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Organization: U of Colorado Boulder     

Submitted By: 
Williams, Mark - Principal Investigator

Title:
Long Term Ecological Research: The Landscape Continuum Model: A Biogeochemical Paradigm for High Elevation Ecosystems

Project Participants

Senior Personnel

Name: Williams, Mark

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Mark Williams is the current PI of the NWT LTER project and is project director. Provides overall project guidance and
leadership. His research areas are in snow hydrology, surface-groundwater interactions, terrestrial-aquatic interactions, and
biogeochemistry.

Name: McKnight, Diane

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. McKnight is a Co-I on the NWT LTER program. Her research focuses on limnology, aquatic ecology, reactive transport of
metals and organic material in mountain streams and rivers. She is the NWT LTER lead on K-12 outreach activities.

Name: Seastedt, Timothy

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Tim Seastedt is a Co-I on the NWT LTER program. He is the former lead PI of the NWT LTER program. He provides
continuity in leadership as well as mentoring as M. Williams transitions to the lead PI position. His research interests focus on
terrestrial ecosystem studies, including factors influencing primary productivity, soil carbon dynamics, decomposition and
mineralization processes, and how these processes affect short- and long-term ecosystem-atmosphere interactions. Ongoing
research collaborations involve cross-site comparisons of mechanisms controlling nutrient availability, carbon storage, and biotic
productivity, invasive species, and ecosystem processes-biodiversity relationships.

Name: Bowman, William

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. William Bowman is a Co-I on the NWT LTER project. He is also director of the Mountain Research Station. His research has
focused on the interaction between plants and their resources, broadly defined from plant adaptations to low resource availability to
how plants influence soils and subsequently ecosystem function.  Over the past decade his work has concentrated on the interaction
between alpine plants and nutrients, examining the response of plants to low nutrient supply, as well as the influence that plants
have on their nutrient environment. 

Name: Townsend, Alan

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Alan Townsend is a Co-I on the NWT LTER project. His research is largely within the fields of terrestrial ecosystem ecology
and biogeochemistry, with a focus on tropical and alpine ecosystemswhich include: controls over nutrient limitation and carbon
storage in moist tropical and alpine tundra ecosystems; the effects of human activity on regional to global scale carbon and
nitrogen cycling, and the effects of changing biogeochemical cycles on human health.

Name: Blanken, Peter

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Peter Blanken is new to the NWT LTER project. He is an associate professor in Geography and an expert in boundary layer
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climatology. He is the lead on installing and operating two eddy covariance towers at NWT LTER, beginning summer 2006.

Name: Bourgeron, Patrick

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Bourgeron is a research scientist at INSTAAR and continues his involvement with the NWT LTER program. He co-chairs the
US portion of ILTER activities.  His research focuses on ecotone/Treeline studies.

Name: Caine, Nel

Worked for more than 160 Hours: Yes

Contribution to Project: 
Nel Caine is a former lead PI on the NWT LTER project. His involvement provides continuity in leadership as well as a historical
perspective for the NWT LTER program. He is a hydrologist, glaciologist, and geomorphologist who is now looking at responses
of these systems to changes in climate over the last several decades.

Name: Helmig, Detlev

Worked for more than 160 Hours: Yes

Contribution to Project: 
Detlev Helmig investigated the transfer and uptake of atmospheric ozone in seasonal, mid-latitude snowpack at a subalpine forest
site at Niwot Ridge, Colorado. He is a research scientist based at CU-INSTAAR.

Name: Mast, M

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. M. Alisa Mast is a senior scientist on the NWT LTER project. She is a hydrochemist with the USGS-WRD based out of
Lakewood, CO, specializing in atmosphere-aquatic interactions. Alisa is a cooperating scientist with the USGS WEBB project at
nearby Loch Vale watershed, the other major high-elevation research program in the US. Alisa's new involvement with the NWT
LTER provides the opportunity for closer links with the USGS, while also facilitating the expansion of the NWT LTER research
focus to the Rocky Mountain region.

Name: Losleben, Mark

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Losleben continues as climatologist at the NWT LTER, a position he has held continuously since 1982. This year his
position was changed from 50% LTER and 50% MRS to 100% LTER, with the 50% that was previously supported by the MRS
now supported by INSTAAR. Mark now reports directly to the NWT LTER PI.

Name: Monson, Russel

Worked for more than 160 Hours: Yes

Contribution to Project: 
Russ Monson is a professor of EEB at CU-Boulder and continues his involvement with the NWT LTER. He is PI of the Niwot
Ridge Ameriflux Site, located at the subalpine forest on Niwot Ridge. His involvement assures good cooperation between alpine
and subalpine systems at NWT ridge.

Name: Neff, Jason

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Neff is an assistant professor in Geosciences at CU-Boulder. His involvement brings new energy, enthusiasm, and direction to
the NWT LTER program. His research focuses on  fundamental studies of terrestrial biogeochemistry, working toward an
understanding of how ecosystems work and how human activities can influence the service and function ecosystems provide
humanity.

Name: Sanford, Robert (Buck)

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Sanford is a professor in Biology at the University of Denver and continues his involvement with the NWT LTER program.
His research focuses on nutrient cycling in terrestrial soils. He is also director of the Mt Evans Research Program and provides
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complementary high-altitude research areas.

Name: Schmidt, Steven

Worked for more than 160 Hours: Yes

Contribution to Project: 
Steve Schmidt is a professor of EEB and continues his involvement with the NWT LTER program. He is PI on the recently-funded
Alpine Microbial Observatory and studies micorbial activity at Niwot Ridge.

Name: Sievering, Herman

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Sievering is a Professor in Atmospheric Chemistry at CU-Denver and continues his involvement with the NWT LTER
program. He is investigating the influence of canopy N uptake on chlorophyll fluorescence and gas exchange.

Name: Suding, Katharine

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Suding is a new assistant professor at the University of California at Irvine. She conducted her Post-Doc work at Niwot Ridge.
We are happy to welcome Katie as a new senior personnel on the NWT LTER program. Katie is working on feedbacks between
plant species and ecosystem processes which may enhance community diversity and stability.

Name: Tonnessen, Kathy

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Kathy Tonnessen is the lead scientist for the Rocky Mountain Cooperative Ecosystem Study Unit, and is based at the
University of Montana, Missoula, Montana. She directs and funds much of the National Park Service research in the Rocky
Mountain region. Her involvement helps expand the NWT LTER to a regional focus in the Rocky Mountains.

Name: Humphries, Hope

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Hope Humphries is a research associate at INSTAAR.  Her research focuses on alpine plant ecology, treeline studies, and
landscape change in the wildland-urban interface.

Post-doc

Graduate Student

Name: Anderson, Sheena

Worked for more than 160 Hours: Yes

Contribution to Project: 
Buck Sanford's Graduate Student

Name: Abood, Paul

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams's Graduate Student

Name: Bocquet, Florence

Worked for more than 160 Hours: Yes

Contribution to Project: 
Detlev Helmig's Graduate Student

Name: Cohen, Lana

Worked for more than 160 Hours: Yes

Contribution to Project: 



Annual Report: 0423662

Page 4 of 26

Detlev Helmig's Graduate Student

Name: Costello, Elizabeth

Worked for more than 160 Hours: Yes

Contribution to Project: 
William Bowman's Graduate Student

Name: Flanagan, Colleen

Worked for more than 160 Hours: Yes

Contribution to Project: 
Diane McKnight's Graduate Student

Name: Freeman, Kristen

Worked for more than 160 Hours: Yes

Contribution to Project: 
Steven Schmidt's Graduate Student

Name: Hill, Ken

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams's Graduate Student

Name: King, Andrew

Worked for more than 160 Hours: Yes

Contribution to Project: 
Steven Schmidt's Graduate Student

Name: Lawton, Charles

Worked for more than 160 Hours: Yes

Contribution to Project: 
Steven Schmidt's Graduate Student

Name: Liptzin, Dan

Worked for more than 160 Hours: Yes

Contribution to Project: 
Tim Seastedt's Graduate Student

Name: Meier, Courtney

Worked for more than 160 Hours: Yes

Contribution to Project: 
William Bowman's Graduate Student

Name: Miller, Matt

Worked for more than 160 Hours: Yes

Contribution to Project: 
Diane McKnight's Graduate Student

Name: Tomaszewski, Tim

Worked for more than 160 Hours: Yes

Contribution to Project: 
Herman Seivering's Graduate Student

Name: Atkins, Ty

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams' graduate student

Name: Bell, Tisza



Annual Report: 0423662

Page 5 of 26

Worked for more than 160 Hours: Yes

Contribution to Project: 
Diane McKnight's graduate student

Name: Brahney, Janice

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Cowie, Rory

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams' and Suzanne Anderson's graduate student

Name: Darrouzet-Nardi, Anthony

Worked for more than 160 Hours: Yes

Contribution to Project: 
Bill Bowman's graduate student

Name: Gasarch, Eve

Worked for more than 160 Hours: Yes

Contribution to Project: 
Tim Seastedt's graduate student

Name: Harris, Rebecca

Worked for more than 160 Hours: Yes

Contribution to Project: 
Diane McKnight's graduate student

Name: Knowles, John

Worked for more than 160 Hours: Yes

Contribution to Project: 
Peter Blanken's graduate student

Name: Laffea, Lynette

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Lawrence, Corey

Worked for more than 160 Hours: Yes

Contribution to Project: 
Jason Neff's graduate student

Name: Licata, Christopher

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Parman, Jordan

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams' graduate student

Name: Petrzelka, Jennifer

Worked for more than 160 Hours: Yes

Contribution to Project: 
Mark Williams' graduate student
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Name: Spasojevic, Marko

Worked for more than 160 Hours: Yes

Contribution to Project: 
Katie Suding's graduate student

Name: Reed, Sasha

Worked for more than 160 Hours: Yes

Contribution to Project: 
Alan Townsend

Name: Seok, Brian

Worked for more than 160 Hours: Yes

Contribution to Project: 
Detlev Helmig's graduate student

Name: Tea, Kallin

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Turner, Jane

Worked for more than 160 Hours: Yes

Contribution to Project: 
Diane McKnight's graduate student

Undergraduate Student

Name: Gurung, Anobha

Worked for more than 160 Hours: Yes

Contribution to Project: 
Anobha is an undergraduate student worker assisting Dr. Sievering and Todd Ackerman.

Technician, Programmer

Name: Ackerman, Todd

Worked for more than 160 Hours: Yes

Contribution to Project: 
Todd Ackerman is the NWT LTER Information Manager and GIS Coordinator.

Name: Chowanski, Kurt

Worked for more than 160 Hours: Yes

Contribution to Project: 
Kurt is the Field Technician for the NWT LTER project.

Name: Seibold, Christine

Worked for more than 160 Hours: Yes

Contribution to Project: 
Christine Seibold supervises the Kiowa Wet Chemistry Laboratory of the NWT LTER program.

Name: Matheson, Kelly

Worked for more than 160 Hours: Yes

Contribution to Project: 
Kiowa Lab PRA

Other Participant
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Name: Clippenger, Norman

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Clippenger is a research associate for the EEB Department at CU-Boulder. He is conducting research on small mammals at the
NWT LTER program and is supported in part with NWT LTER funds.

Name: Rosenbaum, Barry

Worked for more than 160 Hours: Yes

Contribution to Project: 
Dr. Barry Rosenbaum is a research associate with the EEB Department at CU-Boulder. He is conducting research on small
mammals at NWT LTER, along with Dr. Norm Clippenger. He is supported in part by NWT LTER.

Research Experience for Undergraduates

Name: Abbey, Rebecca

Worked for more than 160 Hours: Yes

Contribution to Project: 
From Pomona College.  Advised by McKnight.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Pomona College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Burns, Mercedes

Worked for more than 160 Hours: Yes

Contribution to Project: 
From Macalaster College.  Advised by Breed.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Macalaster College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Fulkerson, Justin

Worked for more than 160 Hours: Yes

Contribution to Project: 
From Humboldt State University.  Advised by Bowers.

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: Humboldt State University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Grisby, Hershel

Worked for more than 160 Hours: Yes

Contribution to Project: 
From Westminster College.  Advised by Schmidt.

Years of schooling completed: Junior                                                      
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Home Institution: Other than Research Site

Home Institution if Other: Westminster College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Merrell, Andrew

Worked for more than 160 Hours: Yes

Contribution to Project: 
From Lewis and Clark College.  Advised by Breed/Sanchez.

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: Lewis and Clark College

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Meriwether, Rachel

Worked for more than 160 Hours: Yes

Contribution to Project: 
From University of Louisiana, Lafayette.  Advised by Diggle/Lay.

Years of schooling completed: Freshman                                                    

Home Institution: Other than Research Site

Home Institution if Other: Univ. of Louisiana, Lafayette

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Miller, Brian

Worked for more than 160 Hours: Yes

Contribution to Project: 
From University of Colorado.  Advised by Cruz.

Years of schooling completed: Junior                                                      

Home Institution: Same as Research Site

Home Institution if Other:  

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Plume, Fronny

Worked for more than 160 Hours: Yes

Contribution to Project: 
From University of Colorado.  Advised by Bowman.

Years of schooling completed: Sophomore                                                   

Home Institution: Same as Research Site

Home Institution if Other:  

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Rodgers, Althea

Worked for more than 160 Hours: Yes
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Contribution to Project: 
From Colorado College.  Advised by Monson/Hu.

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: Colorado College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Smith, Jane

Worked for more than 160 Hours: Yes

Contribution to Project: 
From University of Colorado.  Advised by Seastedt.

Years of schooling completed: Sophomore                                                   

Home Institution: Same as Research Site

Home Institution if Other:  

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Woltz, Megan

Worked for more than 160 Hours: Yes

Contribution to Project: 
From NC State.  Advised by McKnight.

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: NC State

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported:   2005    

REU Funding: REU supplement

Name: Blevins, Kali

Worked for more than 160 Hours: Yes

Contribution to Project: 
2007 Summer REU under the mentorship of Katie Suding.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Universtiy ot Texas

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Howison, Jon

Worked for more than 160 Hours: Yes

Contribution to Project: 
2007 Summer REU under the mentorship of Tim Seastedt.

Years of schooling completed: Junior                                                      

Home Institution: Same as Research Site

Home Institution if Other:  

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      
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REU Funding: REU supplement

Name: Bornis, Evyan

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Diane McKnight

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: University of San Francisco

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Chow, Kaela

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Mike Breed

Years of schooling completed: Freshman                                                    

Home Institution: Other than Research Site

Home Institution if Other: Colgate University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Davis, Kyle

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Tom Veblen

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: University of California Davis

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Eilers, Katie

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Noah Fierer

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Northern Arizona University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Gerber, Katie

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Tom Juenger

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site
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Home Institution if Other: Ohio State University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Hovel, Rachel

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Piet Johnson

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Northern Michigan University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Kain, Katie

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Tom Juenger

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: University of Vermont

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Martinez, Ciera

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Pam Diggle

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Northeastern Illinois University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Sconiers, Warren

Worked for more than 160 Hours: Yes

Contribution to Project: 
REU - Katie Suding

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: University of California, Irvine

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Sekor, Michael

Worked for more than 160 Hours: Yes

Contribution to Project: 
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REU - Bill Bowman

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: Vassar College

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2007      

REU Funding: REU supplement

Name: Carlomagno, Andrea

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Piet Johnson.  Project:  Parasite loads of zooplankton in the Green Lakes.

Years of schooling completed: Other                                                       

Home Institution: Other than Research Site

Home Institution if Other: University of Tennessee

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Debenport, Spencer

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Noah Fierer. Project: Spatial variation in microbial composition and biomass in the
Boulder Creek watershed.

Years of schooling completed: Other                                                       

Home Institution: Other than Research Site

Home Institution if Other: St. Olaf College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Garcia, Michael

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Mike Breed. Project: Thermal tolerances and feeding niches in montane ant species.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Florida State University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Hass, Bridget

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Katie Suding. Project: Influence of shrubby willows on N cycling.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Cornell University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2009      
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REU Funding: REU supplement

Name: Nadeau, Adam

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Diane McKnight. Project: Inflow-outflow chemistry - nutrient retention in the Green
Lakes.

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Rutgers University

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Robinson, Danielle

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Tim Seastedt. Project: Are rare alpine species positively or negatively associated with
other species?

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: Randolph College

Home Institution Highest Degree Granted(in fields supported by NSF): Master's Degree                         

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Santa, Emmanuel

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Tom Juenger. Project: Influence of soil resources and nectar augmentation on Ipomopsis
pollination.

Years of schooling completed: Freshman                                                    

Home Institution: Other than Research Site

Home Institution if Other: University of Puerto Rico at Humacao

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Swatling-Holcomb, Samantha

Worked for more than 160 Hours: Yes

Contribution to Project: 
2009 summer REU under mentorship of Bill Bowman. Project: Does spatial dispersion of alpine plants vary along a soil resource
gradient?

Years of schooling completed: Other                                                       

Home Institution: Other than Research Site

Home Institution if Other: Humboldt State University

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Name: Wurzbacher, Sarah

Worked for more than 160 Hours: Yes
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Contribution to Project: 
2009 summer REU under mentorship of Tom Veblen. Project: Climatic determinants of mountain pine beetle attack in lodgepole
pine.

Years of schooling completed: Sophomore                                                   

Home Institution: Other than Research Site

Home Institution if Other: Allegheny College

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Organizational Partners

State of Colorado
(a) matching equipment funds for the NWT LTER
($25K/yr).
(b) Operating funds for the Mountain Research Station.

University of California, Irivine
Katies's stuff

National Park Service
Kathy Tonnessen (Co-I)

USGS Water Resources Division

National Oceanic and Atmospheric Administration (NOAA)
U.S. Climate Reference Network (USCRN) is a network of climate
stations developed as part of a National Oceanic and Atmospheric Administration (NOAA) initiative. Its primary goal is to provide future
long-term homogeneous observations of temperature and precipitation that can be coupled to long-term historical observations for the detection
and attribution of present and future climate change. Data from the USCRN will be used in operational climate monitoring activities and for
placing current climate anomalies into an historical perspective. The USCRN will also provide the United States with a reference network that
meets the requirements of the Global Climate Observing System (GCOS).


USDA Forest Service

U of Colorado Mountain Research Station

NRCS - Snotel

Mountain Studies Institute
The Mountain Studies Institue (MSI) is a non-profit organization based out of Silverton, CO, dedicated to serving the educational and research
needs of mountain communities and environments. NWT LTER provides guidance, facilities, personnel exchanges and other help to MSI.

National Atmospheric Deposition Program

City of Boulder Watershed

Rocky Mtn Coop. Ecosystems Study Unit

NOAA - CMDL
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NOAA Climate Monitoring and Diagnostics Laboratory (CMDL) air monitoring for carbon cycle greenhouse gases, halocarbons, and surface
ozone at T van and C1.

NOAA - National Weather Service
NOAA National Weather Service - coop precipitation network gage at C1

Other Collaborators or Contacts
Italian Alps. In October, 2006, we hosted a visiting delegation of 4 research scientists from the University of Turino, Italy. They represent the
Laboratory Research on Snow and Alpine Soils (www.lnsa.unito.it), a new research team focused on studying snow and soil in the Italian Alps.
The main centre is located in Torino, and includes a high elevation laboratory (3000 m asl) accessed from the MonteRosa ski area. In April
2007 Williams returned the site visit with funding from the Italian team, giving a plenary address to a conference sponsored by the Italian team.
We have initiated a student exchange with their program. Gianluca Filippa, a PhD student from that program, will be in residence at Niwot
Ridge from about June through October 2007. Gianluca will study carbon and nitrogen cycling in high-elevation soils.

Matt Oden: masters student in the Yale school of forestry and environmental 
studies. Conducted a series of altitudinal transects to measure organochlorine 
pesticide concentrations.

