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Item 1. Species of interest in the CRB.

Qur review of the federal, state, and private threatened and
endangered species lists failed to uncover any canopy herbivores
within the Colunbia River Basin (CRB) and/or selected forest
cover types. W were also unable to identify any canopy herbivore
species that met the provided criteria for assessing individual
species. Therefore, our report will be limted to a discussion of
canopy herbivores as a functional group and representative
species as defined by the criteria outlined in the 9 July 1994
draft prepared by Bruce G Marcot. Speculation as to which
speci es may be bioindicators or keystone species nmay be covered
under our discussion of the functional roles that each canopy

her bi vore plays in the forest ecosystem (ltens 3, 4, 5).
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ltem2. G S Model

The foll ow ng spreadsheets provide the reader with
successi onal stage by habitat type matrices in which a given
representative insect species is listed for presence and/or
popul ation trend (Table 1). The text contained in item 3
describes in greater detail population trends, such as it exists,
for each representative species.

Fol | owi ng the successional stage by habitat matrices, we
i ncorporate the Colunbia River Basin - Panel Species Information
form for each representative species. The text contained in item
3 provides a nore detailed discussion of the key environnenta
correl ates and key ecol ogi cal function for each representative
speci es.

The final section of item 2 includes a conceptual nodel for
the functional group as a whole in which the key environnental
factors influencing canopy herbivores in the CRB are listed and,
in turn, how these affect the functional role of canopy
her bi vor es.

Appendi x 1 contains partial species lists of canopy
her bi vores feeding on the various forest cover types. These lists
were conpiled from Furniss and carolin (1980) and are limted to
those insects feeding on foliage, shoots, and snall branches.
Sonme of these insects may al so cause damage to seed and cone

production as well (e.g., western spruce budworn.



Table 1. Effect of Forest S8tructural Stage on Canopy Herbivores by Forest Cover Type
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Insect Species: Douglas-fir tussock moth, Orgyia pseudotsugata
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Insect Specles: western spruce budworm,

Choristoneura occidentalis
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Insect Species: larch casebearer, Coleophora laricella
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Insect Species: | arch sawfly, Pristiphora erichsoni
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Insect Species: pandora moth, Col

oradia pandora
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Insect Species: western pine shoot borer, Eucosma sonomana
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Insect Species: pine sawflies, Neodiprion fulviceps
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I nsect Speci es:

| odgepol e

needl e miner, Col eotechnites milleri
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Speci es:

| arge aspen tortrix,

Chori stoneura conflictana
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Insect Species: fores

t tent caterpillar, Malacosoma disstria
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Speci es:

fall

cankerworm Al sophila ponetaria
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Insect Species: cottonwod | eaf beetle, Chrysonel a scripta
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Insect Species:

mour ni ngcl oak butterfly, Nymphalis antiopa
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nsect Species: gal

form ng sawflies, Pontania pacifica, Euura exiguae
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COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \Alagner and MeMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Mixed conifer

Representative Species: western spruce budworm, Choristoneura occidentalis

“I did not complete this form because:”

Key Environmental Correlates

1. Percent hnst crown couec in stand

Categorical X Continuous X—

Suitable Categories: Unit of Measure:
0 %, 1-30 %, 31-70 %, 71-100 %

Minimum:,
Applies seasonally? Yes —— No X Maximum:
Which seasons?
Theme name:
Attribute:
2. Stand density (tatal % crown cover all species)
Categorical X— Continuous X
Suitable Categories: Unit of Measure:
1-40 %, 41-80 %, 81-100%

Minimum:
Applies seasonally? Yes —— No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

3. Height-glass structiures of stand

Categorical X Continuous

- 3 Suitable Categories: Unit of Measure:
= 1 tier, 2 tiers, 3 + tiers

Minimum:
Applies seasonally? Yes — No —X Maximum:
Which seasons?
Theme name:
Attribute:
4 . Stand maturity (age hased on dominant and cadaminant trees)
Categorical X Continuous
Suitable Categories: Unit of Measure:
1-30 yrs, 31-90 yrs, 91-140 yrs, 140+ yrs

Minimum:

Applies seasonally? Yes — No X Maximum:

Which seasons?
L g Theme name:
Attribute:

Key Ecological Functions

1. _Carhan and_nutrient recycler plant hinmass tirnover, snil fertility and energy flow

2 . Infliience an microclimate (windspeed light _temperature  moistiire)

3 . _Speries diversity

4 . Plant sucecession

5. _Creation of wildlife hahitats

6 .—Fnnrsnurree




Key Assumptions

me_site and

Key Unknowns and Monitoring or Research Needs

Site specific scological functions acrass a range of stand conditions_needs to he resparched further

Dispersal

Dispersal mode: Jli‘nrhr_fnr adults_and "hallaning” for farvae

Requirements for dispersal:

Degree of Confidence in Knowiedge of Species
High X

Med.

L ow

Comments

ed fo
11985, 1989).




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 22

Date: Panelist Name: Wagnerand McMiitin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Mixed conifer

Representative Species: Douglas-fir tussock moth, Orgyia pseudotsugata

“I did not complete this form because:”

Key Environmental Correlates

EEEEERl

1. Stand compasition {e g _percent hast in stand)- Pattern nf authreak varies hy region Dauglas-fir i<
preferred in OR and WA, while grand fir is preferred in ID.

Categorical Continuous X .

Suitable Categories: Unit of Measure: —% hast in stand

Minimum-—Q

Applies seasonally? Yes —. No X Maximum* 100
Which seasons?
Theme name:

Attribute:

2 . Stand density overstacked stands appear tn he maore susceptible in the CRB, however low stand densities

white fir in CA are more susceptible.

Categorical Continuous -X—

Suitable Categories: Unit of Measure: —BA or biomass/unit
area to site productivity
Minimum:
Applies seasonally? Yes —— No X Maximpm:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates 23

3. Site conditions: DETM appears i i
Inyerse_relatianship hetween defaoliation and depth of voleanic ash These conditions_are likely related tn reduced

host vigor.

Categorical X Continuous__

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes —— No X Maximym-

Which seasons?
Theme name:
Attribute:

4.

Categorical X—— Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — No X Maximum:*

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. _Carhon and nutrient recycler plant hiomass turnover sail fertility. and energy flow

"2. nfluence on microclimate (windspeed, light temperature, moisture)
3. .Species diversity

4. _Plant sucressian

5 . _Creation of wildlife hahitats faad saurce

6 . Sbhort term changes in stream flow




Key Assumptions 24

the i i in NFTM tn cite chararteristics

is accurate.

Key Unknowns and Monitoring or Research Needs

Site_specific ecalogical functinns acrnss a range of stand conditions needs ta be researched further

Dispersal

Dispersal mode: Rerance adult females are wingless, the primary made of hetween tree dispersal is hy

windblown larvae.

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High X

Med., ———

L ow
Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 25

Panelist Name: Wagner and MeMillin =~

Date:

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Western larch

Representative Species: western spruce budworm, Choristoneura occidentalis

“1 did not complete this form because:”

See farm for western spoice budwarm in

mixed conifer habitat type

Key Environmental Correlates

=

Continuous

Categorical

Unit of Measure:

Suitable Categories:

Minimum:
M| Arplies seasonally? Yes — No — Maximum:
Which seasons?

, B ‘ Theme name:

i Attribute:

|

|

| 2.

i
~ Categorical Continuous

Unit of Measure:

Suitable Categories:

! iy
il

Minimum:

Maximum:

; Applies seasonally? Yes — NO ——
- Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No — Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1 . _Carhon and nutrient recycler plant hiomass turnaver snit fectility and eoergy flaw

2 . _lofluence nn _micraclimate (windspeed light temperature moistire)

3. _Species diversity

4. _Plant siiccession

5. Creatinn nf wildlife hahitats

6. Food source




(G

Key Assumptions

That western spruce hudwarm reennonds tn the same site and stand canditions in western larch stands.

in mixed conifer habitat types.

Key Unknowns and Monitoring or Research Needs

Site specific acological functions acrnss a range af stand conditions needs 1o he researched further

Dispersal

Dispersal mode: —Flight far adults, and halloning for larvae

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med.

Low X
Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \Magner and McMillin =~

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Western larch

Representative Species: larch casebearer, Coleophora laricella

“1 did not complete this form because:”

Key Environmental Correlates

1. Stand_density:There appears tn he an inverse relationship hetween | CR defaliation and stand jangjry

Categorical Continuous X

Suitable Categories: Unit of Measure: —Stems/acre

Minimum 200

Applies seasonally? Yes — No X Maximum:.—10000 +
Which seasons?
Theme name:

Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — NO —— Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmentai Correlates 29

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — NO —— Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes w— NO — Maximum:

Which seasons?
Theme name:

Attribute:

Key Ecological Functions
1 . Plant successinn
2 . Reduced growth of trees

3. Morality of young-trees




Key Assumptions

Thar findings nf {1 which i i in_hetwesn iati and stand

density in Montana are the same throughout the CRB.

30

Key Unknowns and Monitoring or Research Needs

Site specific ecalogical functions across a range nf etand panditinns needs tn he researched further

Dispersal

Dispersal mode: .Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med.

Low X ___

Comments

Stand density information hased an Dentaon (1973)




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 31

Date: Panelist Name: Wagner and McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Western larch

Representative Species: larch sawfly, Pristophara erichsonif

“I did not complete this form because:”

Key Environmental Correlates

1. Site quality: "Poor” sites are reported to maore mmrgpnbip_m_d_amageﬂmonalmhan__gnod sites

Categorical X—— Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes- No—X Maximum:

Which seasons?
Theme name:
Attribute:

Categorical X Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Categorical Continuous

Suitable Categories: Unit of Measure:
~ Minimum:
Applies seasonally? Yes — NO — Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes —. No — Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Plant—<iicressinn

2. Nutrient and carbon recycling

3. Reduced growth-rates




Key Assumptions

Key Unknowns and Monitoring or Research Needs

Site specific_ecalpgical functions arrnss a range of stand canditions needs 1o he researched fiirther

Dispersal

Dispersal mode: —Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med. X

L ow

Comments

——Mast information an larch sawfly hased an research in | ake States and Canada




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \AMagner and MeMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: interior ponderosa pine, lodgepole pine

Representative Species: pine butterfly, Neophasia menapia

“I did not complete this form because:”

Key Environmental Correlates

1. I[ee_agg-_mlanug_pgnde_msa_p;ne_appear ta he mare susceptihle to attack than younger trees

Categorical —X—— Continuous X
Suitable Categories: Unit of Measure:
i i loasi i
Minimum:
Applies seasonally? Yes ~— No X Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous X—

Suitable Categories: Unit of Measure: —acres

Minimum: .—none

Applies seasonally? Yes —— N o 2 Maximum: —pone
Which seasons?
Theme name:

Attribute:




Key Environmental Correlates 35

3. W@WW@&&W

Gl I.:;,*: -

Categorical Continuous X
— . Suitable Categories: Unit of Measure—2 hostcaver

Minimum:

Applies seasonally? Yes — No — Maximum:

Which seasons?

Theme name:

Attribute:

4.

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes __ No —— Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Plant succession

2. Reduced growth rates

3. Nutrient cycling

4. \\ildlife hahitat (increased numher af snagsy




Key Assumption3

Key Unknowns and Monitoring or Research Needs

Site cnecific_ecalaqaical functions acrass a range of stand conditions needs to he researched further

Dispersal

Dispersal mode_Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med ., ——

Low X

Comments

is snacipa | 1N ralse very - at

intervals. Factors responsible for outbreaks largely unknown.




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 37

Date: Panelist Name: \Wagner and McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Interior ponderosa pine, lodgepole pine

Representative Species: pandora moth, Coloradia pandora

“I did not complete this form because:”

Key Environmental Correlates

most susceptible, because these “loose” soil types provide suitable sites for pupation.

Categorical X—- Continuous
Suitable Categories: Unit of Measure:
pumice and granitic soil type
S "D:D-IUDSE“ SQ“ 131929

Minimum:
Applies seasonally? Yes — No —X Maximum:
Which seasons?
Theme name:
Attribute:
2 . Stand maturity: Outhreaks in Oregon have primarily accurred in mature stands and damage is greater an.

older, mature trees.

Categorical X Continuous
Suitable Categories: Unit of Measure:
mature vs young stands

Minimum:
Applies seasonally? Yes — No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No — Maximum:

Which seasons?
Theme name:
Attribute:

Continuous

Categorical

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No —— Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Reduced grawth and tree maortality

2. Plant surression

3. Nutrient cyeling

4. |nteractions with dwarf mistietoe  hark heetles

5. Creatinn af wildlife habitat




i

iR

Key Assumptions

39

Key Unknowns and Monitoring or Research Needs

Site snecific acalogical functions acrnss a range of stand canditions needs 1o he researched further

Dispersal

Dispersal mode: Adult flight larval crawding

Requirements for dispersal:

Degree of Confidence in Knowledge of Species
High
Med. X

L ow

Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \Magoer and McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Interior ponderosa pine, lodgepole pine

Representative Species: western pine shoot borer, Eucosma sonomana

“I did not complete this form because:”

Key Environmental Correlates

1. Tree age: young regeneration stands are mnst suscentible tn western pune shoat barer infestation

Categorical X Continuous
Suitable ‘Categories: Unit of Measure:
seedling and sapling vs.
pole-size and sawtimher trees

Minimum:
Applies seasonally? Yes —- No X Maxi&m:

Which seasons?
Theme name:
Attribute:

2 . Stand density In general_apen-graown, young stands are maost suscentible as are trees in plantations

Categorical Continuous X

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

41

Categorical

Suitable Categories:

Continuous

Unit of Measure:

Minimum:

Applids seasonally? Yes —— NO —
Which seasons?

Maximum:

Theme name:

Attribute:

Categorical

Suitable Categories:

Continuous

Unit of Measure:

Minimum:

Applies seasonally? Yes —— No —
Which seasons?

Maximum:

Theme name:

Attribute:

Key Ecological Functions

1. Reduced grawth of young pine may affect competitive interactions with ather plants

2. Multiple leaders of damaged-trees

3. Plant succession




Key Assumptions

That western pine shant harer respands ta changes in stand caonditions Qimil:rly hetween pandernsa ¢

earlier age than on ponderosa pine.

hﬁb.’;!:

Key Unknowns and Monitoring or Research Needs

Site snecific ecalagical functiops across a3 range nf stand conditinns needs 10 he researched fiirther

Dispersal

Dispersal mode: —Adult flight.

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med. Xo—

L ow
Comments

Western pine shoat harer will likely hecome recognized ac an impartant pest wherever intensive farestry |
practiced.




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 43

Panelist Name: \Wagner and McMillin

Date:

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Interior ponderosa pine, lodgepole pine

Representative Species: pine sawfly species, /Neodiprion fulviceps complex

“I did not complete this form because:”

Key Environmental Correlates

1. Iree age: N fulviceps_appears tn prefer pole-size ta sawtimber trees nvec sapling and younger aged treeq

Categorical X—— Continuous

Unit of Measure:

Suitable Categories:

seedling and_sanling us
g f g

paole-size and sawtimber Minimum:
Applies seasonally? Yes — No X Maximum:
Which seasons?

Theme name:

Attribute:

Continuous X——r

Categorical

Unit of Measure—stemsfacre

Suitable Categories:

Minimum:

Applies seasonally? Yes — No X Maximum:
Which seasons?
Theme name:

Attribute:




Key Environmental Correlates

Suitable Categories: Unit of Measure:

Categorical —_— Continuous -

Minimum:
Applies seasonally? Yes — No — _Maximum:
Which seasons?
Theme name:
Attribute:
4,
Categorical —_— Continuous S
Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes No — Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Nutrient cycling and plant water relatiaons

2. Plant successian

3. Food source for other arthropods and small mammals




Key Assumptions

There may he ies_and i - i in_tha + with earh

Key Unknowns and Monitoring or Research Needs

Site snecific ecalogical fuunctions across a range af stand conditions needs ta he researched furth

Dispersal

Dispersal mode—Aduit flight--repartedly paar flight ahility of gravid females may limit dispersal

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med. X

L ow

Comments

Related as of i he i l I I it




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: Wagnec and McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Lodgepole pine

Representative Species: lodgepole needle miner, Coleotechnites milleri
(also includes unnamed Coleotechnites species found on lodgepole pine in OF?)

“I did not complete this form because:”

Key Environmental Correlates

1. Xree age: Mature trees anpear mnre suscentible thap young trees
Categorical Xe—ud. Continuous
Suitable Categories: Unit of Measure:

seedling and sapling vs

pole-size and sawtimher treeg Minimum:

Applies seasonally? Yes —— No X Maximum:
Which seasons?
Theme name:

Attribute:
2. Site characteristics: | adgepale pine on poor site quality areas (i e pumice flats) appear more susceptibl

than moist sites with deep soils.

Categorical X— Continuous X

Suitable Categories: Unit of Measure:—site index
Minimum:

Applies seasonally? Yes —_ No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

3. Stand size: Extensive stands af mature lodgepole pine have mast severe infestations

Categorical Continuous X

Suitable Categories: Unit of Measure: —sStand area_acres.
Minimum:
Applies seasonally? Yes —— No X Maximum:

Which seasons?
Theme name:

Attribute:

4.

Categorical --- Continuous

Suitable Categories:, Unit of Measure:
Minimum:

Applies seasonally? Yes — No —— Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Reduced growth and _same tree martality

2. Plant succession

3. Microsite changas

4 . Potential for increased fire hazard




Key Assumptions

That reiated species or subspecies respand the same 1Q differant stand conditions

snnnl

Key Unknowns and Monitoring or Research Needs

Site cnecific ecalagical functions acrass a range af stand conditions needs to he researched further

Dispersal

Dispersal mode: —Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High
Med. X

L ow




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 49’

Date: Panelist Name: \Wagner and MeMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Aspen

Representative Species: large aspen tortrix, Choristoneura conflictana

“lI did not complete this form because:”

Key Environmental Correlates

1. Percent hast crown coverin stand: targe aspen tartrix populations only rearh epidemic proportions,
where aspen is a major component of the stand.

Categorical Continuous X

H . [}

Suitable Categories: Unit of Measure: —%
Minimum:
Applies seasonally? Yes — No X Maximum:

Which seasons?
Theme name:
Attribute:

2. Paosition of hast within stand: | arge treas toward stand edges are reported-tn-sustain-the-mnst-damage;
defoliation intensity decreases toward the interior of the stand.

Categorical X——r Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes o No X Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Continuous

Categorical

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — NO —— Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:

Minimum:

Applies seasonally? Yes — NO — Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Reduced growth and height

2 . Plant succession

3. Nutrient cycling




Key Assumptions

51

Key Unknowns and Monitoring or Research Needs

Site snecific ecalogicat functions acrass arange.of stand conditions_oeeds tn he researched further

Dispersal

Dispersal mode: —Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med.

