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Abstract
Considcrablc informalion is availablc on lhe tbur drarfmistlctoe spccics ofconccrn in casicm Orcgon and Washinglon: Douglas'
fir dwaf mistletoe. larch dwuf nistletoe, western d\\'ad mistletoe, and lodgepole pine dlvad nistletoe. Dx'arf mistletoe can bc
controllcd by cutting i n fccled lrecs and planling n on susccpriblc trec spccics. Timcly pruning of brcons and use of hormores that
cause abcision of dwarf misrleroe plants are leasible only oD individual trees ir small areas. Ntodels afe avaihble fof dlvaf
mistletoe effects and landscape !ulnerabiliry.

Of orer 50 species of rustr in the Pacific Northrve*. only a few cause significant cilcctsr uhi!c pinc blislcr rust on li!e needle
pires; $eslem gall rust, slalaclilbrm rust. and comandra rust or lodgepole piDe and ponderosa pnre; fir broom rusr on true firsr
spruce hroom rurl on spruces; and incense-cedar rust on incense-cedar Genetic resistance and trcc specic\ manipuladon citn be
used as a merns lo conlrol some rusts. and iriecled branches c:tn be eliminated b) prunirg. Site hazard ratings based on habitat
type and elelation are a\,'ailable.

Tinber losses fioln heaft rot (slen) deca) are grcaler than liom all olher diseases. but infected trees. both li\.'ing and dead.
prolide raluable qildljfe habltat. Species of greatest concern arc I'h.llinu\ p i ^nd E( hnntlontiunt /ir./r,/iir, (ll1dian p.rirl
lurgus) $ilh f.rrirrprir ,t;.iir.rir being less common. Har!esling trces wher younger than 90 years old aDd lnnitins \\urnds on
fenuining trees ma) decrease infection.

Although all these tree diseases can cause tree defornration. gro$th loss. and trcc nro(alitv. lhc brooms ard spccilic rood
deca] conditions lhcy ibrm promo|e ccological and \truclural divcrsity. Ongoing research is e!aluatirg wais to manage these
discascs in ways lhat maximizc thcir bcncfit to ibrcsl ccosystcms whilc liniting lhcf dcrimental ellech on ibrest resoufces.

Dwarf Mistletoes

Dwarf mistletoes are important host-specialized
pathogens that infect the doninant early-seral coD-
it'er species in eastem Washington and Oregon.
Douglas-fir dwarf mistletoe (A.dorglasii), larch
dwarl mistletoe (A. lcrlci.s), westem dwadmistle-
toe (4. campl'lopodum). and lodgepole pine dwaff
mistletoe (A. umericunum) may extensively in-
fluence landscapes wherc they occur'(Weir l916.
Pierce 1960. Gast et al. l99l). In eastern Wash-
ington and Oregon about one-quafier ofthe pon
derosa pine, one-half of the westem lalch. and
,10% of the Douglas-fir and lodgepole pine are
infected u,ith dwarf mistletoc (Bolsingcr 1978).

Dwarf mistletoes are seed plants that are para
sites on conifers. As plants they have roots, stems.
and reproduce by seeds. The maior function of
aerial shoots is reproduction. Although the aerial
shoots may contain chlorophyll, lttle food is pro-
duced for the pansite. As a result they rob their
hosl ofwater and nutrients. Dwarf mistletoes also
produce chenricalsthat result in abnormal branches

termed "witches-brooms." These plocesses cause
a varicty of dysfunctions in conif 'ers including
growth loss, top-killing, large knot size from the
abnormal branchcs, and eventually mortality
(T inn in  and Knutson 1985.  F i l ip  e t  a l .  l989 ,
Hawkswoth and Wiens 1996). The impotant role
that dwad mistletoes play in forest ecosystcms
and specific associations between dwarf mistle-
toes and wildli le (Bull ct al. 1997, Parks ;ind Bull
1997. Parks et al. 1999). afihropods (Fil ip et al.
l993), and fungi. are increasingly being reponed
(Hawkswodh and Wiens 1996).

