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All non-forest ecosystems are at risk 
from climate change
Sensitivity to Climate Change Varies
Adaptive Capacity Varies
Sensitivity + Adaptive Capacity = 

Expected Effects



Much we don’t know
Climate change studies increasing 
Understanding will change
Uncertainty an important point for 

non-forest ecosystems

Estimating Uncertainty

For this assessment,

High, Medium, Low



Most impact studies have been done 
on alpine
Increasing research on pinyon-juniper, 

sagebrush, and salt desert shrub
Others are more conjectural based on 

knowledge of these other types



Common Themes

Broad-scale Climate Change Effects

Warming temperatures
Decreasing snowpack
Altered timing of snow melt and 

runoff
Increased severity and frequency 

of wildfires



Common Themes

Current Conditions - Existing Stressors

 Loss of Resilience:
 Invasives Species
 Development
 Livestock Use

 Fragmentation (roads, oil & gas 
development)

 Uncharacteristic Fire Regime
Much of this latter point is a result of human activities (fire 
suppression, livestock grazing, spread of invasives) which 
are compounded by climate change



Non-forested systems

IAP Vegetation Types
Persistent Pinyon-Juniper
Oak-Maple
Mountain Mahogany
Mountain Big Sagebrush
Dry Sagebrush
Sprouting Sagebrush
Dwarf Sagebrush
Mountain Shrublands
Salt Desert Shrub
Grasslands
Subalpine Forb
Alpine
HIgh Elevation Riparian/Wetland
Mid Elevation Riparian/Wetland
Low Elevation Riparian/Wetland



Woodland Ecosystems

Persistent Pinyon-Juniper Woodlands Oak-Maple Woodlands

Mountain Mahogany Woodlands
Source:forestry.usu.edu



Shrubland Ecosystems

Mountain Shrublands Mountain Big Sagebrush

Dry Big Sagebrush



Shrubland Ecosystems

Dwarf Sagebrush Sprouting Sagebrush

Salt Desert



Grassland, Forbland, and Alpine 
Ecosystems



Rioparian & Wetland Ecosystems



Ecosystems with Highest Sensitivity 
and Low-Moderate Adaptive 
Capacity

Alpine
Subalpine Forblands
Dry Sagebrush Shrublands
Dwarf Sagebrush Shrublands
Low-elevation Riparian and 

Wetland Ecosystems



Ecosystems with Highest Sensitivity 
and Low-Moderate Adaptive 
Capacity

Alpine and Subalpine Forblands
have limited places to move

Dry Sagebrush Shrublands and 
Low-elevation Riparian and 
Wetland Ecosystems have been 
highly altered and have much 
lower resilience



Alpine
 ARGUABLY THE MOST AT RISK TYPE IN 

REGION
Occurs throughout the Region
 Potential for total loss of climate envelop
 Species not adapted to higher temps and 

late snow melt
Cannot compete with lower-elevation 

species, including trees, shrubs, and 
herbaceous species

 Included in grazing allotments and some 
areas heavily used by native ungulates



Subalpine Forblands

 Dominated by a wide variety of broadleaf 
forbs with minor amounts of grasses
On deep well-developed soils (tall forb)
On shallow soils (short forb)



Subalpine Forblands

 Limited in distribution
 Narrow climate and site envelopes
 Evidence shows woody species likely to 

replace forb dominance as sites become 
warmer and drier

Many sites have been highly altered (historic 
grazing) = lost resilience



Dry Sagebrush Shrublands

 Dominated by Wyoming, Basin, Parish, and 
Sand Sagebrush

Wyoming Big Sagebrush is most common of 
these

Most Basin Big Sagebrush has been converted 
to agriculture and other uses

 Distributed at lower elevations of Utah, 
Nevada, and so. Idaho forests.



