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Douglas-fir beetle caused mortality

Presenter
Presentation Notes
Common forest insect pests in Washington include insects that can kill trees very quickly, such as bark beetles, like the Douglas-fir beetle shown here killing groups of Douglas-fir trees. Other important forest insects are known as defoliators, primarily chewing insects like tent caterpillars, and sucking insects like aphids or adelgids (a close relative of aphids that only attack conifers). Most defoliators don’t kill trees, but lost and damaged foliage can slow tree growth and increase stress.



Abiotic 
Disturbances 

Influencing Forest 
Health

• Weather events
• Drought
• Wildfire



Summer 2014

Summer drought often occurs somewhere in WA.
2015 was an extreme drought year. 2021 was exceptional.

Summer 2015 Summer 2021

Presenter
Presentation Notes
Define colors: yellow=abnormally dry; beige=moderate; orange=severe; red=extreme. 2016 yellow bar is June-Sept.



Direct drought damage:
Symptoms

• Often more than one species affected
• Worse on marginal sites & well-drained soils
• Damage develops from top-down and outside-in

Presenter
Presentation Notes
Tell 2015 story here



• Reduced shoot and root growth
• Wilting
• “Bleaching”
• Dropped needles
• Leaf scorch



• Stress cone crop
• “Sunken” bark/cankers

Phomopsis canker



• Dead tops & branches (flagging)
• Whole-tree mortality without insect or pathogen 

signs

Tom Eckberg, 
Idaho Dept lands
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Tell 2015 story here



• All damage may not appear until following spring 
(starts late summer/fall with severe drought)

western redcedar

Douglas-fir western hemlock

ponderosa pine

These are all likely to 
contain “secondary” 
bark beetles

Presenter
Presentation Notes
Progression on species in 2015-2016.



• Breed in dead branches & slash (maintain low endemic 
populations)

• Infest small diameter, thinned-barked portions of trees 
that are stressed or dying 

• Act as thinning agents of weakened, suppressed or 
diseased trees

• Become opportunists after cumulative drought 
stress, then build populations

Secondary bark beetles



Secondary bark beetles that may outbreak 
in Douglas-fir after droughts
• Douglas-fir pole beetle 

(Pseudohylesinus nebulosus)

• Douglas-fir engraver 
(Scolytus unispinosus)

• Another engraver
(Scolytus monticolae)

• Breed in dead 
branches & slash

• Usually not a problem 
until disturbance like 
drought

Presenter
Presentation Notes
Mention DFB in larger trees – not so much in 2016.



Douglas-fir pole beetle 
(Pseudohylesinus nebulosus)

Douglas-fir 
engraver 
(Scolytus 
unispinosus)



Heat damage (needle desiccation in conifers):
Late June 2021 “heat dome” resulted in widespread damage in 
western WA, primarily in open areas, roadsides, suburban settings

Symptoms:
• All species affected
• West/south facing sides of 

crowns most damaged
• Branch tips and upper surfaces 

most damaged
• Buds may be killed

Western redcedar
Western hemlock
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Presentation Notes
Tell 2015 story here



Heat damage:
More severe in areas open to south & west

Douglas-fir
Western redcedar

Presenter
Presentation Notes
Tell 2015 story here



Heat damage 
mapped in 2021 
aerial survey
• 84,000 acres in 

western WA



Bark Beetles

Douglas-fir beetle group kill

Douglas-fir beetle adults
Flooding damage followed by 
Douglas-fir beetle
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Presentation Notes
When all the foliage in a tree’s turn red or orange all at once – bark beetles are often involved. This signature could also be caused by root disease, drought, or flooding– but even then, bark beetles are likely active there. In a typical year, bark beetles are the most common tree killing insects in western Washington.  They often kill trees weakened by other factors, such as root disease, drought, injury, or wildfire.  In great numbers, they can have outbreaks that kill otherwise healthy trees.



