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Abstract
Vegetaiion patterns in eastern Oregon and washiDgron arc largcly a result ofen!ironmental condilion\. species distributions, plant
ecoloSf. and disturbances operating at nuldplc scalcs and in ditterent environments. In tum, legelative patterns strongly inllu'
ence the xmounl. se\'efity, and distribulion of disrurbanccs gcncraied by various agent\. This paper focuses oD the lattef ihe
relations hetween \eger.rtion patiem. disturb.rnce, and lbrcn hcalth and productivity. Ai all scales. vulnefabilit) io disturbance
appcars ro increase !l hen legetation condition and palrem dilien lion fic historical or expected range for a gi\en environmenl.
Ccncrally, foresrs that are older composed of larger trees. denser. norc homogcncous. or more contjguors than would be e{-
pcclcd under natural or histofical disturbance regines are nore vulnerablc 1() morlality irom insects and disease. Factors related
to l'ulnerability include site potential, host abundance. caiopy slructurc, host size. patch vigor patch den\ity, patch connecti\ity,
topography. and loggins disturb:mce. Morlality liom insccls and disease contribuies ro dive|se habitat. but cuffent levels oftree
mofialitl lrom insects and discasc arc oficn oulside the historical of expected range gi\en site enliromerl. High lelels ol
modalit] mr) continue because many Iorcsts have bcconre more homopeneous. contiguous. rnd dominated br' shade lolerlnl
species o\ring to fire suppression and nanagcnrc.!. Lincharacreristicall,v selefe fires will likel] increase in the nert 1U0 years e!en
with restoration nranagenent because of changcd \cgclalion pallems and other factoN. Information at strnd or site \cales is
relati!ely abundrnt ln the scientilic and m:rnagcmcnl lircrature. Nluch broad-scale infornrtion is based on models and expen
oDinion. Research at bfo.rd scales is scant! and dilicuh.

Background

The study of plant communities and landscape
pattcrns has long been a staple of the ecological
l iterature (e.g. Clernents 1916. Braun-Blanqucl
1932, Daubenmire 1968. Pielou 1979). Many
sources provide useful conceptual summaries of
landscape vegctation pattems and processes (e.g.
Picket and White 1985, Forman and Godron 1986.
Turncr 1987. Allen and Hoekstra 1992. Scbimel
et al. 1997) and the pattems generated by thc in-
terpllly ofvegetation and cnvironment (e.g. Gleason
1939, Major 1951, Whittaker 1960, Daubenmire
197,1. Rowe 1980. Swanson et al. I 988). The most
cornprehcnsive reviews of broad and mid-scrle
vegetation patterns, thc processes that genemte
them. and their links to lbrest health in Eastcnr
Oregon and Washington come from a series of
assessmcnts, generally done to assist in the prepa-
ration of environmental impact statenrents, by
federal agencies (Caraher et al. 1992, Everett et
al. 1994. Quigley et al. 1996. Quigley andArbelbide
1997, Quiglcy et al. 1997, Hessburg et al. 1999a).

There is an abundant literature on vegetation
patternr, forest health and productivity, and the
effects of fire. insects, and disease at fine scales
(stand to subwatershed). While research at this

scale is interesting aod usetirl, thepractitioner must
be careful when extrapolating results to other ar-
eas or broader scales. Research at line scales is
often. of nccessity. case study. Stratification and
replication across a range of scttings abovc the
stand scale is generally t ime consuming. ditt icult
and expensive. While this caveat should llavor trny
interpretation or extftrpolation of tincr-scalc rcscarch,
the practitioner may havc no altemative.

Issues of ecological interyretation and scale
are. of themselves, the subjects of a considerable
Iiterature. While an in-depth discussion of these
issues is not the fbcus in this paper the readcr
would be well adviscd to consider scale carefully
for many reasons. Anong the most inportant for
this discussion are l) dif lerent ecological char-
acteristics are evident at diffbrent scalcsl 2) pro-
cesses that are evident at a panicular scalc may bc
viewed as higher-scalc constraints at a finer scale;
and 3) processes that occur at finer scales may be
too rapid or poorly resolved to be visible at a big-
ger scale (e.g.AIlen andHoekstra 1992.l-evin 1992.
Allen et al. 1994. Kli jn and UdoDeHaes 1994).

This paper attcmpts to sun]marize knowledge
on the multi-scale forest hcalth and productivity
relations betwecn vcgctation pattenrs and fire.
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insect. diseasc, and ungulate grazing disturbances
in eastern Orcgon and Washington. It poses t\r'o
questions: How do vegctation patterns influence
future forest health and productivity at several
rclrles? Ho\\" do flre, inscct. disease, and ungu
latc grazing disturbtrnces influence vegetative
patterns at sevcral scalcs?A11swcrs to thesc ques-
r ions  r r .  ine \ l t i c lb l \  lang lcL l .  Vegc t i t l i on  pJ l tc rns
arc largely a resuh of environnental conditions
rurd disturbances operating at multiple scales. which
generate a variety ol patch conditions (Forman
ar rd  Cod|on  loEnr .  In  tun t -  \e !c tJ I i \e  pa l l c rn \
strongly influcnce the amount. severity. and dis-
tribution of disturbances generatcd by various
agents (Hayes and Datemtan 2001, Ot0nar and
Sandberg 2001. Parks and Flanagan 2001. Thies
200l, Kie and Lchrnkuhl 2001, and Torgersen
2001). Here the emphasis is on the rclarion be,
twcen disturbances and vegetation rathcrthan thc
re la t io r r  he tueen enr  i ronrnen l  cn , ._ l  regent ion .
lhough \c8 . l i l l i on .  d i \ (u rb tnc(  Jnd en \  i ronment
;Lre strongly intertwined. Any research into the
eflects of disturbance on vegetation pattem or
vegetation on disturbance paltern must account
tor ulderlyi ng environmental ddvern.

Some ofthe following discussion rt;fers to the
historical. typical. or natural range of conditions.
The context tor this discussion comes fiom thc
need for a baseline a-qil iost which to compare
change (Hann et al. l997, Landres et al. 1999).
Hann et al. ( 1997) defined ' 'historical range" as a
several-century pcriod prcceding Euro-American
settlenent. Hann et al. ( 1997) and Hemstrom et
al. (2000) also uscd this dcfinit ion. Hann et al.
(1997) and Hcmsrrom et al. (2000) defined the"normal 'or'iypical" portion of the historical range
as the central 507., ofthe modeled historical range.
Their definit ion. used in this paper. prescnts dif-
ficulties reg;fding the rolcs of climate change,
exolic plant species invasion, and other factors
(sce especially Tausch et al. 1993), but an alrcr-
native descdption ofexpccted or typical range of
vegetation and disturbance conditions fbr the In-
land Northwest has not been published.

How Does Current Vegetative Pattern
Influence Future Forest Health and
Productivity?

Vegetativc pattems influence tuture forest health
and productiv ity largcly by affectirg I ) local veg-
etative competition, 2) trce and stand growth rates

and oompetit ion stress. 3) susceptibil i ty to insect.
pathogcn. and fire disturbances. and 4) looal to
broad-scale disturbance pattens and regimes.