Dry Sagebrush Shrublands

Occur on dry end of sagebrush biome
 Loss of native species has resulted in loss of 

resilience
Grazing & large acres converted to invasives = 

very short mean fire return interval
 Sagebrush species have low fire tolerance 
 Temp. and precip. control seed emergence 

and survivability and seedbank is short lived. 
May extend upward if sites maintain some 

resilience



GRAY > Stable areas between the two 
timeframe

YELLOW > 
Current suitable 
climate niche 

for Wyoming big 
sagebrush –

Unsuitable by 
2050

BLUE > Area currently 
unsuitable, but suitable by 

2050s

(Source: Still and Richardson 2015) 

Sagebrush
Wyoming Big: Today-2050s



Dwarf Sagebrush
 Dominated by black, low, scabland, fringed, 

pygmy, Bigelow, and Owyhee sagebrush
Occupies a wide elevation range (salt desert 

to over 9,500 ft)
 Black and/or low sagebrush occur throughout 

the region
Others more limited distribution



Dwarf Sagebrush
 Temperature and precipitation control 

emergence and survivability. 
 Seed bank short lived. 
 Poor competitors, narrow niche
 Low fire tolerance
 Sensitive to expected increases in exotic 

annuals. 
Cannot tolerate extended drought
 Local extirpation?



Low-elevation Riparian and Wetland 
Ecosystems
 Dominated by variety of native and non-

native species, including tamarisk, Russian 
olive, and common reedgrass

 Sediment deposition important process
 Low resilience as a result of most severe historic 

impacts from livestock grazing, road 
construction, development, concentrated 
recreation use, high cover of invasive species, 
etc. 

 Altered water regimes caused by diversion 
and damming



Low-elevation Riparian and Wetland 
Ecosystems
Most highly altered riparian ecosystems 
Water diversion and damming upstream
 Reduced runoff and changed timing of high 

flows
 All result in very low adaptive capacity



Ecosystems with Moderate-High 
Sensitivity and Low-Moderate 
Adaptive Capacity
Persistent Pinyon-Juniper Woodlands
Mountain Big Sagebrush Shrublands
Mountain Mahogany Woodlands
Salt Desert Shrublands
Mountain Grasslands
Mid-elevation Riparian and Wetland 

Ecosystems



Ecosystems with Moderate-High 
Sensitivity and Low-Moderate 
Adaptive Capacity

Ecosystems have have been 
altered less than previous group

As a result, may have more 
resilience 

Others existing or potential 
invasives

Some have altered fire regimes



Persistent Pinyon-Juniper
 “Old Growth” communities where fire 

played a minor role historically
Communities may be dominated by Pinyons

and/or by Junipers
 Dominates large areas in all but Middle 

Rockies Geographic Area
 Pinyon and Juniper respond differently to 

climate and have different stressors (e.g. Ips
beetle for pinyon)



Persistent Pinyon-Juniper
 Pinyon more sensitive to drought than 

juniper
More sensitive to fire (slower recovery)
Has expanded upslope to some degree

 Juniper has expanded downslope to large 
degree and may increase area of 
persistence

 Fire could increase invasive species which 
could result in even more fire

Climate models show significant loss of 
climate envelope



Between model variability 
Utah Juniper



Mountain Big Sagebrush
 Dominated by Mountain Big Sagebrush often 

with other shrubs present
Most widely distributed non-forest type in the 

Intermountain Region
Currently occupies wide elevation range



Mountain Big Sagebrush
More moist, productive sites are more resilient 

against temperature & moisture extremes
Modified fire regime
 Fire suppression has led to PJ invasion on many 

acres
 Possible shift up in elevation and to sites 
currently more mesic (e.b. marginal aspen sites)
 Drier end more at risk of invasives, but more 
resilient sites could provide habitat for spread of 
Wyoming big sagebrush 



Mountain Mahogany
 Dominated by Curlleaf Mountain Mahogany
 Distributed throughout most of the region on 

rocky ridge tops and in more savanna habitats
 Some old growth stands have been 

documented at over 700 years old, with 
individual trees estimated as old as 1,350 years 



Mountain Mahogany
Occupies harsh sites
Wide distribution, but rarely occurring in large 

stands
Can tolerate low severity fires
Many stands not successfully recruiting 
 Non-regenerating stands are at significant risk 

to loss by fire
 Regeneration of burned  stands from seed 

appears to be quite low
Models show contraction of climate envelope



Mountain Mahogany



Grasslands
 Dominated by a combination of C4 and C3 

grasses at low elevation
 By fescues, wheatgrasses at subalpine 

elevation
 Very limited distribution in the Region



Grasslands
 Higher elevation grasslands less sensitive to 

climate change
 Lower elevation grasslands more susceptible to 

invasive species
 Native bunchgrasses resprout following fire
 Increased invasives (especially at lower 

elevations) significantly alters fire regimes and 
adaptive capacity

 Adaptive capacity may be moderate to low?



