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Preface

The following report was prepared by University scientists through cooperative agreement, project
science gtaff, or contractors as part of the ongoing efforts of the Interior Columbia Basin Ecosystem
Management Project, co-managed by the U.S. Forest Service and the Bureau of Land Management. It
was prepared for the express purpose of compiling information, reviewing available literature, researching
topics related to ecosystems within the Interior Columbia Basin, or exploring relationships among
biophysical and economic/social resources.

This report has been reviewed by agency scientists as part of the ongoing ecosystem project. The report
may be cited within the primary products produced by the project or it may have served its purposes by
furthering our understanding of complex resource issues within the Basin. This report may become the
basis for scientific journa articles or technica reports by the USDA Forest Service or USDI Bureau of
Land Management. The attached report has not been through dl the steps gppropriate to fina publishing
as ether ascientific journd article or atechnica report.
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Introduction

This andlyss covers bole and branch herbivores. This includes insects that feed on or within the trunk
and branches of forest trees. It does not include bud and shoot insects that feed on or within buds and
expanding shoots. These insects are more closely associated with defoliators or canopy herbivores.
Furthermore, this analys's does not include insects that feed primarily within dead stems, branches, or twigs.
These insects are included among litter and soil arthopods and coarse woody debris chewers.

None of the bole and branch herbivores meet the socid criteriafor individua assessment. That is, none
are currently listed as sensitive, threatened, endangered, or of special concern by federal or State agencies or
private organizations. Furthermore, none of these species are known to be "narrow endemics' or occupy
habitats that are rare, threatened, or in severe decline. However, a number of species do play ecologica roles
that greetly determine the structure, function, and composition of ecosystems within the Columbia River Basin
(CRB). The best known among this group are those species that have been previoudy identified as pests. Their
pest status, in fact, is attributable to their potentia to dter the structure, function, and composition of

ecosystems. The species that will be assessed individually are the following:

Adelges Picese Badsam wodlly addgid
Dendroctonus brevicomis Western pine bestle
Dendroctonus Ponderosae Mountain pine beetle
Dendroctonus pseudotsugae Douglas-fir beetle
Dendroctonus rufipennis Spruce beetle

Scolytus ventrdis Fr engraver




There are many other species which play important ecologica rolesin the forests within the
assessment area (Furniss and Carolin 1977, Furniss and Johnson 1987, Gast et a. 1989, Furniss et dl.
1992, Wood and Bright 1992). However, these species produce effects on a smaller scale, respond
coincidentally with one of the above listed species, or are poorly studied. Because of these consderations
and the limited time available for this andys's, these other species will be briefly discussed as groupsin the
second phase of thisanayss. This should not be mistaken to imply that the other species are unimportant.
All of these species are involved in ecosystem processes and, at certain times and places, any species may
exert agreat influence on ecosystem structure, function, and compodtion.

This report is not acomprehengve review of al pertinent literature. That would require amuch
greater effort than was possble with the time allocated to the work presented here. The literature on the
Scolytidae and Platypodidae done is voluminous (Wood and Bright 1987, 1992). Instead, this report
presents some genera conclusions regarding the distributions, ecology, and population trends of some of
the important bole and branch herbivores found in the CRB. Citations are provided to justify the

conclusons and provide an entry into the literature.



Balsam Woolly Adelgid (Adelges piceae (Ratzeburg))

The basam woolly adelgid was introduced into eastern North America from Europe around 1900
(Mitchdl et d. 1970). It wasfirgt discovered in the Pacific Northwest in 1930, damaging grand fir (Abies
grandis (Dougl.) Lindl.) in the Willamette Vdley (Mitchel 1966). It subsequently spread throughout western
Oregon, Washington, and southern British Columbia. The eastward spread of the adelgid was primarily
limited to the Cascades until an infestation was discovered in 1983 in northern Idaho (Mitchell 1966, Wood
1968, Gast et a. 1990). Aerid surveys conducted between 1990 and 1992 detected from 4,050 to 9,720
hawith adelgid- caused subdpinefir (A. lasocarpa (Hook.) Nutt.) mortality in Idaho (Hofacker et a. 1991,
1992, 1993). Within the CRB, the adelgid is currently known to occur only in the Cascades dong the
western boundary and in northern Idaho (Appendix A). However, the extent of the Idaho infestation
suggests that thisinsect has a greater potentia to spread throughout the true fir stands in the CRB than
previoudy recognized.

The addlgid isasmadl, inconspicuous sucking insect (Mitchdll 1966, Hain 1988). It spends most of
itslife in asingle location with its mouthparts inserted into the host tree. Adelgid infestations can be found on
the bole, branches, twigs, and at the base of buds. Crown infestations result in sunting of termina growth
and swelling at the branch tips and nodes known as gouting. This can lead to thinning and dieback of the

crown and eventudly tree death. However, tree mortality is more



commonly associated with infestations on the main stem that interfere with trandocation in the xylem and
phloem. The principa hogsin the Pecific Northwest are grand fir, Pacific glver fir (A. amahilis (Dougl.)
Forbes), and subapine fir. Thisinsect has the potentid to kill large numbers of trees and dramaticaly
ater forest structure, composition, and ecosystem processes (Johnson et d. 1963, Mitchell 1966,
Franklin and Mitchell 1967, Gast et d. 1990).

The species of fir that are infested by the adelgid in the Peacific Northwest differ in their degree of
susceptibility. Grand fir isthe most resstant. Grand fir may survive infestation for aslong as 15 years and
less than 30 percent of infested trees die (Mitchell 1966). on the eastside of the Cascades, dl grand fir
gppear to survive infestation even when growing among more susceptible species (Mitchell 1966, Gast et
a. 1990). Subapinefir is the most susceptible gpecies. Subapine fir often die within 3-5 yearsfollowing
stem infestations and up to 90 percent of treesin infested stands may die (Mitchell 1966). Pacific Slver
fir isintermediate in susceptibility, but up to 70 percent of treesin heavily infested stands may be killed
(Johnson et d. 1963).

Elevation, Ste quality, and tree age determine susceptibility to adelgid infestation in westside
forests and smilar relationships may exist in eastsde forests dso. Host trees growing at the low end of
their eevational ranges appear to be most susceptible. In the Cascades, these are below 300 m for grand
fir, 460 to 915 m for Pecific slver fir, and 915 to 1,675 m, for subdpine fir (Mitchdl 1966). In Idaho,

the first



infested subdpine fir stands to be detected were a low eevations (<915 m), but infestations at high
elevations (1,5251,830 m) have subsequently been identified (Gast et d. 1990). Trees growing on the
highest quality Sites also appear to be most susceptible (Johnson et d. 1963, Mitchell 1966). Thisis
likely due to higher survivd rates of diperang adelgids on trees of superior nutritiond vaue in these
stands (Carrow and Betts 1973). Tree age dso determines susceptibility to adelgid infestation. Grand fir
lessthan 15-years-old are not infested and trees from 25- to 35-years-old are most susceptible. Pacific
dlver fir are not attacked until they are at least 50-years-old and subapine fir become susceptible a an
age of about 25 years (Mitchell 1966). The stocking of preferred host tree species will also determine
the susceptibility of a given stand to adelgid infestation (Mitchell 1966, Hain 1988).

Cold winter temperatures can sgnificantly reduce surviva of overwintering adegids. only
adelgids protected by snow cover can survive temperatures of —349C or less (Amman 1967). The lower
winter temperatures found in interior forests are presumably responsible for the limited distribution of the
addlgid outside of coagtd regions. Widespread adelgid mortdity in Idaho during the winter of
1990-1991 was apparently due, at least in part, to extremely low temperatures that occurred in some
areas (Hofacker et al. 1992).

Thefirgt ingtar or crawler is the only motile stage of the adelgid. Long distance dispersa occurs
primarily when the crawlers drop from trees and are carried by the wind to new host trees, dthough

phoresy by birds, mammas, amphibians, and



insects may aso contribute to long distance digpersd. Crawler activity and rate of dropping increase with
increasing light intensity and temperature (Smith 1958, Atkins and Hall 1969). Therefore, infested-trees
aong stand margins play an important role in adelgid dispersd. Human activities can dso incresse rates of
dispersal. Movement of infested nursery stock is presumably the route by which the adelgid reached
North Americafrom Europe (Hain 1988). Harvesting of infested trees increases the rate of crawler
dispersd into the surrounding stand by didodging the nymphs and creating local air movement (Lambert
and Cieda 1967). Harvesting may aso increase the rate of crawler dropping from infested residual trees
or trees along unit boundaries due to increased light and temperatures. Trangporting infested logs may dso
contribute to long distance dispersal (Atkins and Woods 1968).

The adelgid can obvioudy affect a number of stand characteristics and ecologica processes,
athough these are not well documented by research. In the absence of tree mortaity, the adelgid can
affect stand productivity and successional processes by reducing the growth of host trees. Dropping of old
foliage and branch mortdity resulting from non-letha crown infestations may affect nutrient cycdling
processes and provide infection courts for stem decay fungi. Seed production may aso be eliminated or
reduced. The timber vaue of trees with slem infestationsis reduced due to inferior wood properties
(Doerksen and Mitchell 1965, Foulger 1968). These effects are more pronounced when infestations result

in host tree mortdity. Furthermore, tree mortality increases sanding and down woody



debris, nutrient cycling, and fire hazard. Since hogt trees often occur in mixed conifer stands,
addgid- caused mortdity will shift species composition to non-host species. At low eevations, this may

favor Douglas-fir (Pseudotsugamenziesii (Mirb.) Franco) and western hemlock (Tsuga heterophylla

(Raf.) Sarg.), and, at higher elevations Sites, may be occupied by Engelmann spruce (Piceaengdmanii

Parry ex Engelm.), lodgepole pine (Pinus contorta Dougl. ex Loud.), mountain hemlock (Tsuga
mertengana (Bong.) Carr.), or noblefir (Abies procera Rehd.) (Mitchell 1966). Addgid-caused mortality
can have a sgnificant impact on harsh sites such as lava beds, talus dopes, and abandoned beaver
marshes where subapine fir is a pioneer species (Franklin and Mitchell 1967). Subdpine fir mortaity on
such steswill likely have negetive impacts on watershed, wildlife, and recreationa values.

