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Old-Growth Forest Structure in Eastern Oregon and Washington

Abstract
Old-gro$,th forcst strucluir is an inpofiant issue in managing for forcsl heatlh and producti\ity in eastcm OregoD aDd \\hshing-
ton. Old-growih forest struclurc is cstimated to be as litlle as 3% of prescttlemenr levels: what femains is in isolatcd patches and
is ar risk of loss from less freqLrcnt but more severe iires. Lo*elelation pondcrosa pine and Douglas-fir stands arc more dense\'
slocked $'ith increased fuel. and oilcn rcpresent compositional shifts to morc lodgepole piDe and grand fir Thc changes are
attributed to changes in nalural dinurbttnce regimes as a result ofmanagcmenr oflire, grazing. timber harvcst. wildlile insecls.
and di\ease. Treatmen!s thal can accelerate developnent ofold grorlh lbren structure include thinning to accclenle growrh on
residual stems. retunring firc 1() fire-dependent ecosystenrs. and mainlaining large nees and snags. Thcse methods hale ri\ks:
pfescnbed i-irc may nol nimic hequency and severiiy of historical fire thiNing may actilate dormanl srem decay. increa,ied
connectlvitt nra! incrcasc susceptibility to stand-replacement iirc. insccls. and pathogens. Models for multiplc species and inter-
aciions oftreatments. irsccts. and diselse are noi avrilable.

Introduction

Foresters and economists often have viewed old-
growth tbrests in tetms of financial nraturity and
have prescribed a series of silvicultulal activitics
to achieve an orderly conversion ofold stands to
young stands to maximize vigor and productir-
i1y. More recent perspectives involve expanded
silvicultural objectivcs iind greater understand
ing ofplant ecology and ecophysiology. and con-
sider old-growth stands as developmental stages
with attendant pathways and structural and func
tional tspects that ire achieved when trees grow
in the absence of extemal disturbances (Oliver
1981. Olivcr and Larson 1990, Moir 1992). For
dendrochronology. emphasis is on tree age
(Swetnam and Brou'n 1992). while for wildlit 'e
habitat, structure may be more important (Reynolds
and Linkhart 1992, Thomas et al. 1993). Histori-
cal and currcnt relationships between wildlifc
species and key old growth habitats rn eastern
Oregon and Washington are discussed by Wis-
dom ct al. (2000). O'Hara et al. ( 1996) suggested
"old forest" should be used to avoid the strong
social rather than ecological construct. This syn
thesis narrative emphasizes the developmcnt. dis-
tribution, role of natural disturbances, treatment
sfategics. and existing decision tools for manipu-
lation ofold-growth forest sfucture with emphasis
on lhe  ke)  con i fc r  t ree  spec ie '  occr rn ing  in  ea . t -
crn Oregon and Washington.

Individual h€es, growing on relatively good
or protccted sites. may obtain ages in cxcess of
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250 years for Abics species, 500 years for Plceo
species, and 1200 years for whitebark pine (Pi,?rr
albic aulis Engelm.) (Franklin and Dymess 1 973,
Perkins and Swctnam 1996). Initial attempts to
de[ ine  o ld -grou th  to re \ l  \ l ruc tu re  in  ue . te rn
Washington and Orcgon and in California by eco-
logical functionality resulted in broad criteria fbr
trge species, crown size and closure, number of
canopy layers, and the presence and size of snags
and down logs (USDA 1986). Recent work to
describe old-growth forest attributes for forest
ecosystems of eastem Oregon and Washington
are besed on stluctural features such as the num-
ber of large trees, number of snags, amount of
do$'n woody material, numbcr oftree canopy lay-
ers, the native shrub or herb component. and the
amount and size of tree or canopy gaps (USDA
1993). These broad criteda fail to consider varia
tions among common site chamcteristics that in-
flucnce plant species composition. however and
thus assume an equivalent capability across all
s i te :  \up lmn ing  the  'ame c l imr \  t ree  spec ies .

