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Washington has 22.4 million acres of forestland. In 2010 approximately 937,000 acres of
this land contained some level of tree mortality, tree defoliation or foliar diseases. This is a
significant decrease from the 1.73 million acres reported in 2009. Unusually wet and cool
spring and summer weather may have delayed the onset of pest signatures that can be
observed from the air, such as red crowns. Damage by major agents, such as western
spruce budworm and bear damage, are still widespread, but more concentrated in 2010. In
some areas, forest condition is improving; in some areas, mortality or defoliation is
increasing. Previous annual totals were:

2008 1.36 million acres 2007 1.4 million acres 2006 1.9 million acres

Drought conditions and warm, dry spring weather tend to increase tree stress and insect
success, driving acres of damage up. Wet spring weather tends to increase acres affected
by foliage diseases. Drought conditions subsided across the state by June 2010. Areas with
major wildfires are not surveyed for two years following the event, tending to temporarily
decrease acres of damage.

Approximately 3.4 million trees were recorded as recently killed.

Defoliation by theDouglasfir tussock mothdecreased to 1,200 acres in 2010, down from
more than 3,500 acres in 2009. In eastern Spokane County, approximately 570 acres with
new tussock moth defoliation were recorded in 2010. Pheromone trap catches and egg
mass surveys indicate that defoliation in Spokane County may expand and increase in
severity in summer 2011. A buildup of natural controls and direct suppression efforts have
decreased the tussock moth population and defoliated area in Okanogan County, where
the outbreak has likely collapsed.

A majorwestern spruce budwormoutbreak remains active on the eastern slopes of the
Cascade Mountains north of Highway 12 and in northeastern Washington, affecting
373,500 acres. Areas of defoliation have expanded since 2009 in Kittitas, Chelan, Okanogan
and Ferry Counties. Defoliation in Kittitas County was especially heavy in 2010.

A recent outbreak obouglasfir beetle in western Washington appears to be coming to an
end. 18,500 acres with mortality were observed in this area in 2010, down from a record
high of 33,000 acres in 2009. The decrease was likely due to beetles being killed when
attempting to enter healthy trees and other natural controls.

Pine bark beetleactivity recorded by aerial survey in Washington decreased in 2010 to
almost 242,000 acres, down from 420,000 acres in 2009. However, the area affected by
pine bark beetles in Ferry, Stevens and Pend Oreille counties increased to 66,500 acres in
2010, more than double the 32,500 acres mapped in those counties in 2009.

Defoliation fromlarch needle cast diseas&as recorded on 22,000 acres in the Cascade
Mountains and eastern Washington in 2010he increased incidence of larch needle cast
was likely associated with unusually the wet spring and summer weather in eastern
Washington in 2010.



Weather and Forest Health

Severe weather events that injure or kill trees often make them more susceptible to attack
by insects and pathogens. Examples include windthrow, winter damage (defoliation, cracks
or breakage from cold, snow or ice), heat stress, flooding, landslides andMaaily insects

and pathogens use weakened or dead trees to maintain and sometimes increase their
populations. Injuries can be vulnerable to infection by fungi. Outbreaks of certain bark
beetle species, such as Dougfasbeetle, follow weather or fire events that kill or injure
numerous trees. Unusually wet spring weather can increase the incidence of foliar
diseases. In years like 2010, when summer precipitation was above average, fewer trees
will be killed by bark beetles the following year. This reduction in bddtlevill not be

apparent until the 2012 aerial survey.
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Aerial surveys also aim to
record the location and
severity of certain weather
related events, giving
landowners and managers
warning to take appropriate
action, such as salvaging
weakened or dead material.

Vigor and resilience to
adverse weather can be
increased by ensuring that
trees have room to grow and

Figure 1. Average summer precipitation andyg@ar average g.q appropriate species for

(green line) for WashingtorSource: Western Regional Climat

Center (www.cefa.dri.edu/Westmap).
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Figure 2. Average maximum summer temperature ane/&r

fhe site. For example, forests
in eastern Washington are
generally overstocked with
too much fir and not enough
drought tolerant pine and
larch. These conditions favor
defoliators such as the
western spruce budworm and
perpetuate root disease and
bark beetle activity. In
western Washington, Swiss
needle cast disease affects
Douglasdfir growing on coastal
sites that may be more suited
to western hemlock and Sitka

average (green line) for WashingtoBource: Western Regionalspruce.

