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Defoliators in Eastern Oregon and Washington

Abstract
Dcfolialing insecrs are major disturbance agents afttcling lbresl hcalth and productjvi!y in eastem Oregon and Washington.
Information on the four nair delbli,ttors o1 conitrs in castcm Oregon and $hshington is abundant. Because of concerns aboul

ero\\ th suppression and lnoftalil,,- ol lrces duing widcsprcad defoliator ourbreaks. nruch research effofi has been focused on these
species. Thet are westem spruce budworn (Cr.)ri-rt rk&&? o(ide talis), Douglas-fir tus\ock n\oih (Otg,"ia pseudotsugatu),
pandora nroth (Cdlorddd tdrdord), and larch c^tebc^rct (Col(ophoru I!.i.e/h). Varjous interactions of defoliators *,ith other
syltenr comironent\ and matural regulator] processes halc bccn dcscribcd. as ha\e nronitoring and suppression techniques using
pheromone lraps. Large-scale \uppfession projects using both chcnical and biological nraterials have been used in aftempts to
conlrol some defo liator outbre*s. wlile such suppression projccls h alc prcvcnlcd somc lree mortality and growlh loss. ihey have
been largel,v ineffective in changing the oulbreak behalior of thcsc insecls. Some suppression materials have undesirable side
effecrs on non-tafget irsecrs such as scnsilj!c or cndangered nroths. butterflies, and skippers. or on oihef ecological processes.
Succe\sful conrrol ol larch cascbcarer has been achieved by intfoduction of pafasitic wasps. For mosl delblia|ors. lhe rccom
mended struregy is prcvcnurilcr silvicultural treatment to promote a diversity of tree species, stand sfuctures. and modcralc
\tocking le\ els. Decision support tools U PEST and UTOOLS anal],ze insect and disease risks. and lhe Forest Vegetadon Simula
tof models eftects oi insec6 rnd discasc on sland growth.

Effects of Detoliators

Defbliating insects are dominant agents of dis-
tulbance in east-side tbrcsts. About two dozen
species ofinsects were listed by Fumiss and Carolin
(1977) as rnajor fbrest insects in the montane West,
including east-side forests. These were consid-
cred "major" on grounds that they disrupted man-
agement goals. In earl1, westen forestry, these
goals were largely confined to tinrber production
objectives. Goals of management no$, include a
diverse array ofresources that include visual, rec
reational, and ecological attributes. About half of
the major insects l isted by Furniss and Calolin
(1917 ) nay be broadl1, defined as defoliators.
Defoliators are insects that eat, mine, orskeletonize
the foliage of tbrest trees, and there are numer
ous species that cause only temporary, spotty
episodes ofdefoliation or mofiality in forest stands.
Contrastingly, there arc other species that spo-
ndically erupt to outbreak propofiions West wide
or overareas at regional orlandscape scales. These
outbreaks can be intense and cover millions of
hectares (Dolph 1980. Sheehan l996). It isthose
rn \ec ls  th  e rup t  lo  ou lh rer i \  Pr r ' l  n ion .  cau .
ing sevcre delbliation orwidespread mortality re-
gionalJy or landscape-wide that tend to gah'anize
the attcntion of the public at large. forest manag-
crs, and the media. Without question thc two most
important ofthese delbliators are the westem spruce

budworm, Choristoneura occidentalis, ard the
Douglas-fir tussock ntoth, O r gt: i a p s e udot s u g at a.
These defoliators cause widespread and signifi-
cant disturbance in mixed-conifer forest types that
arc dominated by Douglas fir and true firs. Two
other defoliators that sporadically reach outbrcak
propofiions are the pandora moth. Coloradia
pondoru. on pines, and the larch casebgarer.
Coleophora laricella, which mines and kills the
needles ofwestcm larch. Thus, among these four
defoliator species nearly all of the majoreast-side
tree \pecie. und \tand types ma1 erperience spo-
radic regional and landscapelevel outbreaks that
result in u iLle'pre.rJ di\ lurban(c: clu\ing eco-
logical change, growth losscs, and moflality.