The study ofstand development (stand dynam-
ics) considers changes in stand structure through
time and the interlrction of structure and distul'
bance factors or events. Within the last several
decades, a large body of work across many eco-
\ ) : lem:  h r .  ion t r jbu ted  lo  r  g rea ter  rpprec ia t ion
for the potential of multiple pathways of stand
de!clopment leading to old-growth stand struc-
ture ruther than mono-directional change (suc-
cession) leading to a single and stable stand



structure or condition (climax) (Mclntosh 1999).
ln addition thcre is greater recognitjon ofthe com
petitive advantage often held after disturbancc by
individual or groups of plants (cohofts), and the
role ofvarious fonns ard intensities ofdisturbance
(Johnson et al. 1994, Mcans 1982, Oliver and
Larson 1990). O'Hara et al. (1996) presentcd a
slructural classification of seven classes poten-
tially applicable to all western fbrest ecosystems
that includes vertical, horizontal, and quantita-
tive sffucture componenls; lwo classes describ-
ing old-gronth fbrest structure differ primarily
on the number of cohorts and strata present.
Throughout easterl Oregon and Washington.
presettlemcnt ponderosa pine (Pinus ponderosa
Laws.) and sone low-elevation Douglas-fir
(Pseudotsuga menliesll (Mirb.) Franco) and west
ern l?fch ( Lurix ott:identolis L.) stands oftcn de-
veloped with open, multi-aged structures (Barrett
1979. Tesch 1981. Agee 1993). A common man-
agement objcctive has been to convertthese multi
aged stands to even-aged stands. Documented
developmental pattems forthese even aged stands
that relates (]xisting structural charactenstics to
future characteristics often incorporate incremental
and total stem height and diamctcr growth, stand
growth, changes in volume, and accumulated
mortality, and represent competitive interactions
tiom dillerent stem densities pofirayed at vad-
ous levels ofgrowing stock (Tesch 1981. Larson
1986. Cochran and Barrett 1999. Cochran and
Seidel 1999, Cochran and Dahms 2000). In con-
trast. O'Hara (1996) studied ponderosa pine stands
with multiple cohofis and tbund that simil;f de-
velopmental pattems of coho structure devcl-
oped across broad regions, growing space was
used more elficiently by stands with multiple
cohorts. and growing space was used dispropor-
tionately by large trees.

Deve lopmenta l  p l t t cmr  lo r  r r ther  rper  ies  a re
not as \r'ell refined; Cochran and Dahms (2000)
repofied on the response ofeven-agcd lodgepole
pine (Plnrs contorto Dongl.) at two sites main-
tained at five diff'erent levels of grou'ing stock,
while Muir ( 1993) examined the pattcms ofstand
structure resulting tiom natural and human in
duced disturbances in lodgepole pine stands of
westem Montana. Developmental patterns for
grand tir (ADies grurdis Douglas ex D. Don) have
emphasized regeneration stages (Seidel and
Cochran 1981). Less is known ofdevelopmental
pattens fbr species ofeastem Oregon and Wash-

ington withmore limited distribution such as limber
pine (Pinus l/c-rl l is James), sugar pine (P
lombertia o Dougl.). western white pine (P
mo nt ic o I a Dougl.), incense-cedar ( C u ktcetlrus
decurrens (Toney) Florin, Pacific yew (7aras
breviJblia Nutt.), Engelmann spruce (Piced
engelmttnnii Parry ), subalpine t\r (Abies hsiocurya
(Hook.) Nutt.). mountain hemlock (7s4ga
mertensiqna (Bong. Carr.), and whitebark pinc
(Arno and Hoff 1989, Tomback et al. 1993).

Declines fiom historical levels in the ovcrall
extent of old growth forest structure of eastem
Oregon andWashington are well documenled, and
area may bc as low as 3% ofpresettlement levels
(Bolsinger and Waddell 1993. Everett et al. 199,1,
Karr and Chu 1994, Hann et al. 1997). Dccline
can be attributed to changcs in natural distuftance
rcginles resulting fiom active management pro-
grams 1br fire. grazing, timber. wildlit'e. and pest
control (Johnson et al. 199,1. Oliver et al. 1994).