Vegctative patterns influence future forest health
and productivity through several disturbance
mechanisms. including susceptibil i ty to insects
and diseases; probability. severitv, intensity, and
spatial pattcrn offirc; and (much less understood)
producing habitat conditions that encourage un-
guJate  grazrng  tha t  ma1 in f lucn .e  regcr r t ion  c , rn -
ditions. Vegetative pattelns also influence f'uture
torest health and productiviry by affecting dis-
turbances fiom other agents, including wind throq
snou' breakage. snow avalanches, and others.
Complex mechanisms intefiwine environmenlal
conditions. disturbances. vegetation pattems, and
forest health and productivity at many scales (e.g.
Turner 1989, Allen and Hoekstra 1992,Wickman
I992, Everett et al. 1994, Hnrvey 1994. Hessburg
et al. 199,+. Johnson 199,1, Hemstrom et al.2000).

S te/Stand Scale

Thr  in l luenecr  o f  : t rnd- .ca le  \  e le la l  i \  e  pa l tc rn .
on toresthealth and productivity (i.e. tree and strnd
growth and vigor) are well documented in the lir
erature. Stand-scale vegetative pattems reflect the
complex interaction of environment, disturbance
history, and vegetative development. Discussions
of the relations between vegetation, disturbance,
and environmcnt abound in the l itenture (e.g.
Daubenmirc I 968, White 1979. Forman and Godron
1986, Allen and Hoeksrra 1992). Silviculture anrl
forestry manuals and texts providein dcpth discus-
sions in both gencral concepts (e.g. Smith 1962,
Hall 1989. Oliver and Larson 1996) and details
1or specific species (e.g. Cochran l985:
Baumgartner et al. 1 985: Baumgartner and Lotan
l98ll; Burns and Honkala 1990; Cochran and
Banett 1993; Cochran 1998; Cochran and Banett
1998t Cochran and Dahms 1998; Cochran and
Barrett 1999a, 1999b; Cochran and Seidel 1999).
At lcast cursory infonnation on site or stand-scale
relations between local environmental settings,
vcgetative pattem. and future forest health and
productivity exists across mosf fbrested lands in
eastern Orcgon and Washington (e.g. Frantlin and
Dymess 1973, Hall 1973, Hopkins 1979a. Hopkins
1979b, Williams nnd Lillybridge 1983.Voliand 1985.
Johnson and Simon 1987, Johnson and Clausnitzer
1992, Clausnitzer 1993. McNab and Avers 1994,
Lil lybridge et al. 1995. Will iams et al. 1995).

92 Hcnrstrom



Fine-scale chrnge fiom historical to curlent
conditions across eastern Oregon and Washing
ton vades considenbly by terrestdal forest com
munity type. enviroDment, and management re-
gime (Table 1: Hann et al. 1997. Henstrom et al.
2000). The most pervasive changer at the stand
scale are a genelal leduction in the time required
for canopy closurc (duc to anitlcial rcgcncration),
a decrease in large-tree abundance. and a decrease
in large snag and down $'ood structure. Reduced
time to canopy closure also leduces the abundance
and longevity of shrub herb successional stages.
The result has often been higher levels of wood
llber productitu: increased insect, disease. and
fire risk in the absence of continued silvicultural
manipuli it ion: and decreased shrub-herb, large
snag, and down q'ood habitat features.

Stand-scale structure and composition also vary
by environmental settiDg (HanD et al. 1997). Under

historical disturbance regimes. dry ridges and
southcrly exposures otten supported late-seral
si ngle-layer lbrests (Figure l). Tree density gen
erally increased on moist lower slopes, then dc-
crcased on well-drained valley tloors. Traditional
commodity oriented managenent regimes oftcn
resulted in substantial reductions in late-seral for'
ests, largc snags, and large down wood (Figure
2). Fire suppression allowed succession of much
ofthe remaining late-seral lorest to nlulti-storied
condition. Early seral stands were planted, usu-
ally with one or t\\"o tee species, resulting in rapid
canopy closurc and a shortcned shrub-herb-grass
condition. Traditional reserve-oriented managc-
ment changes tire regimes through gro\\"th sup-
pression, resulting in seedling recruitmcnt. canopy
ti l l- in. and increasing standing and down woody
debris (Figure 3).

TABLE L tlulri-scale chanpes in structLrre and pattefn characleristics of rn.Uor foresred temestrial communilies in callcm Or
egon and Wa\hington from h istorical to current disturbance regi mes (,iummarized from H an n et al . I 991 and H cmstronr
et  a l .  1000).

Comnmnity Stand-Scale Subbasin and Lafgef Landsc.Lpe Scrle\

Earl) scral. lo$!'r montine Highcr Ucc d(nl i l \ Increased area. morc contigLlous

EJr )  \erc1.  Innnu| le \,Iorc rapid canop) closurc. lowef snag and
do\|n wood densit! in mmaged eas

Decrea\ed r fer .  e. .  contrguou(

Er l \  serul .  \ubr lp ine Nlore mpid canop""' closure. lo\' er snag and
do$,n $ood dcnsity in nranagcd arcas

Sl igh ' l !  m! re i r "ed , rcJ

Yid seral. lo\|er montane More rapid canopy closure in managed SL5. anr ,  )  r lcreJ.cd Jr(r .  d.c- . - .Jc ' rJ : r (nrrro

\ l iJ  sunl .  mtnune llore repid canop) closulr.lower snirg lnd
do\!n \|ood dcn\il] in nanagcd arcas

Sul - . r : ,n r  - l  \  i . l . r< - .<L l  r ( t r .  Je .  i .  . i J  J r . , !  n  e f l : .h ' l

\lid scral. subalplnc Niorerapid canop,v closure. lower snag and
dorn $ood density h manaeed arca\

Slight dcclinc rn arca

Late-ser.l. multi-later Lowerlarge snrg rDd down wood density
in narnagcd aijas. \,Iorc dcnsc snall \nags

Ir i fea\ed Jrer .  rn, , rc (ont  euou\

Lare serrl single hler. Highd rcc dcnsily. higher dcnsitl o[snal]
\nags and do$r tlood

SLrbslandall]- decrersed aree, highly liagmented

Lare senrl. nultr laler Lo\ier ldrge snag und down $ood densit)
in managcdarcas. Nlorcdcnsc s allsnags

Decreased trea. increased iiaglnentation

Lrte'sef rl'singie layer Higher tree densit""-, higherdensity of small
snags and down w0od

Substrntially decreased afea, highly fmgmented

L,rre- .er . ,1.  \uhJlp ine Simi la f  to  h is to l i ca l Silllilafto histofical
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lnsects and Disease

The susceptibility of forests in eastem Oregon
and Washington to mortality fron insccls and
disease is ofien a lunction of stand density, tree
species composition. and tree size class distlibu-
tion. These relations are relatively well known
for thc most common forest types in the region
(Hayes and Dateman 2001, Palks and Flanagan
2001. Thies 2001, Torgersen 2001).

Generalll, spcaking, as forest stands in east-
ern Oregon and Washington become older. com-
posed oflarger trees, densel, more homogeneous,
and more contiguous across landscapes, they be
come more susceptible to insect and disease mor-
tality (Everett et al. 199:1. Hessburg et al. 199.1,
Hann et al. 1997). Susceptibil i ty is increased b)'
prolonged drought stress. con.rpetition stress. and
physical damage tiom tlre and mechanical sources
(Everctt et al. 1994, Hessburg et al. 1994, Hann
et al. 1997, Hessburg et al. 1999b).

