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Bark Beetles (Scolytidae) in Eastern Oregon and Washington

Abstract
Barkbeetles are wcll dcscribcd in terms oflife history and general ecology tbr lhc six beetle species ofconcern in eastern Oregon
and \\'ashingbn: Dougla\ firbeerle. I)endnctonurpr€rdr6&gd. Hoplins: mountain pine beede. l).londsr.rsdd Hopkins; rvesi-
em pine beelle, D. bruri..)rrir l-cconle; spruce beetle, D. rrlip.""is (Kirby); fir engravcr. S.d)rrr |e,r,'dllr Leconte; and, pine
engra!er. 1pr ptri (Sa,"-). Many interaciions betlveen bruk beetles and othcr agcnts and resources have been described. Wiidtue,
windsloms. discasc. other insects, and land management practices can wcakcn treer and attract bark beetles thal become locall,'_
epidcmic. At low population levels. beeiles pe bnn usclul iunctions bt creating habitai and fofage fbr many organisns. bul
ouibreaks can cause extensive tlee lnotaliry and incrcasc risk ofwildfire. Natural control agents such as birds. predalory bccdcs.
parasitoids. and parasites, h.rve been siudied. but have not been emplo!ed operationall) in managemenl sratcgics. whilc
scmiochcmcial-baited traps prc\'ide inlbmlalion about populatjon fluctuations locally. lafge area moDiloring relies primaril! on
aerial survcillancc. Stand susceptibility, hazard, or risk nting s!stcms exist for mo,ir of $ese species. and infestrtion growth or
damage nodcls arc available for a few. In nlos{ cases. pesdcide spra!s. attractants and anti-aggregants, and trap{ree techniques
have been useful in spccific applications. Anti-aggregants have besn provcn useful in large-scale operations fbr Douglas-fil
beerle. Salvagc or sanitation ofinfested. \\' ind- or fire'damaged trees can prcvcn! population build-ups if done promptl!. Integra'
lion ol lhcsc merhods along with prescribed lire and lrcc lhinning has been recommended. Decision-suppon bols are beconing
morc prc\alcnt but each requires validation ibr dilGrcnl gcographic variants.

Introduction firs. principally grand lir (Able"r gi?,?di.r) in this

Arargenunberof barkandwood *,1"r.!:_.*: ff..ioffj:il:.::i11","J":Tl, jilfi::::i:,#ii;
occur in the mixed conifer forests of.easternor- i"og"p"L ""a p*aerosa, preteri green .slash or
egon and washington (Fumiss and Carolin-1o-77l ,;i:;Jlt;".JJ;r.es, and is a threat to sapling
Arguably the nost il]portant are those bee,tle\ in 

"ra prrl rt^ ,.*t rn recently thinned stands.
rhe  hmi l l  SLo l l t idae  rhar  c rn  i r lack  and k r l l  ap-
parently 

'healthy 
host trees, and are capable of - - 

In 1991, the Blue Mountain Folests (Umatilla.

reaching populition levels that result in exten- Malheur. and Wallowa-Whitman National Forests)

sive inflsiations and tree mortality. This group prepared a comprehensive review offbrest health

includes four species ofDenrlroctoirirs knorin foi issues in northeast Oregon and southeast Wash-

periodic outbreaks: Douglas-fir beetle (DFB). ington,in the Blue Mountains Forest Health Re-

bendroctonus psetdarsr.rgae Hopkins. which at- poft: New Pelspectives in Forest Health (Gast et

tacks Dougfas-fir (Ps eutkisugu rienziesii); moun- al. l99l). In that compendium can be found de

tain pine bietle (MPB),D. pondetosae Hopkinl tailed descriptions of the major forest insects,

whi& attacks numerous spicies ofpine, particu- including the balk beetles listed above, that af-

larly ponderosa and lodgepole pine (piius pon- fect resources in the Blue Mountains. For each

tlerusa lppl a\d P .ontorta [lpl); westem pine of these beetles is inlbrmation pertinent to the

beetle (WFB), D. brericozls Leconte, which also Blue Mountains and applicable to much of east-