Climate Center (www.cefa.dri.edu/Westmap).



2010 spring and summer seasonal precipitation was near or above average for all forested
regions of Washington State. The increased moisture brought an end to the recent
drought, but may have also contributed to an increase in the incidence of foliage diseases
in 2010. Average maximum spring and summer temperatures were below normal across
Washington in 2010. Drought conditions did not occur anywhere in the state during
summer 2010, which is unusual for the normally hot, dry months of July through October.
Trees experiencing drought stress can become more susceptible to insect attacks and
diseases and are less likely to recover from damage. In eastern Washington, trees growing
in dense or overstocked stands have a higher likelihood of experiencing drought stress.

Early in the spring 2010, the season
assessment for Washington was for abo
normal significant fire potential in extreme
northern and eastern Washington. Norme
significant fire potential was expectec
elsewhere. Snowpack across the state asF
late April was running on average-36% of =
normal. Generally, most El Niflo winters a
followed by a warmer and drier than norma
May, which was in line with the May forecas
for 2010. This would have lead to an earli¢ + &
than normal snowmelt and accelerate® . -
drying of fuels. Thus early in the spring th
2010 fire season was anticipated to beg\
one to two weeks earlier than normal an \
consequently lead to a longer than averag
fire season. Then, a late April snowfe
accumulated in the Olympics and Cascad
effectively delaying the onset of the fire
season in  Washington. This shor}
late-developing fire season was marked . = ‘

thermal trough events that contributed to F|gure3 F|re damage near Mt. Adams, 2010.

above normal fire behavior on the Westside.

The number of lightning events was well below average, with one significant event on July

HYyZ Hamn gKAOK a0l NIGSR YdzZ GALX S FANBAa AyOf dzF
There was one significant wind event on August 26, 2010 that caused numerous fires,
including three Type 2 incidents.

Auslaniun areis uobalQ ‘sbiajy nales



Aerial Survey

The annual insect and disease aerial survey in Washington was conducted by the USDA
Forest Service in cooperation with Washington Department of Natural Resources (DNR).
The survey is flown at 9020 mph at approximately 1,500 feet above ground level. Two
observers (one on each side of the airplane) look out over amie swath of forestland

and mark on a digital sketchmapping computer any recently killed or defoliated trees they
see. They then code the agent that likely caused the damage (inferred from the size and
ALISOASE 2F (UNBSa FyR (GKS LI GGSNY 2N daaAirdayl idz
fected. Photos are rarely taken. It is very challenging to accurately identify and record
damage observations at this large scale. Mistakes occur. Sometimes the wrong pest is
identified. Sometimes the mark on the map is off target. Sometimes damage is missed.
Our goal is to correctly identify and accurately map within ¥ mile of the actual location at
least 70% of the time.

On the other hand, we have been obtainin
increasingly helpful background imagery for ot
sketchmapper system. Newer satellit
photography showing recent manageme
activity allows observers to place the damag
polygons more accurately. In addition, aeri
observers are familiar with forestry and fores
pests and are trained to recognize various p€
signatures. There is always at least one obser
in the plane who has three or more years ofigure 4. Partenavia aircraft used for
sketchmapping experience. aerial survey in Washington State.

dNQ uoibuiysep Is|yoy uus|o

Each damage area (polygon) is assigned a code for the damage agent. These codes are
defined in the legend of the aerial survey maps. The agent code is followed by number of
trees affected; number of trees per acre affected; or intensity of damagegtit, M
Moderate, HHeavy). If more than one agent is present in a polygon, codes are separated
by an exclamation point (!). When interpreting data and maps, do not assume that the
mortality agent polygons indicate every tree is dead within the area. Depending on the
agent code modifier, only a small proportion of trees in the polygon may actually be
recently killed.

