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Abstract
Effects offire. fofe\t insects and diseases, grazing. and lbrest heallh tre.rtmerts on lish populations ard habital are re!ie$ed. Fire.
nrsects, and disease afiecl lish habilat b) &eir inllucncc on thc ratc and volumc of\\'ood! dcbris recruilmcnl to slrcams. canop]
co\er and $alcr lcmpcrarurc. stream i-lo\lt channel erosion, sedimentarion. nutrients. and residual legetation. Ph,vsical effects
liom firc vary greadv dcpcnding on fire severil1 and extent. geolog,v, soil, topography. rnd orientation ofthe site, and subsequent
precipitation. N{ost efect\ moderate \|ithin a decade. Post-fire erosion and wood recruitment are also iniluenced by fife 1ines,
road construction. and tinber harvest. Although some disturbances. such as se!ere iire and subsequent lloods, appear c:rla'
strophic. and eftecls m:ry lan decades or cenrurics. natural dislurbanccs hclp crcalc and nainlain dilcrsc. producti\c aqua(ic
habilais. Rccolonization of fish populatjons lbllolling wildfifes can be rapid and is related to occurrence of local refugia, life
history patlefns, access for nigrutory fo|ms, and distribulion ofthe species.ln lnostliveslock studies. grazing negalilely .r1lected
iish habital and populalions. but rcsults ay vat'. depending on sites and specitlc grazing nranagement. Efective approaches to
grazing management similarly depend on rhe specific application and the conmiimeni ofoperators and nanagers. Restoration of
the \tructure. function. rnd processes of walersheds nore similar 1() lhose wilh rhich natilc spccics c\olvcd na,"- la!or lhose
species; however, there is little docuncntalion ollhc aquatic cfficrs oftbosc aclivities. Risk tiom vcgeralivc trcarmcnls ay bc
minilnized b,"- cxpcrimcnting ou!sidc ofcritical arcas (i.e.. consenrng key habitats and populations. focusing inlensive treatments
on upland sitcs). Use of more benign techniques (e.8., lower-impact logging s),\iems) and pulsed treatments consistent with
charactcristics olnaiural disturbance fegimes afe othef considerations fof achieling both ierrestrial and aquatic objeciives.

Phil ip J. Howell ,  Pac f c Northwest Research Stat on Forestry and
La Grande Oreqon 97850 ema ohowe @fs fed us

Introduction

Native fishes, panicularly salmonids l isted un-
dcr the Endangered Species Act (ESA), are a key
issue in managing lbrcsts in eastern Oregon and
Washington. This paper is part of a series of pa-
pers to provide a synthesis of literature concem-
ing eflects of sclcctcd lorms of disturbance and
management in response to risks fiom those dis-
turbanccs in foresled ecosystens east of the Cas
cade Range. Disturbance agents addressed include
fire, lbrest insects and diseases, and ungulate graz-
ing. This rcvicw addresses the effects of these
disturbances and forest health treatments (e.g.,
fbrest fuels rcduclion. limber salvage. prescribed
fire, grazing management) on native and invasivc
llshes and thefu habitats. This was not designed
to be ar exhaustive l iterature review but a brief
sumnrary of key rclevant publications, paficu-
larly other syntheses and reviews. See Wondzell
(2001) for related discussion of erosion and scdi-
mentation.

Eftects of Fire

The role of naturally occuring disturbances as a
dominant inf' luencc on aquatic habitats and spe-
cies has become increasingly appreciated (e.g.,
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Reice et al. 1990. Reeves et al. 1995. Bisson et
a l .  1997,  BenJr  c l  . r l .  lqq8) .  I  i re ,  l i , r c . t  inse , . r .
and disease, and wild ungulate grazing are inte-
gral elements ofnatural processes that control the
developrnent and persistence of aquatic habitat
(Swantson l99l) with which native aquatic spe-
cies have evolved. Most of the existing werk on
aquatic systems in the interior Pacific Nofihwest
has been related to wildfire.