Bark beetle adults
• Hard-bodied, cylindrical beetles
• Brown to black
• 1-9 mm long (rice grain or smaller)
• Elbowed, clubbed antennae

Exit holes made by 
new emerging adults

Presenter
Presentation Notes
Bark beetles are very small insects, most adults are about the size of a grain of rice.  Their bodies are cylindrical.  When they tunnel through bark, the small holes, about the size of a bb, are perfectly round when viewed head-on.  Individual beetles may be small, but in large numbers they are capable of killing trees.  The name of the most damaging genus in the west is Dendroctonus, meaning “tree killer.”

http://www.forestryimages.org/images/768x512/2252086.jpg
http://www.forestryimages.org/images/768x512/2252086.jpg
http://www.forestryimages.org/images/768x512/0745072.jpg
http://www.forestryimages.org/images/768x512/0745072.jpg


Bark Beetle Life Cycle

Only the adult stage 
exits the tree from 
under bark 

Egg, larval, and 
pupal stages are 
only found under or 
within bark 

Egg

Pupa

Mature larva

First stage larva

Presenter
Presentation Notes
Bark beetle life stages from egg to pupa, are only found under or within bark. Only the adult beetle leaves the bark to find new host trees and mate. The time needed to complete a life cycle varies, but for Douglas-fir beetle and other major bark beetle pests it takes about 1 year from egg to adult.



egg gallery

larval galleries

• If adults can successfully get past 
defenses and under the bark…

• Female adults lay eggs along tunnels 
called egg galleries (usually a strait line)

• Larvae hatch and create larval galleries 
that branch off the egg gallery

Presenter
Presentation Notes
If adults can successfully get past tree defenses and under the bark, female adults lay eggs along tunnels called egg galleries (usually in a strait line). Larvae hatch and create larval galleries that branch off the egg gallery. The larval feeding is what causes damage or mortality.



Bark Beetles – general biology
• Feed on inner bark (phloem), 

cutting off tree’s food supply
• Locate and attack susceptible 

trees using host volatiles (like 
ethanol & terpenes produced by 
stressed or dying trees)

• Phloem food source is only used 
by bark beetles for one season

• Use pheromone communication 
to attract mates and bring others 
to a tree

• Can even use pheromones to 
repel beetles when a tree’s full. Bark beetle eggs

Presenter
Presentation Notes
Bark beetles tunnel in the phloem or inner bark of trees.  Their larvae feed on the sugary, nutritious phloem tissue that trees use to transport sugars from leaves to roots.  In high numbers, their tunnels stop the flow of vital energy to the roots, killing the tree.  Phloem is a challenging food.  It is well protected by bark and pitch.  When a tree dies, the phloem is only suitable for bark beetles for one season before it dries and ferments.  Bark beetles have evolved ways to quickly locate susceptible trees by following volatile gases generated by stressed or dying trees.  They have also evolved complex pheromone communication systems to attract other beetles to host trees for mating and for help overcoming tree defenses.  They can even control the density of beetles attacking trees by using a pheromone that repels other beetles.



Bark Beetles – general biology
• Focus initial attack on weak or 

injured trees
• Can switch to a coordinated mass-

attack of nearby vigorous trees

Pitching – defensive response that 
can stop invading bark beetles

Presenter
Presentation Notes
At low populations, bark beetles focus attack on weak, injured, or freshly killed trees.  It is easier for a few beetles to enter a weakened or killed tree because the phloem isn’t protected by high pressure pitch and resin flow.  When bark beetle populations are high, they can use pheromones to coordinate a mass-attack. The high number of attack sites can quickly reduce the amount of pitch and resin the tree uses to defend itself.  In this way, even healthy trees can sometimes be killed by bark beetles during outbreaks.



Bark Beetles – impacts
• Death occurs rapidly but 

damage may not show until 
tree dries out one year later

• In western WA, the landscape 
pattern is typically more 
scatted, isolated groups

• Western WA outbreaks 
typically collapse in a few years 
when beetles start running out 
of weak trees and more die 
trying to attack healthy trees 

Group kill pattern of Douglas-fir 
beetle

More uniform pattern of mountain 
pine beetle damage in eastern WA
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Presentation Notes
Bark beetle larval feeding can kill a tree within a few weeks, but the tree’s foliage often remains green until it starts to dry out the next summer. This can be a challenge because our response may be a year late. Trees with red crowns are not likely to contain beetles.  Efforts to remove beetle infested trees should focus on green attacked trees where boring dust is evident.You may be familiar with mountain pine beetle, which can cause serious stand-wide mortality in eastern WA pine forests. In western WA, the landscape pattern is typically more scatted, isolated groups as with Douglas-fir beetle. Western WA outbreaks typically collapse in a few years when beetles start running out of weak trees and more die trying to attack healthy trees.