Areas burned by wildfire are not mapped until the second year following the fire. From the
air it can be difficult to distinguish mortality caused by the fire from mortality caused by
insects or disease. After a year has passed, the direct effects of the fire have mostly
subsided and pests are credited with the newest tree damage.



Forest Disturbance Activity in Western Washington

Based on 2010 Aerial Survey Data
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Figure 5. Forest disturbance map of Western Washington composed from 2010 aerial survey data.




Forest Disturbance Activity in Eastern Washington
Based on 2010 Aerial Survey Data
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Figure 6. Forest disturbance map of Eastern Washington composed from 2010 aerial survey data.



Bark Beetles

Insects

Fir Engravercolytus ventralid.eConte)

71,000 acres with fir engraver cause
mortality were recorded in 2010, continuin
a downward trend in recent years. Areg
with scattered individual fir engravekilled s
trees were common in forested area SES
throughout the state. The average intensit,
was slightly over one tree killed per acre.
Washington, Abies host trees are very g
susceptible to stress by drought, root diseas s
and defoliation by western spruce budworngé® |
These conditions make it easier for fiERae o i O

¥NQ UoJBUIYSE ‘UOSUYOL BIN

engraver to successfully attack and Kill ﬁf:igure 7. Horizontal egg galleries of fir
trees. Scattered low level mortality is typicatngraver in grand fir, northeastern
during nonoutbreak years. Above normalwashington.

rainfall amounts during the spring and

summer months of 2010 may contribute to another below average year of fir engraver
caused mortality mapped in 2012.
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Figure 8. Ten year trend for total acres and number of trees affected by fir engraver in
Washington.



Douglasfir Beetle Oendroctonus pseudotsugadopkins)

Acres with Douglafir beetle (DFB) %
caused mortality totaled 28,500
across the state in 2010. This
significantly lower than the 80,0008:%
acres mapped in 2009. Last year w&
reported 33,000 acres with mortalitygts
from Dougladir beetle in western &
Washington alone, the largest areg&#
affected in the last 30 years of aeridgks
survey. This outbreak was likel
triggered by abundant fallen Dougtas S . : ' R
firs generated in the windstorm of Figure 9. Groups of mature Douglas k|IIed by
winter 2006. Windthrow from a Douglasfir beetle in western Washington .
second windstorm in winter 2007 and
standing killed trees from 2008 were expected to produce an increased brood in 2009.
However, the acreage of rediead Douglagir mapped in western Washington in 2010 was
down to approximately 18,500 acres, but still well above the 5,000 acres mapped in 2008.
DFB damage remains heavy in Skamania and Klickitat Counties. The decrease is likely due
to DFB being killed as they entered healthy trees and other natural controls.

In the Blue Mountains, increased mortality in 2008 and 2009 may have been a result of
trees injured in the Columbia Complex fire of 2006. The 4,500 acres with DFB caused
mortality observed in the Blue Mountains in 2010 is far below the 13,500 acres in 2009,
possibly an indication the outbreak is subsiding. Doufjlabeetle activity has also
decreased in northeast Washington.
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Spruce Beetle@endroctonus rufipenni&irby)

15,000 acres with some sprucr
beetle-kill were observed in 2010
near the Cascade crest in wester
Okanagan and eastern Whatco
Counties. In this area spruce beetli i’
impacts high elevation stream botton.
stands of Engelmann spruce. T
outbreak began in 1999 following
winter damage to host trees. 201(
marks the fewest annual acre
recorded in this outbreak since 2000
a significant decrease from the recor
high of 56,000 acres in 2009. Te LTS
years of spruce beetle outbreak inFigure 12. Spruce beetle caused mortality of
this area has significantly reduced thé&ngelmann Spruce in the Loomis State Forest.
amount of mature Engelmann spruce,
possibly leading to a decline in the spruce beetle population. It may be too early to know if
this outbreak is subsiding. Delayed onset of red crowns due to an unusually cool and wet
summer in 2010 may have also contributed to the reduction in damaged acres observed.
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Figure 13. Ten year trend for total acres and number of trees affected by spruce beetle.
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Pine Bark Beetleddendroctonus ponderosadopking Dendroctonus brevi-
comisLeConte& Ipsspp.)