attacks ponderosa pine; and spruce beetle (SB). ern Oregon and Washington on host and commu-
D. ruJipennis. which attacks several species of nity, biology, historical trends. stand conditjons
spruce, but principally Engelmann spruce (Plcea under which they occur, oecurrence' suppresrion
engelmanii) in this area. Also of concem under ofoutbreaks, eft'ects on resources, hazard- or risk-
conditions of stress such as from defoliation or rating methods, population dynamics or damage
drought is the fir en grater (SY ), Scolytus ventra- simulation model s, and pest management options
1i.r Leconte. which is Drimafilv a threat to the tme orrecommendations, as well as literahrre citations.
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Similarly. in Seurch Jor A Sofutit,a, Jairdl and
Quigley (1996) summarize eristing knowledge
and identify gaps in our knowledge relalivc to
key issues fbr addressing ccosystem health in the
Bluc Mountains. In their contributed chapter on
"lnsects anddisease factors in the BlueMountains,'
Fil ip et al. (1996) more generally discussed re-
search on bark beetles in unmanaged forests. natural
enemies, implications of wildfire and drought,
et'fects of tbrest pmctices, and monitoring tech-
niques, and provided literalure citations. For the
purpose ofthis synthesis. in part because the first
of these publications is now out of print and also
is ncarly a decade old, some of the same litera-
ture $,ill be cited along with new infomation and
advances that pcnain to management options tbr
bark beetles at multiple scales in east-side 1br-
ests of Oregon and Washington. This synthesis is
not intended to provide an exhaustive literature
re\'rew. but rather to provide a brief overview of
the effects of bark beetles, monitoring/risk rat-
ing. trcatment practices, elfccts oftreatments, and
decision support tools applicable to eastenr Or-
cgon and Washington. In many cases, because
sludies or rcpofis are spccific to a beetle species
or host type. as well as locality. multiple example
relercnces are provided and att buted to beede
species (and host typc. if pertinent).

Effects of Bark Beetles

The basic life histories of these beetles arc well
known and docurnentgd in nlrmerous sources (e.g.,
Fumiss and Carolin 1977: Sartwell et al. 1971.
Livingston 1979 [P]:Fenell 1986. Berryman and
Ferell 1988 lSVl; Bedard 1950. Schmitz and
Gibson 1996 [DFB]; Holsten et al. 1999 ISBI:
Miiler and Keen 1960. DeMars and Roeftgering
1982 IWPB]; Anman et al. 1985. Rafta 1988
[MPB]). Spruce bectle exhibits perhaps the most
unique life history of this group, in that it can
vary fiom a I to 3-yr l i fe cycle depending on
conditions (Schmid and Frye 1977). Annotated
bibliographies have been compiled for DFB
(Fumiss 1979). MPB (Lessard et al. 1986), and
SB (Linbn and Safranyik 1987) and a search-
able bibliography for SB is included in SBexpeft
(www.lsl.orst.edu/usfs/sbexpen). Most of these
beelle:. prnieuli lr ly lhe Dprr/r, ,./r,4r \ specie\.
prefcr mature hosts, and at endenic levels. typi-
cally infest weakened or wounded trees. These
levels ofbeetlc populations occur over the larger

forested landscape nost of the time. There are
large communities of organisms that depend on
disturbance in general and on bark beetles in par-
ticular for habitat and forage. These include ex-
tensive lists ofpredators and parasites ofthe beetles
themselves. as well as a vast array ol vefiebmtes.
inveficbrates, lrnd microbcs associated with snags
and coarse woody debris created by beetlc-caused
mortality. The conserviltion and exploitation ol
bark beetlenatural enemies, native and inLroduced.
in control programs has received considerable at-
tention (c.g.. Miller et al. 1987, Kulhavey and Miller
1989. and reviewed in Bellows et al. 1998 and
Fluxa et al. 1998); however, to date. manipular-
lng these agents tbr control of bark beetles has
not been used opcrationally. Most notable among
the natural enemies are birds such as woodpcck-
ers and gleaners (Steeger et al. 1998). predarory
beetles that f'eed on both larval and adult bark
beetles, hymenopteran and dipteran parasitoids
that attack immature stages under the bark. and
entomopathogenic lematodes (Bellows et al. 1998.
Fluxa et al. 1998). tnterestirgly. while the extent
of mortality caused by birds has been quanrified
or atthe minimumrecorded tbr mostbark beetles.
there is no record of predation by birds on DFB.
Each ofthese bark beetles is also associated with
an aray of microbial organisms. some of which
are pathogenic to the hosttree including stain tungi
(e.g., Whitney 1982, Schowalter and Fil ip 1993).