Norm Pace's laboratory. The goal of the project is to sample air from Niwot Ridge and the San Juans during different weather regimes
(upslopes, westerlies, dust events, etc.) and to quantify the bioaerosol community diversity using PCR techniques.

Derrick Lampkin, Penn State: Site visit as part of the NASA AIST project to scope out the Martinelli Ice Field for potential deployment of a
robotic system in the third year of their project. 

Tim Davie, Nematode Evolution Lab at Brigham Young University in Provo, UT: Sampled tardigrades (microscopic invertebrates, related to
arthropods).

Dr. Iggy Litaor of Tel-Hai University, Israel, rejoined the NWT LTER group through the summer of 2004. Dr. Litaor was one of NWT LTER's
most prolific scientists during the late 1980s, with expertise in soils, especially soil phosphorus, and geostatistics. He's recently written several
papers using Niwot data that are in review. He worked with Drs. Townsend, Bowman, Williams and Seastedt on landscape patterns of
herbaceous vegetation in response to climate drivers.

Dr. Barry Rosenbaum, Univ. of Colorado, conducted small mammal surveys at NWT in 2003-2005. In 2006 he was assisted by Dr. Norman
Clippinger and two undergraduate students supported by supplemental LTER funding. These results will be evaluated with respect to a
substantive historical database to evaluate what, if any changes in species composition or abundances have occurred during this interval.

Jessica Lundquist, NOAA CDC.  Distribution of temperature sensors along an elevational transect on Niwot Ridge for the duel purpose of
evaluating the equipment (iButtons) and characterising air and soil tempertures in this complex terrain with respect to topogaphy and elevation.

Douglas Hardy, Univ of Mass, Amhusrt.  Elevational profile of temperature and relative humidity from the base to the summit of Mt
Kilimajaro,  Tanzania.

Nicholas Pepin, Univeristy of Portsmouth, Geography Dept.  Comparison of surface and free air temperatures at equivalent elevationsin the
western US. Micro-site air temperatures in complex terrain on Niwot Ridge. Historical comparison of high an low elevation snowpacks on east
and west slopes of selected mountain ranges in the western US.

Britton Stevens, NCAR.  Three elevation vertical profile of CO2 at T van.

John Miller, NOAA CMDL Carbon Cycle Group.  Automated CO2/13CO2 sampling at T van (T van is a good mid-tropospheric air proxy for
all downwind locations in the US (to the east coast).

University of Regensburg (Thomas Raabe, Matthias Leopold, and Jorg Volkel), Williams College (David Dethier). Ground Penetrating Radar
(GPR):Measurements of ground ice on Niwot Ridge, Martinelli catchment, and GL5 Rock Glacier.
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Tingjun Zhang (NSIDC). Development of permafrost model for western US based on Niwot Ridge ground-truthing. Installation of borehole
temperature measurement system for measuring subsurface temperatures.

Tad Pfeffer-Arapahoe Glacier. Conducted annual mass balance surveys of the Arapahoe glacier.

Bob Anderson and Suzanne Anderson: The interaction of mechanical and chemical processes that produce and transport regolith are explored
in a simple landscape: the alpine high surfaces in the Front Range of Colorado. These high surfaces are an ideal laboratory because their
parabolic shape implies that they are steady state landforms, the regolith is thin and accessible and is generated from granitoid rock, and easily
characterized frost processes are expected to dominate the mechanical processes.

Tim Kittel: Research Affiliate with INSTAAR and Research Scientist at Colorado State University.  His research interests are on the
interactions between ecosystems and climate at global to landscape scales.  He is currently studying multidecadal changes in the tundra plant
community on Niwot Ridge.
    
Dale Toetz, University of Oklahoma. Continues to conduct research on aquatic biological processes in the Green Lakes Valley.

Niwot Ridge Ameriflux Program. Continue to work with the Russ Monson, PI, on various components of the carbon balance. The NWT LTER
contributes weekly measurements of snow properties, etc.

Katie Suding has collaborated with a number of scientists, including: C. DeMazancourt, B. Clark, S. Pennings, L. Gough, K. Gross, S. Collins,
D. Milchunas, C. Clark, J. Fargione, A. Miller, J. Grace, E. Cleland.

INTERNATIONAL
Bowman: Completion of field work in Western Tatra Mountains. Preliminary indications are that 1) soils have been acidified extensively (pH
from 3.5-3.3), with aluminum the primary cation; 2) primary production is limted by P, with slight decreases in production when N is added,
and 3) pools of soil inorganic N are higher than at Niwot Ridge. Collaborators include Lubos Halada (Slovak Academy of Sciences), R?diger
Kaufmann (University of Innsbruck).


Patrick Bourgeron has spent the last several years working with US-LTER colleagues and NSF officers on the reorganization of the
International Long Term Ecological Research Network (ILTER, http://www.ilternet.edu/), the implementation of the US-LTER International
Committee (http://intranet.lternet.edu/committees/), and the redeployment of the US-LTER contribution to it. This work is conducted as
co-Chair of the US-LTER IC under NSF funding and with direct involvement from NSF officers. He was awarded the French International
Visiting research Blaise Pascal Chair (http://www.chaires-blaise-pascal.org/uk/index.html) to work with the French LTER program and
develop several French-US projects, among other tasks. Duties included advising the leadership of the emerging French LTER program (zones
ateliers), including developing further ties with the US-LTER and sponsoring joint research with NWT.


Activities and Findings

Research and Education Activities: (See PDF version submitted by PI at the end of the report)

Findings:

Training and Development:

Outreach Activities:
The NWTLTER K-12 outreach program emphasizes collaboration with existing programs for children in the Denver/Boulder area. The
conceptual theme is the connection between the alpine ecosystems in the mountains and the communities of the Rocky Mountain Front Range.
Local school children experience the mountains as familiar landmarks and are particularly receptive to environmental education that
emphasizes discovery, exploration and empathy with their local environment. Our program includes direct interaction with children and
distribution of educational materials, including children's science books and supporting curricular materials.
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Field trips for children and teacher training. One important aspect of our outreach program involves direct interaction, and a hike to the Tundra
lab, for students through several local summer programs (Science Discovery and Bixby School in Boulder and Wild Bear Center for Nature
Discovery in Nederland. Each field trip includes 12-18 children, with 4-6 scientists and student teachers. The program with Science Discovery
offers one all-day field class for elementary students and one for middle school students. Wild Bear has two- and one-week sessions for
students on ecological themes. These field trips are coordinated with a MRS summer course- 'Alpine Ecology and Experiential Learning'. Five
to fifteen students have taken this course each year, with about half being in-service teachers. The course is taught by NWTLTER scientists and
Dr. Jane Larson, an expert in science education. As the service learning aspect of the summer course, the undergraduates and teachers, along
with the course instructors, lead the field trips.

During the school year, we have conducted an additional outreach activity for middle school students. Since 1999, INSTAAR has brought
200-middle school students to INSTAAR for a half-day of lab tours. For this event, NWTLTER scientists have conducted activities at Boulder
Creek (located two blocks from INSTAAR) in which we demonstrate methods for stream flow measurement, water quality sampling and
measurement, and collection of aquatic biota, and discuss the connections between Boulder Creek in the city and its origins in Green Lakes
Valley. During the 45-minute activity student groups work at 3 stations along the creek. This activity is further supported by a virtual field trip
to Niwot Ridge (web address) which provides background information, and then 3 field trips that emphasize the mammals, plants and the effect
of nitrogen on biodiversity. The trip is structured with pictures of the animals and plants that can be enlarged. The virtual field trip
complements the hands-on field trips in many ways: providing a back up should inclement weather limit the trip and virtual access for
physically handicapped children.

The LTER Schoolyard Children's Book Series. Our program has been in active in developing the opportunities associated with the successful
publication of the children's book My Water Comes from the Mountains by Tiffany Fourment, which was distributed as classroom sets to all
elementary school in Boulder Valley and St. Vrain Valley school districts in 2004. An important activity has been to promote the establishment
of an educationally vibrant book series by communicating with other LTER educators and scientists in workshops and supplemental materials.
In the summer of 2005, we held a workshop for the LTER community in which experts gave presentations on all the different steps involved in
a successful children's science book. From the recordings of these presentations, NWTLTER scientists, along with Monica Elser from
CAPLTER, have produced an edited DVD that has already served as a resource for potential authors and scientists at other sites who are
interested in pursuing a future book for their site. This DVD was distributed at the ASM and the plans for the series were further developed at
an ASM workshop organized by NWTLTER and CAPLTER.

We have continued to build on the positive response to the first book by local educators. This book takes readers on a journey from snowpack
sources of the Continental Divide to the plains and water in their faucets. A NWTLTER graduate student, Colleen Flanagan, has developed a
curriculum guide and resource kit to promote watershed understanding for 4th and 5th grade students in the two local districts and these
materials were distributed in April 2006. The guide ? 'MY H2O' ? blends Colorado state educational standards in science, language arts,
geography and math into activities, educational games, story plots and community action tasks. The curriculum is organized under 4 themes:
The Water Cycle, Our Watersheds, Boulder County's Flora, Fauna and Life Zones, and Human Impact on Water. The hands-on projects are
enhanced by a resource kit containing supplies to implement each activity, such as a 3-D relief map to advance understanding of Boulder
County watersheds; hand lenses, nets, and taxonomic keys to explore stream macroinvertebrates; and laminated illustrations of local plants and
animals. The guide was interwoven into preexisting district science curriculum distribution centers (i.e., FOSS Center and the Science-To-Go
Center). Other organizations receiving MY H2O include Wild Bear Center for Nature Discovery, Thorne Ecological, CU Science Discovery,
Bixby School, Friends' School, CU Earth Education, Boulder County Parks and Open Space, The Watershed School, Running River School,
and the Girl Scout Council of Denver. The curriculum can be used as a stand-alone unit or to augment currently used units on water,
ecosystems, outdoor education, or the 5th grade Children's Water Festival. In addition to NWTLTER, support was provided by the U.S. EPA,
the CU-Boulder Outreach Committee, the City of Boulder and the Watershed Approach to Stream Health, or WASH, a partnership of
communities in Boulder County formed to protect water quality.

Average scores from teacher feedback on the North American Alliance for Environmental Education (NAAEE)-based 6-month evaluations
indicate MY H2O averaged 4.65 of 5.0 possible points, an overall merit rating of 93%. Evaluations indicate that teachers marked great
improvements in understanding place-based themes 'Our Watersheds' and 'Human Impact on Water'. Comments from teachers and
administrators included the following:

'The activities are age appropriate, standards are met, and perhaps most importantly, the kids are engaged and learning!' - SVVSD
schoolteacher

'The curriculum and kit go perfectly with the material that I teach in preparation for the 5th grade Water Festival.' ? BVSD schoolteacher

'?[T]his kit is a wonderful tool to fill our Earth science standards in grades 3 - 5.' ? SVVSD Science Coordinator
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'I would definitely use 'MY H2O' again? [it] has many fun and engaging activities that can induce higher level thinking in students. It also has
the aspect of being extremely relevant by discussing issues that are happening right here in Colorado.' - Wild Bear Center for Nature Discovery
educator

Development of regional edition. My Water Comes from the Rocky Mountains describes the concepts put forth in our first book and applies
them to the whole Front Range. The development of this new regional edition is currently being coordinated with the Colorado State Parks in
conjunction with their extensive outreach program to the elementary schools in the Denver-Front Range region. The text of the first book has
been updated, expanded, and critically edited by a NWTLTER graduate student (Lindsay Weber) and Kenneth Nova, a 5th grade teacher. The
text has been reviewed for accuracy, well-roundedness, and applicability towards the entire Front Range by several individuals at the Cherry
Creek Stewardship Partners, Boulder County Water Department, Aurora Water Department, and the Sevilleta LTER site. The revisions are
mainly comprised of adding text about groundwater, snowpacks, diversions, and storm drains and generalizing the specific text describing the
glaciers, snowfields, tributary streams and reservoirs in the Boulder watershed in order to be applicable to the wide-range of watersheds.
Further, the student artwork and comments in the page margins of the book are being replaced. Weber has been working with 15 educators
throughout the region in developing the new student artwork. Over 300 artwork pieces and associated comments have already been collected
from several elementary schools in New Mexico, Colorado, Wyoming, and Montana, and further artwork and comments are expected from
schools in Idaho, Utah, and Kansas. These pictures and comments are being placed on a website for the book at
http://culter.colorado.edu/MyWater/.

Development of Spanish language edition. Mi Agua Viene de las Monta?as Rocosas is a Spanish language children's book based on the text
and concepts put forth in the regional edition. The overarching goal in the development of Mi Agua is to integrate children's earth science
literature within 'English as a Second Language' (ESL) educational programs. Also, Mi Agua Viene de las Monta?as Rocosas is an outreach
activity that responds to the positive feedback My Water Comes from the Mountains received and to several calls for such a Spanish language
edition from regional educators. Specifically, Dr. Paul Flack, lead hydrologist of the Colorado State Parks, and Karen Hunter, St. Vrain Valley
educational coordinator, have both emphasized the need to develop Spanish-language materials to address bilingual students in Colorado
communities. The text of the Spanish edition has been translated by Weber and edited for accuracy by Boris Illade, a bilingual 4th grade teacher
at University Hill Bilingual Elementary School in Boulder.

For this edition, unique attributes of the Spanish-language culture will be addressed by using artwork and comments developed by ESL
students in local bilingual elementary schools. Weber has been working with 3 educators in the Boulder/Longmont area. We expect between
100-150 artwork pieces and comments to be finished by early June. These pictures and comments will also be placed on a website specific to
the book, linked to the NWT LTER site, and developed in coordination with the NWT information manager.

Journal Publications

Clark, B.R.; Hartley, S.E.; Suding, K.N.; de Mazancourt, C., "The effect of recycling on plant competitive hierarchies", American Naturalist, p.
609, vol. 165(6), (2005). Published, 

Erickson, T.A.; Williams, M.W.; Winstral, A., "Persistence of topographic controls on the spatial distribution of snow in rugged mountain
terrain, Colorado, United States", Water Resources Research, p. 1, vol. 41(4), (2005). Published, 

Ernest, S.K.M., "Energy flow, body size, and community structure in small mammal communities", Ecology, p. 1407, vol. 86, (2005).
Published, 

Janke, J.R., "The occurrence of alpine permafrost in the Front Range of Colorado", Geomorphology, p. 375, vol. 67, (2005). Published, 

Litaor, M.I.; Seastedt, T.R.; Walker, M.D.; Carbone, M.; Townsend, A., "The biogeochemistry of phosphorus across an alpine
topographic/snow gradient", Geoderma, p. 49, vol. 124, (2005). Published,  

Sherrod, S.K., T. R. Seastedt and M.D. Walker, "The northern pocket gopher
(Thomomys talpoides) as an organizer of alpine plant community structure, Niwot
Ridge, CO", Arctic, Antarctic and Alpine Research, p. , vol. 37(4), (2005). Accepted, 

Bardgett, R.D., W.D. Bowman, R. Kaufmann, and S.K. Schmidt, "Linking aboveground
and belowground ecology: a temporal approach", Trends in Ecology and Evolution, p. 634, vol. 20, (2005). Published, 



Annual Report: 0423662

Page 19 of 26

Nemergut, D.R., E. Costello, A.F. Meyer, M.Y. Pescador, M.N.  Weintraub and S.K. Schmidt, "Structure and function of alpine  and arctic soil
microbial communities", Research in Microbiology, p. 775, vol. 156, (2005). Published, 

Colores, G.M. and S.K. Schmidt, "Recovery of microbially- mediated processes in soil augmented with a pentachlorophenol- mineralizing
bacterium", Environmental Toxicology and Chemistry, p. 1912, vol. 24, (2005). Published, 

Hood, E., M. W. Williams, and D. McKnight, "Sources of dissolved organic matter (DOM) in a Rocky Mountain stream using chemical
fractionation and stable isotopes", Biogeochemistry, p. 231, vol. 74(2), (2005). Published, 

Pennings SC, Clark CM, Cleland EE, Collins SL, Gough L, Gross KL, Milchunas DG, Suding KN
, "Do individual plant species show predictable responses to nitrogen addition across multiple experiments? 
", Oikos, p. 547, vol. 110(3), (2005). Published, 

Bowman, W.D.; Gartner,J.L.; Holland, K.; Wiedermann, M., "Nitrogen critical loads for alpine vegetation and terrestrial ecosystem response:
Are we there yet?", Ecological Applications, p. 1183, vol. 16, (2006). Published, 

Costello, E.K.; Schidt, S.K., "Microbial diversity in alpine tundra wet meadow soil: novel Chloroflexi from a cold, water-saturated
environment", Environmental Microbiology, p. 1471, vol. 8(8), (2006). Published, 

Hock, R.; Rees, G.; Williams, M.W.; Ramirez, E., "Preface - Contribution from glaciers and snow cover to runoff from mountains in different
climates - Special issue", HYDROLOGICAL PROCESSES, p. 2089, vol. 20(10), (2006). Published, 

Miller, M.P; McKnight, D.M.; Cory, R.M.; Williams, M.W.; Runkel, R.L., "Hyporheic exchange and fulvic acid redox reactions in an alpine
stream/wetland ecosystem", Environmental Science and Technology, p. 5943, vol. 40(19), (2006). Published,  

Monson, R.K. ; Lipson, D.L.; Burns, S.P.; Turnipseed, A.A.; Delany, A.C.; Williams, M.W.; Schmidt, S.K., "Winter forest soil respiration
controlled by climate and microbial community composition", NATURE, p. 711, vol. 439, (2006). Published, 

Suding,K.N.; Miller,A.E.; Bechtold,H.; Bowman,W.D., "The consequence of species loss on ecosystem nitrogen cycling depends on
community composition", Oecologia, p. 141, vol. 149, (2006). Published, 

Walker,M.D.;Wahren,C.H.;Hollister,R.D.;Henry,G.H.R.;Ahlquist,L.E.;Alatalo,J.M.
;Bret-Harte,M.S.;Calef,M.P;Callaghan,T.V.;Carroll,A.B.;Epstein,H.E.; Jonsdottir,I.S. ; Klein,J.A. ; Magnusson,B.; Molau,U. ; Oberbauer,S.F. ;
Rewa,S.P.;Robinson,C.H. et al., "Responses to experimental warming across the tundra biome", Proceedings of the National Academy of
Science, p. 1342, vol. 103(5), (2006). Published, 

Williams, M.W.; Knauf, M.; Caine, N.; Liu, F.; Verplanck, P.L., "Geochemistry and source waters of rock glacier outflow, Colorado Front
Range.", Permafrost and Periglacial Processes, p. 13, vol. 17, (2006). Published,  

Cory, R.M.; McKnight, D., "Fluorescence spectroscopy reveals ubiquitous presence of oxidized and reduced quinones in dissolved organic
matter", ENVIRONMENTAL SCIENCE & TECHNOLOGY, p. 8142, vol. 39(21), (2005). Published, 

Janke, J.R., "Long-term flow measurements (1961-2002) of the Arapaho, Taylor, and Fair rock glaciers, Front Range, Colorado", PHYSICAL
GEOGRAPHY, p. 313, vol. 26(4), (2005). Published, 

Janke, J.R., "Photogrammetric analysis of Front Range rock glacier flow rates", GEOGRAFISKA ANNALER SERIES A-PHYSICAL
GEOGRAPHY, p. 515, vol. 87(A), (2005). Published, 

Steltzer,H; Bowman,W.D., "Litter N retention over winter for a low and a high phenolic species in the alpine tundra", Plant and Soil, p. 361,
vol. 275, (2005). Published, 

Suding, K.N.; Collins, S.L.; Gough, L.; Clark, C.; Cleland, E.E.; Gross, K.L.; Milchunas, D.G.; Pennings, S., "Functional- and
abundance-based mechanisms explain diversity loss due to N fertilization", Proceedings of the National Academy of Sciences of the United
States of America, p. 4387, vol. 102(12), (2005). Published, 



Annual Report: 0423662

Page 20 of 26

Monson, R.K.; Burns, S.P.; Williams, M.W.; Delany, A.C.; Weintraub, M.; Lipson, D.A., "The contribution of beneath-snow soil respiration to
total ecosystem respiration in a high-elevation, subalpine forest", Global Biogeochemical Cycles, p. 1, vol. 20(3), (2006). Published, 

Lipson, DA, "Relationships between temperature responses and bacterial community structure along seasonal and altitudinal gradients", FEMS
MICROBIOLOGY ECOLOGY, p. 418, vol. 59, (2007). Published, 10.1111/j.1574-6941.2006.00240.

