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VULNERABILITY ASSESSMENT 8 WATER RESOURCES

Habitat, ecosystem function, or species
Snowpack and glaciers

Broad-scale climate change effect
Warming winter temperatures, potential shifts in precipitation (unknown direction), and
increased wildfire.

Current condition, existing stressors

April 1 snow-water equivalent (SWE) has been declining throughout the region since the late-
1940s. Glaciers have receded to historical lows during the 20™ century. Historical trends in
snowpacks have resulted from both trends in temperature and precipitation over this period.
Because of the joint forcing, snowpacks at both low and high elevations have seen substantial
declines. Low elevation snowpacks are robustly sensitive to temperature variations while mid-to-
high-elevation snowpacks have joint sensitivity and consequently greater uncertainty.

Sensitivity to climatic variability and change

April 1 SWE, mean snow residence time (length of time snow sits in the snowpack), and center
of timing of snowpack are all sensitive to both temperature and precipitation variations. Warmer
(usually low elevation) snowpacks are somewhat more sensitive to temperature variations than
are colder snowpacks, although both are temperature sensitive. Colder snowpacks are more
sensitive to precipitation, whereas the warmest snowpacks have little sensitivity to precipitation.

Expected effects of climate change

Warming temperatures are consistent among all climate change models, but precipitation differs
substantially among models. Furthermore, precipitation changes projected by global climate
models have high uncertainty in mountain areas.

Places with seasonally intermittent snowpacks will likely see snow more rarely. Some mid-to-
low-elevation seasonal snowpacks will likely become intermittent. Higher elevation snowpacks
may or may not see substantial changes in April 1 SWE, snow residence time, or center of melt
timing, depending on precipitation outcomes. In warmer locations, temperature-dependent
changes are relatively robust even if precipitation increases. In colder locations, a precipitation
increase within the range of projected possibilities could cancel or even overwhelm the effects
of even a relatively large temperature change. Alternatively, a precipitation decrease could
exacerbate projected temperature-related declines.

Glacier accumulation zones are at some of the highest elevations of the region, so may respond
positively if precipitation increases. The annual dynamics of mass balance with respect to input
and output suggest that the equilibrium line (demarcating places where annual snow does not
completely melt each summer) will increase in elevation regardless of a precipitation increase;
where that elevation falls on each glacier will influence glacier response. Most glaciers will be
reduced in volume and area, and may become small enough to prevent movement. If climate at
higher elevations becomes both warmer and drier, the likelihood of glaciers persisting is low.

Increasing soot from forest fires and decreased canopy cover would locally and temporarily

increase glacier melt rates. The accumulation of soot over time from increasing fire occurrence
could endanger glacier energy balances.
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Adaptive capacity
Slight changes in snow accumulation and melt timing can be made with forest canopy
modification. Effects are local and temporary, and costs to maintain conditions would be high.

Risk Assessment
Magnitude of effects: High to low, depending on elevation and winter temperature.

Likelihood of effects: High.
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VULNERABILITY ASSESSMENT 8 WATER RESOURCES

Habitat, ecosystem function, or species
Streamflow

Broad-scale climate change effect
Warming winter and summer temperatures, potential shifts in precipitation (unknown direction),
and increased wildfire.

Current condition, existing stressors

Annual water yield has been declining throughout the region since the late-1940s. Summer low
flows have been declining in concert with declining streamflows. Some locations experiencing
declining streamflows have also seen statistically significant declines in the 2-year flood
(someti mes t er Hsaodicalfpledpitakioh detliheg as.well as temperature increases
have both influenced streamflows across the region, affecting both total flows and seasonality of
flows. Low flows have historically been more strongly affected by precipitation changes than
seasonality shifts, although both are apparent.

Sensitivity to climatic variability and change

Most of the streams in the region depend on snowmelt for runoff, and snowpack changes
integrated over the elevation range of a basin strongly dictate the streamflow response. Effects
can be classed into seasonality and water yield effects. Most precipitation in the western half of
the region comes in early winter and late spring, so streamflow is closely tied to snowpack
changes. In the eastern half of the region, there is a greater influence from summer
precipitation. Warmer locations experience more runoff in winter months and early spring,
whereas colder locations experience most runoff in late spring and early summer.

Seasonality is most strongly affected by winter snowpack accumulation, which is affected by
winter temperature and precipitation. Shallower snowpacks melt earlier than deeper snowpacks,
and the sensitivities cited above for snowpack accumulation apply.

In the western portion of the region, midwinter flooding is common during rain-on-snow (ROS)

events. ROS occurs during warm winter storms (rain instead of snow) occurring during winter

months after a snowpack has accumulated. The primary effect is rapid melt rates caused by

condensation of warm water vapor on the snow. Althougu these are most commonly restricted

to low-mid elevations (warmer and more maritime climates), some atmospheric river related

events can yield rapid melt at high elevations. These events are tied more to circulation patterns

than fAclimatic variability, o and no ¢t (Meseds in thei
midwinter floods are typically among the largest in the river basins where they occur.

Annual water yields are affected by annual precipitation totals (heavily influenced by winter and
spring precipitation in the western part of the region) and summer evapotranspiration.
Temperature is commonly used as an index for evapotranspiration, but care needs to be applied
in recognizing that warm temperatures can also be caused by low moisture availability which is
caused by low precipitation.

Expected effects of climate change

Warming temperatures will reduce snowpack accumulation and advance snowmelt timing.
Despite mixed signals from precipitation and temperature changes in the historical record, future
temperature changes are expected to be higher than historical temperature trends, and future
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precipitation declines are expected to be less pronounced (or potentially have an increase in
precipitation). Earlier streamflow center of timing is expected over much of the region and
summer low flows are expected to be lower. Total yields may decrease due to increased
evapotranspiration, but precipitation amounts are uncertain. Increasing precipitation could
outweigh evapotranspiration effects on total water yields. Decreasing precipitation could
substantially exacerbate annual water yields and low flow declines.

Midwinter flooding is expected to become more common in places where it now occurs and to
occur in more locations. Because ROS-driven flood peaks tend to be much higher, flood
magnitudes are expected to increase in those locations as well.

Adaptive capacity

Substantial engineering capacity exists to adapt to changes in water supply and flood-related
impacts on society, however costs and further environmental impacts could be high. Slight
changes in water yield and timing can be made with forest canopy modification. Effects are
temporary, and costs to maintain conditions over time would be high.

Risk Assessment
Magnitude of effects: High to low across the region depending on local climate.

Likelihood of effects: High to low across the region depending on local climate.
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VULNERABILITY ASSESSMENT 6 FISHERIES

Habitat, ecosystem function, or species

Bull trout (Salvelinus confluentus), primarily the interior lineage. Populations may exhibit
migratory or resident life histories. Migratory fish travel long distances as subadults to more
productive habitats and achieve larger sizes and greater fecundity as adults before returning to
natal habitats to spawn. Fish exhibiting resident life histories remain in natal habitats and mature
at smaller sizes, though often at the same age as migratory adults. Adults spawn and juveniles
rear almost exclusively in streams with average summer water temperatures <12°C (54°F) and
flows greater than 0.034 m3sec (1.2 ft®sec™).

Westslope cutthroat trout (Oncorhynchus clarkii lewisi). This taxon has a complicated lineage
structure that can be roughly broken into a single lineage in the north and east that occupied
and colonized river basins directly influenced by glaciation or glacial dams, and a southern and
western group of several presumably older lineages in basins never directly influenced by
glaciation. These fish also exhibit resident and migratory life history strategies. Spawning and
juvenile rearing can occur in streams smaller (0.0057 m3sec™ [0.2 ft3sec™']) and warmer (up to
14°C [57°F]) than those used by bull trout.

Yellowstone cutthroat trout (O. c. bouvieri). This taxon has an unresolved distribution,
because certain lineages are found in portions of the Bonneville basin, and represent the
geologically driven seesaw of connectivity between the Bonneville and upper Snake River
basins. Undisputed members of this taxon are represented by a single mtDNA clade found
throughout the NRAP region in the Yellowstone and Snake River basins. Life histories, and
presumably spawning and juvenile habitats, are the same as for westslope cutthroat trout.

Broad-scale climate change effect

The primary climate change effects are warming air temperatures and potential changes in the
amount, timing, and type (snow versus rain) of precipitation. Depending on scale and location,
these will generally combine to cause warmer water temperatures, earlier snowmelt runoff,
earlier declines to lower summer baseflows, and downstream contraction of perennial flow
initiation from headwaters. Depending on watershed elevation, the magnitude of peak flows
could increase or decrease. At high elevations where snowmelt drives the flow regime, peak
flows may occur several weeks earlier and be smaller than historical averages. At mid-
elevations where stream hydrographs are transitional between snow and rain, peak flows may
increase and could shift much earlier if rainfall becomes the predominant form of precipitation.
More extreme climatic conditions may also occur more frequently and persist over longer
periods, including higher peak flows from rain-on-snow events, higher temperatures, and longer,
more severe droughts.

Current condition, existing stressors

Bull trout are listed as threatened under the U.S. Endangered Species Act (ESA). Their recent
historical distribution has declined because of water development and habitat degradation
(particularly activities leading to water temperature increases, but also cumulative losses of in-
channel habitat complexity), elimination of migratory life histories by anthropogenic barriers,
harvest by anglers, and interactions with introduced non-native fishes. With respect to the latter,
this involves wasted reproductive opportunities with brook trout (Salvelinus fontinalis),
competition, and predation (in streams, perhaps with brown trout [Salmo trutta]; in lakes, with
lake trout [Salvelinus namaycush]).
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Both subspecies of cutthroat trout have been petitioned under the ESA, but found not warranted
for listing. The distributions of both species have declined substantially (>50%) in response to
the same stressors affecting bull trout, although each subspecies appears to occupy a larger
proportion of its historical habitat and is often found in larger populations at higher densities.
Declines in response to hon-native species can be more severe than in bull trout, perhaps
because bull trout favor such cold environments that non-native species invasions are limited.
Brook trout have replaced cutthroat trout in many waters in the NRAP region, disproportionately
so in the upper Missouri River basin. These invasions seem influenced by the distribution of
low-gradient alluvial valleys that may serve as nurseries for brook trout. Introduced rainbow trout
(O. mykiss) have introgressively hybridized with both taxa of cutthroat trout at lower elevations
(in warmer waters) across their historical ranges, although this is also true in areas where
westslope cutthroat trout are sympatric with native rainbow trout (Clearwater River basin in
Idaho, Kootenai River basin in Idaho-Montana). Lake trout have decimated local stocks of
Yellowstone cutthroat trout in Yellowstone Lake.