Cefiain distu$ance events l ike wildfire (c.g.,
Furniss 1965 [DFB]; Gara 1988, Rasmussen et
al. l996 IMPBI; McCullough et al. 1998), wind-
stoms (e.g., Johnson et al. 1959, Johnson and
Pet t inger  1961 [DFB] :  S t rub le  1948 [WPBl t
Schmid l98l [SBl; Scott and Schmiu 199E [SB,
DFB. MPB, WPB,IPI). other insects (e.g., Wrighr
et al. 198,1 IDFB, SVl. Fredericks and Jenkins
1988 [DFB]), or discase (e.g., Lane and Goheen
1979 [DFB], Hefiefi et al. 1975 [SV]). and land
management practices (e.9., Lej eune et al. 1961 ,
Furniss et al. 1979 [DFB]. Dolph 1965 lIPl.
Mitchell and Martin 1980 [MPB. WPB, IP]) of-
ten result in direct tree mortality, or may $'eaken
trees to the extent that they attract large numbers
ofbark beedes that then become locally epidemic.
Rapid buildup of these populations may lead to
spread of the outbreak to nearby areas if left un
checkcd. In outbreak conditions. infestations can
grow over sevgral years to consume largc acre-
ages of nrature host tuees (e.g.. reviewed in Gast
e t  a i .  laa l ) .  Outbreaks  c ln  in l luence r r r r innrenr
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of resource objectives and colnpositiorl of tbresled
lands (Eaton 1941, Heath and Altaro 1990 lMPBl,
Veblen et al. 199 I ISB l). Largc outbr eaks of brrk
beetles may disrupt natural resource management
objcctives ovcrbroad landscapes (e.g., Keen 1950

[MPB.WPB, tPl, Fitzgcrald 195.1 [SB]. Comelius
1955 IDFBl). When this happens, lbrcst health
and associated social and cconomic values are
threatened. Ini'estations result in loss of produc-
tivity. losses of traditional and non-traditional tbrcst
prodlrcts, as well as loss of old gro\''th habitrt
(e.g., Schrnid and Amman 1992), and add a sig'
nificant tuel component to the landscape Bark
beetle outbreaks can set thc stage 1br subsequcnt
disturbance evcnts such as fire (c g., Geiszler et
al. 1980, Parker and Stipe 1993 IMPBI). Outbreaks
along stream teaches can have etlccts on stream
tlow (e.g.. Love 1955, Bethlahmy I974. 1975 ISBl)
nd lenperature from loss of shading. Outbreaks

and associated management activities can atlcct
wildlife habitat (Light and Burbridge l9ll5.). On
the other hand. endemic levels of bark beetles.
along with other insects and diseases, providc a
beneficial process by which thc recmitment ol
new snags. and eventually coarse woody debris'
can occur in the tbrest (e.g., Hinds et al 1965

ISB], Schmid et al. l9E5 lpp,MPBl. Mitchell and
Pre is le r  1998 Up/MPBI) .  H is to r ica l lY .  in

unmanaged forests. bark bectle inlestations have
set the stage for successional proccsses to begin.
resulting in a nosaic lbrest landscape of variablc
age (Fil ip et al. 1996: Lindgren and Lewis 1997

tsBt) .

Monitoring and Bisk Rating

Althoughsemiochemical-baited traps can provide
infornation about populatjul fluctuations at thc
local levcl. detectiott of incipient intcstations and
subsequent monitoring is primarily done through
aerial surveys and, in some cases. ground check
ing (e.g.. USDA FS 2000). In contrast lo the use
ofpheromones in delbliator systems, such as with
the tussock ntoth earl) waming system (Dateman
1978. Daterman et a1. 1979), of in southem pine

beet lc  r  B i l l i ng .  lQ85 r .  no  . im i lu r  L r rg .e  re r  mon i -
toring systcm that can enhance the developJnenl
of fbrecasting or predictive tools exists lbr the
bark bectles of\\'cstem conittr forests. Ho\'"'ever'
inttstation growth or damage models have been
developed (e.g., Ca|neron et al. 1990, Thompson
l99l [MPB]; Marsden cl al. 199'X [DFB]) lor a
few species. Typically, by the time an inlestatjon

