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I. RESEARCH HIGHLIGHTS 
 
NEW DIRECTOR HIRE FOR NWT LTER. 
CU-Boulder approved a new FTE at the associate professor level in alpine ecology to become the new PI 
for the NWT LTER program. A directed search conducted for the position was successful and we are 
excited to announce that Katie Suding will take over as PI for the NWT LTER program during the next 
renewal. 
 
EVIDENCE FOR DUST DEPOSITION INCREASES IN THE US. 
Brahney et al. (2013) used calcium deposition records from across the US to document an increase in dust 
deposition over the past 14 years. There are very few ongoing measurements of dust deposition from the 
atmosphere and limited geologic records that can be used to reconstruct trends in dust deposition. The 
wide range of dust deposition records compiled for this study show large upward trends in Ca deposition 
(dust) for much of the Intermountain west as shown in the figure below.  
 

Changes in Ca deposition from 1994 to the present across the US, plotted by the magnitude of the 
increase in in Ca deposition (mg/m2) and by percent increase (size of circles).  Small black dots indicate 

areas of decline. 
 
The paper was the subject of a CU press release and was cited in stories in a number of newspapers 
(http://www.colorado.edu/news/releases/2013/06/10/amount-dust-blown-across-west-increasing-says-cu-
boulder-study). Jason Neff was interviewed by the Denver NBC station for this work 
(http://www.9news.com/news/local/article/340475/188/Conditions-in-plains-set-to-get-drier) and by a 
Colorado Public Radio station on the western slope of the Rockies (http://kvnf.org/post/iseechange-west-
getting-dustier). This work was also referenced in a recent Wall Street Journal article (November, 2013). 
 
CHANGES IN ALPINE VEGETATION OVER 21 YEARS. 
Spasojevic et al. (2013) used the LTER’s 20+ year monitoring effort to test important questions about the 
current status of community responses to environmental change factors. One significant unanswered 
question about biotic responses to climate change is how plant communities within topographically 
complex landscapes will respond to climate change. Alpine plant communities are strongly influenced by 
topographic microclimates, which can either buffer or compound the effects of more regional climatic 
changes. Species changes were analyzed over 20+ years in a complex alpine landscape with pronounced 
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gradients in microtopography and consequently large variation in temperatures, snow depths, and nitrogen 
availability across small (10 m) scales. Using data from long-term monitoring plots from six community 
types, we asked how species composition and functional diversity changed over time in these different 
areas of the landscape, and whether fine-scale heterogeneity allowed species to move in response to 
temporal changes in the environment. We found site-wide patterns of increasing species and functional 
diversity. However, the majority of variability in composition over time was non-directional, both within 
and between community types. Within community types, Carex-dominated snow banks and wet meadow 
communities were the most variable in composition over time, while Sibbaldia-dominated snow banks, 
fellfield, dry meadow, and moist meadow exhibited moderate change. Over forty percent of the plots also 
transitioned between community types during the census intervals, but these were largely transient, with a 
shift occurring in one time interval and then shifting back in the next interval. Thus, even with evidence 
of directional change over time in climate, N deposition, and release from grazing, vegetation is tracking 
finer-scale variability both in time and space. Environmental heterogeneity may allow vegetation to track 
this finer-scale variability and enhance resilience to underlying directional changes in alpine and other 
topographically complex environments. Spasojevic, M.J., W.D. Bowman, H. Humphries, T.R. Seastedt, 
and K.N. Suding. 2013. Changes in alpine vegetation over 21 years: are fine-scale patterns across a 
heterogeneous landscape consistent with predictions of change? Ecosphere 4(9):117. 
http://dx.doi.org/10.1890/ES13-00133.1 
 
DISCOVERY OF A NEW CLADE OF CHYTRIDS IN SNOW PACKS OF COLORADO AND 
SWITZERLAND AND COLD SITES IN NEPAL AND FRANCE. 
Steve Schmidt and colleagues (Naff et al. 2013) used culture-independent molecular approaches to 
phylogenetically identify chytrids that are common in long-lived snow packs of Colorado and Europe.  
The most remarkable finding of the study was the discovery of a new clade of chytrids that has 
representatives in snow packs of Colorado and Switzerland and cold sites in Nepal and France, but no 
representatives from warmer ecosystems. This new clade (“Snow Clade 1” or SC1) is as deeply divergent 
as its sister clade, the Lobulomycetales, and phylotypes of SC1 show significant (P < 0.003) genetic-
isolation by geographic distant patterns, perhaps indicating a long evolutionary history in the cryosphere. 
These newly discovered snow chytrids may be important components of snow ecosystems, where they 
contribute to snow food-web dynamics and the release of nutrients due to their parasitic and saprotrophic 
activities. Naff, C.S., J.L. Darcy, and S.K. Schmidt. 2013. Phylogeny and biogeography of an uncultured 
clade of Snow Chytrids. Environmental Microbiology. doi:10.1111/1462-2920.12116. 
 
EFFECTS OF CLIMATE ON THE AMERICAN PIKA.  
Using mark-resight methods and a comparative approach, Chris Ray and her students collected data on 
pika presence, survival, recruitment, surface activities, foraging behavior and physiological metrics as 
well as microhabitat characteristics including surface and sub-surface microclimate.  For 10 weeks at 
NWT followed by 2 weeks at a comparison study site in Montana, pikas were marked and released at 
point of capture, followed by multiple re-sight attempts at each point of capture. A random subset of re-
sighted individuals was observed for 45-minute intervals to construct a daily activity budget. A network 
of automated data loggers was maintained to measure sub-surface temperatures hourly throughout the 
year within the territory of each marked pika. Additional sensors were used to measure temperature at 5-
minute intervals over brief periods, to compare with behavioral observations, and to discriminate effects 
of surface heterogeneity on sub-surface temperatures during the summer. Survival during 2012-2013 was 
again low at NWT compared with other sites, and pikas were observed on the surface more rarely in the 
summer of 2013 than in previous summers or other locations. Temperature data from 2012-2013 await 
analysis, but observed spatial patterns in survival suggest pikas at NWT survive best at locations with 
relatively deep winter snow cover. 
 