The arca colonized by dwad mistletoes does
not change markedly lrom ycar to year. Dwarf
mistletoes spread slowly, at a rate that averagcs
onc to two feet per year. Dwaf mistletoes de
pend on living trees for sulvival and can bc nra-
nipulatcd through silviculture (Pierce 1960, Scfunitt
and Goheen 1991 . Tinnin et al. 1999). In the pasl.
extensive suppression efforts havc focused on
"sanitizing" stands, including large clear-cuts, to
rid areas of dwarf mistletoe infection. The cur-
rent focus by managers is to cmploy siJvicultural
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strategies that includc allowing fbr some level of
dwaf mistletoe infestation in stands without putting
the stand at risk to the debilitating eftects of se-
vere mistletoc infestation (Bull et al. 1997). Be-
cause dwarf mistletoes are hosrspecific patho-
gens, their sprcad can be contained by making a
bu1Ier ofnon-host tree species around a group of
infected trees. or by making a treelcss buffer Stud-
ies have evduated removing d$'af mistletoe plants
by applying plant homroncs that cause the plants
to abscise, and pruning brooms (Parks and Hoflman
1991). Management by these methods is consid-
ered feasible only on individual trees located in
recreation areas or around administrative sites.
lndccd. large broons present a hazard to visitors
in developed sitcs. The tirning ofpruning should
avoid the flight period of Douglas-fir beetles as
the beetles lray tcmporarily be attacted to the
pruncd trees (Hadfleld and Flanagan 2000).

A west-wide Dwad Mistletoe Impact Modcl-
ing System is available (Hawksworth et al. l995),
and Hessburg et al. (1999) suggest an approach
to modeling landscape vulnerubilitv to disturbance
by dwarf mistletoes.

Rust Diseases

Coniler rust diseases are causcd by fungi that in-
fectliving hosts through the needles and then spread
to woody tissuc. Most rust fungi are obligate pafa-
sites that altemate between the conifer host and a
botanically unrelated host plant to complete their
l i fe cycle. Disease tlansmission is by airborne
sporcs. Mature acciospores are capable ofinfect-
ing an alternate host hundreds of milcs distant.
Spread of spores tiorn the altemate host to the
host codfer is more localized and may depend
upon interspersed mngelands where the alternate
host is common (Laycock and Krebil l 1967).

Rusts can cause bolc defbrmation. branch
brooming. groFth loss, dead tops, tree mo alily.
lnd jnlection coufis for other plant pathogens to
cntet Rust cankers may be fed upon by rodents
and lagomorphs (Powell 1982), presumably be-
cau.e  o f  inc re l .ed  c r rboh ld r r tc  \un !en l ru l ion .
Parks and Bull (1997) fbund 136/c (186) of rest
locations of radio collared American marten lo-
cated in broons of dwarf mistletoe or rust. Sixty-
n i r re  per , .en l  o f  lhe  broom rcs t  ' i l e r  ucrc  in  rus(
brooms of subalpine tir or Engelmann spruce.

Of thc rusts tbund in the Pacific Northwest,
white pine blister rust is the most damaging and

is considered by plant pathologists to be among
the most serious conifer rust diseases in North
American fbrests. Synecology ofmany forests has
been significantly and permanently altered by the
accident l introduction in the 1890s and 1900s
of this exotic pathogen (Mielke 19,13).

More than -50 species of rusts occur in the Pa-
citic Northwest (Ziller 197,1, Scharpf 1993, Allen
ct al. I 996). Only a few of these potenrially cause
significant eflects: white pinl) blister rust
(Cronaftiun ribiold) on five-needle pines; westem
ga\l rust ( Endot:ronartiun harkness ii), stalacttform
rusl ( C r o na r t i um c o I eorporioide.r), and conandra
rusL (Cronartiutn conranulrae) on lodgepole pine
and ponderosa pine; fu broom rust (M e lamp s o rella
taryophl-llacearum) on true firs; spruce broom
rust (Chtlsomyxa qrcloJtaprl li) on spruces; and
incense-cedar rust (Gl mno s p o r an g iutn li b o c e dr i)
on incense-ced;Lr.

White Pine B ster Rust

White pine blister rust infects five needle pines
throughout Nofih Amcrica. In the Northwest, these
include westem white, whitebark, limber and sugar
pines. Girdling of cambial t issue by the fungus
results in bmnch llagging, which is often rhe first
symptom to be observed. Diagnostic cankers are
orange-colored and may be resinous. Most can-
kers on westem white pine occur within 2.5 m of
the ground due to the highcr humidity found at
ground Jevel. White pine blister rust altemates
between its conif'er hosts and Rlbes spp. On in-
fected Rib.,l spp.. uredinia appear as yellow-or-
angc pustules on the lower suface ofleaves. These
arc replaced by brown telial columns in late sum-
mcr.