Aerid surveys are inadequate to detect new adelgid infestations since it may take three years or
longer before symptoms are visble from the air (Mitchell 1966). Ground surveys are the only way to
detect infestations before crown dieback and tree mortality become apparent. Although the adelgid has
been in the Peacific Northwest for at least 60 years, it has probably not yet become established in dl
potentidly favorable habitats as evidenced by the recent development of the Idaho infestation. Because
the adelgid reproduces parthenogenetically and iswind dispersed, it has ahigh dispersa capability. It is
likely that new infestations or currently undetected infestations will be discovered within the CRB. Any

warming associated with



climate change will likely creste amore favorable environment within the CRB for the addlgid.
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lumbia Ri - I : E .
Date: 12/21/94 Panelist: Dardl Ross
Speciesor Species Group:

Adelges picese (Retzeburg), Basam woolly adelgid

Geographic Area and/or Habitat Type:
SAF 206, SAF 213, SAF 226

Key Environmental Correlates

1. Treespecies
Categorical
Suitable Categories. (Johnson et d. 1963, Mitchell 1966)

Damage potential moderate:
Abies grandis (Douglas) Lindley, Grand fir
Damage potentia severe:
Abies amabilis (Douglas) Forbes, Pacific slver fir
Abies |asiocarpa (Hooker) Nutdl, Subdpinefir

Applies ssasondly? No

Theme name: ?

Attribute: ?

2. Geographic location

Categorical

Suitable Categories. (Mitchdl 1966, Gast et d. 1990)

Low probability of infestation:
All other areas

High probability of infestation:
Lessthan 5 km east of the crest of the Cascades
Northern Idaho

Appliesseasondly?  No
Theme name: ?

Attribute ?

1



3. Eevaion
Categorical
Suitable Categories. (Mitchdl 1966, Gast et d. 1990)
Low probability of infestation:
Grand fir above 300 m
Pecific slver fir above 915 m
Subalpine fir above 1,675 m
High probability of infestation:
Grand fir below 300 m
Pecific dlver fir bdow 915 m
Subapinefir below 1,675 m

Appliesseasondly?  No

Themename  Biophysca, Subsection
Attribute: Physiography - Elevation Range
4. Low winter temperature

Categorical

Suitable Categories. (Amman 1967)

Low damage potentid:
Previous winter temperature below -34°C
High damage potentid:
Previous winter low temperature above -34°C
Applies seasondly? Yes
Theme name: Climate
Attribute: Daly - Min Temp
5. Tree age
Categorica
Suitable Categories: (Mitchell 1966)
Low probability of infestation:
Grand fir < 15-years-old
Pecific dlver fir < 50-years-old
Subdpinefir < 25-years-old
High probaility of infestation:
Grand fir > 15-years-old
Pecific slver fir > 50-years-old
Subdpine fir > 25-years-old



Applies ssasondly? No
Theme name: ?

Attribute ?

Key Ecological Functions

1 Alter stand density and composition

2. Increase nutrient cycdling

3. Increase standing and down woody debris
4. Increase fire hazard

5. Increase incidence of Armillariaspp.

Key Assumptions

Key Unknownsand Monitoring or Research Needs

This insect was not expected to be a significant problem in the CRB. However, the infestation that
developed in Idaho during the 1980's indicates that the adelgid does have the potentid to cause large amounts
of tree mortality and growth lossin some portions of the CRB. Most of our knowledge of adelgid biology and
ecology comes from areas outside of the CRB. Thereis aneed to study the Idaho infestation to better
understand adelgid population dynamicsin interior forests. Thiswill help us to anticipate more accurately the
potentid role that the adelgid will play in interior forestsin the future,

Current monitoring approaches (i.e., aerid surveys) are inadequate to identify new adelgid
infestations. It is possible that the adelgid is present in many other portions of the CRB, but has not yet been
detected. Ground surveys are the only way to detect the adelgid in stands that are not yet experiencing
sgnificant mortdity or crown dieback. Efforts should be made to include surveys for adelgid infestations along
with exiging stand and forest hedlth inventories.

Dispersal

Disper sal mode: The crawler isthe only disperang stage. The primary mode of dispersd is passively by
wind. Crawlers may aso be dispersed by humans transporting infested materia or phoresy (on insects,
mammals, birds, and amphibians) (Mitchell 1966, Hain 1988).

13



Requirementsfor dispersal: Sincethe crawlers are photokinetic, they are more likely to drop from trees
along stand edges. These crawlers may be carried doft by convection currents generated in adjacent
openings possibly resulting in long distance dispersd (Smith 1958, Atkins and Hall 1969).

Degr ee of Confidencein Knowledge of Species

Medium (see comments)

Trend

Increasing

Comments:

This species has been sudied intensively in other portions of its geographic range. The adelgid was
not expected to become a significant problem in interior forests due to itsinability to tolerate low winter
temperatures. However, amgor infestation developed in northern Idaho in the 1980's indicating thet it does
have the potentia to cause sgnificant mortdity within the CRB. Most of the information on the biology and
ecology of thisinsect is from areas outside of the CRB. The insect may behave differently in the ecosystems
comprising the CRB.

14



Western Pine Beetle (Dendroctonus brevicomis L eConte)

The western pine bestle attacks ponderosa pine (P. ponderosa Dougl. ex Laws.) throughout the CRB

(Furniss and Carolin 1977, DeMars and Roettgering 1982). At low population dengities, the beetle breedsin
scattered trees weakened by fire, wind, lightning, root disease, competition, secondary bark beetles, wood
borers, or other causes (Miller and Keen 1960, Cobb et a. 1974, Goheen and Cobb 1980). Under these
conditions, the defensive capacity of most trees is sufficient to repd bark beetle attacks (Vité 1961, and Wood
1961, Berryman 1972). However, if the beetle population increases or host tree resistance declines, more trees
will be susceptible to attack (Paine et d. 1984). Beetle populations may rise to levels where they are capable
of overcoming the defenses of dmost any host tree. Under favorable conditions, such as extended drought, this
beetle has killed over one million trees and as much as three and one-hdf hillion board feet of timber inasingle
year (Miller and Keen 1960). Mortdity on this scale will greatly impact resource vaues and ecosystem
processes.

The western pine bestles preference for certain types of trees and stands was recognized during efforts
to control outbreaks in the early 1900's (Miller and Keen 1960). Thefirst attempts to manage the beetle
involved various types of direct contral (i.e., reduction of beetle population dengties) primarily the
fdl-pedl- burn technique (Smith 1990). This approach produced inconsistent and often unsatisfactory results.

These early failures simulated research on beetle ecology to

15



provide the basis for developing improved management techniques. Severd studies demondtrated that
the bestle preferred dowgrowing trees, at least under endemic conditions (Person 1928, Miller and
Keen 1960). Based upon this knowledge, severd hazard and risk rating systems were developed to
guide managersin prescribing slvicultura trestments to reduce timber losses (Keen 1936, Sdman and
Bongberg 1942, Smith et d. 1981). These systems involved visudly ng the relative growth vigor
of individua trees based largely upon the size and condition of the crown. Trees that were judged to be
low vigor and, therefore, most susceptible to beetle infestation were selectively removed. Various types
of sanitation/salvage harvesting programs were devel oped based upon these risk rating systems and
landowner objectives. These programs aso recognized the effects of stland density and competing brush
on tree growth and resistance to beetle attack (Smith et a. 1981). Current recommendations for
second-growth stands are to maintain stocking levels between 55 and 70 percent of norma to minimize
susceptibility to beetle attack (DeMars and Roettgering 1982).

Other factors that determine susceptibility to western pine beetle include tree Sze and age. Trees
lessthan 15-18 cm dbh arerarely attacked (Miller and Keen 1960). In old-growth stands, trees
between 50 and 75 cm dbh have the highest probability of infestation (Person 1928). Miller and Keen
(1960) suggested that this diameter preference is related to the period of mogt intense intertree
competition in unmanaged stands. In generd, the western pine beetle infests larger trees than the

mountain pine beetle (Dendroctonus ponderosae Hopkins) (Goheen

16



and Cobb 1980). The relationship between susceptibility to beetle attack and ageis not entirely clear,
but trees under 75-years-old have alower probability of becoming infested than older trees (Miller and
Keen 1960).

The western pine beetle affects many ecologica processes. Since the beetle preferslarge, old,
dow-growing trees, the ponderosa pine component in a stand following an outbresk will be smdler,
younger, and faster-growing. The lower stand dendity may provide space and resources for accelerated
growth of residud trees. on sSites where ponderosa pine is a seral species, the western pine beetle will
facilitate successon to shade-tolerant species. Thiswill magnify the effects of sdective logging and fire
uppression that have aso favored this shift in species compostion. If conversion of these standsto a
serd condition is the management objective, sand densty management around resdud pineswill be
required to minimize stress and reduce the probability of beetle attacks. On sites where ponderosa pine
isaclimax species, the western pine beetle will promote the development of an uneven-aged,
multistoried stand structure. The beetle will periodicaly remove groups of large, dow-growing trees
providing space for regeneration.

The rate a which beetle-killed trees deteriorate depends upon a variety of factorsincuding tree
sze, proportion of heartwood, and prevailing weather (Keen 1955). Needles change color and drop
from the tree bark loosens and fdls, and the branches and main sem gradudly deteriorate and fal to the
ground. Many insects and microorganiams utilize beetle-killed trees and facilitate the decompostion

process (Miller and Keen
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1960). In one study, 85% of beetle-killed trees were standing after 5 years, 40% after 10 years, and
10% after 25 years (Keen 1955). Standing and down trees provide habitat for wildlife (Scott 1978,
Scott 1979, Bull and Partridge 1986), fud for wildfires, and chemica and physica inputsto the soil.
Observations suggest that western pine beetle-caused mortality was higher from 1910 to 1960
than it was from 1960 to 1985, although loss data for this period are inadequate to verify this concluson
(Smith et d. 1990). Possible reasons for the decline in beetle activity include changes in forest
management including use of risk rating and sanitation/salvage harvests, decline in abundance of
old-growth forests, and higher tree resistance resulting from more favorable wegther. It islikely that a
decline in susceptible forest typeis, a least partly, responsible for a reduction in western pine beetle
activity. Fire suppression and sdective logging have converted many seral ponderosa pine stands to more
shade-tolerant species over the last 80-90 years. At the same time, old-growth, climax ponderosa pine
stands have been replaced by dense, second-growth stands that are just beginning to reach susceptible
age and sze classes. In addition, severd root pathogens have increased in abundance as aresult of past
management practices (Hofacker et al. 1991, 1992, 1993, Hessburg et d. 1994). The high incidence of
root disease centers will ensure that endemic beetle populations are dispersed throughout susceptible
forest type. If conditions become favorable for the western pine beetle, these endemic populations will be

able to quickly expand into the surrounding forests. Without management, these stlands will
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eventudly suffer high levels of mortaity from the western pine beetle.
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Columbia River Basin —Panel Species I nformation

Date: 12/21/94 Pandlist: Darel Ross
Species or Species Group:

Dendroctonus brevicomis L econte, Western pine beetle

Geographic Area and/or Habitat Type:

SAF 215, SAF 237

Key Environmental Correlates

1 Ponderosa pine DBH
Categorica
Suitable Categories: (Person 1928, Miller and Keen 1960)

Low suitability: <18 cm
Moderate suitability: 18 cm :< DBH <50 cm
High suitability: >50 cm