Using time series of fecal samples collected from pikas held for 24 hours during 2010-2012, a spike in 
stress hormones was demonstrated (measured as fecal glucocorticoid metabolites) in response to handling 
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(Wilkening et al. 2013). To further characterize pika stress response, three adult male pikas were held for 
48 hours at the NWT Tundra Laboratory after dosing with a general stress hormone stimulant (ACTH).  
Fecal samples were collected at regular intervals during the holding period, and each male was released 
within its own territory immediately following the sampling period.  The observed response to ACTH 
was significant but no greater than the observed response to handling, suggesting these pikas at NWT are 
stressed maximally by handling. Wilkening, J.L., C. Ray, and K.L. Sweazea. 2013. Stress hormone 
concentration in Rocky Mountain populations of the American pika (Ochotona princeps). Conservation 
Physiology 1:cot027 (13 pp.). http://dx.doi.org/10.1093/conphys/cot027. 
 
SNOWPACK-CLIMATE MANIPULATION EXPERIMENT. 
Noah Molotch and graduate student Leah Meromy collaborated this year with colleagues from UC 
Merced to explore the influence of climate change on snowmelt and energy partitioning. This 
collaboration developed to take advantage of significant infrastructure in the form of infrared (IR) heaters 
established by UC Merced with DOE funding. IR heater effects on snow accumulation, snowmelt, and 
soil microclimate were compared to an environmentally similar yet naturally warmer subalpine site in the 
Valles Caldera National Preserve, NM. Observed snow accumulation was 30% lower on average and 
melted out 16 days earlier in the heated plots compared to the controls. Soil temperature during snowmelt 
was 3 °C greater on average and soil moisture was 4% lower on average in heated plots compared to 
controls. In NM, snow accumulation was 23% lower, snow melted 23 days earlier, soil temperature was 
0.6 °C greater, and soil moisture was 13% lower on average relative to CO controls. In order to estimate 
differences in energy and mass balance fluxes at the snow-atmosphere interface in control versus warmer 
plots, the 1-D, physically based snowmelt model, SNOWPACK, was used. Model results indicated that 
heaters alter radiative, turbulent, and mass fluxes by amounts comparable to the differences between CO 
and NM fluxes. The proportion of the energy flux associated with latent heat exchange during snowmelt 
was 9-27% of the total energy flux in heated models and 19-22% of NM models compared to 3-7% in 
control models. Subsequently, the associated sublimation loss to the atmosphere was greater in warmer 
relative to control cases. Results indicate that climate warming will lead to decreased snow accumulation 
and soil moisture, and increased sublimation and soil temperature. Meromy, L., N.P. Molotch, L. 
Kueppers, M.W. Williams. Snowpack-climate manipulation and modeling in subalpine forests at Niwot 
Ridge, CO and Valles Caldera National Preserve, NM, Journal of Hydrometeorology. In review. 
 
RELATIONSHIPS BETWEEN STREAM NITRATE CONCENTRATION AND SPATIALLY 
DISTRIBUTED SNOWMELT IN HIGH ELEVATION CATCHMENTS OF THE WESTERN US. 
Noah Molotch, Danielle Perrot, and colleagues compared stream nitrate (NO3-) concentrations to 
spatially distributed snowmelt in two high elevation catchments, the Green Lakes Valley, CO (GLV4) and 
Tokopah Basin, CA (TOK). A snow water equivalent reconstruction model and Landsat 5 snow cover 
data were used to estimate daily snowmelt at a 30-m spatial resolution in order to derive indices of new 
snowmelt areas (NSAs) within the study catchment. Estimates of NSA were then used to explain the 
NO3- flushing behavior for each basin over a 12-year period (1996-2007). To identify the optimal method 
for defining NSAs, and therefore elucidate mechanisms underlying catchment NO3- flushing, regression 
analyses were conducted using multiple thresholds of snowmelt based on time and snowmelt volume.  
Overall, NSA indices defined by volume of snowmelt rather than snowmelt duration were the best 
predictors of stream NO3- concentrations. The NSA indices were better correlated with stream NO3- 
concentration in TOK (average R2=0.68) versus GLV4 (average R2=0.44). Positive relationships 
between NSA and stream NO3- concentration were always observed in TOK with peak stream NO3- 
concentration occurring on the rising limb of snowmelt. Both positive and negative relationships between 
NO3- concentration and snowmelt were found in GLV4 with peak stream NO3- concentration occurring 
on the rising or falling limb of snowmelt hydrograph. The contrasting NO3- flushing behavior suggests 
that flowpaths in TOK were primarily influenced by overland flow and shallow subsurface flow, 
consistent with variable source area regulation of solute flushing, whereas GLV4 was strongly influenced 
by old-water and deeper subsurface flowpaths. Perrot, D., N.P. Molotch, M.W. Williams, S.M. Jepsen, 
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J.O., Sickman. Relationships between stream nitrate concentration and spatially distributed snowmelt in 
high elevation catchments of the western United States. Water Resources Research, in review. 
 
 
II. RESEARCH ACTIVITIES 
Here we focus on new activities for 2013. 
 
HIGHLIGHTING DIANE MCKNIGHT LAB ACTIVITIES.  
Project: Lake responses to changing climate and watershed connections. 

During the 2013 field season the McKnight team conducted weekly lake sampling over a period of 7 
weeks from late July until the end of August. These analyses are performed every year at specific depths 
and locations in Green Lake 4 (GL4) to capture important characteristics of the lake system and possible 
changes.  Target depths and/or locations include the Inlet and the Outlet of GL4 as well as surface water, 
3 m, and 9 m. The following baseline limnological data were collected: 1) chlorophyll-a (Chl-a), 2) 
phytoplankton (enumeration and identification using the FlowCAM), 3) dissolved organic carbon (DOC), 
4) dissolved organic matter (DOM), 5) anions and cations, 6) hydrogen ion concentration (pH), 7) 
dissolved oxygen (DO), 8) conductivity, and 9) temperature. 
 
In 2013, Katherina Hell, a Professional Research Assistant, joined the NWT lakes team and is leading 
field sampling, sample processing and analyses, and data management, as well as mentoring of students 
working on the project (e.g. students from REU programs, volunteer high school students, and 
prospective graduate students).  
 