Physical changes in wate$heds from fire that
affect aquatic habitat include wateryield. elosion,
soils, nutrients. water temperature, and vegeta-
tive cover (Gresswell 1999). Most of the more
immediate eflects are linked to increased water
yield and erosion (sudace erosion. mass wasting,
trnd channel erosion) and accompanying in-channel
sedimentation. Soil characteristics, such as wa
ter repellency, porosity, and structure, can be al-
tercd (Klock and Hclvcy 1976, McNabb ct al. 1989.
White 1996). Brief pulses of nitrogen and phos
phorus in streams adjacent to fires may occur:
however. sorne chemical levels may be elevated
for years because ofreduced cycling of nutrients
by vegetxtion (Wfight 1976. Bayley et al. 1992).
Watcr tcmperaturcs may incrcasc during and
following fires from a loss ofriparian canopy and
increased insolation (Helvey 1972, Helvey et al.
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l976. Minshall et al. 1997). Thermal increases
tbilowing fire are generally not lethal to aquatic
ofgaDisms and decline with the establishment of
riparian vegetation (Gresswell 1999). Revegeta-
tion of dparian zones is usuallv rapid unless the
soil is compacted by logging (Rieman and Clayton
1997) or regrowth is suppressed by gmzing. Tem-
perature increases may be modcrated by increascd
discharge resultin-s fiom reduced evapotranspi
ration (Helvey et al. 1976) and by shading from
lemaining standing trce boles next to streams
fR ienr rn  tnd  C la l tun  100- r .  Inc rca .e .  in  rem-
perature in smaller, headwater steams may be
negligible furtherdownstream (Gressrvell 1999).

The ph) . i ca l  e l l cc ls  o l  f r r t .  on  uquu l ic  ecor1 . -
lems vary greatl) depending on firc severity and
extent. thc characteristics of the watershed (e.g..
geology, soils. topography. orientation). and sub
sequent precipitation (Swanson 1981: Meyer ct
al. 1992, 1995). Most ofthese effects occur within
10 years of thc fire. Hou'ever, burned areas that
expcrience debris florvs or floods may take de-
cades (Mcgahan l99l) or even centulies (Benda
19115) fbr reestablishment of soil and mature \, eg-
e ta l ion  ad i . rLen l  to  ch lnnc l . .  Chrnge.  in  rc . . ru i r -
mcnt of lalge woody debris, an impoftant coln-
ponent offish habitat, can likewise be more lasting.
Where fire intensitv was not grcat enough to con-
sume largc wood, recruitment to the channel in-
creased 1n most studies (Youn-q 199,1. Reeves et
r l .  la9-5 .  Minshr l l  e r  r l .  lqa- r rnd  mr- r  pers is l
until the succccding tbrcst is established (Swanson
and Licnkaemper l978). Wood rccmitmcnt is also
dcpendent on prc-tire vegetative conditions (e.g..
tree size and density) and post-tire timber harvest.

Mosl studies of the cffects of fire have not
c , ,n . idered  po :s ih le  d is r inc r ion '  be tuecn r in r r -
ian and upland portions ofthe watershed. Recent
research is beginning to help fi l l  thar void
(Will iamson 1999, Olson 2000). Olson (2000)
founJ  th r t  in  d r '1  l i ' re . r  rvpc '  u i rh  lou-serer i r )
tire regimcs. histolicallv fire occuned frequently
within riparian management zones lrnd that there
was little difference in the fire frcquencies be-
tween riparian and upland areas.

Mortality of tishes has bccn reported follow-
ing fircs and subsequcnt tloods in burned areas
(Rieman et al. 1997: Gresswell 1999: Howell.
unpublishcd). Mortalit ies have generally been
associated with severe fire intcnsities (Minshall
et al. 1989, McMahon and decalesta 1990. Rieman
ct al. 199?). The exact mechanism of f ish mor-
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tality is unce ain. although high strean tempera-
lures aDd toxicity tiom smoke and ash have bcen
implicated (Gresswell 1999). Longer tenn cflects
can range lrom essentially none wherc recolonj-
zatlon is rapid (e.g., Rieman et al. l997) to extir
pation ofisolated populations (Rime 1996). SnLmo-
nid densities in detaulated reaches werc simi]ar
(Rieman et al. 1997) orexcceded (Noval and Whire
1990) densities in unaff'ected reaches by I 3 years
lbllowing fire. Rccolonization is related to the
occu(ence and proxinity of local refugia (c.g..
unburned or l ightly bumed patches): mulriplc l i te
hrstoly patterns ofthe affected species, especially
migratory fbrms; acccss tbr migratory fish: and
overlapping generations (Rienan el al. 1997.
Gresswell 1999). Eft'ects on populations thathave
become tragmented, restricted to rcsident fonns,
or consist of narrowly distdbured endenics may
be more long lasting.