Sensitivity to climatic variability and change

Bull trout evolved in western North America in interior and coastal basins exhibiting a wide array
of flow characteristics and natural disturbance at scales from reaches to riverscapes.
Nevertheless, habitats satisfying the restrictive thermal requirements of juveniles are rare, and
little evidence exists for flexibility in habitat use. The length of connected habitat needed to
support a bull trout population varies with local conditions, but current estimates suggest a
minimum size of ~307 50 km (207 30 mi) to achieve a probability of occupancy of 0.9, contingent
on water temperature, non-native species presence, and local geomorphic characteristics.
Whether migratory life histories confer greater resistance to extirpation is uncertain.

Juvenile cutthroat trout occupy a broader thermal and stream size niche than do bull trout. They
also appear to persist in smaller habitat patches. Nonetheless, they still require coldwater natal
habitat patches exceeding ~5i 10 km (3i 6 mi) to have a high probability of persistence, and this
value depends on non-native species presence and geomorphic conditions.

Expected effects of climate change

Warming temperatures will cause downstream boundaries of suitable thermal habitats to retreat
upstream. Both species reproduce in some of the coldest streams in this region, thus
opportunities to colonize waters that are currently too cold will be limited, especially for bull
trout. The initiation and permanency of perennial flow will retreat downhill, and declines in
summer flow will reduce habitat volume (and fish abundance) in perennial channels. The largest
habitat patches will decline in size and may fragment into smaller patches. Small habitat
patches may shrink below thresholds necessary to support a population. Invasive species more
tolerant of warmer temperaturesd brook trout, rainbow trout, brown trout, and possibly
smallmouth bass (Micropterus dolomieu)d will encroach further upstream and depress or
replace native salmonid populations.

Less water, hostile environments, and declining connectivity (e.g., from water development)
would favor resident life histories, as would greater separation between spawning and adult
growth habitats. Smaller populations of both species will be more susceptible to extirpation from
local environmental disturbances (such as debris torrents following fire, or larger and more
frequent floods). In addition, regional weather patterns are likely to synchronize population
responses and vulnerabilities; in years of extreme drought and high summer water
temperatures, populations in small habitats across the area may be at risk of extirpation.
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Adaptive capacity

There is little evidence within fish species of rapid evolutionary adaptation to warmer water
temperatures. Collectively, the genus Salvelinus is restricted to coldwater habitats throughout
the Northern Hemisphere, often the coldest waters occupied by any salmonid fish. Although
cutthroat trout can reproduce in warmer water temperatures, they are similarly constrained
evolutionarily and are more exposed to non-native species in warmer areas.

Under circumstances in which migration is feasible, whether migratory or resident life histories
are favored involves how fish metabolic rates, water temperature, and stream productivity
interact to influence juvenile growth and adult survival. Which life history might be more
successful as climate changes is unknown.

Risk Assessment

Global climate models project relatively consistent amounts of warming by the 2040s, but more
variability by the 2080s because of uncertainties associated with future greenhouse gas
emissions. As a result, bull trout populations are expected to decrease at most locations and be
extirpated from some by 2040. Those trends may intensify by the 2080s, but with greater
uncertainties as noted above. For cutthroat trout, future declines are expected to be less severe
because this species can persist in smaller habitats and reproduce in warmer reaches. The
distribution of both native species may be altered by responses of non-native fishes to climate
change. Changes in winter flood frequency may limit habitat gains for brook trout, but most non-
native species are expected to advance their distributions upstream to track warming
environments.

Magnitude of effects: Moderate for bull trout by 2040s, high by 2080s; low for cutthroat trout by
2040s, moderate by 2080s.

Likelihood of effects: High for 2040s (all taxa), moderate for 2080s.
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VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Alpine larch

Broad-scale climate change effect
Warming temperatures, longer growing seasons, smaller snowpacks that persist for shorter time
periods, less summertime water, possible summertime droughts, and increased fire.

Current condition, existing stressors

The species is found in moist upper subalpine cove sites with abundant above- and below-
ground moisture. It exists in mixed stands of whitebark pine and sometimes subalpine fir and
can form extensive stands in sub-irrigated upper subalpine areas.

Sensitivity to climatic variability and change

It is very shade-intolerant and intergrades with western larch. While this species is quite
sensitive to shifts in climate, it may initially increase because it may colonize upper subalpine
non-forest sites more quickly than other species. However, the newly established individuals
may be unable to survive to maturity as temperatures and drought increase, climates become
more variable, and fires increase in the upper subalpine zones (the species is susceptible to
damage from fire).

Expected effects of climate change

Growth rates in alpine larch will likely increase with increasing temperatures, and it will likely
populate upper subalpine and treeline ecotones because of wind-aided seed dispersal and
evergreen regenerative properties. Increased fire may reduce many stands that historically were
too wet to burn. On mesic sites, an enhanced growing environment may increase competition
from other more competitive, shade-tolerant conifers. A lack of whitebark pine seed caching
because of depressed cone crops may favor alpine larch dominance in areas that currently lack
trees (e.g., treeline, subalpine balds, meadows, glades). On xeric sites, a lack of summertime
ground water may contribute to higher water stress and lower growth rates, and years with deep
droughts may kill established regeneration. Alpine larch may decline in those areas with lower
water availability and declining groundwater flow.

Adaptive capacity.

Its specific habitat requirements may make it difficult for alpine larch to remain on the landscape
over the long term. Short-term gains in alpine larch encroachment in upper subalpine and
treeline glades and meadows may be lost in those years with deep drought. Effective, long-term
establishment of alpine larch may depend on its ability to disperse seed to areas with sufficient
moisture.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Cottonwood (Black cottonwood [Populus trichocarpa], narrowleaf cottonwood [P. angustifolia],
and plains cottonwood [P. deltoides])

Broad-scale climate change effect
Warming temperatures, decreasing snowpack, and an increase in severity and frequency of
wildfires.

Current condition, existing stressors

There has been a reduction in area of cottonwood due to conversion and development of
floodplains. Composition and structure of cottonwood forests have been altered because of
changes in stream flow regimes (e.g., dams and loss of peak flows, and diversions and thus
less water in the stream channel). Structural alteration (typically simplification) of the channel
through levees and bank armoring structures has likely contributed to channel widening, or
channel incision and loss of floodplain interaction. Non-native trees (e.g., Russian olive and
tamarisk) are present along rivers and streams in eastern Montana. Increased drought stress
will likely favor these drought-tolerant species over cottonwood. Additional stressors include
roads, and domestic and native ungulate browsing (particularly on young cottonwoods).

Sensitivity to climatic variability and change

Any alteration of natural flow regime (e.g., timing, magnitude and duration) will affect floodplain
interaction and plant-available water. Less plant-available water results in reduced recruitment
and establishment of seedlings (cottonwoods regenerate primarily by seed). With decreased
stream flows and floodplain interaction (due to lower flows and/or stream incision), there will
likely be a shift in streamside vegetation to upland species, along with reduced growth and
regeneration, and increased mortality, of cottonwood and associated riparian species. Since
cottonwoods are shade-intolerant, conifers, which establish on the drier fluvial surfaces, can
grow tall enough to eventually shade out the younger cottonwoods, which affects cottonwood
recruitment and long-term persistence. The size of cottonwood forests will decrease as fluvial
surfaces are less frequently inundated because of flow alteration.

Expected effects of climate change

As snowpacks decline and melt earlier, there will be a shift in timing of peak flows to earlier in
the season, potentially before cottonwood seed is viable for germination. This shift in timing of
peak flows may result in both decreased germination and establishment of young cottonwoods.
Increased demand for water (additional diversions, reservoir expansions) and increased
browsing pressure (as adjacent upland vegetation senesces and desiccates earlier in the
growing season) will also likely lead to a decline in cottonwood.

Adaptive capacity

Plains cottonwood may be more persistent in the future because it occurs on finer-textured soils
where there is greater plant available soil water. Black and narrowleaf cottonwood typically
occur in coarser substrate, which will become drier as flows are lower and recede earlier than in
the past, or are attenuated due to diversions. Seedling and sapling mortality may increase in
these species. Plains cottonwood regeneration occurs with episodic flooding, whereas black
and narrowleaf cottonwood regenerate with 1-3 year bankfull flow return intervals; therefore
plains cottonwood will likely be more adapted to irregular flows (in timing, magnitude and
duration) that may occur with climate change.
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Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Douglas-fir

Broad-scale climate change effect
Increased temperatures, and increased soil moisture deficits, especially at lower elevation dry
sites.

Current condition, existing stressors
An increase in forest density has put the species at risk of increased mortality from fire. Root
disease is a major cause of Douglas-fir mortality in northern Idaho and western Montana.

Sensitivity to climatic variability and change

This species has a specialist adaptive strategy at low to mid elevations and generalist adaptive
strategy at higher elevations, particularly on the eastside. It is sensitive to increasing
temperatures and increasing soil moisture deficits which in turn will predispose Douglas-fir to
other related mortality agents such as insect and disease.

Expected effects of climate change

At lower elevation, southerly aspects, ponderosa pine will be better able to cope with moisture
deficits and disturbances such as fire and spruce bud worm than Douglas-fir. There will be
fewer seed sources with increased area burned and cone production problems associated with
spruce bud worm. There may be an increase in Douglas-fir mortality because of root disease on
mesic sites. Higher elevation southerly slopes may become suitable for Douglas-fir with
increasing temperatures.

Adaptive capacity

Douglas-fir has a specialist adaptive strategy at low to mid elevations, and generalist adaptive
strategy at higher elevations. It is highly adaptive to a large range of moisture and temperature
gradients. In moist forest settings, Douglas-fir is a relatively short-lived seral species due to the
influence of two root diseases. However, with warming temperatures and a possible decrease in
summer moisture, Rocky Mountain Douglas-fir may increase on mesic sites.

There is no opportunity for hybridization with the coastal Douglas-fir subspecies since
distributions do not overlap.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Engelmann spruce

Broad-scale climate change effect
Increased disturbance frequency and severity, highly variable weather and climate, decreasing
snowpacks, and lengthening growing seasons.

Current condition, existing stressors

Engelmann spruce is usually associated with fir in the Northern Rockies. It occurs as a minor to
major component of many subalpine forests and only dominates in wetland or special land
types. Fire exclusion has increased abundance of this species on many subalpine and upper
subalpine landscapes. Many current stands have high densities, and trees may be stressed
from competitive interactions, resulting in increasing susceptibility to disturbances. Increasing
drought could further exacerbate competitive stress and increase mortality.