Douglas-fir beetle
Dendroctonus pseudotsugae

• Hosts: Douglas-fir, may kill 
western larch

• Normally breeds in felled, 
injured or diseased trees, 
resulting in widely scattered 
mortality

• Epidemic populations kill 
apparently healthy trees over 
extensive areas

• Prefers >10 inch DBH trees
• Commonly group kill
• 1 year life cycle, adults attack 

and lay eggs late March to June Alternating gallery pattern of 
Douglas-fir beetle
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Presentation Notes
The Douglas-fir beetle is the most damaging bark beetle on the west side. Its hosts are Douglas-fir and sometimes western larch.  The galleries shown in the photo are etched into the inner bark and can be seen by removing bark from an infested tree. The female lays eggs on alternate sides of the egg gallery.  The small white grubs in the photo are bark beetle larvae.  After hatch, they make larval galleries as they feed on the inner bark.  This alternating gallery pattern is distinctive of Douglas-fir beetle.  Many bark beetle species can be identified by the tree species infested and the shape of their galleries.  The larvae develop into adults and overwinter under the bark.  The following spring they emerge and attack other trees.  Normally, Douglas-fir beetle breeds in felled, injured or diseased trees.  The population will stay low unless the amount of susceptible trees increases dramatically in one year.  Heavy windthrow can allow populations to grow and may mass attack healthy trees.  This type of outbreak occurred in western Washington in 2008 and 2009 following  winter windstorms.Douglas-fir beetle outbreaks that are triggered by a single event in time such as fire or windthrow typically last about four years.  Outbreaks that begin during drought or defoliation can last much longer.  Bark beetle populations associated with root disease centers may be chronic but are usually not wide-spread.



Douglas-fir beetle
• Early symptoms:

– Red boring dust (frass)
– Runny, clear pitch streams from 

multiple points

Presenter
Presentation Notes
When the beetles tunnel in, they kick out reddish (inner bark colored) boring dust called “frass”.  It is the trees with the red frass present on the surface which contain beetles.  Sometimes, a healthy tree under attack will release streams of pitch to push beetles out.  Removing bark is the best way to confirm bark beetle infestation and determine if beetles are still in the tree.



Douglas-fir beetle
• Late symptoms:

– Red/orange crowns
– Pouch fungus (fruiting bodies of 

a saprot carried by attacking 
beetles)

Presenter
Presentation Notes
If a green tree has piles of boring dust all around the stem, it has likely already been killed by bark beetles.  The needles will typically not fade and redden until they dry out the following summer. The beetles have already left these trees when the “late symptoms” appear.  Pouch fungus fruiting bodies that look like puffballs on stems often appear late after bark beetle attack.  This is a “saprot” that is carried into the trunks by beetles.  It often fruits where beetles have tunneled through the bark.  The outer rings of the wood may be significantly decayed when the mushrooms appear.
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Douglas-fir beetle management

• Maintain tree vigor
• Don’t injure stems or 

roots

Injuries also release volatiles that 
attract beetles to stressed trees

Presenter
Presentation Notes
Vigorous trees with plenty of access to water, light, and nutrients are best equipped to defend against bark beetle attack.  A tree needs these resources to maintain pitch flow and defensive chemicals.  Injuring trees, especially soil compaction or flooding around roots, compromises the tree’s ability to access water and nutrients.  Injuries also release volatiles that attract beetles to stressed trees. 



Douglas-fir beetle 
management
• Less than 5 green dead 

(>10” DBH) Douglas-fir per 
acre is lower risk.

• It takes about 2 downed 
trees to generate enough 
beetles to kill 1 live tree 
nearby

• Salvage blowdown before 
two springs pass.

• Salvage infested trees 
(with new boring dust) 
before next spring.

Presenter
Presentation Notes
An event that kills more than about four large diameter Douglas-fir trees per acre in a single year can lead to an increase in Douglas-fir beetle population.  Beetles will enter dead trees in the spring following the event and the increased population will fly the second spring after the event.  Trees should be removed from the area and processed before two springs pass.  Other tree species killed in the event, such as hemlock and cedars, do not contribute to an increase in tree killing bark beetles. 