Disturbance and Old Growth

Forests of eastem Oregon and Washington have
a long history of natural and human-induced dis-
turbance. At the landscapc scale, early settlers at
the beginning ofthe 20th century witncssed epen
forests of ponderosa pine and Douglas-fir with
widely splced trees, lew if any down logs. and
litt le l i tter and woody undergrowth (Languil lc et
al. 1903. Wickman 1992. Bonnicksen 2000). Thc
stmcture oI stands. as suggested by early settlers'
journals, was a seemingly uniform ptrrkJand of
widely spaced rnedium to large old trees and con-
t inuous  herhacc , rus  undergrou th  (Ag<e 1994.
Naumburg and Dewald 1999). This old growth
forest structure betbre the 1900s was substantially
the result of frequent low-intensity tires that thiruted
stands from below byliilling small-diameter stems
through a oombination of cambial and root dam-
age and crown scorch, consumed litter and down
wood. opened stands to increased sunlight, and
led to vertical stntification offuels (Saveland and
Bunting l988,Agee 1990,Agee 1993). Fire may
also hayereduced or eliminated stcms in the lower
crown stata that were infected with dwarf mistletoe
(Aneuthobiwn spp.) (Barrett J979). Frequent, low-
intensity surface fires are gcnerally thought to be
characte.i stic of presettlement conditions through-
out the distdbution of ponderosa pine (Kilgore
1981 ). Recent work in the Black Hil ls of South
Dakota and Wyoming, however. suggests that in
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addition to periodic, low intensity surfice t'ires
that hdd open-canopy tbrcsts in a relative state
of equilibrium, more inftequent catastrophic dis-
turbancc charactedzed by large, stand replacing
f i re .  may hure  mr in l . r ine , l  l r rgc .  eont iguous
patchcs of old-growth forests in a state of
''nonequilibrium" (Shinneman and Baker 1997).
Natural file intenals in old-growth pondcrosa pine
forests rangcd from 4 to 11 years in central Or
egon (Bork 1984, Morrow 1986), 7 years on the
east slopc of the Washington Cascades (Everett
et al. 2000) and averaged l0 years across the Blue
Mountains (Hall 1980) and I I years in the southern
BIue Mourtains (Heyerdahi 1997). With effec-
tive tire exclusion. undcrstory tree density in the
rcmaining old-growth ponderosa pine and low-
elevation Douglrs-tir tbrests has increascd, stand
composition has been altered to include more
lodgepole pinc and grand fir on some sites, and
stands ale at greater risk of stand-replacement
disturbances (Mutch ct al. 1993,Agee 1994). Fuel
accumulations in old growth ponderosa pine lbrests
now ralely resenble those of presettlement for-
ests, and tree mortality is affected by season of
fire. firc severity. tine-root biomass, and tree vigor
(Srvczy and Agee 1991).

Majorinsects associated with old-growth pon-
derosa pine tbrests includc the pandora moth
( Coktratlia pantlora Blake), the westem pine beetle
(.D endrct totus b revicoriiJ LeConte), the turpen-
tine beetle (D vtlens Lcconte), and the moun
tain pine beetle (D. pordersae Hopk.). Old-growth
ponderosa pinc forcsts are subject to defoliation
from pandora moth whose larvae consumc the
previous ycar's needles (Fumiss and Carolin 1977).
Reconshrction of a 622 year record of 22 indi-
vidual outbreaks in 14 dd-growth stands indi-
cated two quasi-cyclical t ime series of l8 to 24
years and 37 to 4l years between outbreaks (Spccr
ct al. 2001). Mofiality from westem pine beetle
in old-grcwth ponderosa pine stands occurs atlow
lc \c l \  un le :s  reg iona l  d roughts  r f lec t  t ree  r igor
across entire watersheds: the scattered distribu-
l iun  o l  la rge  r rce '  u  i th  in :u f f i c ien t  v igor  sq  p1e-
duce adequate oleoresin exudation pressure to
protectthe tree results in low snag densities (Barrett
1979. Hessburg et al. 1994). Historically. moun-
tain pine bectlc probably was not associated with
old growth ponderosa pine stands, but with firc
exclusion, small-diamctcr ponderosa and lodge
polc pine stems have increased stand densities
dramatically, and these densely stocked small-

112 Youngblood

diameter stems can suppofl populations ofmoun-
tain pine beetle (Hessburg et al. 1994, Olsen et
a l .  1996) .

