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Abstract

Forcsl health and producli!il! decline in crstern Oregon and \4'r\hingon has resulred in risks to products. economies, and ameni-
iies that ue deemed unacceplable to man,"' residenrs and non-residents. Inlormation and rnaragement ods exisl thar !lill assist
managers m lmproving conditions. but whal is needed is a framework for intcgraling rhe a\,'aitable lnodels and inlbrmation. Slcps
in detcloping such a franrc!vork include: csublishing goals consistenr across scales. assessine curent conditions und fisks. dc\cl
oping managcnent options. dc\cribing ouiconrcs ofoptidrs, selccrirg an oprion, cshblishing priorities fof acrion, implemenring
tho.\e priori!I activities. and onitorirg xnd eralualing ihe resulls oi acrims. Rcscarch pniects un(lenaken bv thc Foresr Heatt;
and Pfoducti\,it\ lnitiati\e olthc Pacific Northwcst Re\errch Starion include collaborarion with managers to devctop options ior
managing insect. disease. and lire disturbanccs in order !o impro!e ecosl!!cm integrit). ro inrcgrate biophlsical and iociocco
nomic considerations. to identif,! linkagcs acrcss scales. and lo fill significanr kDowledge gaps ut rhe mid or broad scale. Scicnce
can contribute basic undcrstanding ofrc\ource condirions and intefactions. models ro asscss risk iind oDDonunities. moclcls thar
predjc l  lu lure condir ions.  ard opt ions rcgarding futnre managenent act ions.  The abi l i r )  ro;nplcment rcrrons ro r r  h ier  e rnrpL, , r  ed
for€rt hcald and pfoducti!ily depends on thc a!ailabilit] of rcsources ro plan and implemenr acrions rhe financial feasibili!y of
indi\ idual pracdces on indi\,idual sites the moti!alion ofresource specialists and the public ro undenake the actions. and acicp
tance b) thc public. inte|est groups. rgencies. and policy makers ol lhe mix ofmanagement actions proposed.

Introduction

Foresthealth and productivity ;Lre based on awide
variety of pfocesses that maintain the ecosystem
and values that \l'e have come to expect fiom our.
forcst lands including commodity production.
wildlife and fish habitat, air rnd water quality,
human health and safcty, propefiy values, rutd more.
As has becn established by several assessments
(Caraher et al. 1992. Everetl et al. 1994. Gast et al.
1991). forest and range conditions in eastem Or-
egon and Washington are dcclining. This decrease
in forest health and productivity has resulted in
risks to products. econonies, and amenitics that
i lre eor):iJered U n itcr'\ 'pl i lb le b5 .t lte ugencie..
county govcmments. and many residents and non
residents. Many trees are dead or dying, tbrests
are beconring more homogeneous in species and
structure. fesource-dependent economies of ru-
ral conmunities are dcpressed. and homes and
other structurcs at the fbrest intcrface are al risk
from fire. Thc Research Initiative for Improving
Forcst Ecosystem Health and Productivity in Or-
egon and Washington by Managing Ecosystem
Disturbance rvas fbrmed by Pacilic Nonhwest Re

search Station 10 focus research on tnese lssues.
Its goal was to provide nanagers with practical
in lu rmat ion  rhe)  c rn  rc i ld i l )  upp l5  in  n r i rnage-
ment decisions at multiple scales and to provide
more sciencc infbrmation and objectivity fbr the
debate about active vcrsus passivc approaches to
managing forcst health issues. The focus is on
natural disturbancc processes and consequcnces
ol activitics intended tomanage disturbances. rather
than on the consequences of managemcnt activi-
ties undeftaken to achieve othergoals. The purpose
ofthispaper, togetherwith others in this issue, is to
synthesizc what is known about forest health and
productivity issucs. the tools that are available for
managers to address these issues. and to provide
an initial answer to the question of whitt manag-
ers might do now to address tbrest health issues.

Scope of Synthesis

A lirst step in providing needed informalion is to
gather what is cunrntly known about ecosyslcm
processes! dynamics. historical conditions, and
current stlltus. Working with a tearn of scicntists
primadly from the Pacific Northwest Research
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Station, we focuscd on inhcrcnt disturbance agents
that managers may be able to affect (insects. dis-
ease, fire. andungulate grazing). Stam et al. (2001)
provide a basic fiamework fbr organizing the in
formation. tools. and activit ies to address the
management of disturbance agents. We sought
basic information on disturbance processes. eco-
system status, risks to components, and links to
key issues. We funher sought to identif_v treatment
options to minimize. mitigatc. or simulate distur
bance a-rcnts: 1o identify the effects (both intended
und un in tended l  o f  tho \e  t re i l l rnen l  r ( l i \  i l i e .  on
factors ofconcern: and to identi ly monitoring and
decision-support toots available to managcrs.

Wc recognize that information needed b,v
nranagers is morc helpful if it is at the appropriate
scale, intcgratcd acrcss disciplines. focused on re-
gimes rathcr than elents. and is linked to issues
that are high priority fol managers. We exi:unined
the drivcrs of disturbance (insects, diseases, lire.
ungulates. climate) and key issues affected by these
agents (invasive species: vegetative pattcrnsl special
environments such as old-growth, soil iincl littcr.
and riparian areas; thrertened. endangered. and rarc
species: and socioeconomic concerns). We rec-
ognize that humlrn actions, such as logging, arc
also drivers of disturbance. but our fbcus herc is
not on the mydad actions that humans undertake.

There is considerable variation in the degree
to $,lich literature is available to address thc is-
sues, especially at some spatial scales. An indi-
cation of the richness of available infbnnation at
various scales is given in Table L Spatial scales
chosen are: orglnism. site/stand (up to,100 ha).
subwatelshed (3000 8000 ha). watershed (20.000-
80,000 ha). and landscape (300.000-.100,000 ha).

This collection of synthesis papcrs briefly
touches ol what $,e know about thc drivcrs of
disturbance and key issues allectcd by those ddvers.
In preparing this synthesis. scicntists were asked
to lbcus on general infornration about the topic
assigned, and on both the etlects of the topic on
tbrcst hcalth and productivity and the etlects of
forest hcalth and productivit,v on the topic. The1,
were also asked to consider the efl'ects of trcar
nents designed to improve tirrcst hcalth and pro
ductivity. Other issues of focus included spatial
scale and any monitodng thresholds identif icd or
dcc is ion  .uppor t  too ls  u r r i l  b le .  Tn lb rnr r l i  n  in
the bdef summaries provided here is cxptrndcd
in other articles in this issue.

We will f irst desoribe the drivers of distur-
bance with particular attention to the availability
of tools to manage the drivers. We then address
ke5 i : ' ue .  rha l  rece i \e  spec i r l  locu .  in  manage-
menl. including key habitats that are at dsk in
areas ofdeclining forcst health. and socioeconomrc
issues related to tbrest health and productivity.
Ncxt we discuss the conmon themes that emerge
fiom discussions of disturbance drivers. habitat
influences, and socioeconomic concerns. We con-
elrrde rl ith l disctrrsion about hou \(ien(e ian
contdbute to the resolution of forest health and
productivity issues and point to what night be
priodties for noving lbrward.

Drivers of Disturbance

nsect Pests

Defoliators

lnlbnnation on the four main defoliators ofconi
fers in eastern Orcgon and Washington is abun-
dant (see Torge$en 2001). Because of concems
about growth suppression and mortality of trees
during widesprcad dcloliator outbreaks, much
re.earih eflun ha. been l 'ocu.cd on thcsc :pcei. s.
They are u e.tern .pnrje huJ\r t,n n fCrrl i./n//i l ,//4
ot:t'itlentulis). Douglas-fir tussock moth (Or3-r'la
p,\ e kl o t su g d t a), pan(loru moth ( C o lo r ad i u p un do r d).
:urd lrLrch casebearer l.CoLeoplora laric:ella). Yari-
ous interactions of delbliators with other system
conponents ald natural regulatory prccesses have
been describcd, as have monitoring and suppres
sion techniques using phcromone-based technolo-
gies. Large-scale suppression projccts using both
chenical and biological materials have been used
in attempts to control some defoliator outbreaks.
While such suppression projects have prevented
some tree mofiality and growth loss, they have
been largely ineffective in changing the outbreak
bch l r  io r  o f  the .e  insec l . .  Somc suppre .s ion  ma
terials havc undcsirable side efttcts on non-tar-
get insects such as sensitive or cndangcrcd moths,
butterflies. and skippers, or on other ecological
processes. Successful control of larch casebearer
has been achieved by introduction of pariisit ic
wasps. Because these pests are liiLrgely host spe-
cific, managing to achieve dive$ity in structure
lntl specre. compu.itron can be an cffectir e meat.
o i  l i rn i t ing  rd r  e r .c  e i fec t .  lo r  r  . ing le  inscc t  spc
c ies. For most defol iators. thc recommended sfrategy
is prcvcntativc: silvicultural treatment to promote
a diversity of trce species, stand shrctures. aDd
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TABLE L The richness ofinformalion lvrihble in the lireraiurc aboutrhe drilers ofdisturbance and kev issue\ affeclcd b! those
dri\,ers at larious sDalial scales.L

Caneral Organism
Stand Subwatershed
up ro ,100 ha 3000-8000 ba

lhtershed L:mdscape
20.000- 300,000
80.000 ha '100.000 ha

Ecosystem Sfr€ssors
Delbliabrs Basic info.