Douglas-fir beetle repellent:
MCH (antiaggregation pheromone) 

• Same pheromone used by beetles to reduce competition in a tree 
already full of beetles (no vacancy sign)
• Best for high value trees – yards, campgrounds, old growth
• Cost ~ $75-100/ acre
• Bubble caps must be applied before April flight (ask an expert for 
best methods)

Bubble caps applied in grid 
pattern creating a “cloud” of 
pheromone
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Presentation Notes
To control the density of their attack on a single tree, Douglas-fir beetle naturally produces an anti-aggregation pheromone.  In a heavily infested tree, this works like a “no vacancy sign”, telling arriving beetles to keep flying.  A synthetic version of this pheromone, called MCH, is available for use as a Douglas-fir beetle repellant.  This works well to protect small areas of high value trees during Douglas-fir beetle outbreaks.  It needs to be applied before beetles fly in March.



• Hosts: primarily grand fir, 
noble fir (sometimes 
Douglas-fir, subalpine fir)

• Outbreaks are usually 
associated with drought

Horizontal egg gallery goes 
across the grain

Adult has flattened wing covers and 
a “sawed off” rear abdomen

Fir engraver
Scolytus ventralis

Presenter
Presentation Notes
The fir engraver bark beetle’s hosts are true firs, such as grand fir and noble fir.  It can be recognized by the egg gallery that runs perpendicular to the grain of the wood in a true fir tree.  Theses beetles are typically opportunists, attacking trees weakened by factors such as root disease, drought, or damage by other insects.  It is sometimes difficult to see evidence of attack in green trees, such as boring dust and pitch.



Fir engraver

Mass attack of grand firHealed over patch attack from fir engraver

• Associated with moisture stress, root disease, and 
defoliation.

• Mass attack occurs when there are abundant killed or 
stressed trees for breeding

• Does not use attractant pheromones, so low number of 
attacking beetles can result in patchy attacks tree survives

Presenter
Presentation Notes
Fir trees can survive attack by small numbers of fir engravers.  These non-lethal attacks can result in wounding and top-kill.  Mass attack can occur when there are abundant killed or stressed firs for breeding.  Outbreaks can follow drought or defoliation events. Fir engraver does not use attractant pheromones, so low numbers of attacking beetles can result in patchy attacks which trees can survive.



Other bark beetles, west WA
• Douglas-fir engraver & DF pole beetle

– Host: Douglas-fir
– Prefer small diameters, may kill tops and 

branches
– Usually secondary, but damage may increase 

in drought periods

• Cedar and hemlock bark beetles
– Usually only in dead or stressed trees
– Do not build up outbreaks

Douglas-
fir pole 
beetle 
gallery

Douglas-fir engraver
Silver fir beetle in 
western hemlock

Presenter
Presentation Notes
There are a number of bark beetle species that opportunistically attack stressed trees, generally known as secondary bark beetles. They maintain low populations in dead and dying trees and slash. Populations do increase with large disturbances, especially drought. But even at high populations, they aren’t aggressive enough to mass attack healthy trees.



Wood Borers

Banded Alder BorerGolden Buprestid

• Adults are larger and more 
distinctive than bark beetles

• Larvae feed in phloem like bark 
beetles, but later move into 
sapwood

• Bark galleries have random 
patterns, usually packed with 
frass, and grow wider than 
bark beetle galleries

Flatheaded fir borer larvae and galleries

Presenter
Presentation Notes
Adult wood borers are larger and more distinctive looking than bark beetles. Their larvae feed in phloem like bark beetles, but later move into the sapwood where some species can feed for many years. Their bark galleries have random patterns, usually packed with frass, and grow wider than bark beetle galleries.
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Wood Borers
• Most are native and only attack 

dead and dying trees
• Important ecological role in 

recycling dead wood (clean up 
crew)

• Three major families with 
similar roles

Metallic wood borer –or- flatheaded borer

Longhorned wood borer –or-
round-headed borer

Woodwasp –or- horntail

Presenter
Presentation Notes
Most native borers normally feed on freshly killed wood.  There are a few species that can kill stressed trees.  There are some non-native wood borers that are a threat to killing healthy trees, such as emerald ash borer and Asian longhorned beetle.  Wood borer adults are some of the largest and most charismatic insects in northwest forests.  Adults are attracted to dead or dying trees by tree volatiles.  One species, known as “fire bugs” can locate fire-killed trees using heat detecting sensors.



Wood borers
• Make round or oval shaped 

tunnels in sapwood, 
introducing decay fungi

• Can reduce wood quality and 
adults may emerge years later 
from untreated wood products

• Important food source for 
woodpeckers

• Frass will always have some 
white shavings (bark beetles’ is 
only red)

Presenter
Presentation Notes
Wood borers leave round or oval shaped holes through sapwood.  Because of this, they can quickly reduce the quality of unprocessed wood intended for lumber. Wood borers often make white or brown colored boring dust or shavings, because they are feeding in dead bark and wood. Wood borers serve an important ecological role in the forest.  They introduce wood decay organisms which speed nutrient cycling and make it easier for cavity nesting wildlife to make holes.  