Low X

Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 52

Date: Panelist Name: Wagner and McBillin___________

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Aspen

Representative Species: forest tent caterpillar, Malacosoma disstria

“I did not complete this form because:”

Key Environmental Correlates

1. nf fnrest s Inrreaced farest i i i farest edge 1n QOntarig

hae heen suanested to he respnansihle far increased outhreaks due tn_npg;nmg pffects nn contral hy

natural enemies.

Categorical X— Continuous X .

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes —— N o 2 Maximum:

Which seasons?
Theme name:
Attribute:

2 . _Percent hast crawn_rover in stand Similar to large aspen tortniy, tent caterpillar populations would likely

increase with greater percentages of aspen or other suitable hosts within a given stand.

Categorical Continuous X——

Suitable Categories: Unit of Measure: —% hnst in stand
Minimum:
Applies seasonally? Yes —— No X Maximum:

Which seasons?
Theme name:
Attribute:




l Ii I Key Environmental Correlates 5
|
-
1 Categorical Continuous
[}
|
ﬁ Suitable Categories: Unit of Measure:
; Minimum:
Applies seasonally? Yes — NO — Maximum:
n Which seasons?
Theme name:
Attribute:
i i’ 4.
- Categorical Continuous
Suitable Categories: Unit of Measure:
Minimum:
!- Applies seasonally? Yes — NO — Maximum:
Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Reduced growth and some tree _maortality

2. Plant succession

3. Interaction wvith disease infectiop e n Hypoxyion canker)




Key Assumptions

That findings of outhreak frequencwy raiated ta the degree of farest fragmentation in Ontario balds 1oy

tent caterpillar population dynamics in the CRB.

|

Key Unknowns and Monitoring or Research Needs

Site specific erological functions across a range nf stand conditinns_needs tn he researched further

Dispersal

Dispersal mode:—Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med.

Low X
Comments

Ponulations are largely driven through control by natural penemies




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \Wagner and MeMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Aspen

Representative Species: fall cankerworm, Alsophila pometaria

“I did not complete this form because:”

Key Environmental Correlates

1.

Categorical ' Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes —— No —— Maximum:

Which seasons?

Theme name:

Attribute:

2.

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — No —. Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Categorical —_ Continuous

Suitable Categories: Unit of Measure:

Minimum:

Applies seasonally? Yes — NO — Maximum:
Which seasons?
Theme name:

Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:

Minimum:

Applies seasonally? Yes — N o - Maximum:
Which seasons?
Theme name:

Attribute:

Key Ecological Functions

1. Fall cankerwarm infestations have heen shown tn inflilence stream expart of nitrogen from _forest st

2 . Reduced growth

3. Plant—suceressinn




f
A
i
!

Key Assumptions

s

Key Unknowns and Monitoring or Research Needs

Site specific ecolagical functions_acrass a range of stand canditions needs tn he researched further

Dispersal

Dispersal mode: —Aduit flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med.

Low X

Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \\Magnet aod McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Cottonwood/willow

Representative Species: cottonwood leaf beetle, Chrysomela scripta

“I did not complete this form because:”

Key Environmental Correlates

1. Iree age: Young plantation nr putplanted Populus/Salix_treas may sustain most damage

Categorical X Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — No X Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — N o - Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

3.

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — NO — Maximum:

Which seasons?
Theme name:
Attribute:

Continuous

Categorical

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes —— No — Maximum:

Which seasons?
Theme name:

Attribute:
Key Ecological Functions
1. Reduced growth rates in young trees can affect competitive interactions of Populus with ather plants

2 . Plant surcessinon

3 . Interactinn with_secaondary artack hy insects

4 . Nutrient pycling

5. Can exert strong . selection pressure on _some Papulus genotypes




Key Assumptions

Key Unknowns and Monitoring or Research Needs

Site snecific ecalanical functions arrnes a range of stand conditions needs to he researched further

Dispersal

Dispersal mode: —Adult flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High
Med. ——

Low X

Comments

" i i [ {(Fvirnige in 1977}




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION 61

Date: Panelist Name: Wagner and McMillin

Species or Species Group: Canopy herbivores

Geographic Area and/or Habitat Type: Cottonwood/willow

Representative Species: mourningcloak butterfly, Nymphalis antiopa

“l did not complete this form because:”
Nn renarts of environmental carrelates influencing mourningelaak butterfly populations.

Key Environmental Correlates

Continuous

Categorical

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — NO — Maximum:

Which seasons?
Theme name:
Attribute:

Continuous

Categorical

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes —— No-. Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — No — Maximum:

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes — NO ~— Maximum:

Which seasons?
Theme name:
Attribute:

Key Ecological Functions

1. Nutrieat cycling

2. Plant siirracsinn




Key Assumptions

63

Key Unknowns and Monitoring or Research Needs

Site specific ecological functions across a range af stand canditions needs 10 be researched firrther,

Dispersal

Dispersal mode: —Adult flight larval crawling

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High
Med ., ——

Low X _

Comments




COLUMBIA RIVER BASIN - PANEL SPECIES INFORMATION

Date: Panelist Name: \WWagnec and McMillip

Species or Species Group: Canopy herbivores

i

Geographic Area and/or Habitat Type: Cottonwood/willow

5

Representative Species: gall-forming sawflies, Pontania pacifica

“lI did not complete this form because:”

o Key Environmental Correlates

1 [ree vigor- These snecies apnear to nrefar the maost vigorously grawing shaats of Salix
. L4 L) Lyl T

Categorical X—— Continuous

Suitable Categories: Unit of Measure:
Minimum:

Applies seasonally? Yes — No X Maximumsx

Which seasons?
Theme name:
Attribute:

Categorical Continuous

Suitable Categories: Unit of Measure:
Minimum:
Applies seasonally? Yes —— N o - Maximum:

Which seasons?
Theme name:
Attribute:




Key Environmental Correlates

3.
A}
IEEERE  Categorical Continuous
g L Suitable Categories: Unit of Measure:
i Minimum:
Applies seasonally? Yes — NO — Maximum:
Which seasons?
Theme name:
Attribute:
4.
g =
B Categorical Continuous
Suitable Categories: Unit of Measure:
Minimum:
N B Applies seasonally? Yes — No — Maximum:
1 Which seasons?
L. Theme name:
BRI Attribute:
i . -
- Key Ecological Functions
-~
f
: 1. Faod source for other arthropods
) ' ‘ 2. Plant-siirressinn
|
[
Ny - 3.
B ¥
-4




Key Assumptions

Key Unknowns and Monitoring or Research Needs

Site sperific ecological funetions across a range nf stand conditiong needs 10 he researched further

Dispersal

Dispersal mode: -Ady it flight

Requirements for dispersal:

Degree of Confidence in Knowledge of Species

High

Med. X

L ow

Comments

he . ta . . . . in
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STAND STRUCTURE FOREST HEALTH

Figure 1. Conceptual nodel indicating key environnental factor
affecting population trend of canopy” herbivores, an th

functional role of canopy herbivores in forest ecosystens.

We constructed a conceptual nodel for canopy herbivores base
on our review of both environnmental factors influencing populatic
trends of canopy herbivores and the functional role that canog
her bi vores play in forest ecosystens (Figure 1). Mre than or
environmental factor may be working in concert to influence canog
her bi vores over tine. An overstocked, multistoried stand grow ng i
an area with a low site quality index, for exanple, is high!

susceptible to attack by both Douglas-fir tussock nmoth and westes

Spruce budworm.
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The response of different representative species will also

vary anpong the environmental factors. Species such as pine
butterfly and |odgepol e needle miner, for exanple, ™!l respond
positively to increased stand maturity or tree age, while western
pi ne shoot borer typically infests young, '€9enerating stands.
Simlar exanples could also Pe made for the other environnental

factors (e.g., lowstand density vs. high stand density, "poor" vs.

"good" site quality).
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ltens 3, 4, 5. Representative species, key environmental factors,
and functional roles of representative species.

Itens 4 and 5 have been incorporated into item3 for each
representative species to provide a nore cohesive report
Representative species for each of the six forest cover types (1.
m xed conifer, 2. western larch, 3. interior ponderosa pine, 4.
| odgepol e pine, 5. aspen, and 6. cott onwood-wi | | ow) were sel ected
based on their historical inportance to a given forest cover type,
availability of pertinent literature, and/or know edge of their
restriction to a particular host or cover type.. Consideration of
representative species for the canopy herbivore functional groug
was limted to defoliating and shoot insects. The followinc
par agr aphs descri be historical and current trends in popul ations,
stand and site conditions which affect popul ation dynam cs, effect:
of the insect species on the forest ecosystem and sensitivity t«
both natural and human-caused disturbance (i.e. effects os
di fferent managenent scenari 0s).

M xed Coni fer
West ern Spruce Budworm, Choristoneura occidentalis

|ntroduction and History. The western spruce budworm (WEB) has bee

recogni zed as the nmost wdely distributed and destructiv
defoliator of coniferous forests in western North Anerica (Felli
and Dewey 1982). It occurs in every state Wst of the Rock
Mountains, wth the possible exceptions of California and Nevad
(Furni ss and carolin 1980) (Figures 2,3). "Although native to Nort

Anerica, no WSB outbreak in the West was recorded until 1909 i




British Colunbia. The first outbreak in the Pacific Northwest w
recorded in 1914 when specinens were reared from Douglas-fir -

Oregon. Most out breaks between 1922 and 1946 were small a

subsi ded quickly and resulted in little or no damage (Stipe 1987)
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Figure 2-1—Arca ot host type and detoliation
recorded from acnal surveys, 1947-X3
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— CANADA -
WASHINGTON MONTANA
@ NON-TYPE
MEDIUM
(.07-.33)

|

NON-TYPE

A

"\HIGH (.60-1.00)

WYOMING

IDAHO

|

Figure | —Frequency of budworm outbreaks is related to
climate. Class | is high frequency. characterized by dry
climate: class 2 is medium: and class 3 is low. where
moisture is requent and lemperatures are moderate
(from Kemp and others 1985).
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Qut breaks during the second half of the century in the Blue
Mount ains of eastern Oregon and WAshi ngton appear to be nore
severe, causing nore danmage and lasting |onger than earlier
infestations (USDA 1991). The visible defoliation trend in the Blue
Mount ai ns, based on aerial data, shows a period of WEB defoliation
between 1947 and 1960, followed by a relatively budwormfree period
up to the start of the latest outbreak in 1980 (see Figures 4-6)
(USDA 1991).

"Qccurrence of outbreaks of WSB throughout the Wst are
generally related to the dramatic increase in WSB habitat since the
late 1800's and early 1900's. This has cone about through
wi despread changes in forest condition 'associated with early
harvesting practices, fire suppression, and the far-ranging
establ i shnent of an understory of shade-tol erant budworm host
speci es (carlson and Wil f 1989, Schm dt 1985, Wilf and Cates 1987).
Wth the increase of true fir conponents in stands, that in times
past were dominated by seral, shade-intolerant, and nore £fixre

resi stant species (e.g. ponderosa pine and western larch) , the

stage was set for WSB out breaks*' (USDA 1991 22).
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VSO WESTERN SPRUCE BUDYORK
CAUSED DEFOLIATION IN 1990

- ‘\‘\ — Major Poads
y [ Malheur National Forest
/, \ ' Spruce ludworm Jecurrence
Figure I1-1

Visible western spruce budworm-caused defoliation on the Malheur National Forest in 1990. (Based upon
Aerial Insect Detection Survey data from 1990)
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VISIOLE WESTERN SERUCK lilll)W()Rﬁ
CAUSED DEFOLIATION INTOI0- >\

[ JUmatitla National Farest
B Spruce Dudworm Oeeurrence
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Figure II-2

Visible western spruce budworm-caused defoliation on the Um
Insect Detection Survey data from 1990)

atilla National Forest in 1990. (Based upon Aerial
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| VISIUEE WESTERN SPRUCE BUDWORM

N UAUSED DEEOLIATION IN 1990
L — MNajor Roads |

3 Wallowa-Whilman National Foresl

Sprace Tudworm Oceurrence
~ \

<

Figure 1I-3
Visible western spruce budworm-caused defoliation on the Wallowa-Whitman National Forest in 1990. (Based upon
Aerial Insect Detection Survey data from 1990)
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Stand and Site Conditions,. Factors that affect WBB habitat, and the

conditions that bring about stress on WSB host trees are briefly
summari zed (carlson and Wil f 1989, USDA 1991, Wilf and carlson
1985) in the follow ng paragraphs:

1. Stand Conposition: Stands conposed nostly of |odgepole pine,
ponderosa pine, or other species not considered primary hosts of
the WBB are sel dom attacked. I n stands conposed primarily of host
trees (Douglas-fir, grand fir, and white fir) susceptibility
i ncreases with the proportion of shade tol erant species present.

. Pure stands of shade-tolerant grand fir are nmore susceptible than
stands conposed of a mxture of Douglas-fir and grand fir (However,
mxed conifer stands in the Blue Muntains can be heavily
infested). Shade-tolerant species also incur greater injury than
shade-intol erant species for a given budworm density. Thus, in
m xed Dougl as-fir and grand fir stands, |oss of biomass is 'less
than would be found in a pure grand fir &nd. Simlarly, in
Dougl as-fir clinmax comunities, where Douglas-fir is the nost
shade-tol erant species, injury is greatest'in pure stands.

2. Stand Density: Susceptibility to the WSB increases as the
density of host species increases. Thick, dense stands of true firs
or Douglas-fir have a trenendous' anount of foliage biomass and
provi de budworm W th anple substrate of good quality. Larval
di spersal loss is reduced in dense stands because the 'nearly
continuous crown cover prevents larvae fromfalling to the ground,
where they are prey for various predators. These dense stands

usual |y are under extreme conpetition for noisture, nutrients, and




light. Food reserves for the stand may be limted, and a
additional stress, such as insect feeding, may result in seve
damage.

3. Stand Structure: Miltistoried host stands are better habitat f
WEB than are even-aged, one-storied stands. I|nternediate crc
layers tend to reduce loss during larval dispersal and increa
food available to the WSB. During an outbreak, large larvae (fif
and sixth instars) often deplete foliage on large trees and sg
down in search of additional food, frequently |anding
internediate crown layers, where they can then conplete their |
cycle. Further, the lower canopies of nultistoried stands usua
are conposed of shade-tolerant conifers, the preferred hosts oft
W\SB.

4, Stand Vigor: Fast-growing, healthy stands are |ess susceptil
than stagnated, stressed stands. Foliage quality in stressed sta:
is nmore favorable to the WB and tends to pronote insect survive
Stressed sites are |ess capable of supplying water and nutrients
trees. Nutrient availability and cycling may be a najor influe
in causing stress. Utimtely, starch reserves, which are inport:
in postoutbreak recovery, usually are limted in stressed stan
5. Stand Maturity: Even-aged stands 1 to 20 years old are |ow
susceptibility because they offer linmted substrate and very 1it
opportunity for budworms to lay eggs. Larvae that do disperse
devel opi ng young conifers are easier prey for predators. Stands

to 60 years old tend to have high foliage bi onass and develo

dom nance cl asses. The budworm tends to do well in stands where
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irregul ar canopy creates warnmer, drier conditions for developinc
| arvae. O her conditions renmaining constant, vulnerabilit)
generally increases with stand age.

6. Stand Size: Host stands of small acreagé i sol ated in nonhosi
types are not likely to be infested by WSB. Cbnversely,"lafge
conti guous bl ocks of a host type, such as may occur throughout
drai nage, can be highly susceptible.. Because large areas of hos
types tend to support increasing budworm popul ations,‘ injury t
infested stands can be expected to increase also. Furthernore
stands that in all other characteristics would be classifies a
susceptible may really be not be subject to attack if they are no
near substantial areas of host type. However, in the Blue Muntain
there are nunerous exanples of, snall, isolated host stands bein
infested, e.g. farm woodl ots).

7. Cimte and Topography: Stands in geographic areas with
relatively warm dry, spring clinmate are nore susceptible and incu
more injury than in stands in wet, cool areas because budwor
| arval devel opnent is favored by arm dry conditions. Topograﬁhica
conditions that pronote warm and dry stand conditions also favc
WBB. For example, stands on south-southwest aspects of moderat

sl ope are nuch nore susceptible than stands on north aspects.

"In the Blue Muntains, WSB has a fairly broad ecol ogic:
anplitude. It is found over a wide elevational range and i s presex

to varying degrees in many different plant conmmunities--from ti

warm and dry to cool and noist. Warm dry habitats are no:




:
favorable for WEB, however, for npbst vegetation series. WSB occu:
within several vegetation series, including mountain hem ock (CM
subal pi ne fir/lodgepole pine, grand fir, and Dougl as-fir. stanc
and forests conposed of vegetation series containing noderate 1
hi gh conmponents of Douglas fir, grand fir or white fir ai
especially vulnerable to danmage by WEB. The latter two species ai
relatively shade tolerant and in the interior of their range,
absence of fire, replace less tolerant or intolerant associate
speci es such as western |arch, ponderosa pine, |odgepole pine, a:
Dougl as-fir as those stands develop toward climax-. Feedi:
preference of WSB (and, therefore, population size) is general:
related to shade tolerance, thus increasing as the degree of
host's shade tol erance increases (Schmdt et al. 1983). Developmer
of shade-tolerant true fir species in 'the understory leads 1
multiple canopy layers of WSB host and consequent increas
vul nerability of stands to damage by budworm* (USDA 1991, p.II-8
Rating Stand Susceptibility to WSB. The above listed stand and sif
i nfl uences have been nunerically rated to create a generaliz
i ndexi ng nodel of a stand's susceptibility to budworm infestati
(Wil f and carison 1985, carlson and Wil f 1989). Possible val ues £
each of the factors are classed, and each class is given an ind
value (table 1). Al index values determined for a given stand a:
multiplied together, and the product of these nunbers is tl
susceptibility index for that stand. Stand i ndexes can range fr
0 for a non-susceptible stand to 100 for one-that is high:

susceptible. Ratings fromO to 20 indicate |ow susceptibility;
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to 50, noder at e and nore than 50, hi gh. Managers can expect

significant defoliation and |oss Of Productivity in stands rates as

2 o - noderate or high.

g =

i)

by 4
¥ 3
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Table 2. Factors, classes, and index values used to rate stand

susceptibility to WSB (adapted from Carlson and Wulf 1989).

Factor Class Index

% host crown cover in stand 0
1-30
31-70
71-100

N OO
wo

% climax host crown cover in stand 0-30
31-70
71-100

NN
¢ s @

stand density (total % crown cover, 1-40
all species) ’ 41-80
81-100

P e ] » OO = U

)
L] L] *

Height-class structure of stand 1 tier
2 tiers
3+ tiers

)
~ U

Stand vigor (best est. of site) good vigor
moderate
poor

PO HKPO

Maturity (age, based on dominant 1-30 yrs

and codominant trees) 31-90 yrs
91-140 yrs
140+ yrs

HHHO
. L[] . .

