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I. STATEMENT OF PURPOSE

Goal #1: 
Synthesize historic and projected climate trends in

UMRBNM

Goal #2: 
Detail the effects of climate change on important

habitats in the monument 

Goal #3: 
Describe the vulnerabilities of select objects of

interest for the monument under climate change

Goal #4: 
Identify where future research is needed to

understand how climate change may affect the

monument or its prioritized objects

 The purpose of this assessment is to inform

future climate change-related decisions and

research in the Upper Missouri River Breaks

National Monument (UMRBNM) by laying

out the potential impacts of climate change

on the monument as a whole, and on select

prioritized objects. This assessment, which

includes a synthesis of the best available

scientific literature and consultations with

subject experts, can be used to inform the

creation of a science plan for the monument.

The specific goals of this assessment are to

(right):

Since 1979 the average annual temperature on the monument has increased by 0.2°F per decade,
and the average annual precipitation has increased by 0.4 inches per decade (Hegewisch &
Abatzoglou, 2024). Overall, the region has experienced a 2°F warming and 10% increase in
precipitation

II. CLIMATE CHANGE IN UMBRNM

precipitation in the last four decades.
Temperature is expected to increase during
the 21st century as the concentration of
atmospheric greenhouse gasses increases.
The yearly precipitation is expected to
increase as well, although there is large
variation across different climate project-
ions. The magnitude of projected changes in
temperature and precipitation depends on
future concentrations of greenhouse
gasses, climate variability, and differences
among climate models. 

To account for this uncertainty, all climate change projections provided in this assessment, unless
stated otherwise, are the aggregated mean of 20 different climate models used by the
Intergovernmental Panel on Climate Change. Downscaled climate data and relevant quantitative
information is obtained from https://ClimateToolbox.org. Each of these models have a unique
projection
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projection for different scenarios of
future atmospheric greenhouse gas
emissions. This assessment considers
two such emission scenarios, called the
representative concentration pathways
(RCPs). In the RCP 4.5 scenario,
emissions peak around 2040 then
decline. It would likely result in global
warming of approximately 3-6°F (1.7-
3.3°C; IPCC, 2019). In the RCP 8.5
scenario, emissions continue to rise
throughout the 21st century. It would
likely result in global warming between
5.5-10°F (3.2-5.4°C; IPCC, 2019). 

See Figure 1 (above) for an illustration of
the variability in climate projections
between different models and RCPs. 

An alternative way of accounting for
uncertainty that is used by many
adaptation 

Figure 1. Projections of total annual precipitation and mean annual temperature for 2070-2099
by 20 climate models and 2 emission scenarios, relative to historical (1971-2000) values. Figure
plotted from Climate Toolbox (Hegewisch & Abatzoglou, 2024). Table 2 shows projections in
various different climate metrics for the four climate scenarios identified by red circles.

practitioners is to examine a select set of divergent
model projections (typically 3-5) that, taken together,
could capture a large range of possible climate change
outcomes (Table 2). 

All models project mean annual and seasonal
temperatures in UMRBNM to increase substantially by
the end of the century (Figure 1; Table 1). 

Table 1. Projections of mean annual and seasonal temperatures based on
the mean of 20 climate models for 2070-2099 relative to 1971-2000 under
RCP 4.5 and RCP 8.5. Data obtained from Climate Toolbox (Hegewisch &
Abatzoglou, 2024). 
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Table 2. Projections in various climate metrics for four different climate scenarios (identified in Figure 1) and
multi-model mean (20 climate models) for 2070-2099 under RCP 8.5. Values in parentheses are change from
the historical (1971-2000) values. Table obtained from Climate Toolbox (Hegewisch & Abatzoglou, 2024).
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Mean annual precipitation is
expected to increase by the end of
the century across most of the
models, but the magnitude of that
increase varies substantially
across models, and most models
project a decrease in summer
precipitation (Figure 2). 

The amount of interannual variability in precipitation
is also expected to increase, though it is unclear how
much of the variability is due to wet years getting
wetter, dry years getting drier, or both (Whitlock et al.,
2017). A greater amount of yearly precipitation is also
expected in the form of intense precipitation events
(Knapp et al., 2023).

The increase in temperatures
predicted by all the climate
models would lengthen the
growing season in the
monument and increase
potential evapotranspiration,
which is the maximum amount
of water that would evaporate
if it was available (Hegewisch &
Abatzoglou, 2024). 

These two factors would cause soils to dry out more rapidly in the summer, and to stay dry for
longer, even if summer precipitation remains constant (Palmquist et al., 2016b). Ultimately, this
would lead to more frequent, longer periods of drought as climate change progresses (Whitlock
et al., 2017; Knapp et al., 2023). 

Figure 2. Projections for total seasonal precipitation for 2070-2099 from 20
climate models, relative to historical (1971-2000) values. Data obtained from
Climate Toolbox (Hegewisch & Abatzoglou, 2024)

Photo: Bureau of Land Management
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Figure 3. Projected natural streamflow for the Missouri River at
Toston, upstream of UMRBNM. Figure obtained from Climate
Toolbox (Hegewisch & Abatzoglou, 2024).

While soil moisture in UMRBNM is
dependent on local precipitation, the
amount of water that flows in the rivers
and major streams of the monument is
more affected by precipitation at the
source of the Missouri River and its
tributaries. 

These headwaters are located in the
Rocky Mountains, or other, smaller
island mountain ranges closer to
UMRBNM, and are fed primarily by
winter snowpack (MT-DNRC, 2015).
Projected increases in temperature
would cause: 

This would cause peak streamflows to occur earlier in the year, and summer and fall streamflows
would decrease (Figure. 3; Whitlock et al., 2017). Lower summer streamflow, combined with higher
temperatures, would drive up water temperature in the monument (Sinokrot & Gulliver, 2010).
Modeling from Isaak et al. (2016) found that mean August water temperatures in the section of
Missouri River on the monument could rise to over 75°F by the end of the century, more than 4
degrees above the historical average. 

More winter precipitation to fall as rain; 
Snowmelt to start earlier; and 
A greater likelihood of rain-on-snow
events that can quickly reduce the
snowpack and cause flooding (Whitlock et
al., 2017). 

An increase in extreme
precipitation events may mean a
greater likelihood of microbursts,
which have been known to trigger
flash floods in smaller drainages
of UMRBNM. These floods can
cause slope failures on the
monument, in which an entire
hillside loses structural integrity
and rolls downhill in a landslide
(Zhang et al., 2011). 

More flooding on the monument,
as well as a greater possibility of
wildfire that would destroy
stabilizing plant roots, may lead to
a greater frequency of slope
failures. 5

https://www.flickr.com/photos/mypubliclands/albums/72157633857377653/with/8914889948


III. IMPACTS ON HABITAT

PONDEROSA PINE WOODLANDS
42% of UMRBNM is covered by forest, most of
which is dominated by ponderosa pine (Pinus
ponderosa). Ponderosa pine is a relatively
drought-resilient conifer species commonly
found in low-elevation dry forests (Fryer, 2018),
and has the potential to persist on the
monument under the hotter, drier average
summer conditions that climate change will
bring. 