Theextent to which any individual tree or stand
may be afftcted by defoliation, or whether mor
tality will occur depends on the tree species and
age. species composition. the relative positions
of trees within the stand. and thc gcneral health
of trees or the stand in terms of other agents of
disturbance like diseascs or other insects, drought,
or firc. ln general, dominant, r'igorous trees are
mo[e tolerant of defoliation than younger, sup-
pressed trees. Outbreaks on the scale of those
describcd above have both positive and negative
effects depending upon whether they are viewed
from an ecological or commodity standpoint.
Charactedstically, the degree of ecological etlect
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frorr cpisodes of detbliation depends. in pan, on
interactions $,ith othcr disturbance agents, nota-
bly othcr insects such as bark beetles. drought,
and wildfire. Tree mofiality associated with out-
breaks can change successional trajectories and
sbcking levels, which affect predictions of com-
modity flow lbr industry, commerce. and timber-
based communities. Convcrsely, it can be argued
that thcse outbreaks are apaltofhow forcsts change
over time. and providc the diversity ofplant com-
munity structures and mosaics needed by a di-
vcrse flora and fauna (Gast et al. I 991 , Hessburg
et al. 199,1, Johnson 1994, Jaindl and Quigley 1996,
Youngblood and Wickman /ir Trress). Dendro-
ecological aniilyses support the hypothesis that
bud$'om outbreaks have increased in frequency
and scverity in the 20th century in nonheastero
Oregon (Swetnam and Lynch 1989, Swetnam et
a l .  lqq5) .  fh<  c . )n :en \u \  l lmon!  most  sc ren t is t \
dcaling llith disturbance processes in east-side
forests is that fire exclusion and harvesting of
ponderosapine and larch as prefened timber spe-
cies have led to prolbund changes in tbrest stand
structure. This currcnt structure is more vulner-
able to cxtcnsive and more severe outbreaks of
defbliating insects. pafiicularly budworm and tus
sockrnoth. Research on arlhropod and avian preda-
tors. and on parasitization oldcfoliators (Bellows
et al. 1998) suggests that these predators and para-
sites have a legulatory effect on defoliator popu-
lations, helping to maintain thesc insects at lo\\,
densities for long periods of time between out-
b reaks  (Mason and Torgersen 1983b.  1987:
Torgersen et al. l98,1, 1990; Mason andPaul l988;
Torgersen 1994: Fil ip et al. 1996: Mason et al.
1997). Managemenl options to rcstore east-side
stands to nrorc stable ecological systems ilclude
reintroduction of fire. restoring riparian corridors,
cnhancing biological diversity by practicing land-
scape ecological manitgement. and emulating
natural patterns on the landscape (Carlson et al.
1983: Wickman 1992: Mutch et al. 1993: Hessburg
et al. 1994. 1999; Johnson 1994; Powell 1994;
DellaSala et al. 1995; Jaindl and Quigley 1996).

Several computer-based software tools have
bccn developed as decision support systems to
help managers prcdict the outcome ofinsect out-
breaks and the etl-ects of selected nlanagement
options used to mitigate losses. Tu'o rclevant ex-
amples of such predictive decision support sys-
tems have been dcveloped. The Forest Vcgeta-
tion Simulator (FVS) is a gro*th and yield model

that has extensions that estimate the int'luence of
agents such as insects and disease on stand growth
(Crookston 1990. Teck et al. l996,VanDyck 1999;
see also www.ts.f ed.us/fmsc/fvs/fvs_model.htm).
UPEST and UTOOLS were developed with data
fiom eastem Washington and Oregon, and ana
lyze insectand disease.isks tbr \\, atenhed analyses
(Ageret al. l995,Ager 1996, Ager and McGaughey
I  gq7.  S(o  e l  . r l .  I  998  r .  Der  e lopmcnr .  in  remote
sensing technologies offer managers the ability
to monitor defoliator activity at stand and regional
scales (Ciesla 2000).

