
e could devote another issue of
the Western Forester to cover the

latest research on invasives in the
Pacific Northwest. Instead here’s a
snapshot to get you up to date. 

White Pines and
White Pine Blister
Rust Resistance

BY RICHARD SNIEZKO

There are nine white pine species
native to the United States: the western
white, sugar, whitebark, limber, foxtail,
southwestern white, Rocky Mountain
bristlecone, Great Basin bristlecone,
and eastern white pine. Eight of these
are found in the western United States;
eastern white pine is the lone white
pine native to the eastern United
States. All nine are highly susceptible to
white pine blister rust, which is caused
by the non-native, invasive fungal
pathogen Cronartium ribicola.

Whitebark pine has been proposed
for listing under the Endangered
Species Act, partially due to its high
susceptibility to white pine blister rust.
In some areas, this rust has killed more
than 95 percent of the trees. The con-
sensus of scientists and foresters is
that development of genetic resistance
to this rust is needed to successfully
maintain or restore these species in
the most affected areas.

Researchers demonstrated that
resistance existed at a low frequency in
western white pine and eastern white
pine in the 1950s. Soon after, several
Forest Service regions started applied
programs to develop resistance. In the
Pacific Northwest, the USDA Forest
Service’s Dorena Genetic Resource
Center (DGRC) breeding programs ini-
tially focused on two species of eco-
nomic importance, western white pine
and sugar pine. Resistance breeding of
those species continues to this day.
Since 2002, the center began evaluat-
ing the other six western species of
white pines for resistance.

It’s important to know that resist-
ance is not immunity; most seedlots

(even those with resistance) will
include some susceptible seedlings.
For long-lived tree species like the
white pines, resistance also needs to
be durable against changes in the
pathogen, stable across different envi-
ronments, and occur frequently
enough in an orchard seedlot to be of
use to land managers.  

Genetic resistance to white pine
blister rust is determined by inocula-
tion of seedling progeny with rust
spores and evaluating their susceptibil-
ity vs. resistance over a five-year peri-
od. The goal is to discern the various
types of resistance that are present.

Since the program began, progeny
of more than 4,500 western white pine
parent trees from natural stands have
been evaluated for resistance, and the
most resistant parent trees or their
progeny were put into seed orchards.
In the last two decades, these new
selections have become reproductively
mature, and breeding has increased
the level of resistance further.

Some of the families from the
breeding program showed 50 to 80 per-
cent more resistance relative to the
susceptible control subjects, and selec-
tions from those resistant families will
be placed into future seed orchards.

Currently there are western white
pine seed orchards on USFS, Bureau of
Land Management, Confederated

Tribes of Warm Springs, Quinault
Indian Nation, Washington Department
of Natural Resources, and privately held
lands, with a number of these now pro-
ducing resistant seed. Based on
seedling screening, the BLM’s Horning
orchard currently has the highest level
of resistance documented for an
orchard lot. 

Since 1996, a network of field trials
has been established in Oregon,
Washington, California, and British
Columbia and will serve to monitor
the level and durability of resistance,
as well as growth and adaptability of
western white pine in response to a
changing climate.

Work on whitebark pine began
more recently. In the beginning,
researchers believed whitebark pine
might prove the most susceptible of
the white pine species. In fact, relative-
ly high levels of resistance are being
found to occur at a modest frequency
in this species.

Since 2002, progeny from more
than 1,500 whitebark pine parent trees
from public and tribal lands in Oregon
and Washington have been planted to
evaluate resistance. Parent trees are
rated A to F for resistance, ‘A’ being the
most resistant and ‘F’ being highly sus-
ceptible, and these ratings are sent to
land managers so efforts can be
focused on resistant individuals.
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Crater Lake National Park is the site of a whitebark pine field trial that is
accessible by the public.
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Additional cone collections from the
highly rated trees are made, and the
seed is used for restoration and graft-
ing of the most resistant parent, estab-
lish seed orchards, and for genetic
conservation.