Ambrosia beetles
• Occupy dead wood in a specific moisture 

range
• Related to bark beetles but don’t feed on 

phloem; bore directly into sapwood
• rear fungi (black staining) to eat and feed 

their larvae

Ambrosia beetle white boring dust Black-stained tunnels in sapwood

Presenter
Presentation Notes
Ambrosia beetles are tiny wood boring beetles that make tunnels in the sapwood of dead trees.  They usually leave a fine white boring dust.  Their galleries are stained black by the fungi they introduce into the sapwood.  They do not feed on wood like other borers, but feed on the “ambrosia” fungi as it decays the wood.  Because they require a specific moisture range, de-barking and drying cut logs will prevent them from damaging wood intended for lumber.



• Hosts in WA: Sitka, Engelmann and 
ornamental spruce

• Common name refers to its hosts in 
eastern US & Canada

• Larvae bore in the pith of spruce tree 
leaders, killing the top and causing 
deformities.

• Most susceptible spruce in areas 
away from the coast or large rivers, 
in warm areas without frequent fog. 
Avoid planting Sitka spruce in these 
warm sites.

• Spruce growing in a shaded 
understory may be less susceptible 
(adults prefer to lay eggs in fast 
growing leaders).

Other stem insects
White pine weevil (Pissodes strobi)
also known as spruce weevil

Presenter
Presentation Notes
Also known as the spruce weevil, this insect bores into the pith of spruce tree leaders, killing the top.  This damage slows growth and causes deformities.  Damaged trees can develop multiple leaders as lateral branches take over dominance.  Sitka spruce, Engelmann spruce and ornamental spruces are hosts. The weevils prefer high temperatures and fast growing leaders.  The most susceptible trees are Sitka spruce growing away from the coast or large rivers, in warm areas without frequent fog.  Avoid planting Sitka spruce in these warm sites.  Spruce growing in a shaded understory may be less susceptible.
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• Hosts: pine, spruce and Douglas-fir
• Clear-winged moths (wasp mimic) 
• Larvae feed under the bark in a small 

area.
• Adults lay eggs on old pitch moth 

infection wounds, creating large 
pitch globs over time. This re-
infection slows the healing process.

• They often attack at pruning wounds.
• Avoid wounding tree stems. Don’t 

prune in spring – immediately prior 
to moth flight in mid-summer.

Other stem insects
Pitch moths

Presenter
Presentation Notes
The larvae of clear-winged pitch moths feed under the bark of pine, spruce and Douglas-fir.  Larvae remain in a small area, creating golf ball-sized globs of pitch.  After mating, adults will lay eggs on old pitch moth infection wounds.  This re-infection slows the healing process.  They often attack at pruning wounds and slow wound closure.  Avoid wounding tree stems.  Don’t prune in spring – immediately prior to moth flight in mid-summer.  Prune outside the branch collar.



Tree Defoliating 
Insects

• Primarily chewing (caterpillars) and 
sucking (aphids/adelgids) insects

• Most species only damage part of 
the foliage so main impacts are 
growth loss and stress

• Outbreaks are often short-lived (lots 
of natural enemies), so trees can 
recover

recovery

Budworm defoliation

Presenter
Presentation Notes
Defoliators are any insects which feed directly on tree leaves.  They include both sucking and chewing insects.



Defoliators of Deciduous Trees

Forest tent caterpillar defoliation of red alder,  
July 2009

Same stand, October 2009

• Defoliators rarely cause mortality in deciduous trees.
• Deciduous trees frequently recover following defoliation because buds are 

undamaged.
• Defoliated trees have less water demand which may cause the water table to 

rise.  Caterpillar droppings  are rich in nutrients and can act as fertilizer.

Presenter
Presentation Notes
Defoliators rarely cause mortality in deciduous trees.  Deciduous trees frequently recover following defoliation because buds are undamaged.  This may even happen the same season, as the photos illustrate.  Defoliated trees have less water demand which may cause the water table to rise.  Caterpillar droppings  are rich in nutrients and can act as fertilizer.