Applies seasonaly? No

Theme name: Biogeochemicd Cycles
Attribute: Above Ground Biomass
2. Ponderosa pine age

Categorical

Suitable Categories. (Keen 1936, Miller and Keen 1960)

Low suitability: <75 years
High suitability: >75 years

Applies seasonaly? No

Theme name: Biogeochemicd Cycles
Attribute: Above Ground Biomass
3. Stand basal area

Categorical



Suitable Categories. (DeMars and Roettgering 1982)

Low suitability: <70% of norma stocking
High suitability: >70% of norma stocking

Applies seasonaly? No

Theme name: Biogeochemica Cycles

Attribute: Above Ground Biomass

4, Drought

Categorica

Suitable Categories. (Miller and Keen 1960)
Low suitability: None
Medium suitability: Moderate drought
High suitability: Severe drought

Applies seasonaly? No

Theme name Climate

Attribute: Annud - Tota Precipitation

Key Ecological Functions

1 Alter stand dengity, canopy structure, age distribution, and species composition

2. Increase nutrient cycling
3. I ncrease standing and down woody debris
4. Increase fire hazard

Key Assumptions

Key Unknowns and Monitoring or Resear ch Needs

Although a number of key environmentd corrdates are known for this insect, most of the
research was conducted in old-growth forests (Miller and Keen 1960). There isaneed for research in
second-growth forests to better define the tree, Site, and stand characterigtics that identify high hazard
conditionsin different geographic arees.
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Current aerid survey techniques are inadequate for this insect. This beetle has 2- 3 generations per
year in the CRB, and trees that are attacked late in the summer or fal may not fade until the follwoing spring
or summer. Consequently, there may be a delay in detecting changesin populations. A monitoring technique
that would provide an early warning of increases in the beetle population would be useful for developing
management plans. Pheromones are a potentiad tool that could meet this need.

A more comprehensive list of research needs was recently prepared by the USDA Forest Service,
Nationa Bark Beetle Steering Committee (USDA Forest Service 1993).

Dispersal

Dispersal mode: Adult flight. Beetles are capable of flying a least 3.2 km and and there is some evidence
that beetles have flown asfar as 12.9 km (Miller and Keen 1960).

Requirementsfor dispersal: Temperatures between 10 and 35°C, daylight (Miller and Keen 1960).
Successful dispersd isrelated to the abundance of suitable breeding materid.

Degree of Confidence in Knowledge of Species

Medium to High

Trend

It isdifficult to categorize the regiond trend of the western pine beetle, snce populations may be
increasing, etic, and declining in different areas at the same time. Loca outbresks of varying sizes develop
amog every year. In habitat types where pines are serd species, they are declining in abundance as aresult
of past logging and fire suppression policies. The western pine beetle is currently lessimportant in these
gtuations than it was previoudy. In habitat types where pines are climax species, past logging and fire
suppression have resulted in dense second-growth stands that are highly suitable environments for the
western pine beetle. The high incidence of root disease in these stands aso favors beetle infestations.
Without fire or some other type of stand density management, the beetle populations will periodicaly
remove the largest trees in these stands.

Comments:



Mountain Pine Beetle (Dendr octonus ponder osae Hopkins)

The mountain pine beetle is one of the most important and well-studied forest insectsin the
western United States (Furniss and Carolin 1977, Raffa 1988, Amman 1989a, Wood and Bright 1992).
This beetle has the potentid to kill millions of treesin asingle year and draméticdly dter foret-structure,
composition, and ecosystemn processes. The mountain pine beetle was the focus of some of the first
forest insect control projectsin the Pacific Northwest (Burke 1990, Wickman 1990).

The principa hogts of the mountain pine beetle are lodgepole, ponderosa, western white (P.
monticola Dougl. ex D. Don), sugar (R. lambertiana Dougl.), and whitebark (R. dbicaulis Engedm.)
pines. A number of other species are occasondly infested. Among the principa hosts, lodgepole and
ponderosa pines are the most common. For example, between 1979 and 1983, lodgepole pine
accounted for 95% of al treeskilled by the beetle in the western U.S. and ponderosa pine accounted for
another 4% (McGregor 1985). Because the mgority of mountain pine beetle- caused mortaity occursin
lodgepole and ponderosa pines and most research has been based on populations infesting these tree
species, this report will focus primarily on interactions between the beetle and these hosts. The mountain
pine beetle may be found in association with its hogt trees throughout the CRB.

Although there are many naturd controls that influence mountain pine beetle populations, most

evidence indicates that they are regulated by the availability of food (Amman and Cole
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1983). Hogt availability is determined by the abundance of host tree species, the susceptibility of host
trees, and the beetle population (Raffa 1988). At low population densities, mountain pine beetles infest
individua trees or small groups of trees that are weakened by secondary bark beetles, root or stem
pathogens, or other injuries (Tkacz and Schmitz 1986, Rasmussen 1987, Schmitz 1988, Safranyik 1989).
Under these conditions, the beetle population is insufficient to overcome the resistance of most potentia
host trees. If the beetle population increases or host resistance declines, food will become more abundant
and the beetle population will rise. outbreaks develop when available host trees are both abundant and
high qudity. During outbresks, the beetle population is capable of overcoming the defenses of dmost any
treein the forest.

Certain types of trees, stands, and Sites are more susceptible to beetle infestations than others and
this knowledge has been used to develop a number of hazard and risk rating systems (Amman and
Anhold 1989, Shore et d. 1989, Shore and Safranyik 1992, Schmid et d. 1994). The beetles preference
for large diameter treesiswell known (Hopping and Bedll 1948, Cole and Amman 1969, Sheppard
1966). These trees represent a plentiful and often high quaity food resource (Amman 1969). Large
diameter trees are a prerequisite for the development and maintenance of outbresk populations (Cole and
Amman 1980, Mitchell and Preider 1991). Small diameter trees are attacked when they are in proximity
to other mass-attacked trees, but they are unable to support outbreak populations. In generd, lodgepole

and ponderosa, pineswith dbh >: 23 cm are required to

24



sustain outbresks (Sartwell and Stevens 1975, Mitchell and Preider 1991).

Stand dendty can affect susceptibility to mountain pine beetle infestation in severd ways. At very
high dengities, few, if any, trees will reach the large Szes favored by the beetle and the stand will have a
low probability of infestation (Shore and Safranyik 1992). Thinning stands that have aready reached a
susceptible size often results in alower probability of infestation (Sartwell and Dolph 1976, Cole et dl.
1983, McGregor et a. 1987, Schmid and Mata 1992). This lower susceptibility may be due to increased
resstance of residua trees resuting from less competition for site resources (Schenk et d. 1980, Larsson
et a. 1983, Mitchell et d. 1983, Waring and Pitman 1985, Anhold and Jenkins 1987). However, in some
cases, infetations are unrelated or only weskly related to tree vigor (Amman et d. 1988, Mitchell and
Preider 1991, Preider and Mitchedl 1993). Another possibility is that the microclimate of low dengty
dandsisless favorable for beetle dispersa and colonization (Amman et d. 1988, Amman 1989b, Bartos
and Amman 1989, Schmitz et al. 1989).

Tree ageis related to susceptibility to beetle infestation largely through correlations with tree Sze
and phloem, thickness (Amman et d. 1977). Astrees age, they become larger and often contain thicker
phloem which is more suitable for mountain pine beetle development (Amman 1969, Amman and Pasek
1986). Y oung trees may aso be physiologicaly more resstant to beetle attack than older trees
(Shrimpton 1973). Trees less than 60-years-old are rarely infested. Most infestations occur in stands that

ae
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at least 80-years-old (Sartwell and Stevens 1975, Amman et d. 1977, Shrimpton and Thomson 1983).

Elevation, latitude, and longitude are dso related to susceptibility to beetle infestation. The lower
temperatures a higher eevations delay beetle development so that alarger proportion of the population
overwintersin life sages that are vulnerable to cold winter temperatures (Amman 1973, Amman et d.
1973). Asareault, beetle survivd islow a high evations and risk of tree mortdity is low even when
conditions are otherwise favorable for beetle infestations (Amman and Baker 1972). Moving east or north
affects beetle survival amilarly to an increase in devation (Amman et d. 1977, Shore and Safranyik
1992).

The mountain pine beetle plays a number of important ecologica roles (Amman 1977). By
removing the largest and oldest host trees, the beetle dters stand structure and, in some cases,
composition. Following an outbresk the average age, Sze, and dendty of host trees will be reduced
compared to preoutbreak conditions (Amman and Baker 1972, McCambridge et a. 1982). Also, growth
of surviving host and non-host trees may increase as aresult of reduced competition for Site resources
(Romme et d. 1986, Heath and Alfaro 1990). On sites where lodgepole pine is a serd species, the
mountain pine beetle promotes success on to more shade-tolerant species such as Douglas-fir, Engedmann
spruce, subdpine fir, or grand fir (Cole and Amman 1980). However, if awildfire occursin the fuds
accumulated during a beetle outbreak the stand may be regenerated to lodgepole pine. On sites where

lodgepole pine is an edaphic or topoedaphic
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climax, periodic mountain pine beetle outbreaks will promote the development of an unevenaged,
multistoried stand structure in the absence of high-intengty fires. The mountain pine beetle can have
similar effectsin ponderosa pine forests. Outbreaks sometimes develop in lodgepole pine and spread to
ponderosa pine at lower eevations and whitebark pine at higher devations (Bartos and Gibson 1990,
Burke 1990).

The large quantity of standing and down woody debris following an outbresk will dter nutrient
cycling processes, increase fire hazard, and affect wildlife habitat (McGregor and Cole 1985). Effects on
wildlife habitat can be either positive or negative. For example, an abundance of snags may improve
habitat for cavity-nesting birds, but down trees may impede access for large animals such as deer and
elk. Changesin the structure and compostion of the vegetation will also affect wildlife habitat. Mortdity
in whitebark pine may reduce the seeds available asfood for avariety of wildlife including grizzly bears
(Bartos and Gibson 1990). The quantity and quaity of water yields may be dtered as aresult of
beetle-caused tree mortality, but these effects have not been thoroughly studied. Timber, recreation,
forage, and aesthetic vaues will aso be affected by beetle outbresks.