Withington, CL; Sanford, RL, "Decomposition rates of buried substrates increase with altitude in the forest-alpine tundra ecotone", SOIL
BIOLOGY & BIOCHEMISTRY, p. 68, vol. 39, (2007). Published, 10.1016/j.soilbio.2006.06.01

Esposito, RMM; Horn, SL; McKnight, DM; Cox, MJ; Grant, MC; Spaulding, SA; Doran, PT; Cozzetto, KD, "Antarctic climate cooling and
response of diatoms in glacial meltwater streams", GEOPHYSICAL RESEARCH LETTERS, p. , vol. 33, (2006). Published,
10.1029/2006GL02590

Monson, RK; Rosenstiel, TN; Forbis, TA; Lipson, DA; Jaeger, CH, "Nitrogen and carbon storage in alpine plants", INTEGRATIVE AND
COMPARATIVE BIOLOGY, p. 35, vol. 46, (2006). Published, 10.1093/icb/icj00

Oline, DK; Schmidt, SK; Grant, MC, "Biogeography and landscape-scale diversity of the dominant crenarchaeota of soil", MICROBIAL
ECOLOGY, p. 480, vol. 52, (2006). Published, 10.1007/s00248-006-9101-

Reese, CA, "An old dog with new tricks: An automated, dry-deposition Tauber trap", GRANA, p. 257, vol. 45, (2006). Published,
10.1080/0017313060079261

Schmidt, SK; Costello, EK; Nemergut, DR; Cleveland, CC; Reed, SC; Weintraub, MN; Meyer, AF; Martin, AM, "Biogeochemical
consequences of rapid microbial turnover and seasonal succession in soil", ECOLOGY, p. 1379, vol. 88, (2007). Published, 

Molotch, NP; Blanken, PD; Williams, MW; Turnipseed, AA; Monson, RK; Margulis, SA, "Estimating sublimation of intercepted and
sub-canopy snow using eddy covariance systems", HYDROLOGICAL PROCESSES, p. 1567, vol. 21, (2007). Published, 10.1002/hyp.671

Porter, TM; Schadt, CW; Rizvi, L; Martin, AP; Schmidt, SK; Scott-Denton, L; Vigalys, R; Moncalvo, JM, "Widespread occurrence and
phylogenetic placement of a soil clone group adds a prominent new branch to the fungal tree of life", Molecular Phylogenetics & Evolution, p. ,
vol. , (2007). Accepted,  

Weintraub, MN; Scott-Denton, LE; Schmidt, SK; Monson, RK, "The effects of tree rhizodeposition on soil exoenzyme activity, dissolved
organic carbon, and nutrient availability in a subalpine forest ecosystem", Oecologia, p. , vol. , (2007). Accepted,  

Williams, MW; Knauf, M; Cory, R; Caine, N; Liu, F, "Nitrate content and potential microbial signature of rock glacier outflow, Colorado Front
Range", Earth Surface Processes and Landforms, p. 1032, vol. 32(7), (2007). Published,  

Sievering, H; Tomaszewski, T; Torizzo, J, "Canopy uptake of atmospheric N deposition at a conifer forest: part I - canopy N budget,
photosynthetic efficiency and net ecosystem exchange", TELLUS SERIES B-CHEMICAL AND PHYSICAL METEOROLOGY, p. 483, vol.
59, (2007). Published, 10.1111/j.1600-0889.2007.00264.

Tomaszewski, T; Sievering, H, "Canopy uptake of atmospheric N deposition at a conifer forest: Part II - response of chlorophyll fluorescence
and gas exchange parameters", TELLUS SERIES B-CHEMICAL AND PHYSICAL METEOROLOGY, p. 493, vol. 59, (2007). Published,
10.1111/j.1600-0889.2007.00265.

Clark, CM; Cleland, EE; Collins, SL; Fargione, JE; Gough, L; Gross, KL; Pennings, SC; Suding, KN; Grace, JB, "Environmental and plant
community determinants of species loss following nitrogen enrichment", ECOLOGY LETTERS, p. 596, vol. 10, (2007). Published,
10.1111/j.1461-0248.2007.01053.

Miller, AE; Bowman, WD; Suding, KN, "Plant uptake of inorganic and organic nitrogen: Neighbor identity matters", ECOLOGY, p. 1832, vol.
88, (2007). Published, 



Annual Report: 0423662

Page 21 of 26

Bocquet, F; Helmig, D; Oltmans, SJ, "Ozone in interstitial air of the mid-latitude, seasonal snowpack at Niwot Ridge, Colorado", ARCTIC
ANTARCTIC AND ALPINE RESEARCH, p. 375, vol. 39, (2007). Published, 10.1657/1523-0430(06-027

Lipson, D.A., "Relationships between temperature responses and bacterial community structure along seasonal and altitudinal gradients.", Fems
Microbiology Ecology, p. 418, vol. 59(2), (2007). Published,  

Hoffman, M.J.; Fountain, A.G.; Achuff, J.M., "20th-century variations in area of cirque glaciers and glacierets, Rocky Mountain National Park,
Rocky Mountains, Colorado, USA.", Annals of Glaciology, p. 349, vol. 46, (2007). Published,  

Meier, C.L., ; Bowman, W.D.; Suding, K., "Carbon flux from plants to soil: Roots are a below-ground source of phenolic secondary
compounds in an alpine ecosystem.", Journal of Ecology, p. 421, vol. 96, (2008). Published,  

Marshall, J.D; Blair, J.M.; Peters, D.; Okin, G.; Rango, A.; Williams, M., "Predicting and understanding ecosystem responses to climate change
at continental scales", Frontiers in Ecology and the Environment, p. 273, vol. 6(5), (2008). Published,  

Litaor, M.I.; Williams, M.W.; Seastedt, T.R., "Topographic controls on snow distribution, soil moisture, and species diversity of herbaceous
alpine vegetation, Niwot Ridge, Colorado.", JOURNAL OF GEOPHYSICAL RESEARCH, p. , vol. 113, (2008). Published,  

Lazar, B.; Williams, M.W., "Climate change in western ski areas: Potential changes in the timing of wet avalanches and snow quality for the
Aspen ski area in the years 2030 and 2100.", Cold Regions Science and Technology, p. 219, vol. 51, (2008). Published,  

Gardner, E.M; McKnight, D.M.; Lewis, W.M.; Miller, M.P., "Effects of nutrient enrichment on phytoplankton in an alpine lake, Colorado,
U.S.A.", Arctic, Antarctic, and Alpine Research., p. 55, vol. 40(1), (2008). Published,  

Ashton, I. W.; Miller, A.E.; Bowman, W.D.; Suding, K., "Nitrogen preferences and plant-soil feedbacks as influenced by neighbors in the
alpine tundra.", Oecologia, p. 625, vol. 156, (2008). Published,  

Blanken, PD; Williams, MW; Burns, SP; Monson, RK; Knowles, J; Chowanski, K; Ackerman, T, "A comparison of water and carbon dioxide
exchange at a windy alpine tundra and subalpine forest site near Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 61, vol. 95, (2009).
Published, 10.1007/s10533-009-9325-

Bourgeron, P.S.; Humphries, H.C.; Riboli-Sasco, L., "Regional analysis of social-ecological systems", Natures Sciences Soci??t??s, p. 185, vol.
17, (2009). Published,  

Bowling, DR; Massman, WJ; Schaeffer, SM; Burns, SP; Monson, RK; Williams, MW, "Biological and physical influences on the carbon
isotope content of CO2 in a subalpine forest snowpack, Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 37, vol. 95, (2009). Published,
10.1007/s10533-008-9233-

Bowling, DR; Miller, JB; Rhodes, ME; Burns, SP; Monson, RK; Baer, D, "Soil, plant, and transport influences on methane in a subalpine forest
under high ultraviolet irradiance", BIOGEOSCIENCES, p. 1311, vol. 6, (2009). Published, 

Burns, SP; Delany, AC; Sun, JL; Stephens, BB; Oncley, SP; Maclean, GD; Semmer, SR; Schroter, J; Ruppert, J, "An Evaluation of Calibration
Techniques for In Situ Carbon Dioxide Measurements Using a Programmable Portable Trace-Gas Measuring System", JOURNAL OF
ATMOSPHERIC AND OCEANIC TECHNOLOGY, p. 291, vol. 26, (2009). Published, 10.1175/2008JTECHA1080.

Filippa, G; Freppaz, M; Williams, MW; Helmig, D; Liptzin, D; Seok, B; Hall, B; Chowanski, K, "Winter and summer nitrous oxide and
nitrogen oxides fluxes from a seasonally snow-covered subalpine meadow at Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 131, vol. 95,
(2009). Published, 10.1007/s10533-009-9304-

Flanagan, CM; McKnight, DM; Liptzin, D; Williams, MW; Miller, MP, "Response of the Phytoplankton Community in an Alpine Lake to
Drought Conditions: Colorado Rocky Mountain Front Range, USA", ARCTIC ANTARCTIC AND ALPINE RESEARCH, p. 191, vol. 41,
(2009). Published, 10.1657/1938.4246-41.2.19



Annual Report: 0423662

Page 22 of 26

Freeman, KR; Pescador, MY; Reed, SC; Costello, EK; Robeson, MS; Schmidt, SK, "Soil CO2 flux and photoautotrophic community
composition in high-elevation, 'barren' soil", ENVIRONMENTAL MICROBIOLOGY, p. 674, vol. 11, (2009). Published,
10.1111/j.1462-2920.2008.01844.

Helmig, D; Apel, E; Blake, D; Ganzeveld, L; Lefer, BL; Meinardi, S; Swanson, AL, "Release and uptake of volatile inorganic and organic
gases through the snowpack at Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 167, vol. 95, (2009). Published, 10.1007/s10533-009-9326-

Helmig, D; Seok, B; Williams, MW; Hueber, J; Sanford, R, "Fluxes and chemistry of nitrogen oxides in the Niwot Ridge, Colorado,
snowpack", BIOGEOCHEMISTRY, p. 115, vol. 95, (2009). Published, 10.1007/s10533-009-9312-

Lipson, DA; Monson, RK; Schmidt, SK; Weintraub, MN, "The trade-off between growth rate and yield in microbial communities and the
consequences for under-snow soil respiration in a high elevation coniferous forest", BIOGEOCHEMISTRY, p. 23, vol. 95, (2009). Published,
10.1007/s10533-008-9252-

Liptzin, D; Williams, MW; Helmig, D; Seok, B; Filippa, G; Chowanski, K; Hueber, J, "Process-level controls on CO2 fluxes from a seasonally
snow-covered subalpine meadow soil, Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 151, vol. 95, (2009). Published,
10.1007/s10533-009-9303-

Maggioni, M; Freppaz, M; Piccini, P; Williams, MW; Zanini, E, "Snow Cover Effects on Glacier Ice Surface Temperature", ARCTIC
ANTARCTIC AND ALPINE RESEARCH, p. 323, vol. 41, (2009). Published, 10.1657/1938-4246-41.3.32

Meier, CL; Keyserling, K; Bowman, WD, "Fine root inputs to soil reduce growth of a neighbouring plant via distinct mechanisms dependent on
root carbon chemistry", JOURNAL OF ECOLOGY, p. 941, vol. 97, (2009). Published, 10.1111/j.1365-2745.2009.01537.

Miller, MP; McKnight, DM; Chapra, SC, "Production of microbially-derived fulvic acid from photolysis of quinone-containing extracellular
products of phytoplankton", AQUATIC SCIENCES, p. 170, vol. 71, (2009). Published, 10.1007/s00027-009-9194-

Miller, MP; McKnight, DM; Cullis, JD; Greene, A; Vietti, K; Liptzin, D, "Factors controlling streambed coverage of Didymosphenia geminata
in two regulated streams in the Colorado Front Range", HYDROBIOLOGIA, p. 207, vol. 630, (2009). Published, 10.1007/s10750-009-9793-

Molotch, NP; Brooks, PD; Burns, SP; Litvak, M; Monson, RK; McConnell, JR; Musselman, K, "Ecohydrological controls on snowmelt
partitioning in mixed-conifer sub-alpine forests", ECOHYDROLOGY, p. 129, vol. 2, (2009). Published, 10.1002/eco.4

Nanus, L; Williams, MW; Campbell, DH; Tonnessen, KA; Blett, T; Clow, DW, "Assessment of lake sensitivity to acidic deposition in national
parks of the Rocky Mountains", ECOLOGICAL APPLICATIONS, p. 961, vol. 19, (2009). Published, 

Oncley, SP; Schwenz, K; Burns, SP; Sun, J; Monson, RK, "A Cable-Borne Tram for Atmospheric Measurements along Transects", JOURNAL
OF ATMOSPHERIC AND OCEANIC TECHNOLOGY, p. 462, vol. 26, (2009). Published, 10.1175/2008JTECHA1158.

Schmidt, SK; Wilson, KL; Monson, RK; Lipson, DA, "Exponential growth of "snow molds" at sub-zero temperatures: an explanation for high
beneath-snow respiration rates and Q (10) values", BIOGEOCHEMISTRY, p. 13, vol. 95, (2009). Published, 10.1007/s10533-008-9247-

Seok, B; Helmig, D; Williams, MW; Liptzin, D; Chowanski, K; Hueber, J, "An automated system for continuous measurements of trace gas
fluxes through snow: an evaluation of the gas diffusion method at a subalpine forest site, Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p.
95, vol. 95, (2009). Published, 10.1007/s10533-009-9302-

Toetz, D; Payton, M, "The Role of Humic Acid, Silicon, and pH in Accrual of Periphytic Biomass in a Subalpine Stream, Colorado Front
Range", JOURNAL OF FRESHWATER ECOLOGY, p. 1, vol. 24, (2009). Published, 

Turnipseed, AA; Burns, SP; Moore, DJP; Hu, J; Guenther, AB; Monson, RK, "Controls over ozone deposition to a high elevation subalpine
forest", AGRICULTURAL AND FOREST METEOROLOGY, p. 1447, vol. 149, (2009). Published, 10.1016/j.agrformet.2009.04.00

Williams, MW; Helmig, D; Blanken, P, "White on green: under-snow microbial processes and trace gas fluxes through snow, Niwot Ridge,
Colorado Front Range", BIOGEOCHEMISTRY, p. 1, vol. 95, (2009). Published, 10.1007/s10533-009-9330-



Annual Report: 0423662

Page 23 of 26

Williams, MW; Seibold, C; Chowanski, K, "Storage and release of solutes from a subalpine seasonal snowpack: soil and stream water
response, Niwot Ridge, Colorado", BIOGEOCHEMISTRY, p. 77, vol. 95, (2009). Published, 10.1007/s10533-009-9288-

Fassnacht, S.R.; Williams, M.W.; Corrao, M.V., "Changes in the surface roughness of snow from millimetre to metre scales", Ecological
Complexity, p. 221, vol. 6, (2009). Published,  

Hu, J.; Moore, D.J.P.; Burns, S.P.; Monson, R.K., "Longer growing seasons lead to less carbon sequestration by a subalpine forest", Global
Change Biology, p. , vol. , (2009). Published, 10.1111/j.1365-2486.2009.01967.x

Liptzin, D.; Seastedt, T.R., "Patterns of snow, deposition, and soil nutrients at multiple spatial scales at a Rocky Mountain treeline ecotone",
JGR Biogeosciences, p. , vol. , (2009). Accepted,  

Miller, M.P.; McKnight, D.M.; Chapra, S.C.; Williams, M.W., "A model of degradation and production of three pools of dissolved organic
matter in an alpine lake", Limnology and Oceanography, p. , vol. , (2009). Accepted,  

Racoviteanu, AE; Manley, WF; Arnaud, Y; Williams, MW, "Evaluating digital elevation models for glaciologic applications: An example from
Nevado Coropuna, Peruvian Andes", GLOBAL AND PLANETARY CHANGE, p. 110, vol. 59, (2007). Published,
10.1016/j.gloplacha.2006.11.03

Bebbington, A; Williams, M, "Water and Mining Conflicts in Peru", MOUNTAIN RESEARCH AND DEVELOPMENT, p. 190, vol. 28,
(2008). Published, 10.1659/mrd.103

Bowman, WD; Cleveland, CC; Halada, L; Hresko, J; Baron, JS, "Negative impact of nitrogen deposition on soil buffering capacity", NATURE
GEOSCIENCE, p. 767, vol. 1, (2008). Published, 10.1038/ngeo33

Chalcraft, DR; Cox, SB; Clark, C; Cleland, EE; Suding, KN; Weiher, E; Pennington, D, "Scale-dependent responses of plant biodiversity to
nitrogen enrichment", ECOLOGY, p. 2165, vol. 89, (2008). Published, 

Humphries, HC; Bourgeron, PS; Mujica-Crapanzano, LR, "Tree spatial patterns and environmental relationships in the forest-alpine tundra
ecotone at Niwot Ridge, Colorado, USA", ECOLOGICAL RESEARCH, p. 589, vol. 23, (2008). Published, 10.1007/s11284-007-0413-

Leopold, M; Dethier, D; Volkel, J; Raab, T, "Combining sediment analysis and seismic refraction to describe the structure, thickness and
distribution of periglacial slope deposits at Niwot Ridge, Rocky Mountains Front Range, Colorado, USA", ZEITSCHRIFT FUR
GEOMORPHOLOGIE, p. 77, vol. 52, (2008). Published, 10.1127/0372-8854/2008/0052S2-007

Leopold, M; Dethier, D; Volkel, J; Raab, T; Rikert, TC; Caine, N, "Using geophysical methods to study the shallow subsurface of a sensitive
alpine environment, Niwot Ridge, Colorado Front Range, USA", ARCTIC ANTARCTIC AND ALPINE RESEARCH, p. 519, vol. 40, (2008).
Published, 10.1657/1523-0430(06-124)[LEOPOL

Litaor, MI; Seastedt, TR; Sackett, LC, "Nutrient Status in Alpine Soils of the Colorado Front Range Using the Nitrogen/Phosphorus Ratio
Index", SOIL SCIENCE SOCIETY OF AMERICA JOURNAL, p. 1628, vol. 72, (2008). Published, 10.2136/sssaj2006.043

Meier, CL; Bowman, WD, "Phenolic-rich leaf carbon fractions differentially influence microbial respiration and plant growth", OECOLOGIA,
p. 95, vol. 158, (2008). Published, 10.1007/s00442-008-1124-

Meier, CL; Bowman, WD, "Links between plant litter chemistry, species diversity, and below-ground ecosystem function", PROCEEDINGS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES OF AMERICA, p. 19780, vol. 105, (2008). Published,
10.1073/pnas.080560010

Molotch, NP; Meixner, T; Williams, MW, "Estimating stream chemistry during the snowmelt pulse using a spatially distributed, coupled
snowmelt and hydrochemical modeling approach", WATER RESOURCES RESEARCH, p. , vol. 44, (2008). Published,
10.1029/2007WR00658



Annual Report: 0423662

Page 24 of 26

Nanus, L; Williams, MW; Campbell, DH; Elliott, EM; Kendall, C, "Evaluating regional patterns in nitrate sources to watersheds in national
parks of the Rocky Mountains using nitrate isotopes", ENVIRONMENTAL SCIENCE & TECHNOLOGY, p. 6487, vol. 42, (2008). Published,
10.1021/es800739

Nemergut, DR; Townsend, AR; Sattin, SR; Freeman, KR; Fierer, N; Neff, JC; Bowman, WD; Schadt, CW; Weintraub, MN; Schmidt, SK, "The
effects of chronic nitrogen fertilization on alpine tundra soil microbial communities: implications for carbon and nitrogen cycling",
ENVIRONMENTAL MICROBIOLOGY, p. 3093, vol. 10, (2008). Published, 10.1111/j.1462-2920.2008.01735.