Sensitivity to climatic variability and change

The species has an intermediate adaptive strategy and intermediate phenotypic plasticity. Like
fir, spruce is highly susceptible to changes in climate. It is not as an aggressive competitor and
often is only a minor component of a stand. It is highly vulnerable to drought and wind.
However, it can quickly regenerate on severely burned microsites, provided there are seed
sources.

Expected effects of climate change

With higher temperatures and increased drought, losses of spruce in the drier portions of its
range are likely, especially in those seasonal moist sites that will now be dry. It is not well-
adapted to fire, and thus widespread mortality is expected in burned areas, but fire mortality
may be offset by increased post-fire regeneration on mineral soil substrates. The species may
increase in abundance in the upper subalpine when snowpacks become consistently lower and
soil becomes drier, thereby allowing spruce to encroach into glades, meadows, and balds.

Adaptive capacity

The species has an intermediate adaptive strategy with strong opportunities to hybridize with
Picea glauca. Hybrids may be more suited to future climates, and hybridization is another key
driver in speciation.

Exposure
Low

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Grand fir

Broad-scale climate change effect
Increasing drought, longer growing seasons, increased fire and disease, and highly variable
weather.

Current condition, existing stressors

Fire exclusion has allowed increased establishment of grand fir in dry and mesic sites, but
increased tree densities have also stressed fir trees, contributing to increased fuel loadings,
higher root rot, and greater insect damage and mortality.

Sensitivity to climatic variability and change

This species has a generalist adaptive strategy with high phenotypic plasticity. It is a late-seral,
shade-tolerant species that is highly susceptible to fire. Grand fir often occurs in areas where
competition and tree density is high; highly stressed trees are more susceptible to climatic
fluctuations and trends.

Expected effects of climate change

On xeric sites, increased drought and longer growing seasons will exacerbate grand fir stress
from competition, resulting in high mortality mainly from insects and disease. Longer fire
seasons and high fuel loadings from fire exclusion will also result in reduced abundance of this
species. On the mesic sites, longer growing seasons coupled with higher temperatures may
increase growth rates and regeneration success, thereby increasing tree density and
competition. Fire will reduce grand fir dominance at landscape and stand scales.

Adaptive capacity
The species has a generalist adaptive strategy. The only genetic differences are between races
(blue and green race). Increases in disease, insects, and fire may reduce populations.

Exposure
Low

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Green ash

Broad-scale climate change effect
Warming temperatures, decreasing snowpack and an increase in severity and frequency of
wildfires.

Current condition, existing stressors
Domestic and native ungulate herbivory has affected both structure and composition of these
communities.

Sensitivity to climatic variability and change

Green ash has a broad ecological amplitude and can survive droughty conditions, but persists
optimally in moist sites. As soil moisture declines, marginal sites may become less favorable for
regeneration and survival of young trees. There is increased vegetative regeneration and
decreased production of seedlings following fire. Fire often kills green ash seed on or near the
soil surface, restricting seedling recruitment to surviving seed-producing trees.

Expected effects of climate change

Green ash may benefit from increased temperatures. In one study, seedling growth increased
with increasing soil temperatures from 50 to 70 °F. Green ash may also respond favorably to
increased fire. Both root crown and epicormic sprouts are typical following disturbances such as
fire. Fire is likely very important in woody draws and riparian areas of the Great Plains.
Research has suggested that, historically, low-severity fires promoted ash regeneration by
thinning stands and stimulating sprouting. Browsing pressure on green ash and other
associated species will likely increase with increased drought, as upland grasses and forbs
desiccate and senesce earlier, or are replaced by invasive, less palatable species.

Adaptive capacity

Since green ash communities are already fire-adapted (most associated species display some
fire tolerance and/or postfire sprouting ability), increased fire will likely not affect most of the
moister communities. However, those communities associated with moist upland microsites
(e.g., northeast facing residual snow-loaded depressions) may experience more drought stress
as snowpack declines and melts sooner, and regeneration may decrease, eventually resulting in
loss of those communities.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Limber pine

Broad-scale climate change effect
Warming temperatures, less snowpack, variable precipitation during the growing season,
potential increase in precipitation in the eastern portion of Northern Rockies.

Current condition, existing stressors

Limber pine has been reduced in abundance as a result of exotic white pine blister rust
infections, native mountain pine beetle outbreaks, and continued fire exclusion. Limber pine
dwarf mistletoe, combined with other stressors such as drought, can result in high mortality. Fire
suppression on the east side of the Rockies has resulted in limber pine encroachment of
rangelands.

Sensitivity to climatic variability and change

The species is shade-intolerant and is an early-seral to pioneer species following fire or tree
removal. Limber pine has difficulty competing with other encroaching species on more
productive sites. There is little to no reproduction once tree densities are below 10 trees per
acre (lack of effective pollination cloud), and those seeds that are produced have increased
likelihood of inbreeding. A minimum of 10 cone-bearing trees per acre is needed for dispersal by
birds (i.e., corvids), as birds move to other conifer seeds when densities are below 10 trees per
acre.

Expected effects of climate change

With warming temperatures, there may be increased growth; larger seed crops; increased seed
dispersal into burned areas due to bird dispersal; lower seed germination; loss of
ecotomycorrhizal associations; increased competition from wind-dispersed conifers; less blister
rust infection, except in wave years; and higher blister rust and dwarf mistletoe infections on the
eastside if precipitation increases. Suitable substrates may not exist upslope (most common
occurrence on Entisols).

Adaptive capacity

Li mb e r npeimedéate adagtive strategy is largely driven by the timing of pollen cloud
dispersal (elevational effect). Limber pine is highly adapted to populating burned areas, which
are projected to increase in the future, using both wind and corvid-mediated dispersal. The
species is a poor competitor on more productive sites. If future fires are larger, there will be less
competition from other subalpine conifers.

Limber pine has moderate genetic variation (capacity) in blister rust resistance. A major gene
resistance to blister rust has not been identified in several studies of interior populations, and
warmer temperatures favor expansion of alternate host species (Ribes, Pedicularis and
Castelija). There is little to no opportunity for limber pine to hybridize with western white pine
due to non-overlapping species distributions. Limber pine is at very high risk of loss of disjunct
and isolated populations due to genetic drift, ineffective pollen cloud, and substrate availability.
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Exposure
Moderate

Risk Assessment
Magnitude of effects: Low

Likelihood of effects: Low
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Lodgepole pine

Broad-scale climate change effect
Increasing temperatures, longer drought periods, and increasing fire occurrence, frequency, and
severity.

Current condition, existing stressors

Advancing succession due to fire exclusion is contributing to declines in lodgepole pine in many
areas. Current increases in burn areas are creating many new lodgepole pine stands, and some
may become stagnated thickets. Increased drought may exacerbate stress from other factors,
including competition, endemic insects and diseases, and wind. Warming temperatures may
heighten bark beetle activity, resulting in more frequent and severe epidemics.

Sensitivity to climatic variability and change

Lodgepole pine has a specialist adaptive strategy, and low phenotypic plasticity. It is a shade-
intolerant conifer that has a wide climatic amplitude in subalpine areas; lodgepole pine occurs
on a wide variety of soil types and may be the only species to inhabit infertile and well-drained
sites. It is moderately drought-tolerant. Its reproductive success depends on level of serotiny,
and it is well-adapted to colonize post-burn environments. Lodgepole pine is highly susceptible
to bark beetles, especially when stressed from endogenous and exogenous factors such as
competition, fire damage, and drought. The species is also highly susceptible to western gall
rust and Comandra rust.

Expected effects of climate change

Longer droughts and warmer temperatures may decrease growth and regeneration on the driest
sites (lower elevation lodgepole stands). Lodgepole pine is well-adapted to increases in fire
occurrence and size, depending on level of serotiny, but it may be eliminated from sites where
fires reburn stands before established seedlings and saplings become reproductively mature. In
mesic subalpine sites, continued fire exclusion coupled with higher productivity may heighten
competitive interactions and stress more lodgepole pine, thereby increasing mortality, insect
and disease vulnerability, canopy and surface fuels, and accelerating succession toward
subalpine fir. Conversely, increasing fire may result in lodgepole pine expansion, even when
fires are large and severe. Increasing insect (i.e., bark beetle) outbreaks may further
acceleration towards non-host, shade-tolerant species. Where lodgepole pine regeneration
increases, it functions as a nurse crop to facilitate establishment of other species.

Adaptive capacity

Lodgepole pine has a specialist adaptive strategy and is especially adapted to occupy post-burn
landscapes that may be more common in the future. It is highly susceptible to increasing bark
beetle outbreaks, especially on landscapes dominated by mature individuals. Varying levels of
serotiny allow the species to both occupy new upper subalpine environments while also
regenerating after fire. Its intolerance of deep droughts may reduce its capacity along the xeric
edges of its current range.

Exposure
High
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Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Mountain hemlock

Broad-scale climate change effect
Increased temperatures, increased area burned, and increased drought.

Current condition, existing stressors
Mountain hemlock is susceptible to frost at higher elevations.

Sensitivity to climatic variability and change

The species has an intermediate to generalist adaptive strategy and intermediate phenotypic
plasticity. It is very shade-tolerant, and it can thrive in locations with Armillaria where other
species are more susceptible. However, mountain hemlock is highly susceptible to fire damage
due to thin bark and a shallow rooting habit. It is moderately susceptible to Heterobasidion
annosum and Phellinus weiri. It is also susceptible to drought (top die back) in established trees,
and has lower growth potential with soil moisture deficits. The seedling stage will likely be most
susceptible to increasing temperatures and decreasing soil moisture.

Expected effects of climate change
Mountain hemlock may see range restriction to northerly aspects and stream bottoms. There
may be sensitivity to increased area burned, with high mortality in seedlings and saplings.
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Ponderosa pine i var. ponderosa

Broad-scale climate change effect
Increasing temperatures, deeper and longer droughts, increasing fire severity and occurrence,
longer growing seasons, and shorter dormant seasons.

Current condition, existing stressors
Grand fir and Douglas-fir compete with this species.

Sensitivity to climatic variability and change

This species has an intermediate adaptive strategy at low to mid elevations and a specialist
adaptive strategy at higher elevations (above 5,000 feet). It is an early- to mid-seral species,
has moderate phenotypic plasticity, little shade-tolerance, and is less adapted to drought than
Pinus ponderosa var. scopulorum.