Mountain pine beetle population trends are difficult to characterize ance populations may be
declining, gtatic, and increasing a the sametime in different areas (Hofacker et a. 1991, 1992, 1993).
Asaresult of fire suppression over the last century, serd stands of lodgepole and ponderosa pines are

being replaced by more shade-tolerant species. If thistrend
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continues, mountain pine beetle outbreaks will become less common in these habitat types (Hessburg et
al. 1994). However, the shade-tolerant trees are suffering widespread mortality from other insects and
pathogens and they may inevitably be converted back to serd pine stands following stand-replacing fires.
In habitat types where pines are climax, conditions are currently ided for the mountain pine beetle. In
many cases, past logging and fire suppression have resulted in dense regeneration that is currently
reaching sizes susceptible to beetle infestation (Hessburg et d. 1994). Recent droughts have further
stressed these dense pine stands alowing beetle populations to reach outbreak dendtiesin some
locations. In short, wherever host tree species of a susceptible Sze occur in dense stands, mountain pine
beetle populations will increase and remain at high densities as long as food is aundant and climatic

conditions are favorable.
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Columbia River Basin - Panel Species|nformation

Date: 12/21/94 Panelist: Darel Ross
Speciesor Species Group:

Dendroctonus ponderosae Hopkins, Mountain pine beetle

Geographic Area and/or Habitat Type:
SAF 208, SAF 212, SAF 215, SAF 218, SAF 237

Key Environmental Correlates

1. L odgepole or ponderosa pine DBH
Categorical
Suitable Categories. (Sartwell and Stevens 1975, Amman and McGregor 1985, Mitchell and Preider 1991)

Low suitability: <23 cm
High suitability: >23 cm

Applies seasondly? No

Theme name: Biogeochemica Cydes

Attribute: Above Ground Biomass

2. L odgepole or ponderosa pine age

Categorical

Suitable Categories: (Amman et a. 1977, Sartwell and Stevens 1975, Shore and Safranyik 1992)

Low suitahility: <60 years
Medium suitability: 61-80 years
High suitability: >80 years

Applies seasondly? No

Theme name: Biogeochemicd Cycles
Attribute: Above Ground Biomass
3. Stand basal area

Categorical



Suitable Categories. (McGregor et d. 1987, Schmid and Mata 1992)

Low suitability: <27.6 m2/ha
High suitability: >27.6 m2/ha

Applies seasondly? No
Theme name: Biogeochemicd Cycles
Attribute: Above Ground Biomass
4. Location (Y), where Y =[24.4L ongitude]-[121.9L atitude] [ Elevation(m)] +[4545.1]
Categoricd
Suitable Categories: (Shore and Safranyik 1992)
Low sutability: <-500
Medium suitability: O>Y>-500
High suitability: >O
Applies seasondly? No

Theme name: Biophysicd, Subsection

Attribute: Physography - Elevation Range

Key Ecological Functions
1 Alter sand dengity, canopy structure, age distribution, and pecies composition
2. Increase nutrient cycling
3. Increase sanding and down woody debris

4. Increase fire hazard

Key Assumptions

Thisandysisis based upon studies of the beetle in association with lodgepole and ponderosa
pines. Presumably, smilar relationships exist with other host tree species, but datais not currently available
to verify this assumption. Furthermore, most research has been conducted in unmanaged stands. This
andyss assumesthat amilar rdaionships are likely to occur in managed stands.



Key Unknownsand Monitoring or Research Needs

Although a number of key environmenta correlates are known for thisinsect, there are gpparently
significant geographic variations (Amman and Anhold 1989, Shore et d. 1989). Research is needed to further
develop and test hazard/risk rating systems that more accurately define the relationships among the bestle,
host trees, and environment.

A more comprehengive list of research needs was recently prepared by the USDA Forest Service,
Nationa Bark Beetle Steering Committee (USDA Forest Service 1993).

Dispersal

Disper sal mode: Adult flight.

Requirementsfor dispersal: Temperatures between 16 and 30°C (Gray et d. 1972). Daylight. Successful
dispersd isrelated to the abundance of suitable breeding materid.

Degree of Confidence in Knowledge of Species

Medium to High

Trend

It isdifficult to categorize the regiond trend of the mountain pine beetle, Snce populations may be
increasing, static, and declining in different areas at the same time. Local outbreaks of varying sizes develop
every year. In habitat types where pines are serd species, they are declining in abundance as a result of past
logging and fire suppression policies. The mountain pine beetle is currently less important in these Stuations
than it was previoudy. In habitat types where pines are climax species, past logging and fire suppresson have
resulted in dense second-growth stands that are highly suitable environments for the mountain pine beetle.
Without fire or some other type of sand density management, the beetle populations will periodicaly remove
the largest trees in these stands.

Comments:
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Douglas-fir Beetle (Dendroctonus pseudotsugae Hopkins)

The Douglas-fir beetle is found throughout the range of Douglas-fir in the CRB (Furniss and

Carolin 1977). The beetle occassiondlly attacks western larch (Larix occidentalis Hook) growing in

association with Douglas-fir, but brood survives only in dead larch (Ross 1967, Furniss et d. 1981). As
with other bark beetles, the population dynamics of thisinsect are closdy associated with the availability
and suitablility of breeding sites. At low population densities, the beetle breeds in recently dead trees or
living trees with alimited defensive cgpacity such as those damaged by root pathogens, lightning, fire,
wind, snow and ice, or logging activities (McMullen and Atkins 1962, Rudinsky 1963, Rudinsky 1966).
Aslong as suitable breeding materid is sparse, the population is likely to remain stable because of high
adult mortality during dispersal and colonization and high larva mortaity resulting from competition for
limited food (McMullen and Atkins 1961). If suitable breeding materia becomes abundant as a result of
fire, snow or ice sorms, windstorm, drought, competition, insect defoliation, logging activities or other
causes, the beetle population may increase rapidly (Furniss 1965, Furniss et a. 1979, Wright et a. 1984).
At high dengties, the beetle is cgpable of atacking and successfully breeding in hedthy trees aswell as
dead and stressed trees (Rudinsky 1966, Johnson and Belluschi 1969). Under such conditions, the beetle

can dramaticaly dter forest structure, composition, and ecological processes.
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Severd tree, stand, and Site characteristics determine the suitability of an environment for the
Douglas-fir beetle. The beetle preferentidly attacks large diameter trees (Knopf and Pitman 1972, Pitman
1973, Baker and Trostle 1973, Ringold et d. 1975). Trees under 25 cm dbh are rarely attacked unlessthey
are in close proximity to other mass-attacked trees. The probability of infestation increases up to about 50
cm dbh beyond which dl trees are equaly susceptible (Baker and Trostle 1973). Treeageisdso an
important factor determining host tree suitability. Treesless than 80-years-old are highly resistant to attack
and those over 120-years-old are the most susceptible (Furniss et d. 1981). In addition to tree size and
age, sand dengity and percent composition of Douglas-fir are correlated with the probability of infestation.
Stands with at least 80% of norma stocking and composed of over 50% Douglas-fir have the highest
probability of infestation (Williamson and Price 1971, Furniss et d. 1981, Weatherby and Thier 1993). In
summary, dense stands with alarge component of mature Douglas-fir are the preferred habitat of the
Douglas-fir beetle. These are the types of stands most likely to experience tree mortaity following
disturbances that dlow Douglas-fir beetle populations to increase.

The Douglas-fir beetle plays a number of important ecologica roles, athough little research has
been conducted to quantify these effects. Since the beetle sdlectively removes the large, old Douglas-fir
trees from infested stands, it dters stand dengity, canopy Structure, pecies composition, age class
distribution, and successiond processes. Following a Douglasfir beetle infestation, the mean size and age of

the Douglas-fir



component of astand will likely be reduced compared with preoutbreak conditions. Infested trees occur in
groups as aresult of the beetles system of aggregation and antiaggregation pheromones (Pitman and Vité
1970, Kinzer et d. 1971, Furniss et d. 1972, Rudinsky et al. 1972, Pitman 1973). The groups or spots
may range in Sze from severd to severa hundred trees depending upon initid stand structure and
composition and beetle population densities (Furniss et a. 1979). Consequently, beetle activity produces
canopy gaps of varying sizes. These gaps will be occupied by trees, brush, or herbaceous vegetation
depending upon the composition of the understory and nearby vegetation. On sites where Douglas-fir isa
seral species, beetle-caused mortality may accelerate succession to shade tolerant climax species such as
grand fir. On stes where Douglas-fir is dimax, beetle-caused mortdity may perpetuate Douglas-fir
dominance or create openings for the establishment of shade intolerant early seral species such as
ponderosa pine and western larch. In dl habitat types, the beetle- caused mortdity may provide fud for
wildfires that return the stand to an early serd sage.

In the absence of fire, beetle-killed trees gradually deteriorate and eventudly fal to the ground. The
standing and down trees provide habitat for many wildlife species and help to maintain Ste productivity
through effects on soil structure and nutrient content. Douglas-fir beetles introduce avariety of
microorganisms into infested trees that facilitate the decomposition process (Rumbold 1936, Lu et d. 1957,
Borden and McClaren 1970, Cagtello et d. 1976, Harrington et a. 1981). In addition, many other

arthropods follow the Douglas-fir beetle



utilizing different portions of the dead stem and inoculating other microorganisms. The Douglas-fir beetle
begins a successiond process involving many species of arthropods and microorganisms that eventudly
resultsin the complete deterioration and recycling of the dead tree (Kimmey and Furniss 1943, Wright and
Harvey 1967). The deterioration process occurs a adower rate if the Douglas-fir beetle and associated
arthropods are excluded from dead bole sections (Edmonds and Eglitis 1989).

Past logging has removed much of the mature Douglas-fir from the forestsin the CRB. The
remaning mature Douglas-fir occur primarily in inaccessble or protected stands such asriparian zones. In
general, compared to presettlement, conditions Douglas-fir beetle populations are probably lower now due
to the lower abundance of mature trees. However, these existing stands of mature Douglas-fir may suffer
high mortality when local beetle populations increase following disturbance. Drought, defoliation, root
disease, and large wildfires throughout the CRB over the last severd years has resulted in high Douglas-fir
beetle populations in many locations (Hofacker et d. 1993). Fire suppression during the last century has
increased the abundance of immature Douglas-fir throughout this region. As these Douglas-fir grow into
susceptible size classes, Douglas-fir beetle activity will increase (Hessburg et d. 1994).

Although Douglas-fir beetle outbreaks often follow some natural or human-caused disturbance that
creates an abundance of suitable breeding dtes, they are not entirely predictable. Other factors such as

westher conditions following the



disturbance can limit the growth of beetle populations (Furniss 1965, Johnson 1967, Johnson and Belluschi
1969). It would be helpful for management purposes to have an early indicator of changesin beetle
population dengties. The traditional aeria surveysthat are conducted annualy in the western U.S. are of
limited vaue with the Douglas-fir beetle. Trees that are mass attacked in the spring or early summer may
remain green and undetectable from the ar until the following summer or fal, after the brood has emerged
and dispersed (Belluschi and Johnson 1969). Pheromones or remote sensing are potentia tools that could

be used to develop new monitoring systems for the Douglas-fir beetle.