Some post-fire changes, such as erosion. f ire,
or flood events (and associated fish mortality) may
appear catiistrophic: howcver, these processes help
create andmaintain diverse and productive aquatic
habitats through subsequent intemctions between
aquatic and riparian environments, such as in-
creases in large wood and coarse sediments that
provide hydmulic complexity (Reeves et al. 1995;
Bisson et al. 1997; Rieman et al. 1997, 2000;
Cre 'sue l l  lqqg)  \4any  nar i rc  .pec ie . .  p rn iLu-
larly salruonids. arc adapted to variable environ-
ments rcsulting tiom natural distwbanccs through
divcrse lifb histories (Rieman etal. 1997. Gresswell
1999). Fish populations can recover soon after.
large disturbances wirhin a few days (Peterson
and Bayley 1993), weeks (Sheldon and Melle
1995), or a t 'ew years (Niemi er al. 1990).

Physical effecls of most fires on aquatic sys-
tems have been greatest at l0- to 100-year tem-
poral scales and at 100- to 1.000-m spatial scales
(i.e.. stueam reaches or segmcnts) (Gresswell 1999).
For migratory and more extensivcly distributed
fishes. the scale of biological ellects is likely to
be at theindividual and local populationlevel rather
than at higher levels of organization (meta-
popu l r t ion .  c r  o lu t ionar i l \  : ign i l i c rn l  un i r -  u r  spe .
cies). Changes in landscapeJevel lire regimes (i.e.,
increases in fire sevedtv and extent) (Hann et al.
1997) could increase the scale of thcse effects.

Anthropogenic facto$ ilre impo ant consid-
emtions in evaluating the effects oflire and fb.est
insects and trce disease o[ fishes and llsh habi-
t t. Fire suppression. pre- and post-fire logging.



roads, and othcr managcmcnt-induccd changes
to the watershed can greatly influence how these
disturbances affect fish habitat. Forexample. post-
fire erosion has been closely l inked to l lre l ines.
timber harvest, and road constmction (Swanston
197I . Marston and Haire 1990, Gresswell 1999.
Mctr,er and Starr 2000).

Historical natural disturbanccs tended to be
erratically distdbuted or "pulsed" (i.e., dispersed
in tinrc and spacc), whcrcas tbrcst managcmcnt
has produced more regularly spaced, chronic
"press" effects (Yount and Niemi 1990, Reeves
et al. 1995. Rienan et al. 1997). For example.
erosion from fires is episodic, whereas roads can
be continually persistent sources of fine sedimeDt.
Anthropogenic lactors not only alter the physi-
cal cffects of nalural disturbances but have also
contributed to simplif ication and homogeneity of
aquatic habitat. Coresponding fragmentation,
isolation, and loss of l i te history diversity offishes
reduce their resiliency in responding to the dis-
turbance (Bisson et al. 1992).

Effects ot lnsects and Disease

There have been few studies of the direct effects
, ' f  lo re r t  i r r r , ' c t '  and  d i :c i r . . , \n  rquJ l i c  \ ) : l (  m. .
Some effects ma.v be comparable to those offile.
For example, all ofthose disturbances may influ-
ence the ratc and volumc of rccruitmcnt of woody
debds to stream channels, canopy cover in ripar
ian areas, snow accumulation. evapotranspiration,
and stream flow (Snanston l99l). The amount
of woody dcbris in the channel would l ikely in-
crease in the short term liom trees killed in the
riparian arca and then dcclinc unti l rcplaccmcnt
trees are large enough to provide that function.
However, recruitment of dead uood would prob-
rh l l  oecur  mor .  : l , ru  l1  lh l l , ' u  ine  Jn  in :cc t  our -
break than a stand-replacing tirc (Youngblood and
Wickman. 1rr pi'ess). Reduction of canopy cover
and litter tall in the riparian area could increase
solar insolation and water temperatures in snaller
streams and reduce allocthonous nutrient input
afier an initial pulse. Increase in stream flow fol-
lowing monality has also been documented (Love
1955; Bethlahmy 1 974: 1975). The recunence of
these effects is on the order of l0 100 years
(Swanston I 991). Like firc, thc magnitudc of thcsc
effects and potential changes to fish habitat de-
pend on the extent. patchiness. and severity of
thc disturbancc and characteristics ol the site.
Effects would be most eyident where the mofial