Stand pattern also influences mistletoe levels
(e .g .  D ixon e t  a l .  1979,  F i l ip  c t  a l .  1989,
Hawksworth and Johnson 1989, Parks and
Flanagan 2001). ln this casc, small trces rcgcner-
ating under a canopy or within a short distance
ol large, infected trees are more susceptible to
inlection. Homogeneous stand structures. espe-
cially consisting of appropriately spaccd, large,
infected fees with an abundant understory of small
trees, as typically exists in shelterwood harvests,
can be particularly vulnelable.

Fire

Fire effects depend to some degree on the com
position, structure, homogeneity. and contiguity
of tbrests at the stand lcvcl (Kesscll and Fischer
l981, Agee 1993, Ottmar and Sandberg 2001),
as well as the local topographic (Agec 1993, Camp
et al. 1997) and llre u'eather conditions (Agee
1993). The natural or background fire regimes
lbr tblests i[ the region run the gamut tiom very
infiequent. stand-replacing events to fiequent, low-
intensity bums (Agee 1993, Hann et al. 1997.
Hessbwg et al. 1999a, Ottmar and Sandberg 2001).
Forcsts in cold, moist cnvironmcnts (c.g. sprucc-
fir, mountain hemlock. Pacific silver f ir) tend to
experience infrequent, stand replacenent fires.
Mon lane f t r re \ l \  in , .o , . ' l  l t r  \ \u rm rn t , i s t  enr i run-
mcnts (c.g. grand fir-white fir, moist Douglas-fir)
tend to experience stand r€placement fires more

frequently. Fires typically generate vcgctation
mosaics. Relatively frequent underburns were
characteristic of fire regimes in drier lower-mon-
taDe forests (e.g. dricr grand fir-white fir, dr)'
Douglas-tir. ponderosa pine environments.). Many
of these natural or background fire regimes have
been altered by fire suppression (Agee 1993,
Everett et al. 199.1. Hann et al. 1997). Fire sup
pression has produccd incre;rsed fuel loads. in-
creased ladder fuels that allow crown fire, and
increased tree densities in many forcst types (Agee
1993). As a result, t lres in many lbrest types are
less frequent and more intense than was histori-
cally the case (Ham et al. 1997).

Fire, insects, and disease often work synergis-
tically (Gciszler et al. 191t0. Agee 1993, Hann et
al. 1997, Hessburg et al. 1999a). Mortality l iom
insects and discasc across several stands or larger
landscapes can increase tuel loads and the size
and intensity of subsequent firc.

Fire can produce relatively longlasting efl'ects
on soils and site productivity by altering soil nu-
ln.nl.- .oil orgrni\ '  malter. u Jler in l i l lr l l t ion r.tte5.
and mycorhizal communities (Agee 1993). Hy-
drophobic soils rcsulting from intense fire may
be more susceptible to erosion, with resulting long
tern elfect. on .ite productir it1. Firc suppressitrn
and increased fuel loads have likely produced
increased fire intensities on some sites and con
sequently have long-tem cffccts.

Othe r Stan d -Sc al e D i stu rb anc e s

Vegetation patterns can influencc t'uturc health
and productivity of tbrests at the stand scale by
altedng ftc pattcms ofabiotic disturbances (Pickett
andWhite 1985, Oliver and Larson 1996). Dense
stands of tall. thin trees are more susceptible to
wind andsnow breakage (Olivcrand Larson 1996).
especially t ir l lowing thinning disturbances. Stand
edge. .  p r r t i cu la r l5  edgcs  rn t rodu(ed in to  p r .  r  i -
ously closcd forests, are susceptible to increased
wind throw and other disturbanccs (Franklin and
Forman 1987, Oliver and Larson 1996).

Subwatershed Scale

Forest health and productivity at the subwatershed
and broader scales in eastern Orcgon and Wash-
ington ppear to be strongly influenced by veg-
etation patterns. though the relation is less docu
mented at broader scales.
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Hessburg et al. ( 1999a) conducted a compre-
hen.ir e erarnination of hndr(ane \ eFetJl ion pat-
tcms and the vulnerability of vegetation to fire,
in .ec t .  und p l th , 'gen  J i . lu rbdnce.  acro(s  a . l ra t i -
tied random sample of 337 subwatersheds in the
interior Columbia River basin. They suggest that
.uburtershed. seenr lo bc the mo\l Jpproprii l le
spatial scale lbr analysis ofchangc in vulnerabil-
ity to pathogen and insect disturbances. Sub-
watersheds otten exhibit high levels of vulner-
ability that can be maskcd or appear insignificant
at broader scales. Subwatefsheds often cxhibit high
variability in vegetative communities. biophysi-
cc j  cond i t i , ' n . . .  l imJ te .  und d is tu rbrnce reg i rne \
that are slrongly related to insect, fire, and patho-
gen disturbances. They suggest that the vulner-
ability of forests 1r: insect and pathogen distur
bances increases as vegetation conditions and
pattems diffcr fiom those that could be consid-
eled nomral or expccted. asjudged by a range of
historical conditions, for diff'erent biophysical
envltonments.

Hessburg ct al. (1999a) summarized sub-
watershed and wate$hcd changes in landscape
f r r le rn : .  The)  found tha t  o rer r l l  fo rc r t  ,  n re r  in -
creased and the current structure of forests was
simpler compared to historical conditions. The
increase in forest cover and connectivity was largely
due to afforestation olareas previously kept open
by wildfire. Simplification of fbrcst struoture was.
they hypothesized, due to a combination of tac-
tols. including *i ldtire suppression. t imber har-
vest, fire exclusion, and domestic livestock graz
ing. The area of early seral lorest structures
dcclined in many ofthe areas they examined. Mid-
scral fbrests increased in many areas. probably
due to both timber harvest and increased levels
of stand-replacement wildfire. Area in old for-
ests decreased, as did large, remnant trees. They
concluded that the most impoflanl change in fbr-
esl structure in many arcas \\"as the decline in arca
containing mcdium-sized and large trees.

Hann et al. (1997) assessed landscape condi-
tions. including the relations between fire, insects,
diseascs. and vegetation pattems, across the intc-
rior Columbia River basin by aggregating infor-
mation on l-kmpixels to subwatcrshcds and iarger
drainages. Hemstrom et al. (2000) predicted cur-
rcnt and future lcvels of "uncharacteristic" (that
is outside thc middle portion ofhistorical ranges)
fire. insect, and discase risk, and ungulate g[az-

ing efl'ects fbr the same area. Bofi assessments
indicate high lcvels ofgeographic variation in the
vegetation pattems and predicted tlre, insect. and
disease ellects at subbasin and largcr scales. Wbile
their data arc very coarse at the scale ofindividull
subwatersheds, they suggest that uncharacteris-
tic insect- and discase-induced tree mofiality is
associated with vcgctation patterns that differ frcm
normal or historical conditions. They found veg-
etation pattems. structure. composition, and dis
turbance regimes to be highly related to current
landscape health and likely f uture l;urdscape health
trends. Landscape health is dilicultto assess across
areas smrLller than subwatenheds because a healthy
condition includes expected variabilitv at finer
scales (Hemstrom et al. 2000).