Expected effects of climate change

Increasing fires may have both beneficial and detrimental effects (high uncertainty) on the
species. Dwarf mistletoe and western gull rust may decrease. There will likely be a loss of
disjunct and isolated populations on edges of the species range. Suitable substrates may not
exist upslope, which impedes both natural and artificial regeneration, and there is limited
ecotomycorrhizae availability at higher elevations. With increasing temperatures and drought,
there may an increase in pine beetles (western and mountain) outbreaks in this species.

Adaptive capacity

This species has an intermediate adaptive strategy at low to mid elevations and a specialist
adaptive strategy at higher elevations (above 5,000 feet). It has moderate phenotypic plasticity
and is less adapted to drought.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Ponderosa pine i var. scopulorum

Broad-scale climate change effect
Increasing temperatures, deeper and longer droughts, increasing fire severity and occurrence,
longer growing seasons, and shorter dormant seasons.

Current condition, existing stressors

There have been increasing mountain pine beetle outbreaks, advancing competition, increasing
western pine shoot borer occurrence, and increases in fire severity and intensity in areas where
this species occurs.

Sensitivity to climatic variability and change

Declining precipitation may cause declines in regeneration. The species is an early- to mid-seral
species, has a generalist adaptive strategy, high phenotypic plasticity, and moderate to high
drought tolerance.

Expected effects of climate change

There will likely be a decrease in dwarf mistletoe and western gull rust damage in this species,
and an increase in competitive capacity. Effects of increased area burned are uncertain. This
species is more vulnerable to loss of disjunct and isolated populations, as compared to var.
ponderosa, and there is a high occurrence of inbreeding in disjunct, isolated populations.

Adaptive capacity
This species has a generalist adaptive strategy, high phenotypic plasticity, and is better adapted
to drought than var. ponderosa.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Low

Likelihood of effects: Low
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Quaking aspen

Broad-scale climate change effect
Warming temperatures, decreasing snowpack, and an increase in severity and frequency of
wildfires.

Current condition, existing stressors

Aspen is a fire-maintained, early-seral component of a forested community. Stands are
declining in number and size. Stressors include competition with and shading by conifers,
typically due to fire exclusion, domestic and native ungulate herbivory, and increasing
temperature coupled with declining precipitation.

Sensitivity to climatic variability and change
Aspen is most persistent on moist to wet soils; it does not tolerate extended drought. However,
it is highly fire-adapted and regenerates abundantly after stand-replacing fire.

Expected effects of climate change

Aspen plant communities on warmer and drier sites could decrease in size due to water deficit.
Some stands may have significant mortality with little or no regeneration (often due in large part
to herbivory). Sudden aspen decline (SAD) has been associated with severe, prolonged
drought, particularly in aspen stand®@n(enhat are on
inherently warmer and drier sites than those typically considered optimal for aspen persistence).
There will be fewer and smaller stands, and of those that persist, there will be increased plant
stress due to increased severity of summer droughts. However, increased fire frequency will
likely favor aspen regeneration by removing shading conifers. Younger stands (<40 years old)
are more resilient to drought, so more frequent fires could favor aspen on moister sites.
However, severe fire and reburns may kill shallow root systems and eliminate some stands in
hotter and drier settings. Photosynthetic rates appear to increase more in aspen (than other tree
species) with increases in atmospheric carbon; however, this may be offset by increased
atmospheric ozone, which reduces growth rates and photosynthesis, and may increase
susceptibility to insects and disease. There may be higher herbivory (browsing) on regenerating
stands as adjacent upland vegetation senesces and desiccates earlier in the growing season.
Where mountain pine beetle has caused conifer mortality (especially in lodgepole pine),
suppressed aspen stands may release and regenerate once the canopy is open due to
lodgepole pine mortality.

Adaptive capacity

Aspen distribution may shift upslope or to northeast (cooler, moister) aspects if drought and
repeated fire causes mortality on the warmer, drier sites. Riparian aspen communities will likely
persist, particularly if the sites remain moist throughout the growing season and increased fire
burns the riparian zone, killing conifers. Fire will favor aspen, but prolonged drought will cause
mortality. Younger aged stands (<40 years) may be more resilient to drought.

Exposure
Moderate
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Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Subalpine fir

Broad-scale climate change effect
Increased disturbance frequency and severity, highly variable weather and climate, decreasing
snowpack, and lengthening growing seasons.

Current condition, existing stressors

Fire exclusion has increased abundance of this species on many subalpine and upper subalpine
landscapes. Many current stands have high densities, and trees may be stressed from
competitive interactions resulting in increasing susceptibility to disturbances. Increasing drought
could further exacerbate competitive stress and increase mortality.

Sensitivity to climatic variability and change

The species is highly vulnerable to subtle changes in climate. It is a shade-tolerant species that
is an aggressive competitor in subalpine areas; uniquely adapted to quickly occupy gaps in
subalpine forest canopies; relatively intolerant of drought; unable to mature when seasonal
drought is common; not adapted to disturbance, especially fire, with high mortality even after
low severity fires; and has frequent cone crops.

Expected effects of climate change

Longer growing seasons and reduced snowpacks will increase regenerative success, especially
in those high-elevation areas where snow historically controlled regenerative success. Higher
productivity in subalpine forests may increase regeneration and species densities, eventually
resulting in high competitive stress, making these fir stands vulnerable to high mortality and
therefore less resilient. Declines of the species on drier sites may result from new drought
regimes, reducing regeneration success. Increases of the species on moister sites will result
from increased regeneration and competitive advantages. Fir may gain in upper subalpine and
timberline environments that are controlled by snow dynamics. Fir could also increase because
of rust-facilitated declines in whitebark pine. Increased fire would decrease fir throughout the
Northern Rockies. The future of subalpine fir will depend on both fire suppression levels and
climatic responses.

Adaptive capacity

The species has a generalist adaptive strategy. Increasing fire will dramatically reduce
subalpine fir populations to historical levels. Fire exclusion may foster subalpine fir
encroachment into larch, lodgepole pine, and whitebark pine late-seral stands. Increasing
subalpine temperatures may increase fir growth and accelerate succession toward fir-dominated
stands. However, as competition increases, the warmer climates may facilitate increased
mortality from insects and disease as trees become more stressed from high densities.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Western hemlock

Broad-scale climate change effect
Longer growing seasons, warmer temperatures, and highly variable weather.

Current condition, existing stressors
Western hemlock is confined to the moister portions of the Northern Rockies. It is susceptible to
Heterobasidion annosum, and Echinodontium tinctorium, and has high tolerance to Armillaria

Spp.

Sensitivity to climatic variability and change

Provisionally, the species tends to have a generalist adaptive strategy. It has high shade
tolerance; needs ample moisture (> 3 5 ds)sysceptible to spring frost; is good competitor; and
is a high seed producer. Its seed viability only lasts one year in the soil bank. It is susceptible to
acid rain and is ash cap dependent.

Expected effects of climate change

The current distribution of the species may not shift. It is vulnerable to water deficits and thus
declines are possible on drier sites. Since the species is ash cap dependent, migration may be
retarded on sites without ash cap soils.

Adaptive capacity
The species has an inferred or putative generalist adaptive strategy. It is susceptible to early
frost.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Western larch

Broad-scale climate change effect
Increased temperature and increased drought.

Current condition, existing stressors

An increase in density has put western larch, especially large trees, at increased risk of mortality
from fire. Past selective harvest and lack of fire have reduced the species distribution and
density. Very large larch trees are especially rare.

Sensitivity to climatic variability and change

The species is very sensitive to changes in temperature. Spring frosts often reduce pollen and
cone and seed production, which leads to sporadic seed years. Western larch regeneration is
very sensitive to high temperatures, and regeneration may decrease on hotter, southerly slopes.
Rising temperatures and increasing soil moisture deficits will affect potential distribution. An
increasing amount of fire will likely benefit larch, as long as it is not in overly dense forests with
trees of poor vigor, which would not provide adequate seed after fire.

Expected effects of climate change

With warming temperatures, western larch will likely migrate to more northerly aspects. Larger
fires may facilitate larch regeneration because the larger larch trees may provide the only seed
on burned areas. Also, increased drought on drier sites may exacerbate competition stress
caused by invading shade-tolerant species.

Adaptive capacity

The species has an intermediate adaptive strategy. Larch is adapted to warm moist and cool
moist settings and has a high adaptive capacity in these settings. Wind disperses western larch
seed further than that of many associated tree species, so it can take advantage of areas newly
opened from harvest or fire. Larch has few insect and disease stressors and is adapted to
relatively frequent mixed-severity fire. However, western larch has a low capacity to regenerate
on drier (more southerly) sites.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: Very high
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Western redcedar

Broad-scale climate change effect
Longer growing seasons, warmer temperatures, highly variable weather.

Current condition, existing stressors
Western redcedar is susceptible to root and butt disease but has low susceptibly to pathogens.

Sensitivity to climatic variability and change
The species has a generalist adaptive strategy and high phenotypic plasticity. The species is
highly shade-tolerant, long-lived, has good seed production and good vegetative potential.

Expected effects of climate change

Western redcedar growth rates may increase with warming temperatures. Effects of increased
area burned on the species are uncertain. Early warming followed by frost in the late
winter/early spring may facilitate red-belt and adversely affect western redcedar. Cedar flagging
may occur during drought (where entire branches are shed), which interferes with seed
production. The species is ash cap dependent, which may prevent it from migrating to
wetter/warmer sites.

Adaptive capacity
The species has a generalist adaptive strategy, and high phenotypic plasticity. Cold/warm
cycles early in spring or winter may cause red belt.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Western white pine

Broad-scale climate change effect
Warming temperatures, longer growing seasons, increased fire, and increased drought.

Current condition, existing stressors

There have been increases in Armillaria, and mountain pine beetle in western white pine.
Needle blight is an issue with cool-wet protracted springs. Seed sources are vulnerable to fire
damage. It is possible that species may not meet critical thresholds for regeneration
establishment (10 trees acre™) in some areas, resulting in an ineffective pollen cloud, no seed
production, and higher probability of inbreeding.

Sensitivity to climatic variability and change

The species has a generalist adaptive strategy with high phenotypic plasticity. The species has
moderate shade tolerance, is early- to mid-seral, has good competitive ability and up to three
years of seed viability in the soil bank.

Expected effects of climate change

Expected effects of climate change on western white pine include increased growth; increased
abundance with less grand fir provided there is a seed source or planting; and less blister rust
infection due to high temperatures and lower relative humidity (except for wave years). If a seed
source exists, fire will increase the growing space, providing for regeneration potential. The
species is dependent on ash cap on many sites, which may prevent migration to wetter/warmer
sites. It will have limited ecotomycorrhizae availability at higher elevations. Suitable substrate
may not exist upslope, so migration may not be expedited (most common on Andisols). Both
natural and artificial regeneration may occur with drought. Pole blight may occur.