Bcctles

Dlr ari'

Treatmcnts'
D-S Tools;
Basic info.
Efiects

D S tools
Basic info.
Effects

D-S tools
Rool  d isease Basic info.

Effecrs
Treatments
lJ S ll'ols
tsasic in ib.
Effects

D-S tools
Basic info.
Ellects

D S tools
Basic in lo.
Effects

D S lools
Basic inib.
EiGcls
Trc!urent\
D S 1o0ls
Basic inib.
Effects

D S tools
Basic irlb.
Flffccls

D-S tools

Runs

decat

Wildlire

L'ngulates

Cl imate

Stfess

fnvasives
Inlasivcf ish

phnt\

Basic nrfo.
ElJccl \
Treatmcnl!
D-S tools
Bxsic info.
Eftects
Treatment\
D'S to(rls
Basic inib.
Etlccls

D S tools

Species and Habitats
TE&Rare fish Basic inib.

Effects
Trerlnents
D S lools

Con!inued. next page
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Table l. Conlinucd

General Ofganism
Stand Sub$aiefshed
up io ,100 ha 3000-8000 ha

Watershed Landscape
20.000 300,000
80.000 ha 400.000 ha

TE&Rare birds Basic lnfo.
Effects
T.earmenis
D-S tools

TE&Rare Basic info.
carni\ores Effects

Tfeatnents
D S tools

TE&Rarc Basic info.
anrphibians Effects

Treatments
D-S Tools

TE&Rare Basic info.
insects Effects

Tfeatnents
D'S Tools

TE&Rare Basic inib.
plants Effects

Treatments
D-S Tools

Vegetation Basic inib.
paiiern Eifecrs

Treutnents
D S Tools

Old gr0\rth Basic inlb.
Eiltcts
Treatments
D S T0ols

Soil and W'ater-Related
Riparian Basic info.

Habitat Effects
'lieatmenls

D-S Tools
Riparian Basic info.
H)drologJ Efttcts

Trcatmcnts
D S Tools

Soil. litter & Basic info-
CWD habnat Effects
for anhropod,i Trcatments

D S T0ols

Economic and Social
Economics Basic intb.

Markers

TrcalmcnN
D S Tools

Sociocul lural  Basic info.
Effects
Trealnlenis

Industry structure ++

N{gmr Aclions
U!ilization
EIfccls

D-S Tools

bascd on cxpen opinion.
'Ellec|s on forcst hcalth and productivity
r Treatnent options for improving factor ofinterest
' DecisioD support lools

++= Some covelage
+++= Moderate coveruSe

,F+'F+= Considerable coverage
+ 'r,r +;,= Ej(ten(ive coveraoe
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moderate stocking levels. Decision-support tools.
e.g.. UPEST and UTOOLS. analyze insect and dis-
ease risks. and the Forest Vegetation Sinulator
models include the ability to model, albeit crudely,
the efl'ccts of iDsects and disease on stand -trowth.

Bark Beetles

Biirk beetlcs are well described in terms of life
history and general ecology fbrthe six beetlc spe-
cies of concern in eastcrn Oregon and Washing-
ton: Douglas-fu beetl e (DetulroctonLts pseudot.\ugue
Hopkins). mounlain pine 5eetle (D. ponderusue
Hopkins), wcstern pine beetlc (D. brevit:omi.s
Leconte.). spruce beelle (D. rufipennis (Kiby)),
fir engraver (ScoA,l!.r fentrdlir Leconte). rnd pine
engraver (117.rp1771 (Say)) (sec Hayes and Dateman
200l). Many interactions betveen bark bectles
and othcr agents and resources have been desc bed.
Wildflre, u'indstolms, disease, other insccts. and
land management pritctices can weaken trees and
attract bark beetles that becorne locally epidemic.
At low population levcls. beetles perlbrm uselll
tunctions by crcating habitat and forage fbr many
orga slns, but outbreaks can cause extensive |Icc
mortality and increase risk of $'i ldfire. Natural
confol agents such as birds. predatory bectles,
parasitoids. and parasitcs, have been studied. but
have not been employed operationally in man-
agement strategies. While scmiochemcial-baited
lraps provide infomlation about population fluc
tuations locally. large area nonitoring relies pri-
marily on acrial surveillance. Stand susceptibil-
ity, hazard. or risk-rating slstems exist for most
of these species. and inttstation growth or dam-
age models are available for a iew. In most cases,
pesticide sprays. attractants and anti-aggregants,
and trap-tree techniques have been useful in spe-
cif ic applications. Anti-aggregants have been
proven useful in large-scale operations fbr Dou-
glas-fir beetlc. Srlvage or sanitation of infested,
wind or firc-clanraged trees can prevent popula-
tion build-ups ifdone prcmptly. IntegntioD ofthese
n]cthods along with prescribed fire and tree thin
n ing  ha .  hccn  re \omlnendud.  De( i . ion  suppon
tools arc becoming morc prevalent, bul cach re-
quires validation tbr different geogr;iphic variants.

Diseases

Dwarf Mistletoe

Considerable infomtation is available on the fbur
dur r l  r r i . t je toe .pc( ie \  o l  conecrn  in  e l . t c rn
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Oregon and Washington: Douglar-fir dwafi'mistle-
toe (Arc e u t ho b ium dorglasll). larch dwarl' mistletoe
(A. ldri.l.!). westem dwarf mistletoe (A. cailpr./o
podunr'1. and lodgepolc pine dwaf mistleroe (A.
dmeri.qnum) (see Parks and Flanagan 2001). A1-
though dwad mistletoes depletc holts of water
and nutricnts atrd can evcntually kill trces. the
abnorrnal branches (witches brooms.) they cause
are impofiant habitat for small marnmals and birds.
Dwad mistietoe spreads slowl1' (l to 2 ltet per
year) and can be controlled by cutting inf'ected
trees and planting Don-susceptible trec species.
Timely pmning of brooms and usc of hormones
that cause abcision of dwarf mistletoe plants are
feasible only on individual trees in smali areas.
Models eLre available tbr dwarf rnistletoe effects
and landscape vulnerabil ity.

Rust

Information on ecology and hazard ratings of mst
diseases is availablc (see Parks and Flmrgan 2001).
Of over 50 species of rusls in the Pacific Nofth-
west, only a fe$' causc significant effccts: white
pine blister fitsl (Ct'onertiu l ribicola) on frt e-
ncedle pine.: uc\l(rn F.1ll ntst rfndo, rcttttrt irtttt
harknessii l. stalactifomt rust (Cro ortiunl
c o I e o s p o r io ide s), and comarrdra rust ( Crorrirlliiru
conartd rae) otlod.gepole p ine and pondcrosa pine;
fi r broom nrst (Melriinp sctrclkt c a n oph)'lluceann t)
on true firs; spruce broom rust (Cln,.ioar_r,-ra
.,(tustaph.\'li) on spruces: and incensc-cedar r-ust
(Gymno s po rtm gitm liDocclrl) on incense cedar.
Rust diseases are spread bv airborne spores and
may depend on interspe$ed rangelands harbor-
ing the altcrnate host. Rusts cause defonnation.
gro\\'th loss. tlee mortality, and can create infec-
tion coufts for otherpathogens. Resulting brooms
rLlso crcate rest sites forAmerican malten and food
for rodent'. rabbit.. arrd hures. Cenctir. reristancc
and tree species manipulation canbc used to control
some rusts. and inlected branches can be elimi-
nated by pmning. Site hazard rittings based on
habitat type and elevation are available.

Heart Bot (Stem) Decay

Timber losscs fiom heart rot (stem) decay are
greater than fiom all other diseases. but infected
nees. both living and dead. provide valuable wild-
l i le habitat (see Parks and Flanagan 2001). Spe
cies of greatcst ooncern are Phellinus pirti ,r,.J'd,
EchinodolltiLnn tinctorlanr (Indian paint fungus)
\\ith Fonitop.\is officinulis being less common.