Ponderosa responds to these conditions by
reducing growth (Peltier & Ogle, 2019) and
shifting biomass allocation from leaves to
sapwood (McCullough et al., 2017), potentially
altering

altering canopy structure. Additionally, years
with extremely dry conditions make ponderosa
pine more susceptible to insect disturbances
(Negrón et al., 2009), wildfire (Sherriff and
Veblen, 2008), and drought-induced mortality
(Ganey & Vojta, 2011).  

Juvenile recruitment is an important process
for maintaining ponderosa pine forest on the
monument. Ponderosa pine seedlings require
greater amounts of moisture to establish than
their adult counterparts need to survive (Petrie
et al., 2017). Davis et al. (2020) found that the
average summer vapor pressure deficit (the
difference between the amount of moisture in
the

Photo: Bureau of Land Management
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in the air and the amount the air can hold when
saturated), along with the maximum
temperature of the warmest month of the year,
was strongly correlated with ponderosa pine
recruitment after fires. However, water
availability is most critical for seedlings during
establishment in the spring and in the following
fall through spring (League & Veblen, 2006),
when precipitation is expected to increase (Fig.
2). Given the episodic nature of ponderosa
recruitment (Brown & Wu, 2005), and a
projected increase in interannual rainfall
variability, future ponderosa recruitment might
be restricted to abnormally wet years. 

At the same time, seedling recruitment would
likely become more critical for forest
persistence in the future as more fire-conducive
climate conditions make stand-replacing
wildfires more likely (Parks & Abatzoglou, 2020),
leaving forests vulnerable to vegetation shifts if

ponderosa cannot regenerate after fires (Davis
et al., 2020).

Research conducted on ponderosa pine stands
suggests that their vulnerability to both drought
and stand-replacing fire can be mitigated
through thinning. Studies on ponderosa stands
in drought conditions found those that were
mechanically thinned beforehand continued to
grow, were less water stressed, and had more
access to soil moisture than un-thinned stands
(Sankey & Tatum, 2022; Young et al., 2023). 

Thinning also reduces the amount of fuel
available for wildfires, lessening potential fire
intensity (Pollet & Omi, 2002; Parks et al., 2023).
However, fuel reduction is most effective using
prescribed burns, which can remove more
surface-level fuel than mechanical thinning
(Davis et al., 2024).

Photo: Wikimedia Commons 7
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SAGEBRUSH STEPPE
40% of UMRBNM is covered by sagebrush steppe, most of which is
taken up by Wyoming big sagebrush (Artemisia tridentata
wyomingensis), a subspecies of big sagebrush. Studies predict that
projected climate change will have both positive and negative effects
on big sagebrush in the area of the monument. An earlier growing
season would allow individuals more time to grow (Perfors et al., 2003),  
increased winter and spring precipitation would allow water storage in
deeper soil layers (Palmquist et al., 2016a), and a warmer, wetter winter
and spring, combined with reduced snowpack, would provide better
conditions for seed germination (Palmquist et al., 2016a). 

However, longer, drier summers would put more stress on adult
sagebrush, and hinder the ability of seedlings to establish (Palmquist et
al., 2016b). More favorable fire conditions also pose a risk to sagebrush,
as big sagebrush’s lack of capacity for dispersal and germination post-
fire (Young & Evans, 1989) means it takes over 50 years for sagebrush
habitat on the monument to be restored (Baker, 2006).

Though cooler conditions and greater annual precipitation makes
sagebrush habitat in the northern Great Plains less vulnerable to
climate change than other parts of the species’ range (Chambers et al.,
2023), it is still unclear whether climate change will be a net positive or
negative for big sagebrush in UMRBNM. Palmquist et al. (2021), using a
plant simulation model based on competition for water availability,
found that changes in soil water availability in the northern Great Plains
would, by the end of the century, lead to no change in sagebrush
biomass under the RCP 8.5 scenario, and a decrease in biomass under
the RCP 4.5 scenario. 

However, Renwick et al. (2018), using four different models, two based
on spatial and temporal relationships with bioclimatic variables and two
based on mechanistic approaches to simulate sagebrush recruitment
and growth, found that sagebrush performance in the region would
benefit from increased temperatures. Even if sagebrush biomass
decreases as Palmquist et al. (2021) predicts, sagebrush density may
still increase, as mortality of large individuals reduces competition and
increases Photo: Karsten Koehn

Overall, increased summer water stress may result in ponderosa pine
forests in UMRBNM having less biomass and more limited recruitment
under future climate change. Related stressors, most notably wildfire,
may also become more persistent as a result of drier conditions.
However, elevated CO  concentrations in the atmosphere, which have
been shown to increase water-use efficiency in plants (McDowell et al.,
2022), may mitigate these impacts, though to what extent is unclear.
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resource availability for remaining smaller individuals, leading to shifts
in stand structure. 

Though there is disagreement in literature on the direct effects of
climate change on big sagebrush species, climate change is very likely
to benefit the invasive species cheatgrass (Bromus tectorum), and
other invasive grasses. Cheatgrass’ winter dormancy period is shorter
than native plants, allowing it to take advantage of greater precipitation
in the late fall and early spring (Taylor et al., 2014), and giving it a
competitive advantage over native species in the hot, dry summer
months (Bradley et al., 2009; Brummer et al., 2016). Cheatgrass also
provides fine fuels for wildfire, which may create a positive feedback
loop in which post-fire habitats are more susceptible to future
cheatgrass invasion (Shinneman, 2020). Light to moderate livestock
grazing might hinder this relationship by reducing potential fuel loads
(Davies et al., 2009).    

RIPARIAN HABITAT
12% of UMRBNM is riparian habitat. This habitat is sensitive to
irregularity in streamflow, which makes it especially vulnerable to
climate change (Fig. 3). Lower summer streamflow would lower the
water table and reduce water availability to riparian vegetation, leading
to decreases in growth, recruitment, and survival of riparian plant
species, ultimately making the habitat more competitive for drought-
tolerant species (Rood et al., 2008). Green ash (Fraxinus pennsylvanica)
is especially vulnerable to decreased water availability, as UMRBNM is
already at the arid edge of its range (Lesica, 2009). Many riparian plants
also depend on occasional floods to reduce the abundance of shade
tolerant, mid and late successional tree species such as elm and maple
that would likely take over their habitat in the absence of disturbances
(Johnson, 1998).

Cottonwood trees (Populus sect. Aigeiros), the dominant species in the
riparian habitat of UMRBNM, are dependent on regular pulses of high
streamflow. Cottonwood seeds are released to coincide with spring
floods. These floods not only disperse the seeds, but they also scour
river banks and flood plains, creating the ideal habitat for the seeds,
which require abundant moisture and minimal competition to
germinate (Rood & Mahoney, 1990). Scott et al. (1997) found that most
cottonwood trees along the Missouri River in UMRBNM were
established within two years of events in which flows exceeded 1400
m_/s at the Fort Benton gauge (the equivalent of 1850 m /s at the
Virgelle gauge; Bovee & Scott, 2002), a flow high enough to place seeds
above the reach of more regular seasonal flows and ice scours. These
high flows occurred every 9.3 years on average between 1881 and 1992
(Scott et al., 1997), but it is unclear if this is still the case more than 30
years later. 