Field trials have been established by
USFS, National Park Service, and
Washington Department of National
Resources, and these will provide
information on field resistance and
adaptation under a changing climate.
One such planting, at Crater Lake
National Park’s Rim Village, is readily
accessible by the public and presents
an opportunity for conservation edu-
cation on invasive species and white-
bark pine, genetic resistance, and for-
est health. 

Beyond the Forest Service, efforts
are now underway to find funds for
sequencing the whitebark pine
genome and using genomic resources
for restoration guidance.

With the finding of resistance, suc-
cessful restoration of this threatened
species is now within reach for the
western white pine, sugar pine and
whitebark pine, and this work is fur-
ther paving the way for potential
recovery of other white pine species.

Richard Sniezko, an SAF member, is a
geneticist at the U.S. Forest Service
Dorena Genetic Resource Center in
Cottage Grove, Oregon. Sniezko can be
reached at 541-767-5716 or
richard.sniezko@usda.gov.

What We Know About
Sudden Oak Death

BY BLAKEY LOCKMAN AND
SARAH NAVARRO

Sudden Oak Death (SOD) is caused
by the invasive pathogen Phytophthora
ramorum. Mortality of infected oaks
and tanoaks was first noted in
California forests in the mid-1990s, but
not diagnosed in Oregon until 2001.
The susceptible host list is extensive,
including many horticulturally impor-
tant species, but the most susceptible
forest tree in Oregon by SOD is tanoak. 

Tanoak (Notholithocarpus densi-
florus) is an evergreen hardwood that
ranges from southwestern Oregon into
the coastal ranges of California and east

to the lower slopes of
Mount Shasta. It is also
intermittently distrib-
uted along the west
slope of the Sierra
Nevada Mountains as far
as Mariposa County. It is
highly valued by Native
American communities,
mainly for its acorns,
and has formed the
basis of their California
acorn economy for
thousands of years;
acorns are still a highly
valued food item among
tribes throughout the
range of tanoak. Tanoaks
also provide nesting,
roosting, and foraging value for a variety
of wildlife species and have been found
to support a high diversity of ectomyc-
orrhizae.

SOD infection begins in aerial parts
of hosts where it produces spores that
spread by rain splash and through air
dispersal. New introductions occur
through human-assisted movement of
infected plant material, such as rhodo-
dendrons and azaleas. The pathogen
has been recovered in streams and soil
from areas of infestation, but the role
of these inoculum sources in the forest
setting is not fully known.

There are four known lineages of the
pathogen, three of which are found in
North America: NA1, NA2 and EU1.
The NA1 lineage is primarily in forest
settings, while all three lineages have
been detected in nurseries. EU1 was
isolated from a forest setting for the
first time in 2015 in southwestern
Oregon and appears to be more
aggressive than NA1 in a forest setting. 

Management of SOD in the forest
varies by state, due to the status of the
disease and the varied presence of sus-
ceptible hosts. The Oregon SOD pro-
gram has focused on eradication and
“slow the spread.” With the discovery of
EU1 and its known aggressive behavior
on conifers in Europe, local eradication
of this lineage was initially attempted.
Since 2019, Oregon’s SOD Program
position is to contain the spread of
EU1, while also continuing to slow the
spread of NA1. Treatments to reduce
the spread involve killing (chemically),
dropping and burning host material
surrounding infected trees within a

radius of 300-600 feet. In California,
SOD was well established before the
identity of the causal agent was deter-
mined. Management in California
incorporates a variety of techniques,
including host removal, thinning to
favor non-host trees, altering environ-
mental conditions in the stand, fuels
mitigation, and restoration activities to
restore ecosystem function and/or pre-
vent undesirable changes.

Getting a handle on Sudden
Oak Death in Oregon

In July 2001, SOD was discovered in
coastal southwest Oregon forests. In
subsequent years, an interagency team
eradicated and slowed the spread of
disease through a program of early
detection, survey and monitoring, and
destruction of infected and nearby
host plants. Eradication treatments,
totaling approximately 7,340, eliminat-
ed disease from most infested sites, but
the disease continued to spread slowly,
mostly in a northward direction.
Recent developments of the SOD
Program include the formation of the
Oregon SOD Task Force, an updated
economic impact assessment, and a
new citizen science program. 