Trees younger than 90 ycars usually havc insig-
nificant decay while Lrccs that havc cxperienced
nore than 50 yeals ofsupprcsscd growth are most
vulnerable to infection. Fir on sites prcviously
dorninated by ponderosa pine have less decay than
those on sites historically dominatcd by lirs. Hcan
rot fungi are spread by rirborne spores to tieshly
exposed wood at wounds or dead branch stubs.
Harlesting trces when they are younger than 90
years old ard liniting wounds on remaining trees
nral decrease infection. On the other hand, be
cause trees with heart rot are valuable habitat and
nonexistent in some nanaged stands. methods are
being tested to increase nunbers ofinfected lrccs
where they arc abscnt I lom thc landscape.

Root Disease

Root discases are importunt naturol disturbance
agcnts at'fecting;i]l tfee species and all fbrest eco-
systems ofthe Pacitic Nonhwest (see Thies 2001).
The l  in l lucnce s t lnd  . l r ' t r c lu le .  dens i t l .  compo
sition, function, and yield. The root diseases of
greatest concem in castcrn Washington and Or-
egon are annosus rool diseasc, Amril laria root
disease. laminated root ro1. and black stain root
disease. Fol these diseases some intbrmation is
available on root disease ccology. population dy-
narnics. biology of the pathogens. and the natu-
ral processes that regulate them. Less is known
about disease ellects at the watershed or land
scape level or how diseases interact with other
disturbances and how they respond to manage
ment strategies. Decision support, such as the
Western Root Disease Model. is being developed.

In rcsponse to a shiti in tbrest species and struc-
ture fb)lowing a century of fire suppression and
partial cutting, root diseases ale believed to have
spread causing more inoculum on more sites than
existed in historical times. Stand nalagement to
re \ to re  h i . lo r i c i r l  \ege l i l l i on  cond i t ions  rnay  in
tensily disease: houever. in cases where diseased
stands are converted to seral species, incidcncc
and scvcrity of root diseases r,vil l  l ikely decline.
Treatments that retain high stocking of host spe-
cies. or alkru' host regeneration, wil l l ikely result
in increased levels of root diseases because in-
, ,cu  lu  n r  rcnr r  in \  on  rh .  : i t c .  S f . , rc  in  l ' e ( l i ,  ' n \  m. r )
incrcasc with partial cutting where stumps are not
chemicll ly treated. Disturbance increases activ
ity of some insects. \\"hich may act as vectols of
root disease pathogens.

W d f l re

Wildhnd fire is a rnajor disturbance agent that
shapes the forest health, productivity. and cco-
Iogical diversity ofeasten Oregon and Washing-
ton (see Ottmar and Sandberg 2001). Fire behav
ior and the ellects of llre on flora, fauna, soils.
air and watcr arc in large parl driven bv the avail
ability ofluels and the meteorological influcnces
during a fire. Fire is both a prcculsor tirr rnd a
result of othcr disturbances such as insects and
disease, with complex interactions that can con-
tribute to ecological diversity in some forcsted
systems. Highcr ecological diversity may not al
wl5 . be de.ired: for errmple. lou -eler ation p,.rn-
derosa pinc was historically rnaintained with 1ie
quent, Iow-intensity bums. Historical fire regincs
were not homogeneous across broad landscapes,
even though substantially morc lower-elevation,
dry-fbrest vegetation persisted historically. The
result was a complex mosaic of tree structurcs.
compositions. and habitats across landscapes.
Natuml succession. disturbance processcs, and
nanagemenl placticcs have resulted in incrcased
tucls and vulnerabil itv to extrene fire behavior
and crou'n tires. Jn some ecosystens, risk to sl-ruc-
ntres is fufiher incrcased by encroachmcntofdweli-
ings into tirrests and rangelands. Prescribed fire,
thinning. and mechanical fuel trealmcnt are be-
ing used to reduce fire risk, but there is disagree
ment as to the appropriate balance and efficacy
of these actions. Ne$, tools to (l) charactedze
luclbeds: (2) predict mesoscale meteorology, f ire
behavior, fire efTects, smoke production. and dis
persal; and (3) demonstrate tradeoffs between
prescribed fire and other fuel treatment nlcthods
are continually being improved 10 assist $ ith wild-
land fire and prescribcd firc decision rnaking.

Wi ld  and Domest  c  Ungu a tes

Wild ungulate managenent is seldom undcnaken
with a focus on the int'luences of these animals
on fbrest health and productivity. bul rather fb-
cusing on populations of the ungulates and their
habitlt needs (see Kie and Lehmtuhl 2001). Con-
sequently. onl)' limited research has cxamined
grazing and browsing by wild ungulates as a
chron ic  d i . lu rh i rn .c  la r  t l r r . r  l l ee t in f  nu t r ien l  tUm
overs, competitive intefactions among plant spe-
cies. and ratcs and trajectories of successional
pathways. Local effects fron wild and donrestic
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ungulates. are quitc variable and depend on eco-
\ \ : l cnr  p r i , Jur l i \ i l ) .  Cr rz i r rg  . rnd  b |ou . ing  i rn
hale mixed effects on species richness and er-
otic plant spread at the landscape scale. Grazing
and browsing can also a1lect nitrogen fixation and
ratc ol nitrogen mineralization. Ungulatc density
relative to canying caprcity of the site largely
clctermines the eftects of herbivorl'. High popu-
lations of ungulatcs have been shown to change
planL cornposition, tree growth. and to damage
lree rcgcneration. Grazing also leduccs fine tu-
cls. rvhich tbmerly canied low-intensity, high-
frequency ground fircs. Eftects of wild ungulates
can be controlled by hunting regulations, and in
sone cases! by atif icial contraception. Effects
of grazing bv livestock can be controlled through
maragement actions such as chlnges in l ivestock
lrumbels; changcs in timing and duration of graz-
iDg: altcring l ivestock dishibution with ltncing
and placement of water, salt and supplenental
[<e , l :  und rpc i ia l i zeL l  r , , t i r t iona l  g raz ing  :5  r tcmr .

C mate

Clinate is a driving tactor in foresr health and
productivity that Linits species survival and a1-
tects disturbance processes (scc Ferguson 2001).
Complex topography and mosaics of land cover
conpound the variabil ity of climate in eastem
Oregon ancl Washington. The area is a transil ion
zone between marine. arctic. and continental in-
fluences with associated extrcmes in weather Such
extlemes al'fecl inscct populations, animal migla-
1ion. strcamtlou', flooding. and wildfire potcntial.
Additionally, human activitics such as detbresta
lion and atmospheric pollution interact with cli-
r r i l l e .  and ml \  c lu r r ' ch . rnpes  s in t i l i L r  in  mrgn i
tude to the glacial interglacial cpoch in the next
50 to 100 ycars. Ellects ofanthropogenic climatc
changes are ambiguous. howcver. and could
counter-balance each other. For example. trec
populations may havc rnore difticulty reestablish-
ing. but growth rates could accclerate. Convenely,
management actions can mitigate thc etfbct of
clinate on fishcries. waterresources, wildfire. and
tloods. Also, management actions citn affect cli
mate by modit,ving carbon exchange and water
and energy exchange between land and atmosphere.
Modcls are increasingly able to predict climate
variabil iLy and trends in climate felated distur-
bances such as wilclf ire.
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Stress Chemicals

Acute and chronic stresses in forest ccosvstems
can reduce growth or vigor of trees. lrd cause
changes in their physiology or chemical contcnts
(see Kelsey 2001). Ethanol, acetaldehyde, ethyl
ene. and ethanc are volatile compounds oftcn pro-
duced in sressed, dying, or recently dead trees.
E lh rn , r l  r , .eurnu la l ion  is  eco log iLa l l1  impor t rn r
because it atfacts insects that attack and damage
trees. or spread disease.In addition, otherchemicals
cont-er resistance to insccts and disease, but they
decrease in concentration under stress. Monitor-
ing these compounds can assist in timing the lift-
ing of nursery seedlings. detccting harmtul ef
fects from air pollution, confirming the presence
of root disease. or identifying trees at risk to in-
sect attack. Chemical indicators of stress have
potential to be used in monitoring fbrest health
across various scalcs. but not enough is yet knoF,n
about options and techniqucs.

Key lssues

Invasive Species

Invasive species are a kcy issue vith which man-
agers must bc concerned. Some disturbances en-
courage invasives, and management stategies havc
been dcvised to reduce these typcs ofdisturbance.
Infomation is available on the species of greaC
est concern, but integrated dccision-suppofi tools
are lacking. Wc fbcus our discussion on invasive
fish, insects. and plants.