The number of acres with pine trees killed L
bark beetles decreased in 2010 to 242,000, do\gh
from 420,000 acres in 2009. However, the ar¢
affected by pine bark beetles in Ferry, Steve
and Pend Oreille counties increased to 66,50
acres in 2010, more than double the 32,500 acrs y
mapped in those counties in 2009. Other are &
that have experienced high mortality from pin@GES. : :

bark beetles in recent years had significantly les3gure 14. Mountaln pme beeﬂelled
beetle-kill in 2010. Areas with reduced pine barkvhitebark pine in central Washington.
beetle activity include
the North Cascadeq o 6000
Mountains areas of
Chelan and Okanoganm
Counties (107,000
acres in 2010 and
249,000 acres in 2009
and Cascade
Mountains in Klickitat
and Yakima Counties
(52,000 acres in 201d
and 94,500 acres in
2009). Some specifig

areas had very heavy
mountain pine beetle Figure 15. Ten year trend for total acres and number of trees affected by

pine bark beetles in Washington.
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caused mortality in
lodgepole pine. For example, the Shady Pass area south of Lake Chelan had damage in
excess of 100 newly killed trees per acre. Smaller areas of pine bark beetle activity, mostly
single ponderosa pine trees, were scattered across Spokane County (780 acres).

Table 1. 2010 statewide acres affected and estimated number of pine bark téktetrees.

Estimated number trees
Beetle species Host(s) Acres with mortality killed
mountain pine beetle lodgepole pine 206,000 2,700,000
mountain pine beetle ponderosa pine 37,000 125,000
mountain pine beetle whitebark pine 16,000 48,000
mountain pine beetle western white pine 3,300 3,800
western pine beetle ponderosa pine 5,500 7,400
pine engraverslfsspecies) all pines 530 2,100

10



California Fivespined Ip3gs paraconfusug&anier)

The California fivespined Ipkp$ paraconfusys native to ¢
California and Oregon, was recorded for the first tin . ;
north of the Columbia River in 2010. paraconfusufas i

been a serious pest of young ponderosa pine plantatic . @
in the Willamette Valley in Oregon. Approximately 1(

acres with killed and togilled ponderosa pine were
recorded near the town of White Salmon in Skamania a ;
Klickitat Counties. At least 60 mature ponderosa pines
the area were killed from attacks by paraconfususnd/
or red turpentine beetle,Dendroctonus valenkseConte.
Much of the beetlekill occurred on private home sites

where ponderosa pine is often the only shade tree.

UNQ uoBuIyseAn ‘19|yod] uus|

Figure 16. California fivespined
Ips adult.

Pheromone baited monitoring traps were placed by Washington State University Extension
in White Salmon and Underwood over summer 20L0paraconfususvere caught in traps
every week from July through October, with the White Salmon traps collecting the highest
numbers. The traps with a lure specificltgparaconfususollected more beetles than a
second set of traps baited with a genehpslure which attracted the native pine engraver,

Ips pini(Say).

Glenn Kohler, Washington DNR

dNQ uoiBuiysepn ‘19|yod] uus|o

Figure 17. Ponderosa pines t&jfled by California fivespinedrigure 18. California fivespined
Ips near Bingen, Washington. LLJa OKIFNIOGSNRARAGAO W, ¢
gallery.
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Defoliators

Western Spruce Budworm _
(Choristoneura occidentalisreeman) |

The east slopes of the Cascade Mountai
north of Highway 12 and mountains o
northeastern Washington continue

dNQ uoibuiysepn ‘1s|yod uus|o

budworm (WSBW) defoliation. Areas witf $%
WSBW defoliation recorded in the 201}
aerial survey have decreased to 373,5(* SErss

acres, down from 412,000 acres in 2009 aiq i . :

451,000 acres in 2008. The recent maximufrigure 19. 2010 western spruce budworm

of acres defoliated by WSBW was 555,748 fgfoliation in in central Washington.