Fire

Thc pattern of stands across subwatersheds af-
fects thc spread, intensity. and mosaic pattern of
fire (Morrison and Swanson 1990. Agec 1993,
Oftmar and Sandberg 2001). Fuel contiguity
changes the stand-to-stand spread of fire and fire
intensit)', though in e\trcmc events llrebrands can
proJuce \p , , l l i nF  lb r  long  d i5 l rnce :  {  Agee lqq :1 .
Ottmar and Sandberg 2001). Fire parrems and
intensities at the subwatershed scale can have
impofiant and long-tenl consequences for forest
health and productiyity. Nominal or natural fire
regimes can maintain typical forest compositiol,
structure, pattern, growth, and productivity (Hann
et al. 1997;Hessburgetal. 1999b. 1999c: Landres
et al. 1999) and are often considered part ofhealthy
fbrcst condition (Evereft et al. 1994, Hann et al.
199- .  Qu ig le l  e t  a l .  lgg7r .  A l tc rcd  l i re  re ! imcs
can change soil water infilffation. soil nutrient
levels, soil organic matter. mycorhizal commu-
nities, and ground water nutrient levcls (Agee
1993), with consequcnt efTects on forest health
and productivity.

lnsects and Disease

Subwatershed-scalc and larger vegetation pattcms
alter the susceptibility offorests to insect and dis-
ease mortality (Everett et al. J99.1; Hessburg et
a l .  I994;  Hann e t  a l .  l997 :Hessburgeta l .  1999a.
l999bt Hemstrom et al. 2000). Landscape health,
at the subwatershed and broader scales, gener-
ally includes. by definit ion, some normal, nomi-
nr l  ( , r  h i \ to r i cu l  r rnge o l  in rec t  . rnJ  L l i .eu5e mor -
tality (H nn et al. 1997, Hemstrom et al.2000).
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lnscct and disease activity is often essential in
producing habitat for terrestrial tauna (Bull et al.
J997) by generating standing and down dead trees.

Stand structure. composition. and pattern at
subwatershed and broader scales can dramaticalll,
influcnce probabilities of tree mortality from in-
sects and disease (Everett et al. 1994. Hessburg
et al. 199;1. Hann etal. 1997, Hessburg et al. 1999a.
Hemstrom et al. 2000). Hessburg et al. (l999b)
examined the linkbetwecn vcgctation prtterns and
vulnerabil ity of forests to insect and pathogen
disturbancc on a stratitled random sample of 337
subwatersheds across the inte.ior Columbia River
basin. They used patch conrposition. patch stmc
ture. logging disturbance, and physical environ
ment attdbutes to comparc thc historical and current
vulnerability of subwatersheds. These wcre com-
bined into sets of vulnerability factors that were
unique for the each of the 21 difl'erent pathogen
aod insect distrubances they modeled. Vul nerability
lJ ( to r .  inc luded. i te  qua l i t y  rd i f f c rcnLes  in  eLu-
logical site potential), host abundance, canopy
structure, host size, patch vigor. pafch (stand)
density. connectivity of host patches, topographic
setting, and logging disturbance.

Watershed Scale

Most existing infomration about the eff'ects oftbrest
vegetation patterns on forest health and produc-
tivity in eastem Oregon and Washington fbcuses
on either relatively fine scales (stands and groups
of stands) or has been generalized to larger land-
scapes (Everett et al. 199,1, Hann et al. 1997,
Hemstrom et al.2000). Hessburg et al. (1999a)
exilmined subwatershed relations and summarized
them to ecological rcpoting units (subbasin and
larger scale entities). The literature on the effects
of vegctation pattems on forest health and pro-
ductivity at the inlemcdiate watershed scale is
scanty. It appean that either researchers havc fbund
stand (site), subwatershed, subbasin, and basin
scales sulficient to portray effects, o[ that water-
shed scalc ctlects are not well documented. lt is
likely that watershed-scale ellects are similar to
subwatershed-scale elfccts. Interestingly, Hessburg
et al. (l999a), who examined vcgetation and dis-
turbancc pattems at subwatershed and aggregated
them to larger land units feund that the high level
of variabil ity thal occurs in individual sub
wate$heds is masked, at least to some degree.
by their inclusion in largcr land units.

Subbas n Scale and Up

Hann et al. (1997) and Hemstrom et al. (2000)
descdbed gencral changes in forest collrposition.
stnlclurc. and pattgrn across the intedor Colum-
bil basin (Table l). Lower montane fbrest areas
(often dominated by ponderosa pine) have cx-
panded into previously non-forest and woodland
areas, resulting in an increase in early seral tbr-
est amount and contiguity. Traditional commod-
ity management has often resulted in abundant.
small mid-seral patches. Combined with succes-
sion in recently aftbrested woodland. these two
trends have increased the area of mid-seral lower
montane fbrests. SingleJayer, late-seral fbrests
declined substantially, a result of the combined
effects oftinbcrhan est and fire suppression. While
fire suppression. and the consequent conversion
of single-layer to multi layer structure, generated
more late seral, multiJayer fbrests, timber har-
vest. and to a lesser degree wildfire. clinrinated
Iarge areas oflate-serai tbrests. The result has been
a substantial decline in amount of late-seral tbr-
ests at mid and low elevations. Late-seral, single-
layer forests havc become uncommon and iso-
lated. Late-seral, multi-layer forests have declined
in area but, allowing for high levcls offiner-scale
fragmentation, have likely become more contigu-
ous than they were in the past.

lnsects and Disease

Hessburg et al. (1999a) sampled vegetation pat-
tems and associated insect and pathogen distur-
bances at subwatgrshed scales and summarized
results to ecological reporting units (ERUS). ERUs
are large land units used to generalize broad-scale
emd mid scale assessments in the interior Columbia
Rivcr basin (Quigley and Arbelbidc 1997) and
are generally the size ofsubbasins or larger. They
fbund that shade-tolerant tree species dominate
the forests of the basin morc today than they did
in  the  pas t .  Consequent l l .  becru .e  rhese.pec ie .
are often susceptible to insect and disease distur-
bance and because forests are more dense and
contiguous. they expect that insect and discase
dislurbances will have expanded roles in fbrests
of eastern Oregon andWashington. Directeffects
(tree mofiality) and indirect effects (higher fuel
loads and changed tire regimes) are to be expected.
These findings corespond to other forest health
assessments in the region (e.g. Everett ct al. 1994).
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Hann et al. (1997) and Henstrom et al. (2000)
estimated historical. current, and potential tuture
vegetation patterns and insect and disease distur-
bances at broad scales across the intedol Colum
bia River basin. Although Lhe composition and
structure oftbrest veget tion in the basin are highly
variable. theirwork indicates that forests atprcsent
tend to be nrore homogeneous. contiguous, and
dominated by shade tolerant species than those
ofhistorical t imcs. Thcy cstinatc that inscct- and
disease-induced tree mortality potentials have
departed tiom typical histodcal ranges in many
forests as a consequence of the combined et'fects
of tinber haryest, tire suppression. and (possi-
bly) climatechange. Hemstrom etal. (2000) projcct
continued increases in uncharacteristic rnsect- and
disease-induced tree mofi ality over many forcsted
a[eas in eastem Oregon and Washington.