Monitoring and Suppression Activities

Douglasjir Tussock l\,4oth

The Douglas-fir tussock moth is a major pest in
the mixed-conifer stands of eastem Oregon and
Washington. The principal tree hosts are Douglas-
fiq grand fir, white fir. and subalpine fir Larval
feeding causes growth loss. top-ki1l. or tree mor
tality. The wingless females attract flying males
by producing a sex pheromone that facilitalcs
reproduction. This pheromone was chcmically
identif ied and synthesized in 1975 (Smith er al.
1975). This pheromone (Daterman et al. 1979)
and predictive sampling techniques (Mason et al.
1993) have since been developedas tools to monitor
incipient outbreaks of the tussock moth. Since
1980. a pheromone-based tapping system has been
used annually in Oregon. Washington,Idaho, and
Califomia to provide early waming ofoutbreaks.
This system has been successful in detecting im-
pending outbreaks on a regional scale (Daterman
et al. 1999). The sex pheromone has a potential
as a suppression agent on high-value sites (Sower
and Daterman 1977;Soweret al. 1979, 1983. 1990;
Hulme and Gray 199,1). Artif icially-produced
pheromone products have been an impofiant ele-
ment in the development of the monitoring and
suppression technology for the tussock moth.
Outbreaks occur at 7- to 1o-year intervals, although
longer intervals are known to occur. Once initi-
ated. outbreaks last from 3 to 4 years, and are
terminated as a result of natrual mortality pro
cesses involving a nucleopolyhedrosis virus and
s tar ra t ion .  Su.cepr ih i l i t )  ro  d rmage inererser  in
multi-storied stands as areas with older-agedhosts
increase. especially on drier, upper slopes where
soils are shallow. Although chemical insecticidcs
have been used in tussock moth suppression
projects in the past, there is more general suppofi
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for the use of biological insecticides cootaining
thc nucleopolyhedrosis virus oftussock moth. or
the bacterium Bacillus thurhgienil,r. The short
natural duration oftussock moth outbreaks makes
the need for suppression projects lcss imperative,
except in especially high-value stands. Long-tem
studies by Wickman (1963, 1978b. 1986, 1988)
and Wickrurn et al. (1980) examined radial growth
ofgrand fir and Douglas fir in natural and thinned
stands that had undergone severe outbreaks of
tussock moth. Overall, post outbreak radial in
crement of surviving trees increased to, or even
surpassed pre-outbreak growth within 5 10 years
after the outbreaks (Wickman and Stan 1990).
See Gast  e t  a l .  (1991) ,  Fuxa c t  a l .  (1998) ,  and
Scott (2000) for more information on the biol-
ogy and managcment of this defbliator.

Research effbrt on the Douglas-fir tussock moth
and western spruce budworm has fluctuated syn-
chronously with outbreaks of these defoliators.
A major outbreak of Douglas fir tussock moth in
the early 1970s generated public concems ovcr
thc fate ofmixed-conittr stands and timber-based
economies in the West. These concerns culmi-
nated in an accelerated research program, the
Expanded Douglas lr Tussock Moth Research and
Development Prcgram. which greatly augmented
knowledgc about this insect. The research sup-
pofied by that Program was compiled in a com-
pendium ofnew knowledge about the population
dynamics, management, and suppression of tus
sock moth outbreaks (Brookes et al. 1978). Ar-
guably, three ofthe most significant research de-
velopments ofthat period werc the identification
and description of the insects' outbreak pattems
(Wickman et al. 1973, Mason 1977b, Mason and
Luck 1978. Mason andWickman 1988). the identi-
l i ca t ion  and produc t ion  o f  r  na tura l l l  occun ing
polyhedral virus disease of the tussock moth
(Hughes andAddison 1970, Martignoniet al. 1971.
Thonpson and Martignoni 1978), and develop-
ment ofpheromones fornonitoring and suppres-
sion (Sower and Daterman 1977, Datennan et al.
1979). Managers and scientists interested in early
\ \ , , rk  un  Iu \ \o ( l  tn r r th  lnJ  o ther  O|q \ ' i c  spe \ ' ies
are encouraged to examine the work of Campbell
and Youngs (1978) who produccd a cross-indexed
annotatcd bibliography of 338 publishcd and un-
published papen relating to studies done before I 977.

After the temination of the accelerated research
program, publications relating to rnonitoring for