2006. The average WSBW defoliation in Washington over the past ten years is 316,000
acres. Although the total number of acres defoliated statewide is decreasing, the area
affected is expanding in Kittitas, Chelan, Okanogan and Ferry Counties.

WSBW pheromone trap counts and acreage with WSBW defoliation in central and
eastern Okanogan County and northern Ferry County have been increasing since 2007.
2010 trap counts indicate moderate to heavy defoliation in some of these areas for 2011.
WSBW defoliation in Kittitas County was especially heavy in 2010. Trap counts there
remain very high and heavy defoliation is likely to continue in 2011. Both trap counts and
defoliated acres in western Yakima County have decreased since 2007, although WSBW is
still active in the Okanogawenatchee National Forest. This area experienced heavy
defoliation in 2005 and 2006.
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Figure 20. Ten year trend for total acres affected by western spruce
budworm in Washington.
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Western Spruce Budworm Pheromone Trap

Ziiil

2010 WSBW pheromone trap catches
(number of moths caught) and
expected 2011 defoliation

¢ (0-4) Defoliation undetectable by cursory observation

(5-19) Patchy defoliation within some trees
(20-34) Most trees lightly defoliated
(35-44) Stand moderately defoliated
(45-55) Heavy defoliation of upper crowns

# (>55) Heavy defoliation of entire crown é

WSBW defoliation from 2010 aerial survey

severity
| Light
Moderate Miles
- 0510 20 30 40 50 60
Heavy
% . B4 Forest Health
\, WASHINGTON STATE DEPARTMENT OF / Pro‘rec‘rlon&ﬂﬁﬁ*
SN P2 Natural Resources ' o
W reter Goldmark - Commissioner of Public Lands Americzn Forest Resources

Figure 21. Western spruce budworm pheromone trap catch results for 2010, expected 2011 defoliation
and defoliation detected by the 2010 aerial survey.
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Douglasfir Tussock Moth Qrgyia pseudotsugataMcDunnough)

In 2010 the area of Dougkis

tussock moth (DFTM) defoliation in  *? = %
Okanogan County decreased to 64( % 40 A 10 5
acres, down from 3,500 acres in 2009 3 *° | R g %
A buildup of virus, parasites, angl § 25 | ;‘ 1\ 6
other controls in 2010 slowed thq 2 o \ ﬁ }: | \ |4 3
expansion of defoliation and it is likely £ 10} \ /i L
the Okanogan County outbreak has & > [~ ~  ~/ H— 1. .
collapsed. It is challe.:nglng for aeri PIFPP PP F PSS E S
observers to differentiate DFTM an - Defoliation —Average trap catch

western spruce budworm damage il )
P . g ”Flgure 22. Correlation of DFTM pheromone trap catches
areas where both are active, such as

the Methow and Twisp River Valleys. With observed defoliation.

In eastern Spokane County, approximately 570 acres with new DFTM defoliation were
recorded in 2010 by aerial survey. Early Warning System trap catches indicate that DFTM
populations remain high in that area. Species affected are Dofiglasd grand fir. Few
trees had more than 1/3 of the crown defoliated in 2010, so little mortality is expected.
More likely effects will be growth loss, tekill and increased bark beetle attacks. Results
from a DNR ground survey for egg masses indicate that defoliation in these areas may
expand and increase in severity in summer 2011. This new outbreak coincides with an
outbreak covering nearly 9,000 acres in the ldaho panhandle.

Two Dougladir tussock moth suppression projects were conducted in the Methow and
Twisp River Valley areas of Okanogan County in 2010. The USDA Forest Service and private
landowners applied biological insecticides to nearly 14,000 acres.

Mike Johnson, Washington DNR

spueT Jo Juswpedaq oyep| ‘Brago3 wo L

Figure 23. Symptoms of a
naturally occurring virus in a
Douglasfir tussock moth

caterpillar.

