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Interactions among forests, insects, fire, carbon, climate
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Another scholarly work...

The mountain pine beetle looks like a fat black grain
of rice with wings and legs. Like all insects, the
mountain pine beetle has three main body parts:
the head, the thorax, and the abdomen. Each part
helps this tiny warrior kill trees.
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Questions

Are biotic disturbances important in C
cycling?

What are the impacts of outbreaks on C
stocks and fluxes?

Can we predict future outbreaks?




Questions

Are biotic disturbances important in C
cycling?

What are the impacts of outbreaks on C
stocks and fluxes?

Can we predict future outbreaks?




Mountain pine beetle outbreak

Central Colorado
August 2007
QuickBird satellite imagery

e 2.4-m spatial resolution
* true-color




Cumulative mortality area, 1997-2010

Bark beetles are
significant forest
disturbances

Mortality area (ha) within 1-km’ grid cell

Meddens et al., Ecol. App., 2012




Fir engraver (2004) M ° b k b tl
Unspecified bark beetles (2002-2004) aJ Or ar ee e
Western balsam bark beetle (2001-2003)

outbreaks, 1997-2010

Pinyon ips (2003-2004)

Mountain pine beetle (2001-2010)

2001-2004
* pinyon ips
* engraver beetles
* Douglas-fir beetle
* unspecified bark beetles
e western balsam bark
beetle

* mountain pine beetle
* multiple outbreaks,
2001-2010

Meddens et al., Ecol. App., 2012




Carbon Impacts of MPB in Western Canada
13 million ha affected in 2007
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Insect outbreaks and Canada’s net carbon fluxes

turbed (Mha)
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Bark beetle outbreaks and C stocks

Carbon in Kkilled trees in the Western US

Cumulative amounts Bark beetles
beetles: 289 Tg C
fire: 285 Tg C
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Extensive forest damage in other parts of the world

spruce bark beetle, Germany Siberian silkmoth, 1995

1996 - 2000

Kaultz et al., 2011

2: 50-75% of dead and dying trees
1. 75% of dead and dying trees

Kharuk et al., 2004

Post et al., 2009




Questions

Are biotic disturbances important in C
cycling?

What are the impacts of outbreaks on C
stocks and fluxes?

Can we predict future outbreaks?




disturbance
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Snag + DF Anomalies
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2. Type of disturbance agent

Growth reducers Tree killers
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Management International
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GPP (g C m™d™")

Effects of transient defoliation

Forest tent caterpillar
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Net Biome Production (Mt C yr™")

Beetle area (thousands of km?)
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3. Host preferences and variability in mortality

Preferred host species

Table 1. Bark beetle species that have the capacity to cause landscape-scale tree mortality in the western United States

and Canada.

Common name

Scientific name

Major host species

Arizona fivespined ips

California fivespined ips

Douglas-fir beetle

Eastern larch beetle
Fir engraver
Jeffrey pine beetle

Mountain pine beetle

Northern spruce engraver
Pine engraver
Pinon ips

Roundheaded pine beetle

Southern pine beetle

Spruce beetle

Western balsam bark beetle

Western pine beetle

Ips lecontei

Ips paraconfusus

Dendroctonus
pseudotsugae

Dendroctonus simplex
Scolytus ventralis
Dendroctonus jeffreyi

Dendroctonus ponderosae

Ips perturbatus
Ips pini
Ips confusus

Dendroctonus adjunctus

Dendroctonus frontalis
Dendroctonus rufipennis
Dryocoetes confusus

Dendroctonus brevicomis

Pinus ponderosa, and others

Pinus attenuata, Pinus contorta, Pinus coulteri, Pinus jeffreyi, Pinus lambertiana,
P. ponderosa, Pinus radiata, Pinus torreyana, and others

Pseudotsuga menziesii

Larix laricina
Abies concolor, Abies grandis, Abies magnifica
P, jeffreyi

Pinus albicaulis, Pinus aristata, Pinus balfouriana, P contorta, Pinus flexilis,
P lambertiana, Pinus monticola, P ponderosa, and others