White pine blister rust readily kills hosts by
girdiing the bole or by killing a majority of the
limbs. This disease has caused westem white pine
to be largely replaccd by other conifers such as
Douglas-fir In parts of its range, especially northem
ldaho and nofiheastem Washington, this has lcd
to an increase in incidence and severity of
Armillariaroot disease and to a recent large scale
outbreak of Douglas-fi beetle. Owing to white
pine blisterrust and effectjve fire suppression, the
elevation at which whitebark pine is dominant has
been stcadily increasing in the northern Rockies
(Keane and Arno 1993) and to a lcsser extent in
the Cascades (Hadfield et al. 1996). This disease
has an important ecological role bccause it is an
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introduced disease to which native hosts are not
adapted. It is premature to assess the impact of
white pine blister rust. but native hosts wil l prob-
ably never retum to their former levels of abun-
dance.

Western Ga Bust

Prinary hosts of western gall mst are ponderosa
pine and lodgepole prne. Br:rnch tlagging oecurs
ifthe gall cncircles the branch. The gall is woody
and globose with fissures. Spores can spread fbr
many miles, and thc alternate host is not required
tbr disease transmission.

Tree growth is unaffected unless branch galls
arc numerous. Young trees may be killed or de-
formed by stem infections, and are predisposed
to breakage at the gall. Mature ffees are not usu-
ally kil led by infections. Sites with high hurnid-
ity are at higher hazard than are arid sites. This is
the most commonly found mst in conifer forests.
Ho:t cunilerr Llu not lchier e stand dominrnce on
high hazard sites.

Stalactiform Rust

Primary hosts of stalactifom rust are ponderosa
p ine  and lodgepo le  p inc  { l te rn  lehu. t \u repr in t -
brush ald cow-wheat. Canken are elongate and
diamond-shaped and aecial blisters release orange
aeciospores. Sunken. dead bark may be associ
ated with the cankers.

Snlall stems lnd branches may be girdled, and
young stands may be thinned by inf'ections. De-
fects in older trees reduce wood quality and pre
dispose trees to breakage. Rodents chew on can-
kers during the winter when other food sourccs
become scatcc.

Cornandra Rust

Comandra rust causes swell ing, cracking. and
resinosis on ponderosa pine and lodgepole pine.
Elongate cankers are perennial. Bastard toadflax
is the alternate host.

Cankers aflect trees of all ages, producing
defects and causing moftality. Outbreaks are spo-
radic due to the distribution of the altemate host
and fluctuations in environmcntal conditions.
Forest nurserics and plantations have been seri
ously damaged.

Rodents feed on cankcrs, sometimes hasten-
ing girdling by removing bark. Cavity nestingbirds

ofien make nest andrcost cavities in large branches
killed by this rust.

Fir Broom Rust

Fir broom rust infects frue firs. Chickweed, sand-
wor1. and starwort are altemate hosts. This rust is
easily recognized by the systemic, perennial
brooms formed in crowns of i l fected trees.
Branches and stems are swollen at the base of
the broom. and needles in the broom are shofi-
ened. thickened. and chlorotic.

Trees of all ages are susceptible to iDfection.
Fir broom rust has the potential to cause growth
loss and motality, but seldom does. Firrustbrooms
sen'e as wildlifc habitat.

Spruce Broom Rust

Spruce broom rust primarily int-ects Engelmann
spruce. Kinnikinnick is the altcrnate host. This
nr\t i: ea.i l) rerognized b1 the con.picuou. pe-
rennial brooms fomed in crowns ofinfected trees.
Brooms may be up to 2 m in diameter. Needles
wi th in  the  b loom l rc  p r le  g reen in  spr ing .  o r rngc
in summer. and aLre shed in autumn.

Stem deformation, growth reduction, broken
tops, and tree mofiality may result from an infec
tion. Broken lup. .en e as lolenticl infecrion coun\
for Phellinus pini. Brooms are used as wildlife
habitat.

Incense Cedar  Rust

Incense-cedar rust altemates between incense cedar
and rosaceous shrubs such as Arnalanchier spp.
Small infected branches appear discolored in carly
spring. Resultantbushy witches-brooms are erect.

Heavily infected trees with many brooms may
be seriously weakened, but except on a fcw sites
in westem Oregon. tees are seldom kil led. Main
stem infections produce a delect.

This disease has had more effect on altemate
hosts, such as cultivated pears.

N4anagemeni of Rust Diseases

Most of the native rusts are widely disffibutcd
and harc  r  rn in t l r  eco log ic r l  ro le .  Rus ts  r .an  in -
crease to outbrcak levels and thereby assume eco-
nomic and ecological significance. The leading
management technique tbr rust diseases dcpends
on tree breeding. Genctic resistance has been
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documented for somc rusts. including westem gall
rust (Hott 1990. van der Kamp and Tait 1990)
and white pine blister rust (Bingham 1983).

