Red fir

CalVeg types included: RFR- Red fir (Abies magnifica), white fir (Abies concolor), lodgepole pine
(Pinus contorta)

Sensitivity Assessment

1. Direct sensitivities
= Temperature
o Means and extremes
= Historic
* In general, the climate of the red fir forest can be classified as
cool. At Huntington Lake (elev. 2830 m), nearby the Sequoia
National Monument, mean annual temperature has risen by 1.8
°F over roughly the past century. This trend is most strongly
driven by an increase in nighttime minimum temperatures of 4 °F
since 1915; indeed, months that experience below freezing have
dropped from 6-7 months a year to closer to five. Similar trends
are seen at nearby weather stations (Safford, 2010).
=  Future
* Over the next century, average temperatures in California are
expected to increase by 2-4 °F in winter and 4-8 °F in the summer.
Models indicate that there may be less warming along the
southwest coast but more warming to the north and northeast
(Hayhoe et al., 2004).
o System’s sensitivity, composition and response to temperature
=  Warmer temperatures may partially explain recent die offs of the red fir
at lower elevation stands in the Tahoe National Forest. Low elevation red
fir forests may be converted to vegetation zones like oak woodland or
Douglas fir (Gonzalez, 2010).
=  Precipitation
o Means and extremes
= Historic
* Almost all precipitation occurs between October and March, 80%
of that in the form of snow. Total precipitation ranges from 30 to
60 inches. At Huntington Lake (elev. 2830 m), nearby the Sequoia
National Monument, average annual precipitation has increased
over the past century from 25.6 inches per year in 1915 to 45.6
inches per year in 2009. However, precipitation patterns can be
very heterogeneous both inter-annually and across landscapes
and other, nearby weather stations do not show statistically
significant trends in time or in space (Safford, 2010).
=  Future
o System’s sensitivity, composition and response to precipitation
= The best growth of the red fir appears to occur in areas that receive 30-
49 inches of precipitation. Red fir recruitment is associated with El Nino
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events and may be due to enhanced winter snowpack and soil moisture
levels (North, 2005).

= The red fir/white fir ecotone has been shown to correspond with
snowpack. Red fir dominates in areas that had a high degree of annual
snowpack on April 1; white fir is more common below this. Mean
freezing level during storms from December to March centers on the
ecotone. (Barbour, 1991). Lodgepole pine occupies wet sites in red fir
forests. Dry sites are occupied by the sugar pine, mountain hemlock and
incense cedar.

2. Sensitivity of component species
=  Dominant species
o Red fir forests have increased their density of young trees by about 40% from
1935 to 1992; over the same timeframe however, densities of large trees
decreased by about 50%. Mortality rates in the red fir increased the most in the
smaller size classes. Red fir is considered to be a climax species. Jeffrey pine and
western white pine populations have decreased and are being replaced by more
shade tolerant species like mountain hemlock (Bouldin, 1999). White fir may be
better suited to adapt to the impacts of climate change relative to the red fir.
(Laacke, 1996)
= Ecosystem engineers
o Pocket gophers (Thomomys sp.) burrowing behavior has been shown to reduce
the establishment of red firs in otherwise open patches of land. This can cause a
patchwork effect in forests, increasing heterogeneity (Laurent, 1994).
= Keystone species

3. Sensitivity to changes in disturbance regimes
=  Wildfire

o Fire effects on red fir forests are poorly understood (Caprio, 1999). Fires in the
red fir forest are dominated by low to moderate intensity fires, causing a
patchwork of ages in trees. Relative to ponderosa pine or sugar pine, red fir is
less fire tolerant. Intense fires result in high mortality for red firs. Thus, low
intensity fires are thought to be enough of a disturbance to open up the canopy
(Kane, 2013).

o Lodgepole pine is a pioneer species, quickly establishing and early seral stage
forest after a fire. Red fir seedling establishment occurs usually 3-4 years post
fire.

