al. 2000). Although
landslidcs and debris flows have also been docu
menled in mountainous landscapes of the inte-
rior Columbia Basin, they are mostly case stud-
ies of isolated events. The overall effects of lirc
regimes on geonrorphic proccsscs and Iong-teml
stream sediment budgets are poorly documented
in most landscapes (Swanson 1981, Meyer etal.
1995) .

Magnitudes of pcak tlows from small (50 to
500 ha) watelsheds (Helve)' 1980. Scott and van
Wyk 1990. Scott 1993) may increase tbllowing
fires. and peak llows that equaLl or exceed the bank-
full depth are dorniniurt channel-fbrming processes.
Thus. if fires increase the tiequency of peak flows,
increased rates of bank erosion. channcl mcan-
dcring. or channel incision might be expected
(Lewis 1998). Similarly, iff ires burn the riparian
zone, death ofbank-side vegetation should even-
tually lead to decreased bank stabil ity as roots
decompose. increasing susccptibility to bank ero-
sion (Helvey 1980, Bcschta 1990. Lewis 1998).
Ho$ever, bank erosion may belimited by the rapid
recovery of understory vegetation, especially
grasses and sedges growing along streams where
nroisture is readily available during the growing
season. Sirnilarly, riparian hardwoods adapted to
tiequent disturbance resprout from roots and rap
idly rccolonize disturbed areas. Thus, the speed
of riparian recovery will be critical in determin-
ing the risk of accelerated bank erosion tbllow-
ing fire.

Entire sub watersheds and watersheds are
seldom bumed because mostfires are small. How-
ever, large fires. when they occur, can have se-
vere effects. For example, Meyer et al. (1995)
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showed that major episodes of Holocene-aged
sedimentation in Yellowstone National Park re-
suhed from fires. Fire efTects at this scale are rare.
so prcdicting their efitct within eastem Oregon
Jnd \ \ash ins ton  is  in fe ls ib le .  Perhcps  more  im-
portant are the ways in which the etfects ofsmaller
llres propagate through larger watersheds and the
cumulative effects ofmany such smaller 1ires. In
general, a single, site scale event is thought to
have litde effect on the larger watershed because
the effects are attenuated as they move downslope
and downstream. For example. much ofthe sedi
ment eroded from bumed areas may be stored in
tributary valleys and the sediment that docs rcach
the nainstem will be a relatively small propor-
tion of the mainstem sediment load. Neverthe-
less, headwater streams are important sources of
sediment for mainstem channels. and the mor-
phology of mainstem channels is oiien sensrtive
to sediment inputs (Montgomery and Buffington
1997, Montgomery 1999). Thus. over the long
term.  scd imcnt  f rom t r ibu tar l  : l rearn \  r \  i rnnor -
tant in maintaining channel morphologic features
(Salo and Cundy 19117, Meehan 1991, Benda et
a l .  I99br  lnd  there f , r re .  rn l )  r l ro  be  imponant
firr maintaining strearr habitat (Reevcs etal. 1995).
Dry ravel. soil creep, and surface erosion frorn
adjacent hillslopes fill small cbannels with sedi-
ment that is entrained by floods or debris flows
and transponed down the sfeam network (Meyer
and Wells 1997; William Russell, Oregon Statc
University, personal communication). These cpi-
sodic events, often categorized as catastrophic
disturbances at the site/stand scale. may domi-
natc long-tclm. large-scalc budgcts of bedload
transpod in many streams. The effect ofpost-tire
episodic events on long-term large-scale sediment
budgets has received compantively litde attention.

The cumulative erosion and sedimentation
effects ofmany small fires have seldom becn stud-
icd or documented. However. therc are parallels
between the expected cumulatjve effect of tlres
and the effect ofclear-cut harvesting (Tiedemann
et al. 2000). In general, watershed scale studies
of forest management have been difficult to in-
teryrct. Difficulties occur because ofthe high degree
of natural variability in watershed processes, rela-
tively slow response times of geomorphic pro-
cesses observed in stream channels (Bunte and
MacDonald 1995, 1999). the site-scale eff 'ects of
other management practices, such as water with



drawals for irrigation. and the ettects of histori-
cal lald management pmctices. such as the re-
mor  c I  o f  la |gc  u  o  J  t  Bcreh t r  l c ) ! ) t )

lnsec ts  and D isease

The direct cffccts of forcst pathogens on stream
sediment budgets have not been studied. Large-
scale insect outbrelks have superlicial resemblance
to fire because they crusc mofiality of overstory
tbrest trees over a substantial propofiion of the
landscape. However, the effects ofwide-scale forest
ntoftalit), resulting fiom insect outbreaks should
be quite different from those caused by firc. For
example, lires alter soil properties because they
remove firrest t'loor litter and may also consume
much of the organic mattcr in uppcr soil hori-
zons.In contrast. the eft-ects oftree mortality caused
by insect outbreaks will be nore subtle. lnitially,
l i tter inputs to thc tbrcst f ' loor would increase. At
the same time, changes in soil moistule resulting
fiom decreased transpiration and changes in soil
tcmpcraturc wil l alter decomposition rates of l iC
ter and soil organic matter. Although these changes
would be expected to occur over several years
following insect outbreaks, they are unlikely to
increase erosion and scdimcntation.

