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1. Climate change       

2. Direct effects

3. Indirect effects on 
resource availability and 
interactions with other 
species (section 4.5)

4. Humans and other 
practical matters 

Subalpine fir killed by balsam woolly adelgid, 
Uinta-Wasatch-Cache National Forest, Utah, 
2018. 

Outline



• “Climate is what you 
expect, weather is what 
you get” 

• Meteorological 
conditions (e.g., temp., 
precip., and wind) 
characteristic of a 
particular place (e.g., 
“Mediterranean”).
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Mark Twain (Samuel L. Clemens), 
noted American author and 
humorist of the late 19th

century.

Climate change
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The vast majority of the earth’s surface has warmed during 
the 20th and early 21st Century, with the largest increases 
observed at mid- to high-latitudes in the Northern 
Hemisphere…



“Alaska: The First Frontier”

www.globalchange.gov/nca4



Since 2000, 18 of the 19 warmest years on 
record have occurred.

Levinson and Fettig 2014 in Climate Change and Global Public Health

Its getting warmer and its getting 
warmer faster….



Time marches on…

2014 2015 2016 2017a

a During a La Niña, the positive phase of the El Niño Southern Oscillation that is associated with 
cooler-than-average sea surface temperatures.

b With the U.S. government shutdown, NOAA/NASA calculations are delayed.  Based on analyses 
provided by UC-Berkeley.

2018a,b



• Most of the warming has 
been attributed to the 
radiative effects of C02, but 
other greenhouse gases such 
as methane, nitrous oxide 
and halocarbons are also 
important.  

• Prior to the Industrial 
Revolution, atmospheric CO2

was stable at ~270 ppm.  
Today, ~406 ppm, and by the 
middle of this century is 
expected to reach 550 ppm 
and to surpass 700 ppm by 
the end of the century 
(IPCC).

w
w

.e
sr

l.n
oa

a.
go

v

Since 1751, 374 billion metric tons of 
carbon have been released from the 
consumption of fossil fuels and cement 
(second most consumed substance on 
earth) production. Half since 1980s. 



• Projections of future 
climates are based on 
assumptions about 
greenhouse gas emissions 
and simulations using global 
climate models (GCMs).

• Differences in the 
formulation and resolution 
of these models and the 
different emission scenarios 
result in a wide range of 
projections.

Projections of climate change 
depend on assumptions (scenarios) 
based on changes in human 
populations, technology, land use and 
global gross domestic production 
(GDP), which in turn influence 
greenhouse gas emissions.  All 
forecast a warmer climate than 
what we experience today.

Projections



Median change in mean annual 
precipitation (left) and air temperature 
(right) compared to the climatic normal 
period (1961-90) based on projection by 
13 global climate models (Fettig et al. 
2013).

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

Projected warming drives persistent 
“megadrought” conditions by the 2040s,
as severe drought stress becomes the norm in 
the southwestern U.S. (Williams et al. 2013).

Williams et al. 2013. Nature Climate Change 3:292-297.

Some projections



4th National Climate
Assessment

USGCRP was established by 
Presidential Order in 1989, and is 
mandated to prepare a 
quadrennial assessment, which 
has become known as the NCA.  
Volume I was released November 
2017.

• “…it is extremely likely that human 
activities, especially emissions of 
greenhouse gases, are the dominant cause of 
the observed warming…there is no 
convincing alternative explanation…” 

• “Continued growth in CO2 emissions will lead 
to an atmospheric concentration not 
experienced in tens to hundreds of millions 
of years.”  

• “There is broad consensus that the further 
and faster the Earth system is pushed 
towards warming, the greater the risk of 
large and irreversible impacts.”



• More frequent extreme weather 
events will increase the frequency 
and magnitude of severe ecological 
disturbances, driving rapid (months 
to years) and often persistent 
changes in forest structure and 
function across large landscapes 
(i.e., the CA example). 

• Climate change will decrease the 
ability of forest ecosystems to 
provide EGS.  

• Tree growth and carbon storage will 
be reduced in most locations by 
chronic higher temperatures, more 
frequent droughts, and increased 
disturbances.

Chapters in Volume II focus on 
impacts to sectors and regions.  
Volume II was released 23 
November 2018.



Direct effects of climate change

• The distribution and 
abundance of a species is 
governed by natality, growth, 
mortality, and dispersal of 
individuals comprising a 
population. These variables 
are influenced by 
environmental factors such as 
climate, among others.