Site climate cold, timberline
types
cool, moist
cool, dry
moist, warm
mesic to dry
warm, dry

Regional climate west of Cascades
Idaho panhandle

st. Joe, Clearwater
Lolo, Nezperce (Selway
district only), Colvile
Blue Mountains,
Flathead, Nezperce
Bitteroot, Idaho

HOO HEHHO O

1
1
Character of adjacent forest Immature, <50% host 0
Immature, >50% host 0
Mature, 0-30 % host 0
Mature, 31-70% host 1
Mature, 70+ % host 1
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Effects. Western spruce budworm has to potential to effect a wde
range of resource values and ecol ogi cal processes (USDA 1991). The
ti mber resource is affected through a weakening of trees caused by
| oss of foliage which leads to growth |osses and predi sposes trees
to attack by bark beetles (USDA 1991) and ot her secondary insects.
and di seases (Fellin and Dewey 1982). Other inpacts include top
kill, stemdeformty, outright mortality, and | oss of cone and seed
production (USDA 1991). The greatest inpact from WsB defoliation in
mature stands is reduced growh, although defoliation can result in
top-killing (which-also affects cone production) and tree nortality'
(Fellin and Dewey 1982). These weakened trees are nore susceptible
to secondary pests (Fellin and Dewey 1982).

Tree nortality primarily occurs in regeneration, saplings, and
pol e-si zed trees (Fellin and Dewey 1982). Together with the damage
done to cone and seeds, WEB has the potential to seriously affect
regeneration of Douglas-fir and true firs in the CRB. Danmge can be
especially serious when larval population densities are high and
cone crops are light (Chrisman et al. 1983, Fellin and Dewey 1982).
The conbi nation of danage to seedlings and on seeds and cones, can
significantly delay the establishment of natural regeneration of
host tree species (Fellin and Dewey 1982).

von the positive side, by thinning stands through the killing
of overstocked, suppressed understory firs and the weakeni ng of
large dianeter internediate and overstory trees that are |later
killed by bark beetles, sone suggest that WSB is a natural

regul ator of stand density and forest productivity. Further, the




84
W5B acts as an agent of diversity by allowi ng nore sunlight to
reach the ground and pronoting establishment and growth of a w der
range of forest vegetation, especially the shade-intolerant pines
and larch that are actually better adapted to many sites" (USDA
1991, p.II—lS); In addition, herbivory by WSB may enhance nutrient
cycling by adding nitrogen and other elements back into the soi
through nitrogen-rich fecal pellets and parts of needles that are,
clipped off during feeding (Schowalter et al. 1986, 1991, USDA
1991) '

" Anot her forest resource that can be affected by WEB action is
the wildlife conponent. Extreme |oss of crown biomass from W5B
defoliation can cause significant decreases in the quantity and/or
qual ity of overstory that are inportant for big ganme thermal cover,
hiding, and escape, thus adversely affecting the use of defoliated
areas by wildlife populations. Or the other hand, the opening up of
dense stands inproves forage production capability which may
benefit both domestic and wildlife populations" (USDA 1991, p.II-
15) .

“The threat of wildfires may al so be increased due to a WEB
outbreak. Infestations of WBB and other insect pests have
contributed to fuel loads and increased the rate of fuels
accunul ation. In the event of wildfire, the increase in |arger
fuel s on the ground, which could result from WEB-caused nortality
and WGB defoliation-nmedi ated bark beetle-caused nortality, could
sl ow fireline construction and present greater risk to fire crews

fromthe possibility of falling snags® ( USDA, p-II-16).




"Soil properties and water quality and guantity are not
usual |y adversely affected by WEB defoliation. Wile conprehensive
studi es on these resources during a WSB out break are apparently
lacking, some inferences can be drawn from experience. with
~defoliation by Douglas-fir tussock noth in the Blue Muntains.
‘Statistically significant increases in stream.flow were noted
during a tussock noth outbreak only when defoliation exceeded 25%
(Hel vey 1977), and no significant difference in water quality was
found between affected and unaffected watersheds on the Umatilla
Nat i onal Forest (Hicks 1977). Because WSB defoliates stands' nmuch
more gradual ly than tussock noth, other unaffected vegetation will
increase in density as canopi es beconme nore open from defoliation,
and vegetation wll intercept and. use a greater portion of
avail abl e noisture (USDA 1989)" (USDA 1991, p.II-16).

Manauenment FEffects. "Silvicultural treatments can be used t 0 reduce

forest and stand susceptibility to budworm. The foll ow ng are the
silvicultural practices described by carlson and Wulf (1989) thaf
will reduce WEB habitat -and sustain vigorous forest growth

1. Strive for stand diversity in species conposition by favorin
seral trees and renoving or otherw se discrimnation against th
nost shade-tol erant host species. |

2. Regul ate stand density through appropriate rel ease cuttings an
thinnings to inprove and maintain tree vigor and stand growh. D
not thin stands with |arge WSB popul ati ons during an out break
however. Wen this has been done in the Blue Muntains, disastrou

results followed. Large WSB popul ations were. concentrated c
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residual trees and invariably stripped the foliage from ther
killing most of them.

5. Create and maintain even-aged stand structures by using ever
aged regeneration systems, followed by periodic low and crov
thinnings.:

4. Promptly remove all overstory trees once regeneration -:
established in seed-tree and shelterwood cuttings.

5. Improve stand vigor by removing diseased, heavily infested, «
otherwise unhealthy trees in all cuttings.

6. Regenerate host stands to less susceptible species at or befo:
biological maturity, as indicated by the culmination of mean annu:
growth..

7. Diversify the host forest by creating seral stands in current.

homogeneous areas of late successional or climax species" US]

Newly established seedlings are particularly vulnerable
being seriously damaged or killed by larvae, especially wh
partial cutting methods leave host-tree species in the residu

overstory stand (Fellin and Dewey 1982).




Dougl as-fir Tussock Mth, Ogyia pseudotsugata

Introduction and Hstorv, The Douglas-fir tussock moth (DFTM is
native defoliator of conifers in western North Anerica, (Figure 7]

"Wwithin the Blue Muntains; the DFTM may be present in .stan

wherever its hosts occur (Douglas-fir, grand fir, white fir, a
subal pine fir) '(USDA 1991). Vegetation series that host tusso
moth include nountain hem ock, subalpine fir/lodgepole pine, gra
fir, and Douglas-fir. Wile Douglas-fir and grand fir conponents
these stands may be seriously damaged or killed by DFTM understc
trees of all species are often fed on by larvae that drop fromt
host overstory when popul ati ons are overcrowded (Beckwi th 197¢
(USDA 1991, p.l11-19).

"The DFTM has periodically caused extensive damage and t:
nortality to coniferous forests in western North Arerica. Outbre:
usual ly last 3 years, following a typical pattern in which {
I nsect population rapidly.increases until a maxi muminsect dens
is reached, followed by rapid decline in nunbers due to redu
food availability and increased mortality. by natural enem es,
‘ending with a postdecline phase, by which time .the col | apse of
popul ation is conpleted (Wickman et al. 1973)" (USDA 1991, p.
20).

Qut breaks of DFTM have typically occurred sinultaneously a
whol e regions or even throughout the West. Sone outbreaks dur
the 1970’s, for exanple, occurred in sinultaneously from Brit
Col unbia to New Mexi co (USDA 1991). Wile outbreaks may oc

simul taneously over several regions, the spread within an area |
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‘ Major oulnbrnk areas
Known’collection points and
tussock moth as of 1973

Doug‘las-ﬂr tussock moth
pheromone collection areas.
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be slower than W5B due to DFTM adult females being w ngles
(Wickman and Beckwith 1978, Hessburg et al. 1994). Therefore, DFT
'_danage is nore localized and WEB damage is nore extensive (Hessbur
et al. 1994). |In the Blue Muntains, sonme outbreaks of DFTM hav
affected areas on the ochoco National Forest, however, nost of'wha
is reported applies to the Ml heur, Uratilla, and wallowa-Whitme
~ National Forests oniy (USDA 1991).

The first reported DFTM out breaks in the Bl ue Muntains can
in 1928 (USDA 1991). Since that time popul ations of DFTM increas
and peak on the average of every 9 years, though cycles «
i nfestati on increase 'and decline are variable (Shepherd et a.

1988) .
Stand Conditions. Stoszek and Mka (1978) report that wusi:

statistical analysis the following relations between avera
defoliation on each host tree in a stand and physical attribut
were reveal ed:

1. Stand Conposition: Mxed stands of Douglas-fir and grand fir a
highly susceptible, but the species nost heavily defoliated vari

by area. For exanple, in northern Idaho, defoliation increased

the proportion of grand fir increased, while in the Blue Munta

of Oregon and Washi ngt on, Dougias-fir appears to be preferred ov
grand fir.

2. Stand Maturity: In northern ldaho, nultistoried stands wth

open canopy in the overstory have. been heavily defoliated. Becat
the primary node of dispersal for DFTMis by w ndbl own early inst

larvae, many |arvae die unless they land on a suitable hc
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(Wickman and Beckwith 1978). Thus, multistoried stands would |ike]
be nore favorable for early instar survival. A simlar defoliatic
pattern has also been common in the Blue Muntains, however, SOn
single-storied stands in the Blue Muwuntains and California hav

al so been heavily defoliated. Small trees ‘generally suffer mozx
mortality from direct effects of defoliation, and |arge tree
suffer nore nortality from secondary insect attack

3.stand Density: Overstocked stands are general |y nore susceptib:
to heavy defoliation, except white fir in California. In northe:
| daho it was determ ned that defoliation increased as the densi:
or anmpbunt of tree biomass per unit area to site productivi
I ncreased.

4, Site Characteristics: In northern Idaho, stands near or at t
top of ridges are anong the nost susceptible given the other sta
characteristics previously cited. In the Blue NMuntain
susceptible stands are |located on ridgetops, south slopes, a
| oner elevations on eastern, particularly southeastern exposure
Ri dges at high elevations are sonetinmes occupi ed by subalpine. £
and are less susceptible.

5. Soil Characteristics: In northern Idaho, an inverse relation h
been found between defoliation and depth of volcanic ash. Soil a
site characteristics related to susceptibility probably reflect ¢
conditions; outbreaks are nost likely to occur on dry sites,.

6. Prior Management Practices: Logging of old-growth ponderosa pi
and the exclusion of fire in managed forests have speec

succession frompine toward fir on drier sites. These stands app:



to be nost prone to outbreaks.

Many of the worst outbreak areas in Oregon and wWashingto

(including the Blue Muntains) have occurred in stands that wer
once classified as ponderbsa pi ne type (Hessburg et al. 1994). Th
shift towards overstocked, shade-tolerant species has 'apparentl
led to the increased outbreaks in these areas, .especially in |ow
to md-elevation climax grand fir and Douglas-fir forests (Hessbur
et al. 1994).
Effects. As with the western spruce budworm, "DFTM nmay be viewed a
having both positive and negative affects on the forest ecosysten
as well as on the resourcesand benefits derived fromthe forest
Qoviously, from as econonmic point of view, DFTM outbreaks can has
serious short-termand long-termeffects on tinber productic
t hrough direct and indirect DFTM caused tree nortality and frc
natural regeneration areas being at undesirable stocking leve:
(Mason and Wickman 1988)" (USDA 1991, p.II-26).

_ "Research studi es have shown that tussock noth outbrea
reduce the grand fir conponents of stands and encourage substanti;
i ncreases i n ponderosa pine over preoutbreakl evel s (Wickman et a.
1986). This research evidence also found changes in speci
dom nance in the postoutbreak regeneration. Non-host Englena
spruce, western larch, and ponderosa pine (in that order) we
found to be the tallest and fastest grow ng species during t
postout break period. It seems that DFTM outbreaks may in some cas
benefit sites by encouragi ng establishment of faster grow ng Sefr

species within openings created by tree mortality" (USDA 199




p.II-27).

"It is well established that the anount of danage to hosi
trees and stands is related to the degree of defoliation by DFTI
(Mason and wickman 1984, wWickman 1978). Generally, 90%of the treel!
that die have been defoliated 90% or nore by DFTM. Wereas, tree:
that | ose 50-75% of their foliage rarely die from defoliatio:
alone, but are often killed by bark beetles (Wickman 1978, Wi gh
et al. 1984). The highest direct nortality occurs in smnal
understory trees [thus preventing the novenent towards climax]
while larger trees are usually killed by a conbination o
defoliation and, bark beetle attack" (USDA 1991, p.I11-27).

"Radial and height growh are also inpacted by DFT
defoliation. During and inmediately follow ng an outbreak, tre
growth may be sharply reduced. However, this growth reduction i
followed by rapid recovery. Some studies even suggest the
post out break growth may significantly exceed preoutbreak growt
(Wickman 1980, 1986, 1988). Increased nutrient cycling, especiall
nitrogen, in the formof insect frass follow ng defoliation.l1
DFTM, nmay provide short-term increased growth of defoliate
surviving trees and non-host pines which exceeds that of no
defoliated trees. The enhanced tree growh is apparently the resu.
of increased nutrient cycling and the thinning effect of tr
mortality (Wickman 1980, 1988). This suggests that some outbrea
may have positive effects on long-term stand productivity** (US
1991, p.II-27).

‘"Loss of regeneration and cone crop production, especially
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true fir species, are also a result of DFTM outbreaks. Seedling:
and saplings, as well as mature trees, are attacked by DFTM causin
| osses to all age classes. Mre severe danage tends to occur
uneven-aged, nultistoried stands, as opposed to even-aged, single
storied stands" (USDA 1991, p.II-27).

wother inpacts from DFTM may al so be either positive o
negative" (USDA 1991, p.1I-28). Based on work by Helvey (1977
unpubl i shed) studying effects of an DFTM out break on waterfl ow
the Bl ue Muntains, Canpbell and Stark (1980) have suggested tha
the anount of water recovered by streanflow appears to be linearl
related to overstory renoval. Assum ng 100% defoliation.of th
entire watershed, 25% of the water budget goi ng i nt
evapotranspiration will be available for stream flow the first vyea
after defoliation, 10% will be available the second year, 3% th
third year, and no increase thereafter. Qher studies (H cks 1977

on the 1972-1974 prTM outbreak in the Blue Muntains detected r

significant effect on water quality (USDA 1991).

Pi ckford (1977) suggests that increased fuel |oading i
out breaks is not conducive to nore rapidly spreading or hotte
surface fires (reported in Canpbell and Stark 1980). "Nor d:
out breaks appear to affect fire hazard significantly, however, nar
fire specialists strongly disagree with these concl usi ons, ar
further studies are clearly needed" (Canpbell and Stark 198
p.12)

"As wWith WBB, DFTM action can inpact the wildlife conponent -«

an ecosystem Extrene |oss of crown biomass from DFTM defoliatic
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can cause significant decreases in the quantity and/or quality of
overstory that are inportant for big gane thermal cover, hiding,
and escape, thus adversely affecting the use of defoliated areas by
wildlife populations. On the other hand, the opening up of dense
stands inproves forage production capability which may benefit both
donmestic and wildlife popul ations. Thus, DFTM can alter the bal ance
between cover and foraging areas within habitat of big gane, in
addition creating snags for snag-dependent wildlife".

“Modification of the vegetative conplex by changes in stand
conposition and structure through DFTM out breaks' influences'other
l'iving conmponents in the forest ecosystem The quality and species
conposition of reptiles, birds, and mammal s are significantly
influenced by conifer defoliation, particularly where defoliatior
and consequent nortality are severe enough to alter forest
succession. O the 148 species of vertebrate wildlife associatec
with the mxed conifer forest in the Blue Muntains of Wshingtor
and Oegon, 94 nmay be adversely affected by severe defoliation
woul d, be favorably influenced, and 47 would be affectec
insignificantly (Thomas et al. 1979). The adverse effects of severe
defoliation do not inply that certain wildlife species wil:
di sappear. Adverse effects on wildlife fromchanges in habitat arc
reflected in adjustnments of species conposition and popul ations
Serious long-term effects on any one of the 94 species ar
mnimzed by the normal diversity of forest stands and the genera
mobi l ity of wildlife" (Kl ock and Wickman 1978, p.94).

“The near 5-fold'increase in forage plant biomass 2 to 4 year




after severe defoliation will have a positive influence on deer a
el k use in areas where cover is plentiful and forage is limtir
The reverse'is true where openings or forage areas are plentit
and cover is limting. The ratio of forage area to cover that ter
to produce maxi num deer and 'elk use of the area is 60/40. T!
assunes that cover and forage areas are 600 to 1,200 ft w de
wel | interspersed. Factors 'beconme limting as the ratio of for:
area to cover beconmes nore' extrene in either direction (Tho
1979)" (Kl ock and Wickman 1978, p. 95).

"The effect of stand defoliation on bird popul ati ons depe
largely on the habits of an individual or group of species. Spec
such as the western tanager, yellow-rumped warbl er, and kingl
that normally occupy the upper half of the tree crown wll
detrimentally affected by severe defoliation for 1 or 2 years. B
species that nest in the branches of coniferous trees and th
that , glean coniferous foliage for insects wll also
detrinentally affected. In general, however, snmall patches
severe defoliation that result in patches of snags or nore c
stands create diversity of habitat, which will benefit the
comunity" (Kl ock and wickman 1978, p-95).

Tussockmot h popul ations can al so affect popul ations |evel
other insects as well. In forests defoliated by DFTM bark bee
popul ations increased for 2 to 3 years, but as trees regained tt
normal vigor following refoliation, the beetle populations cras
to [ow levels (Wight et al. 1984)

Management Effects. "In the past, fire generally prevented 1:
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forest areas from becom ng susceptible to |arge-scale tussock noth
out breaks. Fire prevention and suppression prograns have reversed
this process and contributed to the devel opnment of extensive
susceptible forests. Forest nmanagenent activities and outbreaks of
ot her insects and di seases have also generally favored devel opnent
of tussocknoth hosts" (USDA 1978, p.243). "Indicators of high-risk

site and stand conditions vary wi dely anong regions. For this

reason, a Qgiven management practice mght reduce the probability of

subsequent DFTM out breaks in one region but increase it in another"
(Stoszek and Mka 1978, p.190). The following are a list of
silvicultural guidelines that have been recomended by Stoszek
(1978) for |ong-term managenment goals to reduce the hazard of
stands to DFTM damage:

1. Refrain from using equipnment that would cause soil conpaction,
mechani cal displ acenent of top soil, or subsequent erosion.

2. Refrain fromslash disposal that further decrease the soil's

nutrient capital

3. Foster conditions conducive to increasing the rate of
deconposition of organic matter and nutrient cycling.

4, Arrange spatial and tenporal patterns of harvest cuts (under
even-aged managenent systems) to mininize exposure of the residua

stand to heat and desiccating winds and inprove the accumnul ation

and retention of snow.
5. Favor establishment, survival, and growmh of tree species

adapted to drought (such as ponderosa pine on Dougl as-fir habitat

types; ponderosa pine | odgepol e pine, Douglas-fir, and larch on
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sites capable of supporting true fir).

6. Reduce intertree conpetition [Of NDisture -and nutrients to

mai ntain vigorous grow h.