Comandra rust (Cronartiton comandrae Pk.)
ma)' be locally significant in old-growth ponde-
rosa pine forests: This disease invades the llne
t\\"igs and main branches, eventually causing a
canker in the bole and crown mortality abovc thc
canker (Childs 1968, Filip 1977). Top-killed trees
may survive many yeaIS. cvcntually dcvcloping
a resin-soaked, case hardened snag that persists
1br decades.

Since the tum of the century, the structure of
most old growth ponderosa pine fbrests has
changed as a result of widesprcad sclcctive tim-
bcrharyestiDg that stafied with the fi$tEruopean
settlers and greatly accalerated afier World War
ll (Bergoffen 1976, Mowat l96l). Harvest cut
ting in ponderosa pine was init ially designed to
capture the mortality and reduce the risk of addi
tional monality caused by western pine beetle by
rcmoving up to 957. ofthe volume (Mowat 1948,
Mowat 1961, Dolph et al. 1995). These stands
often regeneratcd naturally with high densities of
small-diameter stems; competition between the
young cohort and the few femnant old stems of
ten can be severe and can lead to moftalitv ofthe
old trees (Dolph et al. 1995).

Landscapes dominated by mixed-conit'er stands
of Douglas-fir. grand fir, Engelmann spruce, and
subalpine fir throughout eastem Oregon and Wash-
ington are characterized by mixed-intensity mixed-
severity disturbances that occur inf'requently. Fire
rcgimes are in the order ofseveral decades to more
than 100 years and, because these forests develop
multiple layers of tree canopies with complete
fuel ladders. fire is easily transported into upper
canopy crowns and may become a stand-replace
ment event. Lodgepole pine, ponderosa pine,
westcrn white pine, and westem larch are domi-
nant seral species in these ecosystems. Landscapes
supporting Douglas fir and grand fir throughout
much ofeastem Oregon and Washington are highly
compler  in  response to  change\  in  c l imate .  geo
morphology, topography. and soils. Thus patches
of old-growth fbrests dominated by grand fir or
Engelmann spmce may best be descdbed as un
connected fire "refugi;i'within a matrix ofyounger,
more recently disturbed forests (Camp et al. 1997).

Bark beetle outbreaks are likely responsible
for much of the mo ality in old-gro\\,th forests



of mixed conifers: the Douglas-fir beetle (Dea-
dtoctonus pseudotsugae Hopk.) ctrn develop large
populations in discased or *eakened trees and
move out to attack and kill nearly all the Dou
glas-fir stems in a stand (Seidel and Cocbran 1981,
Hcssburg et al. 199,1). Herbivory by westem spruce
budworm (C/rorlslo ne u ra o c c ide nt al is F reemun)
and Douglas-fir tussock moth (Orgtitt pseudo-
t s u gata McD.) occuls periodically in mixed-co-
nifer stands containing grand fir and Douglas-fir
(Swetnam et al. 1994. Wickman et al. 199:1.
S$'etnam et al. 1995). These insect outbreaks his
torically resulted in little overstory moftality cx-
cept trom lower canopy stmta and those trees of
lou r igor. Dcfoliatirrn rnLl reduction. in canopl
cover, along u'ith improved mineral cycling, may
actually stimulate radial growth of grand Ur and
Douglas fir (Wickman 19136, Mason et al. 1997).
Recently. wesLem spruce budworm and Douglas
fil tussock moth outbreaks have become more
extensive and more intense as host availabil ity
has increased (Wickman 1992). Tree rnort;rlity and
eventual conversion ofstanding dead to down logs
in these old-grorth forests, along with new seedling
establishment. appears to iollow similar patterns
after disturbances that have vastly dilferent dura
tions (Youngblood and Wickman, 1, pr".!"!). Stem
dccays. especially decay caused bv the Indian paint
llrngLts (.Et:ltinodontiutlr tin.toiun (Ell. et Ev.),
may be prescnt in old-growth lbrests that contain
grand fir and subalpine fir as host species (Aho
et al. 1987, Hessburg et al. 1994).