Columbia River Basin - Panel Species|nformation

Date: 12/21/94

Speciesor Species Group:

Dendroctonus Pseudotsugae Hopkins, Douglas-fir begtle

Geographic Area and/or Habitat Type:

SAF 206, SAF 210, SAF 213, SAF 237

Key Environmental Correlates

Darrdl Ross

1 Douglas-fir DBH

Categorical

Suitable Categories. (Baker and Trostle 1973, Furniss et a. 1981, Weatherby and Thier 1993)

Low suitability: <25 cm
Medium suitability: 25-40 cm
High suitability: >40 cm
Applies seasonaly? No
Theme name: Biogeochemica Cycdles
Attribute: Above Ground Biomass
2. Douglas-fir age
Categorical

Suitable Categories. (Furnisset d. 1981)
Low suitability: <80 years
Medium suitability: 80-120 years
High suitability: >120 years

Applies seasonaly? No

Theme name: Biogeochemica Cydes

Attribute: Above Ground Biomass

3. Stand basal area

Categorical
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Suitable Categories. (Williamson and Price 1971, Furnisset d. 1979, Furniss et d. 1981)

Low suitability: <80% of norma stocking
High suitability: >80% of norma stocking

Applies seasonaly? No
Theme name: Biogeochemica Cycles

Attribute: Above Ground Biomass
4, Percentage of total basd areain Douglas-fir

Categorical

Suitable Categories:  (Furniss et a. 1979, Westherby and Their 1993)
Low suitability: <25%
Medium suitebility: 25-50%
High suitebility: >50%

Applies seasonally? No

Theme name: ?

Attribute: ?
5. Drought
Categorical

Suitable Categories. (Furniss et al. 1981)
Low suitability: None
Medium suitability: Moderate drought
High suitability: Severe drought

Applies seasondly? No. Although seasona or temporary droughts may affect Douglas-fir beetle
populations, extended droughts lasting one to severd years have afar greater impact.

Theme name Climete

Attribute: Annud - Total Precipitation
6. Fire

Categorical

Suitable Categories.  (Furniss 1965, Furniss et a. 1981)
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Low suitability: None to afew recently fire injured Douglasfir >30 cm DBH within 10 km
Medium suitability: Moderate number of recently fire injured Douglas-fir >30 cm DBH within
10 km
High suitability: Large number of recently fire injured Douglas-fir >30 cm DBH within 10 km
Recently fire injured = less than 3-year-old injury.

Theme name Digturbance - Fire Locations

Attribute: Date
SzeClass

7. Wind damage
Categroica
Suitable Categories: (Johnson and Belluschi 1969, Furniss et al. 1981)
Low suitability: None to afew wind damaged Douglas-fir >30 cm DBH within 10 km
Medium suitability: Moderate number of wind damaged Douglagfir >30 cm DBH within 10
High ajilt(;n:)ility: Large number of wind damaged Douglas-fir >30 cm, DBH within 10 km
Theme name: Disturbance - Weather (Historic)
Attribute: Wind — Extreme
8. Defoliation
Categorical
Suitable Categories. (Wright et a. 1984)
Low suitability: Noneto light Douglas-fir defoliation (<60%)
Medium suitability: Moderate Douglas-fir defoliation (60-90%)
High suitability: Heavy Douglas-fir defoliation (>90%)
Defoliation within the last two years.
Theme name: Disturbance - Insect/Disease/Pest (Historic)
Attribute: Period

Severity
Agent
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Key Ecological Functions

1. Alter stand density, canopy structure, age distribution, and species composition

2. Increase nutrient cycling
3. Increase standing and down woody debris
4. Increase fire hazard

Key Assumptions

Key Unknownsand Monitoring or Research Needs

Although anumber of key environmentd corrdates are known for thisinsect, the threshold levels for
some factors have not been precisdly defined and the interactions among factors are not entirely clear.
Further research is needed to develop hazard/risk rating systems that more accurately define the relationships
among the beetle, host trees, and environment. These studies should be conducted in different regions of the
CRB snce the rdaionships are likely to vary geographicaly.

Current approaches to monitoring the Douglas-fir beetle rely on aeria sketch mapping and ground
reconnaissance. These methods depend upon reedily visble symptoms of infestation, primarily the fading
crowns of infested trees. Unfortunately, the crowns of infested trees may not fade for 12 months or longer
after the initia attack depending upon wesather conditions. By the time crown symptoms become apparent,
the brood has usudly |eft the infested tree in search of new breeding sites. Consequently, with currently
available methods, there is usualy adelay of at least one year in detecting large changesin beetle
populations. New methods of detecting changes in beetle populations are needed to provide early warnings
of incipient outbresks. Potentia tools include remote sensing and pheromones combined with GIS.

A more comprehensive list of research needs was recently prepared by the USDA Forest Service,
Nationa Bark Beetle Steering Committee (USDA Forest Service 1993).

Dispersal

Disper sal mode: Adult flight. These beetles are strong fliers cgpable of initid flights of up to 15 km. They
may disperse 15-30 km per day for severd days (Atkins 1961).



Requirementsfor dispersal: Exposure to cold temperatures to terminate digpause (Ryan 1959).

Temperatures above 180C in the spring. Daylight. Wind speed less than 5 m.p.h. (Rudinsky 1963).
Successful dispersdl is related to the abundance of suitable breeding materid.

Degree of Confidence in Knowledge of Species

Medium to High

Trend

It isdifficult to categorize the regiond trend of the Douglas-fir beetle. Local outbresks of varying
sizes develop dmost every year usudly in association with some type of disturbance (i.e., wind storm, fire,
snow and ice damage, insect defoliation, etc.). At the same time, other populations may be declining.
However, asaresult of the recent droughts, defoliation, and large fires, the generd trend of Douglas-fir
bestle populations throughout the CRB has been increasing for the last severd years. With the abundance of
immature Douglas-fir resulting from past fire suppression, beetle populations will likely increase in the future
as these trees reach susceptible size classes.

Comments:
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Spruce Beetle (Dendr octonus rufipennis (Kirby))

The spruce beetle can be found throughout the CRB infesting Engel mann spruce (Furniss and
Carolin 1977, Holsten et d. 1991). Thisisthe only host for this beetle in the CRB. Spruce beetle
populaion dynamics are closdy tied to the availability and suitability of breeding materid. Endemic
populations persist in scattered individua or small groups of treesthat are stressed or have recently died
(Schmid and Frye 1977, Safranyik 1988). Windthrown trees are idedl breeding sites because they have
little or no defenses (Berryman 1972) and provide protection from severa important natura controls
(Schmid 1981). If suitable breeding materia becomes abundant, the beetle population may increase rapidly
to dengties that are capable of attacking and killing hedthy trees. Outbreaks of various sSzes have
devel oped following windstorms and logging operations that resulted in an abundance of high quadlity food
for the beetle population (Fitzgerad 1954, Massey and Wygant 1954, McCambridge and Knight 1972).
During severe outbreaks as much as 80-90% of the overstory may be killed in some stands. Ore of the
largest recorded outbreaks in the western United States occurred in Colorado and-resulted in an estimated
mortality of 3.8 billion board feet of Engelmann spruce timber (Schmid and Frye 1977).

Certain types of stands are more susceptible to the spruce beetle than others (Schmid and Frye

1976). Stands with large diameter trees (>41 cm.), high basal area (>34 M2/ha), large percent
composition of Engelmann spruce in the overstory (>65%), and growing on high qudity Stes are the most

suceptible to

&



beetle infestation. The smdl size and short duration of an outbreak in Colorado was attributed, in part, to
thelack of large diameter treesin the infested stands (McCambridge and Knight 1972). Siteswith
wedl-drained soil in creek bottoms seem to be particularly susceptible in the Rocky Mountains. Slow tree
growth is dso associated with a high probability of infestation (Hard 1985). In the Rocky Mountains,
sands with average diameter growth less than 1 mm during the last ten years are most susceptible to
outbresks (Schmid and Hinds 1974).

Spruce beetle outbresks have the potentia to sgnificantly modify stand structure, composition,
and ecological processes. The magnitude of these effects depends upon preoutbresk stand conditions and
the severity of the epidemic. The most obvious effect of beetle-caused mortaity isto reduce stand densty.
Mortality may range from scattered trees to amost complete remova of the overstory. Because the
beetles selectively remove the large, old trees, the average and maximum tree Size and age are usudly
reduced during an outbreak (Schmid and Frye 1977, Veblen et d. 1991). Spruce beetle- caused mortaity
ismost often followed by arelease of codominant or understory trees rather than establishment of
regeneration (Miller 1970, Veblen et a. 1991). Sdvage logging activities that destroy advanced
regeneration and cause soil disturbance may result in some seedling establishment (Schmid and Hinds
1974). However, logging may aso result in dense herbaceous vegetation that will inhibit conifer surviva
and growth in the absence of vegetation management. Where Engelmann spruce exists as aserd species

in mixed conifer stands, spruce beetle- caused mortaity will promote



succession to more shade-tolerant serd or climax species such as Douglas-fir, grand fir, subdpinefir,

western redcedar (Thuja plicata Donn), and western hemlock (Tsuga heterophylla (Raf.) Sarg.) (Franklin

and Dyrness 1973). In some habitat types, Engelmann spruce may exist as a co-dimax with subdpine fir.
On these gites, the combined effects of the spruce beetle and the western balsam bark beetle

(Dryocoetes confusus Swaine), a species that attacks subal pine fir (Molnar 1965), may result in

dternating periods of dominance by spruce and fir until a standreplacing fire converts the sand to an
early successonal stage (Schmid and Hinds 1974, Aplet et d. 1988, Veblen et d. 1991).

Beetle- caused mortdity affects many other resources and processes. Following an outbreak,
thereis an increase in standing and down woody debris. However, the increase in fire hazard is not as
great asin other forest types because Engelmann spruce typically occurs on cool, moist Steswith
generdly low fire hazard (Schmid and Hinds 1974, Schmid and Frye 1977). Snagsfal at areativey
dow rate due to the limited decomposition of standing dead spruce. After 25 years, 85 percent of
beetle-killed spruce were gill standing in Colorado (Mielke 1950). Decomposition is much more rapid
after the trees fall to the ground (Hinds et d. 1965). The rapid decompaosition of downed trees may
contribute to the apparent low fire hazard in beetle-killed spruce stands. Streamflow may increase for as
much as 25 years after a beetle outbreak due to reduced interception and evapotranspiration (Love
1955, Bethlahmy 1975).

The effects of changes in stland structure and composition on wildlife can be either positive or

negetive depending upon the



habitat requirements of each species (Schmid and Frye 1977). For example, deer and ek may initialy
benefit from an increase in forage, but as trees begin to fdl their movement through affected stands may be
restricted. Woodpecker populations may increase during an outbreak in response to the abundant supply
of insect prey (Koplin 1969). However, as insect popul ations decline, food will become limiting and
woodpecker populations will decline also, despite the abundance of nest Sites. Squirrels that feed heavily
upon spruce seed may suffer from a decline in available food following beetle outbresks (Schmid and
Frye 1977). Many other wildlife species are impacted by spruce beetle-caused changes in forest Sructure
and composition.