= Disease

o Dwarf mistletoe is a common ailment in the red fire forest and infests roughly
40% of the stands in California. It can make the tree more susceptible to insect
infestations. Similarly, trees infected by dwarf mistletoe maybe be more
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vulnerable to drought. In lodgepole pine, dwarf mistletoe currently occurs in the
lower elevation forest but not at the upper elevation limits of the pine itself.
o Fir broom rust is common in the central and southern Sierra Nevada but is
generally not lethal.
o Annosus root rot becomes more of a problem in more dense stands.
= Flooding
= [Insects
o A 2006 model estimated that 1.4 million acres of forest were susceptible to high
levels of mortality due to insects and disease, where ‘susceptible’ is defined as
the expectation that 25% or more of the standing tree volume would die over
the next 15 years. Red and white fir are attacked by the fir engraver beetle and
the lodgepole and ponderosa pine are attacked by the mountain pine beetle
(Living Assessment, 2013). In contrast, a 1996 (Laacke) report claimed that
insect infestations are relatively rare in the red fir forest.
= Wind
= Drought
o Red fir appears to be more sensitive to drought than white fir but, red fir also
exhibits poor growth in water logged soils.
o Drought may be an important, negative controlling agent of red fir regeneration
after a fire.

4. Sensitivity to other types of climate and climate-driven changes
= Altered hydrology

o Over the past 50 years, spring snowpack in the Sierra Nevada has decreased by
70-120% although there is a high degree of spatial heterogeneity; snowpack in
the southern portion of the Sierra Nevada has increased. At higher elevations
near Huntington Lake (elev. 2830 m), snowpack has not diminished over the past
century. In fact, snowfall at this weather station showed an increase from 200
inches to 150 inches over the time period of 1915 to 1973 (Safford, 2010). In
general, the reduction in snowpack will likely be greater at lower elevations in
northern Sierra than in the higher elevations in the southern Sierra. Annual
snowpack in the Sierra Nevada could decrease by 20-90% due to future climate
change (Safford, 2010).

o Inthe future, runoff in the winter and early spring may be higher due to earlier
and quicker melting of the snowpack due to warmer temperatures.
Temperature is thought to be more of a controller on peak runoff than is
precipitation. However, under the wettest climate scenario, by 2100 the volume
of flow in some Sierra Nevada rivers could double during the highest flow days
(Miller, 2003).

= Altered fire regimes

o Historically, fire frequency in the red fir forest occurred >50 years but fire
suppression policy instated in the early 1900s has reduced the fire frequency in
these forests (Miller, 2009). A fire exclusion policy was instated in the beginning
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of the early 20" century. Reduced fire frequency increased forest density and
shifted the forest composition to less fire tolerant species and more shade
tolerant species.
Evapotranspiration and soil moisture
o Soilsin red fir forests have very slow nutrient recycling and thus, trees can be
nutrient stressed.
Extreme precipitation and temperature
o Ingeneral, most models predict that the frequency of extreme precipitation will
increase. Estimates range from an increase of 11-40% by 2049 and 18-55% by
2099 (Das, 2011).
Water temperature
o Along the entire western slope of the Sierra Nevada at elevations ranging from
1500-2500 m, climate warming is projected to warm stream temperatures
approximately 1.6 oC for every 2 oC rise in average annual air temperature.
Stream temperatures warmed the most during spring. Between wet and dry
years, stream temperatures reach similar maxima but, warm water conditions
(greater than 18 oC) persisted for 1-2 months during wet years and increased to
3-4 months during dry years. Streams in the central to north portion of the
Sierra Nevada appear to be more susceptible to increases in the average annual
number of weeks stream temperatures exceed 21 oC; the watersheds of the
southern Sierra Nevada appear to be less vulnerable to changes in thermal
regimes (Null, 2012).
Storm frequency and intensity
o Warmer temperatures may cause a greater number of extreme convective
storms, including enhanced occurrence of lightning strikes (Hallett, 2010).