Lodgepole pine is normally a shoft-lived se-
ral species, replaccd bv a number of more shade
tolerant coniters. On infertile pumice dcposits in
south-central Oregon, it may develop an edaphic
c l imar  l rck ing  rep laccmenl  h \  ( ' l her  l ree  \pec ie . .
A slou-moving fungus that decays tree boles.
infrequent fircs. and mountain pine beetles com-
bine to maintain at least two cohons in stands
(Geiszlel et al. 1980). Old-growth u'hitebark pine
is otten killed when mountain pine beetle popu-
lations develop in Jower-elevation stands oflodge-
pole pine and spread upward (Amo and Hoff 1989),
or may be replaced by subalpine fir in thc ab-
sence of fire. Thc introduced u'hite pine blister
ntst (Cronartiun ribicolu J.C. Fisher ex Rabh.)
lnay also infect and kill whitcbark pine.

Management Eftects

Forest hcalth and productivity teatment strate-
gies for old growth lbrcsts involve recognition

of site conditions, early detection ofevents or agcnts
of disturbance. protection of specific sites, and
accelerated dcvclopment of old-growth charac-
te stics by restoring natural processes. Treatment
strategies that maintain, enhance. ()r accelerate
old-gro\'",th fbrest conditions will likcly vary un-
til there is common agreement on conditions and
attributes that charactcrize old-growth forests.
R, 'ccn l  uurk  in  ident j f y ing  rnd  mapp ing  poren-
tial disturbances with GIS capability indicatedlittlc
change fiom historical levels of inscct and dis-
ease hazard at the subbasin scale. yet conslder'
able variation in hazard at the watershcd scale
where large changcs in vegetation structure havc
oiL urred (Lehml,uhl et al. lqa4). A murulorium
on harvesting in late-successional and old-growth
fbrests in eastem Oregon and Washington in ad-
dition to a moratorium on harvesting any tree of
any species older than 150yea$ with breast-height
diameter of 20 inches or larger was recommendcd
by a scientific panel chargcd by Congress to as
sess conditions in tbrests of eastem Orcgon and
Washington (Perry ct al. 1995). Dateman ( 1994)
outlined key components for short-term approaches
to protecting old-growth tbrcsts, especially the
need to develop measurcs to prevent fufiher bark-
beetle-caused nortality ofthe larger trees in old-
growth fbrests. More long-term mcthods may
in \  o l \e  imp lement ing  . i l r  i cu l ru r r l  p rcs .  r ip r ion .
to rcduce the hazard of insect-caused moftality
at the stand scale and extend treatments across
entire landscapes (Mason and Wickmar 199,1).
Restoring natural prccesses to maintain or enhance
de\elopmcnt of old-grcwth forcst stmcturc was
the basis for many ofthe ecosystem managemcnt
activities assesscd across the Interior Columbia
Ba.in. including manrgemenr activirie. ro impror c
both the area (extcnt) and connectivity of old-
growth forests by retuming fire to fire-dependent
ecosystems, maintenance of large rcsidual struc-
tures. and stocking contr(t to promote devclop-
nent of similar structures (Quigley et al. 19961.

The evcntual return, through active manage-
ment .  o f  I i r c  r r  I  L l i . tu rbunce e \cn l  opera l ing  i t l
presettlement frequcncies may serve to restorc
many natural processes and protect large residual
:lru.lure\ l-rom.tand replacerncnt f ire. r 'nce e),
isting fuel accumulations are reduced in low-se-
verity. high fiequency fire regimes such as thosc
of low elevation ponderosa pine and Douglas-fir
(Mutch et al. 1993. Amo and Ottmar 1994, Mutch
and Cook 1996. Covington et al. t997). These
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goals may not necessarily be achieved mutually
(Su,ezy and Agee 199 | ). The eflect of burning
on residual tree growth is not conclusive: l imited
work suggests that under some conditions, shorl-
term growth reductions may occur (Landsberg et
al. l98rl. Peterson et a1. 199,1). The degree to which
prescribed llre can be used to mimic historical
fires in frequency and sevedty is not known, nor
is there a clear understanding olthe types ofstand
slruclures and their related values that can de-
velop afterprescribed fire (Youngblood and Riegel
1999) .