Figure 24. Moderate defoliation by Douglis
tussock moth on Mica Peak in Spokane County in
2010.
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Tent Caterpillars (Family Lasiocampidae

The 2010 aerial survey recorded 480 acres with tent caterpillar defoliation of deciduous
trees, mostly in southern Okanogan County. This was an increase from the 240 acres
mapped in 2009. This damage can be caused by either forest tent caterpillar (FTC),
Malacosoma disstrigllibner, or western tent caterpillaMalacosoma californicum pluviale
(Dyer). Damage to alder from FTC appears to have decreased in 2010. Less than 10 acres
of tent caterpillar damage specific to alder was mapped from the air in 2010. There was
also a decrease in FTC defoliation reported from ground observations in 2010. Some alder
damaged in 2009 have still not refoliated.

Satin moth (eucoma salicisinnaeug NONNATIVE

Defoliation of aspen was observed on

620 acres throughout Okanogan County

and scattered areas of Ferry and Kittitas

Counties in 2010. The peak satin moth

defoliation over the past ten years was

690 acres, mainly in Okanogan County.

Typically, aspen stands that appear

defoliated from the air are recorded as

Walt Ay Y20KQ Ay | SNRI €
round checks of aspen damage

golygons found no signs of satin moth

in  2010. However, satin moth

infestations were confirmed in ground reports from three locations in the Loomis State

Forest in Okanogan County. Larvae, cocoons and adults were collected from these sites.

Actual satin moth defoliation and life stages are more evident in spring and early summer

before aerial survey is flown.

Mike Johnson, Washington DNR

Figure 25. Satin moth pupa attached to quakin
aspen leaf.

Larch CasebeareCpleophora laricella
Hubner) NONNATIVE

No damage by larch casebearer, an exo
defoliating insect, was observed from the air
2010. However, 22,000 acres with larch neeg
cast disease (LNC) was mapped (see dise™®
section on page 26). Larch casebearer was
found in ground checks of LNC damaged aref
however, it was reported at one location i

Spokane County. Figure 26. Larch casebearer damage
western larch.
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Gypsy Moth Lymantria dispaiLinnaeus) NONNATIVE

In 2010, the Washington State Department ¢
Agriculture (WSDA) placed 20,376 gypsy mduss
pheromone traps in Washington.  Thirtee %
European gypsy moths were collected from fiy
catch areas, all in western Washington. Of tl
five catch areas, four areas were new detectio
for gypsy moth in 2010. No Asian gypsy mot
have been trapped in Washington since 199 .
Seven of the 13 total moths were collected ¢ |
one trap area near Puyallup in Pierce Coun i
WSDA has proposed an eradication project near - - -
the Puyallup catch site for spring 2011. NFlgure 27, Gypsy moth trap.
eradication projects were conducted in 2010.

ain)nouby Jo usawuedaq uolbulysepn

Green Alder SawflyMonsoma pulveratumRetziusINONNATIVE

In 2010, the noative green alder sawfl
(GAS)Monsoma pulveratumwas identified from [
a photo taken in Vancouver, Washington. 208
was the first year GAS was positively identified =
Washington. However, a later search throug
insect collections turned up specimens at Weste
Washington University that had been collected
1995. 2010 monitoring by the USDA Fore
Service, WSDA and Washington DNR detected
in yellow sticky traps at 25 locations in 1
Washington counties, including Stevens County
eastern Washington. GAS larvae have be
collected at 9 locations by hand and beat samplingjigure 28. Green alder sawfly larva.

GAS is also present in Alaska, British Columbia,
and northern Oregon. In Alaska, tHeaf alder
(Alnus tenuifoliaNutt.) is the most damaged host
Moderate GAS defoliation has been recorded fra
the ground in Washington, but there have been
reports of complete defoliation. GAS defoliation ¢
NER Ff RSNJ I LJJSIN&E | &
through the leaf, leaving most of the leaf intac ’,J"‘ ""'(‘ ot ,f’i
The damage is most evident in spring and ea

summer. Figure 29. Green alder sawfly adult.
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Branch and Terminal Insects

Balsam Woolly AdelgidXdelges picea®katzeburgNONNATIVE

NR

Glenn Kohler, Washington D

T
. SSeae UGA1241746

CA I dzNB 0 nRcdveredd 2BRVAf ¢  Figure 31. Swelling (gouting) around buds a@d
females on grand fir where bark is thin. branch nodes caused by BWA.