In 2017, a SOD Task Force, com-
prised of local, state and federal gov-
ernment agencies, tribes, industry, and
local residents, and environmental
groups, was charged with developing a
collaborative-based strategic action
plan. This plan would include secure-
ment of additional resources to contain
the NA1 lineage of P. ramorum and
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Tanoak that are infected with Phytophthora
ramorum have bleeding cankers on their trunks and
branches, and leaves become a pale green and
eventually turn brown.



eradicate the EU1 lineage in Curry
County, Oregon, using the best avail-
able science. 

Economic impact

Following adoption of the strategic
action plan, Oregon Department of
Forestry (ODF) commissioned an eco-
nomic impact assessment of SOD.
Among the assessment’s findings were
that the disease has not had a signifi-
cant impact on the economy of Curry
County, and there has been no decline
in timber harvest, export or log prices,
or on recreation or tourism revenue.
However, it appears certain private
properties where tanoaks have died
may have lost real estate value. 

The assessment reported that cur-
rent efforts are keeping the infestation’s
spread to between half a mile and 4.5
miles a year. With continued treatment,
SOD’s spread north of the Rogue River
could be delayed until about 2028.
Without any treatment, the disease
would most likely arrive north of the
Rogue just four years from now and
enter Coos County by 2028. Other
impacts from discontinuing treatment
that could happen as early as 2028
include:

• sanctions on southwest Oregon
timber exports by China, Japan, and/or
Korea;

• loss of 1,200 jobs related to timber
export; $57.9 million in annual wages;

• reduction of timber harvest by
15 percent, with proportional loss of
forest products harvest tax revenue,
and forest sector jobs and wages;

• collapse of rural residential prop-
erty value; loss of real estate transac-
tion revenues; and

• decline in recreation and tourism
income out of proportion to the extent
of SOD infestation if an unfavorable
public perception of the region takes
hold.

What the assessment did not cap-
ture were the potential impacts that
elude economic quantification, partic-
ularly tribal cultural values and the
existence merits of tanoak-dominated
forests. Cultural practices with great
historic and traditional meaning—
acorn gathering, materials for basket
weaving, hunting—are already com-
promised by SOD. In addition, SOD
may be an existential threat to tanoak
and associated obligate species, and

these forests have an inherent exis-
tence value and may contribute
ecosystem-level or biodiversity values
unrecognized prior to extirpation.

Mobilizing citizen science

In September 2018, ODF and
Oregon State University (OSU)
Extension collaborated to develop a
SOD citizen science pilot project and
outreach education program. It was a
well-attended community workshop in
Pistol River followed by citizen science
trainings in Gold Beach. The citizen sci-
entist volunteers learned standard sam-
pling protocol to set monitoring bait
stations, collect, record, and send sam-
ples to the OSU Forest Pathology lab for
disease screening every two weeks for a
three-month period. Citizen scientists
deployed 20 bucket baits on five sites at
the leading edge of the disease and
baited four stream reaches in the first
year of the project. The second year of
the project is currently underway.

Workshop success was measured
with pre- and post- workshop evalua-
tions. Before the workshop 34 percent
of participants indicated they under-
stood disease concepts “very much”
increasing to 72 percent after the work-
shop. First-year citizen science project
results indicate that citizen scientist
volunteers are motivated to help with
early detection strategies by following
sampling protocols and spreading
awareness in the community. These
efforts will greatly aid in identifying
sites for eradication before the disease
becomes established. 

Blakey Lockman is the regional plant
pathologist with the USFS Pacific
Northwest Region in Portland, Oregon;
she can be reached (503) 808-2997 or
irene.lockman@usda.gov. Sarah
Navarro is the regional SOD pathologist
for the USFS Pacific Northwest Region
in Portland, Oregon. She can be reached
at sarah.navarro@usda.gov.