‘ and
7. Avoi d producing drastic changes in tenperature, moisture,

l'ight regimes that would shock the residual stand, thereby reducing
: . . s i nsect and di sease
tree vigor and increasing susceptibility to

or gani sms.
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Western Larch

Western Spruce Budworm, Choristoneura occidentalis

Introduction and Historv. H story of population |evels generally
follows that of WEB infesting the mxed conifer forest cover type.
However, WSB-caused damaged and defornmed western larch appear to be
i ncreasing in young coniferous forests of the northern Rockies

(Fellin and Schnidt 1973).
Stand conditions. The relationship between stand and site

condi tions and high WSB popul ati ons on western larch may be nore
closely related to high WSB popul ati ons found' in m xed stands
contai ning Douglas-fir and true firs.. Fellin and Schm dt (1973a),
however, found" WSB defoliation' of western. larch present on
seedlings, saplings, and pole-sized trees in any area of western
Mont ana where distribution of WSB and western |arch coincide
(Figure 8).

Effects. Froma tinber production viewpoint,' WSB defoliation
decreases rapid juvenile height growth and inpairs excellent form

which are two highly desirable characteristics of western |arch

(Fellin and Schnidt 1973). Schnmidt and Fellin (1973b) showed that"”

hei ght growth was reduced 25 to 30 percent when term nal |eaders
were cut by budworm |larvae. It was also shown that as WsSB

infestations built up in their study area, the incidence of
mul tipl e-topped trees increased and trees Were | ess able to outgrow

forks.
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In the northern Rocky Mountains WEB | arvae al so damage the
cones ahd seeds of western larch and Douglas-fir (Fellin and
Shearer 1968, Furniss and carolin 1980). Although the extent of
this damage is reported to be unknown, BB does not typically feed
on femal e cones of other coniferous trees 'in the northern Rocky
Mount ai ns (Fellin and Shearer 1968). |f western larch,-a highly
i ntol erant species, |osses some of its height growth advantage over
other species, it can lose its domnance in the stand and
eventually its potential for recovery, even though the damage nay
subside |later. Reductions in both height growth and reproduction of
western larch by WSB would l|ikely influence western larch's
successional status and regeneration in both the short-term and
| ong-term (Schnidt and Fellin 1973). The authors speculate that the
WEB wi || become nmore wi despread in western |larch forests and, as a
result, higher quality sites and different ecol ogical habitats may
be infest ed.
Manaaement. Fellin and Schmidt '(1973) recommend that thinning has
the potential of reducing the effects of WSB in young western |arch
stands if done early enough for stands to recover from overstocking
before becom ng infested. Natural stands of larch are generally
heavily overstocked resulting in decreased vigor of individual
trees and inability to grow at their maxi mum potential (Fellin and
Schmidt 1973). Thus, early thinning before infestation may all ow
the thinned stands to be nore resistant or better able to recover

from attack.
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Larch Casebearer, Col eophora laricella
Introduction and Hi storv, The larch casebearer (LCB) was introduced
into the US from Europe in 1886. The LCB now feeds on al nost all
species of larch and tamarack in the U S (Denton 1979). By 1957 the
LCB was discovered in western larch near St. Maries, |daho. Once
established in.the West, the LCB had abundant and concentrated
stands of larch and few natural enemes. By 1970, half the western
larch range was infested; by 1982 the noth had spread to all the
western larch range in the United States (Figure 9). "Initial
parasite introductions apparently subdued casebearer popul ations
[in the PNW] (Ryan 1990), but casebearer damage is again visible in
many years of the central Oregon Cascades and in northeastern
Washi ngton in the | ast three years" (Hessburg and Fl anagan 1992a,
1992b from Hessburg et al. 1994, p.10).

Researchers (Martineau 1985, Wbb and Denton 1967) have stated
that the LCB is second only to the larch sawfly as the nost serious
defoliator of both native and exotic species of larch in North
Anerica, and may be the nost serious insect eneny of western |arch
(Denton 1979). Prior to the introduction of LCB into western larch
forests, no tree nortality resulting from any defoliator outbreak
had been ‘reported in western larch forests (Denton 1979).
Casebearer danmage has been observed in the |ast three years in

central Oregon and northeastern Washington (Hessburg et al. 1994).
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Stand Conditions. To determne the effects of LCB on young western

larch under different stand densities, @ study was undertaken on
the Coram Experimental Forest, Mntana, USing 5 stocking densities
(200, 360, 890, 1740, and 10,000+ stens/acre) (Denton 1979). Al nost

all population parameters of IZB increased as the stocking density
of western larch decreased from unthinned stands to 200 stens per

acre (Denton 1979). Qher data suggest that above 1,120 min
el evation LCB popul ati ons cannot remain dense enough to affect the:
radial growth of infested larch, even though defoliation has been
observed for several years at higher elevations (Tunnock et al.
1969 from Tunnock and Ryan 1985). Trees of all ages are reported to
be infested (Tunnock and Ryan 1985).

Effects. Severe defoliation by the LCB (i.e. 85 to 100 percent for
several years) 'can kill trees or reduce their potential growth by
as much as 95 percent (reported in Tunnock and Ryan 1985). However,

| arch can withstand repeated defoliation better than nost other
conifers because it drops its leaves in the fall, refoliates in the
spring, and can produce 2 crops of needles during a grow ng season
(Tunnock and Ryan 1985). Typically, only younger trees growing in
t he open or along edges of openings are directly killed by LCB,

while older trees that are weakened by defoliation are susceptible
to secondary attack by other insects and di seases (Tunnock and Ryan
1985). A 1968 study in northern Idaho indicated that the western
| arch borer and Armllaria root disease probably killed many
casebearer-stressed trees (reported in Tunnock and Ryan 1985).

Management. No silvicultural controls have been developed, although




]

104
sone research is being done on silvicultural treatnments such as
stocking density (Tunnock and Ryan 1985). It is predicted that
outbreaks will continue to occur in the future, however, the
out break pattern in the eastern U S. has been that outbreaks become
of shorter duration and the interval between becones |onger over
tinme (Webb 1953 from Tunnock and Ryan 1985). This is probably due
to increased control of LCB populations via natural enem es.

Larch Sawfly, Pristophora erichsoni

| ntroduction and Historv. The larch sawfly is a Holarctic species

(Figure 104) consisting of several strains (Turnock 1972, Furniss
and carolin 1980). Since it was described in 1837, it has been
reported as a pest of |arches throughout the northern hem sphere
(Drooz 1971) . The first record of larch sawfly presence on western
| arch was made in 1930 in British Columbia. Five years later it was
reported attacking western larch in northwestern Montana. It has
now been reported to infest western larch in Mntana, |daho,

Washi ngton, and Oregon. Furniss and carolin (1980) state that this
species is the nost destructive insect eneny of several |arch

speci es.
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The different strains or populations of |arch sawfly are known
to exhibit distinctive pattern -of abundance (Turnock 1972). The
popul ation in the northwestern United States appears to be
charactérized by wi de popul ation fluctuations: short periods of
very low density and frequent |ocalized outbreaks. The rarity of
the larch sawfly between outbreaks is enphasized by the fact that
intensive surveys in a district of British Colunbia yielded a tota
of only 11 larvae from 1956 to 1964 (in Turnock 1972).
Stand Conditions. 'Larch growi ng on "poor" sites nay be nore
susceptible to attack or at |east damage than larch grow ng on
"good" sites (Drooz 1971). In addition, larch stands in areas'that
are prone to spring and summer flooding may be |ess susceptible to
out br eaks because standing water causes high nortality of prepupae
i nsi de cocoons (Lejeune 1951).
Effects. Wiile tree growth can be severely slowed or reduced from
repeated defoliation, larch sawfly typically does not directly kil
trees extensively except stands under stress fromother factors. As
descri bed previously under |arch casebearer effects, the nature of
| arch to shed needles each fall, to refoliate in the spring, and
produce nore than one flush of needles in a grow ng season, enables
larch to withstand defoliation better than other coniferous
species. Larch growing on *"good" sites is especially able to
tolerate repeated sawfly attack than when grow ng on "poor" sites.
Larch planted on good sites can be expected to survive at |east 18
years of successive noderate to conplete defoliations (Drooz 1971).

Manaaenent:' Managenent approaches to the larch sawfly have focused
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practices such as flooding during the susceptible pupal

There is little experinental data indicating

on cultura

stage (Legeune 1951).
what stand conditions are nost often associated with this insect.

Saplings and pol e-sized trees can tolerate defoliation nmore than
mature trees (Drooz 1971).

There is sone evidence that larch sawfly or at |east sone
strains of larch sawfly are introduced (Wng 1974). Consequently,

bi ol ogi cal control strategies have been enployed with some success
(prooz 1971). How natural stand conditions influence the

effectiveness of biological control has not been studied.
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I nterior Ponderosa Pine
Note: The representative species pine butterfly, pandora noth, and
western pine shoot noth, are discussed under the ponderosa pine
forest-cover type., however, they may al so extensively occur in
| odgepol e pine cover types or where ponderosa pine and | odgepol e
pine overl ap.

"Furniss and carolin (1980) |ist approximtely 100 species of
insects that are considered "pests" of ponderosa pine needl es,
twigs and small branches. However, their lists do not include/
reflect either the vast nunbers of non-damagi ng associates of the
pest (parasites, predators, commensals) or the pine forest
i nhabi tants not associated with the pests. Their unquantified
numbers certainly exceed the pest species" (Schmid 1988, p.93). The
pine butterfly, pandora npoth, and sawflies are the nost significant
defoliators .of ponderosa pine in the Wst (schmid 1988).

Pine Butterfly, Neophasia menapia
Introduction and Hi storv. The pine butterfly (PBF) occurs in

ponderosa pine stands throughout the western U S. and western

British Colunmbia (Figure 107). Populations of this insect typically
remain relatively low for several years and then the insect may
appear in great numbers (Cole 1971). During these outbreaks, the
PBF can cause significant tree nortality. Ponderosa pine appears to
be the preferred host, but during outbreaks, and particularly in
stands of m xed species, the PBF feeds on | odgepol e pi ne, Douglas-
fir, western white pine, larch, |odgepole pine, and .western
hem ock.
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A nunber of severe outbreaks of the PBF have occurred in the
Pacifihc"'Northwest. The PBF in Washi ngton has been nost frequently
observed in Sbok"ane, Pend Oeille, and Witman counties (Youngs and
Retan 1979). In an outbreak on the vakima- | ndian'reservation in
Washi ngton during the |ate 1800’s, up to 90% of the ponderosa pine
trees in a 150,000 acre area were killed, and nearly a billion
board ft. of tinber was destroyed (Cole 1971). | n anot her out break
in New Meadows, |daho during the 1920’s, ' approximately 26% of the
stand was killed (Cole 1961). Over 40,000 acres of ponderosa pine
wer e damaged by PBF in t he Bitterroot Valley and Missoula area from
1969 to 1973 (Ciesla et al. 1971, Meyer and Gesla 1973 from
Tunnock and' Meyer 1978). Qher heavy defoliation in Mntana has
been observed throughout the 1870’s on the National Bison range,
M ssion Mountains, and Flathead |ndi an Reservation (Tunnock and
Meyer 1978).
Stand Conditions. Furniss and carolin (1980) report that old

ponderosa pine are nore susceptible to attack and injury than
younger, thriftier trees. Extensive stands of mature ponderosa pine
seem especially prone to large scale outbreaks -at .periodic
i nterval s.

Effects. In addition to the above nentioned extensive nortality
resulting from PBF outbreaks, a 40%reduction in growh and 1.3%
tree nortality of the entire stand was recorded 5 years follow ng
the aerial application of an insecticide to control an infestation
of PBF in the Boise National Forest in‘southern Idaho (Cole 1966).

Besides directly killing trees, PBF defoliation |ikely weakens



111

trees, making them nore susceptible to secondary attack by bark
beetles. It was estimated that about 14% of the nortality of
ponderosa pine in the New Meadows out break was caused by bark
beetle attack (Cole 1,961).
Manasenent . Cole (1971) reports that, predictions .of high
popul ati ons of PBF can be made the previous year based on either
aerial or ground- surveys of flying adults. If, during aerial
surveys of large forested areas, SiX or nore adult PBF are detected
per tree, epidenic popul ations can be expected the follow ng year.
G ound observations of about 24 butterflies per tree equal this
aerial standard..

No silvicultural treatnents have been prescribed for PBF
control, although treatments which limt extensive areas of nature
ponderosa pine would likely reduce the potential for PBF outbreaks.
Pandora Mdth, coloradia pandora
| ntroduction and Historv. Periodi ¢ outbreaks of pandora noth cause
severe damage to pine forests in the western U.S. The pandora noth
is chiefly found in inland nountain areas, but may be found in
every state from the. Rocky Muntains west, except for |daho
(Furniss and caroclin 1980) (Figure 12). The earliest recorded
outbreak was on the Kl amath Indian Reservation, Oegon shortly
before 1893. In parts of the western region, outbreaks have
occurred at about 20- to 30-year intervals and have |asted as |ong
as 6 to 8 years (carolin and Knopf 1968). The pandora noth caused
ext ensi ve damage to both ponderosa pine and | odgepole pine in

sout h-central oregon from 1918 to 1928. In 1950-1966 outbreaks
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occurred in Oregon and Womni ng. The pandora noth is said to have

had a "long history of attacking ponderosa pine throughout the high

(Hessburg et al. 1994, p.33).
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Stand Conditions. Qutbreaks are limted to pine areas having |oose

enough soils (pumce soils or deconposed granitic soils) which
permt 'caterpillars to bury* thenselves (carolin and Knopf 1968).
Qut breaks have devel oped on ponderosa pine and | odgepole pine in
Oregon nostly in mature stands,’ with light infestations in a mature
stand being restricted to 'understory trees of‘ 20 ft. or less
(carolin- and Knopf 1968). Schm d and Bennett (1988) note that
ponderosa pine in Arizona, ranging from saplings to domnants, were
defoliated in a extensive pandora Noth outbreak in the early
1980's. However, defoliation was noticeably Iess on saplings to
pol e-sized trees in ravine bottons; while being heavy on ridgetops.
A simlar pattern of defoliation was observed by Beal (1938) in
Colorado. Mtchell (1989 from Hessburg et al. 1994) reports that
nortality is rare in young trees.

Effects. An initial evaluation conducted after the 1980's outbreak
in Arizona indicated a 25% reduction in BA growh over 4 years in
stands defoliated twice, but no significant decrease in stands
defoliated once (Schmd and Bennett 1988). G owth reduction was as
high as 84% in heavily defoliated trees and 32%in noderately
defoliated trees one year after defoliation (MI|Iler and Wagner
1989). However, basal area increased nmore in the heavily defoliated
trees than the noderately defoliated trees two years after
defoliation occurred. "Defoliation develops in patches of 5 to 40
acres, and when defoliation has run its course, caterpillar frass
on the ground may be up to 172 inch deep" (Hessburg et al. 1994,

p.33). This nutrient boost to the soil would likely have a
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beneficial inpact on nutrient cycling and conpensatory growth on
surviving trees.

In addition to the outright killing of pine from defoliation,
pandora noth defoliation indirectly leads to pine nortality through
interactions with. dwarf mstletoe (Wagner and Mathi asen 1985) and
secondary attack by bark beetles (carolin and Knopf 1968).
Ponderosa pine nortality in mstletoe-infected stands was greater
than average for the entire infested area during an pandora noth
outbreak in Arizona, especially anong trees with a mistletoe rating
of 5 or 6 (Wagner and Mat hiasen 1985). In addition, radial growth
of severely defoliated, heavily infected trees was less than the
radial growth on' non-defoliated, non-infested trees. Thus,
mstletoe-infected trees appear less able to tolerate defoliation
than non-infested trees, with the degree of tolerance inversely
related to the level of infection (Schmid and Bennett 1988).

The pandora noth outbreak in Arizona appeared to have a short-
terminpact on wildlife within the infested area. A tenporary
decline in activity of Kaibab squirrels (a state-listed "unique
speci es") was observed in noderately to severely defoliated stands
(Schmid and Bennett 1988). However, normal activity resumed when
the stand refoliated, and population |evels were not seriously
affected. In addition, some bird-and manmal activity was observed
to have increased within defoliated areas.

In addition to these influences on forest ecosystens, pandora
noth has been viewed as a food source by certain Native Anerican

groups (Bl ake and Wagner 1987). Human use of canopy herbivores has

.
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been a consideration in managenent decisions to apply contro
measures against the pandora noth (Bl ake and Wagner 1987).
Manaagement. Conpaction of soils through forest managenent or other
activities would likely have a detrinental inmpact on the pandora
moth as this would prevent caterpillars fromburying thenselves in
order to pupate and conplete their life cycles.

Because the |arvae pupate in the soil and remain there from
July of one year until the following July, they may be susceptible
to prescribed during under certain stand conditions (Schmd et al.
1981). Based on an experinental study |ooking at this possibility,
Schmid et al. (1981) concluded that if substantial litter is
uniformy distributed throughout the stand and burning conditions
are satisfactory, then prescribed burning becomes a nore val uabl e
control technique. The reintroduction of fire as an inportant
ecol ogi cal disturbance, however, may have the effect of increasing
popul ati ons of the pandora noth. Frequent, low intensity fires
woul d likely reduce. fuel loads, while providing proportionately
nmore pupation sites for pandora noth. The reduction of ground
litter due to fire may in addition decrease the inportance of
viruses which are located in the litter and woul d be exposed to
damagi ng ultraviolet rays.
Western Pi ne-shoot Borer, Eucosma sononana
Introduction and Hi story. The western pine-shoot borer (WPSB)
occurs throughout the western US and damages term nals of young
ponder osa pine, |odgepole pine, and Jeffery pine, causing deformty
and reduced height growth (Stoszek 1973, Stevens and Jennings 1977)
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(Figure 13). The WPSB is a continuous problemin forest management
because popul ations tend to be high for at least a third of the
crop rotation (Sower et al. 1989). Large populations have
i ncreasingly been observed in central Oegon (Mtchell and Sower

1991). Intensive trapping studies in southern Oregon and northern

California indicate popul ations of about 100 noths per hectare in

severely infested stands (Sartwell et al. 1980).
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Stand Conditions. The percentage of ponderosa pine shoots infested

by the WPSB was studied for its relation to -environmental

conditions in central Idaho by Robertson (1982). The study sites
reflected a wide range fromwarm dry habitat at |ow el evations
(<1,000 m) to cool, noist habitat at high elevations (>1,800 m.

Shoot borer infestation rates were found to be positively rel ated
to stand density (basal area) and average growth increnments; the
infestation rates were negatively related to elevation. Stands
established on soils that originate from netasedinentary and
granitic parent materials were found to be under the highest risk
from WPSB (Stoszek 1988).

"The negative relationship between WPSB infestation and
el evation appears to reflect the effects of the climatic gradient
on soil processes, tree phenology, and tree physiology. Forest
lands in the lower elevations are typically dry; they have poorly
devel oped soils with Iow soil organic matter and nutrient content.
During the sunmer, pines on such sites are stressed by water and
nutrient limtation" (Stoszek 1988, p.252).