Racoviteanu, AE; Williams, MW; Barry, RG, "Optical remote sensing of glacier characteristics: A review with focus on the Himalaya",
SENSORS, p. 3355, vol. 8, (2008). Published, 10.3390/s805335

Schmidt, SK; Reed, SC; Nemergut, DR; Grandy, AS; Cleveland, CC; Weintraub, MN; Hill, AW; Costello, EK; Meyer, AF; Neff, JC; Martin,
AM, "The earliest stages of ecosystem succession in high-elevation (5000 metres above sea level), recently deglaciated soils", PROCEEDINGS
OF THE ROYAL SOCIETY B-BIOLOGICAL SCIENCES, p. 2793, vol. 275, (2008). Published, 10.1098/rspb.2008.080

Schmidt, SK; Sobieniak-Wiseman, LC; Kageyama, SA; Halloy, SRP; Schadt, CW, "Mycorrhizal and dark-septate fungi in plant roots above
4270 meters elevation in the Andes and Rocky Mountains", ARCTIC ANTARCTIC AND ALPINE RESEARCH, p. 576, vol. 40, (2008).
Published, 10.1657/1523-0430(07-068)[SCHMID

Schmidt, SK; Wilson, KL; Meyer, AF; Gebauer, MM; King, AJ, "Phylogeny and Ecophysiology of Opportunistic "Snow Molds" from a
Subalpine Forest Ecosystem", MICROBIAL ECOLOGY, p. 681, vol. 56, (2008). Published, 10.1007/s00248-008-9387-

Suding, KN; Ashton, IW; Bechtold, H; Bowman, WD; Mobley, ML; Winkleman, R, "Plant and microbe contribution to community resilience
in a directionally changing environment", ECOLOGICAL MONOGRAPHS, p. 313, vol. 78, (2008). Published, 

Cleland, E.E.; Clark, C.M.; Collins, S.L.; Fargione, J.E. ; Gough, L.; Gross, K.L.; Milchunas, D.G. ; Pennings, S.C.; Bowman, W.D.; Burke,
I.C.; Lauenroth, W.K. ; Robertson, G.P. ; Simpson, J.C.; Tilman, D.; Suding. K.N., "Species responses to nitrogen fertilization in herbaceous
plant communities and associated species traits", Ecology, p. 1175, vol. 89, (2008). Published,  

King, A.J. ; Meyer, A.F.; Schmidt. S.K., "High levels of microbial biomass and activity in unvegetated tropical and temperate alpine soils", Soil
Biology & Biochemistry, p. 2605, vol. 40, (2008). Published,  

Li, X.; Williams, M.W., "Snowmelt runoff modelling in an arid mountain watershed, Tarim Basin, China", Hydrological Processes, p. 3931,
vol. 22, (2008). Published,  

Racoviteanu, A.; Arnaud, Y.; Williams, M.W.; Zapata, M.; Ordonez, J., "Decadal changes in glacial parameters for the Cordillera Blanca, Peru
derived from SPOT 5 satellite imagery and aerial photography", Journal of Glaciology, p. 499, vol. 54, (2008). Published,  

Flanner, MG; Zender, CS, "Linking snowpack microphysics and albedo evolution", JOURNAL OF GEOPHYSICAL
RESEARCH-ATMOSPHERES, p. , vol. 111, (2006). Published, 10.1029/2005JD00683

Toetz, D; Payton, M, "The role of dissolved organic matter in accrual of periphytic biomass in a subalpine stream, Colorado Front Range",
JOURNAL OF FRESHWATER ECOLOGY, p. 613, vol. 21, (2006). Published, 

Jaffe, R; McKnight, D; Maie, N; Cory, R; McDowell, WH; Campbell, JL, "Spatial and temporal variations in DOM composition in ecosystems:
The importance of long-term monitoring of optical properties", JOURNAL OF GEOPHYSICAL RESEARCH-BIOGEOSCIENCES, p. , vol.
113, (2008). Published, 10.1029/2008JG00068

Books or Other One-time Publications

Bowman, W.D., "The response of alpine plants to environmental change: Feedbacks to ecosystem function", (2005). Book, Published
Editor(s): U. M. Huber, H. K. M. Bugmann, and M. A. Reasoner



Annual Report: 0423662

Page 25 of 26

Collection: Global Change and Mountain Regions (A State of Knowledge Overview)
Bibliography: Springer, Dordrecht

Larson, J., "Creeping Constructivism: The interaction of formal and informal components of a university field course for pre- and in-service
teachers", (2005). Presentation, Presented Paper
Collection: Paper presented at the annual meeting of the National Association for Research in Science Teaching. Dallas, TX.
Bibliography: National Association for Research in Science Teaching. Dallas, TX.

Bowman, W.D., "The response of alpine plants to environmental change: Feedbacks to ecosystem function", (2005). Book, Published
Editor(s): U. M. Huber, H. K. M. Bugmann, and M. A. Reasoner
Collection: Global Change and Mountain Regions (A State of Knowledge Overview)
Bibliography: Springer, Dordrecht

Schmidt, S.K., K.L. Wilson, A.F. Meyer, T.M. Porter, C.W. Schadt & J.M. Moncalvo, "The missing fungi - New insights from
culture-independent molecular studies of soil", (2007). Book, Published
Editor(s): Karsten Zengler
Collection: Accessing Uncultivated Microorganisms
Bibliography: ASM Press, Washington DC

Web/Internet Site

Other Specific Products
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Sharing Information:
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Contributions to Human Resource Development: 
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Conference Proceedings

Special Requirements
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I.  RESEARCH HIGHLIGHTS 
 
ECOLOGY: TRAITS OF PLANT INVADERS 
Tim Seastedt, former PI of the Niwot Ridge Long Term Ecological Research (NWT LTER) 
Program and current member of its executive committee, had a recent paper in Nature that 
focused on invasive plants, and where he also delves into the subject of illegal immigration in 
true Seastedt fashion: “Many plants introduced to new habitats have fewer microbial pathogens 
than when in their home range, and have the ability to grow rapidly. Such a combination may 
make for especially troublesome immigrants.” Seastedt, T; Nature 459, 783-784 (11 June 2009), 
doi:10.1038/459783a; Published online 10 June 2009. 
 
NITROGEN DEPOSITION ACIDIFIES SOILS 
Bill Bowman, Cory Cleveland (University of Montana), L’uboš  Halada, Juraj Hreško (both of 
the Slovak Academy of Sciences), and Jill S. Baron (USGS) published a paper in Nature 
Geoscience detailing the results of work documenting an apparent end-member of soil 
acidification in an alpine ecosystem in central Europe.  Using an N-deposition simulation 
experiment, they demonstrated that the site in the Western Tatra Mountains of Slovakia shows 
symptoms of an extreme stage of soil acidification (soil pH values 3.4 - 3.2) and high sensitivity 
to N inputs.  Increases in N deposition led to expected losses in nutrient base cations (Ca2+, 
Mg2+, and K+) but also unexpected losses of extractable aluminum (Al3+), the dominant cation in 
the soils, while soil acidity and extractable iron (Fe3+) concentrations increased.  Increases in N 
deposition also lowered growth of vascular plants, with concomitant decreases in shoot 
concentrations of calcium and magnesium.  They suggest that this site and others in central 
Europe have reached a critical threshold at which Fe3+ will replace Al3+ as the major buffering 
element of soils, which has not been previously observed in a field setting in association with 
acid deposition.  Furthermore current levels of N deposition inhibit plant growth in association 
with a combination of lower nutrient base cations and potential Al and Fe toxicity, documenting 
an extreme stage of N-saturation in an alpine ecosystem. Bowman, W.D.; Cleveland, C.C.; 
Halada, L.; Hresko, J.; Baron, J.S. 2008. Negative impact of nitrogen deposition on soil 
buffering capacity. Nature Geoscience Vol 1 pp. 767-770. 
 
SPECIAL ISSUE OF BIOGEOCHEMISTRY 
Williams, Helmig, and Blanken edited a special issue of the journal Biogeochemistry: White on 
green: under-snow microbial processes and trace gas fluxes through snow, Niwot Ridge, 
Colorado Front Range, Volume 95, August 2009. Nine of the 11 papers acknowledge NSF 
support for NWT LTER. 
 
Abstract from the introduction paper.  The importance of snow and related cryospheric processes 
as an ecological factor has been recognized since at least the beginning of the 20th century. Even 
today, however, many observations remain anecdotal. The research to date on cold-land 
ecosystems results in scientists being unable to evaluate to what extent changes in the cryosphere 
will be characterized by abrupt changes in local and global biogeochemical cycles, and how 
these changes in seasonality may affect the rates and timing of key ecological processes.  Studies 
of gas exchanges through snow have revealed that snow plays an important role in modulating 
wintertime soil biogeochemical processes, and that these can be the driving processes for gas 
exchange at the snow surface.  Previous research has primarily focused on carbon dioxide, and 
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resulted from episodic experiments at a number of snow-covered sites.  Here we report new 
insights from several field sites on Niwot Ridge in the Colorado Rocky Mountains, including a 
dedicated snow gas flux research facility established at the 3340-m Soddie site.  A novel in situ 
experimental system was developed at this site to continuously sample trace gases from above 
and within the snowpack for the duration of seasonal snow cover.  The suite of chemical species 
investigated includes carbon dioxide, nitrous oxide, nitrogen oxides, ozone, and volatile 
inorganic and organic gases.  Wintertime measurements have been supplemented by soil 
chamber experiments and eddy covariance measurements to allow assessment of the contribution 
of wintertime fluxes to annual biogeochemical budgets.  This research has resulted in a plethora 
of new insights into the physics of gas transport through the snowpack, and the magnitude and 
the chemical and biogeochemical processes that control fluxes at the soil-snowpack and the 
snow-atmosphere interface.  This article provides an overview of the history and evolution of 
this research, and highlights the findings from the ten articles that constitute this special issue. 
 
CHEMICAL DIVERSITY OF PLANTS IS AN IMPORTANT COMPONENT OF 
BIODIVERSITY 
Ecosystems containing diverse mixtures of plant species affect decomposition and soil health 
differently from ecosystems that are species poor. A new study finds that the diversity of 
chemical compounds within the plants themselves is an important determinant of how species 
diversity may influence decomposition and important soil functions like carbon storage and 
nutrient availability. Notably, knowledge of plant chemical diversity allowed researchers to 
better understand how species diversity controls the amount of carbon lost from soil, and how 
species diversity influences availability of nutrients like nitrogen, that are essential for soil 
fertility and plant growth. 
 
The study, to be published in an upcoming issue of the Proceedings of the National Academy of 
Science of the United States (PNAS), is the result of 4 years of experiments carried out by 
Courtney Meier and William Bowman, ecologists at the University of Colorado Boulder. The 
research was conducted at the NWT LTER site. One benefit to this location was that the 
researchers could take advantage of alpine wildflowers that contain a considerable amount of 
chemical diversity in their leaves. 
 
Understanding controls on decomposition and soil function is important because decomposition 
of plant leaves in the soil is a critical source of nutrients for plants in natural systems, and 
decomposition releases ten times as much carbon dioxide to the atmosphere as fossil fuel 
combustion. Scientists have known for over a decade that diversity has strong effects on 
decomposition, but until now, it has been unclear how to predict those effects. 
 
“Plants are really consummate chemists capable of synthesizing an astounding number of 
compounds, and as ecologists, it is often tempting to ignore that chemical complexity, since it 
can be so daunting,” said Meier, “But these results suggest that the devil is likely in the details.” 
 
The paper, “Meier, C.L. and W.D. Bowman.  2008.  Links between plant litter chemistry, species 
diversity, and below-ground ecosystem function.  Proceedings of the National Academy of 
Science 105: 19780-19785,” is now accessible online at the PNAS website: www.pnas.org.  
 

http://www.pnas.org
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NASA EARTH OBSERVATORY “IMAGE OF THE DAY” FEATURED NWT LTER 
SITE  
This astronaut photograph highlights a portion of the Great Divide in the Rocky Mountains 
approximately 31 kilometers due west of Boulder, Colorado. The Great Divide is one of four 
continental divides recognized by geographers and hydrologists in North America—the others 
being the Northern, Eastern, and Saint Lawrence Seaway Divides—but it is still generally (and 
erroneously) known as the Continental Divide. The Great Divide is a hydrologic boundary 
defined by the ultimate destination of precipitation; rainfall on the western side of the Divide 
flows to the Pacific Ocean, while rainfall on the eastern side flows to the Gulf of Mexico. It is 
easy to visualize such a boundary traced along the high ridges of the Rocky Mountains (dashed 
line), but in regions of less obvious topography, more detailed study of the local geomorphology 
and hydrology are required to map the location of the Divide.  
 

 
This portion of the Rocky Mountains also hosts the NWT LTER site, which is used for studies of 
climate interactions with tundra and alpine ecosystems. Niwot Ridge is visible in this image as a 
large eastward spur off the central spine of the mountains (center right). The entire NWT LTER 
site is located at elevations higher than 3000 meters, and it includes an active cirque glacier and 
glacial landforms, tarns (glacial lakes), and permafrost. 
 
CU RESEARCH COULD REDUCE 'ROCK SNOT' IN BOULDER CREEK  
University of Colorado researchers have found a way to scale back the slippery algae - known as 
"rock snot" - that pesters tubers, fishers, and native insects in Boulder Creek. 
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In 2002, a historic drought parched the state and its streams. A large snowpack the next year 
filled the reservoirs, pumping water back into streams like Boulder Creek. Along with it came a 
form of algae called Didymosphenia geminata, or informally "didymo" or rock snot. 
 
CU Professor Diane McKnight says heavy creek flow, though, keeps the didymo in check, and 
controlled flow releases from reservoirs during summer could limit the impact of this nuisance 
species in streams in the Colorado Front Range. The high flow destabilizes rocks, which move in 
the streambed. 
 
Flows below Barker Reservoir near Nederland that are above 200 cubic feet per second -- similar 
to those experienced last year once the reservoir started to spill in late June -- appear to be 
enough to control the rock-clinging didymo, according to CU research. 
 
McKnight and her colleagues, working with the Niwot Ridge Long-Term Ecological Research 
Site and Boulder Creek Critical Zone Observatory projects, are unsure whether the explosion of 
didymo blooms happened because of the drought or if there were man-made changes. 
 
The didymo research projects are funded by the National Science Foundation, and the team's 
research was published this month in Hydrobiologia, an international journal of aquatic sciences. 
 
"If there's some, that's OK," she said. "But if it covers the stream bed with thick mats from side 
to side it becomes a problem. The didymo chokes out natural algae in the stream and destroys the 
habitat for insects on which the fish feed." 

 
CU-Boulder doctoral candidate James Cullis holds a rock covered with a form of algae 

known as didymo or "rock snot" in South Boulder Creek. Photo by Matt Miller. 
 
Larry Quilling, president of Boulder Flycasters, said the rock snot in Boulder Creek hasn't been 
too bad this spring, although he expects more blooms when the weather heats up. He said there 
are fewer didymo blooms in areas where there are canopies, blocking sunlight. 
 
"Low flow certainly can have an impact on the blooms," he said. 
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CU's McKnight said James Cullis, a CU-Boulder doctoral candidate studying water resources 
engineering, will continue the research over the summer to develop a two-dimensional model to 
predict how much water flow it would take to create movement in the stream bed at given points 
in the creek. 
 
McKnight, a fellow at CU-Boulder's Institute of Arctic and Alpine Research (INSTAAR), said 
the research can help slow didymo growth before it gets out of control, as it has in New Zealand, 
where it has taken over streams and rivers. 
 
HIGHEST-ELEVATION EDDY COVARIANCE OF CO2 FLUX IN THE WORLD.  
The first results from, to the authors’ knowledge, the highest elevation alpine tundra eddy 
covariance site in the world, were presented and compared to simultaneous measurements 
conducted 4-km down- slope above a subalpine forest, over a period of two summers and one 
winter. The experiment showed that long-term (measurements are on-going), nearly continuous 
turbulent flux measurements, with real-time data transmission, can be made at the alpine site. 
Surface energy balance closure of between 71-91% was achieved, in-part due to the relatively 
flat ridge-top location, the short flux footprint, and windy conditions. The advection of CO2 was 
small, likely due the location on the ridge top away from strong upwind sources of CO2, 
persistent windy and turbulent conditions, and the influence of CO2 drainage flows down the 
adjacent valleys. 
 
Despite a vertical and horizontal separation of only 430 m and 4 km, respectively, the alpine site 
had lower air temperatures and higher relative humidity than the forest site, but less than that 
explained by the dry adiabatic lapse rate.  Both sites were windy, with higher mean wind speeds 
at the alpine site, and downslope winds prevailed at the alpine site compared to a diurnal switch 
to daytime upslope flows at the forest site. Blanken P, MW Williams, SP Burns, RK Monson, J 
Knowles, K Chowanski, T Ackerman, A comparison of water and carbon dioxide exchange at a 
windy alpine tundra and subalpine forest site near Niwot Ridge, Colorado, Biogeochemistry, 
DOI 10.1007/s10533-009-9325-9. Volume 95, Issue 1 (2009), pp 61-76. 

 
Eddy correlation instrumentation near the Saddle site on Niwot Ridge. 
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HIGH ELEVATION SITES IN THE NORTHWESTERN ALPS  
NWT LTER now has a sister alpine/subalpine ILTER site in the Italian Alps. In 2009, the Italian 
ILTER accepted the “High elevation sites in the northwestern Alps” as the 19th official LTER 
site in Italy. NWT LTER worked closely with the University of Torino during the nomination 
process. This site is representative of high altitude environments of the North-Western Alps. Six 
study areas, located along an altitudinal gradient ranging from 2100 to 3000 m a.s.l., were 
chosen. In such areas, soils are snow-covered for between five and eight months per year. 
Vegetation cover ranges from larch and spruce stands to alpine grasslands, overlaying soils at 
different degrees of evolution. One such area is included in the MONICSAM (Monitoring, 
Understanding and Security of High altitude Environments and Lands) National Network, 
coordinated by Massimo Pecci, a researcher at EIM (Italian Mountain Institute). Another area 
belongs to the GLORIA (Global Observation Research Initiative in Alpine Environments) 
Network, coordinated by the University of Vienna (Prof. G. Grabherr) and is also a site 
monitored by the Regional Agency for Environmental Protection of the Aosta Valley Region 
(ARPA Valle d’Aosta) with the contribution of Mont Avic Natural Park. Another area is a 
permanent site for monitoring of permafrost and the active layer, located at 3100 m a.s.l. and 
coordinated by ARPA Valle d’Aosta. A fourth area is a subalpine site under larch stands 
interspersed with recently abandoned pastures. In such areas, phenological studies and C fluxes 
are intensively monitored following the protocols of the CARBOITALY Network. 
 

 
High-elevation MOSSO field site and laboratory near Monte Rossa, Italy. Continuous 

measurements of climate have been conducted since 1928. 
 