• Fecundity, fitness, phenology 
and voltinism… Ambermarked birch leafminer 

infesting paper birch, Fairbanks, 
Alaska, 2011.



Indirect effects of climate change

1. Habitat and Host Range

2. Disturbances 

3. Host Physiology and 
Phenology

4. Trophic Interactions

5. Land Use and 
Management



1─Habitat and host range…

• Climate is a primary factor regulating the 
distributions of plants (upper treeline = 6.4 °C, 
mean warm season). 

• Climate change causes shifts in the geographic 
distribution of climatic niches of plants, with 
broad implications (e.g., invasive herbivores) .

• Substantial shifts in the geographic 
distributions of bioclimatic envelopes (climatic 
niches) have been projected.

• To the extent that dispersal and resource 
availability allows, invasive species are 
expected to track associated shifts in 
bioclimatic envelopes over time.



The fate of any 
individual, species or 
population will depend on 
genetic variation, 
phenotypic variation, 
fecundity and dispersal 
mechanisms, and their 
resilience and resistance 
to a multitude of 
disturbances.

There will be winners and losers…



Shifts in bioclimatic envelopes

• E.g., increases in grassland and 
montane forest at the expense of 
Great Basin woodland and 
subalpine forest.

• Rehfeldt et al. (2006) suggested 
that ~48% of the western U.S. 
landscape is likely to experience 
climate profiles with no 
contemporary analog for the 
current coniferous vegetation by 
the end of this century.  



2─Disturbances…

Cone Fire, Blacks Mountain 
Experimental Forest, California, 
2003

Mountain pine beetle outbreak, British 
Columbia, 2005



Bark beetles

• 550 species in North 
America.

• Relatively few are 
economically important.

• Regulate certain aspects 
of primary production, 
nutrient cycling, ecological 
succession, and the size, 
distribution and abundance 
of forest trees. 

Robber fly predating on red 
turpentine beetle attracted to 
residual trees following 
harvesting, Eldorado National 
Forest, California, 2005.



Common name Scientific name Primary host(s)

Arizona fivespined ips Ips lecontei Pinus ponderosa

California fivespined ips I. paraconfusus P. contorta, P. jeffreyi, P. 

lambertiana, P. ponderosa

Douglas-fir beetle Dendroctonus pseudotsugae Pseudotsuga menziesii

eastern larch beetle D. simplex Larix laricina

fir engraver Scolytus ventralis Abies concolor, A. grandis, A. 

magnifica

Jeffrey pine beetle D. jeffreyi P. jeffreyi

mountain pine beetle D. ponderosae P. albicaulis, P. contorta, P. 

flexilis, P. lambertiana, P. 

monticola, P. ponderosa

northern spruce engraver I. perturbatus Picea glauca, Pi. x lutzii

pine engraver I. pini P. contorta, P. jeffreyi, P. 

lambertiana

piñon ips I. confusus P. edulis, P. monophylla

roundheaded pine beetle D. adjunctus P. arizonica, P. engelmannii, P. 

flexilis, P. leiophylla, P. 

ponderosa, P. strobiformis

southern pine beetle D. frontalis P. engelmannii, P. leiophylla, P. 

ponderosa

spruce beetle D. rufipennis Pi. engelmannii, Pi. glauca, Pi. 

pungens, Pi. sitchensis

western balsam bark beetle Dryocoetes confusus A. lasiocarpa

western pine beetle D. brevicomis P. coulteri, P. ponderosa

Principle tree-killing species in western U.S.
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Elevated levels of bark beetle-
caused tree mortality on the 

forested landscape

IN GENERAL



Spruce beetle (D. rufipennis)
(increase in summer temps)  

Pinyon ips (I. confusus)
(increase in summer temps X drought)

Western pine beetle (D. brevicomis)
(drought, drought and more drought) 

Mountain pine beetle (D. ponderosae)
(increase in winter temps)



Changes in pest status/impact
(e.g., Ips perturbatus)

• Distribution generally 
coincides with that of its 
primary host, white spruce.  
Other hosts include 
Engelmann, Lutz, and in 
rare cases, black spruce.

• Recorded from Alaska, 
Idaho, Maine, Michigan, 
Minnesota, Montana, and 
Washington, and from 
nearly all of the Canadian 
provinces.

