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Abstract: Annosus root disease is widely €
distributed in the northern Rocky Mountains. €
Stunp infection often results in tree nortality €
occurring in progressively expanding root disease €
centers, in groups of various sizes, and as €
scattered individuals. €

Di stribution and rel ati ve abundance of €
annosus root disease vary by host species and €
geographic area. Mpst conifer species are €
infected, but true firs and ponderosa pine are €
nmost commonly infected. Infection by H annosun€
is frequently observed i n managed stands, often €
associated with bark beetles and other fungal €
root pathogens. €

Effects of tree nortality resulting from#¢€
infection by H annosum nay have both positive €
and negative inmpacts on resource and ecosystem €
values for a single site. Insofar as possible, €
the net effect of annosus root disease nust be €
determ ned on a site-specific basis if inmpacts €
are to be accurately assessed. To do this, as €
well as to assess site associations and to €
det er mi ne managenent inplications, nuch nmore €
information relating to distribution and €
abundance of annosus root di sease nust be €
obtai ned. €

Di stribution and inpacts of H annosumin €
forests of Idaho, western Montana, and northern €
Ut ah--the northern Rocky Muntains--are reported €
here. Forest types and di sease expression are €
relatively simlar throughout the area. €
Al t hough, occasionally, deciduous trees and €
shrubs beconme infected, the enphasis in this €
report is on the infection of coniferous tree €
species. €

‘Presented at the Synposium on Research and €
Managenent of Annosus Root Disease in Western €
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USDA Forest Service Gen. Tech. Rep. PSW-116

General ly, annosus root disease of conifers €
occurs in progressively expandi ng di sease €
centers, in tree groups of various sizes, and in €
scattered individuals. One or nore host species €
may be involved in disease centers which often €
originate around stunps and contain dead and €
dying trees on the margins. Groups of infected €
trees may involve fromseveral to hundreds of €
trees with detection being npst often associated €
with bark beetle activity. Individual tree €
infection occurs as scattered trees, and, as with €
group nortality, detection is often associated €
with bark beetle activity. €

I nformation about the distribution and €
abundance of annosus root disease in the northern €
Rocky Mbuntains contained in this report is based €
on a limted nunber of available literature €
reports, discussion with pest managenent €
speci alists and researchers in the northern Rocky €
Mount ai n area’, and personal observations. Few €
surveys of distribution and abundance have been €
reported. Available information is, thus, very €
subj ective being based largely on chance €
exanmi nation of trees that have attracted €
attention, primarily windthrown trees or those €
with unhealthy or dead crowns. €

| npacts of root diseases, including annosus €
root disease, to forest trees have not been well €
quantified. Effects of root diseases on various €
forest resource managenent objectives, except in €
site-specific cases, have been even less well €
quantified. Inpact considerations of annosus €
root disease in forest resource managenent are €
di scussed. €
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DI STRI BUTI ON € Ponderosa Pine (Pinus ponderosa Laws.)€

In the northern Rocky Mountains, npst € Annosus root disease occurs throughout €
coniferous tree species are affected by annosus € ponderosa pine type forests in the northern Rocky €
root disease, but distribution and relative € Mount ai ns. Sapling and pol e-si ze ponderosa pines €
abundance vary consi derably by species. This € are affected in expanding di sease centers, €
information is sunmarized in table 1 and is € frequently, but not always, originating around €
di scussed in nore detail by specific host or host € stunps. These centers, generally less than 0.25 €
group bel ow. € acres (0.1 hectares) in size, are common in €

sout hern I daho and western Montana--they are €
occasionally noted in northern |daho. €

Table 1--Distribution and rel ati ve abundance of annosus root disease in conifer €
host tree species in the northern Rocky Muntains. €

Scattered individual/€

Di sease centers group infection
Host Locati on' Abundance Size (Acres) Abundance
Ponder osa pi ne N. 1D Qccasi onal 0.1-1.0 Cccasi onal
SWID Conmon <0. 25 Cccasi onal
W Mr Conmon 0.1-1.0 Conmon
Dougl as-fir N. 1D Comon >10.0 Conmon
S.ID Rar e <0. 05 Rare
W Mr Cccasi onal 0.1-5.0 Rar e
N. UT Not Observed Rar e
Engel mann Spruce N.ID Not Reported Common?
S.ID Not Reported Cccasi onal ?
W MT Cccasi onal 0.1-20.0 Conmon?
Lodgepol e Pi ne N. 1D Not Reported Rar e
S.ID Not Reported Rar e
Western Larch N. I D Not Reported Rar e
Gand Fir N. I D Conmmon 1.0-10.0 Comon *?
SWID Cccasi onal <0. 05 Common?
W Mr Common 1.0-5.0 Cccasi onal ?
Wiite Fir N. UT Not Reported Rar e
Western Wiite Pine N. I D Cccasi onal >0. 25 Conmon?
W MT Not Reported (ccasi onal ?
Western Red Cedar N. 1D Not Reported Rar e
W MT Not Reported Rar e
West ern Henl ock N. I D Rar e 0.1-1.0 Cccasi onal
W Mr Not Reported Rar e
Subal pi ne Fir N. 1D Conmron >10.0 Conmon?
S.ID Cccasi onal >20.0 Conmon?
W MT Conmron >10.0 Conmon?
N. UT Cccasi onal 1.0-5.0 Conmon?
Whi t ebark Pine ID Not Reported Rar e

