
Climate Change & 
Invasive Species

National Wilderness Stewardship Alliance

USDA-Agricultural Research Service

USDA-Forest Service



Panel Member Introductions
Scientists

Linda Joyce 

Supervisory Research Rangeland 
Scientist 

Rocky Mountain Research Station, 
Fort Collins, CO.



Panel Member Introductions
Scientists

Dana Blumenthal 

Research Ecologist 

USDA-Agricultural Research 
Service, Rangeland Resources 
Research Unit, Fort Collins, CO.  



Panel Member Introductions
Scientists

Jack Morgan 

Research Plant Physiologist 

USDA-Agricultural Research 
Service (retired), Rangeland 
Resources Research Unit, Fort 
Collins, CO.  



Panel Member Introductions
Volunteers

Robert Drage

Poudre Wilderness Volunteers 

Canyon-Lakes Ranger District, 
USDA Forest Service, 
Colorado.



Panel Member Introductions
Volunteers

David Greene 

Southern Appalachian 
Wilderness Stewards



Panel Member Introductions
Volunteers

Nora Kaufmann 

Volunteer Stewardship 
Coordinator

Friends of Nevada 
Wilderness





Boots-on-the-ground folks know these systems.



Climate Change & Invasive Species

▪ Linda Joyce 
▪ Climate & weather
▪ What will the future look like?
▪ How will this effect wilderness areas & invasion?

▪ Dana Blumenthal
▪ Overview of climate and invasion
▪ How do we study these things?

▪ Panel Member responses

▪ Audience questions & participation
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Key Points – Past, Current and Future Climates

• What has changed and will change?                  Implication
• Increasing atmospheric carbon dioxide  Plant growth nutrient
• Increasing atmospheric nitrogen (N)       Plant growth nutrient
• Warmer temperatures                               Plant community shifts,                 

increased disturbances
• Longer growing season                              Plant community shifts
• Changing patterns of disturbances          Natives lost, opens habitat
• Increasing frequency of storms                Natives lost, invasive 

dispersal



Weather versus Climate

Weather –
the specific conditions of the 
atmosphere at a particular place 
and time, measured in terms of 
variables that include 
temperature, precipitation, 
cloudiness, humidity, air pressure, 
and wind.



Weather versus Climate

Weather Climate

CURREN
T

30 year 
average

https://www.usclimatedata.com/climate/fort-collins/colorado/united-states/usco0140



What is changing?  Atmospheric chemistry

https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases

Atmospheric nitrous oxide



What is changing?         Average Temperatures

Comparing 1991-2012 with 1901-1960 for the conterminous US and 1951-1980 for Alaska

Change in Temperature over the 2001-2012 period, 
relative to the 1900-1960 period (1951-1980 Alaska)

http://nca2014.globalchange.gov/report/our-
changing-climate/recent-us-temperature-trends



What is changing? 
Much above normal maximum temperatures

https://www.ncdc.noaa.gov/extremes/cei/graph



What is changing?        Longer frost-free seasons

Frost-free season length 
has increased in each U.S. 
region during 1991-2012 
relative to 1901-1960.

Frost-free season is defined as the period 
between the last occurrence of 32°F in the 
spring and the first occurrence of 32°F in the 
fall. 



What has been changing? Annual Precipitation

Comparing the 1991-2012 with 1901-1960 for the conterminous US

Change in Precipitation (percent) over the 2001-
2012 period, relative to the 1900-1960 period 

Heavy daily 
rainfall events



What has been changing - Disturbances
Wildfire
• Increasing 

trends in the 
number of 
large fire per 
year

• Coincided 
with trends in 
increasing 
drought 
severity

• Legacy of land 
use and 
management

Dennison et al. 2014



What has been changing - Disturbances
Bark Beetles
§Widespread bark-

beetle-caused mortality
§ Mountain pine beetle 

outbreak -- related to 
warming temperatures 
enhancing reproduction 
and reducing winter 
mortality
§ Legacy of land 

management

Percentage of grid cell with Bark beetle-
caused tree mortality, 1997-2012



Future climate – Temperature increases by 2099
Average temperatures are 
projected to increase.

Extreme temperatures are 
projected to increase more than 
average temperatures. 

Number of days about 90 oF will 
increase.