The non-native white pine blister has been tlte
subject of a Forest Service scrcening and brced-
ing program to develop rcsistance to the disease
since the late 1950s. Since then. over 10.000
wcstcrn whitc pinc and sugar pine parent trees
have been phenotypically selected in forests,
screencd lbr rcsistancc. secd orchards established.
breeding work begun to help further rncrease re-
sistance, and resistant seed supplied to help meet
the restoration and reforestation needs. Objectives
of the resistance program include identifying the
amount and type of genetic resistance present in
natural populations of westem white pine. and
developing durable resistancc lcl this cxotic patho-
gen while retaining the broad genetic diversity
within the species.

Because humidity affects disease spread (Hirt
1935), sites can be hazard rated tbr sorne rusts
by habitat type and elevation (Bcard ct al. 1983,
Goddard et al. 1985. Hagle et al. l989), and non
host conifcr spccics can bc rcgcncratcd. Branch
int-ections may be elininated by pruning (Childs
1968, Geils and Jacobi 1990). Distal infections
are less threatening than arc infectioos proximal
1(] the bole.

Stem Decays

Stem decays or "heart rots" are caused by fungi
that infect living trees through tiesh wounds to
branches or stems. Hean rot fungi are spread by
airbome spores produced by filiting bodies -ither
conks or mushrooms. The spores colonize fteshly
exposed wood at wounds or dead branch stubs.
Although spores ofhea -rot fungi are abundant
in fbrest stands ofall ages. old-growth stands have
a much higher incidence ofheafi rct than do young
stands. Most tree species are susceptible to only
a fe$' heart rot fungi. Non resinous species such
as the true flrs are more prone to stem decay thal]
are species such as Douglas-fir, pines. or larch.
Grand (r,hite) fir is the most susceptible species
and several species of fungi cause stem decay in
this tree species (Aho 1977, Aho et al. 1987).
Hcpting (1971) providcs a complctc l ist of the
decay fungi associated with forest trees in the
Unitcd Statcs.

Living trees with heart rot or dead trees that
were infected by heafi-rot fungi when alive can

serve as important or critical wildlife habitat.
Woodpeckers mostoften selcct I arge trees or snags
with hean ret fbr excavating nest and roost cavl-
ties. Once abandoned by the woodpeckcrs these
cavities are uscd by a number of secondary cav
ity nesting birds. mammals. and invefiebratcs. Hearl
rot decay can progress in trees. living or recently
dead, until the trcc becornes hollow. Hollow trees
have special importance to some wildlife, such
as black beal pileated woodpeckers, or Vaux's
swifts (Bull et al. l997).

Trees with limited dec y arc still merchant
able forfiber but typically not suitable tbr dimen-
sion lumber Timber losses due to stem decay are
considered greater than those due to all other dis
eases combined. Decayed trees located in high
recreation areas are undesirable because, while
they may appear healthy. they may have poor struc-
tural integrity and bc prone to break. Older trees
are more susceptible to windthrow becausc much
of their volume is made up of decay-susceptible
heartwood.

Fmiting bodies (conks) of t'ungi allow tbrposi-
tive identiUcation but are infrequently present on
trees and logs with heart rot decay. ln the absence
offiliting bodies. broken tops, fire scars, and other
wounds on living trees are all indicators of inter-
nal decay. In eastern Oregon andWashington, two
heafi rot decay fungi are of most interest to man
agers. A summary of obselvations and rcsearch
specific to stcm decays in eastern Oregon and
Washington is found in Filip et al. (1996).

. Phelli.nus pirl decays heartwood of most
r.reslem conifer specie.. fhi. fungus ma1
be lbund fruiting on ponderosa pine, lodgc-
pole pine. westem white pine. westem larch,
and Douglas-fir in some areas. The peren-
nial, woody fruiting bodies differ in size and
shape but are typically bracketlike or hoof
shaped. The iower pore surface is usually a
rich, rust-brown. The upper surface is darker
brown and is usually marked by several con-
centric furrows.

The first symptom ofwood decay is a red
stain. then the chamcteristic white, spindlc-
shaped pockets ofdecay develop parallel to
the wood grain. In advlurced stages, the wood
har a hone) combed appecr:rncr .

. Echinodontitmttin /oJ'ir./r? causcs intemal de-
cay in grand fi1 subalpine fir, and mountain
herrlock and is indicated by conks of the
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Indian paint fungus. Indian paint fungus
causes a chalacteristic stringy decay that can
involve the entirc trce ]tr]'lnk. E. tinctoriun
is the most comrnon tungus associated with
hollow trees, which are considered highl)'
valuable as wildlife habitat. Fruiting bodics
of this fungus are large, black, percnnial
woody conks \\"ith the entire undersulface
toothed. The inside ofthe conk is brick-red.
Fruiting bodies are found on the bole on the
underside of branches or branch stubs.