33
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Figure 4. Arrow Creek, an undammed tributary of the Missouri river in
UMRBNM, supports juvenile as well as adult cottonwood trees

Photo: Andrew Veselka

While high spring streamflow

will still likely be present under

climate change, they are likely

to occur earlier in the year due

to earlier snowmelt, potentially

desynchronizing them from

cottonwood seed release.

Though warmer winter and

spring temperatures will prob-

ably make cottonwood seed

release happen earlier, the

influence of day-length might

still cause release to occur after

peak flows, impairing seedling

establishment (Rood et al.,

2008). 

Damming upstream of the

monument has also disrupted

streamflow (Bovee & Scott,

2002). As a result, young

cottonwood stands in the

monument are largely restricted

to tributaries that have not yet

been dammed (Fig. 4). However,

increased annual precipitation,

faster snowmelt, and an

expected increase in extreme

precipitation events throughout

the year (Knapp et al., 2023),

may still increase the frequency

of flooding and high runoff

events in UMRBNM (Whitlock et

al., 2017). Whether greater

streamflow volatility will make

up for streamflow restrictions,

which would only increase with

longer, drier summers (Montana

DNRC, 2015), requires further

assessment. 
Photo: Bureau of Land Management
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Climate change is also expected to
facilitate the spread of invasive
species in riparian habitats on the

monument. Three invasive plants in

particular, Russian olive (Elaeagnus

angustifolia), tamarisk (Tamarix spp.),

and Siberian elm (Ulmus pumila),

have been found on or near the

monument, are drought tolerant, and

benefit from higher annual

temperatures (Perry et al., 2018). 

While tamarisk and Siberian elm may

simply outcompete or displace

native riparian plants (Zouhar, 2003;

USDA, 2014), Russian olive can

change the successional dynamics of

a habitat through its ability to

reproduce

Figure 5. The aftermath of an ice jam along the Missouri River.

Photo: Zane Fulbright, BLM Ice jams are another recurring event

affecting riparian habitat in

UMRBNM. Jams occur when river ice

thaws rapidly and the resulting ice

flow builds up, obstructing

streamflow and causing water levels

to rise. Ice jams have inundated flood

plains along the Missouri river in a

mix of water and ice, scarring mature

trees, removing saplings, and

scouring river banks much like spring

floods. Though winter temperatures

are expected to rise on the

monument, even under RCP 8.5,

mean winter temperatures will be

just over freezing by the end of the

century (Table 1), meaning the

Missouri River will still likely freeze

regularly for the foreseeable future. 

Regular freezing events combined with a greater likelihood of warmer winter temperatures and
possibility of rain-on-snow events would affect the frequency and intensity of ice jams in the future
(Burrell et al., 2023). 

Photo: Stephen Pedersen
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reproduce under shade and create self-replicating stands (Katz and Shafroth, 2003). Streams
invaded by Russian olive are also less nitrogen limited, and the primary limiting nutrient may even
shift to phosphorus (Mineau et al., 2011), potentially changing which plant species are most
competitive in the habitat.

Climate change may make ash trees more susceptible to pathogens as well as invasive species. The
fungus Perenniporia fraxinophila is common in the woodlands of the northern Great Plains, and
adversely affects ash trees by weakening their heartwood, making their branches and trunks more
likely to be toppled by wind or ice events (Lesica et al., 2003). It is expected that drought stress
would make ash trees more vulnerable to the fungus (Lesica et al., 2003). Even more threatening to
ash trees is the emerald ash borer (EAB; Agrilus planipennis), an invasive beetle that attacks and kills
entire populations of ash trees (Aubin et al., 2015). EAB has not yet reached UMRBNM, but it is
expected to do so eventually (Liang & Fei, 2014). 

Photo: Bureau of Land Management12
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(A) GREATER SHORT-HORNED LIZARD
(Phrynosoma hernandesi)

The greater short-horned lizard generally
inhabits shrublands and open coniferous forest,
and, in Montana, it is most often found in areas
with a large amount of bare ground and loose
soil (Maxell et al., 2009). The size and shape of
the lizard makes moving through denser
vegetation difficult, implying that invasive plant
species that generate in high densities, such as
cheatgrass, may make habitats less suitable to
them (Environment Canada, 2014). Greater
short-horned lizards also require patchy
vegetation

vegetation cover for the intermittent shade it
provides, allowing them to  thermoregulate as
necessary (Environment Canada, 2014). 

Given their ability to manage high temp-
eratures, climate warming may benefit this
species by reducing their time in hibernation,
giving them more time to forage and reproduce
(Maxell et al., 2009; Environment Canada,
2014). 

However, overwintering lizards in Alberta have
been found to require a certain amount of snow
cover for adequate insulation, which suggests
that

IV. INDIVIDUAL OBJECTS
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that  a potential decrease in snowfall may cause

greater mortality in populations in UMRBNM

(Environment Canada, 2014).

It is important to note that there is a lack of

baseline data on greater short-horned lizards in

Montana (Maxell et al., 2009). Further research

may reveal additional risk factors.

Figure 6 (right). A greater short-horned lizard found in 
UMRBNM.

(B) GREATER SAGE GROUSE 
(Centrocercus urophasianus)

Greater sage-grouse are obligate residents of

the sagebrush ecosystem, requiring large areas

of contiguous, heterogenous sagebrush to meet

all of their habitat requirements. Sage-grouse

broods prefer open stands of sagebrush in the

summer (Montana sage-grouse Work Group,

2005), but in winter they move to denser stands

tall enough to appear above the snow, which

provide a critical source of food and shelter

(Connelly et al., 2011).

Sage-grouse population declines are usually

linked to juvenile mortality, as adult survival is

considered high (Montana sage-grouse Work

Group, 2005). Both nesting and rearing require

a combination of shrub and grass cover for

concealment from predators. When chicks

hatch in late spring they also depend on

abundant forbs and insects for forage

(Remington et al., 2020). During dry summers,

as palatability of forage declines, sage-grouse

move to moist areas that still support succulent

vegetation. Sage-grouse may remain dispersed

during wet summers (Montana Sage Grouse

Work Group, 2005). 

Photo: Bureau of Land Management

Photo: Matt Lavin

Photo: Zane Fulbright, BLM
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(C) PRONGHORN
(Antilocapra americana)

The pronghorn’s long-distance vision and speed

makes it well adapted to the gentle, rolling

terrain of sagebrush steppe habitat (McNew et

al., 2023). The amount and quality of forage on

the steppe is especially important to pronghorn

populations, both because they are uniquely

dependent on consistent energy intake as

opposed to fat reserves (Clancey et al., 2012),

and because they invest more energy into

reproduction than any other ungulate (Robbins

& Robbins, 1979). Dunn and Byers (2008) found

that a drought in the National Bison Range in

western Montana caused a decrease in

overwinter 

The threats climate change imposes on sage-

grouse are primarily linked to sagebrush

habitat. Drought immediately after hatching

(late spring and early summer) increases the

already-high juvenile mortality rate by depriving

chicks of food sources and predator

concealment (Montana Sage Grouse Work

Group, 2005). 