Fish

Forest health treatments can potentially influence
the composition of aquatic assemblages includ
ing exotic species through aiteration of strcanl
and riparian habitats (see Howell 2001). Habirar
changes (such as tenperature) affect inteISpecific
competition among species, differential disease
reristance, and predation. Forest health treatmcnts
that restore habitats and proccsses with which
native species cvolved (such as cold watcr) should
thvor native species. but thcre is little documen-
tation to suppon this hypothesis.

lnsects

An inerers ing  nunrber  o l  non n l i \ r '  i n \e ( t \  u re
reaching our pofls and beyond as a result of glo-
bal travel and trade, but they n]ay also arrive ftom



other rcgions of thc United States (see Hayes and
Ragenovich 2001). While histolically. the forests
east of thc Cascadc crest have expeienced rela
t i r  c l1  l ' cn  .c l ious  in r  rder ' . .  lhere  is  a  g ro \ \  inp
conccm over the increased potential fol invasion
by non-nativc inscct species that ma)' displace
native species and/or cause significant economic
and ecological dzunage to east-side 1brcst resources.
The th rea t  po .ed  b)  r  non n i l t i \e  in r l . i re  .pe-
cies is that the folest ma.v lack natuml control
mechanisms, and the species may becone estab-
lished, spread. and inflict substantial ecological
rnd  economic  d l rnagc  be lo re  e lad icu t ion  or  rn i t i -
gation mcasures canbe identified ald implemented.
In general, treatments and practiccs that improve
forcst healtb reduce the risk or eflects of widc-
\p read in .ec t  ou lb fea l .  l i , r  inJ igen, 'u .  .pcc ic . .
and have been prescribed to mitigate thc ct'fcct
of non-native species. Howevet thc most efltc-
tive management options lbcus on prevention and
:uppr<5s ion  e l lon . .  \ \h ich  ine luL le  in re . t iga t ing
polcntial invaders and pathways of introduction,
irnposing rcgulatory rest ctions, developing and
irnplementingdctcctionandmonitodng strategies.
and aggrcssivc eradication etTorts. Specific man-
a-{emcnt straLegies are likely to diffel for each
potcntial invader. Examples ofeast side invaders
include larch cascbcarcr. which has been success
fully controlled by introduced parasitoids, thc
g)p . )  n lo lh  bo th  As i rn  rnd  European ' l r l r in . -
uhich has thus far been prevented from estab-
lishing in the Pacific Northwest through diligent
surveillance and immediate eradication ef1br1s.
and the balsam woolly adelgid, a sap-feeding in-
scct that appears to be an increasing problem in
the east side without an irrmediate solution. An
increasing number of introduced $'oodboring in-
sects that have been discovered in Oregon rnd
Washington, including at least ene east-side site,
are also of growing concern.

Plants

A key issuc for lbrest and rangeland health and
productivity in eastcm Orcgon and Washington
is invasive plant specics (scc Harrod 2001). A1-
though some exotic plant introductions were ac-
cidental. many wcrc intenLional forwildlife habitat
imprevcnrcnt, ornamental purposes, wood or fi
ber production, soil conservation, l ivestock for-
age production. or other crop uses. Exotic spe-
cies, or weeds, can be a significant component of

global environmental change because of their
potential to alter prinary prcductivity, decompo-
sition, hydrology, nutrient cycljng, and natural
disturbance regimes. At smaller scales, they alter
the structure. composition, and successionitl pilth-
ways ofecosystems. They lower diversity by out-
competing native plants. Disturbance caused by
forest rcstoration acti!ities (thinning and prescribed
tire) can promote weed spread, but ultimately may
improve native plant diversity and productivit),.
improving ecosystern resistancc to wccd invasion.
Restoration stratcgies include consideration of
weed prevention and control and rcstoration of
natives. Prevention includes restoring ecosystem
processes: control includes biological, manual.
nechanical, herbicidal, and prescribed buming
methods; restoration involves retuming native
plants to a site. Monitoring is important to pro
vide managers with information that will allow
thcm to evaluate restoration activities and modify
inet'fecti ve restoration approaches.

Vegetat on Patterns

Vegetation pattems in eastem Olegon and Wash
ington are largely a result ofenvironmental con
ditions, species distributions. plant ecology, and
disturbances operating at multiple scales and in
dif ' fcrent cnvironments (see Hemstrom 2001). ln
turn. vegetative patterns strongly int'luence the
rLrnount, severity, and distribution of disturbances
generated by various agents. We focus on the lat-
te r  the  re la t ionr  be tueen vegeta l ion  pu t te rn .
disturbance, and tbrest health and productivity.
Older lbrests u,ere historically mosaics of open,
parkJike stands in frequently underbumed areas
and more dense. closed stands where less-frequent.
rnixed-severity f ires occurred. At all scales, vul-
nerability to disturbance appears to increase when
vegetation condition and pattern differs from the
h i : ' l , r r ie r l  o r  e r f rc ted  rangc  lo r  a  g i r .  n  enr  i ron-
ment. Generally. forests that are older. composed
of liuger trees, denser, more homogeneous. or more
contiguous than would be expected under natu
ral or historical disturbance regimes are more
vulnerable to mortality from insects and diseases.
Factors related to vulnerability include site po
tentjal. host abundance, oanopy structure, host size.
pr rLh  r igor .  p l tch  dens i t5 .  p r tch  conncc t i r i t l .
topography. and logging disturbance. Mortality
from insects and diseases contributes to diversc
habitat, but cuffent levels of tree monality from
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insects and diseases are often outside the histori-
r  r l  r  e \pec lcJ  | rnpe ,  ' l  J  g  i \  en  \ i l c  cn \  i ron  mcn l .
High levels of nortality may continuc because
manv tbrcsts have become more contiglrous and
clonrinated by shade-tolerant specics owing to fire
supprcssior and managemeltt. Uncharacteristicallv
scvcre tlres rvil l  l ikcly increase in thc next 100
years even wlth restoration management because
of changed vegetation conditions. landscape pat-
tel]]s, and. potentially. climate and other laclors.
Infbmation on legetation pattenls at stand or site
scalcs is relatively abundant in the scientif ic and
managcment l iterature. Much broad scale infor-
natlon is based on nodcls and expefi opinion.
Research at broad scales is scanty. dillicult to rcp-
hcate. expcnsive, and time-consuming. Hower ct
brolld scale undcrstanding ofaggrc-uate liner scale
clltct5 seems necessarv fbr effective landscape
restoralion.

Key tsabitats

There arc a feu' key habitats that anv solution to
lbrest hcalth issues musl address. These habitats
are kev for spccies of conce[I. but also provide
ccosystem seNices that can be l init ing ifnot spe-
cifically managed. We include here old growth.
ripadan. and soil. litter. and coarse rl'oody debris
habitats.

Old-Growth Habitat

Landscapes prone to historical l lrc. wind, insects.
and diseases supporlccl a complex tnosaic ofdd-
growlh lbrest structure. and it is dilTicult to esti-
nate the lotal proportion of thc landscape that
histodcally consi!ted of old-growth ttn€st struc-
ture (see Youngblood 2001). Currcnt old-growth
torest struclurc is estimated to be as l itt le as 3%
,r l  f re .e t l l cmcnt  l c rc l ' :  uh : r l  rcnr r in :  i .  in  i .o
lated prtches and is at lisk of loss from less frc-
quent but more severe fires. Substantial areas of
lo*'elevation ponderosa pine and Douglas-fir
stands are no\\ 'rTlore densely stocked. contain
increased fuel. and ofien represent compositional
shilts to rnore lodgcpole pine and gland fir. The
changcs are attributed to changes in natural dis-
turbance rcgimes as a result ol 'management of
fire. grazilg. tinber harvest. wildlife. insects. and
diseascs. Treatments that can accelerate develop-
ment ol old-gro\\"th forest structurc include thin-
ring 10 accelerate growth on residual stems. rc-
turning fire to tlre dependcnt ecosystens, and
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maintaining large trees and snags. These mcth-
ods have risks: prescibcd fire may nol mimic tie
quency and scverity of historical fire, thinning
may activate dormant stem decay. increascd cen-
ncctivity mav increase susceptibil i ty to stand [e
placemerrt f ife, insects. and pathogens. Model5
fbr multiple spccies and interactions oftrcannents,
insccts. and diseases are not available.