Burnside et al. 2011 (FIDL 180)



• Mountain pine beetle was 
first observed attacking 
lodgepole pine in northern 
Alberta in ~2003 (de la 
Giroday et al. 2012). 

• Has since been documented 
to infest jack pine at leading 
edge of the outbreak 
(Cullingham et al. 2011).

• Populations detected in NWT 
(2012) and Saskatchewan 
(Cypress Hills).  

2007

Range shifts:
MPB, a native goes invasive
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Fettig et al. 2015. Forest Health Monitoring: National Status, Trends, 
and Analysis, 2014

Rocky Mountain Research Station



• Climate change will 
cause phenological 
shifts that may result 
in asynchrony 
between different 
trophic levels (e.g., 
herbivores and host 
plants). 

2007

3─Host phenology and physiology…

Defoliation by gypsy moth, Pennsylvania, 
2009
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Phenology ─ Longer growing seasons
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Climate change has the capacity to cause phenological shifts that 
may result in asynchrony between different trophic levels, 
influencing competitive ratios.

2036-2065Current vs. 1901-1960



Physiology ─ Elevated CO2

• In terrestrial plants with C3

photosynthetic pathways, CO2 

impacts Rubisco (the enzyme by 
which atmospheric CO2 is 
converted to energy in plants) 
and stomatal movement within 
the range of CO2 concentrations 
relevant to climate change.

• Elevated CO2 increases net 
photosynthesis and decreases 
transpiration through reduced 
stomatal conductance and 
increased water-use efficiency.

Curtis and Wang. 1998. Oecologia 113:299-313.



4─Trophic interactions…

• Some fungal pathogens are important in 
regulating insect populations and are likely 
to be impacted by climate change. 

• For example, Entomophaga maimaiga, which 
causes extensive epizootic in populations 
of the gypsy moth in the eastern U.S., 
requires high levels of moisture for 
conidial production and discharge (Hajek 
1999).  Consequently, drought is expected 
to reduce this pathogen’s impact on gypsy 
moth populations (Kolb et al. 2016). 

• Little is known about most of these 
relationships… 



4─Trophic interactions…

• Grosmannia clavigera predominates during 
cool periods but decreases in prevalence as 
daily maximum temperatures approach 
25°C, becoming extremely rare when 
temperatures ≥32°C. In contrast, 
Ophiostoma montium increases as 
temperatures approach 25°C, and becomes 
the predominant symbiont when 
temperatures ≥32°C (Six and Bentz 2007). 

• While important in brood development, it is 
unknown if one fungus is more beneficial 
than the other or if effects vary by 
temperature. 

Deceased mountain pine 
beetle in parental 
gallery.  Note blue stain.



5─Land use and management…

• In response to climate change, 
assisted migration (i.e., the practice 
of planting species outside of their 
current distribution due to 
anticipated changes in the climatic 
niche) has been considered. 

• While most efforts have been 
experimental, large-scale plantings 
could result in unintended 
introductions of other plant and 
animal species and/or provide new 
dispersal routes for established 
invasive species, both with 
unintended impacts to recipient 
communities. William and Dumroese 2013. Journal of Forestry 111:287-297.



5─Land use and management…

• Accidental introduction of 
invasive species, specifically 
plants, is a major concern in areas 
that are rehabilitated after fire 
(Keeley 2006). 

• Cerro Grande Fire in New Mexico, 
2000. 



5─Land use and management…

• Relatedly, prescribed fire and thinning 
of small-diameter trees are used to 
reduce fuels in order to increase the 
resilience of forests to high-intensity 
wildfire, but some studies have shown 
that these treatments promote an 
increase in invasive species richness
(Schwilk et al. 2009). 

• Although hazardous fuel reduction in 
some shrub systems (e.g., wildland urban 
interface) is desirable, treatments 
(mastication, fuel breaks, prescribed 
fire) can facilitate the spread of 
nonnative annuals (Fettig et al. 2018). 

S. Stephens, UCB



Some practical matters…for Alaska

Reductions in ice pack affect oceanic 
and freshwater shipping routes, 
reducing travel time for cargo ships 
(Liu et al. 2013). Climate “refugees” and 

impacts on the distribution 
of plants and animals?



Christopher J. Fettig
cfettig@fs.fed.us

530-759-1708

https://scholar.google.com/citations?
user=SnRHtAMAAAAJ&hl=en&oi=ao

National Assessment of Invasive 
Species (summer 2019)