Qpen- grown, young stands appear to be nobst susceptible to WPSB
attack (Grant 1958 from Stevens and Jennings 1977). Studies in
California show that WPSB infestations began when the trees were
approximately 5 years old and 1.5 min height (Roerber et al.
1988). The percentage of infested termnals continued to increase
up to age 20. The incidence of WPSB and tree growh were al so
studi ed on ponderosa pine in the Calf Pen plantation of Payette

Nat i onal Forest, ldaho (Thier and Marsden 1990). The percentage of
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trees infested by WEB generally increased as tree height increased,
al though the study included trees only up to 3 mtall

Wien conparing WPSB infestations in |lodgepole pine versus
ponderosa{pfne in central Oregon, the nost notable difference
between the two was the higher levels 'of infestation on 'l odgepole
pine (Mtchell and Sower 1991). 'Infestation levels on termna
shoots of |odgepole pine stands averaged >75%, while in ponderosa
pine infestations |levels are typically at 40-60%. | n addition,
younger | odgepole pine (as small as 0.5 mtall) were also comonly
infested, conpared to 1.5 mtall for ponderosa pine

It has been observed that' managenent practices resulting in
even-aged young stands of ponderosa pine and | odgepol e pine are
comonly infested wwth WPSB in southeastern Oregon (Stoszek 1973).
Effects. The loss in average annual height increnent is estinated
at up to 25 % of borer-unaltered increnent and may result in
simlar losses in volune yields (Stoszek 1973, Koerber et al.
1988) .

The prinmary long-term result of damaged term nals and
therefore nultiple leaders to individual trees is reduced height
growt h (stoszek 1973,' Stevens and Jennings 1977). This may or may
not appear to be inportant, depending on the managenent objective.
The reduced height growth may affect the tree's ability to conpete
agai nst other plant species and therefore delay stand succession.

Mtchell and Sower (1991) comment that the |arge nunber of mature

| odgepol e pine with nultiple tops in central Oregon is probably
attributable to WPSB.
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Manaaenent. As nentioned in the discussion of stand conditions for

WPSB, recent nmanagenent practices that have resulted in even-aged
young stands of ponderosa pi ne and lodgepole pine are now i nfested
wth WPSB in southeastern O egon (Stoszek 1973). It is predicted
that WPSB wi || becone increasingly recognized as an inportant pest
wherever intensive forestry is practiced (Stoszek 1973, Stevens and
Jennings (1977). Stoszek (1973) goes.on to suggest that WPSB is
clearly a threat to intensive forestry in western pine region
acting as a site-class and stand-form reduci ng factor.

Stoszek (1973) reports that young plantations show increased
incidence of infested |eaders with increasing xericity of habitat
types. Sites within the Abies magnifica and Abi es concolor zones,
if converted to pine, are expected to stay free of or sustain only
slight damage; the sanme seens to pertain to pine plantations on
nore mesic sites wthin the mxed conifer zone. The snowbrush-
manzanita habitat types within the m xed conifer zone and ponderosa
pine (climax) zone appear to indicate site conditions favorable to
noderate infestations; while the bitterbrush habitat types within
t he ponderosa pine zone and the grass type of the m xed conifer
zone are susceptible to high infestation rates, (e.g., >50% of
| eaders are infested); finally, on fringe types (e.g., sagebrush or
grassy cover), infestation rates may reach 70% (Stoszek 1973).

Thi nni ng does not appear to be an option for controlling WPSB
infestation; in fact, Gant (1958) felt that open-grown stands were

nost susceptible to WPSB infesting | odgepole pine (from Stevens and
Jenni ngs 1977).
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Pine sawfly species, Neodiprion fulviceps conpl ex

| ntroduction and Historv. Several species and |ikely subspecies of

Neodi pri on occur throughout the range of ponderosa pine in the
western U.S. (Figure 14). In recent years in the northwestern U S.,
there have .been several |ocalized. outbreaks of pine sawflies
occurring'on_yarious pi ne species. The frequency of pine sawfly
out br eaks- have been predicted to increase in the western U.S. due
to nore plantation type, even-aged stands of pine (Dahlsten 1966).

Stand Conditions. All.species of pine sawflies attacking ponderosa

pi ne appear to have preference for open-grown trees or pine in
under st ocked stands (McMI1lin and Wagner 1993). Infestations of
different 'age classes ‘of ponderosa pine by Neodiprion sawflies
seens to vary by species (McMIlin and Wagner 1993 and references
cited therein). Neodiprion fulviceps infests pole-sized to nature,
| ar ge ponderosa pi ne (bunbar and Wagner 1990) and |arval survival
of this species has been found to be highest when feeding on

foliage fromolder, nore mature trees (Wagner 1991).
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Effects. Most pine sawflies infesting ponderosa pine feed prinarily

on previous years foliage and therefore damage is typically limted
to reduced growth rates. Tree nortality is likely to be rare except
when weakened trees are attacked by secondary insects.or diseases.

Defoliation of older foliage may actually benefit-the.plant by
recycling' nutrients to the nore photosynthetically efficient
current-year foliage and by inproving water relations within the
tree. These benefits may be especially inportant in arid or xeric
envi ronnents which have. slow rates of deconposition and high
probability of plant water stress.

Pine sawflies are known to be predated and parasitized by a
wi de variety of arthropods, birds, and snall nmammals, and therefore
may provide a key food resource for sone organi snms. For exanple,
Codella and Raffa (1993) list arthropod predators of pine sawflies
conprising nore than 20 fanilies, 7 orders and 2 classes of
art hropods.

Manaaenment. No. silvicultural treatnents have been reported for

controlling pine sawflies in the western U S.,. although closed-

canopy, uneven-aged stands appear to be | ess susceptible.
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' Lodgepol e Pine'

Thirty-five of the approxinmately 240 species of insects that
feed on | odgepol e pine are considered pests or potential pests
(Amman and Safranyi k 1985). Defoliating insects, such as the
| odgepol e needl e miner and pine sawflies, usually infest trees of
all ages and cause growmh | oss and sonme nortality during severe
out breaks (Amman and Safranyi k 1985).

Lodgepole Needl e M ner, coleotechnites milleri

Introduction and Historv. The |odgepole needle mner (LPNM is one

of the nost damagi ng insects of |odgepol e pine (Koerber and Struble
1971). 1pNM, or closely . related species, are |ikely found
t hroughout the distribution of |odgepole pine in the western U S.
Under outbreak conditions they becone so nunerous that they have
the potential to damage Iodgépole pi ne over 1000’s of acres. The
duration of outbreaks are thought to be around 10 years and are
followed by an approximately equal period of relative inactivity
(Struble 1958, 1972). A closely related species in central O egon
caused defoliation on nore than 100,000 acres of the Dechutes and
Winema National Forests from 1966 to 1968 (Tigner and Mason 1972,
1973).

Stand Conditions. Defoliation by the LPNMin central O egon was

closely related with forest-site characteristics, tree age, and
| ocation of foliage in the tree crowm (Tigner and Mason 1972,
1973). The predom nant pattern of defoliation was: mature trees
(ca. 60 years) on pumce flats were heavily defoliated while mature

trees growing in drainages and depressions renained relatively
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uninfested. In addition, trees less -than 15 years old were al so
uninfested with few exceptions. LPNMwere practically absent on
sites typified by high seasonal water tables, deeply devel oped soi
profiles, and dense tree stocking (Mson, "and Tigner 1972).
Ext ensi ve basins of |odgepol e pine sustained the greatest damage by
this needle mner (Mason and Tigner 1972). In general, Pinus
contorta/Purshia tridentata communities were severely infested, but
adj acent Pinus contorta/Purshia tridentata-Arctostaphylos patula
and Pinus contorta/ Arctostaphylos uva-ursi communities were
relatively free of attack (Mason and Tigner 1972). The
Pinus/Purshia community is domnated by a single-species overtory
and consists of only sparse vegetation in the understory. This
results in a continuous supply of food for infestation and a | ack
of natural enemes due to the scarcity of diverse cover types
(Mason and Tigner 1972). Struble (1972), Furniss and carolin (1980)
and Amman and Safranyi k (1985) report that outbreaks LPNM are nost
severe in extensive stands of mature | odgepol e pine.

Effects. Defoliation over. 1 year by LPNM primarily consists of
reduced growth (Mason and Tigner 1972). After 3 or 4 conplete
defoliations, the growth rate of trees'nay be reduced by as nuch as
90%, and | arge nunbers of trees may die (Koerber and Struble 1971).

Mature trees, lose their capacity to recover after S5 or 6
defoliations by successive LPNM generations. Thus, trees that are
not imediately killed, slowmy die for years after defoliation
ceases (Koerber and Struble 1971). Though defoliation alone often

kills small trees and the tops of |arge ones, nore comonly the
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weakened trees are attacked and killed by mountain pine beetle.

The death of extensive stands of | odgepol e pine can cause
several ecological changes to take place in the ecosystem (Koerber
and Struble 1971). Cool; shady forests become warm sunny areas.
Shade tolerant understory plants are replaced by grasses and ot her
pl ants characteristic of dry meadows. Animals and birds that depend
upon the trees for food and cover are replaced by other species
adapted to nore open habitat and tree snags (Koerber and Struble
1971).

Extensive nortality cause by LPNM and secondary insects nay
also increase fire.hazard within stands and forests (Koerber and'
Struble 1971, Struble 1958). A mxture of dry, dead trees 'and
thickets of young trees create a hazard, especially where there are
frequent lightning storns (Koerber and Struble 1971).

Manasenent. Managenent activities that result in the renoval of

extensive tracts of mature |odgepole pine would |ikely decrease the
probability of w despread danmage by needle mners. Note: In the
outbreak area in central Oregon, |odgepole pine is generally
recogni zed as the topo-edaphic climx species possibly because of
|l ow spring tenperatures which are believed to prevent the
establ i shnent of ponderosa pine (Berntsen 1967 from Mason and
Tigner 1972). LPNM popul ations rarely reached out break proportions
where | odgepol e pine is considered a seral species or is currently

in association wth ponderosa-pine (Mason and Tigner 1972) ... ..
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Aspen
Large Aspen Tortrix, Choristoneura conflictana

Introduction and Historv. The large aspen tortrix (LAT)

periodically causes extensive defoliation throughout parts of the
range of its principal host, aspen (Beckwth 1973) (Figure 15).
Qut breaks are characterized by the build up of |arge popul ations
that persist for 2-3 years and then suddenly collapse (Beckw th
1973). Extensive outbreaks have occurred throughout the boreal
forests, especially in northern regions of North Anerica (Beckwth
1973). Prior to 1960, LAT was relatively rare in California then a

| arge out break occurred (Wickman 1963).

Stand Conditions. LAT populations only reach epidemc' proportion
where aspen is a major conponent of the stand (Beckwith 1973). In
i ndividual stands in California, especially large ones, trees
toward stand edges sustain the nost danmage, and the intensity of

defoliation decrease toward the mddle of the stand (Wickman 1963).

Effects. A reduction in the annual -9rowth jg the pmmjor synptom
during the early stages of an outbreak. The rLaT |arvae feed on
foliage early in the spring, often causing conplete defoliation
before the buds have fully expanded. Healthy trees usually grow new
| eaves by nid-sunmmer, however, these new |eaves are often smaller
and fewer than normal resulting in thinned crowns (Beckwith 1973).

Repeat ed defoliation over a period of years can cause nortality,

especially on submarginal sites. In addition, trees that are
weakened from repeated defoliation becone nore susceptible to

secondary attack by other insect and di seases (Beckwith 1973).
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Probable distribution of the

large aspen .tortrix.
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as With other defoliating insects, the inpact of an outbreak
of raT on succession within boreal and other forest types likely
depends On its'duration and severity. Extensive nortality and crown
t hinning would likely open the ‘canopyenough to allow 'shade-
intolg}ant ﬁbody plants to perpefﬁate t hensel ves' or even expand,
thus del ayi ng the successional process.'On the other hand, ninor
| evel s of defoliation would |ikely cause succession to proceed
forward

During periods of epidemc conditions, LAT will also feed on
bal sam popl ar, black cottonwood, white birch, wllows, alders, and
conmon chokecherry. Mjor. feeding-on plants other than aspen can
typically occurs when aspen is conpletely defoliated prior to'the
| ast feeding instar (Beckw th 1973). Therefore, it appears that LAT
has the potential to directly affect whole woody plant communities
as well as just aspen.
Manasenent. Wiile no silvicultural treatnents’have been prescribed
to control LAT, bear in nind that LAT only becones a "problem when
it is 'a mjor conponent of the stand:

Forest Tent Caterpillar, Malacosoma disstria

| nt roducti on and History. The forest tent caterpillar (FTC) may be
found throughout North Anerica wherever hardwoods 'grow (Batzer and
Morris 1978). FTC has been noted as the nostw dely'distributed and
destructive tent caterpillar in North Arerica and its preferred
host is trenbling aspen (Populus tremuloides) ( Furni ss and carolin
1980). Regi on-w de out breaks have occurred at intervals varying

1

from6 to 16 years in' northern areas and last'3 to 6 years in
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duration (H|dahl and Canpbel | 1975).
Stand Conditions. Roland (1993) exam ned historical data (1950-
1984) on the duration of outbreaks of the FTC in northern Ontario.
The anmount of forest edge per km? was the best and nost consistent
predictor of the duration of FTC outbreaks both within and between
forest districts. Abundance of the principal host tree, trenbling
aspen, had no consistent effect on duration of outbreak.

Futuyma and Saks (1981) report that FTC | arvae perfornmed

better on foliage from open-grown Prunus serotina than on closed-
canopy foliage.
Effects. Heavy loss of leaves for 2 or nore years results in a
general decline in vigor which is acconpanied by twig and branch
dieback (Hi|dahl and campbell 1975), and reduced diameter growth up
to 90% (Batzer and Mrris 1978). There is evidence that if conplete
defoliation occurs for nore than 4 consecutive seasons as nmany as
80% of the aspen can be killed, (HIdahl and Canpbell 1975). It has
al so been shown that prolonged periods of severe defoliation can
I ncrease the susceptibility. of the trees to disease infection,
especially Hypoxylon canker, which can become an inportant
contributing factor to nortality (H |dahl and Canpbell 1975).

Manasenent. Because FTC populations are driven largely by the

i npact of natural enemes, results from Roland s (1993) study
suggest that large-scale increase in forest fragnentation affects
the interaction between natural enemies and FTC. Increased clearing
and fragnmentation of boreal forests may be nmagnifying outbreaks of

this defoliator. Fragnented forests may limt dispersal of




R A B 2 2R NN Sn N M) AN B au SN A AN a8 - A s

132
parasitoids and/or transmi ssion of pathogens of FTC, resulting in
sl ower suppression of |ocal "pockets" of outbreak. These | ocal
pockets of high host density, relatively free of natural enemes,
woul d act as | ocal sources of dispersing noths. Small aspen stands,
in continuous forest dom nated by non-host species, could al so have
the effect of isolating FTC populations, linmiting natural'enenies
and prol ongi ng out break (Roland  1993).

Fall Cankerworm Al sophila ponetaria

Introduction. The fall cankerworm occurs extensively across the
United States (Furniss and carolin 1980). Many species of deciduous
trees are attacked by fall cankerworm including aspen, wll ow,

mapl e, elm oak, and birch.

Effects. "chronic defoliation by the fall cankerworm acconpanied
substantial increases in the stream export Of nitrate nitrogen (NO -
N) from 3 m xed hardwood forests in the southern Appal achi an
Mount ai ns. These integrated results clearly denonstrate a
neasurabl e effect of insect consuners on ecosystem processes, and
provi de support -for the regulatory inmportance of insects on a

| andscape scale" (Swank et al. 1981, p.297).
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Cot t onwood/ W | | ow
cottonwood Leaf Beetle, chrysomela scripta
|ntroduction and Historv. The cottonwood | eaf beetle (CLB) is a
multivoltine insect that feeds on Populus in North Anmerica
(Bingaman and Hart 1993) and is considered a serious defoliator of
Popul us plantations (Burkot and Benjam n 1979, Harrell et al
1981). Furniss and carolin (1980) report that CLB occurs widely in
the West, and is representative of-those species that feed on both
Salix and Populus (except Populus trenul oides).
Stand Conditions. Wiile CLB probably feeds on all ages of Popul us

most reports in the literature (Burkot and Benjam n 1979, Bingaman
and Hart 1992, 1993) are for damage on young plantation, or
outplanted trees. This nmay be due to a great proportion of the |eaf
and stem tissues being succulent and high in both nutrients-and
noi sture content which makes young Populus especially susceptible
(Bingaman and Hart 1992).
Effects. Partial or conplete defoliation can reduce tree height
growth, radial growh, and volume (Kulnman, 1971, (from Binganan
and Hart 1992). In addition to defoliating the young trees, the
adults and larvae also destroy the apical tips, thereby deform ng
the trees and causing further growth |oss (Burkot and Benjamn
1979). Under extrenely stressful grow ng conditions, defoliations
can resultin tree nortality (WIlson 1976 from Bi nganman and Hart
1992).

Reduced hei ght growth caused by CLB defoliation can affect

Popl ar survival during the first and second year after planting
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because of increased weed conpetition (Head et al. 1977 from Bauer

1990). Feeding danage also may create entry sites for pathogens and
i ncrease susceptibility to secondary insect pests and pathogens
(Bingaman and Hart 1992).

Manaserient. No 'silvicultural treatmenffisor LCB control. are
reported in the literature, however, nost reports concern CLB
damage to young' pl antations of Populus. ’

Mour ni ngcl oak Butterfly, Nynphalis antiopa

| ntroduction and History. The nourningcl oak butterfly occurs in
southern Canada and throughout the United States (Furniss and
carolin 1980). It feeds on willow, poplars, elm and ot her
har dwoods, occasionally defoliating individual'trees. Larvae are
occasi onally abundant in shelterbelt plantings (WIson 1962 from
Furni ss and carolin 1980).

Stand  Condi ti ons. There is | imitednformation concerning
mour ni ngcl oak butterfly populations and stand conditions. The only
reports are based on an infestation in a shelterbelt planting in
the Lake States area (WIson 1962), and of local, but heavy
defoliation in Populus nursery plantations in the Lake States
(Myers et al. 1976).

Effects. Wile we were not able to locate any literature stating
known or suggested effects of mourningcloak butterfly on forest
ecosystens, they likely have influences simlar to those of other
defoliating insects such as the large aspen tortrix or fall

cankerwor m

Manaaement. Because of its coloration and conspicuous nature, the




2 A B = N O M o S B B M oM M N O o MM

135

nmour ni ngcl oak butterfly popul ati ons may be susceptible to decline
due to over collection by insect collection enthusiasts. This
inmpact may be mtigated to sone extent by the w de range of both
the insect and its hosts.