Riparian Habitat

Riparian habitats in eastem Oregon and Wash-
ington compose a small percentage of the land-
scapc, and yet these habitats are essential for many
species of vertebrates (see Walcs 2001). Ripar-
ian areas are sensitive to disturbance agents, which
can pose a lbrlnidablc challenge to eflcctive man
agement of thesc habitats. Moreovcr. teu' studies
hilve documentcd the effects ofdisturbance ageDts
on riparian habitats and associatcd fauna. In gen-
eral. disturbances lrom insccts and diseases likely
halc strong effects on cavity nesters and insect
feeders. and usc of Bt(lluci!lus thuringiensis ) to
control insect pests nay decrease the food sup-
ply lbr insectivores. Most flre effects on teres
trial vertebmtes are through changcs in habitat.
fbod. and compctitors, and responses to fire arc
variable and species specilic. Salvage logging likelv
has negative effccts fbr species that use dead and
d5 inp  t reer .  L i \cs toc l  g r . l , / ing  in  r ip r r iun  r [cn .
c'Llreliminate nesting substrates, alterhabitatstruc-
ture iudcomposition. compact soil. trarnple banks.
encouragc cowbird expansion, and increasc ex-
otic plants. The magnitude of these cflects de
pends on the timing and intensity ofgrazing. Therc
are almost no studies on how landscape-level
vegetation patterns (including riparian corridors)
contribute to the viability of wildlit'e populations.
Managcrs have usually chosen to bufltr riparian
areas from harvcst. spraying, and prescribed firc,
but therc are no decision-support tools or guide-
lines tbr managemcnt of ripadan habitat for ter-
restlial vertcbrates.

Treatmcnts fbr forest hcalth and productivjty
can atl-ect sediment production in watersheds.
channcl lbrming proccsses. riparian vcgetation,
and risks posed to ripi:Ldan zoncs (see Wondzcll
2001.1. Scvere u'ildfires can affect upland crosion:
however. erosion f'rom prescribed fires buming
the same arcil should be nuch smaller'. Dcnse ri-
parjan vegetation might help regulate the amount
of scdiment that reaches streams. but this effect
would bc strongly dependcnt on the geontorphic



sctting. Forest insects aDd pathogens are not cx-
pected to clluse accelerirtecl erosion and slream
sedimentation dircctly. bu1 indirect effects might
bc substantial if the,v lead to increased rvildfire.
The largest risk ofaccelerated erosion is expected
from ground-disturbing aclivit ics during fuels
rcduction treatments. such as construclion ofroads
and flrebreaks or salvagc logging ot thinning.
Historical intensc grazing has changed composl
tion and coler of ripariaD vegetation. leading to
bank elosion. and in many places. widcning or
incision of streanr channcls. lnproved grazing
prescriptions can rcsull in n.rajor changes to d-
parian vegclalion, bul lesponse of channel mor-
phology wil l inost l ikely be slow.

Most of the studics rcvicrved lvere conducted
at the sitc or small-watershed scale. Consequentll,
conclLlsions at these scales are generally well sup-
pofied by the availablc l i tcrature. The cunula
ti\,e efl'ects of tblcst hcalth and protection treat-
ments inrposcd across a large region are dillicult
to assess. howcvcr Given the current state ofknou,l-
edge. dramatically changing forest land-use prac-
tices across eastem Oregon and Washington-in-
cluding the widespread use of prcscribed fires,
salvage logging. and rnechanical fuel h'eatments
is a long-teml. landscape scale experiment, the
curnulalive effects of rvhich are unknown.

Soil, Litter, and Coarse Waody Debris

Afihropods *,ithin soil, litter. and coarse woody
dcbris play vital roles in maintaining soil terti l-
ity. health, and productivity (scc Niwa el al. 2001).
Arthropods shred pl;int matcrial, help mineralize
nutrients fbr plants. act as predators. and selve as
lbod fbr other wildlife. Some species or groups
ol specics arc polentially valuable for monitor-
ing forest health. Natural ard human-caused dis-
turbance may immediately kil l  many arthropods,
but changes to habitat structure are likely to cause
l \ ,ngr r - l ( rn r  c l f r ( I .  on  lhe i r .ommuni l )  conrpo-
sitions. Firc cffects on arthropods may be mini-
rnized if rcfugia of litter and coaLrse woody de-
bris arc retained. Possible effects of t irnber
har\,esting on arthropods include mechanical cf-
fects on soil and l itter, microclimate changes. and
thc addition of organic matter, including coarse
woody debris. to the forest floor. Soil conrpac-
tion rcduces pore size, which may result in loss
of habitat and decrersed nutrient retention. i ind
chcng<r  lhe  r r i c tub i  l  un , . l  nemal , 'L le  !omrnun i -

ties, which can a1lect nutrient cycling and fbod
rcsources tbr nricroarlhropods. Thresholds lequired
for health)' ecosystern function, and predictive and
dccision-support tools that include these conpo-
nents in relrt ion to disturbanccs are no1 available.

Threatened,  Endangered,  and Rare
Spec es

Managers proposilg activities to impr-ove fbre!t
health and productivity are mandatcd by thc En-
dangcrcd Spcci(]s Act of 1973 to assure that their
acti!ities do not jeopardize the existence of any
federally l isted or candidate species. Much is
known about the habitat, ecology. and popula-
tions ofsome species. u'bereas little is known about
others. Natural disturbance events and nrrnilge-
ment actions alikc ctrn have bolh positive and
negative effects on various species, and decision-
suppofi tools that are integrated with disturbance
lactors are scarce. For these feasons. a mix of
nanagement actions combined with adcqualc
reserves wil l help serve both unccrtain and con-
ll icting needs. Additionally. propcrly managed
activitics can be conducted without hann to the
ecosystem. Examples include use of new "envi-

ronmentull l -t i iendll han e.t equifnr. nt. .nccicr-
specific biological insccticides and pheronones.
proper preparation and timing of prescribed fire.
and rnodificd grazing prescriptions. In genelal.
solutions to forest health issues will need to con
sidel key species and their habitats. Our discus-
sion focuses on plants, salmonids, birds. anrphib-
ians. fbrest carnivorcs. and insccts.

Plants

The floristic diversity ofthis rea retlects the com-
plex biophysical environment (see Croft 2001).
There are many endemic vascular plants rvhose
rtrngcs lic cntircly within this region; n.nny are
restricted to very small geographic areas orhighly
specialized habitats. Acommon element is adap-
tation to natural disturbance: non-natural threats
include exotic plant jnvasiorr. agricultural con-
version, road construction. recreation, f irc sup-
pression activities, livestock grazing. herbicide
spray that reduces pollinators, and altcrcd llrc and
hydrological regimes. Because various species rre
aLhpt tJ  t , ' , l i t ' f , r cn t  ruccer . ionr l  \ lagc . .  In i l in -
taining a diversity of stages would plovide lbr a
variety of these species. Restoration of the natu-
ra1 fire regirnc and rcduction of grazing would
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benefit upland shrub communities. Mitigation oI
activities tbr rarc plants is site-specific and may
inL  lu , le  a l tc r ing  the  l im inF.  le \e l  r , l  in tens i t ) .  o r
nlethods used.

Fish

Forcstfires. insects, and diseases affect fish habitat
by thetinfluence on the rate and volume ofwoody
debris recruitment to streams. canopy covcr and
water tempcrature. strcam tlow, channel erosion.
sedimentation, nutrients. and residual vegetation
(see Howell200l). Physical effects from firc vary
greatly depending on fire severitl' and extent,
geology. soil, topography, and orientation of the
site, and subsequcnt pfecipitation. Many of the
effects nroderatc within a decade. Post-fire ero-
sion and wood recruitmcnt are also inlluenced
by lire lines, road construction, and timber har-
vcst. Although some disturbances, such as severe
fire and subsequent floods. appear catasffophlc,
and eft'ects may last decades or centudes, natural
disturbances help crcate and maintain divcrse.
productive aquatic habitats. Reoolonization of fi sh
populations following wildfires can be rapid and
is related to occunence of local refugia. life his-
tory pattems. access for migratory fbrms. and
distribution of thc species. In most livestock studies,
grazing negatively affected fish habitat and popu-
lations, but results may vary depending on sites
and specific grazing management. EtTective ap
proaches to gnzing management similarly depend
on the specific application and the cornmitment
of operators and m anagers. Restoration of the struc-
ture. tunction, and processes of watcrsheds more
similar to those with which native species evolved
may favor those specics; however. there is little
docunentation of the aquatic eflects ol those ac-
tivities. Risk fuom vegetative lreatments may be
minimized by kecping techniques that are some-
what experimental outside of critical areas (i.e..
conserving key habitats and populations, focus-
ing intensive treatments on upland sites). Use of
more benign techniques (e.g.. Iower-impact log-
ging systems) and pulsed treatments consistent
with characteristics of natural disturbance regimes
are other considerations for achieving both ter-
restrial and aquatic objectives.