Invasive grasses such as cheatgrass also

displace and remove native grasses sage-grouse

depend on for forage (Brummer et al., 2016).

Wildfire can eradicate sagebrush habitat in the

burned area for over 50 years, depriving sage-

grouse of the habitat they depend on. Climate

change stressors may also reduce the height of

sagebrush (see section 3.b, paragraph 2),

depriving sage-grouse of a vital winter resource.

 Because climate change is not projected to remove sagebrush habitat from the northern Great
Plains (Chambers et al., 2023), sage-grouse are expected to persist in the region (Palmquist et al.,
2021). However, stressors brought on by climate change may still detrimentally affect
populations in UMRBNM, especially through juvenile mortality. These stressors may also cause
non-migratory populations to become migratory by reducing the amount of contiguous quality
habitat for the species, forcing them to move between different wintering, nesting, and brooding
habitats (Montana Sage Grouse Work Group, 2005). 

Photo: Oregon Department of Fish and Wildlife

SAGEBRUSH

Photo: Ken Frank
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(D) ELK AND MULE DEER
(Cervus canadensis and Odocoileus hemionus)

The habitat requirements and adaptations of elk and mule deer are
similar enough that they share the same vulnerabilities to climate
change. Their vulnerabilities are similar to pronghorn as well, in that
they rely on quality forage for energy, select for vegetation cover, and
are negatively impacted by deeper snow depths and colder winters
(Mackie, 1970). However, their ability to use forest as well as sagebrush
habitat (Wood, 2004), and their ability to draw more energy from fat
reserves (Robbins & Robbins, 1979), makes them less vulnerable to
climate change than pronghorn. 

Both mule deer and elk regularly use ponderosa forest as thermal cover
from both cold winds and deep snow in winter and warm sunlight in
summer (Wood, 2004). Forest habitat also provides more accessible
browse 

overwinter survival and spring fecundity for pronghorn, but not any
other resident ungulate species. Future droughts may be expected to
have a similar, unique effect on pronghorn in UMRBNM by depriving
them of the quality forage they require. There is also the risk that
cheatgrass expansion will have a similar effect by outcompeting and
displacing the native vegetation pronghorn rely on (Jones, et al., 2023). 

 Pronghorn depend on the vegetation of the sagebrush steppe for cover
as well as for forage. Thick shrub density provides cover for newborn
pronghorn to hide from predators (Jacques et al., 2015), and adult
pronghorn rely on particularly tall sagebrush during the winter to
provide cover from cold winds, and to produce areas of lower snow
depth where it is easier for them to forage (Bruns, 1977; Ryder and Irwin,
1987). A potential increase in sagebrush density (See Section 3.B,
paragraph 2) may provide newborns with more protection from
predators, but a shift toward smaller individual sagebrush (Palmquist et
al., 2021) could limit availability of the tall sagebrush that are relied on
in winter. 

One possible benefit of climate change to pronghorn is a reduction in
winter snow depth as a result of warmer winter temperatures (Table 1).
Pronghorn’s relatively small hoof area hinders their ability to traverse
snow, and makes it an especially costly energy expenditure (Telfer and
Kelsall 1984). Snow depth also impacts pronghorn’s ability to access
forage (Malpeli, 2022), further reducing their energy reserves. Lower
snow depths, and warmer winters in general, would likely counteract
the negative effects of more persistent drought on pronghorn
populations, though it is unclear as to what extent.                

Photo: Forest Service Northern Region
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(E) BLACK-TAILED PRAIRIE DOG
(Cynomys ludovicianus)

Black-tailed prairie dogs inhabit large tracts of short to mid-grass
habitat, and will closely crop this vegetation not just for their main
source of food, but also to create habitat in which predators can be
easily spotted and avoided (Van Pelt, 1999). This relationship to
vegetation means prairie dog towns can change dramatically in periods
of drought. In such conditions prairie dog towns become less dense and
more dispersed, likely because of their improved ability to see
predators over shorter vegetation, their need to cover more food
resources, and their lower survival and recruitment (Bruggeman & Licht,
2020). On the other hand, warmer, wetter conditions that lengthen the
growing season and improve forage quality may make towns more
dense in response to more plentiful resources (Bruggeman & Licht,
2020). Greater interannual variability in rainfall might cause the size of
prairie dog towns in UMRBNM to vary significantly over the course of
years.

More interannual rainfall variability would likely exacerbate the spread
of plague through prairie dog towns in the monument. Plague causes
nearly 100% mortality in black-tailed prairie dog populations (Cully et
al., 2010), and is described as the most significant threat to the species
(Luce, 2002). Eads et al. (2020) found that fleas carrying plague were
most abundant in Utah prairie dog towns (Cynomys parvidens) during
dry years that followed wet years. They speculate humid conditions in
prairie dog burrows provided an ideal microhabitat for flea production,
and the following year’s dry conditions limited vegetation production,
making prairie dogs weaker and more exposed to ectoparasites. A
model synthesizing black-tailed prairie dog colony extinctions from
plague under different climate, soil, and colony characteristics verified
this relationship, and pointed out that greater prairie dog densities
during wet years also increase the likelihood of plague transmission
(Barile et al., 2023). The effect of increasing temperature on plague
mortality is less clear, as warmer temperatures shorten flea
development time and increases their abundance (Samuel et al., 2022),
but fleas seem to transmit plague more effectively in cooler
temperatures (Williams et al., 2013; Barile et al., 2023).

forage when ground vegetation is covered by snow (Wood, 2004). The
potential for ponderosa pine to reduce growth under warmer and drier
summer conditions (see Section 3.A, paragraph 4) may lead to shifts in
stand structure, which could limit its effectiveness as a source for
thermal cover and browse.

Photo: Wikimedia Commons
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(G) AMERICAN WHITE PELICAN
(Pelecanus erythrorhynchos)

The American white pelican is a migratory
species, and flies to Montana each spring from
its wintering grounds in the southern United
States and central America (Montana Field
Guide, 2024). Pelicans typically arrive in
Montana in April and form large breeding
colonies in wetlands in which they reproduce,
lay and hatch eggs, and rear young until August,
when 

( F )  S A U G E R ,  B L U E  S U C K E R ,  &  
S M A L L M O U T H  B U F F A L O

(Sander canadensis, Cycleptus elongatus, and
Ictiobus bubalus)

 The life history and adaptations of sauger, blue
sucker, and smallmouth buffalo are similar
enough that they share the same vulnerabilities
to climate change. All three are long-lived
species that only reproduce under optimal
conditions, which likely involve higher than
average streamflow and water temperature
being within a certain range particular to each
species (Holmquist, 2024). Both of these
conditions will likely become more variable
under climate change (see Section 2, paragraph
5), which may limit recruitment for these
species in the future. Warming water
temperature may also disrupt the emergence of
food resources that these species rely on
(Lessard & Hayes, 2003), and benefit non-native
species like smallmouth bass that are better
adapted to warmer temperatures (Holmquist,
2024). Projected lower summer streamflow (Fig.
3) would be especially detrimental to sauger,
which are adapted to highly turbid, low visibility
environments (Ali & Anctil, 1977). Lower
streamflow would decrease turbidity, making
the habitat more suitable to non-native visual
predators such as walleye, northern pike, and
smallmouth bass (Holmquist, 2024). 

