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Bark beetles

- 550 species in North
America.

+ Relatively few are
economically important.

C. Fettig, USDA Forest Service

* Regulate certain aspects
of primary production,

: : : Robber fly (top) predating on
nUTr|enT CYCllng, eCO'OglCGI r-ed Tur-pen'rine bee'ﬂe (D

succession and the size valens) attracted to residual
' ' Trees following harvesting,

dISTI"IbUTIOH Clnd Clbundcmce Eldorado National Forest,
Of fOl"ZST trees. California. 2005.
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Pioneers use a combination
of random landings and
visual orientations followed
by olfactory and gustatory
cues.

Most tree-killing species
have highly-evolved chemical
communication systems (e.q.,
in western pine beetle
(WPB), females release exo-
brevicomin, which in
combination with the host
monoterpene myrcene is
attractive to conspecifics.
Frontalin, produced by
males, enhances attraction).



Phoretic organisms

Figure 2. Four Trichouropoda spp. (tortoise mites) transported
around the front coxae of a MPB that rests on a pine needle. Figure 3. A mass of unidentified nematode daverlarvae travels
(Photograph by Javier E. Mercado.) inside a MBP’s elytral base. (Photograph by Javier E. Mercado.)

Mercado et al. 2014. Forest Science 60:512-526.
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Why? Outbreaks occur when....

 Favorable climatic
conditions

* Favorable vegetative
conditions




Climatic...direct and indirect

Bark beetles are sensitive to
thermal conditions conducive
to pOPUIGTIO.n SUIT'VlVC(I C(nd of the Western United States and

gr'OWTh. ShlfTS N Temper‘aTur‘e Canada: Direct and Indirect Effects
and precipitation affect:

Climate Change and Bark Beetles

- Fecundity and fitness
- Phenology and voltanism

- Hosts, predators,
parasites and competitors

- Tree defenses

- Host finding and e e
COIO“IZGTIOH success Bentz et al. 2010.

joscience 60:602—-613.



I'ts getting warmer and its getting
warmer faster....

Since 2000, 15 of the 16 warmest years on record have
occurred.

Table 3.1 The observed differences in annual global temperature anomaly for 2010 and its rank
relative to the entire historical record since 1880 for the three primary datasets used to determine
global average temperatures

2010 Global anomaly relative Rank of 2010 to all years
to the 1961-1990 annual mean since 1880

Second warmest after 1998
Tied warmest with 2005
Tied warmest with 2005
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From Sanchez-Lugo A, Kennedy JJ, Berrisford P (2011) Surface temperatures. In “State of the
Climate 2010,” Bull Amer Meteor Soc 92:6:536-837, with permission

Levinson and Fettig 2014 in Climate Change and Global Public Health



* Most of the warming has
been attributed to the
radiative effects of CO,, but
other greenhouse gases such
as methane, nitrous oxide
and halocarbons are also
Important.

B Per Capita Carbon Emissions

* Prior to the Industrial
Revolu’rion, a‘rmospheric COZ Since 1751, 374 billion metric tons of carbon

~ have been released from the consumption of
was stable at ~270 ppm. fossil fuels and cement (second most consumed
TOde, ~403 Ppm (A UQUST substance oh earth) production. Half since

2016), and by the middle of 1005
this century is expected to

reach 550 ppm and to

surpass 700 ppm by the end

of the century.

ww.esrl.noaa.gov
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Fettig et al. 2013. Journal of Forestry 111:214-228.

Median change in mean annual precipitation (left) and air femperature
(right) compared to the climatic normal period (1961-90) based on
projection by 13 global climate models,







Growing space

» Individual trees utilize growth
factors (i.e., sunlight, water,
hutrients, temperature, oxygen,
carbon dioxide, etc.) until one or
more factors become limiting.

+ A forest contains a certain
amount of intangible growing
space, which varies spatially and
temporally.

» As growing space diminishes, a
tree's photosynthates are
allocated to different uses in an
order of priorities.

SRR e — - '@\‘%’_*iﬁi—n oy
C. Fettig, USDA Forest Service
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Ps Allocations

* maintenance respiration

» production of fine roots

* reproduction

» primary (height) growth

+ xylem (diameter) growth

» insect and disease resistance mechanisms

adapted from Oliver and Larson (1996), Fettig et al. (2007)
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Tree defenses

* Most coniferous
species have a well-
defined resin duct
system, which is
capable of mobilizing
large amounts of
oleoresin following
wounding.



Mass attack

- A critical minimum number of beetles is

required to overcome defenses (Wood 1972,
Hodges et al. 1979, 1985; Raffa et al. 1993),
which varies with changes in host vigor.

» Several bark beetle species (e.q., Ips spp.)
preferen’riall%:a‘r‘rack logs, slash, or dead and
dying trees. In these cases, little or no host
resistance is encountered.