It isdifficult to categorize regiond trends in oruce beetle populations, since they may be declining,
datic and increasing a the sametime in different areas (Hofacker et a. 1991, 1992, 1993). On Sites
where spruceis a seral species, the beetle will periodicdly attack the largest trees as they become
weakened by competition and root disease (Hessburg et a. 1994). In the absence of large scde
disturbances such asfire, soruce will gradually become less ‘abundant on these sites and the beetle will be
less important. Continuing fire suppression may dlow spruce-fir climax to expand in some areas (Romme

and Knight 1981) resulting in an increase in spruce beetle populations.



Columbia River Basin - Pandl Species I nfor mation

Date: 12/21/94 Panelist:
Speciesor Species Group:

Dendroctonus rufipennis (Kirby), Spruce beetle,

Geographic Area and/or Habitat Type:
SAF 206, SAF 218

Darrdl Ross

Key Environmental Correlates
1. Enge mann spruce DBH
Categorical
Suitable Categories: (Schmid and Frye 1976)

Low suitability: <30 cm
Medium suitahility: 30-41cm
High suitability: >41 cm

Applies seasondly? No

Theme name: Biogeochemicd Cycles
Attribute: Above Ground Biomass

2. Physiographic location

Categorical

Suitable Categories: (Schmid and Frye 1976)

Low suitebility: gpruce on Steswith Sl of 40 to 80
Medium suitability: Spruce on Siteswith Sl of 80 to 120
High suitability: gpruce on well-drained Sitesin creek bottoms

Siteindex in feet, base age 100 years (Alexander 1967)
Applies seasondly? No
Theme name: Biogeochemical Cycles
Attribute: Net Primary Production
3. Stand basal area
Categorical



Suitable Categories: (Schmid and Frye 1976)

Low suitebility: <23 mé/ha
Medium sitability: 23 M2/ha< basal area< 34 m2ha
High suitability: >34 M2/ha

Applies seasondly? No
Theme name: Biogeochemica Cycles

Attribute: Above Ground Biomass
4, Percentage of total basa areain Engdmann spruce
Categorical

Suitable Categories. (Schmid and Frye 1976)

Low suitability: <50%
Medium suitability: 50% < % basal area < 65%
High suitability: >65%

Appliesseasondly?  No
Themename  ?

Attribute: ?
5. Wind damage
Categroical

Suitable Categories. (Schmid and Frye 1977)

Low suitability: None to afew wind damaged spruce >30 cm DBH within 10 km
Medium suitability: Moderate number of wind damaged spruce >30 cm DBH within 10 km
High suitability: Large number-of wind damaged spruce >30 cm DBH within 10 km

Theme name: Disturbance - Weather (Historic)

Attribute Wind - Extreme

Key Ecological Functions

1 Alter stand dendty, canopy structure, age distribution, and species composition

2. Increase nutrient cycling
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3. Increase standing and down woody debris
4. Increase streamflow

5. Increase fire hazard

Key Assumptions

Most research with the spruce beetle has been conducted in the central Rocky Mountains, Alaska,
and Canada. Thisandysisis based largely upon research from the Rocky Mountains and assumes that the
beetle behaves smilarly throughout the CRB.

Key Unknowns and Monitoring or Resear ch Needs

Current approaches to monitoring the spruce beetle rely on aeria sketch mapping and ground
reconnaissance. These methods depend upon readily vishle symptoms of infestation, primarily the fading
crowns of infested trees. Unfortunately, the crowns of infested trees may not fade for 1-2 years after the
initid attack depending upon weether conditions. By the time crown symptoms become apparent, the brood
has usudly left the infested tree in search of new breeding Stes. Consequently, with currently available
methods, there is usudly adelay of at least one year in detecting large changes in beetle populations. New
methods of detecting changesin beetle populations are needed to provide early warnings of incipient
outbresks. Potentia tools include remote sensing and pheromones combined with GIS.

A more comprehensive list of research needs was recently prepared by the USDA Forest Service,
Nationa Bark Beetle Steering Committee (USDA Forest Service 1993).

Dispersal

Dispersal mode: Adult flight. These beetles are strong fliers cgpable of initid flights of up to 11 km. Fidd
observations suggest that they may digperse as much as 24-48 km from the site of emergence (Schmid and
Frye 1977).

Requirementsfor dispersal: Exposure to cold temperatures to terminate diapause (Safranyik 1988).

Temperatures above 13-16°C in the spring (Schmid and Frye 1977, Safranyik 1988). Daylight. Successful
dispersd isrelated to the abundance of suitable breeding materid.

Degree of Confidence in Knowledge of Species

Medium to High



Trend

It isdifficult to categorize the regiona trend of the spruce beetle. Within the CRB, populations are
declining, atic, and increasing in different areas. Severd areas experienced severe outbresksin the late
1980's and early 1990's (Hofacker 1990, 1991, 1992). Local outbreaks of varying sizes develop
frequently in association with some type of disturbance (i.e., wind storm, fire, snow and ice damage, €tc.).
Engdmann spruce occurs as along-lived serd or climax species throughout most of its range. Continuing
fire suppression should lead to a greater abundance of spruce and, therefore, spruce beetle. The increasing
incidence and severity of root disease in spruce forests (Hessburg et a. 1994) will aso favor the spruce
beetle.

Comments
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Fir Engraver (Scolytus ventralisL eConte)

The principa hogts of the fir engraver are grand fir, white fir (A. concolor (Gord. and Glend.) Lindl.
ex Hildebr.), and Cdiforniared fir (A. magnificaA. Murr.) (Ferrell 1986a). The range of the fir engraver
includes the combined ranges of these three host species. The latter two species are primarily distributed
outsde of the CRB. White fir can be found to alimited extent in the southeast and southwest corners of the
CRB. Therange of Cdiforniared fir includes the extreme southwest corner of the CRB. Consequently,
within the CRB, grand fir is the most abundant hogt of the fir engraver.

The primary factor regulaing fir engraver populaionsis the availability and suitability of hogts
(Ashraf and Berryman 1969, Berryman 1973, Berryman and Ferrell 1988). Endemic populations are
restricted to trees that have recently died or living trees with limited defenses. Trees that are infected with
root pathogens (Cobb et a. 1974, Hertert et d. 1975, Lane and Goheen 1979) or mistletoe

(Phoradendron bolleanum subsp. pauciflorum) (Fdlix et d. 1971, Ferrel 1974) are particularly susceptible

to beetle infestation. If host availability increases as a result some disturbance that reduces tree resistance,
the beetle population may increase rapidly and kill large numbers of trees (Berryman 1973, Ferrdl and Hall
1975, Wright et a. 1984). For example, the fir engraver killed over one million trees in northern Cdifornia

from 1977 to 1978 (Ferrell 19864).



A number of tree, stand, and Site characteristics have been associated with fir engraver infestations.
In addition to the pathogens mentioned previoudy, other factors that increase susceptibility to fir engraver
include defoliation (Wright et . 1984), drought (Ferrell 1973a, Ferrell and Hall 1975), and competition
(Schenk et a. 1977). All of these disturbances cause a decline in tree growth which gpparently coincides
with alower threshold of resistance to beetle attack (Ferrell 1973ab, Ferrell and Hall 1975, DeMars et d.
1988, Filip et.d. 1989). The relationship between gpparent tree vigor and susceptibility to beetle infestation
has been used to develop risk rating systems based upon the size and condition of the crown (Ferrell 1980,
1989). Trees growing on xeric Stes are particularly susceptible to beetle infestation because drought
conditions occur more frequently on these sites (Ferrell 1973b, Schenk et a. 1976, Mahoney et a. 1979,
Ferrell 1986b). Trees growing in stands with a large component of the host species are more likely to
become infested than those growing in more diverse stands (Schenk et a. 1977). Thisis probably related
to the switching process associated with the pheromone system that resultsin the infestation of groups of
adjacent trees (Ferrdll 1971). In mixed species stands, the greater distance between host trees may
interfere with this process and increase dispersd mortdity. Large amounts of logging dash can provide
abundant and highly suitable breeding sites that alow beetle populations to increase to high dengties

(Ferrel 1973b). The emerging brood may then attack live treesin the surrounding forest.
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The fir engraver may affect many ecologica processes, dthough these effects are not well
documented by research. Because the fir engraver reduces stand density and sdlectively removes the
dowest growing trees, the average growth rate of individua trees may increase following an outbresk. Asa
result of the beetles aggregation pheromone, trees are killed in groups. The number and size of these groups
depends upon the dengty of the beetle population and the relative susceptibility of the host trees. These
openings may be beneficid or detrimenta to wildlife depending upon their specific habitat requirements.
Unlike some other bark beetles, the fir engraver may produce successful brood without killing the host tree.
In these cases, the beetle infestation may kill the top of the tree or a patch of cambium on the bole (Ferrell
19864). These injuries may facilitate infection by stem decay fungi (Ferrell 1973, Filip and Schmitt 1990).
Trees with dead or deformed tops and stem decay are required by some wildlife such as cavity-nesting birds
(Scott et a. 1977, Daviset a. 1983).

The standing dead and down trees resulting from fir engraver infestations may increase fire hazards.
However, truefirs decay quickly (Kimmey 1955) so increases in fire hazard will be temporary. The removal
of aportion of the forest canopy and increased input of dead trees will undoubtedly affect hydrologic and
nutrient cycling processes to some extent, although these effects have not been studied.

Fir engraver populations are currently increasing, satic, and declining in different portions of the

CRB (Hofacker et a. 1991, 1992, 1993, Hessburg et a. 1994). The present stand
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conditions suggest that the fir engraver will continue to be amgjor disturbance agent in the CRB for a least
severd decades. Fire suppression has increased the abundance of true firs throughout the CRB including
many xeric sites that hitoricaly supported ponderosa pine stands. Many of the true fir stands are suffering
from competition, drought, and defoliation. Root pathogens are aso at epidemic levelsin many stands
(Hessburg et d. 1994) and true firs are among the most susceptible conifersin the CRB (Hadfield et dl.
1986). These areided conditions for the fir engraver. A number of fir engraver outbreaks have occurred in

recent years and others will surely occur in the future as long as these stand conditions exist.



Columbia River Basin - Panel Species Information

Date: 12/21/94 Pandlist:

Species or Species Group:

Scolytus ventralis LeConte, Fir engraver

Geographic Area and/or Habitat Type:

SAF 207, SAF 205, SAF 211, SAF 213

Darrdl Ross

Key Environmental Correlates
1. Stand basal area
Categorical
Suitable Categories.