identitying impending outbreaks continued to bc
produced (Mason 1977a. Wickman 19713a, Dewey
1978. Beckwith 1978. Daterman et al. 1979, Paul
1979, Stelzer 1979, Beckwith et al. 1982. Mason
and Torgersen 1983a). The research of Mason
( 1996), which spanned 23 years. has added to our
understanding oftussock moth outbrcak and non
outbreak dynamics. Other managcment-related
research and synthesgs continued to flow from
the accelerated tussock moth research program
as well. Stand-outbreak models and management
systems were described by Colbert and Wong
(1979), Colbefi ct al. (1979), and Campbell and
Stark (1980). Information on risk-rating of po-
tential defdiation and tree danage appeared in
Wickman (1979) and Hcllcr and Sader (1980).
Shepherd ( 1994) described management sffate-
gies for insect defoliators in Brit ish Columbia,
but his concepts of t imely nronitoring, pre- and
post-outbrcak planning, and judicious use of in-
\c(l icid(\ rre rele\ant to all Jelbliutor: in ea't
side forests. In a compendium that examined fbr-
est health issues in the National Forests of
northeastem Orcgon, Gast et ai. ( 199l) presented
excellent reviews on the ecology ofwestem spmce
budworm and Douglas-fir tussock moth. Although
those descriptions were primarily intended to
describe the activity of these defoliators in the
Blue Mountains, they apply as well for these in-
sects throughout east-side tbrests. The descrip
t ions  in  Ca. t  e r  a l .  (  I  qq  I  )  con ta in  in fo r rn l t ion  ,  rn
hosts and plant community irssociatjons. biology,
historical trends, population dynanics and dam-
age simulation models, effects on resources. and
suppression and other management options. More
recently, Scott (2000) prepared a population analy-
sis for tussock moth in which he re-examincd carlier
liter;rture, and the most recent rcsearch on the
population behavior and effects of tussock moth
oulbrcaks. In combination, the works of Dewey
and Bennett ( 1988). Gast et al. ( 199l). Hessburg
et al. (1994), Jaindl and Quiglcy ( 1996). and Scott
(2000) are excellent sources for the reader scck-
ing a thorough grounding in the ecology ofdefo
liators in east-side forests.

Western Spruce Budworm

The western spmce budwom, contrary to \'",hat
its name implies, does not aflect only spruce.
Principal hosts of thc budwonn are Douglas-fir.
the true firs (Arl".r spp.), and to a lesser extett.
Engelmann spruce (P iced en geln nnli ) and ,ti eslern
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\rrch(Lerix oct'itlen lalls) in both pure and nixed
stands ofthese fec spccics. New buds and needles
as rvell as pollen stmctures may be destroycd by
the leeding larvae (Fell in and Dewev 1982). First
hand infomation aboutoutbrcaks in thewest from
1922 to 19,+9 suggests that outbreaks wcrc small.
widely scattered. and subsidedquickly frorr natural
p roccsses .  genera l i r lg  l i t t l c  in tc rc . t  in  rupprc . r ion
(Stipe 1987). In the latter half of the 1900s, and
from 19,14 in the Blue Mountains. outbreaks
throughout the West appear to havc bcconre more
severe. extensjve, and longerJasting (Dolph l980,
Anderson et al. 1987, Swetnam and Lynch 1989).
As with Douglas-fir tussock moth. the intensit) '
and extcnt of outbrcaks of the budworm seen to
be related to succcssional changes influenced bv
fire control effo s and selective logging that have
tlvored the dominance of shade tolerant species
oftrees that are majorbudworm hosts. The above
predisposing factors and charactcristics of host
vigor. ?Lnd stand features are discussed in Brookcs
et al. (1985. 1987a, 1987b). Mesoscale changes
in climate, nainly pedods of cold, dry arctic
weather patterns in spring that atlect budworm
outbreak dynamics are discusscd by Kemp et al.
( 1985). The presence oflandscape scale outbreaks
of thc budwornr is also commonlv a precursor to
large-scale bark bcctle outbreaks that kil l  the de-
foliation-rveakcncd trees (Gast et al. 1991). As
for the Douglas-fir tussock moth. sex pheromones
have beenidentified and synthesizcd for thc westem
spmce budrvorm (Coryet al. l982. Silket al. 1982).
r .  ! \  e l l  : r .  fo r ,  ' l h (  r  r , 'n i le r . leeL l in !  C / rn r i r i , , l .  r r ra
species, like the Modoc budwom. C. retiniana
(W;rlsingham) (Dateman et al. 198,1. 1995). Tcch-
nologies that employ life table analyses and mod-
eling (Campbell 1993) and pheromone based traps
have potential as management tools for monitol '
ing and supprcssion of the western spmce bud
worm (Sartwell et al. 1985, Dateman ct al. 1985).
but additional research is needed before opera-
tional applications can be recommended. The
synthcsis of infbrmation on all aspects of bud
rvorm ccology and management by Gast et al.
(1991), Powell (1994). Powcll and DeBenedictis
( t995). and Scott and Schmitt ( 1996). prolide an
cxcellent grounding in the l iterature through the
mid 1990s.