ity fuom fic disturbancc is cxtensive and severe.
Other effects ofinsect and disease outbreaks. such
as the pattem ofdisturbancc (c.g., patch size, fre-
quency) and anrounts oferosion and residual veg
etation, may differ from the effects of wildlire.
Forest insects and disease could also indirectly
affect aquatic habitat through incrcases in fuels
and rccompanying change. in [ire regime..

Effects ot Grazing

General effects of grazing by wild and domcstic
ungul;ites are discussed in this issue by Kie and
Lehmtuhl (2001). Platts (1991) in a review of
aquatic eflects oflivestock grazing concluded that
"impropcr livestock grazing degrades riparian and
aquatic habitats. resulting in decreased produc-
tion of salmonids." Much debate conceming this
issue revolves around what constitutes "improper"

grazing. As Mclnnis and Mclver (/4 p,".!s) and
Ehrhart and Hansen (1997) point out, there is
abundant evidence that heavy l ivestock grazing
is detrimental to riparian habitat. but there is little
intbrmation on effects of lower stocking levels
or which grazing strategies are most effective at
improving riparian habitat. Quantifying livestock
use is not simply a measure of l ivestock num-
bers, but also distribution, duration, and timing
(Holecheck et al. 1989, Larsen et al. 1998).

Scr crl l rcccnt comprchcnsir e l itcrrlure rer ieu.
have also examined the effects ofgrazing on aquatic
ecosystems (HaE'kins 19911, Larsen et al. 1998,
Belsky et al. 1999. Rinne 1999). Most ofthe avail-
able information addrcsscs primarily etlects of
livestock grazing on vegetation and, to a lesser
cxtcnt, other aspects ofaquatic and riparian habitat
(e.g., geomorphology. stream banks. water qual-
ity) rather than direct eflects on lishes (e.g.. di
versity, dcnsity. biomass, population trends). Spe-
cific effects on aquatic habitat include reduction
rnJ  chrnge.  in  rhe  compo. i r ion  o f  r ip r r r i rn  reg-
etation, shallowing and widening of the stream
channel, increases in fine sedimcnt, reduction of
pools. increases in $'ater temperature, lowering
of the vater table. changes in the tirning and vol
ume of strean flow, bank trampling, and accclcr-
ated bank erosion (Platts l99l). Many of these
effects arc interrelated. ln a meta analysis of graz-
ing . tuJ ic :  h1  Hr ru l in .  t  l9Q8r -  r ip . r r i rn  re le t i r -
tion and channel characteristics, such as pools,
width:depth ratios, and levels of fine sediments
generally associated with favorable salmonid habi-
tat declined in most studies. However. differences
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between ungrazed and grazedteatments that \\"ere
greater than 1.5 times. which was considered by
the author 1() be ecologically signiticant. occurred
in less than half (487r) of thc vegetation studies
and 20% of the studies examining channel char-
acteristics. Most of studies that consider effects
on lishes deal principally with salmonids (Rinne
1999). Seven ofthe nine studies ofeffects of grazing
on fishes reviewed by Hawkins (1998) reported
reductions in the biomass or density offishes, and
in 6 ofthose. the differences between grazed and
ungrazed treatments were 1.5-fbld or greater.
Belsky et al. (1999) concludcd that although some
studies showed no statistical diflercnces anong
grazed and ungrazed areas, no studies they re-
viewed indicated positive effects oflivestock graz-
ing on riparian feas. A11 of these revlews em-
phasize thc difficulty of drawing generalizations
from extant studies because ol inadequacies in
study design. [eplication. controls, aDd statls-
tical rigor and !ariabil ity of sitcs and grazing
managelnent.

Evaluating the effects 01 gmzing on aquatlc
systems can often be difficult because streams
are inherently dynarnic and vadable (Platts 1991i
Swanston l99l). Natulal events can produce somc
effects that appear sinrilar to grazing. lsolating
etlects of grazing treatments from the cumula-
tive $,atershed cffects of managen.rent can also
be dilllcult. The legacy of long-term effects of
historical livestock grazing can confound results.