Photo: Ingrid Taylar

Photo: USFWS Mountain-Prairie
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when they begin migrating south (Hendricks and Johnson, 2002; Montana Field Guide, 2024).
Though there are no known breeding colonies in UMRBNM, adults likely travel to the monument
to forage for their young in the Missouri river and its tributaries. 

The presence of pelicans in UMRBNM is determined more by the viability of the breeding
colonies closest to the monument than conditions on the monument. The four known breeding
colonies in Montana are at Medicine Lake, Bowdoin Lake, Arod Lakes, and Canyon Ferry
Reservoir (Montana Field Guide, 2024). The most significant factor in breeding habitat viability is
the depth of water that surrounds them. 

Pelicans in Montana experienced significant declines in the 1960’s and 1970’s as a result of
water level fluctuations at their breeding colonies (Montana Field Guide, 2024). Climate change
in the pelican’s wintering grounds may also affect breeding colony viability, as Sovada et al.
(2014) has found pelicans’ arrival at a breeding colony in North Dakota has advanced by 16 days
over a 44-year period, exposing chicks to early spring storms that increase their mortality. 

Photo: USFWS Mountain-Prairie 19
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Photos (top to bottom): Bureau of Land Management (1), Bureau of Land Management (2), Matt Lavin, Neal Herbert, & NatureServe

Reservoirs upstream of UMRBNM may further restrict streamflow
as a response to drier summer conditions from climate change. How
significant an impact will increased water restrictions have on
streamflow in the monument?

Higher atmospheric CO   concentrations improve plant growth and
water-use efficiency. How significantly will higher CO2
concentrations counteract the effects of drought-stress under
climate change as well as influence invasive vegetation response
and woody encroachment?

2

2

Climate change will likely increase the likelihood of stand-
replacing fire in ponderosa pine forest, and may restrict ponderosa
seedling establishment. Will this lead to a contraction in ponderosa
pine habitat?

The NatureServe climate change vulnerability index provides a
quick, cost-effective estimate of a species’ vulnerability to climate
change, but it requires detailed information on the species’ natural
history to generate predictions. Can the information needed to
produce an estimate for the species of interest be pooled from
monument staff and resources?

V. KNOWLEDGE GAPS 

20

https://www.flickr.com/photos/mypubliclands/16630046848
https://flickr.com/photos/mypubliclands/8914384309
https://commons.wikimedia.org/wiki/File:Mountain_big_sagebrush_steppe-_E_end_of_Emma_Park_Road_N_of_Helper_UT_%2820192608324%29.jpg
https://www.flickr.com/photos/nealherbert/48975302436/in/photostream/
https://www.natureserve.org/who-we-are?gad_source=1&gclid=CjwKCAjw9eO3BhBNEiwAoc0-jXzbk5wg5QZJ0ubdypm-F2-Tc52WSqPxZ9JxmRTvngmz3ockWPkawRoCfeYQAvD_BwE


VI. ACKNOWLEDGEMENTS... 

...& LITERATURE CITED

We are very grateful to Zane Fulbright, Bonny Richard, and Jesse
Hankins from UMRBNM for their support and guidance for this project,
and to David Wood (BLM) for his involvement and input. The project was
part of the NC CASC’s summer 2024 Rapid Climate Assessment Program
(QR code, right) and supported by the USGS Cooperative Agreement
grant #G18AC00325.

Ali, M. A., & Anctil, M. (1977). Retinal Structure and
Function in the Walleye (Stizostedion vitreum vitreum)
and Sauger (S. canadense). Journal of the Fisheries
Research Board of Canada, 34(10), 1467–1474.
https://doi.org/10.1139/f77-211. 

Aubin, I., Cardou, F., Ryall, K., Kreutzweiser, D., & Scarr,
T. (2015). Ash regeneration capacity after emerald ash
borer (EAB) outbreaks: Some early results. The
Forestry Chronicle, 91(03), 291–298.
https://doi.org/10.5558/tfc2015-050. 

Baker, W. L. (2006). Fire and Restoration of Sagebrush
Ecosystems. Wildlife Society Bulletin, 34(1), 177–185.
https://doi.org/10.2193/0091-
7648(2006)34[177:FAROSE]2.0.CO;2. 

Barrile, G. M., Augustine, D. J., Porensky, L. M.,
Duchardt, C. J., Shoemaker, K. T., Hartway, C. R.,
Derner, J. D., Hunter, E. A., & Davidson, A. D. (2023). A
big data–model integration approach for predicting
epizootics and population recovery in a keystone
species. Ecological Applications, 33(4), e2827.
https://doi.org/10.1002/eap.2827. 

Bovee, K. D., & Scott, M. L. (2002). Implications of flood
pulse restoration for populus regeneration on the
upper Missouri River. River Research and
Applications, 18(3), 287–298.
https://doi.org/10.1002/rra.672. 

Bradley, B. A. (2009). Regional analysis of the impacts
of climate change on cheatgrass invasion shows
potential risk and opportunity. Global Change Biology,
15(1), 196–208. https://doi.org/10.1111/j.1365-
2486.2008.01709.x. 

Brown, P. M., & Wu, R. (2005). Climate and Disturbance
Forcing of Episodic Tree Recruitment in a
Southwestern Ponderosa Pine Landscape. Ecology,
86(11), 3030–3038. https://doi.org/10.1890/05-0034.

Bruggeman, J.E., & Licht, D.S. (2020). Drought-
mediated changes in black-tailed prairie dog colonies
in the Northern Great Plains. Journal of Mammology,
101(4), 1189-1204.
https://doi.org/10.1093/jmammal/gyaa070.

Brummer, T. J., Taylor, K. T., Rotella, J., Maxwell, B. D.,
Rew, L. J., & Lavin, M. (2016). Drivers of Bromus
tectorum Abundance in the Western North American
Sagebrush Steppe. Ecosystems, 19(6), 986–1000.
https://doi.org/10.1007/s10021-016-9980-3.

Bruns, E. H. (1977). Winter Behavior of Pronghorns in
Relation to Habitat. The Journal of Wildlife
Management, 41(3), 560–571.
https://doi.org/10.2307/3800530
Burrell, B.C., Beltaos, S. & Turcotte, B. (2023). 

Effects of climate change on river-ice processes and
ice jams. International Journal of River Basin
Management, 21(3), 421-441.

