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With climate changewwecanexpect
more frequent antimtenseldsoughts
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Factors affecting drought damage to trees:
Maximum temps during drought

Season of drought

Duration over the season/years

Soll type

Tree species (drought tolerance level)

Tree size (leaf area, depth of root systems)
Desiccating winds

Competition

A Aspect, slope position (ridge vs valley)
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A Presence of opportunistic insects & pathogens
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DO Abnormally Dry
D1 Moderate Drought
I D2 Severe Drought

- D3 Extreme Drought
- D4 Exceptional Drought

Summer 2014 Summer 2015 Summer 2018



Nor mal droughts vs. nhott

A Droughts are natural disturbances (many trees are adapted).

AAANor mal 0 dave limged larglscape level impacts,
killing off younger, weak, vulnerable trees or damaging
branches of mature trees.

A Severe droughts can cause widespread damage and
contribute to insect outbreaks and fires, but the cumulative
effect I s reduced since they

AWi t h climate c¢hangmorevfeduerd and x
Intense droughts, referred to by som
(Millar & Stephenson 2015).

A These have the potential to cause significant landscape
changes, especially on the frin

Millar, C.I., & N.L. Stephenson. 2015. Temperate forest health in an era of
emerging megadisturbance. Science 349: 823-826.



ECOLOGY LETTERS

Ecology Letters, (2017) 20: 78-86 doi: 10.111%/ele.12711

LETTER Long-term climate and competition explain forest mortality
patterns under extreme drought

Abstract
Derek J. N. Young,'*' Rising temperatures are amplifying drought-induced stress and mortality in forests globally. It
Jens T. Stevens,?" remains uncertain, however, whether tree mortality across drought-stricken landscapes will be
J. Mason Earles,>' Jefirey Moore,* concentrated in particular climatic and competitive environments. We investigated the effects of
Adam Ellis* Amy L Jikka®® and long-term average chimate [i.e. 35-year mean annual climatic water deficit (CWD)] and competi-
Andrew M. Latimer® tion (i.e. tree basal area) on tree mortality patterns, using extensive aerial mortality surveys con=-

ducted throughout the forests of California during a 4-year statewide extreme drought lasting
from 2012 to 2015. During this period, tree mortality increased by an order of magnitude, typi-
cally from tens to hundreds of dead trees per km®, rising dramatically during the fourth year of
drought. Mortality rates increased independently with average CWD and with basal area, and
they increased disproportionately in areas that were both dry and dense. These results can assist
forest managers and policy-makers in identifying the most drought-vulnerable forests across broad
geopraphic areas.

Keywords
California, climate, climatic water deficit, competition, drought, forest, mortality, stress, tree.

Ecology Letters (2017) 20: 78-86

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.



Direct drought damage:
Symptoms
A Often more than one species affected

A Worse on marginal sites & walrained soils
A Damage develops from tegown and outsiden




A Reduced shoot and root growth

A Wilting
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A Dropped needles
A Leaf scorch




A Stress cone crop
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Phomopsis canker



A Dead tops & branches (flagging)
A Wholetree mortality without insect or pathogen
signs

Tom Eckbérg,
Idaho Dept lands




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

western hemlock

These are all likely to
contain 0'=_~'
bark beetles



Secondary bark beetles

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

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

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

A Become opportunists after cumulative drought
stress, then build populations
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Secondary bark beetles that may outbreak

In Douglasfir after droughts

A Douglasfir pole beetle
(Pseudohylesinusebulosus

A Douglasfir engraver
(Scolytusunispinosu$| &

A Another engraver
(Scolytusmonticolae)

A Breed in dead
branches & slash

A Usually not a problem
until disturbance like
drought




Ipsbeetles

A Multiple generations per.
year |

A Broods build in green
dead trees (slash, stor
A Outbreaks typically
collapse after one year |
(high overwintering bamage n Colmbia River Gorge area 2912,
mortality, less host s SN TS NG
material).

A Live trees at much higher
risk duringdrought.




Other secondary bark beetles

Silver fir beetle and hemlock;
engraver in western hemlock

A Phloeosinuspecies in western
redcedar

A Pityokteines elegaris noble fir

A Pityophthorusn pine
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Why are there no bark beetles in this perfectly
acceptable-looking tree?

: : _ A Less resin for pitch-out during attack
Drought experiment in Austria A Less resin and toxic compounds =
(European spruce bark beetle): higher brood survival
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TOO JUST TOO Netherer S. et al. 2015. Do water-

DRY! RIGHT! PITCHY! limiting conditions predispose
Norway spruce to bark beetle attack?
New Phytologist 205: 1128-1141




ajor bark beetles associated with drought
A Fir engraver $colytusventralis)

A Hosts:True firs (Abies),
primarily grand fir
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Fir engraver outbreaks often
associated with drought
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US Drought Monitor for WA state
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Major bark beetles associated with drought
A Western pine beetle Pendroctonudrevicomis
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A Host: Only ponderdSa pine in
our area




US Drought Monitor for WA state