Picea engelmannii, Picea glauca, Picea x lutzii, Picea mariana, Picea sitchensis
P. contorta, P, jeffreyi, P ponderosa, and others
Pinus edulis, Pinus monophylla

Pinus arizonica, Pinus engelmannii, P, fiexilis, Pinus leiophylla, P ponderosa,
Pinus strobiformis

Pinus engelmannii, P leiophylla, P ponderosa
Picea engelmannii, Pi. glauca, Pi. sitchensis
Abies lasiocarpa, and others

P. coulteri, P ponderosa

Bentz et al., BioScience, 2010




3. Host preferences and variability in mortality

Beetles prefer older, larger hosts

25001

2000 1

1500 1

1000 1

500 1

No. attacking beetles

Tree age (yrs) Diameter (cm) at breast height (1.3m)

Safranyik and Carroll, 2006



3. Host preferences and variability in mortality
Variability in tree mortality within an outbreak

Mountain pine beetle outbreak in Colorado
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3. Host preferences and variability in mortality
Variability in tree mortality within a region

Major impacts to regional NEP Minor impacts to regional NEP
by mountain pine beetle by hemlock woolly adelgid
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3. Host preferences and variability in mortality
Postoutbreak stand characteristics affect regrowth

larger postdisturbance ANPP increase smaller postdisturbance ANPP increase
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Questions

Are biotic disturbances important in C
cycling?

What are the impacts of outbreaks on C
stocks and fluxes?

Can we predict future outbreaks?




Bad news:

Lots of different insects/pathogens

Table 1. Bark beetle species that have the capacity to cause landscape-scale tree mortality in the western United States

and Canada.

Common name

Scientific name

Major host species

Arizona fivespined ips

California fivespined ips

Douglas-fir beetle

Eastern larch beetle
Fir engraver
Jeffrey pine beetle

Mountain pine beetle

Northern spruce engraver
Pine engraver
Pinon ips

Roundheaded pine beetle

Southern pine beetle

Spruce beetle

Western balsam bark beetle

Western pine beetle

Ips lecontei

Ips paraconfusus

Dendroctonus
pseudotsugae

Dendroctonus simplex
Scolytus ventralis
Dendroctonus jeffreyi

Dendroctonus ponderosae

Ips perturbatus
Ips pini
Ips confusus

Dendroctonus adjunctus

Dendroctonus frontalis
Dendroctonus rufipennis
Dryocoetes confusus

Dendroctonus brevicomis

Pinus ponderosa, and others

Pinus attenuata, Pinus contorta, Pinus coulteri, Pinus jeffreyi, Pinus lambertiana,
P. ponderosa, Pinus radiata, Pinus torreyana, and others

Pseudotsuga menziesii

Larix laricina
Abies concolor, Abies grandis, Abies magnifica
P, jeffreyi

Pinus albicaulis, Pinus aristata, Pinus balfouriana, P. contorta, Pinus fiexilis,
P lambertiana, Pinus monticola, P ponderosa, and others

Picea engelmannii, Picea glauca, Picea x lutzii, Picea mariana, Picea sitchensis
P contorta, P, jeffreyi, B ponderosa, and others
Pinus edulis, Pinus monophylla

Pinus arizonica, Pinus engelmannii, P. fiexilis, Pinus leiophylla, P ponderosa,
Pinus strobiformis

Pinus engelmannii, P leiophylia, P ponderosa
Picea engelmannii, Pi. glauca, PI. sitchensis
Abies lasiocarpa, and others

P. coulteri, P ponderosa

Bentz et al., BioScience, 2010




Good news:

only a few major species
commonality in drivers (?)

Table 1. Bark beetle species that have the capacity to cause landscape-scale tree mortality in the western United States

and Canada.