Non-climate Related Threats

Residential and commercial development
Agriculture and aquaculture
Energy production and mining
o Red fir forests were not burned nor cleared for mining.
Transportation and service corridors
Biological resource use
o Red fir forests were not logged historically because they were too far from
timber markets. However, recently their harvest has become more common
because their wood is very valuable.
Altered interspecific interactions
Human intrusions and disturbance
o Red fir forests are considered to be one of the least altered from its “natural
state” by anthropogenic forces. This is due to its relatively high elevation and
rough terrain.
Natural system modification
Invasive and other problem species
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o At higher elevations, there are few invasive species.
= Pollution and poisons
= Geological events

6. Other Sensitivities
=  Management

Adaptive Capacity

1. Extent and Characteristics
= Geographic extent in California

o Red firis limited to high elevations and ranges from the central Cascade
Mountains to southern Sierra Nevada. It typically occurs at elevations above
1800 m. Red fir can also be found at lower elevations in canyons and cool
riparian zones.

o During the Holocene period, the Giant Sequoia could be found upslope and likely
grew above its present elevational range. In contrast, the lodgepole pine was a
key forest component below its current range and was found at lower elevations
(Anderson).

o Sediment cores tell a similar story of shifting species compositions at elevations
now occupied by red fir. During the Pleistocene, these areas were once
occupied by sagebrush. Then a rapid shift (500 year) transition occurred about
12,500 yr BP during which pine trees began to colonize. This shift is likely a
response to the shift from glacial climates. Since the Holocene, the forest has
slowly evolved from a pine forest to the red fir forest seen today (West, 2003).

2. Landscape Permeability
= Barriers to dispersal or fragmentation

3. System Diversity
= Diversity of component species

o The California red fir may be able to hybridize with a more northern species, the
noble fir. The two species can be manually cross pollinated as long as red fir is
the female parent. (Zavarin, 1978).

o The red fir's growth does not correlate well with climate. This may be due to the
fact that red fir commonly grows in a buffered, riparian zone that reduces its
sensitivity to annual climate fluctuations (Hurteau, 2007). Indeed, it has been
shown that the best predictor of tree growth is the red fir is the tree’s diameter
at the beginning of the growth period which explains 58% of the growth patterns
seen in the following 10 years. The second most important predictor variable

Information for the Climate Adaptation Project for the Sierra Nevada 5
FeoAdant (2013)



Red fir

was the crown ratio, of the percent of tree stems that have live foliage on it; this
may be an estimate of tree vigor (Dolph, 1992). In contrast, White fir growth
most closely follows trends in climate (Hurteau, 2007).

o Inthe Pacific Northwest, Lodgepole pine has been found to grow best at sites
with significant spring frost, summer temperatures averaging <15 °C and soils
that fully recharged from snowmelt. In the Pacific Northwest, climate change is
thought to initially expand the habitat for the lodgepole pine but, by 2100, the
expanded habitat will be better suited for other tree species and the lodgepole
pine could be absent from much of its current range (Coop, 2011).

= Community structure
o Red fir forests may be able to extend its range to higher elevations as
temperatures warm and the growing season at elevation lengthens.

= “Pollen of white and red fir (Abies concolor and A. magnifica) and
mountain hemlock suggests that during the early Holocene these species
were only minor components of the Sierra Nevada forests. However, by
approximately 6,000 years ago, each of these species increased in
abundance, perhaps largely in response to changing climate and higher
soil moisture levels (Anderson and Smith1994). Because each of the tree
species that increased during the late Holocene depends upon readily
available soil moisture during the summer growing season, it has been
suggested elsewhere (Anderson 1990) that either a reduction in the
length of the summer dry season, an increase in precipitation during the
winter months (as snow, lasting longer into the spring), a reduction in
temperature causing reduced evaporation, or some combination of these
processes would have favored the above-mentioned conifers.”
(Anderson)