Incubation experiment: As a follow up to previous studies of the effect of nutrient enrichment on 
ecosystem responses and in particular on phytoplankton dynamics (Gardner et al. 2008), primary 
production, and DOM, in situ enrichment experiments in mesocosms amended with phosphate were 
conducted on two occasions in July and August 2013. Based on the finding that the productivity of these 
phytoplankton communities is phosphorous-limited, the effects of sustained increases of phosphate are 
being investigated as the major ion chemistry changes with changing climate and watershed responses. 
 
Mesocosms were filled with lake water from a depth of 2m. Two replicates of an unamended control, 
1.5µmol/L, 3µmol/L, and 5µmol/L of phosphate, respectively, were suspended in the water column at a 
depth of 2m. Samples were taken at time point 0 (t0) and again after 5 days. An REU student from 
Portland University, Katie Husk, conducted this incubation with the assistance of the 2013 sampling 
team. Chlorophyll-a, phytoplankton communities, pH, and temperature, as well as DOC and DOM were 
analyzed following a 5-day in situ incubation. On August 27, almost exactly one month after the first 
incubation, a second experiment was conducted, focusing on short-term responsiveness of the 
phytoplankton community regarding productivity. The design of the experiment was the same as 
presented above and samples were taken at t0 and after 2.5 hours. As a general trend, it was found that 
Chl-a increased over time in the mesocosms amended with 1.5 µmol/L and 3 µmol/L of phosphate. This 
was also true for the short-term incubation over 2.5 hours. Within 5 days of incubation the pH increased 
in all of the three enriched mesocosms from a pH between 7.39-7.56 to a pH of about 9.2. No change in 
pH could be observed in any of the mesocosms after an incubation of 2.5 h. Moreover, amended samples 
showed an increased the Fluorescence index>1.5 after 5 days of incubation, indicating an increased 
microbial contribution to the pool of dissolved organic material due to increased microbial activity as a 
result of a phosphorous-enriched environment. 
 
Phytoplankton samples are being analyzed using the FlowCAM. Preliminary results indicate a general 
higher abundance of cells as well as a rapid response of chlorophyte species with a potential of faster 
growth rates linked to higher phosphorous availability.  All the parameters described here can be used as 
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proxies for primary production. Thus, efforts focus on 
improving these experiments, putting them into a larger 
context to investigate the effects of increased phosphorous 
on the lake community, and primarily on the community 
shift and its productivity. 
 
Katie Li, a high school student from Boulder, joined the 
field team during the 2013 summer field season. Katie 
worked on comparing GL4 data before and after the 2002 
and 2012 drought years to address the following research 
question: To what extent do physical drought conditions 
influence an oligotrophic alpine lake’s water quality? 
Katie found that major ion concentrations, acid 

neutralizing capacity, conductivity, and pH were significantly higher during the drought years. 
Furthermore, her research showed a negative linear relationship between total dissolved solutes and local 
precipitation. She concluded that droughts can temporarily improve water quality conditions, but 
lingering effects of lowered silicon concentrations and increased sensitivity to phosphorous inputs could 
possibly decrease water quality in later years. 
 
New methods- the FlowCAM: The acquisition of a FlowCAM by the McKnight lab in collaboration with 
Sarah Spaulding and Natalie Mladenov is promising more rapid, automated, and more accurate analyses 
of phytoplankton samples. In the past, phytoplankton samples were analyzed using an inverted 
microscope, involving time-consuming and error-prone analysis of important samples. The FlowCAM is 
a unique flow cytometer paired with a Digital Imaging System for rapidly analyzing individual particles 
in a fluid. By acquiring and storing a digital image of each particle detected, different particle types in a 
heterogeneous sample can be automatically identified, differentiated, and quantified. The examination of 
numerous samples at larger volumes in a shorter amount of time as well as automated identification of 
particles using a recognition algorithm and calculation of concentration, size, volume etc. are only some 
of the advantages this instrument is bringing about. 2013 was the first season the FlowCAM was used for 
GL4 samples after the instrument was extensively tested on similar samples from the lakes in the 
McMurdo Dry Valleys (MCM LTER).  

 
Presentations: Rylee Archuleta, a former REU student at the McKnight lab in summer 2012 came back 
during the 2013 field season to assist with field sampling and lab work.  Rylee also presented data from a 
2012 experiment at GL4 at the poster session during the NWT LTER site review at the Mountain 
Research Station with the title “DOM Quality Production Changes of Colorado Alpine Lakes Driven by 
Algal Growth”. A second poster “The FlowCAM - Promoting advanced phytoplankton and zooplankton 

Particle	  images	  and	  statistics	  of	  GL4	  Analysis	  of	  phytoplankton	  samples	  
using	  the	  FlowCAM	  (photo	  credit:	  

Karen	  Cozetto)	  

Suspension	  of	  mesocosms	  in	  GL4.	  
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analysis“ for the site review poster session was made by Katherina Hell and presented by Diane 
McKnight. 
 
LTER network activities: In a coordinated effort with MCM-LTER, McKnight and Jessica Ebert, a 
graduate student in environmental engineering, led a workshop supported by the LTER network office on 
the chemistry and ecological interactions between dissolved and soil organic material. This workshop 
included a day-long training session on spectroscopic methods for characterization of organic material 
(http://news.lternet.edu/Article2880.html). 
 
HIGHLIGHTING STEVE SCHMIDT LAB ACTIVITIES. 
1.  Culture-independent molecular approaches were used to phylogenetically identify chytrids that are 
common in long-lived snow packs of Colorado and Europe.  The most remarkable finding of the study 
was the discovery of a new clade of chytrids that has representatives in snow packs of Colorado and 
Switzerland and cold sites in Nepal and France, but no representatives from warmer ecosystems.  This 
new clade (“Snow Clade 1” or SC1) is as deeply divergent as its sister clade, the Lobulomycetales, and 
phylotypes of SC1 show significant (P < 0.003) genetic-isolation by geographic distant patterns, perhaps 
indicating a long evolutionary history in the cryosphere.  In addition to SC1, other snow chytrids were 
phylogenetically shown to be in the Order Rhizophydiales, a group with known algal parasites and 
saprotrophs. We suggest that these newly discovered snow chytrids are important components of snow 
ecosystems, where they contribute to snow food-web dynamics and the release of nutrients due to their 
parasitic and saprotrophic activities.  
Naff, C.S., J.L. Darcy and S.K. Schmidt. 2013. Phylogeny and biogeography of an uncultured clade of 

Snow Chytrids. Environmental Microbiology. doi:10.1111/1462-2920.12116. 
 