becomes large enough to detect by aerial su ey.
a number of trees have been kil led. and. if condi
tions are appropriate. a relatively large area may
be involvcd in the infestation. ln addition to the
occurerce ofone ot nrore distubance events (e.g.,
windthrow, fire, deloliation), appropriate condi-
tions include availability ofsusceptible hosts. Stand
susceptibil i ty or hazard (e.g., Fumiss et al. I 981,
Weatherby and Thier 1993 LDFBI; Stevcns et al.
1980lppA4PBl, Dolph 1983 [lp/pp MPB], Schmid
et al. 1994 [pp,A,tPB l; Keen 1936, Miller and Keen
1960. Smith et al. 1981 IWPBI; Schmid and Frye
1976 [SB]; Moore et al. 1978 LSvl). or dsk rat-
ing systems (c.g.. Shorc and Safranf ik 1992 [1p/
MPBI; Schmin and Scott 1997) have becn devel-
oped tbr several bark beetle species at the stand
to sub u,atershed levcl, although none has appar-
ently been developed specifically fbr I pini. Scott
et al. ( 1998) have developed a watershcd analy-
sis fisk calculalor (UPEST) fbr insects and dis
case including the predominant bark beetle spe-
cies ofcastside Oregon and Washington. Through
the cast side assessment of historical and current
conditions. the role and hazard of insects across
the forested landscape has been evaluated
(Hessburg et aI.1994, Lehmkuhl et al. 199'+) Dis-
cussions of the role of historical range of vari-
ability (HVR) ol insects are limited. but are im-
ponant lbr understanding then and how they
t'unction as natural disturbance agents in forest
ecosyslens (Hcssburg et al. 1994, Schrnid and
Mata 1996. Scott 1996).

Treatment Practices

Treatrnent tactics and strategics for bark beetle
control range fiom traditional silvicultural prac-
dces (e.g., Patterson 1992 [DFB]; Amman and
Logan 1998 [MPB]). such as thinning and prc-
scribcd fire airncd at inrproving the overalt health
of the stand and risk leduction. to so-called di-
rect or remedial control methods (e.g.. Mil ler and
Keen 1960. Snilh 1990 lWPBl, Sartwell and
Dolph 1976lpp/MPBl. Wemeret al. 1983,Wemer
and Ho ls tcn  1992 [SB] ) ,  to  landscapc leve l
semiochenical-based tactics (Ross and Daterman
1997a IDFB l), as $ell as the intcgration ot these
tactics into management strategies (Ross lnd
Daterman 1997b |DFBI). For high-vllue trees,
especially those in recrcation areas and residen
tial areas at the urban-wildland intertace, the pro-
tection ol individual trees from attack by bark
beetlcshas pt oven eft-ective forone to severai ycals
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with the usc of ceftain pesticides (c.g., Werner et
al. 1986 lSBl, Havefiy ct al. 1998 [MPB.WPBI).
A good discussion of various field methods and
their value at differcnt stages of intestation de-
velopment is provided in Scott and Schmitt (1998).
Prompt sal vage or sanitation (Gast et al. 199 I ) of
currently int'estcd. wind- or fire-damaged trees
can fbrestall population build-up. Removal ofthis
material from one sgason to th(] next can prcvent
the emelgence of thc new generation the lollo\\,-
rng year. Once populations build or the area of
damage includes large numbers of hosts. salvagc
becomes less f'easible or constraincd with other
resource concems to balance.