Adaptive capacity

The species has a generalist adaptive strategy and high phenotypic plasticity. Its cold hardiness
may i nfl uence di st cuirebtiatkiofemibundanténeay isflpemce itseaedn the
moist forest ecosystem. It is especially adapted to future climates in the mesic regions of the
Northern Rockies. There could be major expansions into historical ranges and the subalpine as
rust-resistance increases in western white pine populations.

Exposure
Moderate

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 TREE SPECIES

Habitat, ecosystem function, or species
Whitebark pine

Broad-scale climate change effect
Warming temperatures, lower snowpacks, highly variable weather, increasing fires and
increasing insect and disease outbreak frequency and severity.

Current condition, existing stressors

There is a reduced abundance of whitebark pine as a result of white pine blister rust infections,
native mountain pine beetle outbreaks, and continued fire exclusion. Cold hardiness in
seedlings and saplings allows survival in frost pockets and swales.

Sensitivity to climatic variability and change

The species is shade-intolerant and has an inability to compete with encroaching conifers
because of low growth rates. There is little to no reproduction when tree densities are below 10
trees per acre (lack of effective pollination cloud) and there is a minimum cone-bearing tree
density required for dispersal by corvids (i.e., nutcrackers).

Expected effects of climate change

On many upper subalpine sites, there may be increased growth and larger seed crops of
whitebark pine. There will likely be seed dispersal into burn areas with bird-mediated dispersal,
provided there are adequate seed sources. However, there will likely be lower seed germination
due to warmer, drier conditions. Losses of ectomycorrhizal associations are possible. There
may be a lack of suitable substrates as the species moves upslope (it is most common on
Inceptisols). There may be increased competition from wind-dispersed, shade-tolerant conifers
with fire exclusion. However, there may be less blister rust infection with higher temperatures
and lower relative humidity, which disrupt the highly variable blister rust cycle, except in wave
years. Increased fire may provide caching habitat for nutcrackers that allow decades of
unfettered development in the absence of competition from fir and spruce. Losses in whitebark
pine from fire may be offset by increases in growth, cone crops, and abundant regeneration in
burned areas, but management actions are needed to augment natural regeneration by planting
rust-resistant pine.

Adaptive capacity

The species is highly adapted to populating burned areas, which are projected to increase with
climate change. If future fires are larger and more severe, there will be less competition with
whitebark pine from other subalpine conifers; wh i t e b a rakilityga sunevé fire is better than
its competitors. The species is moderately shade-tolerant, so it can exist in competition with
limited cone crops. A delayed germination adaptation may mitigate warmer, drier conditions. It
possesses moderate to high genetic variation (capacity) in adaptive traits (blister rust
resistance, late winter cold hardiness and drought tolerance), as well as phenotypic plasticity to
respond to climate change. Warmer temperatures favor expansion of alternate host species
(Ribes, Pedicularis and Castelija). There is no opportunity to hybridize with another stone pine
(cannot cross with western white or limber pine where species distributions overlap). The
species is at high risk and loss of disjunct and isolated populations.

Exposure
High
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Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Moderate
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NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Big sagebrush (Artemisia tridentata) ecosystems

Broad-scale climate change effect

The expected climate change impacts on sagebrush ecosystems are multi-fold. Here, we focus
on sagebrush communities dominated by big sagebrush, which constitute the bulk of extant
sagebrush community types in the Northern Rockies. Increased winter temperatures will reduce
winter snowpack and result in earlier spring snowmelt, changing the amount and timing of soll
water recharge in big sagebrush ecosystems. In addition, higher temperatures are expected to
increase evaporative demand. Collectively, these changes may result in considerably drier soils,
particularly in the summer months when plants are phenologically active. However, winter
precipitation is predicted to increase by 10 to 20% in the Northern Rockies, which may
compensate for increasing severity and frequency of droughts. In addition, rising CO- levels
may also offset water loss due to higher evaporative demand by increasing stomatal closure
and water use efficiency. It is unclear whether increases in precipitation and water use efficiency
associated with higher CO, will offset enhanced atmospheric demand for water associated with
higher temperatures, thus big sagebrush ecosystems in the Northern Rockies may remain
vulnerable to drought, despite increased winter precipitation. In addition, shifting precipitation
and temperature regimes will impact big sagebrush communities indirectly through alteration of
disturbance regimes and the increased spread of exotic annual grasses.

Current condition, existing stressors

The current distribution of big sagebrush ecosystems in the Northern Rockies is generally
patchy throughout most of Montana with more spatially consistent big sagebrush cover in
northern Wyoming. Big sagebrush ecosystems are currently limited in spatial extent in the
western portions of North and South Dakota and northern Idaho. Core, contiguous regions of
big sagebrush habitat are located outside the region to the south and west in the Wyoming
Basins, Great Basin, and Columbia Plateau.

Big sagebrush ecosystems have declined in spatial extent in the 20" century due to multiple
stressors. Oil and gas development, along with urbanization and land conversion for agriculture
and livestock grazing, not only lead to habitat loss, but to highly fragmented habitat patches,
resulting in barriers to plant dispersal, greater sage-grouse avoidance, and the loss of obligate
and facultative wildlife species. In addition to habitat destruction of big sagebrush ecosystems,
several stressors can result in big sagebrush die-back and reduce its biomass and density.
These include, insect pests, plant pathogens, and frost damage. Overgrazing by domestic
livestock changes the structure and composition of big sagebrush ecosystems through the loss
of the palatable components of the plant community (i.e., perennial grasses and forbs), along
with reducing or increasing big sagebrush cover, and increasing the probability of annual exotic
grass invasion (e.g., cheatgrass). Cheatgrass, in particular, has impacted the spatial distribution
and habitat quality of sagebrush ecosystems throughout much of the western U.S. Cheatgrass
is an annual, fire-adapted grass that produces fine, flammable fuels, resulting in a positive
feedback cycle that increases fire frequency, causes big sagebrush mortality, and increases the
survival and spread of cheatgrass itself.
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Sensitivity to climatic variability and change

Big sagebrush has several life-history traits that make it sensitive to the direct and indirect
effects of climate change. Increased drought may affect germination and survival of seedlings,
as soil water content primarily controls big sagebrush seedling survival. Temperature is also
important; big sagebrush seedling survival may be highest at intermediate temperature and
precipitation regimes. Even after seedling establishment, drought and increased summer
temperatures can impact survival and growth of adult plants, as growth is strongly positively
correlated to water availability, particularly to winter precipitation and winter snow depth.

An additional concern is whether big sagebrush will be able to track shifting precipitation and
temperature regimes and disperse to and colonize available habitat patches. The majority of big
sagebrush seeds (50 to 60%) are not viable in the seedbank after two years, with very little
viable seed in the upper soil layers. Furthermore, big sagebrush is a poor disperser and seed
production is episodic. Even if big sagebrush seeds successfully disperse and germinate in
response to shifting climatic regimes, probabilities of seedling establishment and adult
survivorship are uncertain, as big sagebrush is a poor competitor relative to other species that
will also be tracking climate change (e.g. herbaceous species).

Finally, big sagebrush is sensitive to fire and cannot re-sprout post-fire, thus recovery of big
sagebrush post-disturbance comes from seed dispersal and can take a long time (50- 150
years). However, regeneration of big sagebrush post-fire is strongly linked to winter
precipitation, which is expected to increase in the Northern Rockies.

Expected effects of climate change

Climate change will result in shifts in the distribution of conditions suitable to support big
sagebrush and hence the spatial configuration of big sagebrush habitat. Several studies have
projected that big sagebrush will move northward and up in elevation in response to increased
winter temperatures and summer drought associated with climate change. While big sagebrush
communities may expand northward and upslope, big sagebrush habitat is predicted to contract
significantly rangewide due to increased soil moisture stress. However, range contractions are
expected to be concentrated in southern latitudes and at lower elevations.

Habitat suitability for big sagebrush is projected to increase primarily in northeast and north-
central Montana, and southern Canada. In contrast, habitat suitability is predicted to decrease in
parts of western Montana and northwest Wyoming, primarily due to summer drought. However,
expansion of big sagebrush out of unsuitable habitat and into suitable habitat is contingent on its
ability to disperse to available habitat patches and compete with other species also tracking
shifts in precipitation and temperature.

In addition to expansion and contractions in big sagebrush distributions, shifts in community
composition and productivity are expected with climate change. Severe drought events can
reduce species richness and biomass, particularly of less drought-tolerant species, such as
grasses and forbs and lead to homogenization of the plant community, as only the most
drought-tolerant species can survive. If drought events increase in the Northern Rockies, native
herbaceous plant diversity and cover may be reduced. In contrast, in non-drought years,
warming temperatures and increased levels of CO2 may lead to increased biomass production,
more frequent fires, and increases in grass biomass at the expense of fire-intolerant shrubs,
such as big sagebrush.

Shifts in disturbance regimes (e.g., fire, insect damage, pathogens) associated with climate
change may have large impacts on big sagebrush ecosystems in the future. Since big
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sagebrush is not capable of re-sprouting post-disturbance and recovery can take 50-150 years,
increases in disturbance frequency and severity have the potential to reduce the spatial extent
of big sagebrush ecosystems in the future, despite increases in habitat suitability and increased
regeneration potential.

As discussed above, climate change may increase cheatgrass invasion, resulting in bigger, and
more frequent fires. The positive feedback loop between cheatgrass and fire frequency may
facilitate substantial changes in the composition and structure of big sagebrush plant and animal
communities. In addition, field brome may respond positively to increased fire frequency, as it
can invade shortly after fire. Expected impacts of increased cheatgrass and field brome invasion
include reduction in native plant diversity and abundance, reduction in big sagebrush cover, and
the loss of obligate and facultative wildlife species (e.g., greater sage-grouse).

Adaptive capacity

Big sagebrush ecosystems have some capacity to adapt to climate change. First, big sagebrush
ecosystems occur over a large geographic area with differences in topography, soils, and
climate. This suggests big sagebrush can withstand a relatively broad range of ecological
conditions and may be more tolerant of shifting climatic conditions than species that are habitat
specialists. Furthermore, the subspecies of Artemisia tridentata often hybridize and polyploidy is
common. Hence, big sagebrush may have the capacity to undergo selection and adapt to
shifting climatic regimes relatively quickly.