2. A review of studies of plant-microbe interactions was conducted at NWT. By synthesizing work at 
scales ranging from the rhizosphere to the landscape, a mechanistic view is offered of how these 
interactions are key to understanding the spatial and temporal structuring of plant and microbial 
communities across this diverse and changing landscape. These new insights are also key to making 
predictions for how both plant and microbial communities and populations will respond to future changes 
in this environment, especially with regard to the potential uphill movement of plants and microbes in 
response to climate change and nitrogen deposition. The uphill movement of plants and microbes are 
predicted to be especially apparent, and have the most impact, in areas of the alpine that are now mostly 
plant-free. These areas are currently undergoing a shift from a microbe-dominated ecosystem to one 
where microbe-plant interactions will play a critical role in mediating nutrient losses to downstream 
ecosystems.  
Schmidt, S.K., A.J. King, C.L. Meier, W.D. Bowman, E.C. Farrer, K.N. Suding, D.R. Nemergut.  2013. 

Plant-microbe interactions at multiple scales across a high-elevation landscape. Plant Ecology and 
Diversity. In press. 

 
3.  We reviewed what is known about microbial life in high elevation ecosystems across the Earth with 
special attention to research that has been done at NWT. 
Rhodes, M., J. Knelman, R.C. Lynch, J.L. Darcy, D.R. Nemergut and S.K. Schmidt.  2013.  Structure and 

Function of Prokaryotic Communities in Soils of Polar and High Elevation Deserts.  pp. 201-213  IN  
E. Rosenberg, E. Delong et al. (eds.), The Prokaryotes, DOI 10.1007/978-3-642-30123-0_37, 
Springer-Verlag Berlin Heidelberg. 

 
4. Review of recent literature on microbial community assembly. The field of community ecology is 
inaccessible to many microbial ecologists because of inconsistent and often confusing terminology as 
well as unnecessarily polarizing debates.  Thus, we reviewed recent literature on microbial community 
assembly, using the framework of Vellend (2011) in an effort to synthesize and unify these contributions. 
We began by discussing patterns in microbial biogeography, and then described four basic processes 
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(evolutionary diversification, dispersal, selection, and drift) that contribute to community assembly. We 
also discussed different combinations of these processes and where and when they may be most important 
for shaping microbial communities. The spatial and temporal dynamics of microbial community assembly 
were also discussed. Throughout this review paper, we highlighted differences between microbes and 
macroorganisms, and generate hypotheses describing how these differences may be important for 
community assembly. We ended by discussing the implications of microbial assembly processes for 
ecosystem function and biodiversity. 
Nemergut D.R., Schmidt, S.K., Fukami, T., O’Neill, S.P., Legg, T.M., Stanish, L., Knelman, J.E., Darcy, 

J.L., Lynch, R.C., Wickey, P., and Ferrenberg, S. 2013. Patterns and processes of microbial 
community assembly. Microbiol Mol Biol Rev 77: 342-356. 

 
HIGHLIGHTING CATHERINE KESKE LAB ACTIVITIES. 
Proper wording of the payment vehicle may be particularly important for tourism and recreation 
activities, such as hiking, where it is common to encounter couples or a group of people who may answer 
survey questions individually or as a group (Stynes 2006). This contingent valuation methodology (CVM) 
study specifically tests differences in payment vehicle language for recreation on United States 
Department of Agriculture Forest Service (USDA Forest Service) lands in order to determine whether 
individual respondents provide individual or group willingness to pay (WTP) estimates when verbiage in 
the payment vehicle does not clearly specify whether cost increases would be paid on a per person or a 
per group basis. Results from this study indicate that respondents report WTP estimates for the group 
rather than just for themselves when asked about an increase in their own trip costs. The analysis reveals 
statistically significant differences in mean WTP when the payment vehicle is worded more generally, 
compared to specific language questioning respondents about increases in their share of the cost. Further, 
dividing the WTP from the standard CVM survey language by group size did not restore the equality of 
individual average WTP. These results indicate that payment vehicle language in recreation studies 
should go to great lengths to ask explicitly for either individual or group WTP, to ensure that accurate 
WTP estimates are obtained. 
Keske, C.M.H., G. Lohman, J. Loomis, 2013. Do respondents report willingness to pay on a per person or 

per group basis? A mountain recreation example. Tourism Economics 19(1):133-146. 
 
A contingent valuation model (CVM) was used to evaluate visitors’ stated willingness to pay (WTP) to 
recreate at Colorado “Fourteeners”, peaks that rise higher than 14,000 feet.  The study also assesses the 
respondents’ self-reported response uncertainty regarding answering questions.  One scenario queries 
respondents about a hypothetical situation in which they would pay an entrance fee where 80% of the 
funds are used on-site, and the degree of certainty with which they answered the question.  Like prior 
manuscripts from this six-year project (2006-2012), results indicate a high WTP to recreate on Colorado 
Fourteeners.  Results reveal that 62% of respondents are willing to incur an additional fee of $20 or less 
to recreate at the study site.  Regardless of whether or not the respondent is willing to pay an additional 
fee for recreation, approximately 90% of respondents report a high level of certainty in their stated 
answers to both the WTP and the fee questions, which could be connected to the recreators’ sense of 
place on Fourteeners.  Therefore, recreators exhibit clear preferences and low uncertainty in their 
willingness to pay for general cost increases, and localized access fees. Implications could have a 
complex effect on when, if, and how fees should be applied in “New West” economies reliant on 
revenues from recreation. 
Keske, C.M.H., and A. Mayer. 2014. Visitor willingness to pay U.S. Forest Service recreation fees in New 

West rural mountain economies. Economic Development Quarterly (EDQ) Special Edition, 28(1). 
“Online First” available at 
http://edq.sagepub.com/content/early/2013/10/12/0891242413506744.abstract 
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HIGHLIGHTING PETER BLANKEN LAB ACTIVITIES. 
Project: Surface-atmosphere fluxes of carbon and water from a tundra ecosystem. 
 