Indirect effects of wide-scale insect outbreaks
may be substantial. For example, where large scale
outbreaks of pathogenic insects increase tirel load-
ing, forcsts may become more susceptible lil largc-
scale stand-replacing fires (Agee 1993. Hessburg
et al. 199,+. Hann et al. 1997). Large wood also
controls sediment storage in nrany small moun-
tain strcams (Nakamura and Swanson 1993). Tree
moftality in riparian areas would increase inputs
of large logs to streams in thc ycars following an
insect outbreak. Over the long telm, however, the
inputs ofJarge logs should decline while riparian
trees reg[ow. especially ifregrowth is further de-
laycd by fircs occurring in the decades after an
insect outbreak. The cumulative effect of these
changes couid be substantial because insect ouC
breaks are synchronous across large portions ol
the landscape.

Grazing

Unlike fire and insect outbreaks, which are infre
quent or episodic events with dramatically vis-
ible changes in vegetation. the effects of gmzing
of donrestic livestock are more subtle. Most of
eastem Oregon and Washington has been grazed

by domestic livestock for more than a ccntury.
The cumulativc efTects of grazing by domestic
livestock can change vegetation composition, and
reduce bo th  the  b ioma. .  o f  r t rnJ inE \ege lJ l i ( 'n
and soil organic nratter (Elmore and Beschta 1987,
Elmore 1992, Johnson 1992, Belsky und
Blunenthal 1997). When grazing is intense, loss
of soil covcr and soil organic natter leads to re
duced infiltration rates and incrcascd surface runoff
and erosion tiom upland parts of watersheds
(Gifford and Hawkins 1978,Johnson 1992,Dav-
enpo{ ct al. l99li. Belsky et al. l999,Reidetal.
1999). In contrast. differences in runolT or ero-
sion between lightly grazed areas and ungrazed
areas may bc small or ditlicult to detect (Citlbrd
and Hawkins 1978. Belsky et al. 1999). Thus, the
hydrologic eft'ects ofgrazing share nany attributes
with those observed after fires nanely a potcn-
tial increase in surface runofT and erosion. And
similar to studies of accelelated erosion follow-
ing fire, few studics hiive attempted to detemine
how much of the sediment erodcd tiom grazed
hill slopes is transponed to streams. Undoubtedly.
the overall influence of riparian vegetation in
buflering streams from sedimentation caused by
grazing of domestic l ivestock would be similar
to that described above fbr surface runoff and at
tendant erosion, with one imporlant exception.
Whereas upland forest disturbances may lcave
riparian vegetation intact, riparian vegetation is
often heavily grazed by domcstic livestock.

Many studies show livestock tend to concen-
tratc in riparian areas, especially during the sum
mer. leading to increased utilization and trampling
ol riparian vegctation (Kaufl'man et al. 1983a,
1983b: Kauffman and Krueger 1984; Platts and
Raleigh 198,1; Ehnore 1992; Johnson 1992). Also.
grazing systems dcsigned to l imit use of upland
tbrage olten result in over use ofriparian lbragc.
especially woody plants such as willows (Elmore
1992, Belsky et al. 1999). The long term effects
of persistent, and often intensc. grazing of ripar-
ian areas has reduced the amount of willow (Sdli-r
spp.). grass. and sedge on stream banks (Elmore
1992). Exposed stream banks arc especially prone
to erosion during maj or l loods (Platts et al. 1985.
Elmore and Beschta 1987), which may result in
substantial widening of streanr channels. chan
nel incision, or both (Kauffman and Krueger 198:1).
Thesc long-term changes in channel morphology.
especially channel incision, have important teed-
backs on the hydrology of riparian zones. The
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height of the water table beneath the riparian zonc
is scnsitivc to the height of water in the strcan,
so channel incision can lower the water table lor
long distances across vallcy floors (Wondzell and
Swanson 1999). In u,et meadows, $'here longitu
dinal channel gradients arc vcry low and valley
tloors are 1lat. small changes in channel incision
c;ln change interactions between the sffeams and
dpadan vegetation cvcntually convefting wet, ri-
parian meadows to dder, upland vegetation types
(Elmore and Beschta 1987. Elmorc 1992,Belsky
ct al. 1999) \\"ith much reduced vegetative cover
on stream banks and valley floors. The grazing
effects described above cannotbc applicd directly
to all sffeams in eastem Oregon and Washington
because not all channel types are equally suscep-
tible to gmzing-induced changes. The linkages
.r mong rin.rrir n \ epelaliun. !eomorph ic proce.ses.
and hydrologic disturbancc rcgimcs need to be
better unde$tood to guide effective assessmcnt
of current condition and restoration potential.