GLOBAL STATISTICS OF ‘‘MOUNTAIN’’ AND ‘‘ALPINE’’ RESEARCH  
Christian Körner of the University of Basel, Switzerland, published an interesting bibliometric 
analysis using the Web of Science, in which he evaluated worldwide research activities 
associated with mountains - or the alpine part of mountains - according to country, institution, 
and subject. His rationale for conducting the analysis is that half of the human population 
depends on mountains in one way or another, and mountains cover (depending on the definition) 
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between 12 and 26% of the ice-free terrestrial area. About 20% of the human population lives in 
mountains or their immediate forelands. One third of all protected areas are in mountains, and 
they supply water to nearly one half of the world population. Which are the countries that are 
contributing most to scientific research in mountains? Which are the leading institutions? How 
much are various fields of science contributing to the international scientific mountain literature? 
 
The US was the leading country for ISI-listed peer-reviewed publications using the search word 
“alpine”, with 2,899 publications and 20% of total publications. Switzerland was next with 2,125 
pubs and 15% of the total. The 5 leading institutions worldwide are the Swiss Federal Institute of 
Technology (ETH) with 457 publications, the University of Bern (Switzerland) with 366 
publications, the University of Innsbruck (Austria) with 354 publications, the University of 
Colorado in Boulder with 330 publications, and the University of Basel (Switzerland) with 239 
publications. The journals that contribute most to the body of alpine-related publications are 
Arctic, Antarctic and Alpine Research (348 or 2.4%), Tectonophysics (2.4%), Eclogae 
Geologicae Helvetiae (1.3%), Oecologia (1.1%), Schweizerische Mineralogische und 
Petrographische Mitteilungen (1%), and Ecology (0.9%). 
 
NWT LTER, INSTAAR, and the University of Colorado are major players in peer-reviewed 
alpine research. 
 
Christian Körner, Global Statistics of ‘‘Mountain’’ and ‘‘Alpine’’ Research, Mountain Research 
and Development, Vol 29 No 1 Feb 2009: 97–102, http://dx.doi.org/doi:10.1659/mrd.1108 
 
GLOBAL WARMING TO CHANGE SKI INDUSTRY IN WESTERN USA 
The research effort of Mark Williams to improve our understanding of how climate change may 
affect ski areas was featured in many different forums. An interview by Channel 5 in San 
Francisco can be viewed here: http://cbs5.com/video/?id=43373@kpix.dayport.com. 
 
NSF press release. If you like to spend your winter vacation shooshing down the powdery slopes 
of the Rocky Mountains, you may soon need to trade your ski pole in for a walking stick.  New 
research predicts that ski areas such as Park City, Utah will experience such drastic declines in 
precipitation, snowpack may be delayed as much as two months, or be replaced with rain.  NSF-
funded researcher Mark Williams, from University of Colorado Boulder, and colleagues report 
that predicted increases in air temperature and precipitation brought about by climate change 
may potentially force ski managers to move operations up the slopes to higher elevations and 
rely more on artificial snow. 
 
Mark Williams, leader of NSF’s NWT LTER Program, collaborated with Brian Lazar from 
Stratus Consulting to evaluate how climate change induced by green house gas (GHG) emissions 
may impact the snow cover in two popular ski destinations in the Rocky Mountains, Park City, 
Utah, and Aspen, Colorado.  They utilized a General Circulation Model, considering three 
different scenarios published in the 2000 IPCC report on climate change.  The three scenarios 
differ according to assumptions of GHG, varying from low, mid-range, to high.  Williams and 
Lazar used these scenarios to predict air temperature and precipitation levels for ski areas for the 
years 2030 and 2100.  They found that, in 2030 projections, GHG emissions did not vary 
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considerably between the three different scenarios and report data solely for the mid-range 
scenario.   
 
Williams and Lazar report that for 2030, projections for Aspen and Park City both show a 7% 
average decrease in precipitation.  For 2100, they report average precipitation decreases ranging 
from 2-4% for Aspen and 16-21% for Park City.  In addition, for 2030, the ski season will 
shorten for both areas as snowpack is predicted to begin later and snowmelt occurs earlier than 
usual.  The projections for 2100 are far more drastic, as Aspen’s ski season is predicted to be 
shortened on the magnitude of weeks and months, depending on the GHG emission scenario.  
Likewise, for Park City, precipitation is predicted to fall as rain in the high GHG emission 
scenario.    
 
Williams and Lazar recommend that ski area managers prepare for these changes in climate by 
making adjustments to their usual practices, referred to as adaptation.  Examples include 
expanding operations to higher, northerly elevations and extending the ski season.  Many 
European ski areas have responded to climate change by making their own snow.  However 
successful this may prove to be, artificial snow presents its own challenges, such as widespread 
limited water supplies in the west. 
 
These projected changes in climate could have far-reaching effects.  Ski resorts comprise the 
majority of the economy for towns like Park City and Aspen.  Fewer days available for skiing 
will likely have a cascading effect from the loss of skiers, to the resorts and finally to the local 
inhabitants employed by the ski industry. 
 
“HOW DUST SHAPES ECOSYSTEM: THE PAST, PRESENT AND FUTURE.” JASON 
NEFF, UNIVERSITY OF COLORADO (NIWOT RIDGE LTER).  Jason gave one of the 
eight invited talks at the 8th Annual LTER Mini-symposium, Feb. 26, 2009, at NSF headquarters 
in Arlington. 
 
Abstract. DUST is an important component of both the physical and biological components of 
the earth system. Wind erosion can lead to the nutrient impoverishment of soils, and dust 
deposition can fertilize ocean, freshwater and terrestrial ecosystems.  Dust also plays a crucial 
role in climate on glacial timescales and is one of the more uncertain components of the future 
climate forecasts. At the global scale, the largest sources of dust are the Sahara and Sahel deserts 
of Africa and the Gobi desert in Asia.  Emissions of dust from the major global deserts can vary 
from year to year and are strongly influenced by climate variability.  The global cycle of dust, 
driven by the large global dust sources, plays an important role in marine nutrient cycling as well 
as in nutrient deposition to some terrestrial settings.  These large sources of dust are the primary 
focus of atmospheric modeling efforts and collectively, the major global deserts have an 
important (albeit uncertain) impact on global climate.  In parallel to the global dust cycle, there 
are numerous smaller, regional deserts around the globe that also generate substantial amounts of 
dust and although the emission and deposition patters tend to occur at the continental scale, these 
smaller sources may play a very important, and underappreciated, role in terrestrial and 
freshwater biogeochemistry.   For deserts in North and South America, there is increasing 
evidence that dust emission and deposition can also be affected by land use change with large 
20th century increases in dust emission that coincide with agricultural intensification.  Because 
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soils provide the foundation for nutrient cycling in ecosystems, loss of soil from dryland regions 
has long-term implications for soil fertility and biogeochemical cycling. Conversely, dust 
deposition can be an important source of nutrients and alkalinity to downwind ecosystems, and 
regional dust cycles can play a role in continental climate change.  In this talk, I will provide an 
overview of the global and regional dust cycle with a particular focus on recent changes to dust 
cycles and discussion of the ways in which dust emission and deposition could influence 
ecological processes. 
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Mass and sediment accumulation rates for two high alpine lakes in Colorado. Nd and Sr isotope 
analysis shows that sediments contain a large fraction of exogenous dust and strongly suggest 
that the change in sedimentation rate over the past two centuries is due to increased loading of 
eolian dust.  This change in loading coincides with the settlement of the American West and 
widespread disturbance of surface sediments due to early 20th century livestock grazing.  Neff et 
al., 2008, Nature Geosciences. 
 
 
II.  RESEARCH ACTIVITIES 
 
Here we focus on new activities for 2009. 
 
NEL CAINE. Not new, but noteworthy. Nel Caine continues to conduct fieldwork in Green 
Lakes Valley on the hydrology and geomorphology of high-elevation catchments. Nel first 
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started working in Green Lakes Valley in 1968. He became an emeritus professor in 2005 and 
retired, moving to Scotland. However, he still returns every summer to continue his fieldwork in 
Green Lakes Valley. Starting in late April, Nel has spent every Tuesday and Thursday in Green 
Lakes Valley collecting hydrological and hydrochemical samples. Nel’s contributions are 
invaluable. In particular, he’s an outstanding mentor to grad students, undergrads, and Post-
Docs. Science and outreach at LTER sites are enhanced not only by long-term data collection 
and analysis, but also by being able to attract research scientists who work long-term at such 
sites.  

 
Nel Caine with graduate student Jordan Parman, July 2009. 

 
NWT RIDGE LTER SITE REMAINS THE CANDIDATE NEON CORE SITE FOR THE 
SOUTHERN ROCKIES CLIMATE DOMAIN.  NEON has selected NWT LTER site as the 
candidate core site for NEON climate domain 13, the Southern Rockies and Colorado Plateau. 
M. Williams, PI of the NWT LTER program, is the lead for the NEON core site at Niwot Ridge. 
Domain 13 hosted the first Domain Science and Education Coordinating Committee (DSECC) 
conducted by NEON on 7 August 2009. Domain 13 was thus the guinea pig for the DSECC 
concept. At present Domain 13 is scheduled for the last round of NEON construction, 4 years 
from present in 2013. Domain 13 science objectives are highlighted in the latest round of NEON 
updates. 

 
Atmospheric drivers for Domain 13, from NEON brochure, March 2009. 
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BOULDER CREEK CRITICAL ZONE OBSERVATORY CONTINUES AT NIWOT 
RIDGE.  NWT LTER continues as a participant in the NSF-funded (through GEO) Boulder 
Creek Observatory. Noteworthy is that the CZO program is expanding from the current three 
sites to six sites. M. Williams has worked directly with NSF GEO to implement an integrated 
data management system for the CZO “network”. NSF has funded a $500,000 supplement to the 
CZO program to develop the integrated data base. The design of the data base is based on the 
LTER approach, with each site “owning” its data. At each site there will be consistent metadata 
and data display. Thus, data will be available for harvesting from all sites, with all sites using the 
same vocabulary and unit dictionary. The idea is to implement the integrated data base before the 
CZO network grows so big that it becomes impossible to get everyone on board. 
 
New! Niwot complementary grant: GEOPHYSICS PROPOSAL NO. 0934647: "CMG 
RESEARCH: MULTISCALE NONLINEAR DOMAIN DECOMPOSITION METHOD 
FOR MODELING THE IMPACT OF CLIMATE CHANGE ON GROUNDWATER 
RESOURCES ."  
This project is lead by S. Ge, Department of Geological Sciences, University of Colorado; X. 
Cai, Department of Computer Science, University of Colorado; C. Li, Department of Applied 
Mathematics, University of Colorado; and M. W. Williams, Department of Geography, 
University of Colorado. This project will be funded using American Recovery and Reinvestment 
Act (ARRA) funds at the requested level and duration, and NSF will seek a September, 2009 
start date. 
 
Continuing climate change poses uncertainties about future water resources. The water cycle 
encompasses fundamental processes that link various elements of climate and water resources. 
Holding approximately 30% of Earth's fresh water, groundwater’s enormous storing capacity can 
be an effective buffer in regulating more drastic hydrologic events on the surface, therefore, 
playing an important but often overlooked role in the long-term sustainability of water resources. 
High altitude mountainous regions are vital source areas for water. Hydrologic processes in high-
altitude regions are particularly sensitive to climate change because of the presence of snow, 
glaciers, and permafrost. Yet, basic questions remain regarding how groundwater is replenished 
at its source by mountain recharge and the size of groundwater reservoirs, as well as how 
permafrost influences groundwater. Modeling the groundwater flow processes involving 
mountain recharge and permafrost faces mathematical challenges due to nonlinearity of the 
governing equations and multiscale nature of the spatial and temporal domains. 
 
The objective of the research is to develop a more accurate mathematical model and a new robust 
computational algorithm and high performance software to study the impact of climate change 
on groundwater resources in mountain watersheds, with a focus on quantifying mountain 
recharge and permafrost hydrology. The research plan is to first develop a mathematical model 
that will be capable of handling coupled fluid flow and heat transport in complex geologic 
systems in multiscale spatial and temporal domains. Second, field hydrogeologic studies at two 
sites, one at the NWT LTER site and the second in Tibet, will be conducted to gather data for 
testing the mathematical model. The final stage is to conduct numerical simulations to assess the 
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response of groundwater storage and flow in mountain watersheds to future climate change 
scenarios. 
 
Intellectual Merit: First, this study will contribute to our scientific knowledge on water cycle 
processes at multi spatial and temporal scales. In particular, this study will make a unique 
contribution to strengthening the subsurface element of the water cycle, increasing knowledge on 
mountain recharge, and integrating little known permafrost hydrology into a water resource 
study. Second, highly parallel and robust numerical algorithms and software will be developed 
for the coupled multi-physics system describing the water cycle processes. Third, the proposed 
mathematical model development will be a substantial contribution to hydrogeologic sciences. 
Dealing with multiscale fluid flow problems in heterogeneous geologic media has been a long 
standing challenging. Development of a robust computational algorithm allows efficiently 
modeling of hydrogeologic systems at such a comprehensive and integrated level that would be 
difficult to achieve by either mathematicians or geoscientists alone. 
  
Broader Impact: Water resource sustainability and climate change are pressing issues of global 
and local concern. This study will benefit long term planning of water resources and increase the 
general public’s knowledge on the linkage between climate and water resources, by 
disseminating results through local media and public lectures. The new computational algorithm 
implemented by a robust and versatile software will be transferable to other areas of application 
and available to other researchers. The cross-discipline nature of this project will afford students 
in mathematics and geosciences a unique opportunity to interact with each other in intellectual 
and physical settings that differ from those they are used to. This will be achieved by requiring 
students to take classes outside their home departments, math students to participate in field 
work, geoscience students to be trained in computational mathematics. Finally a joint math-
geosciences seminar will be established to involve all project personnel. By encouraging broad 
participation, this seminar will foster more and sustained future collaborations between 
mathematics and geosciences.  
 
New! Niwot complementary grant: COLLABORATIVE RESEARCH: DYNAMICS OF 
PLANT-SOIL INTERACTIONS IN A CHANGING ENVIRONMENT, Suding, Porras-
Alfaro, and Sinsabaugh 
Human activities have increased nitrogen (N) availability throughout the world. This has led to 
enhanced plant productivity and reduced plant species richness in many terrestrial plant 
communities. Despite a large amount of work documenting the patterns of response of plant 
communities to N enrichment, we are still largely unable to explain why these diversity impacts 
occur. Our goal in this proposed research is to include the “unseen majority” – belowground 
microbial interactions – in understanding how N enrichment alters plant community structure 
aboveground. 
 
Microbial community structure and function is emerging as one key link between exogenous 
changes in N and plant community response. We hypothesize that microbial interactions can 
often be an important determinant of plant diversity decline in response to N enrichment – more 
important, perhaps, than simple plant resource competition widely assumed to be the primary 
driving factor. By explicitly examining how N changes plant interactions with microbes (soil 
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parasites, symbionts, decomposers), we extend previous hypotheses of plant species turnover and 
diversity loss with N enrichment to include belowground microbial interactions. 
 
While the overall pattern of plant and microbial responses in our alpine tundra study system are 
quite typical, common assumptions about the underlying mechanisms may not hold. Our 
preliminary data indicate that competitive exclusion is not the main cause of the decline of N-
conservative plant species and diversity in our study system. Instead, microbial mechanisms may 
be far more important than commonly thought. Preliminary results suggests that N fertilization 
could result in (i) altered carbon allocation between host plant-symbionts in mycotrophic N-
conservative species, resulting in increased parasitism in the “loser” species, and (ii) 
accumulation of inhibitory secondary metabolites (in this case phenolic substances), associated 
with shifts in microbial decomposition activity away from recalcitrant SOM. While these 
mechanisms are indirectly supported by findings in many systems in addition to our own, neither 
has been tested before. 
 
To test these hypothesized mechanisms, we propose microbial surveys of long-term fertilization 
plots, tissue culture experiments, and field manipulations in the moist meadow tundra. We 
additionally propose sampling in other grassland N-enrichment experiments and mesocosm 
experiments for three grassland systems to test the generality of these mechanisms. 
 
Intellectual Merit. While it is becoming more and more imperative to be able to predict how 
environmental change factors such as N deposition may affect biodiversity, our mechanistic 
understanding often limits our predictive abilities. By explicitly examining how plants interact 
with microbes (soil parasites, symbionts, decomposers), we extend previous hypotheses of plant 
species turnover and diversity loss with N enrichment to include belowground microbial 
interactions. 
 
Broader Impacts. Concepts such as critical N loads are increasing being used by the EPA, 
National Park Service, and other management agencies. The experimental tests we are 
conducting are directly relevant to their decision making. In addition, this research will promote 
the teaching, training and understanding of the issues related to biodiversity and environmental 
change. We will organize field tours to expose interested public to the wonders of the alpine 
tundra. For those not able to experience the tundra in person, we will completely update virtual 
field trips accessible on the web. We will also develop a hands-on microbial activity set to 
distribute to high school teachers that will provide demonstration and simple tools to explore 
microbial diversity in classrooms. The project will also encourage the participation of women, 
particular Hispanic women, by recruiting and outreach efforts. The results will be disseminated 
broadly to applied practitioners, scientists, and the general public through directed publications 
and seminars. 
 
New! Niwot complementary grant: STREAM ECOSYSTEM "HARSHNESS" AND 
MICROBIAL ENDEMISM IN THE MCMURDO DRY VALLEY. Diana Nemergut and 
Diane McKnight ($495,000) 
This grant builds on the success of a Math-Science grant to the NWT LTER program several 
years ago. For that grant, NWT LTER built a sophisticated diatom web site using diatoms from 
the McMurdo Dry Valleys LTER site.  
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Since the mid-1980s the McMurdo Dry Valleys of Antarctica have experienced a significant 
cooling trend. This environmental change has dramatically influenced the biology, hydrology 
and geochemical cycling in the diverse ecosystems within the Dry Valleys, including the glacial 
meltwater streams that flow during the austral summer. The simple ecosystems in these extreme 
habitats provide an excellent opportunity to examine interactions between environmental change 
and microbial communities. A preliminary study found that the relative abundance of endemic 
diatoms is greater in the microbial mats of streams characterized by greater disturbance 
associated with periods of no flow and high flow events. Additional new results indicate that 
short mid-summer periods without flow favor endemic diatoms and that widespread diatoms 
rebound when flow returns. The proposed work will thus evaluate the following emerging 
hypothesis: Under low flow, and the associated harsh conditions (exposure to low temperatures 
and low nutrients for example) the diatom communities in the streams of the McMurdo Dry 
Valleys are dominated by a diverse suite of endemic diatoms with increased tolerance to low 
water.  
 
The proposed work will use a combination of molecular phylogenetic, biogeochemical and field 
approaches to address the following sub-hypotheses:  
 
H1. The phylogenetic distance between diatom mat communities from Dry Valley streams and 
those from other, non-Antarctic communities is a direct function of stream harshness. 
H2. Endemic diatom species are more tolerant of mat conditions occurring during low moisture 
availability than ‘cosmopolitan’ (geographically widespread) diatoms. 
H3. During a summer season and within a given stream reach, the relative abundance of endemic 
diatoms is correlated with recent exposure to a disturbed hydrologic regime such as desiccation 
during low flow. 
H4. Fewer endemic diatom species are found in mat communities located in zones of hyporheic 
upwelling with a more sustained source of water and nutrients than in zones of hyporheic 
recharge with lower nutrient availability and greater exposure to desiccation. 
 