We directly measure NEE from eddy covariance instruments located on two 3-m-tall tall towers located 
50-m apart. The covariance between 10-Hz measurements of the vertical wind speed and scalar densities 
of CO2 and H2O, measured with an open-path infrared gas analyzer, are used to calculate NEE along with 
the turbulent fluxes of latent and sensible heat. Standard methods and corrections are used. We 
independently quantify soil CO2 efflux from alpine tundra using a spatio-temporally rigorous combination 
of chamber and gradient techniques, for the purposes of evaluating micro- to meso-scale spatial 
variability, comparing methodological performance, and contrasting ongoing EC measurements. This 
includes CO2 efflux measurements sampled year-round in the tower footprint using a closed-system soil 
respiration chamber together with an infrared gas analyzer, and with a commercially available chamber. 
Our self-designed soil chamber also allows for radiocarbon C14 dating so we can determine the age and 
hence source of the respired carbon. Also, an innovative soil gas well has been designed to supplement 
and compare to the chamber measurements. Several other soil-based properties are also taken. 
 
We have shown the following: 1) The eddy covariance method can be used in complex alpine terrain to 
reliably and continuously measure NEE at the highest elevation site in the world; 2) Respiration 
dominates over gross primary productivity (GPP) on an annual basis, resulting in the tundra being a net 
annual source of C to the atmosphere; 3) The date that C uptake exceeds respiration losses varies from 30-
May to 26-June (start of growing season) and the date that respiration losses exceed C uptake varies from 
24-Aug to 12-Sep (end of growing season); 4) The chamber-based measurements of soil CO2 efflux 
compare well with the eddy covariance based on nocturnal respiration measurements; 5) Variations in soil 
moisture best explain the spatial variation in soil CO2 efflux; and 6) The seasonal distribution of 
precipitation is essential to prediction of evaporation in this ecosystem. 
 
HIGHLIGHTING DETLEV HELMIG LAB ACTIVITIES. 
Another full winter of snowpack gas measurements was conducted at the Soddie site at NWT using the 
same snowpack gas sampling methods that have been used during previous winters. Ozone, CO2, and 
gaseous elemental mercury were measured. Besides recording vertical gradients this year, we also 
sampled from a grid of inlets that were spatially distributed, all at a height of 30 cm above the ground.  
The motivation for this sampling was to investigate the spatial homogeneity of soil fluxes as a function of 
soil cover and snowpack depth. Experiments were run through the entire snow cover season from 
November 2012 through May 2013. Data are currently being processed. Three manuscripts were 
produced that were either directly related to the NWT Soddie measurements or provide comparison 
measurements from another site.  
Fain, X.; Helmig, D.; Hueber, J.; Obrist, D.; Williams, M.W. 2013. Mercury dynamics in the Rocky 

Mountain, Colorado, snowpack. Biogeosciences Discussions, vol 10 pp. 3793-3807, 
www.biogeosciences-discuss.net/10/3793/2013/ doi:10.5194/bg-10-3793-2013.  

Seok, B.; Helmig, D.; Ganzeveld, L.; Williams, M.W.; Vogel, C. 2013. Dynamics of nitrogen oxides and 
ozone above and within a mixed hardwood forest in northern Michigan. Atmospheric Chemistry and 
Physics Discussions, vol 13 pp. 7301-7320, doi:10.5194/acp-13-7301-2013. 

Brian Seok, Mark W. Williams, Detlev Helmig, Daniel Liptzin, Christoph S. Vogel. Wintertime flux 
measurements of carbon dioxide, ozone, and nitrogen oxides through snow at a hardwood forest in 
northern Michigan. In prep. 

 
HIGHLIGHTING PATRICK BOURGERON LAB ACTIVITIES. 
This year, we have continued the synthesis of our understanding of the dynamics between natural and 
human systems in high-elevation ecosystems systems using the Niwot Ridge ISSE conceptual model. We 
are also continuing to coordinate research domestically and internationally.  
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Maps and Locals (MALS) project. Bourgeron co-organized a workshop for LTER scientists that builds on 
the momentum of work conducted under a project started in 2009 as a collaborative effort of 11 
participating LTER sites to investigate changes in socio-ecological systems (SES) using a mixed methods 
comparative approach. The workshop was held at INSTAAR February 22-25, 2013. The MALS project 
(http://www.lter.uaf.edu/bnz_MALS.cfm) was established in 2009 to develop methods for integrating 
local knowledge with GIS land-cover land-use change analysis and to use those methods across the LTER 
Network. In 2012, we received a grant (Bourgeron, co-PI) from the LTER Network office to convene a 
workshop of LTER researchers and graduate students. The goals of the workshop were to:  
• Develop awareness of the benefits and challenges associated with using local knowledge in long-term 

ecological research; 
• Expose participants to a range of methods for documenting and analyzing local knowledge, such as 

participatory mapping and scenario mapping; 
• Introduce GIScience as a tool to analyze local to regional land-cover land-use change; 
• Focus on integrating LEK with GIScience to understand social-ecological dynamics; 
• Develop individual plans for using local knowledge in LTER programs. 
Twenty-seven participants attended the workshop from 11 institutions. In addition to organizing the 
logistics of the workshop, Bourgeron presented a new SES hierarchical framework. 
 
ILTER work. Bourgeron was a co-PI on a French grant to develop and implement training sessions for the 
French LTER network in the study of SES.  The workshop took place from September 3-6 and was 
attended by 25 participants, including all the PIs of the French LTER sites. A module to “train trainers” is 
being developed for 2013. Bourgeron organized the science symposium for the 2013 annual meeting of 
the ILTER held in South Korea.  In addition to making 2 presentations on the development of 
international partnerships, he organized 5 workshops to produce an ILTER vision for the next 5 years. A 
report to be distributed to the ILTER membership has been submitted. 
 