Gl |l Formng Sawflies, Pontania pacifica, Euura exiguae

| ntroduction and Hi storv. Pontania sawflies formclosed galls on

| eaves of willows (Caltagirone 1964). Pontania pacifica ovi position
and defoliation is restricted to Salix |asiolepis even when S.
lasiolepis is mxed with other Salix species (Caltagirone 1964,
Furni ss and carolin 1980). Euura exiguae isS a very comon stem-
galler on Salix exigua in the Geat Basin region.

Stand Conditions. These species are restricted to the narrow range
of their hosts which occur primarily in riparian areas. Mst gall
forming sawflies appear to prefer plant parts on the nost
vigorously growi ng shoots for oviposition and larval feeding (Price
et al. 1990, Price 1991).

Effects. "The sawfly larva and the gall formthe 'nucleus for a

comunity conposed of both entonophagous (primary and secondary

parasites) and phytophagous ing-uiline species. The occurrence of

some of these species is determined on the gall itself"

(Caltagirone 1964, p. 290).

Manaaenent. Because both of these species are found on specific

hosts that'are found in riparian zones throughout the Wst, they
may be nmore susceptible to habitat destruction causing decreases in
t he abundance of their hosts than other forest insects (especially

pol yphagous insets).
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|t em sb.Functional Roles of Canopy Her bivores
The known' or hypothesized, effects of canopy herbivores)on
f or est ééOsysténB in"the CRB are incorporated into our description
of repfesentétive species in items' 3, 4, and 5. The followng
section provideé a'general di scussi on of the functional role of
canopy herbivores in forest ecosystens (i.e. the discus'sion is'not
limited to crRB insects or habitats)..
Introduction. W have traditionally viewed forest insects as
"pests" that interfere with our managenment objectives and danage
forest resources. The traditional viewpoint largely stems from our
need of wood for warnth, shelter, and other wood products (Huffaker
et al. 1984, Schowalter 1993). This need has continued to the
present time and has affected our attitudes, managenent deci sions,
and enphasis on gathering research data on only single species and
only during high popul ations (Huffaker et al. 1984). This need has
al so essentially precluded the research conmunity and forest
managers from collecting information on the long-term effects or
benefi ci al i mpacts of i ndi vi dual i nsect  species, i nsect
assenbl ages, ' and associ at ed di seases, on the whol e ecosystem
(Huf faker et al. 1984, Stark 1987). The | ong-standing position of
viewing forest insects as "pests" and "danaegi ng agents" has

gradual |y been changing over the past two decades (Huffaker et-al.

'1984, Stark 1987, Schowalter 1993) largely beginning with the

sem nal paper by Mattson and Addy (1975) that outlined various
manners in which insects act as regulators of primary production of

forest ecosystens.
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Al'l canopy herbivores do, or have the potential to, influence
forest ecosystem processes and interactions in a variety of ways.
Some of the many avenues in which forest ecosystem processes (both
bioti c and abiotic) are directly and indirectly affected by canopy
her bi vores include changes in: 1) mcroclimte and water relations,
2) carbon and nutrient cycling, or energy flow through the
ecosystem 3) plant succession or comunity structure, 4) food
source for other organisms, 5) creation of, or effects on, wildlife
habitat, and 5) pollination of plants in the forest ecosystem
(Haack and Byl er 1993, Schowalter 1993). The following paragraphs
provi de di scussion and exanpl es of how canopy herbivores influence
forest. conmmunities. It is inportant to bear in mnd that the
effects caused by defoliating insects are frequently anplified due
to secondary infestations by other insects (e.g., bark beetles) and
pat hogens.
Mcroclimate and Water Relations. Reductions in percent canopy
cover or basal area in a stand due to insect defoliation can
influence interception of precipitation, evapot ranspi rati on
(Schowal ter 1993), |ight penetration, and w ndspeed (Speight and
Wai nhouse 1989). Increases in precipitation reaching the forest
floor are generally correlated with increased renoval of the canopy
(Klock and Wickman, 1978, Leuschner and Berck 1985, Schowal ter et
al. 1991, Swank et al. 1981). For exanple, Douglas-fir saplings
t hat had been defoliated 20 percent resulted in tw ce the amount of
precipitation reaching the forest floor during the relatively dry

spring and summer in western Oegon (Schowalter et al. 1991).
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In addition, defoliation of foliage tenporarily renoves
actively transpiring foliage from the forest canopy (Kl ock and
Wickman 1978, Schowalter 1993). This reduces the flow of water from
the root zone 'to the tree canopy and therefore can lead to
reductions in soil-water depletion in the stand (Klock and McNeal
1978 unpublished" from Kl ock and Wickman 1978). |n . stands
artificially defoliated to sinulate DFTM defoliation, changes in
canopy exposure resulted in warmer soil (increase of 2.5% at 2.5cm
depth) and air tenperatures (as large as 6.2°%) in summer and cool er
tenperatures in winter (Kl ock and McNeal 1978 unpublished from
Kl ock and wickman 1978). The authors suggest that warner spring and
summer soil tenperatures,’ in conbination with increased soil
moi sture, should provide a nore favorable microclimate for
bi ol ogi cal activity. Therefore, environmental conditions appear
nore favorable for deconposition of organic matter in defoliated
stands conpared to non-defoliated stands (Kl ock and Wickman 1978),
especially during dry periods (Schowalter and Sabin 1991).
Furthernore;' the inproved water balance as a result of -decreased
transpirati on may enhance plant survival during drought (Schowalter
1993).

These nicroclimatic changes due to defoliator-caused
reductions in the canopy are likely to be short-termor tenporary
effects (Stark 1987, Speight and Wai nhouse 1989). In contrast, when
tree 'nortality occurs, changes in wi ndspeed within the stand and
increases in sunlight and rainfall within the affected area may

persist until the forest is re-established (Speight and Wi nhouse
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1989). For exanple, an extensive Englemann spruce beetle outbreak
in Colorado during the 1940’s, which killed nearly all the
Engl emann spruce and | odgepol e pi ne on 226 mi? (585 knt¥), resulted
in significantly increased stream flow in the area for at least 25
years (Love 1955, Bethlahny 1975 from Spei ght and Wai nhouse 1989,
Kl ock and wickman 1978). In addition, changes in the anount of
| i ght reaching the forest floor affects not only regeneration and
grow h of shade-tolerant and shade-intol erant species, but grasses,
forbs, and annuals as well (Zanora 1978 from Kl ock and wickman
1978).

Stark (1987) argues that it is doubtful that minor increases
in run-off would lead to harnful inpacts such as erosion or that
changes in water yield would create any econom c inpact. Studies
(Hel vey 1977 unpublished from Kl ock and Wickman 1978) on the
effects of defoliation by the DFTM on water yield and quality
showed that although annual runoff for streams was increased in
stands that had been defoliated 25% or nore, however, no effect was
detected on peak discharge or low flows. |In addition, no
significant differences in water quality were detected.

Nutrient and Carbon Cycling.The inportance of arthropods in
contributing to bionmass deconposition, carbon cycling, nutrient
cycling, maintaining soil fertility, and energy flow in forest
ecosystens, has been recogni zed for several years (Haack and Byl er
1993, Mattson and Addy 1975, Schowal ter 1981, 1993, Schowal ter et
al. 1991, Stark 1987). Schowalter and ot hers (1986), based on a

review of the literature, concluded that her bi vore-control | ed
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canopy/litter transfer for nutrient cycling rates in forested
ecosystens depends on several factors, including: plant species
conposition,'. 'the particular herbivores involved, 'changes in
mcroclimate. resulting from canopy opening, and the anount,
conposi tion, and -seasonal pattern of material transferred relative
to nornmal litterfall.

Her bi vory influences both short- and |ong-term nutrient
cycling processes in forest ecosystens (Schowal ter et al. .1986).
Low |l evel s of defoliation (e.g., less than 7%) can return as nuch
as 30% of foliage standing crop of potassium and 300% of foliage
standing crop of Na to the litter (Schowalter et al. 1981,
Schowal ter et al. 1986). In addition, a. considerable anount of
nmobile elenents are returned indirectly by defoliation as a result
of increased Ileaching from damaged foliage during rainfall
(Schowal ter et al. 1986). Insect remains and frass also contribute
to litterfall and may deconpose faster than do fallen |eaves and
needles, -which can result in faster cycling of elenents such as
calcium potassium nitrogen, and phosphorus (Schowalter et al.
1986, Haack and Byl er 1993, Speight and Wi nhouse 1989). For
exanple, 40-70 % of the Nand P flowto the litterfall was through
frass and insect remains follow ng defoliation of two oak species
by the California oak noth, Phyrganidia californica, Holl i nger
(1986 from Speight and Winhouse 1989). This insect was
denonstrated to have a significant inmpact on nutrient flow in areas
wher e popul ati ons were hi gh.

One consequence of this increased cycling of nutrients to the
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litter layer (in conbination with changes in the mcroclimte) my
be conpensatory growth followi ng defoliation. Gowh rates of
mat ure Dougl as-fir (A faro and MacDonal d 1988), white fir, (Wickman
1980, 1986, 1988); and ponderosa pine (MIler and Wagner 1989) have
been shown to increase after an initial decrease in growh
follow ng heavy defoliation by canopy herbivores. This conpensatory
growt h effect has been suggested to be a result of changes in soil
nutrient levels or a thinning effect. The magnitude of this
conpensatory growth appears to be inversely proportional to the
severity of defoliation (A faro and MacDonal d 1988, Schowalter
1993). Schowalter et al. (1991) also reported that defoliation (up
to 209 did not reduce growh or nutrient content of young Dougl as-.
fir. In fact, all saplings doubled in size over the three-year
peri od, again suggesting conpensatory growh by the defoliated
sapl i ngs.

An additional role that forest insects play in the forest
ecosystem is to act as pruning or thinning agents which may
stimulate growh and increase biomass turnover (Schowalter 1986,
1993, Vel aquez-Martinez et al. 1992). Pruning and/or thinning of
plant parts can stinulate plant growth by reducing conpetition for
limted plant resources (Velazquez-Martinez et al. 1992 from
Schowal ter. 1993). Although insects and pathogens typically renove
| ess than 10% of foliage and shoots in non-outbreak years, renoval
of these plant parts apparently reduces. plant metabolic demands and
facilitates real | ocati on of plant resources (Schowalter 1993).

"Turnover Of plant parts throughout 'the grow ng season
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provides nore constant nutrient input to litter, conpared to
seasonal litterfall (Schowalter et a . 1991), thereby contributing
to forest floor processes and soil fertility (Risely and Crossley
1993). Schowalter et al. (1991) and Seastedt et al. (1983),
mani pul ated folivore 'abundance in young coniferous forest and
deci duous forest, respectively;, and found that 'phytophagous
arthropods significantly increased turnover of biomass, nitrogen
phosphorus, and potassium from foliage to litter. In addition,
Insects and pathogens can inprove quality of litter detoxified
during digestion (Zl otin and Khodashova 1980) but nay reduce
quality of residual and regrowh foliage with high content of
i nduced inhibitory conpounds (Rhoades 1983, Schultz and Bal dwi n
1982). Defoliation also can stinmulate nitrogen fixation and
nitrification processes on the forest floor, reflected in increased
export by streans (and therefore may indirectly affect tree growh
in the long-term (Speight and Wi nhouse 1989)] (Swank et al. 1981)"
(Schowal ter 1993, p. 192).

"The process of ecosysteml recovery from disturbance, as
affected by insects and pat hogens, also contributes to nutrient
bal ance in forest ecosystens. Nutrients, especially nitrogen, are
nore avail able in canopy gaps as a result of reduced uptake and
storage in tree tissues and increased turnover and mneralization
(Schowalter et al. 1992, Waring et al., 1987). Recovery of
ecosystem function within the "gap* is essential to prevent |oss of
sedi rent and resources. Recovery is facilitated by fast-grow ng

early successional species that incorporate nutrients into biomass.
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Ni trogen-fixation during this stage is particularly inmportant to
succeeding forest stages that may |argely depend on stored
nitrogen. Pruning, thinning and enhanced nutrient turnover by
phyt ophagous insects and pathogens may ihitially stimlate rapid
growth by hosts flourishing under optimal resource conditions. The
transition to |ater successional species is facilitated by the
successi ve col oni zation of predisposed hosts by insect and pathogen
speci es that accelerate host decline and replacement" (Schowalter
1993, p. 193).

“Carbon flux is.affected by changes in canopy structure 'and
pl ant metabolism such as caused by insects and pathogens. Severa
har dwood tree species showed increased carbon dioxide assimlation
by residual and regrowth foliage follow ng artificial defoliation
(Heichel and Turner 1983, Prudhonme 1983). Defoliation can nobilize
carbon from starch reserves in older foliage and wood for
production of new foliage (Wbb 1980). As discussed previously,
canopy opening increases soil tenperature and noisture, conditions
that pronote deconposition and carbon dioxide flux to the
at nosphere. Effects on carbon flux influence carbon transfornmation
and turnover processes, hence ecosystem energetics" (Schowalter
1993, p. 192).

W do not have any hard data indicating how inportant these
insect-mediated effects on nutrient cycling are for the long-term
productivity of forest ecosystens, however, growth responses of
trees to the addition of nutrients, in general, wll only occur

when growth at that site is nutrient limted (Speight and Wi nhouse




144
1989). In other words; nutrient-poor sites may benefit most by high
rates of nutrient recycling caused by defoliators. Likew se, in
boreal forests, increased |eaf-fall during outbreaks of defoliators
will not provide an'immedi ate increase of nutrients because of the
slow rates of deconposition (Speight and Wainhouse 1989). Insect
and pat hogen out breaks, however, may alleviate inbalances in
nutrient turnover and other processes and can be viewed as
triggered responses (Schowalter 1993).
Succession. The effects of insects and di seases on the above two
sections (mcroclimte and water relations, nutrient and carbon
cycling) as well as direct renoval of foliage cause changes in
individual tree' growmh and at tines nortality. These effects on
individual trees are ultimately nmanifested at stand and ecosystem
| evel s (Schowal ter et al. 1986). Selective herbivory by nonophagous
or oligophagous insects favors conpeting tree species and can
result in a successional transition in stand age, conposition,
and/ or density (connell and Slatyer 1977, Klock and Wickman,
Schowal ter 1981, Schowalter et al. 1986, Huffaker et al. 1984,
Haack and Byler 1993). These changes, in turn, affect both
productivity and'" succession of, the plant community as a whol e
(Huf faker et al. 1984). The rate and direction of successional
change depends on the severity of infestation (e.g., outbreak
ver sus non-out break popul ations), the type(s) of insects causing
the change (e.g., tree-killers versus non-killers), single species
attack versus conbined species attack (e.g., WSB, bark beetles, and

pat hogens), and the successional stage being infested (e.g., stand
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regeneration versus climx) (Schowalter et al. 1986, Wil f and Cates
1985, Franklin et al. 1987 from Haack and Byl er 1993).

Succession is-typically accelerated towards the climax species
within a stand when there is low to noderate |evels of herbivory.on
dom nant and codomi nant seral species. This alters the conpetitive
I nteractions between trees resulting in the overstory being reduced
and allows for increased growh rates of shade-tol erant species
(Connell and Slatyer 1977). Another exanple of how canopy
herbi vores can accelerate forest succession is when WSB defoliation
of hosts occurs, but non-hosts are climax (e.g., |low elevation
sites in the Blue Muwuntains) (WIf and Cates 1985).

Alternatively, herbivores may delay, slow, or even reset the
process of succession (Haack and Byler 1993). Several nmajor
defoliators provide exanples of how this my occur. Wstern spruce
budworm out breaks tend to retard forest successional devel opnent on
habitat types where host trees are clinmax (Wil f and Cates 1985).
The | oss of cone crops in conbination with high nortality of young
Dougl as-fir and true firs encourages the regeneration of seral
trees and forest succession nmay be effectively stopped by WSB (Wil f
and Cates 1985). In addition, secondary infestations by bark beetle
may further recharge the cycling nutrient pool, relieve noisture
stress, and either keep or nove the systemtoward a younger, nore
seral state (WiIIf and Cates 1985). The eastern spruce budworm,
which kills mature balsam fir in eastern North America has been
suggested to be 'part of a coevolved system in which budworm

out breaks renew the successional cycles by destroying forests
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dom nated by the climax bal sam fir (Speight and Wi nhouse 1989).

Schowal ter and others (1986) suggest that defoliation on
stressed trees accelerates the collapse of such trees and rel eases
conpeting vegetation. Stands conprised |argely of suitable host
trees often suffer extensive nortality of dom nant and codom nant
trees. In such cases, ecological succession '"is typically reset to
the early successional stage (e.g., grasses, herbs, and shrubs).

Besides changing the species conposition and vertica
structure of stands the selective killing of susceptible trees
tends to increase overall stand fitness and resistance (Burdon 1991
from Haack and Byler 1993). Native insects and pathogens are
thought to reach a "dynanic state of equilibrium® with their hosts
and natural enemies through this process of natural selection
(Haack and Byler 1993). However, this situation may not be true for
newy introduced exotic insects. For exanple, the larch casebearer
whi ch was introduced into the U S initially had frequent outbreaks
for relatively long durations in the eastern U S., but have
gradual |y beconme | ess frequent and of shorter duration as natural
eneny popul ati ons have been hi gher.

Ecosyst em changes refl ecting reduced canopy cover has been
suggested to occur earliest in the understory (Kl ock and wickman
1978) and may result in increased plant and animal diversity
(Schowal ter 1991). Zanora (1978 unpublished from Kl ock and Wickman
1978) studied 98 grand fir stands in the Blue Muntains' of
Washi ngton and Oregon that had been defoliated 2-4 years previously

by DFTM He found a small, but significant increase in nunber of
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species (primarily perennial grasses and forbs) and up to-a 100%
increase in total understory cover in severely defoliated stands.
These results show how canopy herbivores can affect both species
diversity within the ecosystem and potentially forage for grazing
animals. (e.g., deer and elk).

Based on dendroecol ogi cal anal yses of Douglas-fir stands in
Col orado, Hadl ey and Veblen (1993) concluded that anong stands with
hi gh host densities, the conbined insect outbreaks (WB and
Dougl as-fir bark beetle) delay the replacenent of shade-intolerant
speci es through several nmechanisms: 1) WB greatly reduces the size
of the host seed bank through cone and seed nortality. 2) It
enhances the devel opment of both an arboreal and a nonarborea
understory through canopy reduction, 3) Seedling, sapling, and
smal | -tree nortality in these stands is sufficient to significantly
del ay the replacenent of canopy dominants Killed during ensuing
bark beetle outbreaks, and 4) Bark beetle induced nortality of
canopy trees also provides a conpetitive advantage for suppressed,
shade-intol erant, seral tree species.