Although decreases in summer soil water availability may pose a threat to big sagebrush
ecosystems, it would likely take very long periods of sustained drought to result in dieback of all
big sagebrush biomass. In addition, although big sagebrush habitat suitability is predicted to
change across space (e.g., decreasing suitability in northwestern Wyoming and across much of
western Montana), bi g sagebrush ecosystems
time, perhaps in a degraded state.

Risk Assessment

Magnitude of effects: Climate change effects on big sagebrush ecosystems will likely be highly
variable across the extent of the Northern Rockies by the end of the 21t century. In
northwestern Wyoming and western Montana, the impacts of climate change will likely be low to
moderate, as lower water availability due to increased temperature and evapotranspiration may
result in declines in big sagebrush growth and regeneration, facilitating some habitat
contraction. However, big sagebrush is predicted to expand northward into northern and eastern
Montana and southern Canada, as habitat suitability increases in the coming decades. Thus,
the predicted magnitude of climate change effects on big sagebrush ecosystems in much of the
Northern Rockies is high because the amount of big sagebrush habitat may increase by 2100,
while the extent of grasslands may decrease.

Likelihood of effects: In the coming century, some contraction in big sagebrush habitat may
occur in northwest Wyoming and western Montana, particularly at lower elevations due to
increased temperatures and increased evapotranspiration. If big sagebrush can successfully
track changing climatic conditions, the total area covered by big sagebrush in the Northern
Rockies may increase by the end of the 215t century.
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Dry ponderosa pine and Douglas-fir forests

Broad-scale climate change effect
Increased temperatures and increased soil moisture deficits, especially at lower elevation sites.

Current condition, existing stressors
An increase in density has put species in these forest types at increased risk of mortality from
fire. Root disease is a major cause of mortality in northern Idaho and western Montana.

Sensitivity to climatic variability and change

Douglas-fir is sensitive to increasing temperatures and increasing soil moisture deficits, which
predispose it to other related mortality agents, such as insects and disease. This may give
ponderosa pine an advantage.

Expected effects of climate change

At lower elevation southerly aspects, ponderosa pine will likely be better able to cope with
moisture deficits and disturbance such as fire and spruce bud worm. Seed sources will be
limited due to fire size and cone production problems related to spruce bud worm. On mesic
sites, there may be an increase in mortality from root disease. Higher elevation southerly slopes
may become climate suitability for Douglas-fir, while ponderosa pine will be favored at lower
elevations. Forest patch size will increase because of severe fire if density reductions are not
implemented.

Adaptive capacity

Douglas-fir is highly adaptive to a large range of moisture and temperature gradients.
Ponderosa pine is adapted to settings that are moisture-limited and can grow well where
moisture is less limited, such as in association with grand fir. Exposure of Douglas-fir to
increasing moisture deficits may increase ponderosa pine abundance. Increasing moisture
deficits will give ponderosa pine the advantage on dry forest settings.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Lodgepole pine and aspen mixed conifer forests

Broad-scale climate change effect
Increasing temperatures, longer droughts, increasing fire occurrence, frequency, and severity.

Current condition, existing stressors

Many stands of this forest type are succeeding to subalpine fir-spruce due to fire exclusion.
Aspen has been declining from a lack of fire and increasing drought. Healthiest areas are in
wilderness.

Sensitivity to climatic variability and change

This forest type is more sensitive to management actions than climate in that continued fire
exclusion will ensure their decline. This type thrives with fire and will even survive insect and
disease outbreaks if fire is present on the landscape.

Expected effects of climate change

This cover type could expand in the future with increasing fires and the warming of the
subalpine. Disturbances may eliminate competing conifers and facilitate serotiny-aided
lodgepole pine regeneration. Aspen may decline on the drier parts of its range, but could
increase and make major advances into the subalpine as fires burn competing conifers and
temperatures moderate, creating favorable climates. If fires are too frequent, this cover type
may be replaced by semi-permanent shrub-herb communities, but as long as fire return
intervals are greater than the reproductive age, lodgepole pine and aspen should prevail. As
fires increase, more areas in this type will be early seral, creating more heterogeneous
landscapes with more patches of pine and fir mixed with aspen.

Adaptive capacity

This type has the capacity to withstand climate changes, and either maintain its current
distribution or expand into the upper subalpine. Losses in aspen due to drought may be offset
by gains in lodgepole pine, especially after fire. There may be long-term migrations of this type
to higher elevation areas with increasing disturbance.

Exposure
High

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Mixed mesic white pine, cedar, hemlock grand fir forests

Broad-scale climate change effect
Increasing temperatures, more drought and more fires.

Current condition, existing stressors

This type is limited to the northwestern portions of the Northern Rockies, and much of this type
has been harvested. Western white pine occurrence has been severely reduced by blister rust

but has shown increases in some portions of this type. Unharvested stands are becoming more
dense, creating conditions that favor rot, insects, and disease damage.

Sensitivity to climatic variability and change

This type includes a fire-tolerant, fast-growing, early seral species (western white pine) with a
collection of late seral, shade-tolerant, and highly competitive species. Thus, this forest type
may not change in distribution because fire will likely facilitate conversion to pine.

Expected effects of climate change

Western white pine may become more dominant in this type. Declines in cedar and hemlock are

possible. Moisture changes are probably not limiting on these sites as much as the dependence

on ash cap soils. Major gains in the type are probably not possible because of the limited

distribution of ash cap soils in some areas and the decrease in moisture outside of the current

typebs range. Similar t o mltypesmaytbehetereagenedushdeeta i st r i b
fire, but the long period of fire exclusion might foster atypical high severity fires that may burn

entire landscapes, resulting in homogeneous pine stands (provided there are sufficient rust-

resistance and seed sources).

Adaptive capacity

This type may have the capacity to remain intact with changing climate. It may not be able to
expand due to dependence on ash cap soils. Increasing fire will favor western white pine, while
fire exclusion will favor the shade-tolerant species. Drier sites may see grand fir becoming more
common than cedar or hemlock.

Exposure
Low

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: Low
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Mountain big sagebrush (Artemisia tridentata ssp. vaseyana) and basin big sagebrush
(A. tridentata ssp. tridentata) communities

Broad-scale climate change effect
Warming temperatures, decreasing snowpack and an increase in severity and frequency of
wildfires.

Current condition, existing stressors

Significant acres of mountain and basin big sagebrush shrublands had been converted to
agricultural lands, particularly the lower elevation basin big sagebrush, which is often
interspersed with Wyoming big sagebrush. Those that remain are used for domestic livestock
grazing, primarily due to the palatable herbaceous undergrowth. Those that have had chronic
improper grazing typically have high bareground, low vigor of native herbaceous species and as
a result, likely have non-native, invasive plant species present in varying amounts. Prolonged
improper livestock grazing, native ungulate herbivory, and non-native invasive plants are the
primary stressors. Loss of topsoil can occur if vegetation cover and density decline and
bareground increases, primarily due to ungulate impacts (e.g., grazing and mechanical/hoof
damage).

Sensitivity to climatic variability and change

Both species are killed by fire. With increased fire severity and frequency, there will be a shift in
community composition to dominance by fire adapted herbaceous species or non-native
invasive species. Other fire adapted shrub species may increase, particularly following fire. In
addition, more spring and winter precipitation may facilitate exotic annual grasses (particularly
annual bromes, [e.g., cheatgrass which germinates in the winter/early spring]) to establish and
set seed earlier than the native perennial grasses, particularly in the lower elevation basin big
sagebrush communities. This creates an uncharacteristic (based on fire history studies)
continuous fine fuel load which can burn easily by late spring/early summer, burning sagebrush
and native perennial grasses often before they have matured and set seed. In turn, other non-
native invasive species (e.g., spotted knapweed, Dalmatian toadflax, butter-and-eggs, sulphur
cinquefoil) respond favorably after fire and if present, will increase in both cover and density.

Expected effects of climate change

Historically the fire return intervals for both species are relatively short, (typically around 40
years) compared to Wyoming big sagebrush (>100 years). Basin big sagebrush recovers more
quickly than mountain big sagebrush, but both regenerate from seeds shed from nearby
unburned plants. Research studies show that mountain big sagebrush will fully recover between
30 and 40 years after fire (one SW MT study showed an average of 32 years), and basin big
sagebrush will fully recover after approximately 20 years. With a warmer and drier climate,
however, frequent, high severity burns (facilitated by cheatgrass --see above) may not only
cause initial mortality, but these sites may not be as favorable for postfire vegetation
regeneration (from sprouting, regrowth, or from seed). Since there is no viable sagebrush seed
bank, if fires burn large areas and there are no live, seed-bearing sagebrush nearby, there may
be a type conversion to grassland. In addition, invasive, non-native species will likely either
expand into these communities after fire with a warmer, drier climate, or they will increase in
abundance due to changed conditions which no longer favor the native plant community.
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Adaptive capacity

Both species are not fire adapted. With warmer, drier temperatures and increased fire frequency
and severity, both species may decline in both cover and density, or be eliminated under
extreme conditions. Over time, especially if flashy fuels such as senesced cheatgrass, are
present, more frequent fires may eliminate these species, particularly basin big sagebrush, from
the community. Mountain big sagebrush, however, occurs in higher elevations, typically on more
productive mesic sites. These communities are typically less invaded by non-native invasive
species. Cheatgrass and other annual grasses are not as prevalent. If, however, these sites
become warmer and drier, herbaceous understory composition could shift to more xeric species
which are more adapted to drier, warmer conditions, and bareground may increase. As a result,
invasive species, particularly cheatgrass, could expand into and establish dominance in these
altered communities. | t 6s possi bl e that mountain big sagebrus
and moister sites (e.g., higher elevation, and/or northeast facing snowloaded depressions).
Basin big sagebrush is most productive in deep sandy soils of lower elevation ephemeral
drainages and washes. With climate change, these may be the only sites where it can persist,
due to more moisture and deeper soils than the surrounding landscape. Understory composition
in both communities may shift to more xeric grassland species, which are more adapted to
warmer and drier conditions.

Exposure
Moderate - Mountain big sagebrush, High - basin big sagebrush

Risk Assessment
Magnitude of effects: Moderate - Mountain big sagebrush, High - basin big sagebrush

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Threetip sagebrush (Artemisia tripartita) and silver sagebrush (A. cana) communities

Broad-scale climate change effect
Warming temperatures, decreasing snowpack and an increase in severity and frequency of
wildfires.