Other control tactics involve use of fellcd- or
baited-trap trees. to which spccific bark beetles
are attrlrcted. and subsequently the tees are 19-
moved (e.g.. Schmitz and Gibson 1996 [DFB]:
Borden et al. 1986 [MPB]; Gibson l984, Scou
1990 lSBl; Thicr and Donnelly 1994 IWPBI; Gast
et al. I 991). These tactics are most effective when
infestation levels are low. and when timely re-
moyal of infestcd material is assured. At stald
and larger scales, the use of both atffactant and
repellent semiochcmicals have been tested. The
use ofnass removal ol suppression trapping with
attractant-baited traps has been shown to dra$'
do$,n thc number of beetles over inf'ested areas
(e.9., Ross and Daterman 1997a fDFBl. Bedard
and Wood l98l IWPBl. Borden and Lacy 1985
IMPB]). The use of host produced repellents
(Hobson 1995). green leaf volati les (Poland et
al. 1998 ISB, WPBI: Wilson et al. IMPBI 1996),
and anti-aggregant pheromones of several bark
beetle species (Shea et al. 1992 [p/MPB]; Ross
and Datennan 1994, 1995b IDFB]i Lindgrcn et
al. 1989, Thier and Munson 1993 [SB]) as tools
in suppression have been investigated. The DFB
anti-aggregant (MCH) has been used with con-
sistently good results as an area protectant (Ross
and Daterman 1994. 1995b). The combination of
silvicultural and semiochernical-based tactics tbr
management of DFB is currently being used op-
erationally at the watershed level (Ross and
Daterman 1997b).

Effects of Treatments

Ellects oftreatments fbr protection from or miti-
gation ofbark beetle infestation are not insignifi-
cant. Salvage or srnitation. like any other lbrm
of harvesting results in site disturbance and ex-

tcnsive road use. but at the same time rcduces
fuel. The usc of pesticides, although limited ro
relatively small areas, has inherent undesirable
non-target effects (c.g., Werner et al. 1983 [SB]).
Although more species specific, the use of trap
trees or suppression trapping can result in removal
ofanhropod natural enemies that are also attracted
to the traps (e.g.. Ross and Dateman 1995a IDFB l).
Modifications of the semiochemical attractant
components have been proposed to reduce natu-
ral snemy captures (e.g., Aukema et al. 2000 fIPl).
Certain organisms, such as cavity-nesting birds.
are dependent on the snags and woody debris cre
ated by disturbance agents such as bark beetles
(Saab and Dudley 1998, Bull 1983 llp/pp MPBI).
Serniochemicals can be used selectively to cre
atc wildlife habitat (e.9., Ross and Niwa 1997
IDFB]), or preserve scarce and high-risk habitat
in the short term (Daterman 1994).

Decision-Support Tools

Significant progress has been made over the last
decade in the development ofmid orbroad-scale
decision-support tools for managing multiple pests.
although there are some lirnitations in the ability
to apply these tools across beetle host systems
and from area to area. For example, the UPEST
watershed risk analysis program includes four
different rating systems for MPB, two for eacb
primary host type (Scott et al. 1998). Models for
DFB (Marsden et al. 1994) and tbr MPB (Colc
and McGregor 1983) e1}'ects have been constructed
and linked as pest extensions to a stand progno-
sis model (Forest Vegetation Simulator, FVS)
(Wykoff et al. 1982). In the FVS system, land-
rcape. are rimulrted by using representatir e rrec
or stand lists and calibrated to specific geographic
t|reas or variants, including those of the east side
such as the Blue Mountains and East Cascades
vadants. With adaptations for the area (changing
default parameters for the pest extensiors and FVS
variant), FVS has formed the basis for simula-
tion modeling effons tbr multiple pest (e.g., bark
beetles, defoliato$, and root diseases) assessments
and scenarios for planning (e.9., EagerandAngwin
l997, Roberts and Weatherby 1997). A spatially
explicit model (Westwide Pine Beetle Model,
WPBM) has been developed to project eflects
of three pine beetle species (MPB, WPB, IP)
in FVS simulations (e.g., Beukema et al. 1997).
A comprehensive knowledge-based system.
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SBexpert, has been developed fbr management
ofsprucc beetle inAlaska (Rcynolds et al. 1994;
* ww.fsl.orst.edu/usfi/sbexpert). For multiple re-
sour!e managemcntin lodgepole pine-dominated
fbrests. a decision frlune\'"'ork for integrated man-
agemcntfor MPB has been developed (Mccregor
and Cole 1985). Additionally, for Blue Mountains
and east side tbrests. guidelines have been de-
vl]lopedforcatastrophic standconditions (Schmitt
and Scott 1993 IDFBI), and tbr et'fccts on trees
during prescribed landscape bums relative to en-
tomological oonccms (Scoft et al. 1996 IDFBI).
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