Low suitability: Low density (<75% of normal stocking?)
High suitability: High dengity (>75% of norma stocking?)

Applies seasonally? No
Theme name: Biogeochemica Cycles

Attribute: Above Ground Biomass
2. Percentage of total basd areain true fir

Categorical

Suitable Categories. (Schenk et d. 1977)

Low suitability: <65%
High suitability: >65%

Applies seasonally? No
Theme name: ?

Attribute ?

3. Drought
Categorical

Suitable Categories.  (Ferrdl 1973, Ferrdl and Hall 1975)
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Low suitability: Current and preceding years precipitation < 11% below normal or spring
precipitation <32% below normal

High suitability: Current and preceding years precipitation > 11% below normal or spring
precipitation >32% below normal

Applies seasonaly? Yes.

Theme name: Climate

Attribute: Annud - Total Precipitation

4. Site xericity

Categorical

Suitable Categories. (Schenk et a. 1976, Mahoney et a. 1979, Ferrell 1986b)

Low suitability: Mesic Sites
High suitability: Xeric Sites

Theme name: Climate

Attribute: Annud - Tota Precipitation

5. Root disease

Categroical

Suiteble Categories.  (Cobb et a. 1974, Hertert et a. 1975, Lane and Goheen 1979)

Low suitability: None to low incidence of root disease
Medium suitability: Moderate incidence of root disease
High suitability: High incidence of root disease

Themename Digturbance  Insect/Disease/Pest (Historic)

Attribute: Severity
Agent

6. Crown condition
Categorical
Suiteble Categories.  (Ferrel| 1980, 1989)

Low suitability: >40% live crown, none to few dead branches

Medium suitability: >40% live crown, moderate to high number of dead branches or <40% live
crown, none to few dead branches

High suitability: Large number of dead branches, highly ragged crown, or very smdl live crown

Theme name: ?



Attribute: ?

7. Defoliation

Categorical

Suitable Categories: (Wright et a. 1984)
Low suitability: Noneto light fir defoliation (<60%)
Medium suitability: Moderate fir defoliation (60-90%)
High suitability: Heavy fir defoliation (>90%)

Defoliation within the last two years.

Theme name: Disturbance - Insect/Disease/Pest (Historic)

Attribute: Period

Severity
Agant

Key Ecological Functions

1 Alter stand density, canopy structure, age distribution, and species composition

2. Increase nutrient cycling

3. Increase standing and down woody debris

4. Increase fire hazard

5. Increase incidence of stem decay in host tree species

Key Assumptions

Key Unknowns and Monitoring or Resear ch Needs

Although a number of key environmental correlates are known for thisinsect, the threshold levels for
some factors have not been precisely defined and the interactions among factors are not entirely clear. The
hazard and risk rating models that have been developed are limited geographicaly and to certain types of
stands. Further research is needed to develop hazard/risk rating systems that more accurately define the
rel ationships among the beetle, hogt trees, and environment. These studies should be conducted in different

regions of the CRB dnce the rdationships are likely to vary geographicaly.

Current gpproaches to monitoring the fir engraver rely on aerid sketch mapping and ground

reconnai ssance. These methods



depend upon readily visble symptoms of infestation, primarily the fading crowns of infested trees. The fir
engraver sometimes kills only portions of the cambium which may or may not produce visible crown
symptoms. Currently available methods of monitoring the fir engraver are inadequate. New methods of
detecting changes in beetle populations are needed to provide early warnings of inapient outbresks. The
aggregation pheromone for the fir engraver has not yet been identified. If this pheromone were known, it
would provide a vaduable tool for developing new monitoring techniques.

A more comprehensgive list of research needs was recently prepared by the USDA Forest Service,
National Bark Beetle Steering Committee (USDA Forest Service 1993).

Dispersal
Dispersal mode: Adult flight.

Requirementsfor dispersal: Temperatures above 249C in the spring. Daylight. Hight decreases with
increasing wind speed. Successful dispersd is related to the abundance of suitable breeding materia
(Ashraf and Berryman.1969, Ferrell 1971, Berryman and Ferrell 1988).

Degr ee of Confidence in Knowledge of Species
Medium

Trend

It isdifficult to categorize the regiond trend of the fir engraver. Populations are increasing, datic,
and declining in different portions of the CRB (Hofacker 1991, 1992, 1993). However, as aresult of
recent droughts and defoliation, fir engraver populations have been at high levels in some areas (Hessburg
et d. 1994). Fire suppression has dlowed dense stands of true fir to develop throughout the CRB including
Stesthat are a the dry end of the ecologica range for these species. Many of these stands are highly
susceptible to the fir engraver due to dense stocking and abundant root disease. It seems likdly that fir
engraver populations will remain a high levels for some time given the current composition and age
sructure of forests within the CRB.

Comments:

57



Functional Group Assessments

In addition to the six species discussed in the first part of this report, there are alarge number and
variety of arthropods that feed on or within tree boles and branches (Furniss and Carolin 1977, Coulson and
Witter 1984). Each speciesisinvolved in various ecologica processes and isimportant to the normal
functioning of the forest ecosystem in which it isfound. Unfortunately, most species have been sudied very
little or not at al. For the mgority of species, it is not possible to discuss their digtributions, habitat
associaions and requirements, functiond roles in the ecosystem, sengtivity to disturbance, or trendsin
populations in any more than very generd terms. Attempting to cover these species by categorizing them into
functiona groups aso presents problems. An andysis of functiond groups by habitat conditionsfor dl bole
and branch herbivores would generate an extremely large matrix and the data for many cellswould be
limited or non-existent. Instead, | have chosen to discuss three broad functional groups without regard to
habitat conditions. Representatives of each group can be found in each forest cover type and most
successiona stages.

Feeding on the bole or branches

A number of insects feed by insarting their mouthparts into the bole or branch and sucking fluids out
of the host tree. This includes spittlebugs, gphids, adelgids, scaes, and mealybugs. The balsam woolly

addgid is one of the most well-studied examples of this group and was discussed in the first part of



this report. Other representatives found in the CRB include the following:

Aphrophora permutata Western pine spittlebug

Cinara spp. Giant conifer gphids
Mindarus abietinus Basam twig gphid
Adedges tsugee Hemlock woolly adelgid
Matsucoccus hisetosus Ponderosa pine twig scale
Puto cupress Hr medybug

The effects of feeding by these insects are to reduce tree growth, kill portions of the canopy, or cause
sem deformities. The balsam woolly adelgid is one of the few speciesto cause significant tree mortdity. No
outbreaks of these insects have been reported in the last severd years within the CRB with the exception of
the balsam woolly adelgid in northern Idaho (Hofacker et a. 1991, 1992, 1993). When outbreaks do occur
they are usudly localized and short-lived. occurrence of these insects can be highly variable within atree,
among adjacent trees within a stand, among adjacent stands, and from year to year (Coulson and Witter
1984).

Little is known about the population dynamics of most of the sucking insects found in the CRB
(Coulson and Witter 1984). Some species may be more common in early successond stages than in mature
forests (Schowalter 1989). Natura controls include parasites and predators, extreme cold temperatures, and
the quantity and quality of host trees (Carrow and Betts 1973, McClure 1980, Hain 1988, McClure 1988).

These insects are involved in many ecologicd processes, dthough most of these effects have not been
quantified by research. They can potentialy reduce stand productivity and ater successon by reducing growth

and survivd of host trees.



They also may predispose trees to attacks by other insects and diseases. They typically excrete large
amounts of anutrient rich fluid know as honeydew. The honeydew is utilized by sooty mold fungi and
various species of ants. Other arthropods and vertebrates feed upon the immature and adult stages of these
insects. At high dengties, these insects may sgnificantly affect nutrient cycling processes (Schowalter
1989).

Feeding within or under bark

A variety of insects feed within and under the bark of sems of dl sizes (Furniss and Carolin 1977).
Thisincludes bark and twig beetles, twig weevils, twig and pitch moths, bark maggots, and wood borers.
Among this group, the bark beetles are some of the most important ecologicaly and economicdly. Five of
the most aggressive bark beetle species were discussed in the firgt part of this report. over 100 other
species of bark beetles are found within the CRB (Furniss and Johnson 1987, Gast et a. 1989, Furniss et
a. 1992). Most species of bark beetles respond similarly to environmenta conditions and cause smilar
effects on ecosystemn processes. The species differ with respect to their host range (one to many tree
pecies), age of trees attacked, size of sems or bark thickness utilized, and whether they attack dead,
dying, or live trees (Rudinsky 1962, Wood 1982).

Twig weevils are classfied in the Curculionidae family. The larvae of these insects mine the
cambium on 1-to 2-year-old branches killing the distal portion of the sem. Adults may dso feed on gems
or foliage, but the most Sgnificant damage results from larva mining. Examples of twig weevils found in the

CRB incdude the following:



Cylindrocorturus eatoni Pine reproduction wesvil

Cylindrocopturus furniss Douglas-fir twig wesvil
Pissodes strobi White pine weevil
Pissodes termindis L odgepole termind weevil

Twig weevils are most common in young trees. The Cylindroconturus spp. apparently prefer

trees stressed by competition with brush or drought (Furnisss and Carolin 1977). The Pissodes spp. prefer
open-growing, even-aged stands of host trees. The mgor effect of twig weevilsisto kill or sunt the growth
of terminal branches (Berisford and Ross 1990). Consequently, they can have sgnificant impacts on stand
productivity and successon on sites with high populations.

Some species of Lepidoptera aso feed on cambium and bark. These insects are known as pitch,

twig, or bark moths. Examples of species found within the CRB indude the following:

Vespamima secruoiae Sequoia pitch moth
Vespamima novaroensis Douglas-fir pitch moth
Petrova dbicapitana Northern pitch twig moth
Dioryctria abietivorella Fir coneworm

Dioryctria ponderosae Ponderosa twig moth

Most of these species attack small- to medium-sized trees. Their primary effect isto
wesken trees, dthough they may kill al or aportion of their hogt. Little is known about most of these
species and none reach high densitiesin forest settings. They are probably most important in predisposing
trees to other insects and pathogens.

The early ingtar larvae of flatheaded and roundheaded wood borers in the Buprestidee and
Cerambycidae, respectively, feed on cambium before tunneling into the xylem during the later larval stages.

Most species feed on dead and dying trees, but afew such as the flatheaded fir borer are able to attack and

kill
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hedlthy trees. There are many species found in the CRB, but afew examples are;

Cha cophora angulicollis Scul ptured pine borer
Bupredtis aurulenta Golden buprestid
Meanophila cdifornica Cdiforniaflatheaded borer
Meé anophila drummondi Flatheaded fir borer
Tetropium abietis Roundheaded fir borer
Leptura obliterata

Acanthocinus Princeps Ponderosa pine bark borer

M onochamus scutellatus Whitepotted sawyer

Most borersinfest trees that have recently died. They are often found in association with bark
beetles and may compete with the bark beetle larvae for the cambium food resource. Because most of the
borers are larger than bark beetles and possess powerful mandibles, they may kill bark beetle larvae
coincidentally while feeding in the cambium.