Birds

Tbose bird species of concem that occur in fbr-
ested habitats in eastern Oregon and Washington
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include the bald cagle (HalLteetus leucocephalus).
peregrine falcon (,Falcopcrcgrirus), harlcquin duck
(.Histrionicus histrionicus), upland sandpiper
(.8 artrami(r lon g i caudd), nofihem goshawk (Ac-
cipite r ge nti Lis\, femtginous hawk (B&te., /.rg.rllr).
and black rosy finch (Leucosticte afttod\ (seeB]J]l

and Wales 2001b). In addition. scven species of
woodpeckers and ruthatches were considered
bccause of their rare status. Forest disturbances
that create dead trees and logs are cdtical to cav-
ity-nesting birds because the dead trees with their
subsequent decay provide ncsting and rcostlng
habitat. The insects associated with outbrcaks or
other sources of tree morlality provide prey tbr
the woodpeckers and nuthatches. The loss of nest
or roost trees as a result of disturbance could be
detrimental to bald eagles. goshawks, or ferrugi-
nous hawks. while the loss ofcanopy cover could
be detrimental to harlequin ducks and goshawks
or to prey of some of the raptors. The more open
canopies created by thinning may be bencficial
to a species likc the black rosy finch, yet dctri-
mental to some woodpeckers due to a decreasc
in cover. Prescribed burning may bc bcneficial to
those woodpeckers primarily associated with
ponderosa pine (Pirzas ponderosa) stands and
detrimental to other woodpeckers bccause of the
loss ofcoarse woody debris. Removal ofroads is
likely to benefit most ofthese species because of
the subsequent decrease in human activity. Re
covery plans for bald eagles and pefegrine fal-
cons lre ar uiluble lbr manlger\ lo u\e in munag-
ing habitat for these species.

Amphibians

Amphibians that occur in forcstedhabltats ln east-
em Oregon and Washington that arc considered
ofconcern include the Orcgon spotted fiog (Rand
prctiosa), Colu.mbla spotted fiog (R. lrleirerlrir).
nofihem leopard tiog (R. prpieas), Cascades fiog
(R. cascad(re ), tailed frog (Ascaphus truei)-Larch
Mountain salamander (P lethodon larselli), and
Cope's giant salaman der ( Dit:amptotlon cope i) (scc
Bull and Walcs 2001a). Little is known regard-
ing the effects of forest health on amphibians.
although trce mortality resulting from insects and
diseases is unlikely to dramatically atlect thesc
species, except for the tailed tiog and larch moun
tain salamander. Both ofthese species depend on
ovgrstory canopy to maintain temperalure and
moisture conditions; timber han'est in theirhabitats



has rendered them unsuitable. Wildfire, and pre-
scribed burning to a lesser extent, may alter the
abundance ofprey, c{)arsc woody debris, and veg-
etation, which could intluence nlovenents and
survival of dispersing amphibians. Spraying with
pesticides could negatively afTect these species if
the abundance of their prcy is decreased. Spray-
ing with biological microbial agents orusing phero-
nrones to control insects is unlikely to affectprey
abundance. Additiontrl research is needed to dc-
ternrinc if disturbances are contribuling to the de-
cline of rnany of these amphibians.

Farest Carnivores

Forest camivores ofconsenation concem in easten
Oregon and Washington include the Canada lynx
(Ltnx canatlensis),flsher (Mqrtes penna ti). atl'd
wolverine (Cllo girlo) (see Bull et al. 2001). A11
thrcc species depend to some degree on torcst
stmctures, stand conditions, and landscapes cre-
ated by insects, diseases, and firc. Wildfire and
inscct outbreaks maintain a mosaic ofage classes
and structural stagcs across the landscape that are
used by lynx. Thinning of dense lodgepole pine
(Pinus contorta) stands that result fiom wildfire
and insect outbreaks is dclrinental to snowshoe
hares  rLe l ' r r r  umt r i run t rs t .  $h i ih  J rc  a  p r i rncr )
prcy of lynx. Fishers use large stands of mature
forest and snags, hollow live trees, Iogs, stumps,
*itches-brooms. and other structures for rest and
dcn sites. Salvage harvesting. thinning. and con-
version fiom predominantly tlr stands to ponde-
rosa pine (Phas panderosa) may adversely af-
fect habitat conditions tbr fishers. Use ofroads is
perhaps most detrimental to wolverines because
they are easily trapped.

/nsects

lnsects play an integral role in the health of fbr-
est ecosystems (see LaBonte et al. 2001). While
most insect species in eastem Oregon and Wash-
ington fbrests are presumed to be abundant and
securc. some may be rare or in decline. Fifteen
east side forest insect species are currently listed
as threatened. endangered, or sensitive (TES).
These species can be classit'ied according to thc
reasons for their listing. which include peripb-
eral populations, relict species, species with re-
s t r i c tcd  hab i ta t .  o r  h t \1 . .  rnJ  cndemic  spec ie r .

Whether the needs ofcunently listedTES east-
side forest insects are being met by current man-

agenent practices can only be ascertained if ad-
equate intbnnation is available on their distribu
tion, abundalce, habitat rcquirements, and biolo-
gies. However, *ris infonnation is lacking for many
species. For instance, f ive of the TES species dis-
cusscd in this paper have poorly known distribu-
tions. and better information may change their
status. Application of general principles for the
conscrvation of invefiebrate divcrsity and func
tions may help prevcnl other east side lorest in-
sects from acquiring tederal or stale TES classi-
fication and could aid species already listed. Many
practices already undenaken by federal land man-
agers may help to protect TES populations and
habitat. Spccific managernent practiccs, such as
preser,'ation of key habitats at risk of degrada-
tion or alteration (c.g., springs and sphagnum bogs),
may be necessary to prevent the decline or local
extinction of some TES insects. Given thc inad
equate information available fol most non-pest
tbrest insects and their great diversity, a morc sys-
tematic approach to their conservation and malr
agement is needed.

Soc oeconomic lssues

lnaddition to ecological effectiveness, tbrest health
trcatments must also be socially acceptable and
economically feasible. Such ffeatments. depend-
ing on their scope, can have impoftant social and
economic effects beyond the biophysical effects
that motivated the trcat[rents.

Economics

Management activities that aflect fbrest hcalth and
productivity are driven by social, political. and
economic processcs (see Haynes et al.2001).
Economic feasibility is important in detcnnining
the extent to which various treatments proposed
to improve forest health will actu:illy bc applied.
Three socioeconomic institutions create incentives
that are impofiant determinants: markets,land uses.
and the processing industry. We have extensive
infomation on timbermarkets, al]d land uses havc
been studied at broad scales. Thinning undertaken
for forest health improvement provides mostly
small-diameter and dead material, but markets for
products fiom snall and dead logs are limited.
Harvesting and manutacturing costs, resource
characteristics, and lumber prices inlluence thc
way timbcr is processed (i.e., what products arc
made); design of timber sales (i.e., amount and
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size of raw natedals offcred) inlluences harvest
cost. Processing equipnent that scans logs and
processes them according to shape can greatly
improvc product yield. Decision tools that incor
porate these tactors into financial evaluations can
assist iD harvcst and other treatntent decisions.

Sociocultural Aspects

Recent rescarch pertaining to the human dimen-
sions of resourcc managemenl has led to the de-
velopment of rnany tools to assess soci()cultural
lactofs and techniques 10 enhance and support
decision-making processes (see Hall and Bigler-
Cole 2001). Sociocultural factors aflecred by forest
treatments include future timber supply (small-
diameter. dead wood, changing species. sustaincd
supply). smoke andh.zardto developcd areas from
prescdbcd tlre. aesthetic acceptability of treated
(thinned. bumcd) areas, effects on valued specics
(i.e.. salmon), and related recrcation. Two broad
categones used to describe sociocultural factors
are social forces (including residcnce pattems and
dcmographic characteristics) and human values
about what is appropriate or desirable (including
the roles of science and dcmocracy in decision-
making. natunl conditions and scenic qualiry sense
of place, and vestedness). Tools for assessing in
dilidu;il cultural values are nostlv at fine scale
(community and county) and includc question
naires, hetrings. workshops. and focus groups.
Tools to wcigh values irr management decisions
include various ranking and analysis techniqucs.
gcographic infomration systems, value-focused
thinking. conioint analysis, Q-rnethodology, and
Delphi studies. Tools to incorporate sociocultural
values in dccisions includc public participation.
monltodng and evaluation, and adaptive manage-
ment.