Forest Health and Protection Treatments

Prescrlbed Fire and l\,4echanical Fue
Treatment

Prescribed fires iire widely proposed as a feat-
mentto reduce fuel loading and rcstore forcst health
(restore tbrests to pre-settlement conditions)
(Brown and Arno 1991, Gast et al. 1991, Everett
ct al. 1994, Mutch et al. 1993). However, most
fire studies have focused on cither wildfire or slash
burning following forest harvest (Beschta 1990).
Rclatively few studies have examined the effect
of prescribed firc on watershed processes. Un-
der-buming should rcmove t'ine firel such as her-
baceous vegetation and forest littet and rnay create
hydrophobic soils. Howcvcr, hydrophobicity usu-
ally persists for only a few yea$. Most prcscribed
fires u'ill be set when luels are moist and climatic
conditions arc unlikely to support intense flres.
Prescribed fires should havc rclatively little ef'-
fecton soil organic mattcrand soil structure deeper
in the soil profile because low firc tcmperatures
and short duration fires should not raisc mineral
soil temperatures significantly (DeBano et al.
1998). Litterfall fionr the retained forest canopy
should rapidly renew the lorest lloor litter layer,
protecting the soil from raindrop impact. Thus,
low-intensity, prescribed lres typically have mini-
mal eflect on soil propefiies controlling infiltra-
tion (DeBano et al. 1998) so that the fisk of in-
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creased surlace erosion is relatively minor. Dry
ravel tiom steep hillslopes could increase if pre-
.cribed fi r'e. con.u m.' loF. rn,.l ul her urgan ic mrttel
that rctain sediment on hillslopes (Bcnnett i982,
Bcschta 1990) but this wil l depend on fuel con-
ditions and the time elapsed since the last f ire.

Management activities associated with prc-
scribed fires that disturb the soil surface may have
substantial cl}'ects on erosion and strean sedimen-
tation. For example, dry Iavel should be expected
tbllowing mechanical fuel treahnents ifthose trcat-
ments rcmove logs that are stodng sgdiment on
hillslopes. Additionally, soil disturbance (Beschta
1990. Gil l 199,1, Wilson 1999) resulting from
mechanical fuel treatmcnts priorto burning, build
ing or re opening roads for access to sites to be
burned (Ketcheson and Megahan I 996, Trombulak
and Frissell I 999, Jones et al. 2000), or construc-
tion of fuel breaks may increase erosion much
more than would prescribed fire alone. Overall,
the ellbcts ofprescribed fircs on ripaian and iquatic
systems should be much less than those expected
fiom large, stand replacing fires, and the great-
cst risks are posed by ground-disturbing activi-
ties, rather than rcsulting directly trom prescribed
bums. However, the cumulative effect of dramati-
cally increasing the number, frequency. and arel
of prescribed tlres is unknown (Rieman and
Clayton 1997, Tiedemann er al. 2000).

nsects and Disease

The greatest risks posed by Forest Hcalth and
Protection treatments to control insects and dis-
ease. or ftom featments (salvage logging) of stands
killed by insect outbrcaks, will be from ground
disturbing activit ies. Again, building or re-open
ing roads for access to salvage sites would be
expected to have large effects on stream sediment
budgcts (Ketcheson and Megahan 1996. Trombulak
and Frissell 1999, Jones et al. 2000). Salvage
operations typically use tractor logging, and ero-
sion and sedimentation ratcs should be simil to
those documented for harvesl trcatments under
similiu conditions. The effects of ground-disturbing
activities can be minimized by maintaining buff-
ers along stream channels; however, wind throw
along buffered strcams can lead to increased bank
erosion and increase stream sedimentation (Lewis
1998), although the effects might be balanced by
lhe cunlribulion ol l iLrge uood in lonning 'tream
habitat and sediment storage structures. Finally,



whcre salvage plans call for piling and burning
ofnon merchantablc naterials, they are likely to
have large and long lasting eflects on soil prop-
enies owing to high soil temperatures and long-
duration heating that can sterilize the soil. and
change infiltration rates (Beschta 1990. DeBano
et al. 1998).