The ecologicd roles of the wood borers are smilar to those of bark beetles. They may increase the
rate of decomposition by introducing microorganiams and creating conditions that are favorable for a
succession of arthropods and microorganisms that are involved in the decomposition process (Kimmey and
Furniss 1943, Kimmey 1955, Edmonds and Eglitis 1989, Zhong and Schowalter 1989). They arealso an
important source of food for many arthropods and vertebrates including cavity-nesting birds. These insects
are discussed in more detail in the assessment of coarse woody debris chewers.

Feeding within wood

Many insects feed on or live within the wood in boles and branches. This includes ambrosia beetles,
wood borers, powderpost beetles, sapwood weevils, carpenterworm and clearwing moths, ants, and

horntails. Most of these insects infest dead
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and dying trees and are discussed in the assessment of coarse woody debris chewers. Their primary
ecologica roles are to facilitate decomposition processes, serve as food for predators, and predispose

trees to attacks by other insects and diseases.
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Appendix A - Known distribution of the balsam woolly adelgid in Idaho.
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Appendix B - Forested Habitats Forms.

Adelges picese
Dendroctonus brevicomis
Dendroctonus Ponderosae
Dendroctonus pseudotsugae
Dendroctonus rufipennis
Scolytus ventrdis

Basam woolly addlgid
Western pine beetle
Mountain pine beetle
Douglas-fir beetle
Spruce bestle

Fir engraver



OCT-25-31 @9:537 FROM: EASTSIDE EM STRATEGY PROJ [D. 538 522 4028 e
FORESTED HABITATS FORM
SPECIES/SPECIES GROUP Me\aba ?.‘.:,me,
Strucroral Siage Understary |
?
Valus | VegType ‘;“-r;"mm“,m t. EE: : EEIEEEE * Hotss
8 SAF208 | Engiem. spruce-Subaipine fir LR EEXT TRIXIX
’ SAFI08 | Wrsterark pine |
10 | 3AF210 | imewrer Dougiee-fir |
11 | SAFZYY | white A
13 SAFI12 Westam hrch
13 | 829213 | Qewna o KIXIRIX XX DIXIX
14 | SAFZIS | Wastem whits pine
18 | sAR217 | Asgen |
-] SAFI18 | Locomposs oine -
L SAF121 Rl micer
12 | sar2ss | Comes mun S Hemioek . RO DX - b i
10 | SAF2I7 | W, Redcedarw, Hemioek
10 | SAF229 | Pacific Dougtesiir
21 | SAF2I0 | Dougles-ir-W hemek
2 SAFII] | Ovegon white oak |
SAF234 | Doug-fir-Tancsk-Pec medrons
SAFIIE | Cottonwood-velllaws ’
25 | 347237 | imanor Ponderass pine |
28 SAF242 | Mencuite 1
27 | 8AF243 | Siema Nevada mived eoniter | !
28 | 8AF245 | Pumrie Poncarces gine I
29 | 2ar780 | Bhue canOigger pine
[
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OCT-26=-231

29.53 FROM:

EASTSIiDE EM STRATECY FROJ

ID: G@S 5313 4935

[l T

FORESTED HABITATS FORM
mmgmwr&g&%@ﬁ Panmist
brevicoms Dete__Lofal 2

Strucrorsl Staga Unciasstory |
e L e [RREERIEREAR] -

ole M|slnis|alsin
] SAFI08 | Englem. spruce-Subsipine fir |
3 SAFI08 | Whitetark pine
10 | 9AF210 | intener Dougine-fir i |
1 Sar2n White hr
12 SAFI12 Westam karch
13 |8ar213 | Gana o
14 BAF11E | Wamtem white ine K x K 1 x X E‘_P‘
18 SAFI1T Aspen
-] SAFI18 | Loogepols pine _-_
17 BAFIIN Rl nscar
12 $AF2Iz | Camvest tua SrHamiock . :
19 | SAF227 | W. Redcedar-W. Hemiock
20 | SAF229 | Pecific Dougteadir
21 | 848230 | Cougias-fir-W heminck
b | SAFII] | Oregon wihite oak
3 SAFII4 Doug-fir-Tancak-Fec medrons
14 SAFI3S Cortor oo law
25 | SAF237 | imaenior Pondwross pine XA X X1 (XDUX
28 SAFZ42 Ak sie
27 | 8AF243 | Siems Nevads moved conifer
28 | 6AF245 | Pucic Ponaaroua cine i
29 | SAF750 | Bhus cak.Cigger pine i
Notes:
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OCT-268=311 @9:631 FROM: EASTSIDE EM STRATEGY PROJ D« Ean 533 4825 s
FORESTED HABITATS FORM
SPRCIES/SPECIES GROUP_ L eidio b us R \WIT)
em«ée;am Oate__ 13/ [TF
| Strucmrs Stage —
e e == O R A T Ay
i ole misimnininis
] SAF108 | Engiem. spruce-Subsipine i KU REX I ] IXIXIX
’ SAF208 | Whitepars pina
10 | 3AF210 | intencr Oougine-fir i
11 | saFz11 | wiia 8r [|
5 JENRIT ) U - XD x b x| Xix]  [xIxiX
13 BAF11Y | Gewna fr
¢ | SAFZW | Wastens white pine AL IXTXIXHXT XIX
18 | SAF217 | Asgen
18 SAF118 | Locgepals pine AlX ‘,'I,‘..J-?\| b
17 | 8AF221 | Red sider |
10 | sar2cs | Comest s srMemicer ; . i
19 | SAF227 | W. Redcadar-w. Hemiack [
210 | SAF229 | Pucific Dougimsfir |
21 | 8AF230 | Dougles-fir-w neminck |
12 SAF2I] | Owegon white osk
23 | 9AF234 | Doug-fi-Tancak-Pec medrens
24 | 5AF238 | Carmawood-willaw |
25 | 3AF237 | imarior Pondemoss pine KA X XX
1] SAFI42 Mlarscunita
27 | 8AF243 | Sierrs Nevads mixed coniter |
28 | 8AF245 | Pacific Poncarces pine
P SAF750 | Biua cex.Cigger pine
[




QCcT-285-31

29.53 FROM: EASTSIDE EM STRATEGY PROJ

FORESTED HABITATS FORM

SPECIES/SPECIES GROUP Be-‘v}-fa Aevnb

Ib:. E@8 522 4@a3S

Pansiat Bone,ﬁ 20&.:

[ LFT 4

P*“‘E‘*"’%‘E Ome__2 21 [T
| Strucrurs Stage Unassstary
Velus | VegTyps | Veghinme slslslulv|ola]cin !GE
SAF Farext Cover Trpes tleletnjr|r|rlTiT|nn © Netss
o|c M| 5 i“ 188
' SAF208 | Engiem. spruce-Subsipine fie XX AX xj, X
3 2AF208 | wWhiteear pins i
18 | 3AF210 | intemor Oougie-fir XX AX X
11 SAE211 ‘White Rr
12 | SAF212 | Westem larch
13 | 8aAr213 | Gewna 8r XiXUX] Ixlx
1% EAFZ1E ‘Wartarn whita pine
18 SAFI1T | Asgen
18 | 9AF212 | Lodgepaie cine [ q |
17 | SAF221 | Aed sider )
TR LT o s — I. . ! ]
19 | SAF2I7 | W. Redcadarw, Hemiock | 1
30 | SAF129 | Pucific Dougte-fir | !
21 | 8AF230 | Douglas-ir-W heminck |
22 | SAF233 | Ovegon whits cak | i
3 SAFI14 Doug-fir-Tanoan-Pec meororm.
2¢ | 2arz38 | Cotmnweod-wiliew
25 | SAF237 | intenor Pordercaa pine RIXIA
8 SAFI41 | Mascisis
a7 8AF243 | Sierra Nevada moed coniter ||
18 | BAF245 | Pucific Poncerces cine |
39 | 845280 | Buue ous.Oigger sine | ﬂ |
Notss:



OET=268=11

23.:83 FROM:

EASTEIDE EM STRATEGY FROJ ID: 98 S22 4925

e

-

FORESTED HABITATS FORM
SPECIES/SPECIES muwmﬂ Paneust Qxyﬂ&\\ Rosh
Ol peanis Oate__\L/A\[HF

| Strucrurm Stags Undeestory |

Ve | VogType | Vegtame ts:luvnncusaE
BAS Fecast Cover Types P leletnie|r|rlziT nn * Notss
a :l CAE RLEENE.LR|

T [ [ e KIXIXIX
3 SAF208 | Whitstark gine
10 | 3AF210 | invemer Dougiae-fir |
11 SAF211 White b
12 SAF212 Weatem lach
13 BAF113 G Nt
14 EAF218 Waatem whits e
18 SAF217 Asgen
to_|aarats [ Loomon o xxxhx XIXIX
L) BAF2I Fsel wiclar
12 | $asass | Comnst un &-Hemdock . . !
19 | SAF2I7 | W. Redcadar. Hemieck _i_
20 | SAF219 | Pacific Douginsfir |
n SAFII0 Dhonug Las-#ir-vW Fermincik i
22 | 245273 | Oregon white o
3 SAFII4 | Doug-fir-Tamss-Pec mecrcns
14 BAFIIE | Cormnwood-wilkew l
25 SAFIIT | irtener Ponceross pine
28 | SAF242 | Mescuite
27 | 8AF243 | Sierra Mevads mixed conier \
28 | BAF245 | Pucific Ponaaroes pine I |
73 | SAF7350 | Blue csiCigger pine | |
Motes:




OET-2E-31 28.637 FROM: EASTSIDE EM STRATEGY PROJ [0 523 532 492s Erian

FORESTED HABITATS FORM
SPECIES/SPECIES GROUP é‘cc}ww-‘: Jeakmls Panmuat Ba{fel'k Qm&
7 Data_12/2) &
Strucorsl Siege Undeestory |
il e ==y (IR HETE T -
ole mislriaials
: SAF208 | Engiem. spruce-Subsigine iir i
’ SAFI08 | Wrhesoax gine i
10 | 9AF210 | intemor Dougtee-fir ]
11 | SAF211 | White fir XX XX XX ] IX
132 SAFI12 Weatarm larch
13 | 84F213 | Gewna o XXX XX IXIX]X
14 | SAF215 | Wastem white pine |
18 SAF117 | Aspen I
1| SAFI1E | Locgepuie pine
17 EAF221 Fasel il

{4 FAFIIZ | Camyrst Tun Sn-Hamiock . .

m"w SAFL1IT | W. Redcadary, Herrdock

E
|
|
|