RECOMMENDED CITATION

Veselka A., Clark-Wolf K. and Rangwala I. (2024). Climate Change Impact Assessment for the
Upper Missouri River Breaks National Monument. Rapid Climate Assessment Program 2024.
North Central Climate Adaptation Science Center, Cooperative Institute for Research in
Environmental Sciences, University of Colorado Boulder, Boulder, CO.

21

https://doi.org/10.5558/tfc2015-050
https://doi.org/10.1111/j.1365-2486.2008.01709.x
https://doi.org/10.1111/j.1365-2486.2008.01709.x
https://doi.org/10.1890/05-0034
https://doi.org/10.1007/s10021-016-9980-3
https://doi.org/10.2307/3800530


Fryer, Janet L. (2018). Pinus ponderosa var.
benthamiana, P. p. var. ponderosa: Ponderosa pine. In:
Fire Effects Information System, [Online]. U.S.
Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Missoula Fire Sciences
Laboratory (Producer). Available:
www.fs.usda.gov/database/feis/plants/tree/pinponp/al
l.html.

Ganey, J. L., & Vojta, S. C. (2011). Tree mortality in
drought-stressed mixed-conifer and ponderosa pine
forests, Arizona, USA. Forest Ecology and
Management, 261(1), 162–168.
https://doi.org/10.1016/j.foreco.2010.09.048.

Hendricks, P., & Johnson, R. F. (2002). Movements and
mortality of American white pelicans fledged in three
Montana colonies. Helena, MT : Montana Natural
Heritage Program.
http://archive.org/details/AE0EC07C-EB12-466D-
BC3C-08F67D72AA7D. 

Hegewisch, K.C. and Abatzoglou, J.T..' Historical
Climate Tracker' web tool. Climate Toolbox
(https://climatetoolbox.org/) accessed on August 1st,
2024.

Holmquist, L. (2024). personal communication.
IPCC. 2019: Summary for Policymakers. In: IPCC
Special Report on the Ocean and Cryosphere in a
Changing Climate [H.-O. Pörtner, D.C. Roberts, V.
Masson-Delmotte, P. Zhai, M.Tignor, E. Poloczanska, K.
Mintenbeck, A.Alegría, M. Nicolai, A. Okem, J. Petzold,
B. Rama, N.M. Weyer (eds.)]. In press
Johnson, W. C. (1998). Adjustment of riparian
vegetation to river regulation in the Great Plains, USA.
Wetlands, 18(4), 608–618.
https://doi.org/10.1007/BF03161676. 

Katz, G. L., & Shafroth, P. B. (2003). Biology, ecology
and management ofElaeagnus angustifolia L. (Russian
olive) in western North America. Wetlands, 23(4), 763–
777. https://doi.org/10.1672/0277-
5212(2003)023[0763:BEAMOE]2.0.CO;2. 

Knapp, C.N., D.R. Kluck, G. Guntenspergen, M.A.
Ahlering, N.M. Aimone, A. Bamzai-Dodson, A. Basche,
R.G. Byron, O. Conroy-Ben, M.N. Haggerty, T.R. Haigh,
C. Johnson, B. Mayes Boustead, N.D. Mueller, J.P. Ott,
G.B. Paige, K.R. Ryberg, G.W. Schuurman, and S.G.
Tangen. (2023) Ch. 25. Northern Great Plains. In: Fifth
National Climate Assessment. Crimmins, A.R., C.W.
Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and
T.K. Maycock. Eds. U.S. Global Change Research
Program, Washington, DC, USA.
https://doi.org/10.7930/NCA5.2023.

Callaway, R. M., DeLucia, E. H., & Schlesinger, W. H.
(1994). Biomass Allocation of Montane and Desert
Ponderosa Pine: An Analog for Response to Climate
Change. Ecology, 75(5), 1474–1481.
https://doi.org/10.2307/1937470. 

Chambers, J. C., Brown, J. L., Bradford, J. B., Doherty,
K. E., Crist, M. R., Schlaepfer, D. R., Urza, A. K., & Short,
K. C. (2023). Combining resilience and resistance with
threat-based approaches for prioritizing management
actions in sagebrush ecosystems. Conservation
Science and Practice, 5(11), e13021.
https://doi.org/10.1111/csp2.13021.

Connelly, J., Rinkes, E., & Braun, C. (2011).
Characteristics of Greater Sage-Grouse Habitats: A
Landscape Species at Micro-and Macroscales (Vol. 38,
pp. 68–83). https://doi.org/10.1525/california/
9780520267114.003.0005.

Cully, J. F., Johnson, T. L., Collinge, S. K., & Ray, C.
(2010). Disease Limits Populations: Plague and Black-
Tailed Prairie Dogs. Vector Borne and Zoonotic
Diseases, 10(1), 7–15.
https://doi.org/10.1089/vbz.2009.0045.

Davis, K. T., Higuera, P. E., Dobrowski, S. Z., Parks, S. A.,
Abatzoglou, J. T., Rother, M. T., & Veblen, T. T. (2020).
Fire-catalyzed vegetation shifts in ponderosa pine and
Douglas-fir forests of the western United States.
Environmental Research Letters, 15(10), 1040b8.
https://doi.org/10.1088/1748-9326/abb9df.

Davies, K. W., Svejcar, T. J., & Bates, J. D. (2009).
Interaction of historical and nonhistorical
disturbances maintains native plant communities.
Ecological Applications, 19(6), 1536–1545.
https://doi.org/10.1890/09-0111.1.

DeSantis, R. D., Moser, W. K., Gormanson, D. D.,
Bartlett, M. G., & Vermunt, B. (2013). Effects of climate
on emerald ash borer mortality and the potential for
ash survival in North America. Agricultural and Forest
Meteorology, 178–179, 120–128.
https://doi.org/10.1016/j.agrformet.2013.04.015.

Eads, D. A., Abbott, R. C., Biggins, D. E., & Rocke, T. E.
(2020). Flea Parasitism And Host Survival In A Plague-
Relevant System: Theoretical And Conservation
Implications. Journal of Wildlife Diseases, 56(2), 378–
387. https://doi.org/10.7589/2019-08-201.

Environment Canada. (2014). Recovery Strategy for
the Greater Short-horned Lizard (Phrynosoma
hernandesi) in Canada [Proposed]. Species at Risk Act
Recovery Strategy Series. Environment Canada,
Ottawa.

22

http://www.fs.usda.gov/database/feis/plants/tree/pinponp/all.html
http://www.fs.usda.gov/database/feis/plants/tree/pinponp/all.html
https://doi.org/10.2307/1937470
https://doi.org/10.1111/csp2.13021
https://doi.org/10.1890/09-0111.1
https://doi.org/10.1016/j.agrformet.2013.04.015


McDowell, N. G., Sapes, G., Pivovaroff, A., Adams, H. D.,
Allen, C. D., Anderegg, W. R. L., Arend, M., Breshears, D.
D., Brodribb, T., Choat, B., Cochard, H., De Cáceres, M.,
De Kauwe, M. G., Grossiord, C., Hammond, W. M.,
Hartmann, H., Hoch, G., Kahmen, A., Klein, T., … Xu, C.
(2022). Mechanisms of woody-plant mortality under
rising drought, CO2 and vapour pressure deficit.
Nature Reviews Earth & Environment, 3(5), 294–308.
https://doi.org/10.1038/s43017-022-00272-1.