Coordination with other research networks. As a senior collaborator, Bourgeron attended the first 
scientists’ meeting of the RCN “Complex Mountain Landscapes” led by Jim Gosz (University of Idaho) 
in August. As an outcome of this meeting, he became co-PI of a proposal to create a working group on the 
impact of disturbances on mountain SES resilience. The proposal was funded and a meeting will be held 
in April 2014. NWT data will be used. As a member of an international research group on the resilience 
of mountain SES, Bourgeron is a co-PI of an RCN proposal submitted to NSF in November. The 
overarching goal of the proposed network is to develop a transdisciplinary approach to sustaining 
mountain coupled natural and human systems (CNHS) globally, while accounting for local to regional 
contexts and contingencies. The proposal includes mountain researchers living or working in 28 different 
countries, and participation from intergovernmental organizations and international NGOs focused on 
mountains.  
 
Book on decision support systems for sustainability and resilience. A book on a decision support system 
that is used in Bourgeron’s NSF-funded project is in press. Springer anticipates a delivery date in April 
2014. Bourgeron is a co-editor and author of two chapters. 
Reynolds, K.M., P.F. Hessburg, and P.S. Bourgeron (eds). 2014. Decision Support for Environmental 

Management: Applications of the Ecosystem Management Decision Support System. New York: 
Springer. 

 
PROGRAM IMPROVEMENTS. 
We have fourteen sites in NWT’s environmental sensor network that record digital information, ranging 
in elevation from 2199 to 3814 m. We are in the process of replacing the Campbell Scientific data loggers 
at all of our sites from the older generation Cr10, Cr10x, Cr21x, and Cr23x models to the newer 
generation Cr1000, 3000, and 5000 data loggers. The upgrades add flexibility to our data collection 
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methods and make the network more robust, increasing reliability and decreasing gaps in data resulting 
from data logger malfunctions. Due to lightning strike damage, only four sites, C1, Saddle, Soddie, and 
Tvan are currently downloading data automatically on an hourly basis using Campbell Scientific 
LoggerNet software. Data loggers for these sites are newer generation Cr1000s and Cr3000s.  New 
Cr1000s have also been installed at Albion, D1, Green Lake 4, and Martinelli. Automatic downloads will 
resume for these sites when RF Free Wave radio connections are restored this coming year (they are 
currently visited to retrieve data).  
 
As a result of damage from multiple lightning strikes over the past two years, we have re-grounded our 
alpine sites and added newer technology (in the form of Spline Ball Terminals on structures and sensor 
towers, and grounding augmentation fill to account for our dry rocky soils) to replace existing lightning 
rods and grounding soils surrounding grounding rods.  The re-grounding adds robustness to the network, 
lessening data and remote communication loss from lightning damage. The Subnivean meteorological 
station suffered a total loss due to a direct lightning strike in August 2012 and is undergoing a complete 
rebuild with new sensors and the improved grounding methods. 
 
At the B1 site, a pressure transducer is being added to the existing precipitation gauge to resume 
precipitation measurements. A newly refurbished Stevenson Screen was replaced at the A1 site to resume 
temperature/relative humidity measurements. 
 
ESTABLISHING THE INTERNATIONAL MOUNTAIN LTER NETWORK. 
The panoramic splendor and complexity of mountain environments have inspired and challenged humans 
for centuries. Mountain areas are sentinels of climate change. We are seeing those effects today. Research 
at NWT has shown that these ecosystem changes are occurring in mountain areas before they occur in 
downstream ecosystems. In particular, mountains are water towers, with snow and ice melt providing 
water security – and consequent food security – to more than 2 billion downstream users. Nowhere in the 
world is water security challenged for more people by climate change than in the Hindu Kush-Himalaya, 
the largest mountain range in the world, the source of water to more than 1.5 billion users, and the 
headwaters of the Ganges, Brahmaputra, and Indus Rivers. However, a complete understanding of the 
regional hydrology and glaciology - including the actual contribution of snow and glacial meltwater to 
surface waters and groundwater - of the region is lacking because of the logistical difficulties in collecting 
field data at elevations that exceed 8,000 meters. 
 
To address this problem, NWT LTER has partnered with Nepalese and Italian colleagues to begin a 
research program on climate change, retreating Himalayan glaciers, and water security in Asia. The 
program builds on successful programs initiated by the LTER network, including: 
1. International LTER program (ILTER). NWT is the only high-elevation site in the LTER network. 

Cooperation and coordination with colleagues conducting high-elevation research in the Italian Alps 
was facilitated by the Italian LTER program (www.lteritalia.it). 

2. A joint LTER-OISE Workshop was funded by NSF in 2009 on the theme of cryospheric change and 
water security. The workshop was hosted by Kathmandu University in Nepal and resulted in a new 
collaboration between NWT LTER and research scientists in the Himalayas. 

3. Based on the success of these two programs, a joint MOU was established between NWT LTER and 
the Italian EV-K2-CNR program. Joint Nepali-Italian-NWT expeditions were successfully conducted 
in the Everest region of Nepal in 2012 and 2013 to study cryospheric change and impacts on the 
hydrology of the major rivers of High Asia. 

 
What our research at NWT and many other sites has shown is that the sensitivity of mountain ecosystems 
to changes in climate begs for enhanced protection and worldwide protection. Our understanding of the 
processes that control mountain ecosystems - climate interactions, snow and ice melt, biotic diversity, 
nutrient cycling - is much less developed compared to downstream ecosystems where human habitation 
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and development has resulted in large investments in scientific knowledge to sustain health and 
agriculture. Hence, there is a need for an International Mountain LTER Network.  

  
 
 
 
 
High-elevation meteorological station 
at about 5,500 m, Kala Patar, Khumbu 
Region, Nepal. Everest 
(Chomolungma) is in the middle 
background; Nuptse is on the right. 
 
 
 
 
 
 
 
 

 
CROSS-SITE LTER PROJECT ON MICROBIAL FUNCTIONING. PIs Mark Bradford (Yale), 
Noah Fierer (CU Boulder), and Rebecca McCulley (Univ. of Kentucky). NWT LTER is a participant 
with an NSF-funded, cross-LTER project on whether trade-offs in enzyme activities manifest at the level 
of microbial community function. We collected and sent to the PIs several soil samples using their 
protocols. 
 