Fire

Vegetative patterns have a protbund intluence on
fire regimes at the subbasin and larger scales in
eastern Oregon andWashington. Hann et al. (1997)
estimated historical and current vegetation pat-
tems and fire regimes for the interior Columbia
River basin. Thcir cstimatcs of historical t ire rc-
gimes come fiom transition and pathway models
of vegetation succession and disturbancc undcr
rn ,de leJ  h i . to r ic r l  \eFe l  l ion  cond i t ion .  g i \en
biophysical environment strata. Current fire re-
girnes were estimated liom 1-km pixcl vcgcta-
tion maps, biophysical environnent strata, and
transition and pathway models. They found that
fire suppression, t imber management. l ivestock
grazing, successional momentum. and other fac-
tu r .  h  re  p roduced rub . tdn t i r l  ch  nge.  in  reg-
etation pattems from histo cal to current times.
Dry and moist forest envifonments have likely
been mor t  a l te red .  espec i l l l y  those enr  i ronments
that typically suppofied single-story old forest
\lnrclure\ in lhe prst. Tn these rreas. [ ire .trppres
sion and timber managenent have produced in-
crcascd undcrstory trce densities, shifis to more
shade-tolerant (and less fire resistant) tree spe-
cies conrposition, and decreased landscape patch
heterogeneity. Fire regimes have ofien becorne
less fiequent and more severe. Cold fbrests have
been slo$,er to ch;lnge, given the slower rates of
succession and tree regeneration characteristic of
those environments. Nevertheless, even cold for
ests have experienced changes in fire regimes due
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to increased landscape homogeneity and higher
fuel loads.

Hemstrom et al. (2000) projected future veg-
etation pattems and firc conditions, building on
the work of Hann et al. (1997). They projected
"uncharacteristic" wildfire eft'ects probabilities
acrcss the interio[ Columbia Riverbasin. Unchar-
acteristic fires produce higher severities and in-
tensities, bum larger areas. and are often much
more difllcult to control compared to more nor
mal wildfires. Their estimates indicate that most
fbrested lands in the basin do not currently expe
rience high risks ofuncharacteristic fires, but that
uncharacteristic fires will likely increase in the
next 100 years, even under moderately aggres
sive restoration management. Incrcases in unchar-
acteristic wildtlre eftects are the rcsult ofchanged
vegetation pattems resulting from fire suppres-
sion, t imber harvest, and increased insecC and
disease-induced tree mortality. Lands managcd
with passive approaches, rather thal] more aggres
sive restoration, and continued fire suppression
arc most at risk.

How do Insects, Disease, Fire and
Ungulates Inf luence Vegetative Pattern?

Site/Stand Scale

lnsects and Disease

Site or standlevel disturbances produce a vari
ety of effects ranging from individual trec nror-
tality to canopy gaps or fbrest openings (Pjckett
and White 1985. Chen et al. 1992, Oliver and
Larson 1996). Canopy gaps may allow the per
sistence of relatively nore shade-intolerant tree
species in otherwise closed forests. Individual trce
mortality in closed dense canopies may allow
regeneration ofonly the most shade tolerant spe-
cies. Openings and stand edges produce warmer.
drier (and sometimes ftostier) environments of-
len :u i red  Io  mr ) rc  \h rde- in lo le ran l  spec ies .

Effects can vary depending on tbe disturbing
agent, envfonment, disturbance intensity and other
factors (Pickett and White 1985; Oliver and La$on
1996; Hessburg et al. 1999a, 1999b. 1999c). In-
sect and disease disturbances can produce many
different efl-ects:

l. Low levels of chronic mortality of selectcd
tree spccies resulting in gap regeneration by
shade tolerant tree species (Hayes and



Daterman 2001, Parks and Flanagan 2001,
Thies 2001. Torgerscn 20011.

2. Small group or patch noftality of trees of a
particular spccics. spccics group, and size class
resulting in the regeneration of shade intol
erant tree spccics in an otherwise closed tbr-
est (Hayes and Daterman 2001, Parks and
Flanagan 2001, Thies 2001, Torgersen 2001).

3. Motality oflarge patches or entirc stands that
are dominated by a particular tree species and
sizc class rcsulting in stand replacement and
regeneration of shade intolerant ffees (Hayes
and Daternran 2001, Thies 2001, Torgersen
2001) .

4. Mortality of most or all thc trecs of a pafticu-
lar size and species within a stand. resulting
in establishment of a new trec cohofi (Hayes
rnd Daterman 2001. Torgersen 200J).

Fire

Fire affects vegetative pattem at thc stand scale
in a variety of ways, ranging from mortality of a
few trees in a stand to patches to entire stands
(Agee 1993). Typicalfire regines rurd effects vary
by forest type and environment. For sinplicity.
the folloving discussion uses three brcad lbrest
environnents described by Hann ct al. (1997).
Dry forests occur in wamer and dner envrron-
ments, generally dominated by ponderosa pine,
dry Douglas-fir and dry grand fir communities.
Moistforests occur at middle elevations with higher
precipitation levels and are generally dominatcd
by grand fir. white fiq Douglas-fir western Iarch,
ponderosa pine, westem redcedar, westem hem-
lock and other species. Cold forcsts, at higher
clevations, i lre generally dominated by subalpine
fir. Englemann spruce. westem larch, white fiq
lodgepole pine and. at the highest elevations.
whitebark pine and subalpine larch.

Light-inten'it1 un,.lerhurnr are ch!rrrcteri ' t ic
ofmany dry forests in eastem Oregon and Wash-
ington (Agee 1993, Everett et al. 1994, Hann et
a]. 1997). They typically consume some to most
of the litter. duff. and fine fuels. They generally
kill some or most small trees, especially thin-biuked
species like grand fir, white fir. subalpine fir, and
Englemann spruce. Frequent, lightunderbumswere
key to maintaining the open stands of large old
trees that were historically abundant in drier, Iow-
elcvation tbrcsts in wcstern Oregon and Wash-
ington (Agee 1993, Everett et al. 1994, Hann et

al. 1997, Camp et al. 1997). Fire suppression has
resulted in increased fuel loads, increased trcc
densities. and more abundancc of shade-tolerant
spccics in many of these lorests. These, in tum.
have rcsulted in increased fire intensitics when
fires do occur and in increased tree stress and in
sect and disease disturbance.

Moist forests in eastem Orcgon and Washing-
ton typically experienced less frequent and morc-
intense fire (Agee I 993. Evcrctt et al. | 994. Hann
et al. 1997). In some places. relatively frequent
fire maintained open stands ol large, shadc-intol-
erant trees. More olten, relatively less frequentbut
more-intcnsc tirc generated patch mosaics of stand
ages. compo\il ion.. rnd \lruclure'. I irc .uppre.-
sion, with increased firel loads and increased fuel
continuity. has reduced file lrequcncy and increased
scverity. patch size, and contiguity compared to
natural or native fire rcgimes (Hann et al. 1997).