Solutions to the Forest Health and
Productivity lssue-A Work in Progress

The above discussion highlights sevcral common
themes that might be used to create a solution to
the forcst health and productivity issuc based on
our cul:rent ]evel of understanding. Potential so-
lutions to many of the individuai issues includc
re lunr in !  l i re  a t  regu l . r r  in te r ra l . :  th inn in !  o re l
\ tocked \ l JnJ \ :  p run ing :  r . ' r t , , r ing  a  spe( i ( . \  n  r i r
appropriatc to the site undcr consideration; using
harvest methods designed to decrease compac-
tion of soil and wounds oD rcntaining trees; using
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activit ies that have pulsed (e.g.. focused tempo-
rally and spatiallv) ratherthan chronic (e.g.. wide-
rpread an.l l, 'ng-lurring r cBe,.l ' : irnpror ine erirzing
management stratggies in grassland and forest/
grassland areas: retaining coarse rvoody debris,
\ncgs .  d IJ  r ipur ian  regc l i r l ion :  tnd  mr in tJn ing
a mosaic of successional stages. Another com
l]ron theme is mlrnaging to restore proccsses with
greater enlphasis on the fire regime rather than
solely on the individual f ire events that are l ikely
to occur.

Sorne options for improvement of a particular
fealurc contlict with improvement ofanoiher fea-
ture. For exanple, thinning or renroval of dead
material to reduce risk of tire or bark beetle in-
t-estation nray encouragc spread of stcm or root
diseases. Removal of dwalf nlisdetoe brcoms may
dccrease habitat lbr birds andmammals. Prescribcd
fire cannot be applied with retention ofali coarse
woody dcbris. Thus, the need to vary treatments
from area to area, to balance competing needs,
and to follow site-specific plans is apparent.

The real solution to the forest hcalth and pro-
ductivity issue for eastern Oregon and Washing-
ton is more about setting priodties. determining
emphases for individual landscapes. obtaining
resources needed to apply treatments, and rel),-
ing on professional j udgments than it is on dcfin-
ing l]ew and unique teatment schemes or scarching
lor ffeatmcnts that pose no shofi temt or long
term dsk to important rcsources. This approach
assumes th;lt risks afe prcsent now and will change
whether or not actions are taken. Existing knowl
edge and tools enable managers and the pubiic to
gain some insights iuto where those dsks may be
high, where they may be increasing, and how thcy
may change through time under various nanage-
mert st[ategies.

Much is known about significant pieces of
ecosystcm function. Thc Pacific Northwest Re
search Station has contributed substantially to the
existing bodv ofkno\\'ledge and is working with
its partners toward an inprovcd decision frame-
work. This synthesis reveals areas that may pro-
duce the biggest payofffrom fuftherresearch. Basic
information sti l l  needs to bc examined at broader
scales. Some monitoring techniques are available
fbr assessing disturbance and recovery, as are
thresholds that indicate boundaries for resilient
ecosystem functioning. but more can be done in
this area. pafiicularly in diseases and the soil lood



u'eb. Much is known about treatment options for
individual problems, but much more interpreta-
tion and synthesis is needed in thc arca of inte
grated tools that aid decision-making in the real
world wherc problens are compounded. Addi-
tionall1'. the decision-mi:king process needs to morc
eflectively incorporate economic and social fac
tors.

Mana-qcmcnt options that rvill improve dys-
functional systems and reduce unacccplable risks
l rc  l r  r r  l l b le  in  Ihe  m i \  o [  managernen l  p r r (  l i \  e ]
aheady defined: thinning. prescribed fire. graz
ing management. and use of insecticides, herbi-
cides. and biocontrcl agents. The tools arc wcll
knoun. The challenge rcmains in deciding when
and rvhcre to use those tools. Managers need a
frarnework tbr integrating thc available models
that includes decision rules lbr when to use what
model, data typc, and data soulce. Fu her, those
models nced lo l l) incorporil le rppr,.rpriate r:-
sumptions and make thosc assumptions clear. (2)
consider all rclcvant vadables. (3) use data com-
patible with other models, and (.1) ensure that rnodcl
outputs give answcrs that arc relevant anduseable.

Scale Cons derat ons

A big part olthe dccision-naking challenge is in
scale of focus. Much historical scientific work
and most management fbcuses on thc sitc or stand.
It is relatively casy to form a goal and propose
activities that will help achieve that goal fbr a
small site. At thc site scale. much information is
available. feu'er people are involvcd in decisions.
and more models and projection tools are avail-
able (Table 2). It is much rnore difTicult to fonn a
specific goal for cntirc watersheds or landscapes,
and cvcn halder to fonn a plan that would achieve
that goal over time given the dynamic nature of

disturbances and other ecological processes and
the changes in t'unding and hunan resources to
implement actions. Assuming one were able to
come up with a plan that allows for an accept-
able vegetation pattern, mix of vegetahon suc
cessional stages. mix ofland uses (recreation, tim-
ber production, mushroom production, wildenless.
etc.), adequate spccics mix, and a plan to achieve
that pattem and nlix. it would only be a matter of
time before the pattern and mix shiftcd. ln fact.
ralher than describe a specific desired tuture con-
dition, which implics a static goal, it may be morc
useful to think of achieving a dynamic "desired

disturbance regime. '

Even incorporating all that complcxity. it is
quite fcasiblc that scientists. nanagers, and the
public rvorking together can come up *'ith an
acccptable future vision. But how do we impJe-
ment that vision'l A major dif l iculty is in decid
ing exactly which part of the vision a pafticular
piece ofland tits into. A visit to thc site may sug-
gest imnrediately what its "best use" might be,
but how does that fit into the larger plan? Adding
up the "best use' of all thc individual sites nay
not achieve the desired landscape. The decision-
suppoft framcwork should assist with this task of
integrating actions across scales.

Steps in developing and implernenting such a
fianrework are iterative and include:

.  L . l . rh l i :h  goa l .  l t  a l l  : .a le :  lhc l  a re  con\ is
tent across scales.

. Assess current conditions and risks.

. Develop managernent options.

. Describe outcomes of those options.

. Select an option that is socially acceptable,
economically feasible, and ecologically at-
tainable.

' IAtsLE 2.  Reht i !e avai labi l i l , " -  o l  kro$lcdgc cnd nroJel ine t^^ . . rnd t \  f lcal  deei ' i ' ,n-nr . ,ker  at  vtu ious scales.

Level ol Underninding
Science Oilen

Availibility of N{odels
and Projcctrons

Site/stand/pr0lecl

Subwatershed

Landscapc

l.andoqner or resource managef

Lando$ner or resourca managcr

Usuall,"" a mii ol landolrncrs and

Usuall] a nri{ of hndo$ners and

High High

Moderate

L0$

Lorl
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. Establish priorit ies for action.

. lmplcmcnt those priority activit ies.

. Monitor and elaluate thc rcsults ol actions.

. Return to appropriate step for next cycle.

Fccdback loops are essential. For example, after
examining thc oulconrcs of the options. one may
le l rn  thu t  the  .pee i l ie  goa l .  r rc  in rnnropr i i r \ ' u r
not attainable. Returning to the goal setting stage
would then be appropriate. Sinilarly. afier result
e \  a lua l ion .  a  re tu rn  to  assessment .  op t ion  de
velopment. priorit izing. or other step may bc
indicatcd.

Sc  ence Ro le

Science can help assen]blc inlbrmation and tools
necdccl lbr decisions at vrrious scales once goals
are determined. Essential items listed abovc for
improving forest hcalth and productivity include
characte zation of sites and assessmenl of risks
and opportunities. description of management
o p t i o n .  a n d  t l u l c o n r c \  o l '  t h o . e  r i l i r i t i e r .
prioritization lbr where and when to undenakc
activit ies. and monitoring and evaluation of out-
comes over time. Research contributes basic un-
derstanding of resource condiLions and interac-
lion.. nri cl. rhit l ( Jn u..ess ri.k and opporrunitie:.
models that can predict l 'uturc conditions, and
optiors regarding management actions that can
provide probable futures. Necessary steps that are
outside the scope of scicntif ic contribution are
thc choice(s) of desired future landscapes. the
decision to achieve specific goals, attcntion of
resourcc spccialists to broadly based tbrest health
and productivity goals. public acccptance of the
nrix of actions needed to achieve specific goals,
and applying rcsources adequate to cafiy out the
treatments.