Current condition, existing stressors

Significant acres of threetip and silver sagebrush shrublands were likely converted to
agricultural lands. Those that remain are used for domestic livestock grazing, due to the
palatable herbaceous undergrowth. Those that have had chronic improper grazing typically
have high bareground, low vigor of native herbaceous species and as a result, have non-native,
invasive plant species present in varying amounts. Prolonged improper livestock grazing, native
ungulate herbivory, and non-native invasive plants are the primary stressors. Loss of topsoil can
occur if vegetation cover and density declines and bareground increases, primarily due to
ungulate impacts (e.g., grazing and mechanical/hoof damage).

Sensitivity to climatic variability and change

Both species will sprout from the root crown following top kill (primarily fire). With increased fire
severity and frequency, there may be some mortality, but overall these species will resprout.
Silver sagebrush is the most successful and vigorous sprouter of all sagebrush species.
Threetip is less successful as a sprouter, and its response varies based, apparently, on site
characteristics. Both species occur in more mesic sites; threetip sagebrush is often associated
with mountain big sagebrush communities. However, even though these species sprout, with
increased fire severity and frequency (particularly in threetip communities), there may be a shift
in community composition to dominance by fire adapted herbaceous species or non-native
invasive species. Other fire adapted shrub species may increase, particularly following fire. In
addition, more spring and winter precipitation may facilitate exotic annual grasses (particularly
annual bromes, [e.g., cheatgrass which germinates in the winter/early spring]) to establish and
set seed earlier than the native perennial grasses, particularly in the lower elevation
communities. This creates a uncharacteristic (based on fire history studies) continuous fine fuel
load which can burn easily by late spring/early summer, burning sagebrush and native grasses
often before they have matured and set seed. In turn, other non-native invasive species (e.g.,
spotted knapweed, Dalmatian toadflax, butter-and-eggs, sulphur cinquefoil) respond favorably
after fire and if present, will increase in both cover and density.

Expected effects of climate change

Historically the fire return intervals for both species are relatively short, typically less than 40
years. Research studies show that threetip will re-establish from seed between 30 and 40 years
after fire. All three subspecies of silver sagebrush will sprout after fire, and, along with threetip,
also typically occur on more mesic sites. With a warmer and drier climate, however, frequent,
high severity burns may not only cause initial mortality, these sites may not be as favorable for
postfire vegetation regeneration (from sprouting, regrowth, or from seed). Invasive species will
likely either expand into these communities after fire with a warmer, drier climate, or increase in
abundance due to changed conditions which no longer favor the native plant community.
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Adaptive capacity

Both species are fire adapted; however silver sagebrush is more likely to sprout successfully
and threetip response will vary by site. Understory compaosition in both communities may
possibly shift to more xeric grassland species (e.g., bluebunch wheatgrass, needle-and-thread),
which are more adapted to warmer and drier conditions. Both sagebrush species may shift
landscape position to sites with more moisture and cooler temperature (e.g., higher elevation,
lower landscape position, i.e., swales, run-on sites, and/or northeast aspect slopes).

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species

Western grasslands (e.g., Pseudoroegneria spicata [bluebunch wheatgrass], Festuca
campestris [rough fescue] F. idahoensis [Idaho fescue], Poa sandbergii [Sandberg bluegrass],
Hesperostipa comata [needle-and-thread], Pascopyrum smithii [western wheatgrass], Koeleria
cristata [prairie junegrass], Achnatherum nelsonii [western needlegrass] A. richardsonii

[ Ri chardsonés needlegrass])

Broad-scale climate change effect
Warming temperatures, decreasing snowpack, and increase in severity and frequency of
wildfires.

Current condition, existing stressors

Many low elevation grasslands have been converted to agricultural lands, are used for domestic
livestock grazing, and/or are subject to extensive human use and land-use conversion. Those
grasslands that remain, particularly in the lower elevations, are typically highly disturbed and
fragmented, and have been invaded by many non-native, invasive plant species. Prolonged
improper livestock grazing, native ungulate herbivory, and non-native invasive plants are the
primary stressors. Loss of topsoil can occur if vegetation cover and density decline and
bareground increases, primarily due to ungulate impacts (e.g., grazing and mechanical/hoof
damage).

Sensitivity to climatic variability and change

Most grassland species regrow quickly after fire. But as fires become hotter and more frequent,
there is an increased risk of mortality and invasion by opportunistic non-native weed species. In
addition, more spring and winter precipitation may facilitate exotic annual grasses (particularly
annual bromes, [e.g., cheatgrass which germinates in the winter/early spring]) to establish and
set seed earlier than the native perennial grasses. This creates an uncharacteristic (based on
fire history studies) continuous fine fuel load which can burn easily by early summer, burning
native perennial grasses often before they have matured and set seed. In turn, other non-native
species (e.g., spotted knapweed, Dalmatian toadflax, butter-and-eggs, sulphur cinquefoil)
respond favorably after fire and if present, will increase in cover and density.

Expected effects of climate change

Non-native invasive plant species will either expand into, or if already established, increase in
abundance, particularly in the lower elevation grassland communities, regardless of level of
disturbance, as these communities become warmer and drier. With disturbance, such as fire,
the rate and magnitude of infestation will likely increase. Low elevation grasslands may shift in
dominance towards more drought tolerant species. Some model output suggests that cool
season (C3) grasslands will decline and that warm season (C4) grasslands will expand based
solely on temperature trends. However, research indicates that elevated CO, favors C3 grasses
and enhances biomass production, whereas warming favors C4 grasses due to increased water
use efficiency. Even though C3 grasses, with few exceptions, dominate western mesic
grasslands, with a warmer and drier climate C4 grasses may possibly expand westward into
these grasslands. In general it is likely that with increased warming and more frequent, hotter
fires, grasslands will become a more dominant landscape component as shrublands and lower
montane conifer forests are burned and less able to regenerate due to increased fire frequency
and unsuitable conditions. However, with fire, these grasslands will likely have more invasives
species present.
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Adaptive capacity

More drought-tolerant grassland species and communities (e.g., those dominated by

Pseudoroegneria spicata [bluebunch wheatrass] and Hesperostipa comata [needle-and-thread])

will likely persist and possibly dominate the native grass component of these communities, since

they are more adapted to warmer and drier conditions. More mesic species (e.g., Festuca

campestris [rough fescue], F. idahoensis [Idaho fescue], Pascopyrum smithii [western

wheatgrass], Achnatherum nelsonii, [western needlegrass], A. richardsonii[f Ri char dsonds
needlegrass]) may shift landscape position to sites with more moisture and cooler temperatures

(e.q., higher elevation and/or northeast aspect slopes, depressions).

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Western larch mixed conifer forests

Broad-scale climate change effect
Increased temperatures.

Current condition, existing stressors

Larch forests have been reduced significantly in extent due to fire suppression and preferential
harvest. Forest density increases have been substantial, and uncharacteristically dense forests
exist in many areas. In northern ldaho, forest density (and productivity) is higher because of
warm mesic climate and deep ash capped soils. Areas in northern Idaho once dominated by
western larch, western white pine, and ponderosa pine are now dominated by mixed grand fir
and moist site Douglas-fir forests. The spatial pattern of forest structure has been homogenized
in many areas, leading to continuous fuels atypical under the historical fire regime.

Sensitivity to climatic variability and change

Larch is sensitive to changes in temperature. Regeneration is very sensitive to high
temperatures. Rising temperatures and increasing soil moisture deficits will affect potential
distribution and pattern of larch forests, especially on south aspects. Increasing fire will likely
benefit larch.

Expected effects of climate change

Larch is highly vulnerable to increases in temperature and fires in dense forest settings. Losses
of large tree structures and larch regeneration could occur, especially on south-facing slopes.
Increases in soil moisture deficits could retract the range of western large to more northerly
slopes with deep soils. Cone production could be positively affected with increasing
temperatures, which could cause cone maturation to be earlier. Adaptation ability for cone
production and seeding distance and regeneration ability may be reduced if connectivity is
reduced with very large and more frequent severe fires. Simplification of within and between
patch structure due to increased fire severity and size could lead to loss of diversity and loss of
important wildlife habitat such as habitat for cavity nesting birds and mammals. In northern
Idaho, the change in species composition of the forest to more intolerant species has resulted
higher susceptibility to widespread root disease. These areas involve millions of acres on which
less carbon sequestration is and will take place given the relatively novel species composition of
todaybs forests. Given the Ilikely increase in soil
effects are not likely to be reduced.
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Adaptive capacity

Larch forest thrive on northerly cool aspects in the region. Distribution of larch in patches on
south-facing slopes may be reduced significantly in the long run (50 years), and with loss of
associated wildlife habitat.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: Very high
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VULNERABILITY ASSESSMENT 6 VEGETATION TYPES

Habitat, ecosystem function, or species
Whitebark pine-spruce-fir forests

Broad-scale climate change effect
Declining snowpacks, increasing fire, and increasing temperatures.

Current condition, existing stressors

This type is probably increasing in the Northern Rockies from effective fire exclusion. Whitebark
pine is successionally replaced by fir-spruce. The low elevation spruce-fir types are becoming
more dense and crowded.

Sensitivity to climatic variability and change

This type might not be as sensitive as other more xeric types to direct climate change impacts
because there is abundant water where it occurs, and expected increases in both regeneration
and growth may increase its climate resilience. Increasing fires may cause a shift to more early-
seral communities, and if whitebark pine populations were not experiencing rust outbreaks,
these early-seral communities would probably be dominated by whitebark pine.

Expected effects of climate change

This type may contract in the future because of several interacting factors; whitebark pine will
continue to decline due to rust and beetle outbreaks, and spruce-fir forest may decline due to
increased fire and reduced soil water. This type may be replaced by lodgepole-aspen in the
drier parts of the Northern Rockies. If agencies plant and conduct restoration activities,
whitebark pine could make major gains in burned areas, thereby replacing spruce-fir and limiting
the contraction of this type. Low elevation spruce-fir stands are probably going to move towards
the western larch/mixed conifer type because of prolonged droughts and increasing
temperatures, especially after fires.

Adaptive capacity

This type may have the capacity to respond favorably to changes in climate, but the depressed
populations of whitebark pine coupled with increasing fire may result in short-term losses of this
type. However, if rust-resistant whitebark pine is planted and restoration activities are
implemented, whitebark pine can easily dominate this type, especially if fires are large and
severe, and whitebark pine may be able to make advances into the timberline. Continued fire
exclusion will probably aid in keeping this type somewhat static, and it may encroach on lower
timberline sites if no fires are allowed.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: High
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VULNERABILITY ASSESSMENT 8 VEGETATION RESOURCE CONCERNS

Habitat, ecosystem function, or species
Carbon sequestration (ecosystem service)

Broad-scale climate change effect
Increased fire, increasing drought and productivity gains and losses.