The appearance of the wood in infected
trees is. carl),, a brown to reddish-orange rot
ofhcartwood that may signiticantly weaken
the wood. In advanced stages of decay, the
wood becomes stringy and eventually takes
on a whitish cast.

. Fonitopsis olficbrall.r, a less common fun
gus, causes intcmal decay of western larch
and pondcrosapine. This fungus decays heart-
wood in large dead trees: it is rarely fbund
il'r young stands. Conks are largc, pendulous
or hoofshaped, and chalky in color and tex-
ture. Occasionally this flngus is lbund on
Douglas-tir, sprucc, and hemlock. and rarely
on true fils.

The key facto$ in the manirgement ol heart
rot decay are tlee age and wounding. The amount
of heart$ood is age rclated: older trees have a
higher ratio of heartwood to sapwood than do
younger fees. Trees less than 90 yeals old usu
ally have insignificant decay. For many years heart
rots were the lbcus of fbrest pathology research
as demonstrated by the prepondennce of heart
rot research in thc carly forest pathology and tbr-
estry literature (late 1800s urtil the 1950s). Prc-
viously unentered stands were fbund to bc "deca-

dent" with heart rot decay. The management
strategy of the day was to harvest stands on a
"pathological rotation." This involved harvesting
trces at ages that minimized losses to heart rots
and removing all trees with existing heart rot dc-
cay to be piled in roadside "cul1" piles.

Today, incidence of head rot decay and hol
low trees is high in old growth forests and
unmlnaged forest. buL i\ luu lrr irh:enl in 1ou nger
managed stands. With less than 3'lc ofold growth
remaining in eastem Washington and Oregon, the

landscape that once held an abundance of trees
with heafi rot decay now holds f'ew. Because of
their valuc as cdtical wildlife habitat. the absencc
of. rather than the abundance of, larger trees with
heart rot in managed tbrests at a landscape scale
ma1 he rhe morecrit ical is.ue. The excepLion rnul
be thc development of heart rot decay in grand
fir communities located on wet sites. which tend
to have the highest rates of infection and result-
ing decay. Trces that havc bcen suppressed for
more than 50 yeal.S are most vulnerable to infec-
tion. Filip et al. ( 1983) Ibund that flue firs in com-
munities currently or previously dominatcd by
ponderosa pine had less decay and infection than
those growing on sites historically dominated by
overstory firs.

Trees with heafi rot do not usually sho* symp-
toms because the living, functional parts of the
tree are not infected. Wounds, broken tops. and
broken branches are indicators of heart rot. but
detection is difficult without the presence of spo-
rocarps (conks). Incrcment cores may be uscd to
detect signs of heart rot fungi if the heart rot oc-
curs at tlle location ofthe core sample. Bull et al.
(1997) and Parks et al. (1997) describe methods
for detectilg trees with heafi rot that may be most
valuable to wildlife. Hessburg et al. ( 1999) sug-
gest a model for risk rating stands for heart rot
decay of grand fir and hemlocks caused by
E c hitto do nt iun t inc t o r i um.

Treatment options to reduce heart rot decay
are limited because the airbome spores of heart
rot fungi arc abundant and ubiquitous. To reduce
associated decay, trees are harvested at agcs that
rninimize decay development. Because wounds
are thc entry couft for new infections, taking care
to limit wounding of rcsidual trees dudng thin-
ning or harvest activit ies may limit new intec-
tion:. On the other hand. becau.e hean rot in loung
managed stands is limited. managers are testing
methods to create trees with heart rot for wildlife
use (Parks et al. 1996a, Bull et al. 1997, Lewis
1998) in landscapes where they are lacking.

Othcr uset'ul sources of infomation include
Etheridge and Craig (1976), Fil ip and Schmitt
(1990), Gasr er al. (1991), Parks et al. (1996b),

and Hansen and Lewis (1997).

D\ . \  r r f  M is t le loes .  Rus ts .  S tem De(u) .  .15



Literature Cited
Aho. PE. 1917. Deca] ofgfand f i r  in  lhc Blue Mountains of

Oregon and Washirgton. USDA Forcst Scr!ice Re-
sc,rch Paper PNW-229. Paciiic Nofihwesr Rescarch
Station Portland. Oregon.

Aho PE.. G.Nt. Filip. und FF Lombard. 1987. Decay fungi
and wounding in ad!ance grand and \\,hile lir regen-
er3r on rorc! l  Jcrcn(e JJ:1+/-J))

Allen. E.. D. Morrison. and c. \\'allis. 1996. Comror Tree
Diseases of  Br i t ish Columbia.  Narural  Resources
Canada. Canadian Forcsr,"" Ser!ice. 178 p.