‘Locations are the northern (N.), southern (S.) and western (W) and €
sout hwestern (S.W) portions of lIdaho (ID), Montana (M), and Utah (UT). €

*Occurs as root and butt rot. €
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In southwestern Idaho it is not unconmmon to €
detect two to four disease centers per acre in €
cutover ponderosa pine stands regenerated with €
ponderosa pine. In one such area near Boise, €
| daho, annosus root disease centers have been €
nmoni tored for a nunber of years (Marshall and €
Hof fman 1983). In this area, 34 disease centers €
scattered throughout a 14-acre (5.6 hectare) €
ponderosa pine stand were identified 10 years €
follow ng establishment of regeneration. Disease €
centers originated around stunps which ranged in €
size from9 inches (22.5 centineters) to 37€
inches (81.4 centinmeters). About one-third of €
the stunps initiated centers. At last €
measurement, centers ranged in size from15 €
square feet (1.4 square neters) to 935 square €
feet (84.15 square neters), and about half of €
them continued to be active. €

Annosus root disease in ol der ponderosa pines €
may occasionally result in either direct €
nortality of individual scattered trees (Wllianms €
and Haglund 1976) or it may predi spose trees to €
bark beetle attack. Direct nortality associated €
wi th annosus root disease is often found in €
western Montana and only occasionally in Idaho. €
Annosus root disease is often found in pines €
attacked by bark beetles in other western forests €
(Cobb et al 1974), but this relationship has not €
been thoroughly evaluated in the northern Rocky €
Mount ai ns. €

Dougl as-fir (Pseudotsuga nenziesii (Mrb.)€

Franco.)€

Dougl as-fir is infected by H annosun€
throughout its range, but infection is less €
frequent than on ponderosa pine. Infection €
occurs primarily as a root rot and is often €
associated with bark beetle ,activity (Partridge €
and Bertagnol e, unpublished’). €

Root di sease centers, involving Douglas-fir €
of all sizes and several root pathogens including €
H annosum are common only in northern |daho. €
They are less frequent in western Montana and €
sout hwest ern | daho and have not been observed in €
sout heastern | daho or northern Uah. In €
sout hwest ern | daho, Douglas-fir is rarely €
affected in disease centers except when ponderosa €
pine is involved. In this area, other root €
pat hogens are not frequently associated with €
infection by H annosum €

Si ze of disease centers seens to vary €
directly with abundance. Large centers, up to 10 €
acres in size (4 hectares), are present in €
northern |daho; smaller centers occur in €
sout hwestern | daho. €

‘Unpubl i shed data on file at the College of €
Forestry, WIdlife, and Range Sciences, €
University of |daho, Mdscow. €

USDA Forest Service Gen. Tech. Rep. PSW-116

Annosus root di sease al so occurs on scattered €
i ndi vidual and small groups of pole-size and €
| arger Douglas-fir trees. Annosus root disease €
is relatively comon in scattered Douglas-fir in €
northern | daho (Hagl e personal communication €
2/89), while in southern ldaho infection is €
rarely observed (Partridge and Canfield 1978). €
In a summary of infornation concerning excavation €
of root systens of about 450 green and declining €
Dougl as-fir trees throughout northern and €
sout hern | daho, Partridge and Bertagnole €
(unpubl i shed®) report that 2 to 3 percent of €
the trees were infected with H annosum Over 90 €
percent of the infected trees were found at €
el evati ons above 5,000 feet (1,520 neters). In €
western Montana and northern Utah, annosus root €
di sease of scattered trees has been rarely €
observed. €

Engel mann Spruce (Picea engelnmanii Parry)€

Annosus root disease of Engel mann spruce has €
been reported only in Idaho and western Mntana. €
Di sease centers caused by H annosum have been €
reported only in western Montana where they reach €
20 acres (8 hectares) in size. €

Infection of individual pole-size and |arger €
spruce trees results in a root and butt rot. €
Infection of individual trees occurs comonly in €
western Mntana, occasionally in northern |daho, €
rarely in southern lIdaho, and not at all in €
northern Utah. €

Grand Fir (Abies grandis (Dougl.) Lindl.)€

Infection of grand fir by H annosumresults €
in a root and butt rot throughout this host's €
range often in association with other fungal root €
pat hogens and/or bark beetles. €