Change in average temperature by 2071-2099 relative to 1970-1999



Future climate change – Precipitation

Frequency and intensity of heavy precipitation events 
are projected to increase. 

Precipitation projections: 
Northern US - increase in precipitation; 
Southwest - decrease in precipitation.

Large declines in snowpack  for western U.S. 



Future climate change – Soil Moisture
Projected Changes in Soil Moisture – mid 21st Century

Low Emissions High Emissions

http://nca2014.globalchange.gov/report/our-changing-climate/extreme-weather#tab2-images
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Global change and invasion – examples from semi-arid prairie

Dana Blumenthal
USDA-ARS Fort Collins, CO 



• As with natives
• Winners and losers

Photo by Stephen Asmus



• As with natives
• Winners and losers
• Range shifts

Bradley et al. 2009 
Global Change Biology 15:1511



West et al. 2015, PLoS One



Dukes and Mooney 1999, TREE, 14:135

Bradley et al. 2010, TREE, 25:310-318

• As with natives
• Winners and losers
• Range shifts

• Invasives may be 
favored over 
natives
• Invasive species are 

good at dealing with 
novel environments

Photo by Dan Cariveau



• As with natives
• Winners and losers
• Range shifts

• Invasives may be 
favored over 
natives
• Invasive species are 

good at dealing with 
novel environments

• Increases in resource 
availability: CO2, N, 
Land use change, Fire

IPCC Working Group I Report, Chapter 2, 2007

Davis et al. 2000, J. Ecol. 88:528





Coupland 1992





Morgan et al. 2011, Nature 476:202-205
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Blumenthal et al. 2016, GCB 22:3026
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Blumenthal et al. 2016, GCB 22:3026



v Slow Climate Change.



v Slow Climate Change.
v Work with the new climates:

v Healthy native communities = biotic resistance. Focus on species that thrive 
under future climatic conditions. 



v Slow Climate Change.
v Work with the new climates:

v Healthy native communities = biotic resistance. Focus on species that thrive 
under future climatic conditions. 

v Early detection: Watch for species moving north and up.



v Slow Climate Change.
v Work with the new climates:

v Healthy native communities = biotic resistance. Focus on species that thrive 
under future climatic conditions. 

v Early detection: Watch for species moving north and up.



http://treebaltimore.org/weed-of-the-season-
kudzu/#.We9vH2hSzqY

v Slow Climate Change.
v Work with the new climates:

v Healthy native communities = biotic resistance. Focus on species that thrive 
under future climatic conditions. 

v Early detection: Watch for species moving north and up.
v Rapid response: Control invaders before they spread.
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v Very little good news – Across global changes, species and years, invasive 
plants were generally more successful in competition with natives.

v Water often mediates global change effects on invasion.
v Snow addition increases invasion (also summer irrigation)

v Increases in atmospheric CO2 increase invasion.
v Less conservative water use may make invasive plants well suited for wetter environments.
v CO2 may have particularly strong effects by increasing C and water.

v Warming can inhibit invasion under dry conditions.



v Very little good news – Across global changes, species and years, invasive 
plants were generally more successful in competition with natives.

v Water often mediates global change effects on invasion.
v Snow addition increases invasion (also summer irrigation)

v Increases in atmospheric CO2 increase invasion.
v Less conservative water use may make invasive plants well suited for wetter environments.
v CO2 may have particularly strong effects by increasing C and water.

v Warming can sometimes inhibit invasion under dry conditions.

v But it’s not ALL about water: 
v Warming favors cheatgrass by expanding its phenological niche. 
v N deposition facilitates invasion; N limitation precludes CO2 effect on cheatgrass



Making use of warmer springs - Targeted grazing



Time

Cheatgrass height/
phenological stage

% cheatgrass in
fecal samples

Optimal grazing window

When will cows select cheatgrass?











Response variables:

• Fecal sample collections

• Plant phenology observations

• Plant forage quality and plant 
biomass; seed set

• Cattle location and grazing 
activity with GPS collars













SNOW
5/18-5/19

2.4” (61 mm) 
water equivalent













Nebraska site in 2016 
with collaborators Mitchell Stephenson & Benjamin Schiltz (U Nebraska-Lincoln)



Wyoming

Nebraska





22 June 2017
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