Large \\"ild ungulates, such as deer ond elk,
can prtduce some eff'ects on aquatic habitat similar
to those of livcstock primarily through bank tram-
pling and consumption of riparian vegetation,
particularly shrubs (Swanton 1991: Hanley and
Taber 1980 and Hanley 1987 cited ir Swantson
l99l). Eflects of wild ungulates on aquatic habi-
tat could also bc influenced by current and past
l ivesmck grazing.

Forest Health and Productivity
Treatments

Grazing Strateg es

A number ofgrazing strategies have been devel-
oped to meet riparian and livestock production
objectives. Except for exclusion (e.g.. tenccd Ii
parian exclosures), no single technique has con-
sistently inploved dcgraded riparian ar eas (Elmore
and Kautlman 199,1). Livestock exclusion has
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produced thc most dramatic and rapid rates of
riparian recovery (Elmore and KaufTman 1994);
howevet it may not be required for improvement
or optimum in allcases (Ehrhart and Hansen 1997).
Fencing to exclude both livestock and big game
has also been used to promote recovery of aspen
in riparian arcas. Riparian exclosures or any ap-
proaeh to  manag ing  l i \ cs lock  use  , ' l ' r ipar icn  3r
eas needs to inoorporate considerations for up-
land range management as well so that problems
are not merely shifted from one area to another
(Elmore and Kauffman 1994).

The "best" grazing strategy depends on t]le
specific application (e.g.. site. livestock, grazing
pattems. operator), objectives, managcment fea-
sibility, and cost-effectiveness. Riparian arcas differ
widely with respect to their sensitivity to graz-
ing, potentially suitable grazing altematives, vcg-
etation, and condition. For example, adjustments
to the timing of use (e.g., early or late season)
rnay be very limited or not possible in higher-
elcvation pastures. Objectives can be the most
difficult of thesc elements to dcfine. What kinds
and degree of grazing eflects on aquatic habitat
of flshes or other species dependent on streams
and riparian areas are ecologically significant?
What rate of ripadan recovery is needed, espe-
cially for depressed species including ESA listed
species? As previously discussed, empirical data
on lhe degrec ofecologicul eFfcct. ol grazing treat-
ments, much less the rutes ofchange and the bio-
logical response of fishes. are very limited. Al
though much efthe focus ofgrazing management
may be on the techniques or pfescdptions, the
commitment and the necessary resources (e.g..
funding, staf0 of operators and managers arc es-
sential (Ehrhart and Hansen 1997). This may be
the  grea te . t  cha l lenge to :ucce5s [u l  ! ra l ing  mcn
agement.

Flre, Forest Insects, and Tree Dlsease

In a broadscale analysis of the interior Columbia
Basin, Rieman et al. (2000) found that declines in
native fish populations and habitat ftequently par-
alleled changes in the stucture, composition, and
disturbance pattems of adiacent lbrcsts and that
restoration of those forests more consistent $'ith
naturJl disrurbance\ ( ould al.o benefit aqualic eco
systems. The effectiveness ofsuch restoration will
depend on the design of the prqects, the techniques
used, and minimizing the risks to aquatic species.



Efforls to addless forest health through active
management of vegetative stmcture and compo
sition and fire need to be coupled with consider
ation of forested watershed function and needs
for restoration of aquatic ecosystems (Bilby and
Bisson 1991, Rieman and Clayton 1997, Rieman
et al. 2000). Bcnefits to aquatic specics are less
likely to accrue if aquatic comnrunities continue
to be constrained by other factors. For example,
focusing proiects in wate$heds that are heavily
roaded would otien correspond with areas that
have degraded aquatic conditions and the high-
est departure tiom historical vegetative and dis-
turbance pattems (Hann et al. 1997. Hessburg et
al. 1999, Rieman et aI.20fi)). Existingroads, rather
than ne\\" roads. could be used to facilitate veg-
etative management; unnecessary and particultirly
danraging roads could bc oblitcrated or modified
r , '  rcduc .  Ihc i r  r ' l ' f cc t :  on  rqur l i c  hdb i t r l : .