Specifically, the spatial and temporal dynamics of the diatom and bacterial (including 
cyanobacterial) community composition will be examined and related to changes in local 
conditions in the stream habitat. From these measures, a dynamic harshness condition (DHC) 
metric will be developed, a framework for evaluating habitat conditions on timescales of change 
that influence algal community dynamics. Manipulation experiments will be used to test the 
actual mechanisms governing the structure of these unique and dynamic communities. The 
transformative aspect of this research is the potential for significant advances in understanding 
stream algal community response to disturbance, and the potential for these conditions to change 
the abundance and diversity of cosmopolitan species. Results from these studies will enhance the 
Antarctic Freshwater Diatoms website (http://www.huey.colorado.edu/diatoms), developed by 
McKnight and Spaulding, which integrates diatom taxonomy, nomenclature, reference images, 
maps, species abundance data, and serves as an international resource for diatom taxonomists. 
This database will be expanded to include molecular data through direct links to sequences 
deposited in GenBank.  
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Broader Impacts: The expansion of the Antarctic Freshwater Diatoms web site and incorporation 
of genetic information will provide a resource to support future research on environmental 
change in the Antarctic. Furthermore, the development of a finer temporal and spatial resolution 
characterization of habitat and community response to environmental drivers will be of great 
utility to researchers in other environments. This project will directly train two graduate students 
and several undergraduate students. 
 
New! Niwot complementary grant. QUANTIFYING THE EFFECTS OF LARGE-SCALE 
VEGETATION CHANGE ON COUPLED WATER, CARBON AND NUTRIENT 
CYCLES: BEETLE KILL IN WESTERN MONTANE FOREST, Paul Brooks, Dave 
Gochis NCAR, Brent Ewers UWY, Elise Pendall UWY, Jeff Hicke U Idaho.  The total award is 
approximately $900k, duration 9/1/09 through 8/31/12.  This award complements the existing 
NSF SGER award to Townsend, Williams et al. Williams was asked to be a Co-I but declined 
because of multiple awards already in hand or pending. Williams did write a letter of support. 
 
We are quantifying how rapid, extensive changes in forest structure and composition associated 
with Mountain Pine Beetle (MPB) infestation of western montane forests affect the coupling of 
water, carbon, and nitrogen cycles. MPB infestation and associated fungal pathogens radically 
change ecosystem structure by killing host trees, altering surface energy and water partitioning, 
reducing carbon uptake, and putting organic matter into soil on short and long time scales. The 
widespread extent of this disturbance presents a major challenge for governments and resource 
managers, who must respond to the changes, yet lack a predictive understanding of how these 
systems will respond to the disturbance over various temporal and spatial scales. This 
disturbance allows us to test emerging theories of direct and indirect effects of vegetation change 
on coupled biogeochemical cycles following a disturbance that initially changes only the amount 
of living biomass while leaving soil hydrologic and chemical characteristics unchanged. By 
working at sites with different levels of MPB impact, we are evaluating how the dramatic loss of 
tree function both directly (i.e. transpiration and carbon fixation) and indirectly (i.e. snow 
capture, redistribution, and surface energy balance) affects water, carbon and nitrogen cycling.  

 
Our work is organized around two, broad questions that require both an interdisciplinary 
approach and close integration of observation and modeling. How do changes in vegetation 
structure associated with MPB alter the partitioning of energy and water? And How do these 
changes in energy and water availability affect local to regional scale biogeochemical cycles? 
We have assembled a diverse team of biogeochemists, ecologists, hydrologists, and atmospheric 
scientists to address these questions using measurements, modeling tools, and conceptual 
approaches from each discipline.  Our approach includes intensive, coordinated hydrological, 
biogeochemical, and ecological observations designed to quantify the internal coupling of water, 
carbon, and nutrient cycling, as well as how these processes are expressed in both land surface-
atmosphere exchanges and catchment solute export.  These observations are closely integrated 
with two process models, one from the landsurface community and one from the catchment 
community, to evaluate our current understanding of how vegetation change alters coupled 
cycles. To extend our work beyond the relatively short time-scale of our observations, we 
coordinate with several ongoing projects, including the Boulder Creek CZO and the Niwot Ridge 
LTER. 
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By quantifying both the biological and physical controls that forest vegetation has on water and 
biogeochemical cycles, our project will improve our basic understand of the coupling between 
water, energy, carbon, and nitrogen.  Through coordination with land surface and catchment 
modeling communities we will incorporate this knowledge into the broader community. Our 
educational activities build on successful efforts at all institutions, while coordination with land 
and water resource managers will ensure our knowledge is transferred to the applied science 
community. 
 
Continuing; Niwot complementary grant: NSF, SNOWPACK ENERGY AND MASS 
BALANCE, IMPLICATIONS FOR BIOGEOCHEMICAL FEEDBACKS IN ALPINE 
BASINS, 12/1/08-11/30/11. Molotch, Meixner, Williams, Sickman. 
 
•Remotely sensed snow covered area data, needed for the snowmelt modeling, have been 
acquired for the study areas for two complete snowmelt seasons.  Snow covered area at 
maximum accumulation has also been obtained for the entire Landsat 5 record as these data have 
recently been released by the US Geological Survey to the general public (see image below).  
The snow covered area data appear to be of high quality as the two study areas are primarily 
above timberline, avoiding problems associated with viewable gap fractions in forests.  Our 
approach to calculating snow covered area from the Landsat data has been refined in year one 
activities as we have added a direct unmixing approach and have moved away from a statistical 
approach to estimating snow covered area from the Landsat 5 observed radiance. These 
improvements ensure transferability of the algorithm outside of the narrow conditions at which 
the statistical algorithms were developed.   We have engaged colleagues from the Boulder Creek 
and Southern Sierra Nevada Critical Zone Observatories in an effort to acquire Light Detection 
and Ranging (LIDAR) data for our two study sites.  This LIDAR data will provide important 
estimates of snow depth distribution at unprecedented accuracy and spatial resolution.   
 
•Develop snowmelt model.  We have utilized the aforementioned snow covered area remotely 
sensed data to calculate the spatial and temporal distribution of snowmelt within our snowpack 
model.  This has involved distributing meteorological forcing data over our study domains, 
supplying the forcings needed to calculate the snowpack mass and energy balance.  Results from 
year 1 published in Water Resources Research (Molotch et al. 2008)  indicate that our 
simulations of snowpack processes are unprecedented in terms of accuracy and ability to exploit 
multiple sources of hydrometric data and remotely sensed data.  To develop this modeling 
scheme, and to prepare for the multi-year simulations to be performed in year two of this project, 
we have developed a database of needed input meteorological data (temperature, wind speed, 
and radiation terms) measured at meteorological stations within the basins.  We have further 
refined the algorithms for distributing these observations over the terrain, using a combination of 
geometric models and interpolations based on topography and observed lapse rates between the 
meteorological stations. The project will also rely heavily on comprehensive ground-truth snow 
data.  In this regard, year one activities have involved interpolation of snow survey data from 
multiple years in the past.  These data will be used to evaluate uncertainty in the snowpack 
energy and mass balance model for each year explicitly. 
 
•Determine patterns of snowmelt.  In year one, we have conducted detailed analysis of spatial 
snowmelt, the patterns and expansion rate of streamflow contributing area for the Green Lakes 
Valley.  In this regard, we have shown that the areal extent of the contributing area evolves 
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during the snowmelt season as a complex mosaic associated with spatial patterns in topography 
and vegetation that control the distribution of radiative and turbulent fluxes.  In Molotch et al. 
(2008), we show that the spatial distribution of snowmelt over different landscape units (i.e. soil, 
rock, and talus) is more dynamic than previously prescribed in hydrochemical models, with talus 
water dominating overall snowmelt at our Rocky Mountain site.  In years 2 and 3 of this effort, 
we will evaluate how shifts from solar radiation dominated patterns to those dominated by 
thermal radiation and sensible heat fluxes, associated with increased air temperature, increase the 
expansion rate of contributing area; and change hydrochemical fluxes.   

False color composite images derived from Landsat 5 over the Front Range of Colorado 
near maximum snow accumulation in four different water years.  Turquoise indicates snow 
and red indicates vegetation.  The white rectangle indicates the location of the NWT LTER 

station. 
 
INNOVATIVE USE OF GPS TO MEASURE SNOW PROPERTIES 
Snow is an important component of the climate system and a critical storage component in the 
hydrologic cycle. However, in situ observations of snow distribution are sparse, and remotely 
sensed products are imprecise and only available at a coarse spatial scale. GPS geodesists have 
long recognized that snow can affect a GPS signal, but it has not been shown that a GPS receiver 
placed in a standard geodetic orientation can be used to measure snow depth. At the NWT LTER 
saddle site, we are working with Kristine Larson of aerospace engineering to investigate whether 
changes in snow depth can be clearly tracked in the corresponding multipath modulation of the 
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GPS signal. While we concentrate on snow depth, this is a first step towards measuring SWE 
using GPS receivers. Given that there are already hundreds of GPS receivers operating in snowy 
regions of the U.S., it is possible that they could meet the cost requirement for an in situ snow 
network.  
 
We installed a research grade GPS receiver in August 2009 at the Saddle site on Niwot Ridge to 
test the ability of a GPS to measure snow properties. The newer GPS instruments work on L-
band frequencies in the microwave region of the electromagnetic spectrum, which have been 
shown to track snow properties from remote sensing platforms. A proof-of-concept paper on the 
use of GPS to track snow properties has been submitted to GRL and is in press: Larson KM, ED 
Gutmann, VU Zavorotny, JJ Braun, MW Williams, FG Nievinski, Can We Measure Snow Depth 
With GPS Receivers? Geophysical Research Letters, in press  Additionally, an instrumentation 
proposal to further develop the use of GPS to measure snow properties on Niwot Ridge (among 
other sites) was submitted in July 2009 to NSF-GEO. 
 
LONG-TERM CHANGES IN SOIL PROPERTIES FROM NITROGEN DEPOSITION 
Iggy Litaor is the lead. Alex Blum of the USGS and a Boulder Creek CZO scientist is 
participating. Long-term fertilization experiment in the Saddle of Niwot Ridge has shown that 
soil pH in plots receiving N and N&P additions dropped significantly (~ 0.7 unit) in less than 10 
years (Litaor et al. 2008). On the basis of this observation we developed a null hypothesis which 
says that nitrification processes in the alpine soil environs have intensified during the last 30 
years due to increased urbanization along the Colorado Front Range. The nitrification produced 
more nitrate than the system required, thus the alpine system that was N limited in the early 
1980s has become an N exporter (Williams et al 2000). Since the system is exporting excess N it 
must also release additional alkaline cations from the exchangeable complex to keep its electrical 
neutrality. The continuous drain of alkaline cations such as Ca2+ and Mg2+ would eventually be 
replaced by exchangeable Al3+, which in turn would increase the acidity of the soil system. 
Further increase in soil acidity may enhance P solubility and release from the terrestrial to the 
aquatic system, affecting the structure and function of aqueous microorganisms in alpine lakes.  
 
Work to Date. In the summer of 2008, about 36 topsoils of the long-term fertilization experiment 
located on Niwot Ridge were sampled to evaluate their alkaline exchange capacity, exchangeable 
Al3+, and acidity (exchangeable Al3+ & H+) following massive N additions. In additions, five 
soils from the Green Lakes Valley and one soil from Niwot Ridge that were characterized in 
1982 and 1986, respectively, were re-sampled to test the above hypothesis by examining the 
potential change in alkaline exchangeable capacity and components over a period of almost 30 
years.  
 
Future Work. If the preliminary results of the 2008 soil sampling campaign indicate that 
significant change in alkaline exchangeable capacity and acidity have occurred, then additional 
re-sampling of all the soil sites from the Saddle that were studied in 1986 and the sites from 
Green Lakes Valley (1982) should be conducted, and a separate project on the 
hydrogeochemistry of P should be considered. Williams, M. W. and K. A. Tonnessen, Critical 
loads for inorganic nitrogen deposition in the Colorado Front Range, USA, Ecological 
Applications, Vol 10, No 6, pp 1648-1665, 2000. Litaor, M.I.; Seastedt, T.R.; Sackett, L.C. 2008. 
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Nutrient Status in Alpine Soils of the Colorado Front Range Using the Nitrogen/Phosphorus 
Ratio Index. Soil Science Society of America Journal vol. 72 pp. 1628-1636. 
 
A CROSS-SITE LTER COMPARATIVE STUDY OF LAND-COVER AND LAND-USE 
CHANGE 
Patrick Bourgeron and Hope Humphries, as recipients of two successive Social Science 
Supplements, are currently participants in a collaborative research project among LTER sites to 
develop methods and capacity for research into social-ecological systems both at individual sites 
and at the network scale.  Participating LTER sites 1) use spatial representation of land cover and 
land use to identify patterns of landscape change in regions in and around LTER sites; and 2) 
integrate existing social data into theories and models of ecological change and their implications 
for human livelihoods.  The collaborative component of this work includes a series of virtual 
meetings at which participating LTER researchers evaluate and define problems of human land 
use and change, identify the group’s methods and strategies, and arrive at a set of common 
approaches.  A key focus is identifying social and ecological processes that are hypothesized to 
delimit the region in question, and specifying the spatial and temporal scales of those processes.  
 
The work at NWT encompasses an area that ranges from mid-elevation (2500 m) to the alpine 
zone (up to 4000 m).  A fairly large portion of Colorado Front Range forests falls within this 
elevation range, where substantial social and economic changes are taking place.  Documentation 
of changes in land cover over time in our study area will become especially important in the 
future as the current mountain pine beetle outbreak in the Colorado Front Range intensifies 
(http://www.rockymountainnews.com/news/2009/jan/17/colorado-pine-beetle-infestation-swells-
to-2/).  The expected widespread mortality of pines will have a pronounced impact on land cover 
in the region, which in turn is likely to have a strong effect on future land use decisions. 
 
Analyses are currently being conducted on the effects of land-cover changes on landscape 
configuration and connectivity for the area to the immediate north and south of NWT.  This area 
has been impacted by mining, dam construction, and road building activities.  Aerial photographs 
for the years 1953, 1972, 1985, 1990, 1999, 2002, 2004, 2006, and 2008 have been 
orthorectified, and orthorectification for 1938/1946 is nearing completion.  Selection of 
appropriate areas for change detection in the orthorectified images is underway in forest, 
nonforest vegetated, nonvegetated undisturbed, and developed/disturbed land categories.  
Relationships of land-cover changes to ecosystem services such as snowpack and runoff are also 
being explored. 
 
COMPARATIVE SURVIVAL AND PHYSIOLOGY OF THE AMERICAN PIKA  
Supplemental funding in 2008 and again in 2009 was used to support new research on the 
American Pika. Investigator:  Chris Ray, Research Associate, EE Biology, CU-Boulder, 
cray@colorado.edu. Objectives:  Estimate and model physiological stress and survival in the 
American pika (Ochotona princeps) across a climatic gradient. 
 
1)  Pika sampling was completed by August 30, 2009.  Of 54 pikas sampled, 41 were captured at 
the Niwot (CO) site.  At this site, 23 were captured on the ridge and 18 were captured in an 
adjacent valley, 21 on north-facing slopes, and 20 on south-facing slopes.  Of 13 pikas sampled 

mailto:cray@colorado.edu
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at the Gallatin (MT) site, 9 were captured on north-facing slopes.  We will attempt to sample 
additional pikas at the Gallatin site during August 17-28, 2009. 
 
2)  Re-sighting of tagged individuals is nearly complete at the Niwot site.  Preliminary data from 
this site show that annual survival (August 2008 through August 2009) was above zero at each 
elevation and slope aspect, with highest survival so far (0.50) on the low-elevation, south-facing 
slope (contrary to predictions).  These preliminary data confirm the success of our protocols for 
handling and sampling these easily stressed animals.  Re-sight surveys will begin at the Gallatin 
site on August 17, 2009, and surveys at both sites will be completed by September 30, 2009.   

Fig. 1a.  Preliminary data suggesting that plasma  Fig. 1b. Preliminary data suggesting that urine 
glucose levels differ with latitude, being significantly glucose levels do not differ significantly with  
(P = 0.013) higher at the southern (Niwot, CO)  latitude (mean±SE = 54.69±16.56 for Niwot, CO;  
study site (mean±SE = 967.50±117.93, n = 6)  90.98±30.22 for Gallatin, MT; n = 6 in both cases). 
than at the northern (Gallatin, MT) study site 
(mean±SE = 449.59±102.91, n = 7). 
 
3)  Laboratory analysis of samples has begun, with promising preliminary results.  We have 
confirmed that our protocols for sampling blood, saliva, and urine can yield sufficient quantities 
for analysis.  Improvements to saliva sampling have been suggested, and a new protocol will be 
applied to additional samples from the Gallatin site.  Preliminary results from assays for salivary 
alpha-amylase yielded only three data points, but with substantial variation among individuals.  
Preliminary results from analyses of glucose levels in plasma and urine suggest significant 
differences in plasma glucose with latitude (Fig. 1a), but no difference in urine glucose (Fig. 1b).  
Plasma glucose provides an energy substrate for the fight-or-flight response.  Sufficient analyses 
are not yet available to suggest effects of elevation or slope aspect on plasma or urine glucose 
concentrations.  Remaining samples will continue to be analyzed for metabolic substrates 
(glucose and fatty acids) and hormones, as well as hemoglobin levels (which may contribute to 
individual fitness at higher elevations) and thiobarbituric reactive substances (to determine the 
overall oxidative stress levels). 
 
4)  Microclimatic data sensors were positioned within the territories of 39 tagged individuals to 
record data semi-hourly throughout the year of study.  All sensors were in place by September 
30, 2008.  Data will be retrieved from these sensors during September, 2009.  In addition, 22 
sensors will be placed within taluses with long-term data on snow cover.  Data accumulated over 
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the next two years from these additional sensors will be used to augment our dataset for 
modeling temperature/humidity under various levels of snow cover.   
 
5)  Activity budgets have been estimated from observations of pikas at each elevation and slope 
aspect within the Niwot study site.  Activity budgets will be estimated from observations of pikas 
at the Gallatin site during August, 2009. 
 
6)  When all data are available, physiological variables, behavior and survival will be modeled as 
responses to habitat variables including latitude, elevation, slope aspect, and microclimate. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

Undergrads trapping pikas on Niwot Ridge; pika 
calling.  
 
HIGH-RESOLUTION IMAGERY AND DEM’S 
INSTAAR’s Quaternary GIS lab, run by Bill Manley, has acquired and orthorectified high 
resolution images of Niwot Ridge and Green Lakes Valley. Orthophoto mosaics date back to 
1953 (earlier imagery is available), many with spatial resolutions up to 30 cm. This resolution is 
sufficient to observe spatial changes in vegetation, surface water, and mass disturbances of the 
surface (debris flows, landslides, etc). The Niwot Ridge imagery (Green Lakes Valley is the 
adjacent basin and is included in the coverage) was released in June 2009, a project that was 
conducted in collaboration with NWT LTER.  
 
This data release consists of orthorectified digital photography – as well as Digital Elevation 
Models (DEMs) and other map layers – for the NWT LTER Site and the Green Lakes Valley 
portion of the Boulder Creek Critical Zone Observatory (CZO). The high-resolution imagery and 
data will be useful for a variety of types of environmental research, including time-series 
analysis of climate-related changes in vegetation, hydrology, geomorphology, etc. The data sets 
should also be useful for visualization, mapping, modeling, and other objectives tied to science 
planning, land management, research, education, and outreach. 
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The ten “timeslices” of orthophoto mosaics have a resolution of 0.3 m to 1.0 m and encompass 
the past five decades. Previously orthorectified imagery was obtained from various sources for 
years 2008, 2006, 2005, 2004, 2002, and 1999. Imagery was also orthorectified from historic 
aerial photography for years 1990, 1985, 1972, and 1953.  Each high-resolution image has the 
qualities of a photograph and the functionality of a map layer for use in Geographic Information 
Systems (GIS) or remote sensing software.  Digital scans of the historic photography were fully 
orthorectified in Leica Photogrammetry Suite (LPS) at INSTAAR using air-photo camera 
models, a 2 m DEM, information from calibration reports, and image-to-image control points 
linked to the 2008 reference imagery. Horizontal errors (RMSE) average 1.6 m, relative to the 
2008 mosaic. The images are provided in georeferenced .tif (GeoTIFF) format, accompanied by 
pyramid files (.rrd) generated by ArcGIS. The orthophoto mosaics carry a resolution and 
accuracy as good or better than satellite imagery; they provide a time series for detailed analysis 
of environmental change through time. 
 