Root di sease centers, often involving H €
annosum conmonly occur in northern Idaho and €
western Montana but only occasionally in €
sout hwest ern | daho. Size of disease centers €
ranges fromO0.1 acre (0.04 hectares) to nore than €
10 acres (4 hectares). Root disease centers are €
estimated to occupy about 3 to 5 percent of the €
forested acreage on northern lIdaho forests €
(WIlianms and Leaphart 1978, Janes and others €
1984). €

Infected individual or small groups of dead, €
pol e-size and larger trees are observed nore €
abundantly than di sease centers throughout the €
range of grand fir. Infected trees are often €
attacked by the fir engraver beetle, Scolytus€
ventralis LeConte (Partridge and MIler 1972). €
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Several fungal root pathogens may be invol ved €
with root disease of grand fir. Pathogens €
i nvol ved vary by geographical area. In northern €
I daho, Phellinus weirii (Murr.) Glbn. and €
Armillaria spp. occur with nuch greater frequency €
than H annosum Mller and Partridge (1973) €
report that in excavation studies of grand fir €
about 4 percent of all trees exam ned and 6 €
percent of all root-rotted trees exam ned were €
infected by H annosum In southern Idaho, the €
opposite is true with H annosum being by far the €
nmost commonly encountered root pathogen. The €
fungus can be easily found al nost anywhere grand €
fir occurs in southern Idaho. €

Endemic activity of the fir engraver beetle €
regul arly exposes a few scattered individual or €
smal | groups of trees. But, during drought €
years, beetle activity and exposure of diseased €
trees often increases dramatically. Such has €
been the case in Idaho in 1987 and 1988. During €
that period, thousands of dying trees were €
detected during routine aerial surveys €
(Livingston and others 1988, Knapp and others €
1989). It is likely that not only root disease €
but al so npisture stress, resulting fromseveral €
consecutive years of below normal precipitation, €
predi sposed trees to beetle attack. €

Western Wiite Pine (Pinus nonticola Dougl.)€

Annosus root disease centers occur €
occasionally in western white pine in northern €
I daho. They often originate around stunps and €
i nvol ve seedling- and sapling-size white pines in €
patterns rem ni scent of annosus di sease centers €
in ponderosa pine (Partridge, personal €
comuni cation 2/89). Seldom do they exceed 0.25 €
acre (0.1 hectare) in size. This pattern of €
activity has not been reported in the western €
white pine forests in western Montana. €

Het er obasi di on annosumis sonetines found in €
conjunction with Armllaria spp. in old growh €
western white pine trees. Infection comonly €
results in a root and butt rot in northern €
I daho--1ess commonly in western Montana. Annosus €
root disease is npst often detected as scattered €
i ndi vidual trees which have been attacked by the €
nmount ai n pi ne beetl e (Dendroctonus ponderosae€
Hopki ns) (Ehrlich 1939). €

Lodgepol e Pine (Pinus contorta Dougl.), Western€
Larch (Larix occidentalis Nutt.), Wite Fir€
(Abi es concolor (cord. & Aend.) Lindl.) and€
Whitebark Pine (Pinus albicaulis Engelm)€

Infection of these species reportedly occurs €
rarely, only on scattered individuals, and varies €
by geographical area. Annosus root disease has €
been observed on | odgepole pine in |daho and €

western Montana, on western larch and whitebark €
pine in ldaho, and on white fir in northern Utah. €

Western Red Cedar (Thuja plicata (Donn)) and€
Western Hem ock (Tsuga heterophylla (Raf.)€
Sarg.)€
Annosus root disease has not been frequently €

reported on either of these species anywhere in €

their respective ranges. Western hemock is €
rarely affected in disease centers that approach €

1 acre (0.4 hectare) in size (Hagle, personnal [sic]€

communi cation 2/89). Disease centers involving €

western red cedar have not been reported. €

Het er obasi di on annosum occurs occasionally in €
scattered western hem ock but rarely on scattered €
western red cedar (Partridge and MIler 1972, €
Koeni gs 1969). Wen detected, infection often €
appears to be associated with stunps exposed €
during harvest activities. €

Subal pine Fir (Abies |lasiocarpa (Hook.) Nutt) €

Het er obasi di on annosum i nfects subal pine fir €
throughout its range resulting in a root and butt €
rot. Progressively expandi ng root disease€
centers involving all sizes of trees commonly €
occur in northern Idaho and western Montana. €
Di sease centers occur occasionally in southern €
Idaho and rarely in northern Uah. Size of €
di sease centers varies fromless than 0.1 acre €
(.04 hectare) to 20 acres (8 hectare). €