Jacques, C. N., Jenks, J. A., Grovenburg, T. W., & Klaver,
R. W. (2015). Influence of Habitat and Intrinsic
Characteristics on Survival of Neonatal Pronghorn.
PLOS ONE, 10(12), e0144026.
https://doi.org/10.1371/journal.pone.0144026.

Malpeli, K. C. (2022). Ungulate migration in a changing
climate—An initial assessment of climate impacts,
management priorities, and science needs. In Circular
(1493). U.S. Geological Survey.
https://doi.org/10.3133/cir1493.

Mineau, M. M., Baxter, C. V., & Marcarelli, A. M. (2011). A
Non-Native Riparian Tree (Elaeagnus angustifolia)
Changes Nutrient Dynamics in Streams. Ecosystems,
14(3), 353–365. https://doi.org/10.1007/s10021-011-
9415-0.

Montana Field Guide. American White Pelican —
Pelecanus erythrorhynchos. Montana Natural Heritage
Program and Montana Fish, Wildlife and Parks.
Retrieved on August 15, 2024, from
https://FieldGuide.mt.gov/speciesDetail.aspx?
elcode=ABNFC01010.

Montana Sage Grouse Work Group. (2005).
Management plan and conservation strategies for sage
grouse in Montana—Final /. The Group,.
https://doi.org/10.5962/bhl.title.54355.

MT-DNRC. (2014). Lower Missouri River Basin Water
Plan 2014. 191 p.

Negrón, J. F., McMillin, J. D., Anhold, J. A., & Coulson,
D. (2009). Bark beetle-caused mortality in a drought-
affected ponderosa pine landscape in Arizona, USA.
Forest Ecology and Management, 257(4), 1353–1362.
https://doi.org/10.1016/j.foreco.2008.12.002.

Palmquist, K. A., Schlaepfer, D. R., Bradford, J. B., &
Lauenroth, W. K. (2016a). Mid-latitude shrub steppe
plant communities: Climate change consequences for
soil water resources. Ecology, 97(9), 2342–2354.
https://doi.org/10.1002/ecy.1457.

League, K., & Veblen, T. (2006). Climatic variability and
episodic Pinus ponderosa establishment along the
forest-grassland ecotones of Colorado. Forest Ecology
and Management, 228(1), 98–107.
https://doi.org/10.1016/j.foreco.2006.02.030.

Lesica, P. (2009). Can Regeneration of Green Ash
(Fraxinus pennsylvanica) be Restored in Declining
Woodlands in Eastern Montana? Rangeland Ecology &
Management, 62(6), 564–571.
https://doi.org/10.2111/.1/REM-D-09-00020.1.

Lesica, P., Atthowe, H. E., & Dugan, F. M. (2003).
Incidence of Perenniporia fraxinophila and its effects
on green ash (Fraxinus pennsylvanica) woodlands in
eastern Montana, USA. Forest Ecology and
Management, 182(1), 153–159.
https://doi.org/10.1016/S0378-1127(03)00011-2.

Lessard, J. L., & Hayes, D. B. (2003). Effects of elevated
water temperature on fish and macroinvertebrate
communities below small dams. River Research and
Applications, 19(7), 721–732.
https://doi.org/10.1002/rra.713.

Liang, L., & Fei, S. (2014). Divergence of the potential
invasion range of emerald ash borer and its host
distribution in North America under climate change.
Climatic Change, 122(4), 735–746.
https://doi.org/10.1007/s10584-013-1024-9.

Luce, R. J. (2002). A Multi-State Conservation Plan For
The Black-tailed Prairie Dog, Cynomys ludovicianus, in
the United States.
https://cpw.state.co.us/Documents/WildlifeSpecies/Sp
eciesOfConcern/BlackTailedPrairieDog/PDF/BTPD_Ad
dendum2002.pdf.

Maxell, B. A., Maxell, B. A., Montana, Carlson, A., Corn,
S., DuBois, K., Gates, M. T., Hendricks, P., Lenard, S.,
Saul, L., Sitter, G., Program, M. N. H., Center, N. R. M. S.,
States, U., States, U., States, U., & States, U. (2009).
Montana amphibian and reptile status assessment,
literature review, and conservation plan. Montana
Natural Heritage Program.
https://doi.org/10.5962/bhl.title.65671.

McCullough, I. M., Davis, F. W., & Williams, A. P. (2017).
A range of possibilities: Assessing geographic variation
in climate sensitivity of ponderosa pine using tree
rings. Forest Ecology and Management, 402, 223–233.
https://doi.org/10.1016/j.foreco.2017.07.025.

23

https://doi.org/10.1038/s43017-022-00272-1
https://doi.org/10.1007/s10021-011-9415-0
https://doi.org/10.1007/s10021-011-9415-0
https://doi.org/10.1016/j.foreco.2006.02.030
https://doi.org/10.2111/.1/REM-D-09-00020.1
https://doi.org/10.1016/S0378-1127(03)00011-2
https://doi.org/10.1007/s10584-013-1024-9
https://doi.org/10.1016/j.foreco.2017.07.025


Rood, S. B., Pan, J., Gill, K. M., Franks, C. G., Samuelson,
G. M., & Shepherd, A. (2008). Declining summer flows
of Rocky Mountain rivers: Changing seasonal
hydrology and probable impacts on floodplain forests.
Journal of Hydrology, 349(3), 397–410.
https://doi.org/10.1016/j.jhydrol.2007.11.012.

Rood, S. B., & Mahoney, J. M. (1990). Collapse of
riparian poplar forests downstream from dams in
western prairies: Probable causes and prospects for
mitigation. Environmental Management, 14(4), 451–
464. https://doi.org/10.1007/BF02394134.

Ryder, T. J., & Irwin, L. L. (1987). Winter Habitat
Relationships of Pronghorns in Southcentral Wyoming.
The Journal of Wildlife Management, 51(1), 79–85.
https://doi.org/10.2307/3801635.

Samuel, M. D., Poje, J. E., Rocke, T. E., & Metzger, M. E.
(2022). Potential Effects of Environmental Conditions
on Prairie Dog Flea Development and Implications for
Sylvatic Plague Epizootics. EcoHealth, 19(3), 365–377.
https://doi.org/10.1007/s10393-022-01615-6.

Sankey, T., & Tatum, J. (2022). Thinning increases forest
resiliency during unprecedented drought. Scientific
Reports, 12(1), 9041. https://doi.org/10.1038/s41598-
022-12982-z.

Scott, M. L., Auble, G. T., & Friedman, J. M. (1997). Flood
Dependency of Cottonwood Establishment Along the
Missouri River, Montana, Usa. Ecological Applications,
7(2), 677–690. https://doi.org/10.1890/1051-
0761(1997)007[0677:FDOCEA]2.0.CO;2.