Tent caterpillars
• Hosts – alders, poplars, oak, willows, 

birch, other hardwoods
• Severity – outbreaks short-lived, trees 

recover but repeated heavy defoliation 
may cause dieback

• Outbreaks are cyclical and collapse 
after a few years due to natural 
controls such as parasites and disease

western tent caterpillar 
(Malacosoma californicum)

forest tent caterpillar (Malacosoma disstria)

Pacific tent caterpillar 
(Malacosoma constrictum), 

prefers oaks)

Presenter
Presentation Notes
Tent caterpillars attract lots of attention during the high points of their returning population cycles.  They are native and cause severe defoliation in early spring.  In drought years, defoliated alder may have branch dieback and eventually whole tree mortality.   Tent caterpillars have many natural controls, such as parasites, that cause population collapse after a few years.



Western tent caterpillar defoliation in red alder

Presenter
Presentation Notes
Tent caterpillar defoliation can be quite severe and cover large areas, but long-term impacts are usually limited.



leaf beetles (family Chrysomelidae)

• Hosts – alders, willows, poplars
• Black “caterpillars” are beetle larvae
• Causes leaf skeletonization
• Outbreaks are short-lived and trees 

recover. Swarming adults can attract 
attention (often get indoors)

Blue metallic alder flea beetle adults

Black alder flea beetle larvae



western hemlock looper
Lambdina fiscellaria

• Hosts – western hemlock, true firs, 
Douglas-fir, spruce, numerous shrubs

• Severity – can feed on all age classes 
of foliage, so heavy defoliation can kill 
trees in one season. Outbreaks last 2-
3 years.

Conifer Defoliators

Presenter
Presentation Notes
Conifer defoliators usually leave some half-chewed needles on the tree, resulting in a red-brown colored crown with branches more evident. Hemlock looper caterpillars crawl like inchworms.  Western hemlock is the principal host.  They are characteristically messy feeders, often chewing off needles at the base or leaving half-eaten needles on the branch, giving defoliated trees a red-brown color.  They can completely defoliate trees in just one year and can cause mortality if more than 75% of needles are removed.  Outbreaks last about three years and are most severe in coastal forests. Hemlock looper was active in the City of Everett watershed in 2001, and has recently caused several years of defoliation in the Baker Lake area.



silver spotted tiger moth
Lophocampa argentata

• Hosts – Douglas-fir, occasionally 
other conifers

• Damage is mostly cosmetic (lots of 
ugly webbing) and only in a few 
branches or tops.

• New growth is not affected so 
impacts are minimal.

• Active through winter with 
damage most conspicuous in early 
spring. Natural controls such as 
parasites keep populations under 
control.  They are very important 
alternate hosts for parasites of 
other defoliators.

Presenter
Presentation Notes
The silver spotted tiger moth primarily feeds on Douglas-fir but other conifers may be hosts.  It is active through winter with damage most conspicuous in early spring.  They do not damage new growth.  Unsightly damaged branches may be pruned.  Natural controls such as parasites keep populations under control.  They are very important alternate hosts for parasites of other defoliators.



Invasive forest insect pests

Balsam woolly adelgid

• Forest insects introduced to North 
America from other parts of the world 
are a continuing threat. 

• Unlike hosts in their native range, North 
American host trees have not had time 
to evolve defenses against attack by 
these exotic invaders. They may also be 
outside their normal environmental 
controls.  That’s why their impact can be 
so extreme.

• The increase in global trade over the past 
century has resulted in numerous 
introductions.

• The balsam woolly adelgid is one 
example of an exotic pest that is now 
widespread in Washington forests.

Presenter
Presentation Notes
Exotic forest insect pests.  These insects have been introduced to North America from other parts of the world.  Unlike hosts in their native range, North American hosts have not had time to evolve defenses against attack by these exotic invaders. They may also be outside their normal environmental controls.  That’s why their impact can be so extreme.  The increase in global trade over the past century has resulted in numerous introductions.  The balsam woolly adelgid is one example of an exotic pest that is now widespread in Washington forests.



Invasive Wood Borers

emerald ash 
borer

Asian 
longhorned
beetle

• Emerald ash borer and Asian 
longhorned beetle are 
notorious tree-killers that 
entered North America 
through trade routes

• These and others move around 
in wood packing material, 
nursery plants, and firewood.