Project Description. Enzymes are proteins that increase the rates of chemical reactions. There are many 
different enzymes in the cells of living things, including those involved in the process of respiration. This 
process takes complex organic compounds, such as sugars and fats, and breaks them into simpler forms to 
create energy. A by-product of respiration is carbon dioxide. The speed at which respiration occurs, and 
carbon dioxide is produced, increases as temperatures increase. For this reason there is concern that 
microorganisms living in soil, where much of the world’s carbon is stored, will consume more soil carbon 
under global warming. If they do, they may release more carbon dioxide into the atmosphere, potentially 
accelerating global warming. There is substantial uncertainty as to whether this positive feedback to 
warming will happen – in part because living things can produce respiratory enzymes that have reduced 
temperature sensitivity. If soil microorganisms do this, then the planet might warm more slowly than 
predicted. The project goal is to test whether soil microbes maintain initial increases in respiration when 
temperatures rise, or whether over time they decrease respiration in a way that is consistent with 
production of less temperature-sensitive enzymes. To quantify soil microbes, this 3-year project will use 
DNA-sequencing and fatty-acid profiling methodologies. To determine respiration rates, carbon dioxide 
production from soils will be measured using gas- analysis techniques. To generate differences in 
temperatures to which microbes are exposed, soils are being collected across a gradient from the arctic to 
the tropics, in winter and in summer, and incubated in the laboratory at different temperatures. 
 
BOULDER CREEK CRITICAL ZONE OBSERVATORY. 
The alpine area of NWT LTER is one of three headwater catchments that comprise the NSF (GEO) 
Boulder Creek Critical Zone Observatory (BC-CZO). Altitudinal gradients are among the most powerful 
‘natural experiments’ for testing ecological and evolutionary responses of biota to geophysical influences, 
such as differences in air temperature. Partnering with the BC-CZO allows us to evaluate the ecology and 
hydrology of the Colorado Front Range along a large altitudinal gradient: Green Lakes Valley (3,500 m), 
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Como Creek (2,900 m), Gordon Gulch (2,400 m), and Betasso (1,830 m) catchments. Initial results show 
that headwater catchments along this elevation gradient process nutrients differently. A key component of 
the NWT LTER/BC-CZO partnership is the development of compatible hardware, software, and data 
standards to facilitate the integration and synthesis of information across the two programs. 
Williams, Mark W., Rebecca T. Barnes, Jordan N. Parman, Michele Freppaz, and Eran Hood, Stream 

Water Chemistry along an Elevational Gradient from the Continental Divide to the Foothills of the 
Rocky Mountains, Vadose Zone Journal, doi:10.2136/vzj2010.0131, 10:900-914, 2011. 

 
NATIONAL ECOLOGICAL OBSERVATORY NETWORK (NEON). 
NWT LTER is partnering with NEON to establish a transect across the mountains from the Great Plains 
to the Colorado Plateau to address source-receptor relationships among land-use change, climate change, 
and human activities that affect movement of dust, nutrients, and water, across a region we call the Prairie, 
Peak, Plateau (P3) region of the U.S. West. NWT LTER is the core site for NEON domain 13 and the 
SGS LTER is the core site for the adjacent climate domain 10, effectively bounding the Colorado Front 
Range. The NEON transect is critical to understanding the changes wrought by soil disturbance, dust 
deposition, and agricultural and urban nitrogen emissions – from eutrophication and acidification of soils 
and lakes, to impacts on snow and Western water supply. 
 
HIGHEST EDDY COVARIANCE SITE IN THE WORLD. 
We continued measurements of net ecosystem exchange of CO2 and the complete surface energy balance 
using eddy covariance methods, which has changed our understanding of carbon and water cycling in 
alpine tundra. Knowles et al. (2012) report that despite 955 mm mean annual precipitation, the 24-hour 
mean evaporative fraction was 0.39, typical of dry grassland or rangeland ecosystems. These low values 
were attributed to rapid, efficient removal of snow by prevailing windy conditions throughout the winter. 
During the summer when rainfall provided moisture, evaporation was principally limited by available 
energy. Overall, an average of 39% of annual precipitation was evaporated or sublimated back to the 
atmosphere. They conclude that the annual distribution of precipitation is an essential control on 
evaporation and sublimation from this ecosystem.  
Knowles, JF, PD Blanken, MW Williams, KM Chowanski, Energy and surface moisture seasonally limit 

evaporation and sublimation from snow-free alpine tundra, Agricultural and Forest Meteorology, vol 
157, 106-115, 2012. 

 
ATMOSPHERIC DUST MONITORING NETWORK-PARTICIPANT. 
NWT LTER is supporting a new high volume dust sampler that is part of a larger network of such 
samplers being deployed across Utah and Colorado. This network is described at 
http://moab.colorado.edu/TSP.html and is an effort to better understand the regional transport of mineral 
dust from deserts to mountainous regions. Jason Neff has been leading the effort to develop this network. 
 
PROJECT BASELINE: A SEED BANK TO STUDY PLANT EVOLUTION. 
Project Baseline is a multi-university collaboration that aims to create a unique seed bank used to study 
plant evolution in response to environmental change. Over the anticipated 50-year lifetime of this project, 
seeds will be made available to researchers on a schedule of 5-10 year intervals to study evolutionary 
change through direct comparison of plants grown from archived materials with individuals newly 
sampled from nature. NWT LTER is a participant in this study. 
 
GLOBAL LAKE ECOLOGICAL OBSERVATORY NETWORK (GLEON). 
We are participants in the GLEON Climate Sentinels project. The focus of this working group is on 
exploring the use of lakes as sensors in the landscape in order to interpret and quantify what their sentinel 
responses are telling us about the biotic consequences of climate change. Dissolved organic carbon 
(DOC) quality and quantity are of particular interest, and NWT LTER is contributing its long-term DOC 
and air temperature data to this effort. 
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SUMMARY OF ROA FUNDING RESULTS FOR BRETT WOODS. 
The goal of my research on Niwot Ridge is to study potential differences in life history traits of yellow-
bellied marmot populations at different elevation gradients, looking at possible food limitations, 
differences in reproduction, such as frequency, litter size and growth rates of young, and over-winter 
survivorship. I also hope to study hibernation characteristics, including, but not limited to body 
temperature, oxygen consumption, and frequency and length of torpor bouts. In 2013, I was able to 
establish a research program that will be sustainable for the foreseeable future.  I currently have sites 
selected, marmot colonies identified, and the equipment necessary to study the parameters listed above. I 
have also been able to obtain grants to support undergraduate research both in Colorado and Wisconsin 
related to marmot research.  The grants were possible due to the support of NSF ROA grants.  
 