Sherriff, R. L., & Veblen, T. T. (2008). Variability in fire–
climate relationships in ponderosa pine forests in the
Colorado Front Range. International Journal of
Wildland Fire, 17(1), 50–59.
https://doi.org/10.1071/WF07029.

Shinneman, D. J. (2020). North American Sagebrush
Steppe and Shrubland. In M. I. Goldstein & D. A.
DellaSala (Eds.), Encyclopedia of the World’s Biomes
(pp. 505–515). Elsevier. https://doi.org/10.1016/B978-
0-12-409548-9.11982-7.

Sinokrot, B. A., & Gulliver, J. S. (2000). In-stream flow
impact on river water temperatures. Journal of
Hydraulic Research, 38(5), 339–349.
https://doi.org/10.1080/00221680009498315.

Sovada, M. A., Igl, L. D., Pietz, P. J., & Bartos, A. J.
(2014). Influence of Climate Change on Productivity of
American White Pelicans, Pelecanus erythrorhynchos.
PLOS ONE, 9(1), e83430.
https://doi.org/10.1371/journal.pone.0083430.

Palmquist, K. A., Schlaepfer, D. R., Bradford, J. B., &
Lauenroth, W. K. (2016b). Spatial and ecological
variation in dryland ecohydrological responses to
climate change: Implications for management.
Ecosphere, 7(11), e01590.
https://doi.org/10.1002/ecs2.1590.

Palmquist, K. A., Schlaepfer, D. R., Renne, R. R., Torbit,
S. C., Doherty, K. E., Remington, T. E., Watson, G.,
Bradford, J. B., & Lauenroth, W. K. (2021). Divergent
climate change effects on widespread dryland plant
communities driven by climatic and ecohydrological
gradients. Global Change Biology, 27(20), 5169–5185.
https://doi.org/10.1111/gcb.15776.

Parks, S. A., Holsinger, L. M., Blankenship, K., Dillon, G.
K., Goeking, S. A., & Swaty, R. (2023). Contemporary
wildfires are more severe compared to the historical
reference period in western US dry conifer forests.
Forest Ecology and Management, 544, 121232.
https://doi.org/10.1016/j.foreco.2023.121232.

Peltier, D. M. P., & Ogle, K. (2019). Legacies of more
frequent drought in ponderosa pine across the
western United States. Global Change Biology, 25(11),
3803–3816. https://doi.org/10.1111/gcb.14720.

Perfors, T., Harte, J., & Alter, S. E. (2003). Enhanced
growth of sagebrush (Artemisia tridentata) in response
to manipulated ecosystem warming. Global Change
Biology, 9(5), 736–742. https://doi.org/10.1046/j.1365-
2486.2003.00559.x.

Perry, L. G., Reynolds, L. V., & Shafroth, P. B. (2018).
Divergent effects of land-use, propagule pressure, and
climate on woody riparian invasion. Biological
Invasions, 20(11), 3271–3295.
https://doi.org/10.1007/s10530-018-1773-5.

Petrie, M. D., Bradford, J. B., Hubbard, R. M.,
Lauenroth, W. K., Andrews, C. M., & Schlaepfer, D. R.
(2017). Climate change may restrict dryland forest
regeneration in the 21st century. Ecology, 98(6), 1548–
1559. https://doi.org/10.1002/ecy.1791.

Pollet, J., & Omi, P. N. (2002). Effect of thinning and
prescribed burning on crown fire severity in
ponderosa pine forests. International Journal of
Wildland Fire, 11(1), 1–10.
https://doi.org/10.1071/wf01045.

Remington, T. E., Deibert, P. A., Hanser, S. E., Davis, D.
M., Robb, L. A., & Welty, J. L. (2021). Sagebrush
conservation strategy—Challenges to sagebrush
conservation. In Open-File Report (2020–1125). U.S.
Geological Survey.
https://doi.org/10.3133/ofr20201125. 24

https://doi.org/10.1007/BF02394134
https://doi.org/10.1890/1051-0761(1997)007%5B0677:FDOCEA%5D2.0.CO;2
https://doi.org/10.1890/1051-0761(1997)007%5B0677:FDOCEA%5D2.0.CO;2
https://doi.org/10.1016/B978-0-12-409548-9.11982-7
https://doi.org/10.1016/B978-0-12-409548-9.11982-7
https://doi.org/10.1080/00221680009498315


Taylor, K., Brummer, T., Rew, L. J., Lavin, M., & Maxwell,
B. D. (2014). Bromus tectorum Response to Fire Varies
with Climate Conditions. Ecosystems, 17(6), 960–973.
https://doi.org/10.1007/s10021-014-9771-7.

Telfer, E. S., & Kelsall, J. P. (1984). Adaptation of Some
Large North American Mammals for Survival In Snow.
Ecology, 65(6), 1828–1834.
https://doi.org/10.2307/1937779. 

USDA Forest Service Southwestern Region. (2014).
Field guide for managing siberian elm in the
Southwest. 

Van Pelt, W.E. (1999). The black-tailed prairie dog
conservation assessment and strategy. Arizona Game
and Fish Department.

Whitlock C., Cross W., Maxwell B., Silverman N., Wade
A.A.. 2017. 2017 Montana Climate Assessment.
Bozeman and Missoula MT: Montana State University
and University of Montana, Montana Institute on
Ecosystems. 318 p. doi:10.15788/m2ww8w.

Williams, S. K., Schotthoefer, A. M., Montenieri, J. A.,
Holmes, J. L., Vetter, S. M., Gage, K. L., & Bearden, S. W.
(2013). Effects of Low-Temperature Flea Maintenance
on the Transmission of Yersinia pestis by Oropsylla
montana. Vector-Borne and Zoonotic Diseases, 13(7),
468–478. https://doi.org/10.1089/vbz.2012.1017

Wood, C. K. (2004). The effects of prescribed burning
on deer and elk habitat parameters in Montana’s
Missouri River Breaks. [Doctoral dissertation, Montana
State University].

Young, D. J. N., Estes, B. L., Gross, S., Wuenschel, A.,
Restaino, C., & Meyer, M. D. (2023). Effectiveness of
forest density reduction treatments for increasing
drought resistance of ponderosa pine growth.
Ecological Applications, 33(4), e2854.
https://doi.org/10.1002/eap.2854. 

Young, J. A., & Evans, R. A. (1989). Dispersal and
Germination of Big Sagebrush (Artemisia tridentata)
Seeds. Weed Science, 37(2), 201–206.

Zhang, L. L., Zhang, J., Zhang, L. M., & Tang, W. H. (2011).
Stability analysis of rainfall-induced slope failure: A
review. Proceedings of the Institution of Civil
Engineers - Geotechnical Engineering, 164(5), 299–316.
https://doi.org/10.1680/geng.2011.164.5.299.

Zouhar, K. 2003. Tamarix spp. In: Fire Effects
Information System, [Online]. U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research
Station, Fire Sciences Laboratory (Producer).
Available:
https://www.fs.usda.gov/database/feis/plants/tree/ta
mspp/all.html [ 2024, August 1].

25