Salt Desert
 Dominated by many halophytic (salt-loving) 

species
Occurs in Nevada, Utah, and southern Idaho, 

but mostly off national forest lands
 Sparse plant cover



Salt Desert
 Distribution is controlled more by edaphic 

characteristics than by climate
 Invasive species are increasing (high moisture 

years – early-mid 1980s)
 Altered fire regimes



Mid-Elevation Riparian and Wetlands

 Dominated by a variety of trees (cottonwoods, 
conifers), alder, birch, shrubs (willows, 
dogwood, etc.), and herbaceous species

 Sediment Transport is primary process



Mid-Elevation Riparian and Wetlands

 Dominated by a variety of trees (cottonwoods, 
conifers), alder, birch, shrubs (willows, 
dogwood, etc.), and herbaceous species

 Sediment Transport is primary process



Mid-Elevation Riparian and 
Wetlands
 Livestock grazing, road construction, 

concentrated recreation use, some invasive 
species have reduced adaptive capacity

 Altered water regimes caused by diversion 
and damming

 Reduced runoff and changed timing of high 
flows affect adaptive capacity



Ecosystems with Low-Moderate 
Sensitivity and Moderate-High 
Adaptive Capacity

Oak-Maple Woodlands
Mountain Shrublands
Sprouting Sagebrush Shrublands
High-elevation riparian and 

wetland ecosystems



Oak-Maple Woodlands
 Dominated by Gambel Oak and/or Bigtooth

Maple
 Distributed primarily in Utah and southeastern 

Idaho
Occupies large landscape areas



Oak-Maple Woodlands
 Both are sprouting species
Occupy more mesic sites than sagebrush or 

other adjacent non-forest types
Maple – resilient
Oak extremely resilient
May expand into adjacent environments
Models show expansion northward



Gambel Oak



Mountain Shrublands
 Dominated by a wide variety of tall shrub 

species
Many communities intergrade with Oak-Maple 

and Mountain Big Sagebrush communities
Occur throughout Region



Mountain Shrublands
 Nearly all dominant species sprout following 

fire
 High diversity of species = higher resilience and 

lower sensitivity
 Sprouting species adapted to frequent fire
 High diversity of species = higher adaptive 

capacity
 Rocky Mt Juniper invasion in some areas
 Pinyon invasion where it occurs adjacent



Sprouting Sagebrush
 Dominated by silver, snowfield, threetip, and 

Rothrock sagebrush
 Species occur throughout the region, but 

limited in many areas
 Silver sagebrush occupies upland sites as well 

as more riparian habitats



Sprouting Sagebrush
More mesic sites likely to be impacted by 

warmer, drier climates
Many sites have relatively high resilience 

(amount of native herbaceous component)
More resistant to climate change than 

mountain big sagebrush
 Sprouting species can adapt more easily to 

increased fire return intervals
May shift to more xeric understory species



High-Elevation Riparian and Wetlands
Commonly dominated by low-growing willows 

and/or a variety of herbaceous species
 Erosion is primary process



High-Elevation Riparian and 
Wetlands
Wetlands and riparian areas directly 

dependent on changes in snowpack and 
seasonal snow melt

 Relatively high resilience (factors such as 
grazing and recreation impacts lower than 
mid- and low-elevation riparian)

More moisture, less disturbance = higher 
adaptive capacity

 Adaptation ultimately dependent on level of 
altered water regime and current condition

 Riparian species from lower elevations likely to 
move up



All non-forest ecosystems are at risk 
from climate change
Sensitivity and adaptive capacity to 

climate change varies among types
Alpine and dry ecosystems are most 

susceptible to climate change
The more ecosystems have been 

altered, the less adaptive they are



More resilient (least altered) ecosystems 
are more capable of adapting
High Sensitivity OR Low Adaptability 



 All sagebrush species have the ability to 
hybridize
Black with Wyoming and Mt Big
Mt and Wyoming Big 
Mt and Basin Big

 New genotypes may be better able to adapt 
to new habitats as they develop

Will it be quick enough?
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