Defoliating insects may interact with fire as well as wth
secondary attack by bark beetles to synergistically alter forest
succession (Ceiszler et al. 1980, Gara et al. 1985 from Hadl ey and
Vebl en 1993). For exanple, several studies, suggestthat fire
suppression in the Rocky Muntains since the early 1900’s may have
| ed to increasingly severe and synchronous recurrences of WSB by
pronoting dense, nultistoried stands (carlson et al. 1983, McCune

1983, Anderson et al. 1987, Swetnam and Lynch 1989). Prior to
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begi nning of fire suppression actions, it is believed that snall
trees, seedlings, and saplings were elimnated by frequent, low-
intensity fires, thus decreasing the abundance of avail able hosts
(Hadl ey and Vebl en 1993).

Food Source. Canopy herbivores as well as other insects are preyed
upon by a variety of other arthropods and vertebrates as well

(Martin et al. 1951, Swan 1964 from Haack and Byler 1993).

Arthropod predators of defoliators include spiders, ants, true
bugs, nerve-w nged insects, beetles, flies, and wasps (Torgersen
1994). Mich of the earliest research on predators of DFTM and WS5B
was done in eastside ecosystens (Torgersen 1994). For exanple, over
a dozen species of forest-dwelling ants prey on WoB and DFTM Many
art hropod speci es have been enpl oyed in biological control prograns
agai nst tree-feeding insects (Haack and Byler 1993).

Bi rds probably consune the nost tree-feeding insects of
animal s other than arthropods (Haack and Byl er 1993). Sharp (1992
from Torgersen 1994) observed that there are at |east 32 species of
birds that feed on the WoB and DFTM i n eastside ecosystens. Two

speci es (nountain chi ckadee and red-breasted nuthatch), however,
dom nat ed observations of actual predation on the WSB and DFTM and
density of individual species (Langelier and Garton 1986, Torgersen
et al. 1984, 1990 from Torgersen 1994).

Most mammal s, both |arge and snmall, consunme insects to sone
degree (Haack and Byler 1993). Small manmmals such as shrews have
been observed to prey on insect pupae in |arge quantities (Hanski

and Parvaianen 1985), even to the extent of being intentionally
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I ntroduced as biological control agents (Swan 1964).
Creation of, orEffect on, Wldlife Habitat. "Mdification of the
vegetative conplex by changes in stand conposition and structure
t hrough DFTM out breaks influences other |iving conponents in the
forest ecosystem The quality and species conposition of reptiles,
birds, and mamuals are significantly influenced by conifer
defoliation, particularly where defoliation and consequent
nmortality are severe enough to alter forest succession" (Kl ock and
Wickman 1978, p. 94). "Insects create wildlife habitat prinmarily by
killing trees that either remain standing (snags) or fall to the
ground or in the water. Mny vertebrates use deadwood to roost,
nest, or forage--including at |east 270 species of North American
reptiles and anphibians, 120 species of birds, and 140 species of
manmmal s (Ackernman 1993). Wldlife needs for plant comunities,
successional stages, and forest edges are all affected by the
activities of insects (Thomas 1979)" (Haack and Byler 1993, p. 35).
Snags and downed trees may al so provide habitats for natura
enemes of major defoliators (Everett et al. 1994).
“of the 148 species of vertebrate wildlife associated with the
m xed conifer forest in the Blue Muntains of Wshington and
Oregon, -94 may be adversely affected by severe defoliation, 7 .would
be favorably influenced, and 47 would be affected insignificantly
(Thomas et al. 1979). The adverse effects of severe defoliation do
not inply that certain wildlife species wll disappear. Adverse
effects on wildlife fromchanges in habitat are reflected in

adj ustments of species conposition and popul ati ons. Serious long-




L O BN N BN SN AN AN OB AN BN BN AN AN AW B W Ay A |

150

termeffects on any one of the 94 species are mnimzed by the
normal diversity of forest stands and the general nobility of
wildlife" (Klock and Wickman 1978, p. 94).

"The near 5-fold increase in forage plant biomass 2 to 4 years
after severe defoliation will have a positive influence on deer and
el k use in areas' where' cover is plentiful and forage is limting.
The reverse is true where openings or forage areas are plentiful
and cover is liniting. The ratio of'forage area to cover that tends
to produce maxi mum deer and el k use of the area is 60/40. This
assunes that cover and forage areas are 600 to 1,200 ft w de and
wel | interspersed. Factors becone limting as the rati o of forage
area to cover becomes nore extreme in either direction (Thonas
1979)" (Kl ock and Wickman 1978, p. 94).

"The effect of stand defoliation on bird popul ati ons depends
largely on the habits of an individual or group of species. Species
such as the western tanager, yellow-rumped Warbl er, and kinglets
that normally occupy the upper half of the tree crown wll be
detrimentally affected by severe defoliation for 1 or 2 years. Bird
species that nest in the branches of coniferous trees and those
that glean coniferous foliage for insects wll also be
detrinentally affected.' In general, however, snall patches' of
severe defoliation that result in patches of snags or nore open
stands create diversity of habitat, which will benefit the bird
community" (Kl ock and wickman 1978, p. 95).

Pol lination. "lnsects are responsible for pollinating severa

har dwood trees, such as Salix. In addition, insects pollinate many
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herbaceous fl owering plants, vines, and shrubs" (Haack and Byl er
1993, p. 36).

Concl usi ons. Al canopy herbivores, as well as all other organisns,

obvi ously play some role in forest ecosystens. The degree to.which
they affect the various conponents of the ecosystemlikely depends
on the severity and duration of their disturbances. "Next to
catastrophic wildfires, forest insects cause the nost visible and
dramatic | osses of conifer trees, stands, and' sonetines Kkill

substantial nunbers of trees in entire drainages in northeast
Oregon and Sout heast Washington. Forest damagi ng i nsects occupy
diverse habitats, ranging throughout the Blue Muntains in
virtually every vegetation series represented. It i's inportant to
note that not all danmage or nortality resulting from insect
infestations is bad, nor is it always undesirable" (USDA 1991, p.

1-1).

“The i nportant point is to realize that the interactions of
forest insects with the forest ecosystem are natural, |ong-term
probably nutualistic events, which.tend to ensure consistent and
opti mal (ecol ogically speaking) outputs of plant production over
the long termfor any particular site; i.e., their net inpact is
beneficial" (Stark 1987, p. 164). Loucks (1970) concl uded that
| arge scal e disturbances occurring at intervals of 50 to 100 years
are essential for maintenance of forest ecosystems in the 1ong run.
"Elimnation of natural perturbations--e.g., successful elimnation
of periodic fires and suppression of outbreaks of forest insects--

may actually be detrinental to the original ecosystem and create.
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forests nore prone to insect and di sease impact" (Stark 1987, p.
167). "“For exanple, a rigorous fire-exclusion policy has seriously
reduced sonme wildlife habitat diversity, intensified sone pest
probl ens, and.increased the risk of nore destructive fires" (Brooks
et al: 1987).




153
Item 6. Bi ogeographical distribution of representative species

The bi ogeographicaldistribution of the representative species
are incorporated into our discussion of representative species in
itens 3, 4, and 5. Unfortunately, we lack the detailed information
concerning the exact distribution of alnost every representative
speci es except for historical records of outbreaks and a few
records from pheronone trapping studies (i.e. DFTM. This is not to
say that a given insect is not found throughout its host's entire
range, and, thus, Wwe are typically forced to describe a species'
distribution as being the same as its host. The dispersal ability
of many of the canopy herbivores also Ilends to the probl em of
i dentifying actual biogeographical ranges for each species as it is
| i kel y changi ng year by year. Therefore, we feel that is not
appropriate to identify areas of high diversity or endemsmfor the
representative canopy herbivores, or the contribution of federal
lands to the overall ranges of endem sm and diversity.

Item 7. Special habitats for canopy herbivores

Because the "representative " canopy herbivore species have not
typically been considered when discussing species conservation and
because of their "pest" status, We do not have detailed information
relating to what may be critical or "special" habitats. However,
information on general habitat areas for the representative species
is contained in the successional stage by cover type matrices,
panel species information fornms, and in itens 3,4, and 5. R parian
zones which provide hosts for nonophagous species (e.g., Salix

| asiolepis for Pontania pacifica) and which are particularly
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susceptible to habitat destruction and disturbance nmay be of
speci al concern. Again, however, we |ack the detailed information
as to the exact distribution of the host and its defoliators to

make deci sions concerning what habitats are especially critical for

preservation.



155
Item 8. Managenent Effects

Predi cting popul ati on response of canopy herbivores to various
managenent scenari os requires considerable extrapolation of known
ecol ogi cal responses. Very few data are available from experimental
tests of this issue on a range of forest 'cover types and
successional stages of the forests of the Colunbia River Basin. No
experinmental or observat i onal st udi es are sufficiently
conprehensive in this examnation to provide enough background for
accurate prediction of future population responses. |ndeed,
meani ngful predictions of population response of forest insects is
not possible for even the best studied insects for tinme scales of
greater than 1-3 years. However useful crude estimates of future
popul ation trends (increasing vs. decreasing populations) can be
obtained by exam nation of some ecol ogical relationships.between
popul ati ons and vegetation traits including: species conposition,
tree age, stand structure, het erogeneity of stands, and
successional stage.

Canopy herbivores, |ike nost forest insects, are largely
nonophagus or ol i gi ophagus (Strong et al. 1984). Consequently nost
canopy herbivore populations and ranges are defined by the
popul ation of their forest tree hosts. This ecol ogi cal
speci alization leads to a higher probability that canopy herbivores
WIIl be affected by managenent practices that affect their hosts.
In fact it has been observed that threatened forest insects tend to
be characterized by extrene ecol ogi cal specialization (Warren and

Key 1991). Any managenent activity .that changes the popul ati on,
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range, or spatial distribution of tree hosts will clearly inpact
forest insects in a parallel manner. Reduction in any forest cover
type will reduce forest canopy herbivores associated with that
cover type.

Age-cl ass distribution al so governs host abundance by canopy

her bi vores. Mich |ike the scenario for ecol ogical specialization to
i ndi vidual tree species, many canopy herbivores have specialized to
feed on trees at different stages in maturation devel opnent
(Nielson and Ejlersen 1977, Schowalter 1985). For exanple, we have
recognized that three species of pine sawflies, Neodiprion
gillettei, Neodiprion fulviceps and Neodi prion autumalis feed on
foliage of seedlings, young pole-sized trees, and pole-sized to
mature trees of ponderosa pine, respectively, in the sane
geogr aphi cal area (bunbar and Wagner 1990, McMillin and WAgner
1993). Naturally then, the prediction follows that changes in the
age-class distribution of hosts have the potential to change the
popul ati ons of canopy herbivores. Maxinmumdiversity of canopy
her bi vores wi Il be obtained under those managenent scenari os that
maxi m ze age-class distribution other stand factors being equal.
Many aspects of forest structure including abundance of |arge
trees, understory plants, and coarse woody debris along with
variation and distribution of these have been shown to vary
consi derably anong the forests of the Colunbia R ver Basin (USDA
Forest Service 1986). Variation in forest structure decreases the
appearancy Of forest resources to forest insects (Schowal ter 1986).

This occurs through nodification of the proximty of insects to
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suitable resources, cues used by insects to orient to hosts and
forest mcroclimte. Al of these factors have the effect. of
increasing the functional diversity of the forest and consequently
increase diversity of the canopy herbivore conmunity but Iikely
decrease total populations of any individual canopy herbivore.

A simlar situation exists when we scale up the influence of
forest structure to the landscape level. Landscape |evel
het erogeneity decreases the appearancy of forests and decreases
survival and spread of forest insects (Mison and Wickman 1994).
This general ecological relationship has been widely recognized as
applicable to a diversity of forests and is used as the basis for
silvicultural manipulation of forests to reduce outbreaks of pest
insects (Barbosa and \Wagner 1989). It follows -that nanagenent
activities that increase |andscape heterogeneity wll decrease the
dramatic fluctuation of canopy herbivores while increasing the
total diversity of this ecological guild.

A final vegetation level factor of considerable potential
i mportancteo canopy herbivore abundance is forest successiona
st age. As succession progresses forests beconme nore diverse
(Hansen et al. 1991) and create nore ecol ogi cal niches which in
turn support greater diversity of canopy herbivores (Warren and Key
1989). In general it is recognized that mature forests tend to be
dom nated by defoliating canopy insects while young forests are
dom nated by sapsucking insects (Schowalter and Crossley 1987).
Schowal ter (1989) exam ned the canopy arthropod conmunity structure

i n forests i n various successi onal stages. The nmmjor concl usion
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fromthis study was that old growh forests supported substantially
more species and functional diversity in canopy herbivores than did
young regenerating forests. The 'greater diversity of canopy
herbivores in late successional forests inplies that these forests
contribute disproportionately nore to total canopy diversity than
do younger forests. Hence this representation on the |andscape
shoul d be di sproportionately higher than other species if the
objective is to maximze species diversity of canopy herbivores.
Managerment activities that reduce |ate successional forest wll
likely reduce diversity of canopy herbivores.

Limtations to predictions

Many limtations exist that preclude placing confidence limts
on the long termresponses of canopy herbivores to managenent
scenarios. First, the vast mpjority of data available are for
canopy herbivores that have historically been outbreak species
whose conflict with managenent objectives have led to their
classification of pests. Pest species likely represent less than 5
percent of all species present. A second najor limtation is that
factors responsible for population fluctuations are known only for
a subset of the 5 percent of canopy herbivores that are classified
as pests. A third mgjor Iimtation is the inability to project
di sturbance and climatic variation into the future. This results in
reasonabl e predictions of future populations 1-3 years in the
future at best. Projections of populations 10, 50 and 100 years
into the future are unreasonabl e.

There is however one approach that nmay provide sone long term
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perspective on inportance of canopy herbivores in the Colunbia
River basin. Since the forest successional stages and forest cover
types in which inmportant herbivores occur are known (described in
detail under item2 in this report) it is possible to project these
into the future. Using GS technology it should be possible to
identify for 10, 50, and 100 year periods the total landbase and
successi onal stages of all forest types in the Colunbia R ver
Basin. This analysis would identify the total "available habitat”
wi t hi n whi ch canopy herbivore species could occur. The relative
i mportance of a given herbivore in a given habitat is not possible
to establish. This type of analysis would identify those canopy
her bi vores that could potentially increase in inportance under
vari ous managenment scenarios. Wile this analysis would identify
"avail abl e habitat" for canopy herbivores it is not possible to
determne if the future available habitat would radically change
popul ation levels, patterns, of fluctuations or resource inpacts
that currently occur for those insects in their current available
habi t at .
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Item 9. Literature review
A brief introduction tothe literature for each representative
species, key environnental factors affecting these species, and
their functional role in the ecosystem is incorporated in itens 3,

4, and S.
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Appendix 1. Partial insect species list by forest cover type.

Host: Grand fir (Abgr)

Insect species Plant part/type Stand Tree age abitatMortality Range
of feeding condition or site
|IBalsam twig aphid Mindaras New needles, -mas trees are extensive and
abietinus twigs attacked and become abundant in PNW +
valueless [RM
estern blackheaded budworm Primarily new [High pop’s trees of all ages x Important
cleris gloverana foliage + buds jmay be defoliator in
on upper related to western NA
branches water stress
estern spruce budworm - |buds and x ICRB wide
horistoneura occidentalis primarily new
foliage
ouglas-fir tussock moth orgyia |New and old x CRB interior
seudotsugata foliage
estern hemlock looper Lambdina |buds and heaviest damage in old X Bigger problem in
iscellaria lugubrosa foliage growth hemlock stands, coastal regions
but outbreak also in ut outbreaks
80~100 yr old stands have occurred in
ID + MT
Balsam woolly aphid Adelges stems, X %A + OR
iceae branches, twigs
Fir aphids, Cinara spp. Twigs , ' ??
silverspotted tiger moth needles on PNW, more coastal
alisidota argentata lateral areas
branches
“Neodiprion delonei needles » WA
“Acantholyda spp. needles ?
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Host: White fir (Abco)

o
—

‘ Insect species
{

!
[Balsam twig aphid Mindaras
iabietinus

Plant part/type
of feeding

New needles +
twigs

Stand condition

Tree age

hristmas trees
are attacked +

Habitat |Mortality
/site

Range

extensive +
abundant in PNW +

valueless RM
estern blackheaded budworm |Primarily new High pops may be trees of all ages x important
cleris gloverana foliage + buds onjrelated to water defoliator in west
upper branches stress INA
x CRB wide

estern spruce budworm
horistoneura occidentalis

Buds + primarily
new foliage

ouglas-fir tussock moth New + old foliage x CRB interior
rgyla pseudotsugata
“Fir aphids, Cinara spp. twigs 2?
5ilverspotted tiger moth needles on PNW, more in
alisidota argentata lateral branches coastal area
kutworm Euxoa excellens cotyledons problem in X OR, elsewhere in
murseries, west
seedlings
Tortrix sp. needletier needles small numbers in
Argyrotaenia dorsalana; west ;
A. provana small numbers in
west.
needles

Looper spp. Nepytia freemani

1st new needles;
2nd old foliage

Pole + sapling
sized stands

ID, PNW

west wide to east

ebspinning sawfly sp.
cantholyda atrata

Balsam fir sawfly needles Dense stands of predominantly white fir
rWeodiprion abietis var. heaviest feeding on understory trees + the
lower crowns of trees
needles BC, WA, OR, ID
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Stand condition Tree age Mortality

Plant part/type
of feeding

Insect species

vest wide

hite fir needle miner needles, branch

Epinotia meritana killing
Fir mealy bug Twigs + small ixed stands but small trees may x OR, WA, ID
Puto cupressi . |branches most damaging to be killed
. - true firs
ouglas-fir twig weevil Small branches + Open grown <20 ft. ht. dry x OR, coastal areas?
ylindrocopturus furnissi twigs Douglas-fir trees, gites
damage greatest in
drought yrs.
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Host Englemann spruce-Subalpine fir (Pien - Abla)

horta—

Insect species Plant part/ Stand Tree age Habitat/site Range
type of feedingjcondition lity
Balsam twig aphid New needles, Christmas Extensive +
indarus abietinus twigs trees are abundant in PNW
attacked - + RM
valueless
estern blackheaded Primarily new [High pop’s trees of all ¢ Important
udworm Acleris foliage and may be lages defoliator in
gloverana buds on upper |related to western N.A.
branches water stress
Iﬁestern spruce budworm |Buds and B3 CRB wide
horistoneura primarily new
occidentalis foliage
2-year budworm Both new and Subalpine B.C. + Alberta-
rchoristoneura biennis old foliage ? PNW
ouglas~-fir tussock mothuNew and old x CRB interior
I rgyia pseudotsugata foliage
estern hemlock looper |buds and Heaviest x Bigger problem
Lambdina fiscellaria foliage damage in old- in coasted
lugubrosa growth hemlock] regions but
stands but outbreak
outbreak also occurred in
in 80-100 yr Idaho + Montana
old stands :
IBalsam woolly aphid Stems, branches b WA + OR
|Adelges piceae + twigs
Fir aphids Cinara spp. Twigs OR
Fir mealy bug Puto Twigs + small [Mixed stands |Small tree may % OR, WA, ID
cupressi |branches pe killed
Pitch nodule moth Twigs + small - A, ID
petrova picicolana |branches
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ooley spruce gall aphid New needles + [Little nurseries, XWest
delges coleyii shoots impotence plantations
under normal
forest
conditions
ortrix needletier’ needles small numbers
species Argyrotaeria in West
dorsalana ' ‘
ellowheaded spruce needles Sometimes ID, WY
sawfly Pikonema lopen-grown
alaskensis spruce
killed, esp.
shelter
belts
ebspinning sawflies Previous year’s ID, OR, WY
ephalcia provancheri foliage
Spruce needle miner Transcontinenta