Current condition, existing stressors

Past policies of fire exclusion have created late seral landscapes that sequester little carbon.
Past timber activities may have created younger stands that sequester more carbon. Increasing
disturbances (e.g., fire, insects, and disease) have caused short-term losses in carbon
sequestration.

Sensitivity to climatic variability and change

Carbon sequestration is very sensitive to climate change impacts on vegetation and
disturbance. Rates of carbon sequestration are going to largely depend on the rate of burning in
the future and the gains and losses of productivity in Northern Rockies ecosystems. Productivity
gains and losses need to be evaluated at large spatial and temporal scales to understand future
carbon dynamics.

Expected effects of climate change

Fire exclusion will tend to push most ecosystems into later successional stages where
sequestration rates are minimal. Burning from controlled and uncontrolled wildfires and
prescribed burning will cause short-term carbon losses, but the high productivity of the
developing early seral stands may increase sequestration for decades. Sites that were
historically dry will probably experience decreases in production and carbon sequestration in the
future, while those mesic sites that experience abundant water (e.g., subalpine, upper
subalpine, and timberline) may experience increases in productivity.

Adaptive capacity

All ecosystems have an inherent capability to store carbon, and the rate and capacity of carbon
storage depends on plant productivity and disturbance, with the maximum levels of productivity
dependent on climate while the instantaneous levels of productivity depend on successional
stage or time since disturbance. Modeling studies have shown that many areas in Region 1 will
actually increase in productivity and increase sequestration rate and magnitude. The delicate
balance between disturbance and climate coupled with land management will dictate where
sequestration will increase and where it will decrease.

Exposure
High

Risk Assessment
Magnitude of effects: High

Likelihood of effects: Moderate

Page | 49



NORTHERN ROCKIES ADAPTATION PARTNERSHIP

VULNERABILITY ASSESSMENT 8 VEGETATION RESOURCE CONCERNS

Habitat, ecosystem function, or species
Landscape heterogeneity

Broad-scale climate change effect
Increased disturbance frequency and extent, highly variable drought intensity and extent, and
migration of species to new habitats.

Current condition, existing stressors
Ninety years of fire exclusion, coupled with past management activities (e.g., grazing), has
reduced landscape heterogeneity.

Sensitivity to climatic variability and change

Landscape heterogeneity is highly susceptible to subtle shifts in climate because it is the
reflection of the interaction of vegetation dynamics with disturbance regimes, topography, and
land use. Small changes in climate may facilitate large changes in disturbances or vegetation
dynamics, leading to new landscape mosaics.

Expected effects of climate change

Increased fire across most of the Northern Rockies may both increase and decrease landscape
heterogeneity. Wildfires and wildland fire use may create patchworks of fire severity types
across burned areas that will increase heterogeneity and therefore landscape resilience, but
some fires may burn fire-excluded landscapes with high severity, causing atypical large patches
of high plant mortality that may decrease heterogeneity. While large, severely-burned patches
occurred in historical fires, the frequency and size of these patches may be different today. The
highly-variable species migration rates into areas with new climates may increase
heterogeneity, but the rapidly changing climate may only facilitate generalist species, thereby
decreasing heterogeneity.

Adaptive capacity
Since heterogeneity is an expression of disturbance, vegetation, and climate interactions, it is
dependent on other factors to determine its adaptive capacity.

Exposure
High

Risk Assessment
Magnitude of effects: Moderate

Likelihood of effects: High
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Habitat, ecosystem function, or species
Timber production (ecosystem service)

Broad-scale climate change effect
Increased temperatures, increased soil moisture deficits, less available water, extended fire
seasons.

Current condition, existing stressors

Composition shift causing reduced productivity is likely in the western portion of the region on
root disease prone sites and in southerly exposures region wide. Risk of uncharacteristic fire
severity is very high due to uncharacteristic high forest density which will reduce timber
production opportunities especially in dry forest areas.

Sensitivity to climatic variability and change

Increasing temperatures will shift species composition to root disease-prone species,
particularly Douglas-fir and grand fir. Higher temperatures are likely to extend fire season and to
reduce forest inventory on areas suitable for timber production. Some increase in productivity
may occur at mid to higher elevations; however increase in fire may reduce timber production
opportunities. Sensitivity is high in northern Idaho and southerly exposures region-wide due to
increasing moisture deficits and an increase in uncharacteristic disturbances such as fire and
root disease.

Expected effects of climate change

There will likely be some increase in production at mid and higher elevations due to warming
temperatures. This could be offset overall by losses due to root disease and increase in fire
severity across the areas suitable for timber productions. Less production is anticipated in
northern Idaho if current species compositions are not changed.

Adaptive capacity

Productivity could increase at higher elevation sites. Productivity in northern Idaho will likely
decrease on southerly aspects due to root disease reducing productivity of alternate species,
unless western larch, ponderosa pine and western white pine are aggressively restored.

Exposure
High

Risk Assessment
Magnitude of effects: Moderate to high in northern Idaho

Likelihood of effects: High in north Idaho
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Ecosystem component
Bark beetle disturbances

Broad-scale climate drivers of bark beetle population outbreaks

Minimum temperatures influence winter survival, and summer/spring/fall temperatures dictate
the timing of adult emergence and the number of generations that can be completed. Most bark
beetles in Northern Rockies require at least 1 year to complete a generation, and at higher
elevations where temperatures are cooler, 2i 3 years may be required for a complete lifecycle.
Precipitation indirectly affects bark beetle population success through effects on host trees.
Increased precipitation can positively influence bark beetles through increased quality and
quantity of phloem (the main tree tissue fed on by bark beetles), and short-term severe drought
has a positive effect by weakening host tree defenses.

Landscape characteristics, ecosystem functions, and human systems affected by bark
beetles

Each species of bark beetle impacts specific tree species. Mountain pine beetle (MPB)
disturbances are only found in pine forests, with the exception of a few species. MPB population
outbreaks can be extensive in homogenous pine forests, resulting in > 50% tree mortality
across thousands of acres. In lodgepole pine ecosystems, MPB outbreaks initially reduce
ecosystem carbon productivity, although as surviving and recruited stems grow, carbon
productivity and live basal area recover to pre-outbreak levels within a few years or decades.
Post-outbreak carbon stocks, however, will depend on pre-outbreak stand structure and
composition. Post-outbreak conditions for regeneration have been found to be good for
lodgepole pine and whitebark pine, although the influence of MPB outbreaks on ecosystem
function of high elevation pine ecosystems is less clear. Bark beetle-killed trees can create
hazardous conditions in campgrounds, near utility lines, and in the wildland urban interface.

Current status of bark beetle outbreaks within the region

All species of bark beetles affected close to 11,000,000 acres in the Northern Rockies between
2009 and 2013, although mountain pine beetle was responsible for more than 90% of the tree
mortality. The number of affected acres has declined since 2011.

Sensitivity of bark beetle population outbreaks to climatic variability and change
Temperature is a main driver of bark beetle population survival and population growth. Warming
minimum temperatures in recent years have resulted in increased MPB overwintering survival,
particularly in Northern Rockies forests with historically severe winters. Warming temperatures
other times of the year, however, also play a significant role as they influence adult emergence
timing and generation time. Slight differences in temperature, even within a single tree or among
trees within a stand, can result in dramatic differences in MPB generation time. Shorter
generation time (i.e., 1 year to complete a lifecycle vs. 2 years) will generally result in greater
population growth and subsequent tree mortality. In historic and current climate, evolved
adaptations to local climate constrain MPBs capacity to successfully complete 2 generations in
a single year (i.e., bivoltinism). If adult emergence occurs early in the summer a generation can
be completed by the next fall, although completion of a generation over winter is constrained
due to evolved thresholds for development. Other species (e.g., western pine beetle) found in
the Northern Region are capable of multiple generations in a single year. Generally, several
consecutive years of favorable temperatures are necessary for population growth, suggesting
that high inter-annual variability that may occur with climate change may not be advantageous
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to population outbreaks, although symbiotic associates may benefit. Severe short-term drought
that is associated with warm temperatures can provide a pool of weakened host trees and
appropriate thermal conditions for population outbreaks of multiple bark beetle species.

Expected effects of climate change

Climate projections for The Northern Rockies suggest temperatures will warm considerably.
Although all bark beetle species that occur in the region will be affected, models and specific
data for making future predictions, based on temperature, are currently only available for MPB.
Using a temperature-dependent mechanistic model for MPB, the effect of future temperatures
on MPB univoltine population growth relative to historic conditions was predicted. We also
evaluated if thermal regimes that would promote bivoltinism would occur by initiating the model
in June and testing for 2 periods of adult emergence within 375 days (i.e., 2 generations in 1
year. Effects on population growth due to stand size and structure, and drought are not
included. Model output was only considered for locations where pines currently grow.

Risk Assessment
Likelihood of bark beetle outbreaks given temperature alone:

1 Bivoltinism in MPB has historically been thermally impossible in the Northern Rockies.

{1 Stands at elevations < 1000 m have relatively few pines, and population growth of
univoltine (i.e., 1 generation per year) populations was historically very low, most likely
because it was too warm and adult emergence synchrony was disrupted. Growth rate is
predicted to decline even further in current (2000-2009) and future climates relative to
historic periods. However, the proportion of points at <1000 m with thermal regimes that
will allow for bivoltinism (i.e., 2 generations in 1 year) is predicted to increase through
2100. The availability of pines in future climates at <1000 m, however, may be restricted.

9 Pine stands at 1000-2000 m were also predicted to have lower univoltine population
growth rates in current and future climates than historically, and some small proportion
of stands will have increased probability of bivoltinism by 2080-2100.

1 The greatest density of pine occurs at 2000-3000 m and these stands are predicted to
have greater univoltine population growth rates than historic, through 2030-2050.
Thermal regimes for bivoltinism are unlikely at this elevation.

1 Population growth rates were historically very low in stands >3000 m until 2000-2009,
and rates are predicted to increase through 2100. These stands are too cool for
bivoltinism historically and in future climates.

T The Grassland subregion contains a small
historically temperatures were too warm for univoltine MPB population success. A high
proportion of locations in these areas are predicted to become thermally suitable for
bivoltinism.

1 Inthe West, Central, and East subregions, univoltine population growth is predicted to
decrease beginning in the 2000-2009 period, although a small proportion of locations at
the lowest elevations will become thermally suitable for bivoltinism by 2080-2100.

1 Inthe GYA univoltine population growth remains relatively high until the 2080-2100 time
period with a very small proportion of locations at the lowest elevations with the potential
to become bivoltine at that time.
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