N l t  n t ^ a m a n t  a h :  l l a n ^ a a

Currently, crises demand considerable energy and
resources from managers: widespread wildlires
in 2000, westem spruce budwom cpidemic of
the l9ll0s and 1990s, tussock moth outbreak of
2000, mountain pinc beetle outbreaks of the 1970s,
ongoing outbreak of Douglas-fir beetle. l isting
of Snake River Chinook salmon, bull trout. and
Canada lynx. and on and on. Although there ap
pears to be broad support for improving lbrest
health and productivity. the cumulattve actrons
ol manrgcntenl irscncrc: h.r\ e heen b1 neie.rit l

218 Quigley, Hayes, Stan, and Daterman

(given linitcd nroney ilnd staff) tbcused on cri
ses that prevent plarning and inplementing brotdly
based stntegics that would reduce broadsciLle risks.

Tn addition to dealing with thc constant crisis
environmcnt, managers nrust respond to a bewil
dering ;uray of laws that often appcar contradic-
tory. For example. the National Forest Managc-
nent Act (1976) calls for plarning that results in
a balancing of resource uses. whilc the Endan-
gered Spccics Act ( 1973) appears to mandate ac
tions fbr a single purpose the provision of habitat
and persistence of a spccics at risk-as though
risks could be reduced to zero or near zero. The
Clcan Air Act ( 1970) is unclear in how it inter-
prets smoke that might bc generated tiom llres
plxnned to maintain habitat mandated under the
Endangered Spccics Act. Fire that once naturally
maintained an ecosystem and its habitats may now
need to be prcscdbed, forcing dcbate as to whether
there is a natural background level of smoke that
should be allowed. evcn ifthat level is now from
prescribed fire nther than naturally occurring tire.

Although there is much that science can con-
tribute to solutions. the ability to implement ac-
tions to achieve improved forest health and prt>
ductivity depend on thc availabil ity ofresources
to plan and implement actions. the financial fca-
sibility of specific practices on specilic sites, the
attention ofrcsource specialists and the public to
unde(akethe actions. and acceptance by the public,
interest groups, agencies, and poljcy makers of
the mix of management actions proposed.

Broad-Scale Assessments

Several eflbrts in recent years have attcmpted to
takc a whole system view and encompass a widc
range of purposes. panicipants. methods. scope,
and success. Results of tiese effons range fiom
re la t i ve l l  .peed5 an : \ \c r :  th r la re  nJr ro$  in .cope
(and possiblv too narrow to solve the underlying
prcblems) to long term, broad-bascd assessments
that tiustrate needs for immediate policy solu-
tions and management decisions. Johnson and
Hening (1999) desc bed broad categories ofas
scssments according to the role scientists play:

1. Scientists assess situation and develop a
reconmended plan (scientists act as phi-
losopher-kings.). For example, Interagency
Science Committee plan for conserving
northern spotted o\\, ls (Thomas et al.
1990) was produced by an inter-agency



tean of scientists designated by mcm-
bers of Congress.

2. Scientists clevelop nanagenlent alternatives
and evaluate them (scientists act as policy
analysts and policy makers). The Forest Eco-
syslcm Management and Assessl]rent Team
task evol\cd from proposing a single plan,
to proposing alternativcs from which the
President chose one (FEMAT 1993). Soulh
FloridaAssessment vrs conductcd by a self
conlened group ofscientists concemed about
drairage and Ioss ofthe Evcrglaclcs (Davis
and Ogden 199'1. Johnson et al. 1999).

3. Scientists evaluatc cunent conditions and
trends and evaluate outcomcs ofaltematives
proposed by managers in responsc to pub-
lic goals (scientists act as policy analysts).
The Interior Colurnbia Basin Ecosyslem
Malagement Project examincd currenl col')
ditions and future management alternativcs
for thc entire intedor Columbia River br-
sin (Quiglcl ' ct al. 1996).

:1. Same as 3 except scientists assist in dcvel-
oping alternatives (scientists act as policy
analysts and contributors to policy nakingl.
The San Francisco Bry and dclta are the
focus of CALFED. a group of tcderal and
. l . r l c : rE :cnc ies  focused on  so lu l ion .  t , r  w i r -
ter issues in thc bay-delta estual'y (see
http://calf ed.ca. gov).

5. Scientists crit ique management plans (sci-
entists act as bystanders and crit ics). The
idtial National Forest Managcment plans.
developed by nanagers in responsc to thc
National Forest Management Act, rvere
largely critiqucd by scicntists with little direct
involvement during thc planning process
(Johnson et al. 1999).

A sixth cirtegory might bc added that recog
n i /e \  i l  more  r r rJ i l ion . r l  ro le  lh r .c ienee in  s1n-
thesizing/revie*,ing thc existing litemture rclated
to  u  rpe i i l ' i c  .L  t  , ' i  i s .uc .  rnd  ident i f l  ing  er is t ing
knowledgc gaps (scientists act as knou,ledge bfo-
kers). The synthesis ofknowledge and conditions
related to fofest health in the B]ue Mountains of
eastern Oregon and Washington (Jaindl and
Quigley 1996) and the papers in this special is-
suc of No hwest Science represent examples.

The rde that an individual scientist or feam
of scientists plays in addressing resource lssues

lionr a policy perspective varics according to their
personal interests. their willingness to risk their
credibil i t) ' . thcir atTil iation (i.e., the assignments
theyrcceive), fld their experience and background.
Thc current trend appears to pull scientists fur-
ther into the policy process with more asscssmcnts
at broader scales.

F-orest Hea th and Product vlty ln tlat ve

The Forest Health and Productivity Initiative of
the Pacific Northwest Research Station sccks so-
lutions k) these challcnges treatment optiors for
specific problens, information on tradeolfs of
options. and tools to assist in making choices
(Ha)'cs ct al. 2000). The Initiative emphasizes
integration at multiple scales and identification
of l inkages that wil l irnprove predictivc capabil-
ity. Initiative research is organized into fou[ cat
cgories:

. Increase basic knowledge of system elements
at nrultiplc scales.

. Inplernent adaptive nranagcmcnt by joint
etlofts of scientists and land managels.

. Apply methods to enhance particular eco
system values by managing fire, insects, and
disease.

. Develop nodels and decision-support sys-
tcms to assist with integrated manlrgement
of fire. insect, and disease disturbrnces.

Rcscarch projects arc chosen that develop options
for managing insects, diseases, and fire distur-
bances u'ith nranagers as collaborators, that inte
gratc biophysical and socioecoromic consider-
ations. that identify linkages across scales, and
that lill significant knowledge gaps at the mid or
broad scale.

A major ncw watershed-level effort (category
5 above) that has begun under Initiative leader-
ship is the Interior Nonhwcst Landscape Analy-
sis System (INLAS). [n INLAS, a team of scien
tists and managers plan tode!elop a suite ofmodels
and tools to hclp landowners and managers char-
acterizc conditions and predict future outcomes
in a consistent way. They are focusing on a par-
ticular watershed (part of the Blue Mountains
Demonstration Arca. a national watenhed resto
ration area) to keep the work grounded and not
just theoretical. They will develop decision rules
tbr when to use what tools and consistent defini-
tions of data type and collection method so that
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data from various sources are contpatible. They
u i l l  c r l tm inc . r : \unrP l iun \  19  6n .111. ,  q , rn r i .1qnq l
anrong (omflrnenl\ and de:erihe rheir rppropri-
ale application. Such up-front plalning wil l en-
\u re  lh r l  n rod(1 .  l ie lJ  u 'eab lc  cn \ \ \ ( . r \  rL ,pe f l i
nenL questions.

Decision IVak ng Process

The purposc of rll of this knowledge. ultimately,
is to help people make infbmed decisions.In recent
decades, the process of resource dccision-nak
ing lbr fcderal lends has evolved lion one of pri-
m;uily agency dccisions in responsc to Congres
sional miurdates. to onc of interest goup il't!olvenrent
and biltcrly contested disscnsion. to broader cit i-
zen lnvolvemcnt eariy in the proposal process.
The rescarch role is e\olving as \\,ell. Court-con-
tcsted nanagemenL and emphasis oD scicntifically
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based decisions have thrust scientists into the frav.
Demands fbr information where research is in
complete have lcd to more reliance on expell
opinion and development oftcchniques for gath-
edng it. Science is increasingly focused on cleiLrlv
Je l in i t tE  t r rd t  - , f l '  umong op i l ,  ' n " .  Re.eareh hr i .
a continuing role to reexamine and update pdor
conclusions. The model lbr adaptive management
$'ith early and continuing pubiic involvemcnt,
scicntif ic input, and rcgularly adjustcd manage
ment actions continues to be rcfined
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