Taniva albolineana

1 extensive in
west

nglemann spruce weevil
issodes englemanni =
strobi

terminal shoots{Widely-
spaced,
even—aged

stands

ITranscontinenta
1
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Host: Douglas-fir (Psme)
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cleris gloverana

Insect species

estern blackheaded budworm

feeding

primarily new
foliage and buds

Plant part/type of| Stand condition

High pops may be:
related to water

Tree age

all ages

Habitat/site

Mortality

imp. defolliator
of western NA

on upper branches |stress
estern spruce budworm buds and primarily x CRB wide
horistoneura occidentalis |new foliage
ouglas-fir tussock moth new and old x CRB interior
rgyia pseudotsugata foliage
ooley spruce gall aphid new needles and £ little importance under severe x est
delges cooleyi shoots normal forest conditions, butjlinfestations on
of consequence in nurseries |poor sites
and plantations
olden buprestid Buprestis ([Adults feed on [West

a

urulenta

needles, larvae on
dead timber

2

carab beetle spp.
ichelonyx backii

Adults feed on
needles

tWest

;

enlined June beetle

olyphylla decemlineata

foliage feeding by
adults

nurseries

X-max tree plantations,

land in w.

sandy grass

WA

hse

octuid cutworm sp Achytonixjopening buds and
epipaschia

new foliage

PNW, ID

Silverspotted tiger moth

alisidota argentata

needles on lateral
branches to begin
with

PNW, more in
coastal regions

Pyralid moth spp. cut off young forest nursery seedlings transcontinental
omophila nearctica seedlings at

ground line and

feed on foliage
utworm sp. opening buds and PNW, more

ylomyges simplex

new foliage

coastal (ie
estern OR)
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Insect species

Tortrix needtiers species
Argyrotaenia spp.

feeding

current needles
are mined

Plant part/type of| Stand condition

Tree age

Habitat/site

T T ———
e ———————

Mortalityl Range

west wide in

small numbers

Fir coneworm Dioryctria cones, shoots, transcontinental
abietivorella foliage
Forest looper spp. Caripeta |needles no appreciable transcontinental
llsp damage
ooper specles foliage transcontinental
upithecia annulata
estern hemlock looper buds and foliage damage to Psme heaviest x more outbreaks
rambdina fiscellaria when mixed with |damage in in coastal
lugubrosa w. hemlock old growth regions, but
hemlock occurs
stands but throughout
utbreaks interior forests
lso in 80~ and has reached
100 yr.old epidemic pop. in
stands NW MONT :
foliage not considered a transcontinental

ilament bearer
ematocampa filamentaria

problem

, common on
interior psme

ooper species ist new needles, local outbreaks in pole + Ip, BC, UT
epytia freemani 2nd old needles sapling-sized stands
ellow-lined forest looper sblitary feed on rated as a transcontinental

yctobia limitaria

foliage

potential forest
pest

Semiothisa spp.

foliage

sometimes
numerous but not
conomic pest

west wide

Fir mealy bug, Puto cupressi

twigs, small
branches, foliage

occurs in mixed stands, but
most damaging to tree firs,
small trees killed

IOR, WA, ID
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Insect species Plant part/type of| Stand condition Tree age Habitat/site Mortality Range
feeding '
Spruce spider mite foliage low host vigor thrives under orld wide,
ligonychus ununguis hot, dry outbreak in
conditions ont.
iprionid sawfly foliage local outbreaks S. ID
eodiprion sp. (abletis w/o much damage
ar.?) '
foliage shelterbelts heavy infestations on small west wide, more

ine needle scale
hionaspis pinifoliae

trees saplings and poles
(dusty roads)

common on pine

Black pineleaf scale needles only outbreaks x Westwide
uculaspis californica common ass.
with industrial
fumes, smog,
dust spray
drift
ontarinia midge spp galler of needles [dry-belt, open- interior JOR, WA, ID,
ontarinia pseudotsugae grown forests, x-mas [Mont.
trees
spruce tipmoth opening buds no economically transcontinental
riselda radicana imp. outbreak
estern pine spittle bug shoots, 2nd-yr extensively in
phrophora permutata growth western states
small branches, open-grown Douglas-fir trees < 20ft (4.5 - 6 x wa, oRrR

ouglas-fir twig weevil
ylindrocopturus furniss

twigs

m) . Damage greatest in drought years and on
dry sites, x-mas trees + plantations

oundheaded borer species
eoclytus muricatulus

twigs + small
branches

west wide,
transcontinental




Host: Western Larch (Laoc)
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Insect species

estern larch woolly aphid
delges oregonensis

Plant part/type o
feeding

base of needles,
twigs

f| stand condition

open-grown treet

Tree age

Habitat/sitepMortality

estern spruce budworm
horistoneura occidentalis

new foliage

buds and primarily

CRB wide

arch case bearer Coleophora
laricella

principal damage
of new foliage in
spring

introduced, now
" lwest wide

tuaty tussock moth
rgyia antiqua

both new and old
foliage

west wide,
northern

Tortrix needletier species
Argyrotaenia dorsalana

needles

small #'s in west

Forest looper sp. Nepytia 1st new needles, local outbreaks occur in pole ID, PNW
freemani 2nd old foliage and sapling-sized stands :

estern larch sawfly Anoplonyx|foliage JWA, ID, MT
Ioccidens

olined larch sawfly foliage JWA, ID, MT

oplonyx laricivorus

arch sawfly Pristiphora foliage all types and ages of larch WA, ID, MT, OR
erichsonii appear to be attacked
|bristiphora leechi foliage iWA, ID, MT
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Host: Interior ponderosa pine (Pipo)

[P
Insect specles Plant part/ Stand Tree Age Habitat/ Morta- Range
Type of condition Site lity
feeding
Chermid aphid sp needles and WA, OR
Pineus coloradensis twigs
Woolly pine needle needles no significant damage transcontine
aphid Schirzolachnus ntal
piniradiate
Leaf beetle 8p. needles as OR, WA, ID,
Glyptoscelis adults MT
septentrionalis
Scarab beetle sp. foliage as Westwide
Dichelonyx backi adults
Sugar pine tortrix needle OR, ID,
complex Choristoneura sheaths, Mont, WY
lambertiana staminate
cones
C. subretiniana
: needle open-grown central OR
sheathminer
(new)
Pine butterfly needles (new 0ld trees are more susceptible to x PNW,
Neophasia menapia 1st, old 2nd) injury interior
| west, New
Meadows,
Mccall
region of
1D, Boise NF
Pandora moth needles Pumice x west of RM
Coloradia pandora solls, (except ID,
decomposed WA), Klamath
granitic river basin
Pine tussock moth needles young stands | young MT (East)

parorgyla grisefacta
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Cutworm 8sp. cotyledons, Natural and seedlings cutover West wide
Euxoa excellens needles nursery areas
grown

Mormon cricket needles "Fringe- dryland western
Anabrus simplex type" Pipo areas states
Leafhopper sp. needles-- maybe vector of OR, WA, ID
Colladonus tahotus plant diseases
Looper Bp. ' new and old western
Phaeoura mexicana foliage gtates
Lodgepole needletier new needles young, MT, ID, WA,
Argyrotaenia tabulana immature WY
Pine sawfly species 0ld needles open-grown pole to West
Neodiprion fulviceps mature
compl.
Pine sawfly species old needles OR
Neodiprion mundus
Webspinning sawfly 8pp. needles WA, OR, MT
Acantholyda verticalis, WY
brunnicans,
albomarginata
Cephalcia webspinning previous MT, WY
sawfly years foliage
Cephacia californica
Black pineleaf scale needles only thought to reduce westwide
Nuculaspis californica effectiveness of

parasites (i.e.

chalicid), outbreaks

commonly ass. wi/

industrial fumes, smog,

spray drift

adults feed thinned young stands, may affect seedling PNW to MT

Magdalis weevil
Magdalis gentilis

on foliage,
twigs

reproduction in S. OR.
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Needle weevil species old foliage more common on young OR, ID
Scythropus albidus trees

Gelechiid moth species needle miner WA, NV
Chionodes retiniella

Needle miner sp. needle miner OR
Coleotechnites ’
moreonella

Pine needle sheathminer | needle plantations OR, WA, west
Zelleria haimbachi sheaths us

Western pine tip moth shoots Shelter- young Mont (E?)
Rhyacionia bushnelli belts

Ponderosa pine tip moth | shoots open grown seedlings and OR, WA
Rhyacionia 2o0zana saplings < 2m tall

Pine flat bug branches young? poor sites? western NA

Aradus cinnamomeus

Ponderosa pine twig twigs, small OR
scale Matsucoccus branches
bisetosus
Pine reproduction foliage plantations suffering CA to OR
weevil Cylindrocopturus competition; < 3.2 m
eatoni tall
Bark beetle sp. twigs and West wide
Carphoborus pinicoleus small and abundant

branches
Bark beetle sp tips of drought West wide
Pityophthorus branches area?
confertus/confinis
Ponderosa pine resin current year open-grown young OR, WA, ID,
midge Cecidomyia shoots pines, Mont
piniinopis planta-

tions
new and old minor pests of young MT

Metallic pitch nodule
moth Petrova metallica

growth shoots

trees

'Il. .Ilh ‘Il‘ .lli ‘II. ‘Il" .Ilh Illl ‘lll ‘.l‘ ‘lll ‘.li ‘.ll l.lll ‘Ill ‘III ‘Ill ‘Ill Jlll
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Western pineshoot borer | shoots open~grown young OR, MT
Eucosma sonomana (terminals)
Pine coneworm cones and Western US
Dioryctria auranticella | twigs
Pine coneworm sp. twigs, cones WA, OR, MT
Dioryctria cambiicola and

’ Cronartium

galls

Twig borer May be beneficial as twig pruners, breed : OR, WY

Myeloborus boycei in needle-bearing portion of twigs
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Host: Lodgeﬁole pine (Pico)

Plant part/type|Stand Tree age Habitat/site Mortality [Range
of feeding condition
—_————— =
hermid aphid sp. Pineus needles and young
coloradensis twigs
oolly pine needle aphid needles no significant transcontinental
chizolachnus pinicadiate ldamage
Sugar pine tortrix complex needle sheaths [top-kill x ID, MT
horistoneura lambertiana and staminate |[lodgepole
cones
Pine butterfly Neophasia needles (new lold trees are more . x PNW, interior west
enapia 1st, old 2nd) [susceptible to injury
Pandora moth Coloradia pandora|needles pumice soils-- x west of RM (except
coast, ID, WA) Klamath
decomposed River Basin
granitic--Int. outbreak
ﬁilverspotted tiger moth needles on : PNW ,ore in coastal
lHalisidota argentata lateral regions
Ibranches
Tl.eafhopper sp. Koebelia foliage ~ |non-significant damage . CA to B.C., east
californica o ID
L.odgepole needletier new needles young, immature trees x |MT, ID, WA, WY
Argyrotaenia tabulana attacked
l.odgepole sawfly Neodiprion old needles x MT, WY
burkei :
Pine sawfly sp. Neodiprion old needles pumice solils . OR, 1D
inanulus contortae :
ebspinning sawfly spp. needles WA, OR, MT, WY
cantholyda '
verticalis/brunnicans
ephalcia webspinning sawfly |previous year’s FI, WY
ephalcia californica foliage




,&---—------.--—n--m--

Insect species
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Plant part/type|Stand ree age Habifat/site ortality [Range
of feeding condition
ine needle scale Chionaspis |[foliage shelterbelts eavy infestations on small transcontinental

inifolliae

rees, saplings and poles,
sp. along dusty roads

arren’s collar weevil needles and twigs -- creates |[6-8 years to moist sites with heavy ? western states
ylobius warreni avenue for fungal invasion mature duff are preferred
Pagdalis weevils Magdalis adults feed on {thinned, youngfyoung PNW to MT
gentilis foliage stands
odgepole needle miner needles ature mature OR
oleotechnites milleri xtensive
stands
eedleminer sp. needles FT
oleotechnites ardes, starki
ine needle sheathminer needle sheaths [plantations transcontinental,
zelleria haimbachi OR, WA
E:ropean pine shoot moth shoots blantations young <7m introduced, now in
yacionia bouliana and natural OR, WA
Ponderosa pine tip moth shoots open—-grown young, <2m OR, WA
Rhyacionia zozana seedlings and [tall
saplings
Lodgepole terminal weevil shoots, lopen—-grown young OR, ID, WY
pissodes terminalis developing
terminals
Fir mealy bug Puto cupressi foliage, twigs |occurs in small trees killed, others x OR, WA, ID
and small mixed stands |stunted
branches
orthern pitch twig moth twigs minor pests of young trees ID, WA, MT
etrova albicapitana
estern pineshoot borer elongating young open-grown trees OR, MT
ucosma sonomana terminal

shoots,
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Host: Western White Pine (Pimo)
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Insect species

Plant part/type
of feeding

Stand
condition

Tree age

Habitat/site

hermid aphid species Pineus |[needles and young? A, OR
coloradensis twigs
ine leaf chermid Pineus bark and seedlings hazard to pine transcontinental

inifoliae needles killed stands can be
reduced by
reducing amount of
spruce

foliage (lst old trees more|fed upon when mixed with PNW, interior

Eine butterfly Neophasia
enapia

new, 2nd old)

susceptible to
injury

[ponderosa

lwest

[Mr, 1D, WA, wy

Lodgepole needletier needles young ?
Argyrotaenia tabulana
Pine sawfly species needles MT, ID, WA, WY
|&eodiprion 8p.
ebspinning sawfly sp. needles IMT, ID, WA, WY
cantholyda verticalis
arren’s collar weevil needles, twigs--creates 6-8 yrs to moist sites with heavy duff |? western states
yloblus warreni avenue for fungi invasion maturity are preferred
Sugar pine scale Matsucoccus bark by base of IOR, MT, WY
|baucicicatrices needles, axils
: of twigs, and
branches
ITwig beetle Pityophthorus sp. |twigs - 27
*mildly"

beneficial in
the process of
natural pruning




Host: Aspen (Potre)

I ——

Insect species Plant part/ Stand Tree age Habitat/ Morta- Range

type of condition site lity

feeding
Aspen leaf beetle leaves transcontine
Chrysomela crotchi ntal
American aspen beetle leaves, Salix NW states
Gonioctena americana also
Cottonwood dagger moth leaves, Potre west wide
Acronicta lepusculina favorite host
Green fruitworm sp. leaves PNW
orthosia hibisci
Redhumped caterpillar leaves forest and western
Schizura concinna shade trees states
Forest tent caterpillar leaves, Potre x western US,

Malacosoma disstria

is preferred
host

widely dist.

Large aspen tortrix

leaves, potre

outbreaks in extensive

west wide

Choristoneura is principal stands
conflictana host, also
mine buds
Leaf roller species new foliage, common but "less imp. than OR
Pseudexentera oregonana C. conflictana + Malacosoma"
Aspen leaftier new leaves WY, NV, ID

Sciaphila duplex

lst

Fall cankerworm leaves shade and Across US,
Alsophila pometaria shelter belt but local
problem
leaves, many transcontine

Pepper-and-salt moth
Biston cognataria

hosts

ntal, N. US

Looper species
Erannis vancouverensis

leaves

occasionally severely defoliates aspen

and other hardwoods

BC, OR
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Aspen blotchminer
Lithocolletis
tremuloidiella

leaves "representative
species" for genus

defoliation rarely above

15 m (50ft)

ID, west US

Aspen leafminer

leaf miner

epidemic in

Phyllocnistis WY, 1ID, but
populiella all West
Oystershell scale twigs, Introduced
Lepidosaphes ulmi branches now
throughout

us
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Host: Cottonwood-willow (Potri-Salix')

Insect speciles Plant part/ Stand Tree age Habitat/ Mortali | Range

type of condition size ty

feeding
Cottonwood leaf beetle leaves on transcontine
Chrysomela scripta Potri, Salix ntal
Satin moth leaves shade trees, Native to
Leucoma salicis windbreaks Burope, now

interior of
OR, WA

Nematine sawfly sp. leaves BC ??
Nematus currani
Leafminer fly blotch mine BC, WA
Agromyza albitarsis of leaves
Altica bimarginata abundant on West wide
A. prasina willow West wide
Aspen beetle sp. leaves Alpine Alpine in
Gonioctena arctica West
Willow leaf beetle sp leaves of OR, WA, MT
Pyrrhalta punctipennis willow,

poplar
Poplar branch borer leaves, trans. US
Oberea schaumii branches of

Salix and

Populus
wWestern willow lace bug foliage WA, OR, ID
Corythucha salicata
Cottonwood dagger moth leaves West wide
Acronicta lepusculina

feeds on leaves causing no UsS wide

Polyphemus moth
Antheraea polyphemus

appreciable damage
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Spotted tussock moth leaves West wide

Halisidota maculuta

Cercopia moths leaves MT, West

Ryalophora cecropia,

glovevi

California leaves Can reach

tortoiseshell ' high numbers

Nymphalis californica in OR, 1D,
West wide

Mourning cloak leaves shelter belt Us wide

butterfly Nymphalis plantings

antiopa

Western tussock moth leaves, branch killing, important W. ID, NV

Orgyla vetusta, vetusta | defoliator of big game browse plants

gulosa

Big poplar sphinx Populus and transcontine

Pachysphinx modesta Salix leaves ntal

Redhumped caterpillar
Schizura concinna

leaves

forest and
shade trees

western US

Cutworm species conspicuous defoliator of West wide
Scoliopteryx libatrix willow leaves, its common in
principal host WA, OR
Forest tent caterpillar leaves western US,
Malacosoma disstria wide dist.
and destruc-
tive
Western tent leaves several
caterpillar Malacosoma subspecies
californicum which occupy
well~-defined
geographic
areas
Gall forming sawfly leaf galler Range of S.
Pontania pacifica! lasiolepis

}-xé‘i‘
e
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Fall cornworm leaves shade and Across US
Alsophila pometaria shelter belt
problem
Elm sawfly leaves, twigs US wide
Cimbex americana
Nematinae sawfly sp. leaves Us wide
Nematus oligospilus
Euura exiguae' buds, leaf ? west
Gall sawfly petioles,
stems
Ooystershell scale' twigs, x ‘| Introduced,
Lepidosaphes ulmi branches now
throughout
us

IInsect species found solely on Salix genus or particular species.
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