Cold lbrests generally bum infrequendy in
stand-rcplacing events (Agee 1993. Everett et al.
199,1. Hann et al. 1997). Englemann spruce and
suha lp ine  l i r  lb re . ts .  in  p rn icu la r .  mr1  erpcr i -
ence stand-replaccmcnt fire only 9v9ry few cen-
turies. Lodgepole pine-dominated stands often
undergo episodic combinations of mountain pine
beetle attack lnd fire that replace stands across
la rge  landsccpe:  lBrumgi r f lnc r  c r  r l .  lL lE5.  A lee
1993, Hann et al. 1997).

Ungulate Grazing

Thc litcrature on the effects of ungulate grazing
on fbrest vegetation pattem in eastem Oregon and
Washington is scanty. Studies in other areas sug-
gest that ungulates can play a substantial role in
tree species composition and density in forested
environments (Tumcr and Bratton i987, Harmon
and Franklin 1989). Case studies oflivestock and
big gane exclosurcs in castem Oregon andWash-
ington document substantiaLl alteration of vegetation
compos iL ion  rnd  s l ruc tu re .  inc lud ing  t ree  spe.  ies
(Riggs et al.2000), indicating thatungulates prob-
ably havc significant stand-level etl-ects.

Subwatershed Sca e

Eliects offire. insects. disease, and ungulate grazing
on vegetation pattem at the subwatcrshed scale
in eastcrn Oregon ilnd Washington have been less
documented than stand-scalc cffects. Hessburg et
al. (1999a) descdbed the l inkages betwccn
vegetation patterns and vulnerubility to insect and
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pathogen disrurbances across a stratified. randomly
sclccted set of 337 subwatersheds in the interior
Columbia River basin. ln a related effofi , Hessbury
et al. (1999b) documi:ntt:d changcs to forest spa-
tial patterns in a set of ,18 randomly selected
subwatersheds on the eastenl flank of the Wash-
ington Cascades. Hann et al. (l997) andHemstrom
ct al. (2000) modeled the historical, cunent, and
projected future vegctation conditions by
subwatershed across the interior Columbia River
basin, but emphasize that their data are coarse at
the subwatershed scale. Carnp et al. (1997) de-
scribed the effects of landscape, vcgctation, and
fire patterns in crcating old-growth refugia in an
area on thc cast flank oftheWashington Cascades.
Agee f  l99 . r  and la94)  d i .cu . :e :  the  in te rac l ion .
of tirc and vegetative patterns in eastem Oregon
and Washington at several scales.

Fire

In general, fire produces a very laLrge range of
vegetative pattern effects in east-side fbrests.
Hessburg (1999a and l999b) found high levels
ofvadability in fire effects depending on biophysi-
cal environmert lrnd vegetation conditions. Light-
intensity underbums can movc through fbrested
areas and, while changing fuel loads and small
tree densities, have very l itt le detectable shon-
term effect on vegetation patterns at the sub-
watershed and broader scales (Agee l993). Re
peated underbuming. as was typical of many dry
fbrests under natural conditions, plays a substan
tial role in naintaining open forest structure and
decrcasing the incidence of stand-replacement fire
(Agee 1993. Hann et al. 1997). More-intensc fires
can produce local crown consumption and patchy
underbuming (Agce 1993, Hann et al. 1997). These
effects can be visible at subwatershed scalcs bc-
cause they may produce patchy rurd heterogeneous
forest structurc and composition. Stand-replace-
ment t'ires are morc typical offire regimes in rela-
tively moist lbrest environments (Agee 1993, Hann
ct al. 1997). Such fires can range in size from afew
rcres to lhou:rnd. ofaere. or more rAlee lgqj).
Effects re otien obvious. dramatic, and long last-
ing at the subwatcrshed scale. They may produce
lrge areas of younger forest and isolated patches
of reru.rant old forest (Camp ct al. 1997).

lnsects and Disease

Hessburg et al. (1999b) found that insect and patho-
gen activity can generate ecologically significant
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change fiom historical to current times in veg-
etation patch type area. patch density, mean patch
size, and landscape patch pattems at the
subwatershed scale. They found that a combina-
tion of timber harvest. fire suppression, wildfire,
and insect and pathogen disturbances had pro-
duccd, in at least some of their sampled
subwatersheds: 1) more fragmentation ofboth old
tbrest and ea y seral forest. 2) dramatic reduc-
tions in amounts of old fbrests, 3) smaller and
less-connected old-forcst patches, 4) more carly-
and mid-seral forest, 5) more total patch-type di-
versity. and 6) more homogeneity and dominance
of a few patch types. They did not specifically
separate the effects of fire. insccts, and diseases
on vegetation pattems, and most of their land-
scape results include thc eflects of timber har,
vest. Hessburg et al. (1999a) found similar trends
across a much larger sample of337 subwatersheds
in the intcrior Columbia River basin.

Ungulate Grazing

The effects ofungulate grazing on subwatershed
:,. rle rn,.l l irrger forest \ egetation pallem\ in erslcm
Oregon and Washington have not been well docu-
mented. Hann et al. ( I997) and Hemstrom et al.
(2000) included ungulate grazing disturbances in
their models of disturbance and successlon in
potentially forested environments. They discussed
the effects of graz ing on rangelands at broad scales.
but did not describe e1l'ects in forested environments.

Watershed Scale

The effects offire, insect, and disease disturbances
on ibrest vegetation pattems in eastem Oregon
and Washington have generally not been sepa-
rated from effects at sub*atershed or subbasin
and broader scales. Hessburg et al. (1999a) sum-
marized subwatershed effects to broader ecological
rcpor t ing  un i t ' .  The)  no ted  lha t  a \e r tg ine
subwatershed scaleresults to largerland units often
masked high variability at the subwatershed scale.
Hann et al. (1997) and Hemstlom et al. (2000)
also surnmadzed subwatershcd e1l'ects to subbasins
or other broad-scale lands units and did not fo-
cus or watershed scale patterns.

Subbas in  Sca e  and Up

The effects offire, insect. and disease disturbances
on fbrest vegetation become harder to untangle
at broader scales. While broad scale studics of



disturbance etlects are reported in the literature
(e.9. Heinsclman 1973, Hemstrom and Franklin
1982. Swetnam and Lynch 1993), they often do
n,rt t l i .eus. underlying \) nergi.l i . rclalions rmong
disturbances. For example, broad-scale fire dis-
turbances may be associated with broad scale
climate and landfbrm pattems and broad-scale
insect and discase disturbances (Hemstrom and
Franklin 1982;Agee 1993, 199,1; Hannetal. 1997).
Many fire history studies document fire patterns
and, sometimes, associated climatic conditions,
but have no inlormation on insect and disease
disturbances that may have been precursors or.
at least, associated with the same general clintate
conditions. lnsect and disease disturbances are
more difficult to detect in dcndrochronological
studjes nd may be very diff icult to distinguish
ftom fire events.

