
Climate Change Effects
on Forest Insects and Diseases

Glenn Kohler, Forest Entomologist
Washington Dept. Natural Resources



What is Drought?

! ƭŀŎƪ ƻŦ ǿŀǘŜǊΧ

Χōǳǘ ŦƻǊ treesmany 
other factors determine 
drought effects:

With climate change, we can expect 
more frequent and intense droughts



Factors affecting drought damage to trees:
Å Maximum temps during drought
Å Season of drought
Å Duration over the season/years
Å Soil type
Å Tree species (drought tolerance level)
Å Tree size (leaf area, depth of root systems)
Å Desiccating winds
Å Competition
Å Aspect, slope position (ridge vs valley)
Åtƻǎƛǘƛƻƴ ƛƴ ǘǊŜŜΩǎ ǊŀƴƎŜ όŦǊƛƴƎŜ ƻǊ ƛƴǘŜǊƛƻǊύ
Å Presence of opportunistic insects & pathogens



Summer 2014

Summer drought often occurs somewhere in WA,
but 2015 was an extreme drought year.

Summer 2015 Summer 2018



Normal droughts vs. ñhotter droughtsò

ÅDroughts are natural disturbances (many trees are adapted).

ÅñNormalò droughts have limited landscape level impacts, 

killing off younger, weak, vulnerable trees or damaging 

branches of mature trees.

ÅSevere droughts can cause widespread damage and 

contribute to insect outbreaks and fires, but the cumulative 

effect is reduced since they donôt occur that often.

ÅWith climate change weôre experiencing more frequent and 

intense droughts, referred to by some as ñhotter droughtsò 

(Millar & Stephenson 2015).

ÅThese have the potential to cause significant landscape 

changes, especially on the fringes of a treeôs range.

Millar, C.I., & N.L. Stephenson. 2015. Temperate forest health in an era of 

emerging megadisturbance. Science 349: 823-826.



ñRising temperatures are 

amplifying drought-induced 

stress and mortality in 

forests globally.ò

Young, D.J.N., J.T. Stevens, J.M. Earles, J. Moore, A. Ellis, A.L. Jirka and

A.M. Latimer. 2017. Long-term climate and competition explain forest 

mortality patterns under extreme drought. Ecology Letters 20: 78-86.

ñdrought-induced mortality 

may increase at the hot, dry 

limit of an individual tree 

speciesô rangeò



Direct drought damage:
Symptoms
Å Often more than one species affected
Å Worse on marginal sites & well-drained soils
Å Damage develops from top-down and outside-in



Å Reduced shoot and root growth
Å Wilting
Åά.ƭŜŀŎƘƛƴƎέ
Å Dropped needles
Å Leaf scorch



Å Stress cone crop
Åά{ǳƴƪŜƴέ ōŀǊƪκŎŀƴƪŜǊǎ

Phomopsis canker



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

signs

Tom Eckberg, 

Idaho Dept lands



Å 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 ñsecondaryò 

bark beetles



ÅBreed in dead branches & slash (maintain low endemic 

populations)

ÅInfest small diameter, thinned-barked portions of trees 

that are stressed or dying 

ÅAct as thinning agents of weakened, suppressed or 

diseased trees

ÅBecome opportunists after cumulative drought 

stress, then build populations

Secondary bark beetles



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

(Pseudohylesinusnebulosus)

Å Douglas-fir engraver 
(Scolytusunispinosus)

Å Another engraver
(Scolytusmonticolae)

Å Breed in dead 

branches & slash

Å Usually not a problem 

until disturbance like 

drought



ÁMultiple generations per 
year

ÁBroods build in green 
dead trees (slash, storms)

ÁOutbreaks typically 
collapse after one year 
(high overwintering 
mortality, less host 
material).

ÁLive trees at much higher 
risk during drought.

Ipsbeetles

Damage in Columbia River Gorge area 2012.

Piles of boring dust are 
evidence of Ipsattacks.



Other secondary bark beetles

Å Silver fir beetle and hemlock; 
engraver in western hemlock

Å Phloeosinusspecies in western 
redcedar

Å Pityokteines elegans in noble fir
Å Pityophthorusin pine



Why are there no bark beetles in this perfectly 

acceptable-looking tree?

Drought experiment in Austria

(European spruce bark beetle):

TOO 

DRY!

JUST 

RIGHT!

TOO 

PITCHY!
Netherer S. et al. 2015. Do water-

limiting conditions predispose 

Norway spruce to bark beetle attack? 

New Phytologist 205: 1128-1141

Å Less resin for pitch-out during attack

Å Less resin and toxic compounds = 

higher brood survival



Major bark beetles associated with drought
Å Fir engraver (Scolytusventralis)

ÅHosts:True firs (Abies), 
primarily grand fir

Ellensburg, WA 2016



US Drought Monitor for WA state

Acres in WA

Fir engraver outbreaks often 

associated with drought



Major bark beetles associated with drought
Å Western pine beetle (Dendroctonusbrevicomis)

ÅHost:Only ponderosa pine in 
our area

Deer Park, WA 2016



US Drought Monitor for WA state

Acres in WA

Western pine beetle outbreaks often 

associated with drought