7 J0 Wwawuedaq oyep| ‘uoisbuln ppe

Balsam woolly adelgid (BWA) is an exotic insect that impacts subalpine fir and grand fir.
The majority of BWA damage mapped in Washington aerial survey is in high elevation
subalpine fir. Although
it continues to be
widespread in high
elevation forests
throughout Washing-

~
o

[+
o

(%)
(=]

ton, damage from 40 O Tribal
BWA decreased to| @ 3, o State
approximately 30,000 H Private
acres in 2010, down| & %° m Federal

[
o

from 60,000 acres in
2009. BWA damags
was recorded at high
elevations of the Blue >

Mountains, the east
slopes of the Olympic Figure 32. Ten year trend for total acres affected by balsam woolly

h adelgid in Washington.

Acres affected (thousands)

o

O
N

)
& S
D S S

Mountains, on bot
the west and east slopes of the Cascade Mountains and scattered areas of northeastern
Washington. BWA damage observed in the Washington aerial survey has been consistently
high since 2001, averaging more than 38,900 acres per year for the past ten years. Because
BWA infestation can result in both defoliation and mortality, many BWA polygons in aerial
survey data are coded as both. In past reports this has resulted in double counting BWA
damage acreage in some areas. All previous year acreages reported here have been
corrected to show a more accurate BWA history.
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Animals

Bear Damage / Root Disease

Aerial survey
records scattered,
pole sized, newly
RSIR GNBS
RIYF3IS®Q

ground  checking
observations, this
type of damage can
be caused by bean

900

800 [CITribal

700
[MState

600

mPrivate
500

400 mFederal

300

~Number of

200 treeskilled

Acres with mortality (thousands)
Numberof Trees (thousands)

girdling, root 100

disease, drought e
. ) Q

stress, porcupine or &S S S

mountain  beaver.
Bear feeding
activity is likely the
primary mortality agent; however, ground truthing studies have shown that nearly half of
this damage may involve root disease.

Approximately 164,000 acres with bear damage mortality were observed in 2010,
making this the least active year of the past six years on record for Washington. This sharp
drop in number of acres compared to 2009, whe
592,000 acres with bear damage were recorded, can s.,
partly attributed to the wet spring in 2010. Bears stri
tree bark in the spring and it takes more than one ye
for the tree to die and needles to become red (visibgEs
from the air). Unusually cool and wet spring weath?Zss

Figure 33. Ten year trend for acres and number of trees affected by bear
damage in Washington.

have reduced the amount of damage we could see fr¢
the air in 2010. Wet spring weather can also delay be 2 : QS AN
crops so that bears may damage more trees as higure 34. In spring, black
alternate food source. This potential increase would n&€ars damage trees by removing
be recorded until the 2011 survey. bark and feeding on the

The average number of trees killed per acre (TPEMPUM.
was lower in 2010 (1.45 TPA) than 2009 (1.54 TPA). The estimated total number of trees
killed in 2010 was approximately 200,000 which was almost five times fewer than in 2009.
The ten year average of acres with bear damage in Washington is 227,000.

Areas with bear damage mortality were widespread in low elevation forested areas of
most western Washington counties, with some of the heaviest mortality on the west side of
the Olympic Peninsula.
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Forest Inventory

Forest health condition in Washington is monitored using aerial survey methods (see page

4 for more information) and grountlased methods. The USDA Forest Service Forest
Inventory and Analysis (FIA) program uses grelogsed inventory methods to measure