• A serious threat to hardwood 
species including street trees 
and keystone forest species

• Aggressive tree removal may 
be needed to slow spread

• Asian longhorned beetle and 
the related citrus longhorned 
beetle were both detected in 
WA, but early enough for 
successful eradication 

Presenter
Presentation Notes
These tree-killing borers have entered North America through trade routes especially on wood packing material.  They can move around in nursery plants and firewood.  North American host trees often have no natural resistance to these exotic beetles. Most wood borers in the west feed on dead wood.  These are tree killers. These beetles seriously threaten many hardwood species including street trees and forest species such as Oregon ash, bigleaf maple, and red alder. Aggressive tree removal may be needed to slow the spread. Asian longhorned beetle and the related citrus longhorned beetle were both detected in WA, but early enough for successful eradication. The emerald ash borer …its range is spreading.  Asian long-horned beetle kills several hardwood species, including maple, in the northeastern U.S.



Emerald ash borer (Agrilus planipennis)

Serpentine galleries 
under bark

• Hosts: Ash trees (Fraxinus species), including 
Oregon ash and ornamentals

• Native range is east Asia (China, Korea, Japan)
• 1st US detection, Michigan 2002, now in 35 states
• New detection in NW Oregon (Forest Grove) June 

2022 – about 30 miles from Vancouver, WA
• Threat to riparian ecosystems and high impact to 

urban forests ($1.7 billion cost in US so far)
• Response plans are in place for WA

Adults are metallic green, about ½ inch long, slender

Several native species are 
similar but wider bodied

Presenter
Presentation Notes
On June 30, 2022, the first report of Emerald Ash Borer (EAB; Agrilus planipennis) was confirmed in the Pacific Northwest. Found infesting ash trees in Forest Grove, Oregon, the pest has yet to be found in Washington, but it could be coming soon. Neighboring Washington counties like Clark and Cowlitz are within 30 miles of the known infestation.  First discovered in Michigan 20 years ago, EAB is a tiny insect (half an inch from tip to tip) that’s had a big impact – it has spread to 35 states thus far, with true ash trees (genus Fraxinus) seeing upwards of 99 percent mortality in this tiny insect’s wake.Oregon ash (Fraxinus latifolia), our region’s only native ash species, is one of the only species that can grow in lowland riparian and wetland environments, and provides much–needed shade, bank stabilization and habitat cover for several aquatic and bird species in the Pacific Northwest. If Oregon ash is lost, it could lead to miles of streambank degradation and loss of much-needed habitat.DNR’s Urban and Community Forestry Program, with the help of partners like the Washington Invasive Species Council, is prepared to help communities brace for EAB with resources at the ready – namely, the Urban Forest Pest Readiness Playbook.
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Emerald ash borer 
• Be on the lookout for signs and symptoms 

in ash trees (crown dieback, “D”-shaped 
exit holes, bark cracks)

• Use Washington Invasive Species 
Council’s  “Report a Sighting” website: 
https://invasivespecies.wa.gov/report-a-sighting/

• Traps are not very effective for detecting 
infestations in new areas

• Once established, very difficult to 
eradicate; more about slowing spread

• Management tools:
– Tree removal
– Systemic insecticides for high 

value trees
– Seed bank conservation and 

breeding programs are 
underway

– Biological control agents are 
being researched

“D”-shaped exit holes

Crown symptoms in Forest Grove, OR

Presenter
Presentation Notes
Individuals who have ash trees in their community or work environment can start to keep an eye out for telltale signs of infestation – ash trees with thinning crowns are often the first sign to spot from afar. EAB also leaves small 1/8-inch capital D-shaped exit holes in ash bark. Bark split or cracked vertically can also be a sign that merits further investigation. Finally, keep an eye out for the small, metallic green beetles. Due to their small size, they can be hard to spot, and can also look similar to a lot of other insects that have no impact on ash trees.The Oregon Department of Agriculture’s EAB ID guide can be a great tool for those interested in learning to identify EAB.. Suspect insect sightings can be reported using the Washington Invasive Species Council  “Report a Sighting” website: https://invasivespecies.wa.gov/report-a-sighting/Seeds are being collected from our native Oregon Ash communities to help preserve genetic diversity in the species’ gene pool in the long-term and to test trees for EAB resistance. Currently held in long-term storage, these seeds could be brought back out to help re-invigorate any ash populations that are affected by EAB outbreaks.USDA APHIS has been researching and supporting classical biological control for EAB.  Four species have been introduced and released at sites in the eastern U.S.  Parasitism rates can approach nearly 40%.  Combined with woodpeckers, the mortality of EAB larvae can reach 70 or even 80%.  However, even at these high rates of depredation and parasitism, it isn’t enough to slow the rate of population growth of EAB.  