- All other things equal:

- Less competition among trees = higher
individual tree viﬁor' (e.g., OEP) = more beetles
required to kill the tree



Stand susceptibility

Stocking (measured
as tree density, basal
area, or stand density
index), host
abundance and tree
age are consistently
linked with the
occurrence of bark
beetle infestations.

C. Fettig, USDA Forest Service

Fettig et al. 2007. Forest Ecology and Management 238:24-53.
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Fig. 5. Linear regressions overlaid on observed data points
for (A) basal area of all tree species and mean percentage of
ponderosa pine killed by western pine beetle in yr-1 and yr-2
combined (see Table 5, model D for additional statistics), and
(B) stand density index and mean percentage of ponderosa pine
killed by western pine beetle in yr-1 and yr-2 combined (see
Table 5, model E for additional statistics).
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Fettig et al. 2009. Journal of Economic Entomology 102:2170 - 2182. Fettig et al. 2010. Forest Science 56:60-73.




Landscape susceptibility

- Spatial arrangement
IS important.

* Forested landscapes
that contain little
heterogeneity
promote the
creation of large
contiguous areas
susceptible to

S i m i Iar. d iSTu r' bances o - C. Fettig, USDA Forest Service



Consequences?

Significant modification of
stand structure and
composition, which may
impact...timber and fiber
production, fuel conditions,
water quality and quantity,
fish and wildlife populations,
recreation, grazing capacity,
real estate values,
biodiversity, carbon,
endangered species and
cultural resources.




Carbon

Tree death leads
to the eventual
release of
stored carbon
(~50% DW),
although some
carbon may stay
locked in soil.

—a— Control scenario
—a— Beetle scenario
—&— Beetle and additional harvest scenario
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Mountain pine beetle outbreak in BC
converted the forest from a small net carbon
sink to a large net carbon source both during
and immediately after the outbreak. In the
worst year, the impacts resulting from the
beetle outbreak in British Columbia were
equivalent to 757% of the average annual
direct forest fire emissions from all of
Canada during 1959-1999.

Kurz et al. 2008. Nature 452:987-990



SoCal outbreak

In 2000, WPB were first noticed colonizing Coulter
pines at elevated levels in several ranges. Activity
peaked in 2002-03 when WPB were reported to be
the most common mortality agent associated with
dead and dying pines throughout the region (USDA
Forest Service 2002).

In some areas, mortality was >80%. Ponderosa and
Coulter pines >43.2 cm dbh experienced 73.5% and
78% mortality, respectively.

Despite continuing drought and an availability of
suitable hosts, WPB populations rapidly declined in
2004 (Hayes et al. 2009).



Carbon - WPB, SoCal

- We estimated that the total amount of C in all trees

killed (all causes, except wildfire) was 1,698,558 mt
equivalent to annual emission from ~1.3 million cars.
The well-publicized Angora Fire burned 1,255 ha in
LTBMU in 2007 estimated CO, emission from
combustion (immediate) and decay (over 100 yrs) at
518,495 mt (Bonnicksen 2008).

* Only a small portion of this material was salvaged
and made into solid wood products.



Chapter 14

Management Strategies for Bark
Beetles in Conifer Forests

Christopher ). Fettig' and Jacek Hilszczariski’

I . - . . . . roa 2 . .
Invasives and Threats Team, Pacific Southwest Research Station, USDA Forest Service, Davis, CA, USA, ~ Department of Forest Protection, Forest

Research Institute, Sekocin Stary, Raszyn, Poland

1. INTRODUCTION

Bark beetles (Coleoptera: Curculionidae, Scolytinae) are
important disturbance agents in conifer forests. The genera
Dendroctonus, Ips, and Scolytus are well recognized in this
regard (Table 14.1). Forexample, in western North America,
the mountain pine beetle (Dendroctonus ponderosae
Hopkins) colonizes several tree species, most notably lod-
gepole pine (Pinus contorta Dougl. ex Loud.), ponderosa
pine (Pinus ponderosa Dougl. ex Laws.), and whitebark pine
(Pinus albicaulis Engelm.). Recent outbreaks have been
severe, long lasting, and well documented, with over 27

N EaE e =T el a1 g
=Y =9 =Y B 1.

designed to address current infestations by manipulating
beetle populations, and often includes the use of fire, insec-
ticides, semiochemicals (i.e.. chemicals released by one
organism that elicit a response, usually behavior, in another
organism), sanitation harvests, or a combination of these
treatments. Indirect control 1s preventive, and designed to
reduce the probability and severity of future bark beetle
infestations within treated areas by manipulating stand,
forest, and/or landscape conditions by reducing the number
of susceptible hosts through thinning, prescribed burning,
and altering age classes and species composition. Unlike