FYR Y2yAl2N)l 2 aKAy3adz2yQa FT2NBada F2 N OdzNJ\IS
LINEANIY A& F ylFrGA2yrf LINRPANIY GKIFG KI 0SS
for over 75 years. FIA includes forest inventory, timber products output studies, a national
woodland owner survey and resource planning reporting. The Pacific Northwest FIA
(http://www.fs.fed.us/pnwi/fia/) determines the extent and condition of forest resources

and analyzes how these resources change over time for all ownerships in Washington State.
A network of several thousand permanent sampling plots (one per 6,000 acres of land) is
the backbone of these forest inventory determinations. Other enhancements and
techniques are also employed.

y i
y

FIA data are very useful for quantifying tree mortality and damage that may be
unobservable during aerial surveys. Below are figures illustrating the different damage
types and associated proportions in Washington recorded by the FIA program (Figures 35
and 36). It should be noted that bark beetle or bear killed trees are not recorded as
damaged live trees in FIA data.

= Figure 35. 37% of all
o _ fAGS GNBSa x p A
M Physical damage .
diameter at breast
height in eastern
o Mistletoe Washington had
B Cankers damage (FIA, 2002
pearkbeeties | 2008). Chart shows
semdecays | d@mMage types and
Weather proportions.

Foliar pathogens

B Root disease

H Defoliators

Animals

Other insects

3% 1% 0% R Figure 36. 23% of all
ftAOS UNBSa x p A
diameter at breast
height in western
Washington had
damage (FIA, 2002
2008). Chart shows
damage types and
proportions.

B Root disease

B Defoliators

B Mistletoe

B Cankers

B Bark beetles
Stem decays
Weather

Foliar pathogens

Animals

Otherinsects

Forest Service, Pacific Northwest Research Station, Forestry Sciences Laboratory, 620 SW Mai

Street, Suite 400, Portland, OR 97205.

Analysis provided byOlaf Kuegler, Mathematical Statistician, U.S. Department of Agriculture,
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Dwarf Mistletoes

Dwarf Mistletoe Arceuthobiumspp.)

Dwarf mistletoes are parasitic, flowering plants that grow on native conifers. They can
affect host trees by causing growth loss, growth deformities, mortality and predispose trees
to bark beetle attack. Due to the formation of brooms in infected trees, many trees with
high infection levels exhibit a distinct signature that can be observed from a distance
(Figures 37 and 38). Some good examples of
severe dwarf mistletoe infected western larch
and Dougladir can be observed near Sherman
Pass, east of Republic, WA, on Highway 20
(Figure 39). Aerial survey does not detect dwarf

Daniel Omdal, Washington DNR
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Figure 37. Western larch infected w
dwarf mistletoe. Photo taken in fall.

dNQ uoibuiysepn ‘repwio [siueqg

mistletoe infections or impacts. |
recent years, a variety of USDA Forg
Service FIA projects have used grou P o
surveys and monitoring plots toRe e

assess dwarf mistletoe infection IeVeliﬂigure 39. Douglawr infected with dwarf mistletoe.

(Figure 40). Dougléds, ponderosa Notice large broom on the main stem of the tree and
pine, western hemlock, Pacific silvegead top.
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dwarf mistletoe, by mistletoe severity and tree species, Washington -2008. Based on FIA
data.

fir, western larch and lodgepole pine are the major dwarf mistletoe hosts in Washington.
The estimated percentage of total trees infected by dwarf mistletoe are: Dofiglds6%;
lodgepole pine, 1.0%; Pacific silver fir, 0.7%; ponderosa pine, 2.9%; western hemlock, 2.9%;
western larch, 5.1%.

In fall, 2010, orthe-ground survey data were collected in northeast Washington,
identifying and quantifying specific areas with severe dwarf mistletoe infections. These
data are currently being used to investigate if light detection and ranging (LIDAR) remote
sensing data can detect the brooms in dwarf mistletoe infected trees. This process could
facilitate efficient landscape scale identification and quantification of dwarf mistletoe
infected areas, since aerial survey does not detect infections or impacts.

Diseases

Cankers

Thousand Cankers Diseaggdosmithia morbidasp. nov)

Dieback and mortality of mature walnut trees have been observed at increasing levels in
the western United States within the past decade. While there can be many biotic and
abiotic causes for dieback and death of walnut trees, most of the recent damage is being
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