Scattered individual or small groups of trees €
are commonly infected throughout this host's €
range (Partridge and MIler 1972, Knapp and €
others 1988, Tegethoff 1973). Infection is nost €
often detected in pole-size and |larger trees €
attacked by the western bal sam bark beetle, €
Dryocet es confusus Swai ne (Dubreuil 1982, Tkacz €
1983). In Utah, root-diseased subal pine fir are €
often infected by both H annosumand Arnillaria€
spp. (Tkacz 1983). €

Thousands of subalpine fir were killed by the €
western bal sam bark beetl e throughout southern €
Idaho and UWah in the early 1980's (Knopf 1980). €
Het er obasi di on annosum has been detected in these €
trees in sone cases, but surveys to determne €
degree of association have not been conducted. €

As noted above, pathologists have a fair idea €
regardi ng how and where annosus root disease €
affects the various conifer species in the €
nort hern Rocky Mountains. Neverthel ess, few €
systemati c surveys have been conducted, reports €
often conflict, and few substantiated site or €
stand associ ati ons can be made as has been done €
in the southeastern United States (Anderson and €
others 1980). To renedy these problens, €
additional information concerning annosus root €
di sease nust be collected. €
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| MPACT CONSI DERATI ONS €

The traditional connotation of tree root €
disease is that it results in tree nortality and €
growth 1 oss, thus having a negative effect on €
fiber or board production. Evaluating effects of €
annosus root disease on tree growth and nortality €
m ght appear rather sinple--so nmany board feet of €
| unber can be obtained froma dead tree of a €
certain size or so many trees can be grown on a €
gi ven area occupi ed by root disease centers. €
However, before inpacts of root disease on the €
tinber resource can be realistically evaluated, €
several questions nmust be addressed. These €
i nclude: €

* \What is the nmarket value of the particular €
tree species being affected? €

* Could or would affected trees be harvested? €

* What is the effect of tree nortality on €
| ong-term harvest scheduling and economi cs? €

* What is the long-termeffect of inplenenting €
managenent actions that greatly enhance the €
probability of stunp infection and pathogen €
spread? €

* How does infection, either in scattered €
trees or in disease centers, affect tree €
regeneration? €

* How | arge will disease centers becone? €

Al'l things considered, tree nortality €
associ ated with annosus root disease in €
commercial forest areas generally has a negative €
effect on the tinber resource value. €

O her resource values in a forest environment €
may al so be affected, either positively or €
negatively. Major non-tinber resource values €
i nclude: esthetics and recreation, wildlife, €
wat er production, and |ivestock range. These €
non-tinber resource values are receiving €
increased attention as a result of planning €
efforts and resource allocations on National €
Forests in the northern Rocky Muntains. €

Esthetics and recreation opportunities are of €
prinme inportance in devel oped forest sites such €
as canmpgrounds and associ ated areas, €
admini strative sites, around dwellings, and in €
ot her areas heavily used by people. Wile tree €
nmortality results in degradation of esthetic €
val ues, loss is substantially compounded when €
root-decayed trees fail resulting in damage to €
area i nprovenments or causing personal injury. €
Di scussion of root diseases that affect trees in €
canpgrounds are contained in several publications €
(Wagener 1963, MIIls and Russell 1981). Potential €
for inpact is directly proportional to tree size, €
proximty to inprovenents, and, of course, the €
extent of disease devel opnent (Paine 1971). Tree €
nortality generally has a negative effect on €
esthetic and recreation resource val ues. Val ue€
of trees used for these purposes is often €
considerably greater than for trees used for €
tinmber. €
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The val ue of root-diseased trees relative to €
the wildlife resource is nuch nore difficult to €
assess. Depending on site-specific managenment €
enphases, dead trees may be nuch nore val uable €
than green trees, or the opposite may be true. €
For exanple, the value of dead trees as perch €
trees for raptors, for maintaining popul ations of €
rare and endangered species of cavity-nesting €
birds, or of fallen trees for debris recruitnent €
to aid fisheries may be very high. Conversely, €
the value of green trees for providing hiding and €
thermal cover to big game animals may be very €
high. €

O her forest resource values are |ikew se €
variably affected by annosus root disease. €

In addition to the effects of root disease on €
vegetation, effects on other facets of the €
ecosystem nust al so be factored into inpact €
consi derations. Some values of trees to the €
ecosystem such as abatenent of soil erosion by €
wi nd or water, are obvious. Mre profound€
val ues, such as the relationship of green trees €
to global climate or the value of decaying wood €
to soil inprovenent (Jurgenson and others 1977; €
Franklin and others 1981), have only recently €
received nmuch attention. €

On any given site, tree nortality caused by €
annosus root di sease or other pests can have both €
posi tive and negative effects on resource or €
ecosystem val ues. The determ nation of net €
ef fect requires know edge of site-specific €
resource or ecosystemvalues as well as specific €
knowl edge of distribution and abundance of €
annosus root disease. €
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