Beard. T.H.. N.E. Mal1in, and L).L. Adams. 1983. Effech of
habi tat  typc and elevar ion on occurrences of
stalactiform blister rusl in srands of lodgcpolc pine.
Planl Disease 67:6,18 651.

Bingham. R.T. 1983. Blister rusl rcsislant wesrern while pinc
tor &e Inland Empire: ihc story of ihe first 25 ycars
of lhc research and developnenl progfan. USDA
Forcs! Service Genefal Technical Repon INT-GTR
1.16. Intermounlain Research Staiion. Ogden. Utah.
,15 p.

Bolsinger, C.L. 1978. The erten! of d\yarl misrletoe in sir
prlnciplc soliwoods in Califomia. Oregon, and Wash-
ington as dctcrmined fiom forestsurvcy records. Pages
45-5,1 /, R.F Scharpf and J.R. Parmenter, Jr (edi-
tors). Proceedings of Symposium on Dwarf Mistle-
toe Control throLrgh Forc st Management. USDA For-
est Sel"rice General TcchnicalRepofi PSW-31. Paciic
South !vcsr Forest d Range Expcrinenr Siation. tser,
keley, Caliibmia.

Bull. E.L.. C.G. Parks. and T.R. Torgemen. 1997. Trces and
logs nnpofant !o $,ildliie in ihe Interior Columbia
River Basin. USDA Forcst Service ceneral Techni
cal Repofi Pt.\W-GTR 391. Pacilic f,\orthu,est Rc
, .xr .h sr l r i r r  .  Ponl .  rd.  CJr(r .n 85 p.

Childs.T. W 1968. Comandra rust damage ro ponderosa pine
in Oregon and Washington. USDA Foresr Service.
Pacific Northqcsl Region. Poftland. Orcgon. 8 p.

Elheridge. D.E.. and H.M. Craig. 1976. Factors influencing
infection and initiation of decay by the Indian painr
fnngr\ lELhinodontiut tnr.lolirnJ in wesrem henr-
lock. Canadian Joumal ofFofest Rescarch 6:299-318.
Fi l ip ,  G.M.,  J.J.  Clo lben,  and K.W Seidcl .  1989. Ef-
fects ofthinning on volune gro$,lh of \\,cstem larch
infected with dwarlmistletoe in nodheastcm Oregon.
$estern Joumal ofApplied Forestry 4:1,13- 1,15.

Fi l ip .  G.M..  PE. Aho. and M.R. Wi i la la.  1983. Indian paint
fungus: a nrcthod lbr recognizing and rcducirg haz-
rd in "d\-nced gr-nLl  -  L l  qhire r r  r (p(n(r- Ion In
easiern Oregon and Washington. USDA Forcsr Ser
viceR6-FPM-193 87. Paciic NofihwesiRegion. Pon
land,  Oregon. l8 p.

Filip. C.M., J.J. Colben. and K.W Seidel. 1989. Effecrs of
thinning on volume growth of\,"csGm larch infected
$ith d\\arf mislletoe in northeastem Oregon. \l'est-
em Journal  ofAppl icd Forestry . l :143- 1,15.

Filip, C.M.. J.J. Colbeft, C.G. Shaw llt. PF. Hessburg. and
K.P Hosman. 1993. Influence ofdwarfnistletoe and
weslem spruce budworm on growth and mortality of
Douglas fir in unmanaged stands. Foren Science
39( l ) :465,177.

Filip. G.NL, and C.L. Schni[. 1990. R, for l6i?.': silvicul-
tural oplions fbr diseased firs in Oregon and wash
ington. USDA Forcsl Senice ceneral Tcchnical Re-
port  PNW CTR-252. Paci f ic  Research Srar ion
Pordand. Oregon.

Filip, G.M..T.R. Torgcrsen. C.A. Pdrks, R.R. Mason, and B.E.
wickmaD, B.E. 1996.lnsccrand disease factors in lhe
Bhe Mountains. Pages 169 202 1, R G. Jaindi and
T.M. Quigley (cdi|ors), Search for a Solution: Sus-
laining the Land. People. and Economy of the Blue
Mountains. American Foresrs. Washingron. D.C.

Gast, W.R.. D.W Scott, C. Schmill. D. Clemens. S. Howes.
C.G. Johnson, Jr. R. Mason, F Mohr, and R.A. Clapp,
Jr .  1991. Blue Mountains Foren Heal th Reportrnew
perspectives in lorest healrh. USDA Forest Ser\ice.
Malheur Umatilla and Wallowa-Whinnan National
Forests. Porlland, Oregon. lunusual paginarion].