Budworm suppression eflons in the mid- l9rl0s
were conducted with an eve toward outbrcak con-
lrol. By the early 1 9110s. it was apparent that sup
pression projects had generally not contrdled or
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changed the course ofregional outbreaks. or sig-
nificantly improved the budworm problem in the
West. The best that could be expectcd was to ai-
lo$, host trees and stands sorne temporary reduc
tion in detitiation, and delaying some top-kill and
mortality (Carlson et al. 1983. Mason et al. 1998).
By the etrd of the budworm outbreak in eastern
Orcgon and Washington (1980-1992). it was ap-
parent that suppression el'fons had been inelfec-
tual in changing either the outbreak dynamics or
significantly altedng the trajectory of defit iation,
topkil l, orhostmonality (Powell 199.1. Toryersen
et al. 1995, Sheehan 1996, Mason and Paul 1996).
ln terms of rcreages involved and number of
projccts. budworm control ellbrts flom the early
1980s havc used tbnnulations of either carbaryl
or Bat:illtrs tlurirtgierrsl.i (Sheehan 1996). At least
part of the rationale for using the biological in-
secticide. Bdci11a.s thuringiensis (Bt). has been
that it would have limitcd ef'tect on most non
targetinsects. However, new concems about tbreat
ened. endangered. and sensitive (TES) species have
generated intercst in the consequences of the use
ef Bt in areas inhabited by TES moths, butter-
fl ies. and skippcrs (Miller 1990. Fuxa et al. 1998.
Scott 1999). Possibly the best advice fbr manag-
ers who wont to reduce the potential hazard tiom
future budworm outbreaks was set fofih by
Carlson et a1. (1983. 1985). Carlson and Wulf
( 1989). and Gast et al. ( 1991), who prescribc sil-
vicultural trealmcnt to promote a diversity of
tree species. stand slructurcs. and stands $'ith
moderate stocking levels.

Pandora I\,4oth

The piudoramoth is an occasioniil, but spectacular
defbliator ofponderosa and lodgcpole pine in the
east-side pine type. Speer et al. (hTrress) described
thc longterm dynarnics of pandora moth West-
wide. The 2-year l i l t cycle of this insect usually
meJn\  tha t  e \  en  u  hen de fo l ia t r ,  ' n  r \  \ r \  e re  i l  oc
curs in ulternate years. Because only old needles
are destroyed, as opposed to buds and ncw needles.
the altcrnating years of defoliation allow many
of the trees to rccover Still. direct trce mortality
does occur and secondary attack ofalready weak-
ened trees by bark beedes can result in additional
mortality. lnfcctions of d$'arf mistletoe, Aft ertl-
olrrri' spp., predisposc stands to greater mortal-
ity. However exccpt in severe outbreaks, n]ofiality
and losses in growth and height are often per-
ceived as less significanl than other aftendant losses.



Public outcr-y about pandora moth outbreaks is
colnmonly directed kl thc advcrsc impact on r i-
sual quality fioln the appearance of delbliated trees.
Often, the nuisarce generated by moths being
attractcd to artif icial l ighting in residential areas,
high use recleation sites, and comrnercial estab
li!hments causes the most concern (Carolin and
Knopf 1968. Fumiss and Carolin 1977, Bennett
et al. 1987. Schmid and Bennett 1988. Miller and
\\ragncr 19119).

Ferv options fol managing pandora moth popu-
lations arc ar':r i lablc. Fall fbliu application ofthe
chenicals acephate ol diflubenzuron may reduce
larval densities and temporarily protect lbliage,
but dircct supprcssion is unlikclv to ternrinate an
outbreak (Ragenovich et al. 1986. Schmid and
Bennett l9ll lJ, Ross 1995). Prescribed fire in late
Juue or early July can reduce the population of
ovenvintering pupae in the soil, bul other nan-
agement considerations and the risk of loss of
conlrol of such fircs havc l imitcd its application.
Silr,icultulal treatnents that maintain desirable
stocking and rcduce the incidence ofdwad mistle-
toe can n.iligate growlh losses from defoliation
(Schnricl ancl Bennett l9ll1l. Cochrrn 1998).

Larch Casebearer

The most serious insect pest of western larch is
th.' lrr,. h ,. r.. 'hL rrir 1Crrhrln rnJ SeiJel Ic)9.11.
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