In mixed-severity, mixed-tiequency lire regi mes
such as those of mixed conifers. r'estoration of
natural processes and protection of old growth
structurc may nol bc possiblc through the rein-
troduction of f irc. ln some cases! f ire exclusion
or suppression since the beginning of the 20'r'
cen tury  h r .  been ine l fec t i ve :  in  o the l  cases .  r 'e in
rroduction of f irc would rcsult in complete stand
replacement. In these systems, silvicultural meth-
ods ofthinning lbr accelerating the development
of large stmctures nay be beneficial. Accelera
tion of grc$'th on some stems requires stocking
level control to eliminate the growth of compet-
ing tlees; stocking level conffol Inay also rcduce
the hazard of some insect and disease related
noltality by maintaining stands under a critical
stand density, above which moftality may bc sc-
rious (Cochran 1992, Cochran et al. 1994. Cochran
1998, Cochran and Barrett 1999. Cochran and
Seidel 1999. Cochran and Dahms 2000). Retro-
spective studies of old-gro$th tbrest structure
provide the best target fbr determining what were
the histodcal mnges of densities and spatial pat-
tems in any given area (Hanod et al. 1998. Harod
ct al. 1999, Youngblood and Riegel 1999, Hanis
20(X)). Thcsc stratcgics arc not without some dsk.
h  ucrc r  S to  k 'no  c t 'n r ro l  h )  Ih inn ing  nr r )  i l c l i -
vatc dornant stcm dccay. leading to reduced
growth, mortali ly. and fuel accumulation
(Youngblood 2000). In some high-severity, low-
frequency disturbance regimes, cufient manage-
ment goals ofincreasing the amount and connec-
t i r i tS  o lo ld  g rou th  fo re . t  s t ruc tu remal  inc rease
the risk of stand replacement disturbances fiom
itsects, pathogens and fire in old-growth "refu-

gia' stands (Canp et al. 1997).

When stands are deficicnt in trees with identi-
fied old-growth characteristics impofiant for wild
life, such as living trees with decay, hollow trees.
or dead snags (Bull et al. 1997). various artif icial
mgans of creating these features have been at-
tempted (Parks et al. 1996). Treatments have in-
cluded topping the tree with a chainsaw or ex-
plosives, girdling, and inoculations with decay
fung i .  Whi le  p re l in r inar l  re \u l l .  i rppe i r r  p romi \ -
ing, these actions are costly and may not producc
the dcsired decay conditions.

Decision-Support Tools

Few integrated, widcly uscful. and easy-to-use
tools for developing, managing, and protecting
old-growth structure exist. Decision-support tools
for application of fire are limited. Predictions of
first order (thc dircct or immcdiate consequences)
fire eflects ofprescribed and wildfire for duff and
woody fuel consumption. mineral soil exposure,
fire caused tree mortality. and smoke production
may be modeled by using FOFEM (Reinhardt et
al. 1997). This modcl addrcsses only the direct
eflects of tlre. however. Models of the cumula
tive effects of fire with other disturbance factors
such as insects ordisease are not available. Cuides
to prescription development for buming in lo*-
elevation lbrcsts ffe available (Kilgore and Curtis
I 987). Keane et al. ( 1990) developed a model of
whitebark pine stand dynamics over 500 years
that simulated tuel accumulations, tree establish
ment, growth, and mortality. and the el'lects of
inscct and disease.

Decision-support tools for thinning involve
suggested stocking levels for specific species. ln
general, these are based on pure. even-aged stands
(Seidel and Cochran 1981, Cochran et al. 1994,
Cochran I 998. Cochran and Barrett 1999. Cochran
and Seidel 1999, Cochran and Dahms 200O). Based
on the \ '! 'ork of Cochran et al. (1994), stocking
guides for most tree species across most plant
associations fbund in the Blue Mountarns are now
available (Powell 1999). Similar guides to allo-
cating growing space among coho s to control
stocking in nulti-aged stands of ponderosa pine
(Cochran 1992, O'Hara 1996, O'Hara and Valappil
1995) nay have widcr applicabil ity as more wa-
tersheds are managed underuneven aged regimes.
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