Ccils. B.W andWR. Jacobi. 1990. Developnrcn! of comandm
blister run on lodgepolc pine. Canadian Joumal of
Foresi Research 20: 159- I 65.

Goddard.  R.E. .  C.L McDonald.  and R.J.  Steinhof f .  1985.
N{easurement of fie]d resisrance, rust hazards, and
deployment of blister rust-resislant westem whire pinc.
USDA Forest Senice Research Paper INT RP-358.
Inlcmountain Research Station. Ogden. Utah. E p.

Hadfield, J.S., and PT. Flanagan.2000. Dwadnistleroe prun
mg may induce Douglas+ir beede attacks. Western
Joumal of Applied Foresrry 15(1):3.1-36.

Hadlield, J., PT. Flanagan. and A. Camp. 1996. Whitebark
pine surve) irtheeasrem Warhington C cade Range.
Nulcracker Notes 7t6 7.

Haele. S.K.. G.I. McDonald. and E.A. Norby. 1989. white
pine blistcr rust in nofihern Idaho and wesrem Mon
tana: allemaii!es lbr integrated managemenr. USDA
Forest Service Ceneral Technical Report INT-GTR
261- Intermounhin Research Siation, Ogden, Utah.

Hansen. E.M.. and K.J. Lewis. 1997. Compendium ol Coni-
ler Diseases. APS Press, S!. Paul, Minnesora. 101 p

Hawkswonh. F.C.. J.C. Cipriani-Williams. B.B. Eav. B.C.
Geils. R.L. Johnson. M.A M sden, J.S. Bearty, G.D.
Shubeft, and D.C.E. Robinson. 1995. DwarlMistle-
loc lmpact Modeling Syslen: Llsef's cuide and Ref-
crence Manual. USDA Forer SeNice Report MAG-
95 2. Foresr Pest Managcmenl FofiCollins. Colorado.
1 2 0  p .

Hawksworth. F.C.. and D. Wiens. 1996. Dwarf Misrlerocs:
Biology, Pathology. and Systematics. USDA Foresr
Scrvice. Agricu lture Handbook 709. Washingron. DC.
. l  t0 p.

Hept ing.  G.H. 1971. Diseases of forcstand shade t rees of the
Lhited Slates. Agriculture Handbook No. 386. Wash
ington,  D.C.

Hessburg. PF.. B.G. Slni|h, C.A- Miller. S.D. Kreiter. and
R.B . Salter. I 999. Modeling change in poGnrial land-
scape vulnerabiliry to lbresr insect and palhogeD dis-
turbanccs: methods for foreslcd subwatersheds sampled
in the midscaic inlerior Columbia Rivljr BasinAssess
ment. LISDA Forcs! Service General Tcchnical Re-
port PNW-GTR-454. Paciiic Nofthwest Rcsearch Sra-
tion and USDI Bureau ofLand Managenrent. PoftlaDd.
0regon. 56 p.

36 Parks and Fl;rnagan



Hifi, R.R. 1915. Obscrvations on the production and genni
nafion of sporidia of Cronurtiun ribicola. 

'lechnic^\

Publication No. ,16. New Yofk State Collegc ot For
estry. Syracuse University. Slracusc, New York. 25
p .

Hol f ,  R.J.  1990. Suscept ib i l i ty  ofponderosa pine to $cstcm
gall rust within the nliddie Columbia Rivcr systenr.
USDA Forest Serice Research Paper INT RP 416.
Intermountain Research Sration. Ogdcn. Ulah. I p.

Keane, R.E., and S.F. Amo. l993. Rapid dccline of rvhitebark
pine in western N{ontana: c!idencc fron 20-},ea.
remeasurcmcnts. westem Journal of Applied Foreslry
8(2)r'l'l 47.

La,vcock, \\'.A., and R.G. Krebill. 1967. Cornandra. grazing.
and comandra blisler rust. USDA Forest Senice Re-
sedrchPaperlNT RP 36. Intcrmountain Research Sia-
tion. Ogden. Ulah. 9 p.

l e q i .  l C  l r q b  C r ( J ,  I n p  .  n - f  '  -  |  d  $  l d l i f e  r f e e  ' n . u r

mercial ibrcst landscapes. Western Joumal of Applied
Foreslry l l ( l ) :97- l0 l .

\'Iielke. J.L. 1943. White pine blister rusl in \\estern North
America. School of Forestr]' Bulletin 52. Yale Uni'
rcrsi!y. New Haven, Connecticut.