Exposure

A predominant effect of climate change in the Sierra Nevada regions will likely result from
changes in vegetation communities, including loss of conifer dominated vegetation, such as red
fir/ lodgepole pine, especially at higher elevations (Gardali et al. 2011). Based on climate
scenarios, lodgepole pine distributions in California are predicted to increase slightly to 2020,
then decrease significantly by the end of the century (Miller et al. 2003). The loss of red fir /
lodgepole communities in the Sierra Nevada may be accelerated by changes in the severity and
frequency of fire (Gardali et al. 2011). In contrast, Bartlein et al. (1997) characterize lodgepole
pine as a fire-tolerant species, suggesting that more frequent fires may create opportunities for
it to expand (in Yellowstone National Park in Montana) into areas where future climate
supports appropriate fire regimes.

The change in modeled water deficit from present climate to future climate scenarios for
Yosemite National Park is much greater than the change from the Little Ice Age to present. The
increase in temperature projected decreased snowpack and increased summer potential
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evapotranspiration, resulting in modeled increases in deficit of 23% across all plots. Models
showed a significant increase in deficit for all tree species, with deficit exceeding 25% for plots
in Yosemite National Park were occupied by California red fir, lodegepole pine, western juniper,
whitebark pine, western white pine, giant sequoia and mountain hemlock (Lutz et al. 2010). The
forecasted increase in deficit may be partially offset by increases in actual evapotranspiration in
spring and autumn. Individual trees that established c. 1700 may be at risk of deficit related
mortality if they are located near the North American range limit for the species. Some plots in
Yosemite National Park occupied by white fir and red fir may fall into this category (Lutz et al.
2010).

Lutz et al. (2009) found that between the 1930s and 1990s in Yosemite National Park, both
lodgepole pine and white fir had increases in mortality of large-diameter trees throughout their
elevational ranges. In contrast, Millar et al. (2004) found that lodgepole pine in the
southeastern Sierra Nevada exhibited trends of increasing growth throughout the 20" century,
supporting an analysis by Safford et al. (2012) indicating that subalpine lodgepole pine
experienced decreases in mortality in the Sierra Nevada between 1935 and 1992.

Red fir displayed little or no change in large-diameter tree densities in Yosemite National Park
during the 1930 to 1990 period (Lutz et al. 2009). Hurteau et al. (2007) suggest that the poor
climate-growth relationship of red fir in the Teakettle Experimental Forest in southern Sierra
Nevada could be a result of buffering by microclimate at locations within the riparian zone.
Bouldin (1999) found that the greatest increases in mortality patterns of red fir in the Sierra
Nevada from 1935 and 1992 were for smaller size classes (Safford et al. 2012).

For red fir open growing conditions did not improve climate model fit of radial growth patterns.
As forest conditions become increasingly dense from a century of fire suppression, it may
become more difficult to identify species and individuals that can provide the best annual
growth to climate response. Hurteau et al. (2007) suggest that a tree’s annual growth response
to climate can be influenced by its species characteristics and localized differences in stand
density.

Davis and Shaw (2001) suggest that to expect trees to track shifting climate assumes that tree
taxa more readily disperse seed and establish in new regions within current tolerance ranges
than evolving a new range of climatic tolerances. Instead, they suggest that future responses
may be explained in part by intraspecific genotypic differentiation, which is likely to also affect
future biotic response to climate change (Davis and Shaw 2001).

Pests

Increases in temperature regimes and shift in precipitation events may increase the
susceptibility of lodgepole pine to pests. The mountain pine bark beetle (Dendroctonus
ponderosae) is a recognized threat to pine species, primarily lodgepole pine, in western North
America (Coops et al. 2012, Murdock et al. 2013). Studies in western Canada indicate that
increased size and severity of mountain pine beetle outbreaks have been attributed to the
reduced severity of winter temperatures, and to the increased abundance of its principal host,
lodgepole pine (Coops et al. 2012, Murdock et al. 2013).
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Sierra red fox

No information
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