Fire

Fire can pr, 'duce l.rrgc-.cale changes in regetu-
tion pattems (e.g. Heinselman l973; Hemstrom
and Franklin 1982; Romme 1982: Knight 1987;
Swanson et al. 1990; Agee 1993, 1994; Camp et
al. 1997; Hann et al. 1997). Hcinselman (1973)
describes large landscapc-scale pattems generated
by wildfire in the virgin forests of the Boundary
Waters CanoeAIea in Minnesota. Hemstrom and
Franklin ( 1982) document the role oftire and other
djsturbances in generating fbrest pattern at Mt.
Rain ier N ational Park, Washj ngton. Romme ( 1982)
discusses the role of fi re in maintaining large land-
scapes dominated by lodgepole pil1e inYellowstone
National Park: arole confimed by the large wild
fires in the Park in 1988 (Romme and Despain
1989). In this case, hundreds ofthousands of acres
werc bumed, as had occurred in the past. result-
ing in large landscape patches. Camp et al. (1997)
found that the interactions of fire with physiog-
raphy and topography play large roles in deter-
mining the spatial distribution and location of late
successional forests on the eastem slope of the
Cascades in Washington. Hann cl al. (1997) de-
scribe the changes in fbresl vegetation pattern
across the interior Columbia River basin resulc
ing from fire suppression over the past 50 to 100
years.In this case. fire suppression generated sev-
eral related effects, dependent on environmental
setting. Low-elevation. dry-site forests became
more homogeneous and contiguous, extending into
lands once kept open by frequent fire. Mid-
elevation moist foresls became more homogeneous

in oomposition and structure, somewhat more
patchy and fragmented, fuel-rich. and susceptiblc
to stand replacement flre. insect, and disease dis
turbances. Cold. high-elevation forest effects dif-
f'cred depending on forest type. Lodgepole pinc
forests became dense. fuel-rich and susceptible
to extensive fire, insect, and diseasc disturbance.
More moist spruce-fir tbrests changcd lcss quickly',
but werc slowly becoming more dcnse. fuel-rich.
and susceptible to disturbance. Their projections
o l  h i : . t , ' r i ca l .  curen t .  rnd  [u tu re  repe lu l ion  pu t -
tems provide some indication of amounts and
trends in "transitory rangelands" (that is, early
seral stages thxt provide palatable forage in for-
est environments). Grasslands and shrublands in
potentially fbrested environments have declined
due to tlre supprcssion, a kend that seems likely
to continue. Their models also indicate that 1br-
ests and woodlands have encroached upon grass-
lands and shrublands maintained by ftequent fire
in historical times. This trend. too. is projected to
continue into the tuture. It is possible that lncrcas
ingly dense forests and an increase in forestcd
lands. resulting from fire suppression. could re-
duce grasslands and shrublands in currently fbr-
ested and non forested environments at thc
broad scale.

Fire episodcs cxtending across large laurdscapes
in the Interior Northwest may be associated with
the juxtaposition of prolonged climatic dry peri-
ods or with otherunusual events such as dry sum-
mers, lightning storms, and abundant contiguous
fuels over large areas (Knight 1987, Romme and
Despain 1989, Swetnam and Betancourt 1990,
Agee 1993). Bessie and Johnson (1995) found
that severe weather conditions may completely
over-ride fuel effects in some tbrest types. Swetnam
and Betancourt (1990) exarnine the relation be-
tween fire episodes and tlle Southern Oscillation
(ElNino) eft'ect in the Southwestem United States.

lnsects and Disease

lnsects and diseases can produce broad-scale dis
turbiurces to lbrest vcgetation (Hayes and Dateman
2001. Torgersen 2001). Etlects can rangc liom
general detbliation, and sometimes mortality, of
a vadety of tree to the decline or loss of one spe
cies. Broad-scale insect and disease disturbances
have occurred in eastem Oregon and Washing-
ton. Large disturbances have been produced by
several insect species, especially mountain pine
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bcctle. westem pine beetle. Douglas-fir beetle,
Douglas-fir tussock moth, fir engravel spruce
beetle, alrd \\"estem spruce budworm (Hessburg
et al. 1999a, Hayes and Datennan 2001 . Torgcrsen
200l). These may produce episodic disturbances
across thousands of acrgs or more in a rclatively
short t ime. Other pathogen disturbaDces may
change species composition or produce more lo-
calized mortality that could atleot broadcr-scale
vegetation patterns (Hessburg et al. 1999a. Hayes
and Datennan 2001, Parks and Fltrnagan 2001,
Th ie .2UUI . lo rgcr ren  20o l ) .  Th i \  c  legur )  in -
cludcs several different root rots. mistletoes, root
diseases. butt rot. rnd blister rust. The substan-
tial decline in wcsten white pine and whitebark
pine acrcss most or all ofeastem Orcgon and Wash
ington (Hessburg ct al. 1999a, Hann et al. 1997)
fronr an introduced blister rust(Cronanium ribicolu
Fisch.) is an obvious example.

The t'cw atlempts to study broad-scale insect
and disease disturbances using dendrochrono-
locical mcthods have raised interesting possibil i-
t ies. For example, Swetnam and Lynch (1993)
cxamined tree rings in spruce-fir forests in the
Rocky Mountains and found evidence of recur-
rent sprucc beetle disturbances across large land-
scapes over the past several centurics.

Ungulate Grazing

The potential etlects of ungulate grazing in for-
ested landscapgs across subbasin and larger scales
in eastern Oregon andWashington have not becn
well described (see discussion above fo[ the
subwatershed scale). Broad-scale effects of un-
gulate grazing in other areas have recelved some
attention. Hann et rl. (1997) and Henstrom et al.
(2000) described grazing effects across the inte-
rior Columbia River basin, especially in range-
land settings. They discuss grazing elTccts that
appear at broad scries as including alteration of
the cover and structure ofnative plant communi-
ties. decline in vigor of some native plant com-
munities, impacts to microbial crusts that may
in .  re r .e  e ro ' ion  r r te .  and a l te r  p lan t  Lummuni -
ties, the introduction of exotic plant species, and
alteration of fire regimes due to changed fuel con
ditions. The introduction of exotic plant species,
conscquent changes in fuel conditions, and al-
tcred fire regimes ha\eprodueed \egelrl ion corn-
munities that are highly departed from historical
conditions in many rangeland settings across the
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basin. This set of conditions can be very diffrcult
to change once in place owing to feedback loops
involving increased levels of f ine fuels and in-
creased fire liequency and severity (Tausch et al.
1993. Bil l ings 1994). The ecological ellects and
costs of livestock grazing across large landscapes
is a Lopic of considerable debate (e.g. Fleischner
r994) .