Parks. C.A., and J.T. Hoffman. 1991. Conlrol of \i esom dwarf
mistletoe rvith the planr-grow& rcgulator cthcphon.
USDA Forest Sen'ice General Technical RcportPNw
RN-506. Pacific Nofthwesl Research Sladon. Port'
land. Oregon. ,l p.

Parks, C.G., and E.L. Bull. 1997. American manen use of
rust and d$,arf mistletoe brooms in noftheasGm Or
egon. Western Journ:rl of Applied Foreslry l2(:1)i131-
1 3 3 .

Parks,  C.G.,  E.L.  Bul l ,  and C.M. Fi l ip .  1996a. Us;ng ar t i f i -
cially inoculalcd dcca_v fungi to create wildlife habi-
hr. Pages 87 891, P Bradfbrd. T. Manning. and B.
l 'Anson (cdi tors) .  Wi ld l i fe Tfee/Sland-Level
Biodiversity Workshop Pfoceedingsr 1995 Oclober 17
l8:  Victor ia.  BC. Br i t ish Columbia Environmcn!.
Vic lor ia.  BC.

Pa*s, C.C.. E.L. Bull. C.M. Filip, and R.L. Gilbertson. 1996b.
Wood decay fungi associated with woodpecker nest
cavities in living western 1arch. PlantDisease 80:959.

Note
This special issuc of N(rrrrw?r1 S.fur.p is a set ofpapers re
vicwing thlr state of kno*ledge about disturbance processcs
in castem Oregon and Washington, related management prac
tices. and effects on kev naragement issues.

Parks.  C.C..  E.L.  Bul l .  R.O. Tinnin,  J.F.  Shepherd.  and A.K.
Blunlon. 1999. wildlife use of d$,ad mistletoe brooms
in Douglas-ur in nonheast Ofegon. $'esrem Journal
of Applied Forestry 1.1(2): 100 105.

Pafks.  C.G.,  E.L.  Bul l .  and T.R. Torgcrscn.  1991. Fie ldguide
fbr the idenlification ofsnags and logs in lhe interiol
Columbia Ri vcr basin . U S I)A f'orest Serlice Ge nefrl
Technical Repo( PNW CTR 390. Pacific Northrvest
Research Station, Portland. ()lcgon.,10 p.

Pjerce. $'.R. 1960. D$arf ninleloe and ils cliic! upon thc
larch and Douglas fir ol $cstcm Nlontana. School of
Foresry. Montana State Universitl'. Missoula. 38 p.

Pu$el l .  J  M luq' .  Rodenr .  rd reornolh J"m"i 'e ro p in(

stcm rusts. with special mention ofstudies ir,A.lbetu.
Canadian Fie ld-Naiural is t  96(3):287 294.

Schaef. R.F. 1993. Disease of Pacific Coa\t conifers. USDA
Forcst Service Agriculture Handbook 521. \i$hing
lon.  D.C. 199 p.

Schnit!. C.l-.. and D.J. Goheen. 1991. ElTects of man:rge
ment activities and siand type on pen caused losscs
in nixed-conifer nands on the Wallo$ra whitman
Nal ional  Forest .  USDA Forcst  Service,  Wal lowa-
Whitman Nadonal Forest. Porlland. Oregon. 78 p.

Tinnin.R.O..and D.M. Knutson. 1985. How lo identify broom,i
in Douglas+ircrused by d\larl mistlctoc. USI)A Fbresl
Senice ReserLrch Nole PNW ,126. Pacilic Northwen
Research Station. Podand. Orcgon. I p.

Tinnin,  R.O..  C.G. Parks.  and D.M. Knutson.  D.M. 1999.
LI Iecrs o l  Duugla.  f i r  d\ tJr t  nr i . .  erne or  r ree in
thinned slands in the Pacific Nothlvest. Forest Sci-
ence, l5(3) :359-365.

van der Kanp. 8.J., and D.E.N. Tait. 1990. V.iiation in dis
case severity in the lodgepole pine-western gall rust
pathosyncm. Phytopatholog,v 80(l 2): I 269- 1277.

Weir. J.R. 1916. L-arch mistletoe: some economic considef-
ations ofits injurious effects. Bulletin \o. 317. USDA
Bureau ofPlant Industry, $'ashington, DC. 25 p.

Ziller, WG. 197'1. The Tree Rusts of\\'esGm Canada. Cana
di:ln Forestry Service Publicalion No. 1329. Depan
ment ofthe Environmenr. 272 p.

Dwarf Mistletoes, Rusts, Stem Decays 37