Balsam Woolly Adelgid
Now in Alaska

BY ELIZABETH E. GRAHAM AND
JASON E. MOAN

Balsam woolly adelgids (BWA)
(Adelges picae) are small sap-sucking

insects that feed on true fir trees (Abies)
and can kill a tree within a few years.
This insect was introduced from
Europe to the northeastern United
States around 1900, the West Coast in
the late 1920s, and the southeastern
United States in the mid-1950s. By the
1970s it was established along the
Cascade and Coast Ranges of Oregon,
Washington, and British Columbia.
Alaska, however, long remained with-
out any known instances of BWA. That
all changed in June 2019 when BWA
was confirmed causing notable dam-
age on dozens of ornamental sub-
alpine fir (Abies lasiocarpa) trees in
Dimond Park in Juneau, Alaska. This is
the first known detection of BWA in
Alaska.

Alaska is home to only two native
species of fir—subalpine fir and Pacific
silver fir (Abies amabilis)— both of
which have limited ranges in the state
and neither of which occur naturally in
the Juneau area. Genetic analysis con-
ducted by Dr. Nathan Havill, a USDA
Forest Service Research Entomologist
specializing in adelgids, revealed the
BWA population in Juneau is genetical-
ly identical to those in Oregon and
Washington. However, because of the
discontinuous host availability within
southeast Alaska, it is unlikely the
introduction in Juneau was due to
range expansion. Infested nursery
stock is the presumed source of the
introduction, and all the BWA-impact-
ed trees found to date are ornamental
plantings. The majority of BWA affect-
ed subalpine firs in Juneau were plant-
ed during two distinct timeframes:
around 2007 and in 2012. The trees
came from nurseries based in Oregon
and Washington and were classified as
“wild-harvest” seedlings, collected
through a permit from National
Forests. BWA is notoriously difficult to
identify at low levels and likely came in
on these wild-harvested trees, taking
many years to build into noticeable
population levels. BWA was also con-
firmed on a small number of addition-
al ornamental fir trees. It is not known
at this time if these trees are associated
with the wild-harvested fir plantings.

With the find of BWA in Juneau, a
Balsam Woolly Adelgid Working Group
was developed with staff from USDA
Forest Service Forest Health Protection,
the Alaska Division of Forestry,
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University of Alaska Fairbanks
Cooperative Extension Service, and the
Alaska Division of Agriculture. The
goal of the working group is develop-
ing a cooperative strategy for BWA sur-
vey, control, and outreach.

In late 2019, members of the work-
ing group met in Juneau to conduct a
BWA delimiting survey. Since true firs
don’t occur naturally in Juneau, the
goal of the delimiting survey was two-
fold: survey for symptomatic fir trees
and assess the density and location of
ornamental firs in Juneau. In surveying
the entirety of the road system in the
Juneau area, 76 true firs were docu-
mented, of which 49 were sympto-
matic and confirmed to have BWA; it is
possible other fir trees may exist in
Juneau or that other known firs are
infested. A majority of the known
symptomatic trees have already been
removed (41 total) and efforts to reach
additional landowners with fir trees are
underway. The Alaska Division of
Forestry is developing a cost-share pro-
gram to assist landowners with BWA
mitigation; funding for this program
was provided by the USDA Forest
Service. In addition to these efforts, a
BWA fact sheet was developed and an
initial public workshop was held in
January 2020. 

Southeast Alaska is comprised of
many small communities scattered
around the mainland and numerous
wooded islands. It is unknown at pres-
ent if BWA may exist in other commu-
nities or within the natural stands of fir
in Southeast Alaska. Surveys and out-
reach efforts will continue across the
region as we attempt to determine how
wide ranging this pest may be in the
state and prevent further spread of
BWA from known infestations. 

Elizabeth Graham, PhD is a forest
entomologist with the US Forest Service
Forest Health Protection in Juneau,
Alaska. Graham can be reached at
907-586-8883 or elizabeth.e.graham@
usda.gov. Jason Moan is the forest
health program manager for the
Alaska Division of Forestry. Moan
can be reached at 907-269-8460 or
Jason.Moan@alaska.gov.