ANNUAL SNOW SURVEY 
Snow surveys have been performed in the Green Lakes Valley watershed since 1997, and were 
performed again in 2009. The surveys attempt to sample snow properties during maximum 
accumulation (generally early- to mid-May) over a period of three days. The spatial density of 
snow depth measurements was typically 50 m between sample points in areas that were partially 
to predominately snow covered. Thirteen people participated in the snow survey from 11-13 May 
2009, with over 500 measurements of snow depth and more limited measurements of snow 
density and chemistry. 
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Students sampling snow properties in Green Lakes Valley during the annual snow survey 

in 2009. 
 
Network Service: INFORMATION MANAGEMENT 
Todd Ackerman, the Niwot Ridge Information Manager served on the IMExec this year.  He 
attended monthly meetings via VideoTele-Conference (VTC) as well as the winter meeting held 
in Albuquerque. Duties of this committee included planning ASM activities, resolving IMC 
Governance procedures, and assisting mandates handed down by the Executive Board. 

 
Todd Ackerman led the Unit Dictionary effort within the IMC community. Along with Karen 
Baker's team at CCE, he generated a draft Best Practices document which assists other 
Information Managers in working with units within EML and suggestions for the generation of 
custom units within EML.  This document continues to be reviewed by the IMC.  Todd also 
assisted Mark Servilla from the LNO in populating the database repository of the current custom 
units that have been generated by the LTER IMC. 
 
Todd “retired” from NWT LTER in July 2009 to pursue his lifetime dream of being a sports 
massage therapist. We welcome Hope Humphries, who has replaced Todd. 
 
 
Network Service: ILTER 
Patrick Bourgeron of the NWT LTER was elected co-Chair of the International Committee in 
2003 and re-elected to a second term in 2007.  The following report summarizes the key IC 
activities in 2008-2009, plans for the next few months, and work with the US-LTER network.  
 
I. ILTER institutional development, stability, and development (Bourgeron, member of the 
ILTER Executive Committee and Chair of the Science Committee) 
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The ILTER (http://www.ilternet.edu) has continued to become less dependent on US support.  
The website is now housed by the Environmental Change Network (ECN) which is the UK's 
long-term environmental monitoring program. ECN is led by Terry Parr, the current chair of the 
ILTER. The ILTER incorporated in 2008 in Costa Rica as a non-profit organization.   
 
The ILTER executive committee meets via conference calls approximately monthly. Network 
visibility has increased via its collaboration with other regional and international organizations 
and/or programs (for current events: http://www.ilternet.edu/events). Three ILTER committees 
are driving the activities of the network: public affairs (chair: Tim Clancy, Australia), 
information management (IM; chair: Kristin Vanderbilt, USA), and science (chair: Bourgeron, 
USA).  
 
The next step in the ILTER institutional development is to finalize protocols for membership 
dues and to hire an executive director to oversee day-to-day operations and coordination. 
Bourgeron has written a proposal to NSF for 2-year support of the ILTER secretariat ($50K x 2) 
and 5 years of dues ($10K x 5) (under consideration).  Funding for the US-LTER IC has been 
secured for the next 5 years ($20K per year through LNO) as a separate budget item. 
 
The 2009 ILTER annual meeting (http://www.ilternet.edu/events/2009-ilter-co-ordinating-
Committee-) meeting was held in conjunction with the INTECOL meeting 
(http://www.intecol10.org/default.asp) in Australia. A one day ILTER symposium is included in 
the INTECOL program. Bourgeron attended as the US representative and the Chair of the 
science committee. 
 
II. ILTER Science Agenda and Initiative (Bourgeron)  
 
Bourgeron was elected in August 2006 for a 5-year term as chair of the ILTER science 
committee (concomitant with the term of the ILTER chair). To date, the activities of the science 
committee have focused on the organization of science symposia during the ILTER annual 
meetings, the formulation of a science agenda, and the launch of the first ILTER network-wide 
science initiative (Interactions among ecosystem services, ecosystem dynamics, and human 
outcomes and behavior). The activities listed below are led by Bourgeron.  
 
a. The ILTER science agenda  
 
Following the 2006 ILTER annual meeting and the formation of the ILTER science committee, a 
series of conference calls among the members of the science agenda committee led to the 
organization of a science symposium and a workshop on the ILTER science agenda held during 
the 2007 ILTER annual meeting in Beijing 2007. The workshop built on the results of a special 
session on ILTER science held during the 2005 ESA annual meeting and on the ILTER science 
workshop that was held during the 2006 US-LTER ASM that was attended by over 30 
participants, representing a large number of ILTER member networks.  
 
Following the Beijing workshop, the ILTER science agenda  
(http://www.umweltbundesamt.at/fileadmin/site/umweltthemen/oekosystem/WS_LTER- 
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A_2007/ILTER_Science_Agenda_07.pdf) was presented during the ILTER business meeting 
and endorsed unanimously by the ILTER Coordinating Committee. A manuscript detailing the 
ILTER agenda is in preparation (approved by the ILTER coordinating committee during the 
2009 annual meeting).  
 
The first ILTER network-wide science initiative (see below) was also approved during the 
Beijing meeting.  A salient feature of the ILTER science agenda is that it is based on the 
feedback model framework which was developed in 2007 under the US-LTER strategic research 
initiative "Integrative Science for Society and the Environment" (ISSE) (Collins et al. 2007, 
Appendix 1) and by several workshops on land use and ES.  
 
b. ILTER Ecosystem Services Assessment project  
 
The ecosystem services (ES) initiative is the first network-level attempt by the ILTER network to 
address the linkages between ES and human outcomes and behavior, and how they influence 
each other in biomes. The work is conducted by developing site-specific feedback models for 
one selected site representing a biome for each member network.  
 
The ES initiative (http://www.ilternet.edu/research/ecosystem-services-assessment), entitled  
“Interactions among ecosystem services, ecosystem dynamics, and human outcomes and 
behavior”, was developed after the 2007 Beijing meeting via conference calls among the 
members of the ILTER science agenda committee. A proposal and associated documents  
(http://www.ilternet.edu/research/ecosystem-services-assessment/esa-project- 
files/Interactions%20between%20ecosystem%20services.pdf/view) were written and approved 
by the ILTER Executive Committee.  
 
The initiative is being implemented by email and conference calls (see the different phases in the 
initiative proposal). The first phase was completed by August 2008 for the ILTER Annual  
Meeting (18-22 August 2008) held in Stara Lesna, Slovakia  
(http://www.ilternet.edu/events/files-for-events-2008/ILTER-Slovakia-08-agenda-V5.pdf ). An  
ES initiative workshop (http://www.ilternet.edu/events/ilter-science-workshop-ecosystem-
services) was organized during this annual meeting.  
 
Work has continued since the Slovakia meeting. To date, 19 member networks have participated 
actively in all the steps/phases of the initiative, providing a representative array of sites. A 
synthesis workshop will be held 2 days prior to the 2009 ASM meeting 
(http://asm.lternet.edu/2009/workgroups/ilter-synthesis-workshop-interactions-among-
ecosystem-services-ecosystem-dynamics-an). Scientists from the contributing networks will 
meet to consolidate and integrate results from the individual sites. A manuscript is expected from 
this exercise. A proposal to organize a symposium presenting the ES initiative results during the 
2010 ESA meeting will be submitted in September in collaboration with Global Land. 
Additionally, a proposal to continue the ES work is expected to be developed for submission to 
NSF and other agencies. 
 
A second workshop will be held during the ASM with the goals of presenting the ILTER science 
agenda and the synthesis workshop to US scientists in order to facilitate and promote future 
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working groups involving US and international scientists 
(http://asm.lternet.edu/2009/workgroups/implementing-ilter-science-agenda-defining-
international-and-regional-science-initia). Expected outcomes include the creation of two new 
ILTER science initiatives. 
 
Network Service: OTHER ITEMS 
Williams is a member of the LTER Network Executive Board and the organizing committee for 
the All-Scientists Meeting in Estes Park in September. He is also a co-lead on the “Disappearing 
Cryosphere” working group. 
 

  
III. OUTREACH ACTIVITIES 
 
DIATOM WEB PAGE 
The "Rocky Mountain Lake Algae" website (RMLA) is a valuable outreach resource for groups 
as diverse as K-12, undergrads, grads, faculty, and the general public. RMLA is a unique web 
resource; there is simply nothing like it on the internet today.  It contains images, taxonomic 
information, and data for hundreds of algae taxa, mostly from lakes in the NWT LTER site but 
also from nearby Rocky Mountain National Park.  In the future, we may consider adding algae 
samples from other lakes in the Rocky Mountain region. 
 
In its initial pages, RMLA answers basic questions like "what are algae?" in an easy-to-
understand and illustrated way. These pages are explicitly designed for site visitors from K-12 on 
up.  In a similar way, the site introduces the eight groups of algae common to Rocky Mountain 
lakes, including diatoms, green algae, blue-green algae, etc.   Such descriptions include both 
layperson and scientific terms; they emphasize the role of algae in ecosystems and their utility to 
many science disciplines.  But that is just the initial layer of information.  There is much more. 
 
Site visitors can easily move into more detailed layers to assist them with a wide range of goals.  
Some visitors may simply want to know how different kinds of samples are collected.  Others 
may want to identify unknown algae specimens of their own, learn which algae are present in 
different lakes at different times of the year, and so on. For the college student, faculty member, 
or specialist layperson interested in further hands-on study, they can easily download datasets in 
Excel format and analyze them on their own.  Downloadable datasets include lists of taxa/species 
on a per algal group, per lake, or per sample basis.   Site visitors of all ages will appreciate how 
references to further information are not simply listed on a page but are integrated throughout the 
site. And they may also appreciate the site’s FAQ section. 
 
RMLA has been designed for ease of use, giving particular attention to a clear navigation and an 
appealing functional interface.  The site emphasizes both browsing and searching, with many 
interconnections to make it easy to jump between related lakes, taxa, and samples.  RMLA takes 
an image-intensive approach, which is invaluable for both learning and research. In particular, 
there will be hundreds of images of individual algal taxa/species as well as many photos of the 
studied lakes and topographic maps of the region around each lake.  K-12 children will find the 
close-up images of such tiny life forms fascinating, while many others will appreciate how those 
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algae images are integrated into the first web-based taxonomic resource for the Rocky 
Mountains. 

 
Screen shot ccessed at: 

http://culter.colorado.edu/lake-algae/
of the algal web page, which can be a

 

) 

 

nd 
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at future algal count data for the NWT-LTER study area can be easily added to the database.  

g 

ity was offered to others at a charge of $250 
er person.  There were a total of 12 participants. 

 
2009 progress report.  Tisza Bell (grad student, INSTAAR) and David Lubinski (INSTAAR
have been working together with supplemental funding to complete the initial round of site 
content and database adjustments needed for the launching of the site in the fall of 2009.  Bell 
and Lubinski recently completed assembly of the most critical taxonomic data for the site: data 
for the Green Lakes Valley in the NWT LTER study area. This data includes detailed taxonomic
descriptions, original references, and images.  They have also recently finished working on the 
college-level version of the text that discusses "what are algae?" and the eight algal groups.  A
they have hand-picked links to the most valuable web-based algal resources that site visitors 
might want to use.  Remaining work that will be completed before launch includes uploading 
taxonomic information, writing the K-12 version of the main text, cleaning up some existing 
data, and putting existing references into the database.  They will also be making adjustments so
th
 
FLUORESCENCE/PARAFAC WORKSHOP  
Diane McKnight and Matt Miller hosted another fluorescence and PARAFAC workshop on 
Monday and Tuesday, November 10-11, 2008.  The workshop was primarily intended as trainin
for students and scientists working on projects involving DOM analyses at INSTAAR, CEAE 
and the USGS-Boulder lab.  This training opportun
p
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On Monday morning, there were presentations related to background information on 
fluorescence spectroscopy, the usefulness/limitations of fluorescence in characterizing 
natural waters, and how to collect reliable fluorescence scans.  On Monday afternoon, 
participants spent time in the Limnology and DOM labs at INSTAAR learning the lab
techniques associated with collecting 3-dimensional fluorescence scans.  There were 
presentations on Tuesday morning that described the theoretical and statistical approac
to develop the PARAFAC model.  Finally, the rest of Tuesday was spent teaching the 
participants how to use Matlab to

DOM in 
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hes used 

 correct fluorescence scans and subsequently fit the corrected 
ans to the PARAFAC model. 
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ining in spectroscopic methods and 

ata analysis using PARAFAC (parallel factor analysis). 
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In addition to a session at the LTER ASM, the DOM Characterization Working Group led b
Rudolf Jaffe and Diane McKnight will hold a 2-day post-conference training workshop on 
fluorescence methods for characterization of dissolved organic material in surface waters and 
soil interstitial waters. The workshop will be held at INSTAAR at the University of Colorado 
Thursday and Friday following ASM, and will include tra
d
 
UPDATE: LTER SCHOOLYARD CHILDREN'S BOOK FUND 
Diane McKnight (NWT LTER), Monica Elsner, 
th
 
Todd reported that the Schoolyard program has advanced to a degree that every site has a 
coordinator and utilizes the $24,000 supplemental request. Todd recommended that we go 
through the EB (Executive Board) of the LTER, which is chaired by Phil Robertson, with 
proposals. The EB has a conference call bimonthly. Monica and Diane explained that the 
Hubbard Brook Research Foundation (HBRF) has done an excellent job administering the
Fund, which is transferred as a subcontract through CU and managed by HBRF with low 
overhead (7%). We also reviewed the Editorial Committee process. Todd emphasized the need 
for buy-in from the sites. Monica explained that the $24 K is typically used for salaries and th
the sites are involved in the book development activities within the project and with schools, 
which is one reason the edito
o
 
The following areas were discussed, with the plan that we would prepare a o
o
 
1. Outreach and Educational Framework: A proposal could be submitted for development of the 
outreach objectives and educational framework of the book series and subsequent presenta
these materials on the web and through printed materials. This funding could support 1) a 
workshop organized by Amy Rinehart and one of us with participants from the relevant sectors 
(NSTA, Amazon, book distributors, librarians and curriculum specialists), 2) a graduate student 
to help coordinate the workshop activities, research science education standards, and prepare and
finalize materials about the book series, 3) funds to make a DVD of the workshop (as was don
for the initial workshop), 4) honoraria for reviewers of the materials and 5) a web designer to 
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present the materials that are developed. This could be partially funded by EHR and could be 

 
ns and funds for some translation and modifications of the related 

ducational materials, as well as purchase of books through a pre-order arrangement. This could 

 current funding in the Book Fund will cover the current 
ook projects that are underway. This funding also supports book development, editing, and web 

xt 

n 

 This version would 
e the one to translate into Spanish. We have children's artwork for a Spanish version ready to 

 

 
Cover page to the new children’s book: “My Water Comes from the San Juan Mountains”. 

done in time for the 30 year review of LTER. 
 
2. Spanish Language editions of book series: Support is needed for publication of Spanish 
Language versions of the current books and the upcoming Everglades book. This proposal would
include funds for the translatio
e
be partially funded by OISE. 
 
3. Book Fund Support for Future books: A proposal could be submitted for more funding to 
support future books with a plan for the next three books over a three-year period, with the 
completed books as deliverables. The
b
design, as for the current book fund. 
 
NEW LTER SCHOOLYARD CHILDREN'S BOOKS FROM NWT LTER 
1. "My Water Comes from the Rocky Mountains" was published in June 2009 and has similar te
and professional artwork to “My Water Comes from the Mountains”, but is regional in scope, 
covering the whole of the Colorado River in the pictures, with artwork contributed by childre
and their teachers in classrooms in seven states (about 20 schools overall). There is also a new 
cover image of Long's Peak in Rocky Mountain National Park. This version can be used for 
outreach in a broader region, sold in gift shops in several national parks etc.
b
go, but lack sufficient funds. Ten copies were sent to Henry Gholz at NSF. 
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2. Mark Williams organized the second new version published in June 2009: "My Water Comes
from the San Juan Mountains" through a collaboration of CU and Fort Lewis College (located
near Durango, CO), that involves the Mountain Studies Institute as an INSTAAR partner. As 
indicated by the title this is an edition that focuses on the San Juan Mountain Region. Thes
the headwaters of the Animas River. The text has been revised slightly to address specific 
geographical characteristics. There is a new cover and new children's artwork from schools in the
region. The local elementary teachers were quite involved in this activity, and are eager to have 
the books in time for the next school year. The production of this version was funded by a state 
partner, the Southwest Water Conservancy District. The books are being used in the schools wi
a modification of the MyH20 curriculum that we deve

 
 

e are 

 

th 
loped through NWT LTER and an EPA 

rant which is now used in Boulder Valley schools.  

t: 

g
 
NPR: MOUNTAIN CRITTER A CANDIDATE FOR ENDANGERED LIST. The August 
08, 2009 edition of NPR’s “All Things Considered” focused on the American Pika and featured 
an interview with NWT LTER’s Chris Ray. Print and audio versions of the story are available a
http://www.npr.org/templates/story/story.php?storyId=111583873.  Among several interesting
quotes from Chris is this one: “"Iron

 
ically, it looks like global warming might be resulting in 

ikas freezing to death," Ray says. 

V. EDUCATIONAL ACTIVITIES 

elow we highlight educational activities conducted at the Niwot Ridge LTER site. 

ur 

 REU students took place at least in part at the NWT LTER site and with NWT 
TER mentors. 

he students, their mentors, and their projects are listed below: 
 
Student Mentor 

p
 
 
I
 
B
 
REU PROGRAM AT THE MOUNTAIN RESEARCH STATION. PI Bill Bowman. 
For the summer of 2009, we received 389 applications for 9 funded positions.  We made offers 
to 5 students from groups underrepresented in field biology.  Four of these students accepted o
offers, while one went to another REU.  Four of the 9 students were from schools that do not 
offer advanced degrees in biology.  Five of the 9 students were women.  Most of the projects 
conducted by the
L
 
T

Project 

Carlomagno, Andrea Piet Johnson 
 loads of zooplankton in the Green Parasite

Lakes. 

Debenport, Spencer Noah Fierer 
 and Spatial variation in microbial composition

biomass in the Boulder Creek watershed. 

Garcia, Michael 
d feeding niches in 

Mike Breed 
Thermal tolerances an
montane ant species. 

Hass, Bridget Katie Suding Influence of shrubby willows on N cycling 

Nadeau, Adam Diane McKnight 
emistry- nutrient retention in Inflow-outflow ch

the Green Lakes. 

Robinson, Danielle  
ly or negatively 

Tim Seastedt 
Are rare alpine species positive
associated with other species? 

http://www.npr.org/templates/story/story.php?storyId=111583873
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Influence of soil resources and nectar 
augmentation on Ipomopsis pollination. Santa, Emmanuel Tom Juenger 

Swatling-Holcomb, Samantha Bill Bowman 
e plants vary Does spatial dispersion of alpin

along a soil resource gradient? 

Wurzbacher, Sarah Tom Veblen 
ountain pine beetle 

attack in lodgepole pine. 
Climatic determinants of m

 

 
The 2009 REU students at Niwot Ridge. 