Native species similar to invasive wood borers

Banded Alder Borer

Pine Sawyer Beetles

Use Washington Invasive Species Council’s  
“Report a Sighting” website: 
https://invasivespecies.wa.gov/report-a-sighting/

Presenter
Presentation Notes
These are some of our native wood borers that resemble emerald ash borer, citrus long-horned beetle, and Asian long-horned beetle.  The golden buprestid is larger and wider than emerald ash borer.  The banded alder borer has bands of white, not irregular white splotches like the non-native long-horned beetles.  Pine sawyer beetles have the right coloring but have a pitted, rough surface, not mirror smooth.  If in doubt, its best to collect specimens for identification by an expert.



balsam woolly adelgid
Adelges piceae

• Hosts – subalpine fir, Pacific silver fir, grand 
fir (rare on noble fir)

• Severity – chronic damage causes direct 
mortality, predisposes trees to other pests, 
subalpine fir declining in alpine areas

• Aphid-like insects, but only on conifers and 
they don’t move around except crawler 
stage

• Can be managed with pesticides in 
individual trees, but are difficult to control 
in a forest setting.

Small “cottonballs” on 
bark and branches

Long mouthparts for 
sucking sap, also inject 
toxins that can block 
the flow of sap and 
slowly kill trees

Presenter
Presentation Notes
Adelgids are aphid-like sucking insects that feed on tree sap.  They are only found on conifers.  A pest of true firs, the balsam woolly adelgid was introduced to North America from Europe around 1900.  By 1955, it was widespread along the Pacific coast and Cascade ranges of Oregon and Washington.  Many grand firs at lower elevations and subalpine fir at higher elevations were killed.  The rate of mortality has slowed but balsam woolly adelgid continues to be a force of change in high elevation fir stands.  Its range is spreading into northeastern Washington and Idaho.  They do not mate or fly in North America, but manage to reproduce in the thousands by cloning and move by hitching rides on wildlife and birds.  Once they insert the strawlike, sucking mouthpart into the sap tissue to suck plant juices, they generate white cottony shelters where they lay eggs and remain stationary for the rest of their lives.  Only in the first stage out of the egg are they able to crawl to a new location.  Toxins in their saliva cause a blockage in the flow of sap that slowly kills the tree.  They can be managed with pesticides in individual trees, but are difficult to control in a forest setting.



balsam woolly adelgid symptoms

Twig ‘gouting’

Red stained 
sapwood, 
‘rotholtz’

Crown defoliation and stunting in Pacific silver fir



Balsam Woolly Adelgid can be confused with:

Cooley spruce gall adelgid

Hemlock woolly adelgid

Presenter
Presentation Notes
There are other adelgids with woolly coverings that are common in western Washington.  Balsam woolly adelgid feeds on the twigs and trunks of true firs only.  They are not found on foliage and not on Douglas-fir, spruce or hemlock.  Cooley spruce gall adelgid is native and can be seen on Douglas-fir and spruce.  Hemlock woolly adelgid is another exotic adelgid that feeds on western hemlock, but is not a serious pest in Washington.



spongy moth (Lymantria dispar)

• Non-native forest defoliator regularly 
introduced in the Pacific Northwest

• Chronic pest in eastern US & Canada
• WA Dept. Agriculture monitors annually 

with traps and has successfully 
eradicated populations since 1979

• European variety females don’t fly
• Asian variety is a greater threat: females 

fly and feed on more tree species, 
including conifers 

Presenter
Presentation Notes
Spongy moth (formerly gypsy moth) is a non-native defoliator that prefers forest habitat.  It is one of the most damaging defoliating insects of trees in North America.  In the eastern U.S. and Canada, established populations of gypsy moth damage hundreds of thousands of acres of forest annually.  Gypsy moth defoliates hundreds of different conifer and deciduous tree species, reducing growth and causing mortality.  Thanks to early detection and eradication efforts by the Washington State Department of Agriculture, there are no established populations of gypsy moth in Washington State.  Since 1979,  Washington state has conducted 85 successful projects to eradicate gypsy moth wherever it has been introduced.  WSDA places more than 20,000 monitoring traps in Washington annually.
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