Balsam Woolly Adelgid’s
Expansion into the
Intermountain West

BY LAURA LOWREY, DANIELLE
MALESKY, AND IRAL RAGENOVICH

BWA was well established in the
Cascades by the late 1960s, and more
recently, it is expanding eastward
through the true fir forests of Idaho,
Montana, and Utah. Aerial survey data
estimated nearly 200,000 acres with
dead subalpine fir (SAF) across south-
ern Idaho and Nevada in 2019. 

In the drier extent of the SAF range,
SAF is the only species that grows and
represents in some cases >80 percent
of overstory species composition. SAF
is an important component of the
Engelmann spruce/subalpine fir type.
In addition, in many places throughout
the Intermountain West, the spruce
component has been removed or killed
by spruce beetle. The ability of BWA to
infest all size classes and affect cone
and seed reproduction exacerbates the
ongoing challenge to the ecological
sustainability of SAF. 

Climatic models predict warmer
winters and drier summers across
southern Idaho, Wyoming, Utah and
Nevada. Warmer winters allow BWA to
survive and reproduce in historically
colder high elevation forests. Drier
summers exacerbate the physiological
water stress caused by BWA feeding.
Engelmann spruce/subalpine fir forests
are the greatest water yielding areas
across southern Idaho and Utah.
Impacts to wildlife, aquatic and fish-
eries habitats, and municipal water-
sheds could occur as riparian areas are
affected. BWA is changing fuel loading
and fire behavior within SAF-dominant
landscapes. True fir species are known
for their capacity to retain dead green
and dry needles over long periods of
time, which will likely influence fire
severity and behavior. Economic values
of this forest type are also threatened;
recreational tourism in southern Idaho
and Utah mountain ranges attracts mil-
lions of visitors each year and totals
several billion dollars for the ski and
outdoor recreation industries. 

A Utah BWA partnership was devel-
oped in September 2017 to collaborate
on BWA education and management.

The group includes USFS, APHIS
(Animal Plant Health Inspection
Service), Utah State University exten-
sion, Utah Department of Agriculture
and Food (UDAF), Utah Department of
Forestry, Fire and State Lands, and local
ski areas and resorts. The goals of the
partnership are developing a common
communication message; creating edu-
cation materials; and developing a list of
current needs to share with research
(phenology, monitoring, data collection,
and management recommendations).
While the full ecological impacts of BWA
remain to be seen in the Intermountain
West, these collaborative efforts will
undoubtedly continue to offer outreach
and mitigation guidance. Eradicating
BWA from western ecosystems is not
possible. Understanding the
insect/ecology can inform science-
based mitigation. Researchers are
studying the relationship of BWA dam-
age and drought on SAF forest decline.
BWA damage trend data across Idaho
confirms more damage found within
more mild portions of the SAF range.
The Rocky Mountain Research Station is
studying the relationship of BWA phe-
nology and damages in northern Utah.
Other research will describe the fuels
and potential fire behavior across
southern Idaho, Montana, and Utah; an
image-based management guide will
describe potential fire behavior associ-
ated with BWA-caused fuel loads. This
will augment recent findings that BWA
infestations at low, moderate, and heavy
levels cause foliar moisture loss similar
to dead trees. Finally, stand-marking
guidelines that focus on keeping the
most resistant trees on the landscape
and remote sensing tools that may
enhance detection success are being
developed.  ◆

Laura Lowrey is an entomologist with
the SW Oregon Service Center, Forest
Health Protection in Medford, Oregon;
she can be reached at 208-373-4226 or
laura.lowrey@usda.gov. Danielle
Malesky is an entomologist with the
Northern Region in Coeur d’Alene,
Idaho; she can be reached at 801-476-
9720 or Danielle.malesky@usda.gov.
Iral Ragenovich is a regional entomolo-
gist with the Pacific Northwest Region
in Portland, Oregon; she can be reached
at 503-808-2915 or iral.ragenovich@
usda.gov.
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