Synergistic Effects

Combinations of t ire, insect, disease, and ungu
l r te  g ruz ing  J i . lu rh rnces  w i th  human ac t i t  i t i e '
can generate large changes in broad-scale veg-
etation patterns in eastem Oregon and Washing-
ton (Hessburg et al. 1994). Hann et al. ( 1997) used
1-km pixel data, summadzed to sub$atersheds
and larger landscapes, to assess thc historical and
current conditions ofthe interior Columbia River
basin. While their data are coarse at the sub-
watcrshed scale. their assessment indicates that
old lbrests (especially single-story tbrests) have
dcc l incd  .ubs tan t i r l l l  i n  d r ;  und moi \ t  en ! i ron-
ments at the subwatershed scale across the cntirc
bas in  f rom the .unrh incd  c l ' f cc l :  o f  [ i re .uppres
sion, *ildfire, insect. and disease disturb?Lnce. and
timber han'est. Mid-serul forests. on the other hand.
have increased due to the same combinalion of
disturbances. Early-sertLl tbrests have declined in
some forest elvirorunents, but not in others. Pin-
yon juniper woodlands have increased substan-
tially in extent, often invading shrub-steppe. While
these changes may often be due to changes in
disturbance regimes (e.g. Gedney et al. 1999), other
factors. such as climate changc and introduction
of exotic pknts. may play strong roles (e.9. Jakubos
and Romme 1993, Tausch et al. 1993)

Hemstrom et al. (2000) made projections of
changes in forest vegetation pattcrns due to fire.
insect, and disease disturbances under current
mrnagemenl  . l ra leg ie i  and more  rF ! : res \ i \e  res-
toration approaches. Their hypothesis is that past
fire suppression, tinber rnanagement, livestock
grazing, other human uses. and (possibly) climate
change have generated successional, disturbance
and charge momcntum across very large areas
of the intcrior Columbia fuver basin. They sug-
gest that successional momentum $'i l l  continue
to produce higher levcls of insect, disease. and
fire disturbance in many forested environments,
even under moderately aggressive restoration
approaches.



Summary

Considerable information exists on the relations
between insects, disease, fire, and tbrest vegeta-
tion patterns a1 stand scales jn eastcm Oregon and
Washington. Infomration at subwatershed scales
comes from fewcr soulces. many of which are
esscntially case studies of relatively snrall ; ireas.
Hessburg et al. (1999a) provide the only known
subwatcrshed and broader-scalc effort to system-
atically sample and describe firc, insect, andpatho-
gen t l i . tu rbance.  anL l  the i I  c f l t c t .  on  \eFet r l ion
patterns. Useful infonnation on subwatershed and
broader-scale relations comes from assessment
work by Everett ct al. (1994). the Bluc Moun
tains foresthealth assessment (Caraheret al. 1992),
Har]n et al. ( 1997), and Hemstrom et al. (2000).
These are useful and interesting examinations and
projections of disturbance and vegetation pattems.
However. they arc lalgely based on nodels and
cxpert opinion. While Hann et al. (1997) and
Hemstrom et al. (2000) rclied on a mid-scale
subsample (Hessburg et al. 1999a) to validate some
information and provide data fbr dcveloping some
relations, much of tieir etlbfi rclies on formal
ga ther ing .  r r1  c1pq1 l  op in j , 'n .  E \ lc r l  op in ion  i '  J
valuable inlormation source, but would be more
robust if suppolted by independent analyses.
Additional research, using stratilied random sam
pling at multiple scales, would be very usetul to
help test hypotheses generatcd by expefi opinion.

The relations between ungulate grazing and
vegetation pattems in forested environments above
the stand scalc are very poorly documented. Con-
siderable work exists at finer scales and in range-
land settings. It could be argued that ungulate
grazing does not have an appreciable eftect at mid
and broad scales. Without reliable data, it's diffi-
cult to say whether that is true or not. Certainly
some fine-scale work indicatcs the possibility of
substantial ungulate grazing influences on veg-
etation composition and structure, perhaps suffi-
cient to alter largcr landscape vegetation pattems
in forested environmcnts.

Decision Support Tools

Sevelal tools arc available to assist the assess-
ment. modeling, and extrapolation of vegetation
pattems and associated disturbances. The nost
refined tools project vegetation composition and
structurc at the stand or sitc scales. Past etlbrts to

build tools lbr projecting vegetation pattems or
disturbances have been cumbersome to use. dil-
ficult to calibrate. or focused on panicular dis
turbance agents. Few intcgrated, widely useful,
and easy-to-usc tools for projecting spatial veg
etation and distufuance pattems across watersheds
and larger areas exi st.

Thc following summaries do not represent a
complete review ofall available tools. They arc a
starting point from which exploration of other
possibilities rnight bcgin. Most or all ofthesc are
being used by vegetation managers or research-
ers working in eastern Oregon and Washington.

The Vegetation Development Dynamics Tool
(VDDT) (ESSA Technologies Ltd.. http://www.
ssa.com/forestry/VDDT/index.htrn) provides a
modeling framework for examining the role of
various disturbances on the composition and strtrc
ture of vegetation patches (Beukema and Kurz
1995). It uses trarsit ion probabil it ies within veg-
ctation strata to model the effects of disturbance
and succession over tine. Vegetation cover and
structure combinations are projccted by cell or
pixel for variabte numbers ofcells and ovcr user
specitied time intervals. VDDT does not explic-
it ly consider spatial contagion acrcss cells.

The Tool lbr Exploratory Landscape Scenaritt
Analyses (TELSA) is

''a spatially explicit model of forcst successior, netuml
disturbances, and fbresl nanagcment activities. Il rcpre-
senls forest succession and thc impaots of manlgement
and natural disturbances as changes in specres compost
don and structuml stages of stands. Diagrtnrs developcd
with the Vegetation Dlnamics DcvelopmentTool (VDDT)

oe l rn i  l hc  l r dn . r l r un  l i r r e .  he l$ t c l l  \ i r i u t l \  \ u \ \ ' e ' . i , , n
clas\es (combinations oi species composition al1d stand
derelopnent stage) and the probabililies and impacts ol
disturbence by insects. Iirc or other agents. These diagrams
also define thc impacts of fbrest menagcment actrons on
stand srucNre and composilion. Thc area disturbed nn-
nually, and the size and types of disturbances respond to
landscape changcs from suciJession or nanagenlent, For'-
est manugemenl, including salvage logging, is also de
llned by specitying $hich actions to schedule bascd oo
the condition of stands and of the landscape. TELSA in
cludes an automated approach to designing manallcmcnt
units based on user specitled criterin. It can thercfore be
r.erl1,,  r \ .e..  i l lcmJli \  e. i /e rr!c. f , ,r  .11rnJ!cm(lr l  unit .
and nrixlures of management syslem\.

(TELSA. the tool for explomtory landscapc sce-

nario rnalyses. ESSA Technologies, Ltd..
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Vancouver, BC, http://www.essa.com/forestry/
telsa/index.htm). TELSA incorporates sparial
contagion and works at user-defined scalcs.

The Foresl Vcgetation Simularor (FVS) is the
USDAForest Service's nationally supponed frame-
work tbr growth and yield modeling at rhe stand
scale (Crookston and Stage 1999). FVS simulates
the gro\\"th and mortality of tbrests at thc stand
scale. It includes numerous disturbance and man-
agemcnt activities in simulations. The Growth and
Yield Unit of the Forest Management Seruice
Center in Fort Coll ins, Colorado. developed.
maintains, and supports FVS (USDA Forest Ser-
vice, http://www.fs.fed.us/lmsc/fvs/). They pro-
vide FVS infbrmation, software, and related pro-
greuns and training. "Suppose" (Crookston 1997)
is the graphical user interface for FVS. Suppose
runs under Windows 95/98/NT and Version 4 of
AIX (lBM's version of Unix). Software is avail-
able on the lntemet (USDAForest Seryice. http:/
/www.fi. led.us/fmsc/fvs/suppose.htm).
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