Graz  ng

Grazing prescriptions must be designcd for eco-
logic and geomorphologic conditions of speciflc
strcam and dparian systcms (Elmore 1992). Pos-
sible changes in grazing prcscriptions tbr domestic
liVestock include reducing the intensity and du-
ration of grazing, changing the seasen of use,
improving the distribution of l ivestock within
pastures. pcriodic rest from grazing, and in some
cases, complete exclusion of domestic l ivestock.
However, tlexibility in designing grazing prescrip
tions for higher clevation pastures wil l be l im-
ited by severe climatic conditions. Further, be-
cause most studies examining etTects of grazing
on riparian vcgctation, channel rnorphologl'. and
fish compaled grirzgd arcas to non-grazed
erclorurcs and ten,lc,l nol Io repon prazing tn
tensity or tirragc utilization in grazcd areas. therc
is reJatively less infornation available to guide
developmcnt of grazing prescriptions that are
consistent with restoration goals (Clary and
Webster 1989, Platts and Raleigh 1984, Rinne
r999).

A study ofa gruing exclosure in Wickiup Crcck
in eastem Oregon (Clifton 1989; Nagle and Clifton,
unpuh l i .he ,J  dan ' : r  shoueJ rup id  rncrease in  \  e ! -
etation cover in dparian areas followed by sttb-
stantial changes in channel morphology withcom-
plete exclusion of l ivestock. Similar geomorphic
responscs were observed in a study of mountain
mcadow systems in central Idaho (Clary 1999).
In both of thcse studies, substantial chaDges also
occurred in grazed reaches outside exclosures.
These study areas appear to bc more lightly grazed
today than in the past and suggest that completc
removal oidomestic l ivestock is not always ncc-
essary to gain improvcments in stream conditiol'l.

Studies that fbcus on changes in channel nor-
phology. especially reduced width:depth ratios and
nunrber ol 'pools, have shown mixed results
(McDowell and Magil l igan 1997.1. Several stud-
ies tailed to show significant changes in channel
morphology despite many years of livestock ex-

clusion (Medina and Maftin 1988, Kondolf 1993).
However, these studics were conducted in rela-
tively small riparian grazing exclosul€s, whereas
: l l ca tn  chunne l  rn , r rpho log l  i s .en . i l i re  to  n ro-
cesses within thc entire watershed that rcgulale
delivery of water, scdiment, and wood to strcam
channels, as well as the rccent history of large
1'loods. and the availability of kcy stluctulal ele-
ments such as lalge logs or large boulders that
interact with sediment ffansport and dcposition
to change channel structure.

Risks and Forest Health and Protection
Treatments

Proposed forcst health and protection treatments
may accelerate upland erosion and increase sedi-
nlcntation of streams. Treatments designed kr
minimize short-term risks may conflict with ac-
tivit ies that wil l minimize long term risks. This
cont'lict is well illustrated by management pre-
.cripliun: ior riparian tbresrs. Pa.rir e re.toration.
in  u  h ich  L le t r imc 'n t r l  land  mrnagement  rc t i l i t i e .
ue reduced. or eliminated. is areasonable response
to many stream management problems because
lhe  e t  fec l .  r ' l  \ l c . i l i c  land  manupernent  p r lc t i ce '
are well understood in many areas (Mcchan 1991,
Kauffman et al. 1997, Rieman and Clayton 1997.
Houe l l  2001r .  l - , ' re : t  hca l th  and pro te . t ion  p |c -
scriptions. however, call tbr active management
to speed restoration specitically, using silvicul-
nrral treatments to modify stlLnd composition. stl'Llc
tu re .  und: lo (k inp  l inc lud ing  . t l \  i l ge  logPing .
mechanical fuel treatment, and prescribed fire)
and thereby control insect and disease outbreaks
as well as reduce fuel loading. These treatments
|ray help reduce the long-tem risk of stand-re-
placing fires. Active restoration wil l use best
nranagement practices. Ceftain treatments, such
as salvage logging and mechanical fuel treatments,
will require the use of roads (existing roads, re-
opcning roads, or construction ofnew roads) and
use ofheavy equipment olJroads (such as tractor
skdding) that may lead to sedimentation of streams
with possible negative impacts on stream habitat
for salmonids. Because of this. management prc-
scdptions call tbr lcaving substantial butlers of
undisturbed fbrest ad.jacent to both perennial and
ephemeral stream channels (USDA and USDI
2000). However, some ripadan forests pose spe-
cial problems. For example. in many dry forest
types on volcanic lithology, thc deepest and most
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productive soils are in riparian areas. Increased
moisture availability in these areas has led to es-
tablishment of shade-tolerant, late-successional
species. Many of these riparian forests now have
high fuel loadings and are dominated by dense
stlLnds oftrecs that are pronc to insect attack. Over
thc long tenn. passively managcd riparian for-
ests may have increased risk of inscct and dis-
ease outbreaks, and certainly, intense wildfires
would remove riparian buffers. Frequent stand-
replacing disturbances could l imit the sizc ofri-
padan trees tiom which large wood is recruited
to streams and therefore have long,tem ef'feots
on channel morphology. Thus. strategies that pre-
serve buffers of undisturbed forest to protect
streams fromland management practices and avoid
short-tcrm risks of active managcnrent present
unknown long-term risks.