Adverse eflects of past lbrest management
practices on aquatic habitat are well documented
(c.g., Salo and Cundy 1987, Meehan 1991. Lee
et al. 1997). Etlects of roads. in particular. have
recantly been emphasized (Lee et al. 1997,
Gucinskiet al. 20U), Trombulak and Frisscl2000).
Futurc lbrcst hcalth trcatments that dilfer liom
traditional management approaches by employ-
ing potentially lower-impact techniques. such as
prescribed fire and logging systems that reduce
ground disturbance. compaction, and rcad rcquire-
ments may help avoid unintcnded long{em dam-
agc to aquatic ccosystems.

Forest health treatments can potentially intlu-
enee the  .ompo. i l i r rn  r ' l ' uqua l i (  spec ics  . t ' sc tn -
blages, including exotic species primarily through
accompanying alteration of insfeam and ripar
ian habitats. For cxample. reduction of forest
!  rn , ,n )  l io rn  logg ing  or  g r lz ing  in  r ip l r ian  r |c l :
can rcsult in increases in stream tempemture. that
can in tum frr or change' in aqurlic .pecie. com-
position through interspecitic competition, dif'-
terential disease resistance, and predation (Li et
a l .  1987.  S t range e t  d .  l992 ,L i  andMoy le l999) .
Introduced fishes, such as brown trout (Sdlrro
lrrlii), brook rrotL (Salvelius .fontirutlis), and
warmwater species l ike smallmouth bass
(Micropteru.s dolotnleri), tolerate or prefer higher
water tempcraturcs than coldwater native fishes,
such as bull trout (Sd1v.r1lrrr conJluentus), crt-
throat trout (.Oncorhynchus clartl), and other
salmonids (Bjomn and Reiser 1991, Howell and

Buchanan 1992. Li et al. 199,1, Buchanan and
Gregory 1997). Other eftects associated with veg
c la l ion  mdndgcmcnt .  fan icu lJ r l )  in  r ip r r r i tn  u r -
eas, such as reduction of large woody debris, in-
creuedtine sediment. lurd ch?Lnges in trophic inputs
(Gregory et al. 19E7, Tait et al. 1994) could also
favor non-native species. Changes in natural dis-
turbance regimes (e.g.. timing, frequency, il]ten-
sity) can promote invasion of non-native flshes
(Reeves et al. 1995. Reeves et al. 1998) and ri-
parian plants that affect interactions between
aquatic and terrestrial environments (DeFerrari
and Nainan 1994, Planty-Tabacchi et al. 1996.
Heckman 1999). Roads constructcd to facil i tate
logg ing  and o ther  fo re \ t  m i rnagcrncnr  r r ' r i \ i l i e \
can provide access to sheams for intcntional stock-
ing of non native hatchery fish and illegal fish
introductions (Lee et al. 1997, Trombulak and
Frissel 2000).

To the extent th t tbrest health treatments pro-
mote long-term changes in the stmcturc, func
tion. and processes of watersheds that are morc
in keeping with the pattems that nativc species
evolved with. those treatmenls ultimatcly may favor
native aquatic species (Beechie and Bolton 1999).
un les .  the i r  shor t  te rm e [ lec l .  on :pec ie :  (onr -
position cannot be reversed. Howeveq thcrc is little
documented evidence to date to supporl the hy-
pothesis that fbrest health treatments to manage
overstory vegetation (e.g.. thinning. timber har-
vest, prescribed fire) promote native aquatic spc-
cies and discourage invasions by non-native foms.
The effects of those treatments will depend on
what specific activities are undertaken and the
success of the mitigation.

Risks and potential benelits of forest health
and aquatic restoration teatments need to be care-
fully assessed (Rieman et al. 1997). ln some cases,
the ecological risks of active management may
be greaterthan the risks of large. severe fires (Lee
at al. 1997, Rieman and Clayton 1997), insects,
and disease. Unfofiunately. therc is little infor-
mation conceming the effectiveness of forest health
treatments on reducing dsks to aquatic habitats
and species or the aquatic risks of treatments us
ing current techniques. For example, a recent re
view ofthe use ofprescribed flre found no litera-
tu re  on  the  e f fe r ' t .  o l  p re . ( r ibeJburn inFonaquut ic
systems (S. Wollrab, USDAForest Scrvice, Rocky
Mountain Research Station, Boise, lD. 1999.
Can prescribed fire be used to restore habitat
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for salnonids'l http://www.fls.t'ed.us/rm/boise/fi sh/
rev i sedli sh/projects/fi sh%2Oproject-s/tcch 7c20tran 7c
2Oplojects/lircpage.htnl lApril 2001 l).