 

chemistry “White on Green”, acknowledged 
e help of the snow interns from previous years. 

tal 

sy 
y 

 

 
UNDERGRADUATES: SNOW HYDROLOGY INTERNS 
Three undergraduate students worked with Mark Williams to collect information on snow 
properties during the winter of 2009. The students dug weekly snowpits at two sites on Niwot
Ridge each Friday. At each snowpit the students collected information on snow depth, snow 
density, snow temperature, grain size, grain type, and snowpack stratigraphy. Several of the 
papers in the August 2009 special issue of Biogeo
th
 
UNDERGRADUATES: KIOWA WET CHEMISTRY LAB 
Three undergraduates, Michael Brunetti, Hanna Ding, and Paige Petrucka, worked in the Kiowa 
laboratory for the summer of 2009.  Their duties included analysis on a Perkin Elmer AAnalyst 
100 Atomic Absorption Spectroscopy, a Shimadzu TOC-V TSN Total Organic Carbon and To
Nitrogen analyzer, a Metrohm 761 Compact Ion Chromatography analyzer, an OI Analytical 
Flow Solution IV colorimetric analyzer, an Accumet Model AR10 pH Meter and a SevenEa
Mettler Toledo Conductivity Meter. Their duties also included acid neutralization capacit
analysis using a manual pH titration and a gran titration calculation, a manual potassium 
persulfate digestion and oxidation for total phosphorus, lanthanum solution spiking of samples,
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data entry and data regression using a Microsoft Excel computer program, cleaning glassware 

raduate, Holly Shuss, worked in the field at the NWT LTER site for the summer of 
009.  Holly collected soil and water samples, filtered water samples, and collected and recorded 

 Dan Liptzin; Advisor: Tim Seastedt 

R and 

ated 

or surface 

he tundra. 

 
 was more similar to the tundra. No single spatial 

ale or gradient can provide uniform generalities about the amounts or fluxes of materials that 

ing water and access is restricted.  However, due to the positive 
lationship between NWT LTER and the watershed manager, a small number of scientists are 

ation 
ine 

ies 

and filtering samples. 
 
One underg
2
field data. 
 
GRADUATE STUDENT:
Patterns of snow, deposition, and soil nutrients at multiple spatial scales at a Rocky 
Mountain treeline ecotone 
Dan finished up with Tim a year or so ago and segued into post-docs, first with NWT LTE
now at UC-Berkeley. His first paper is in press based on his PhD research at NWT LTER. The 
forest-alpine tundra ecotone in the Front Range of Colorado typically occurs as a gradual 
transition from the treeless tundra to the closed canopy coniferous subalpine forest. We evalu
the patterns of snow, deposition inputs, and soil properties at three spatial scales:  across the 
entire ecotone, with distance from tree limit in the transitional krummholz zone, and around 
individual trees. Snow was deepest in the krummholz zone and lowest in the alpine tundra and 
upwind of trees near tree limit, but was not predictive of most soil properties except f
litter decomposition. Inorganic deposition ranged from 0.7 – 7.7 g·m-2·yr-1 across the ecotone and 
tended to be higher downwind than upwind of trees. The exchangeable acid cation 
concentrations were significantly higher in the forest and increased gradually towards t
The exchangeable base cations (Ca, Mg, and K) were only predictable at the scale of individual 
trees with greater concentrations downwind of trees. Resin bag available N was rarely 
predictable at any spatial scale, but was correlated among seasons. While the ecotone is in many 
ways a gradual transition from alpine tundra to subalpine forest, patterns observed across this 
vegetation gradient were often replicated on the scale of individual trees: downwind of trees was
more similar to the forest and upwind of trees
sc
determine the soil properties of this ecotone. 
 
GRADUATE STUDENT: Tisza Bell; Advisor: Diane McKnight 
Diatom response to N deposition in Green Lakes 4  
My research interests are the biogeochemistry cycles in alpine lakes and their relationship to 
diatom community structure and changes over time.  I am currently studying Green Lake 4, an 
alpine lake in the Silver Lake Watershed of Boulder Colorado.   The lake sits within the City of 
Boulder’s watershed for drink
re
allowed access for sampling. 
 
I am interested in Green Lake 4 because many alpine lakes similar in productivity and elev
have shown a recent shift in diatom species.  Nitrogen has been shown to be increasing in alp
lake systems of the Rocky Mountain Front Range due to atmospheric deposition. Spec
associated with oligotrophic systems are being replaced with more common species that are 
tolerant of higher nutrient concentrations.  However, little is known about the role of 
phosphorous.  The bedrock of the watershed in which Green Lake 4 sits is composed of apatite.  
When eroded, dissolved, and introduced into alpine lakes by snowmelt, apatite acts as a 
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phosphorus surrogate.  With recent warming in the alpine area of Green Lake 4 and the m
of alpine permafrost, a pulse in stream flow has been observed in the fall months over the las
twenty years unrelated to any precipitation events, which is likely the result of thawing 
permafrost.  The pulse is especially significant during drought years when nutrients become 
more concentrated.  For example, the frequent but rare diatom Fragilaria cyclopum was 
observed

elting 
t 

 in significant abundance during the 2002 drought.  This example of a short-term diatom 
ift, due to nutrient concentrations, highlights the role of diatoms as indicators of environmental 

e to the LTER and the general public for 
xonomic identification.  Having the opportunity to be involved with the database and access to 

e 
 

 snow cover affect the biosphere/cryosphere-atmosphere energy and gas exchange, 
tmospheric composition, and chemistry?  3) How will these processes feed back in a changing 

e to the 
he 

 

nd precipitation?  3) How much would the loss of “at-risk” snow potentially alter the CO2 and 
NOx flux during the winter season?  Field equipment at both sites was provided by NWT LTER. 

sh
change. 
 
To further understand the effects of the pulse in stream flow and mobilization of available 
phosphorous, I wanted to collect a sediment core from the deepest part of the lake.  Due to 
difficult summer access and the weight of the corer, skiing in during the winter was the best 
option.  Such a trip required the help of many LTER staff, whose knowledge of the area was 
critical for the safety of everyone involved.  Despite some nasty weather, the core was collected 
and I am currently identifying the diatoms from the sediment.  I also plan to post photos and 
descriptions of the diatoms on the Rocky Mountain Lake Algae Website that has been created by 
NWT LTER.  This will provide an incredible resourc
ta
Green Lake 4 has had a great impact on my career.   
 
GRADUATE STUDENT: Brian Seok; Advisor: Detlev Helmig 
Trace gas fluxes through snow.  
Through the support of the NWT LTER grant, I began my graduate research in trace gas fluxes 
through snow, which is now my PhD thesis. This grant supported me for 1 year and helped m
lay the foundation for successfully obtaining the next couple of grants from NSF (NSF-IGERT
[BART] and NSF-EAPSI [New Zealand]). During my time working at NWT, I acquired the 
necessary skills in instrumentation and field experimental design. Also, it helped me develop 
research questions for my PhD work: 1) What drives air-snow gas exchange?  2) How does 
change in
a
climate? 
 
I applied for the NSF-IGERT Biosphere-Atmosphere Research Training [BART] fellowship 
prior coming to CU but was not successful in obtaining it because I failed to demonstrat
reviewers that I had the necessary skills and experience to achieve the goals I proposed in t
application. One goal was to do site comparison between NWT and the field site at the 
University of Michigan Biological Station. So, after a year spent gaining the skill sets and 
experience through NWT LTER funding, I reapplied for the NSF-IGERT [BART] fellowship
and was successful. Also, that year of conducting research at NWT helped me fine-tune my 
research questions. The NSF-IGERT [BART] fellowship supported me for the next 2 years. 
During this time, I focused on finding answers to the following questions:  1) How much do 
present respiration processes under the snow contribute to the annual CO2 and NOx fluxes?  2) 
How do these fluxes at UMBS compare with measurements from Niwot Ridge and how can 
potential differences be related to the differences in altitude, species composition, temperature, 
a
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At the end of the BART fellowship, I applied for the NSF East Asia and Pacific Summer 
Institute [EAPSI] New Zealand grant. This is a small summer grant (2 months) for graduate 
students to gain experience working with scientists in Asia and the Pacific region; in this case, I 
chose to work with those in New Zealand. I believe my success in being awarded this grant w
due to the work that I have done at NWT. It was the work from NWT that helped me market 
myself well to a number of researchers in New Zealand. In the end, I decided to work with tho
at a Crown Research Institute called Landcare Research, which is a private research institute 
operated by the New Zealand government. My experience in instrumentation and working 
knowledge in trace gas fluxes, acquired from working at NWT, was what my hosts at Landcare 
Research found potentially beneficial for their team, and hence resulted in their asking me to
the organization. My research project in New Zealand, investigating whether the effects of 
changes in soil temperature (due to climate change) change the age of soil carbon being respired, 
was slightly different from my PhD thesis work. I used stable carbon isotopes and radiocarbon 
determine the age of the respired soil carbon. For my hosts, I was able to provide feedback on
their instrumental setup and did a bit of “advertising” for our NWT work, the importance of 
winter time measurements. Unfortunately, I have learned that New Zealand does not have a grea
infrastructure to support wintertime studies of trace gas fluxes, but in years to com

as 

se 

 join 

to 
 

t 
e when they 

o, I hope they will work with us. 

t 
 

nd 

and how they change throughout the 
ason, as well as between subalpine and alpine sites. 

es 

 a 50 
 

 for future studies in the geomorphology, hydrology, 
nd ecology of high-elevation catchments. 

uted 
 

nd evolution.  I look forward 
 what future experiences lie through involvement with the LTER. 

d
 
GRADUATE STUDENT: Jen Petrzelka; Advisor: Mark Williams 
Meltwater flow through snow. Since the fall of 2008, I have been a research assistant at CU 
studying snow hydrology with the support of the LTER, which has provided me with many grea
opportunities and experiences.  This past winter/spring I led several snow hydrology interns in
weekly snowpit excavations on Niwot Ridge for the NWT LTER database.  While some days 
were challenging as we faced 40 mph winds, sastrugi as high as my knees, and rock hard wi
crusts, we also enjoyed wonderful days in the sun and snow.  Gaining hands-on experience 
increased my knowledge about continental snowpacks 
se
 
Another project in which I participated was the 2009 snow survey of the 700 ha Green Lak
Valley.  Approximately 10 students, field technicians, and volunteers skied or snowshoed 
throughout the valley over a period of 3 days collecting snow depth measurements based on
m grid.  We also dug snowpits for information on snowpack stratigraphy, temperature, and
density.  Long days of hard work were followed by contests of who had the best blisters, 
delicious home-cooked food, as many candy bars as one could eat, and the satisfaction of 
providing data to researchers and the public
a
 
Once the snow began to melt at the end of May, I set out to work on my own research project 
concerning meltwater flow through snow. For a full melt season, three assistants and I exec
multiple dye tracer experiments coupled with a newly invented instrument termed a ‘snow
guillotine’ which slices cross-sections of snow so digital images can be taken of the dyed 
flowpaths.  Through image processing and statistical techniques, I am working on providing 
three-dimensional, quantitative information on flowpath formation a
to
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Jen and crew setting up for a tracer experiment on meltwater flow through snow. 
 

 
INTERNATIONAL OUTREACH: ALPINE ECOLOGY WORKSHOP IN LASAUN
SWITZERLAND.  NWT LTER graduate students and scientists attended a workshop in 
Lausanne Switzerland from 6-10 October, 2008, hosted by the research group headed by Antoine 
Guisan at the University of Lausanne. The workshop was funded by the international program at
NSF.  The scientific aim of this workshop was to combine European and American expertise to 
evaluate the threat of climate change to high-elevation (alpine and subalpine ecosystems) plant 
diversity. The proximal aim of the workshop was to train American graduate students in the use
of state-of-the-art species distribution models. Also, this workshop provided the opportunity
establish better collabo

NE, 

 

 
 to 

rations between European and American scientists working in high-
elevation ecosystems. 

Nardi blogged the workshop at http://anthony.darrouzet-Graduate student Anthony Darrouzet-
nardi.net/scienceblog/. From his blog: 

 

cur in order to make 
predictions about other places or times. This might be called a “statistical modeling” approach. 

 they 

 the 
corporating differences over large areas, but does not have the 

mechanistic basis of the process-based models. 

On Niwot Ridge, a lot of the research has focused on understanding ecological processes such as biogeochemical
cycles and the biotic interactions of plants, which at this workshop we have been calling a “process-based” 
approach. In contrast, the group in Lausanne has been using a statistical modeling approach where they measure 
species distributions in the field and then attempt to back out the conditions under which they oc

During discussions this week, we have talked about how these two approaches complement each other and how
might be combined in order to make better projections of species distributions and ecosystem processes. The 
advantage of using the process-based approach that has been the paradigm on Niwot Ridge is that mechanistic 
knowledge improves our power to make predictions. The disadvantage is that in order to focus on these 
mechanisms, we typically have to ignore spatial heterogeneity, which reduces our predictive power. In contrast,
spatial statistical modeling does a good job of in
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We have been discussing how to combine these approaches, and it’s a brain twister. But, basically, the idea 
by Chris Randin, a post-doc working with Antoine Guisan and the intellectual lead of the workshop, is that we c
use process-based models (like CENTURY) to create spatially explicit layers that can be used in statistical 
modeling. This type of approach has not, to our knowledge, been used for ecosystem modeling before.  During 
discussio

put forth 
an 

ns this week, we have talked about how these two approaches complement each other and how they might 
be combined in order to make better projections of species distributions and ecosystem processes in a changing 

uing. Chris Randin has received a post-doc from the Swiss 
equivalent of NSF to work with the NWT LTER program in Boulder Colorado. Chris arrived in Boulder in late 
January 

 
Participants in the jo

massif, near Lake Geneva, Sw

climate. 

The collaborations started with this workshop are contin

2009 and will be in residence until June 2009. 

int Swiss-U.S. alpine plant modeling workshop below the Diablerets 
itzerland, October 2008. Photo credit: Antoine Guisan 

program, Lausanne, Switzerland. 
 
INTERNATIONAL OUTREACH. Tim Seastedt is hosting Ms. Yanmei Xiong. She is a PhD 
candidate in her fifth year at the South China Botanical Garden, and joined the LTER group and 
the lab of Tim Seastedt in January of 2009.  Yanmei contacted Seastedt early in 2008 to discu
research interests in the area of soil ecology and forest management.  Seastedt’s lab had been 
involved in tree thinning projects, and was planning to study how forest die-back from the 
current beetle kill activity was affecting soil biology and biogeochemistry.  Together, they put 
together a proposal to the Chinese Academy of Sciences that has funded Yanmei to work on 
projects of mutual interest for the current year. Ms. Xiong’s academic credentials are impressive. 
She has already published two papers (in Plant and Soil and Soil Biology and Biochemistry), and 
has a third in review. Since arriving at CU, Yanmei has been involved in three projects which 
share the common theme of understanding the relationships between the trophic composition and
densities of nematodes and microarthropods and soil physical and chemical characteristics.  She 

ss 
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is testing the hypothesis that tree root exudates, estimated at about 20% of the soil carbon
have measurable impacts on invertebrates and trophic food webs found in the soil. Since 
invertebrate feeding on bacterial- and fungi drive mineralization processes, the work should help 
us understand the coupling betw

 flux, 

een exudates and carbon and nutrient fluxes normally associated 
ith decomposition processes. w

 
INTERNATIONAL OUTREACH. Ms. Yanmei Xiong. During my visit at CU, I am working 
on the interactions among soil biota, nutrients, and plants. My major project here concerns the 
effects of beetle-killed trees on soil biota and the dynamics of soil C and N. I am measuring soil 
microbial biomass, soil nematode and microarthropod abundances, litter decomposition rate 
soil inorganic N flux under live, dying and dead trees at sites above the Mountain Research 
Station on Niwot Ridge. In addition, I am participating in two other projects. One is about the 
effects of N fertilization and the addition of forest thinning derived wood chips on soil biota, soil 
C and N. The other project is a collaborative effort with scientists from CSU (Dr. Edward Ayers 
et al.) evaluating biotic characteristics and rates of decomposition in and around of tree island
We are measuring soil biota at the wi

and 

s. 
ndward, leeward and inside area of tree islands and the 

ambient tundra soil at Niwot Ridge. 

Yanmei Xiong samplin  soils on Niwot Ridge. g
 

INTERNATIONAL OUTREACH. DR. MICHELE FREPPAZ, UNIVERSITY OF 
TORINO, ITALY. Michele is an assistant professor in the School of Agriculture at the 
University of Torino. His research specialty is mountain soils, but he spends as much time 
studying avalanches as he can. He is a visiting scientist in residence at the NWT LTER program 
from 21 July 2009 through 20 December 2009. His position is financed through the World Wi
Style Programme (WWS) at the University of Torino, which provides funds for professors to 
gain research experience abroad. Michele is currently helping several graduate students at NWT 
LTER conduct field research. He is collaborating with M. Williams on several manuscripts, one 
of which is in press (Maggioni M, M Freppaz, P Piccini, MW Williams, & E Zanini, Snow co

de 

ver 
ffects on glacier ice surface temperature, Arctic, Antarctic, and Alpine Research, in press). e
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INTERNATIONAL OUTREACH. CHRISTOPHE RANDIN, SWISS POSTDOC. 
We hosted Chris Randin for the second time, a visiting Post-Doc from the University of 
Lausanne, Switzerland, who was in residence from Sept 2007 to Sept 2008 and again from 
January 2009 to May 2009.  Funding for Chris is from the Swiss NSF.  The title of his research 
is: "Towards mechanistic models to predict the distribution of alpine plant species under climate 
change".  Chris addressed three goals during his stay at INSTAAR: (1) develop a dynamic mode
of snow coverage for Niwot Ridge with the PREVAH model; (2) extend this models to include 
process-based spatially-explicit predictions of alpine plant species distribution; and (3) integ
the effects of plant species

l 

rate 
 interactions into predictions of distribution change under future 

limate change scenarios. 

e, 

ng 75 

008), but 

ugh 

ow.  

 a 

t 
gree 

ton 

ulations in the future.  Chris’ stay the first time was so productive 
at he came back for more. 

 

c
 
Spatial and temporal changes in alpine plant species composition were analyzed at the landscap
plant community, and individual species levels.  Chris’ INSTAAR collaborator in this project, 
Hope Humphries, standardized field observations for 88 gridded vegetation plots containi
alpine plant species.  Chris and Hope clustered these plots to produce a plant community 
classification.  Plots had been sampled in six years (1989, 1990, 1995, 1997, 2006 and 2
the analyses focused on changes among three years, 1990, 1997, and 2006, for ease of 
interpretation.  Partial triadic analysis (PTA) conducted by Chris revealed a consistent, altho
small, directional change in species composition from 1990 to 2006 at the landscape level.  
Similar results were found for PTA conducted at the community level, except for wet mead
Individual species differed in the degree and direction of changes in cover over time.  For 
example, a species that dominates snowbed communities, Sibbaldia procumbens, exhibited
significant positive change over both the 1990-1997 and 1997-2006 time periods, whereas 
Kobresia myosuroides, which dominates dry meadow, showed a significant decrease from 1990-
1997 followed by an increase from 1997-2006.  Chris and Hope developed spatial environmental 
data for the study area (snow cover, growing-degree days, time of meltout, and solar radiation, a
a daily time step from 1987 to 2008).  At the landscape scale, temperature and growing-de
days increased from 1990 to 2006, while the snow-covered period decreased and meltout 
occurred earlier.  Chris successfully validated the blowing snow model developed by Glen Lis
against field data, and climate change scenarios derived from 17 General Circulation Models 
(GCMs) are available for sim
th