To some extent, Lrade-offs betwccn short and
long-term risks can be avoided by considering
the spatial component of forest hcalth teatunents.
Upland and riparian forest conditions are good
in many of the watenheds that currently suppofi
strong populations of threatened and endangercd
salrnonids and have little immediate need for res-
toration. Conyersely, populations of threatened
and endangered salmonids arc missing in many
wate$hcds with poor habitat. even though these
watersheds have the potential to support strong
populations. Herc, the only risk associated with
restontion practices will be the lost opportunity
if restoration is not successful. Not all risk can
be avoided. Priodty rcstoration watersheds for
threatened and endangered salntonids tend to be
those with existing populations where potential
to support strong populations isjudged to be high.
but where upland, dparian. and aquatic conditions
are poor. These pdodty restoration watersheds
oftcn target geographically isolatcd reourant popu-
lations considered ecologically impofiant. In these
cases. trade-ofTs between active restorauoD s[ar-
cgies with well known sho -term risks and pas-
slve management with potential. but poorly known
long tenn risks need to be considered carefirlly.
Unfbrtunately, the present state ofscientific knowl-
edge is insullicient to inform choices between these
tradeoffs.

Summary

Forest health and protection trcatments need to
be considered individually to assess their poten-
tial eft'ects at the site scale. Prescribed fires would
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likely have a relatively small eflect on rates of
ero\ion Jnd srcafi] \erl imentation. lnd n1 increr:e
would likely be much smaller than t'ront a stand-
replacing wildfire buming the same area. lnrproved
grazing prescdptions may lead to major changes
in composition and biomass of strearn-side veg-
etation. especially the abundance of woody spe-
cles such as wil low. However. response wil l be
highly dcpendent on -scomorphic conditions. A1-
though some studies have shown that channel
morphology can respond quickly to changes in
grazing, changes in channel and lloodplain mor-
phology will be slow in nrost areas, and in thosc
areas. restorationis likely to be difncult. The largest
.isk ofaccclerated erosion is expected from ground-
disturbing activities, such rs road use and road
rcconstruction. construction offire breaks, or off
road use of heavy ntachinery. Overall, caref'utly
designed and implementcd site-scale treatments
are expected to have little ef]ect on erosion and
sedimentation at the watershed. or larger scale,
because effects are attenuatcd as they nove down
the strcam network. Most studies of forestland
use and steam sedimentation have been conducted
at the site or small-watershed scalc, so that con-
clusions al these scales are generally well sup,
pofted by the available literature.

Luge scalc studies and cumulative-el]'ect stud-
ies offorest land-use pmctices are relatively rare,
so the cumulative effects offorest health and pro
tectlon trcatments imposed across a largc region
are difficult to assess. Cunent knowledge of cu-
mulative effects comes mostly from large. water-
shed-scale studies of past pmctices. However. the
results of these studies haye been difficult to in
ter?ret because ofthe high degree ofnatural vari
ability, relatively slow response times ofgcomor
phic processes, thc site-scale efl 'ects of other
management practices. and the ditTiculty of re-
constructing historical land management practices.
Further there are no large scale empirical stud-
ies ofcumulative effcct resulting fron current best
managcment practices. Restoration goals often
target rcterence conditions considered to be the
condition prior to Euro-American settlement, or
. r l lempl  to  mimic  a  na lu r . l l  d i \ lu rb i ln (e  reg imc.
both ofwhich arc reconstuctcd fiom a variety of
proxy records. Given the current state of knowl-
edge, dramatically changing lbrest land-use prac-
tices across eastern Orcgon and Washington-in-
cluding the widespread use of prescribed fires,
salvage logging, mechanical fuel teanncnts, com-



bined with an cxtensive network of riparian buffen
is cssentially a long-terrn, landscape-scale expen-
ment, the cumulative effects of $hich are unknown.
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