Given the n-tajor unccnainties associated with
ccosystem analysis und nanagement (Baker 199,1,
Stanley 1995. Noss and Scott 1997). Reeves et
al. ( 1995) and Ricman et al. (2000) recommend
minimizing aquatic risks by conserving remain
ing key terrestrial atrd aquatic habitats and pupu-
l r t ion .  rn t l  b r  c rp t r imenr ing  u i rh  les to la r ion
outside ofcritical reas. The "healthiest" rcmaining
fish populations and habitat are fiequently found
u'here forests are also healthy and, consecluently.
the need fbr forest health treatnlcnts is lowest
r  R i (  n r rn  e l  i r l .  l00Ur .  Focu. ing  t rcc lmcnts  in  up-
land areas. panicularly dry lbrest types. which
hii\e the greatest risk of surlace firc ignition and
spread, may rcducc potgntials tbr- uncharacteris
tic high intensity fires and for adversely afl'ect-
ing dorvnslope riparian processes (Will iamson
looor .  o . . r \ i ( 'n . r l  h igh- in rens i r5  l i re .  in  r ip r r i rn
areas may be exccptional cases resulting l iom
uniclue distulbance histodes or unusutil weather
conditions (Willianrson 1999). Olson's (2000) find
ing-  conceming l i re  f requcncr  in  r ip . r r i r rn  a reu '
sug-ecst that relations between dp?Lriar vegetation
t)'pes and their charactcristic f ire regimes should
inlluence management oI riparian areas. That is.
reintroduction of fire and nnnagemcnl of vegeta-
tion consistcnt with the vegetation type and corre-
sponding fire frequencies and scverities should be
incoryorated into riparian management if the ob-
iective is to maintain historical disturbance pro-
ccsses. Howeler. the methods used to achicvc that
objectivc m;ry difter in riparian arcas given their
potential eflccts on habitnts of acluatic and dpar-
ii:ur-associated terestrial spccics (see Wales 2001).

To make aspects of foresl managcment prac-
tices morc consistent with natural disturbance
regines and the resulting crcation and mainte-
niince ofaquatic habitat, Reeves et al. (1995) sug-
gc \ l  \ ' \ l fnd inp  r ip i r r i . rn  n r i rnagcment  l rc ts  to  in -
crease potenlial woocl delivery to the channel,
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particularly along snaller first- and second-or-
der stfeams, incrcasing intervals of haNest rota-
tions to approximate natu[al dislurbance inten'als,
and concentrating rather than dispersing tinbcr
managenrent. These recommendations. however'.
are based on disturbance regimes of the ccntrrl
Oregon Coast Range. which difler 1n somc re-
spects from those east of the Cascades. For ex-
ample. in the Coast Range historical f ires tended
to be infrequcnt. concentrated. lethal. stand-re-
placement events (Benda 199,1). whereas dry for
ests east of thc Cascades. which have becn the
ltrcus ofmuch ofthe conccms;rbout fbrest health.
experienced lies historically that were tiequent.
extcnsive, and low sevedty (Hann ct al. 1997.
Heyerdahl 1997). We can apply similar gcncral
principles to designing forest health treatments
that emulatc the characteristics of eastsidc natu-
ral disturbances and aqualic habitats. This would
minimally entail: ( l) protection and restoration
ofriparian areas to provide a continued source of
large u'ood and other biologically influential pro-
cesses and functions (e.g.. shade, sediment sup
ply), and (2) intervals and distribution of treat-
ments that ale similar to natural disturbance
intenals and distribution. Natural disturbance
agents such as wildl'irc. insects. and forest patho-
gens prodlrce a very cornplcx mosaic of effects
(Aber et al. 2000). Attempting to conduct lnan
agement activities that mimic this complcxity will
be challenging (Rieman and Clayton 1997.1 and
will rcquire weJl-designed studies and monitor-
ing. The experimental status offbrest health fear
mcnts suggests an impofiant role for research and
truly adaptive management in developing ap-
proaches that achieve objectives for both tcrres-
trial and aquatic ecosystcms.
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