Common name

Scientific name

Major host species

Arizona fivespined ips

California fivespined ips

Douglas-fir beetle

Eastern larch beetle
Fir engraver

Jeffrey pine beetle

Ips lecontei

Ips paraconfusus
Dendroctonus
pseudotsugae
Dendroctonus simplex
Scolytus ventralis

Dendroctonus jeffreyi

Pinus ponderosa, and others

Pinus attenuata, Pinus contorta, Pinus coulteri, Pinus jeffreyi, Pinus lambertiana,
P. ponderosa, Pinus radiata, Pinus torreyana, and others

Pseudotsuga menziesii

Larix laricina
Abies concolor, Abies grandis, Abies magnifica

P, jeffreyi

Mountain pine beetle

Dendroctonus ponderosae

Pinus albicaulis, Pinus aristata, Pinus balfouriana, P. contorta, Pinus fiexilis,
P lambertiana, Pinus monticola, P ponderosa, and others

Northern spruce engraver
Pine engraver
Pinon ips

Roundheaded pine beetle

Southern pine beetle

Spruce beetle

Western balsam bark beetle

Western pine beetle

Ips perturbatus
Ips pini
Ips confusus

Dendroctonus adjunctus

Dendroctonus frontalis
Dendroctonus rufipennis
Dryocoetes confusus

Dendroctonus brevicomis

Picea engelmannii, Picea glauca, Picea x lutzii, Picea mariana, Picea sitchensis
P contorta, P, jeffreyi, B ponderosa, and others
Pinus edulis, Pinus monophylla

Pinus arizonica, Pinus engelmannii, P. fiexilis, Pinus leiophylla, P ponderosa,
Pinus strobiformis

Pinus engelmannii, P leiophylia, P ponderosa
Picea engelmannii, Pi. glauca, PI. sitchensis
Abies lasiocarpa, and others

P. coulteri, P ponderosa

Bentz et al., BioScience, 2010




Complexity 1n drivers, interactions

Thresholds Internal controls External controls and releasers

. Beetle behavior, physiolog
Host entry »ecuc benavior, physIOlogy

Host defense chemistry

A\ggregation

Resin flow )
&

Local beetle density = T Drought,

' Canopy density " biotic stresses on host
beetle, tree ¢
scales

Induced defenses
Attack density and rate
Microbial symbionts

Establishment

v

Reproduction

Phloem thickness
Predators, competitors : Temperature
Microbial symbionts

l ' Beetle physiology A

Beetle density Ecophysiological processes
stand Stand mescscale . Stand heterogeneity < Stand
eruptior "

i dynamics
Sca|eS Host availability, density, age Succession, disturbance

Dispers:
Landscape level Oispersal
eruption Proximity of suitable stands

Geophysica
L ) Landscape heterogeneity - barriers
landscape ; ©
scales

Artificially favorable habitats o
» ‘ Altered selection pressures
Regime shift \itered selection pre LIr¢

5 Anthropogenic activities
Access to new hosts

Raffa et al., BioScience, 2008



Limited understanding of most insects/pathogens

Factors influencing mountain pine beetle epidemics

Factors related to trees:
e presence of host tree
species
e stem density
e stand age
e drought stress on trees

density dependent

Photo courtesy USDA Forest Service, wwwfores.t;yimages. org

Safranyik et al. 1975; Shore and Safranyik 1992; Carroll et al. 2004; Logan and Powell 2001




Beetle area (thousands of km?)

Use of scenarios

Expected decline of beetle outbreak
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More complete insect model

European spruce bark beetle

. Climate model data Prescribed storm damage ~ e, .
’ Pest and Diseases Image Library,
1, Bugwood.org
A) LPJ-GUESS e B) Ips typographus
Vegetation dynamics population dynamics
C, D) Brood tree E, F) Ips typographus reproductive G, H) Ips typographits I) Ips typographus
availability success and mortality migration between patches annual cycle
Previous Ips typographus Wind thrown trees within Random dispersal between

attacks within patches patches patches

Jonsson et al., Ag. For. Met., 2013



More complete insect model

Norrland
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Conclusions

on bad days

complex situations

range of agents and drivers
limited scientific understanding
limited observations

variation in C responses

prognostic modeling is
challenging

on good days

impacts of insects, pathogens
important regionally

beginning to understand
historical impacts

enough (?) is known about a few
significant species

any advance is progress

interesting, challenging research