- - - - - v S - - v oo e

Fettig and Hilszczanski 2015 in Bark Beetles: Biology and Ecology of Native and Invasive Species
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ACTIVE INGREDIENT:

Bark Beetle Anti-Aggregation Pheromone
Verbenone,

4,6,6-Trime icyclo(3.1.1) hept-3-en-2-one:
OTHER INGREDIENTS:

TOTAL:

Net Contents:
Batch Number:

EPA Reg. No. 80286-20

verb EPA Est. No. 80286-CA-004

KEEP OUT OF REACH OF CHILDREN

CAUTION

FIRST AID STATEMENT

SPLAT is a matrix for the sustained passive release of
insect pheromones. SPLAT Verb provides control of
bark beetles by use of the anti-aggregation
pheromone, repelling beetles from pine trees.

» For Organic Production

C. Fettig, USDA Forest Service




Thinning

+ Affects vigor of
residual trees.

» Changes the
physical
environment within
stands.

- microclimate

- pheromone
plumes

- inter-tree
spacing

J. Runyon, USDA Forest Service
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Keeping forests
as forests

through active

management fo

increase
resistance and
resilience to a
multitude of
disturbances
exacerbated by
climate change.



We are par‘T of the solution... Wooden'skyscrapers .
Barking up the right

e Recognizing that
substantial quantities of
carbon can be stored in
wood products.

« Promoting wood products
as a substitute to other
building materials (e.g.,
aluminum, concrete and
STZCI) ThGT dO nOT pr'OVide MORE than 15 years have elapsed since

the associated carbon America, the birthplace of the skyscraper,

benefiTs Of WOOd was last home to the world’s tallest
) building. But though it lacks the highest

high-rise made from traditional concrete

economist.com



The greatest gains in
both CO, and FF
savings is through
avoiding FF needed to
manufacture,
transport and
construct concrete and
steel (avoidance
pathway) by
substitution of wood
products.

3:248-275, 2014

Carbon, Fossil Fuel, and Biodiversity Mitigation

With Wood and Forests

and fossil fuel (FF) saved by various solid wood products, wood
energy, and unbarvested foi Some products proved very effi-
cient in CO, and FF savings, while others did not. Not consideri
Jorest regrowth after barvest or burning if not harvested, effic
products save much more han the standing forest; but wood
used only for energy generc / .

sions (using wood in place of steel and concrete) contributes the

most to CO, and FF scauvi ompared to the product and wood
energy contributions. Burning parts of the barvested logs that are
not used for products creates an additional

]
210

ISipo gnood siih oy vitldd seipe N -

Taylor & Francis



(IPCC 2007, p. 543)

"In the long term, a
sustainable forest
management strategy
aimed at maintaining or
increasing forest carbon
stocks, while producing
an annual sustained yield
of timber, fibre, or
energy from the forest,
would generate the
largest sustained
mitigation benefit".




The future, managing in the face of
uncertainty - assisted migration?

Management and Policy Implications

The earth’s climate is changing and will confinue to do so at a faster rate than in recent history due to
anthropogenic-induced increases in concentrations of greenhouse gases, primarily carbon dioxide (C0,).
(limate change poses a significant challenge for society because it is unlikely that efforts to control
greenhouse gas emissions will eliminate the risk of anthropogenic-induced climate change. A sound forest
carbon policy informed by the best available science represents an important part of the solution because
forests have the potential to ossimilate, accumulate, and sequester large amounts of carbon from the
atmosphere, thus reducing one of the primary drivers of cimate change. Aliernatively, large amounts of
(0, are released when forests are killed, burned, defoliated, or deforested, and carbon may be lost when
forests are converted fo other systems (e.g., shrublands) that have smaller carbon pools. Individual frees
or populations exposed to climate conditions outside their climatic niches may be maladapted, resulting
in compromised produdtivity and increased vulnerability to disturbance. Tree distributions and plant
associations, as we know them today, will change. Although forest managers, policymakers, and scientists
have been working to develop and implement strategies that increase the resistance and resilience of
forests to climate change in western North America, much of this work has not been well-coordinated. By
collaborating with scientists, managers can implement adaptive strategies bused on the best available
science, which in turn informs forest policy. We encouraged flexible management approaches that promote
learning and sharing and recognize the need for a more collaborative approach, in which managers,
policymakers, and scientists of broad expertise from various disciplines and across political borders work
to oddress climate change.

Fettig et al. 2013. Journal of Forestry 111:214-228.

Alaska Village Votes to
Move Due to Climate

We are in a new
realm...
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www.fs.usda.gov/CATreeMortality

www.fire.ca.gov/treetaskforce/

www.readyforwildfire.org/Bark-

Beetles-Dead-Trees/

http://scholar.google.com/citations?
user=SNRHtAMAAAAJ &hl=en