Because of funding from NSF ROA, I am able to 
recruit underrepresented students to conduct research. 
From 2010-2013, ten undergraduates worked with me 
on projects related to my research. Four 
undergraduates were African-American, one Native-
American, one Latino, and four Caucasians. Eight of 
the ten students were female. My students and I are 
working on two publications related to data collected 
in the past three years at NWT. One paper is on 
reproduction and growth variation and the second 
paper is related to behaviors such as social 
interactions and territory defense. Data suggest that 

marmots on Niwot Ridge are not territorial compared to their lower elevation populations. Furthermore, 
reproduction is significantly reduced compared to lower elevations. 
 
INFORMATION MANAGEMENT. 
Hope Humphries, NWT LTER Information Manager, is the current senior editor of DataBits, the LTER 
Information Managers’ biannual publication.  She also attended the annual meeting of LTER Information 
Managers in Fairbanks, AK from July 23-26th. 
 
NWT is continuing to use supplemental funding to increase online data accessibility and generate/upgrade 
EML for both spatial and non-spatial data. Leanne Lestak, a GIS specialist with many years’ experience 
in working with metadata for spatial data, has implemented workflows to upgrade existing EML 2.0.1 to 
EML 2.1.0 for those spatial data sets that have EML and has generated EML 2.1.0 de novo for spatial data 
sets that lacked EML. A description of the process she used was posted on the LTER IM webpage for 
documenting spatial data 
(http://im.lternet.edu/sites/im.lternet.edu/files/Quick_dirty_convert_FGDC_9.3_to_EML_vs_2.1.docx). 
To date, 53 spatial data packages with EML 2.1 have been successfully uploaded to Provenance Aware 
Synthesis Tracking Architecture (PASTA), and the remaining spatial data sets (11) are in progress.  
 
Lestak and Humphries are currently in the process of upgrading EML for non-spatial data from version 
2.0.1 to 2.1 to enable uploading to PASTA. To date, 85 data sets have EML level 2.1 documents and have 
been ingested into PASTA. Metadata files for most of the remaining non-spatial data sets have been 
edited for conformity with PASTA requirements, and separate files containing data tables have been 
produced to meet the requirement for table-(entity) level URLs. New data sets incorporated this year 
include Diane Ebert-May’s 40-year plant species composition data (still undergoing preparation for 
posting to the website), a revised, more comprehensive plant species list, and a plant productivity data set 
that combines measurements made at NWT in different locations and years. 
 



NWT LTER Annual Report  2013 
 

14 

Dominik Schneider and Humphries are continuing to implement the GCE Data Toolbox to conduct 
preliminary quality assurance/quality control (QA/QC) and reformat raw sensor data, including data 
collected at hourly or 10-minute intervals. Schneider developed a Toolbox application to generate and 
display near-real-time graphs and tables of hourly sensor data from two NWT climate sites. Schneider and 
Eric Parrish, web designer for NWT, collaborated to produce new webpages to display the climate graphs 
and tables on our website; the graphs replace those previously generated by home grown software, which 
was not robust to operating system updates. Graphs and webpages for additional climate sites will be 
added in early winter 2014.  
 
NWT’s website is in the process of undergoing a complete redesign in the ExpressionEngine content 
management system, which offers many useful features at a reasonable cost. Redesign of the home page 
and data pages are complete and are available for viewing (http://niwot.colorado.edu/index.php); other 
components of the website are in progress. The new design includes enhanced access to data through 
improved search capabilities, categorization of data sets by core area and discipline, and linking of related 
data sets  (http://niwot.colorado.edu/index.php/data). Our spatial data sets are accessed through a recently 
upgraded webpage designed by Parrish that displays these data over base imagery and allows zooming in 
to specific areas of interest. Other recently added features of our website include page for videos, 
transformational research, and a second virtual field trip. 
 
We replaced two hardware components this year after the failure of our aging Unix server in February. 
Our new Linux server is a Dell PowerEdge R510 with 8 1TB hard drives for a total of 6 TB of useable 
space.  This server is the main location for archiving both raw and processed data. It also acts as NWT’s 
web server. In addition to the Linux server, we have a recently acquired Acer Aspire M3970 Windows 
PC, which downloads all meteorological data collected via wireless radios and is our relational database 
server, running Microsoft SQL Server 2008. The resurgent TundraCam continues to be a popular NWT 
LTER web destination (http://instaar.colorado.edu/tundracam/index.php). A new camera installed in the 
fall of 2012 with a new software interface is performing well; many emails have been received from users 
expressing appreciation for the return of the TundraCam. The number of TundraCam visits is now 2,500 
per month and is on an upward trajectory. 
 
 
III. OUTREACH AND EDUCATION ACTIVITIES. 
 
NWT LTER attracts a rapidly expanding audience of students, educators, the media, policymakers, and 
the public, drawn by our dramatic elevation gradient, stunning alpine habitats, critical water resources, 
and prominent role in global change research. This audience is served through a wide variety of hands-on 
educational programs and online resources. To integrate and showcase these diverse opportunities, we are 
developing a web-based tool as one-stop shopping for NWT outreach products.  This tool will organize 
and provide context for each product while mapping the many linkages among NWT research projects, 
local community needs, and global challenges. Here, we outline 2013 NWT education and outreach, and 
summarize progress on the web tool. 
 
A diversity of education/outreach offerings and recognition for our efforts: 
Substantial progress has been made toward completing NWT’s new website (http://niwot.colorado.edu/).  
Features include two virtual field trips through NWT ecosystems, and beautifully illustrated, 
taxonomically detailed pages displaying algae sampled in Rocky Mountain lakes. 
 



NWT LTER Annual Report  2013 
 

15 

 
                                                Partial screen shot of the new NWT web page.            
                                                        
In celebration of Earth Week 2013, NSF featured NWT in a Discovery article 
(http://www.nsf.gov/discoveries/disc_summ.jsp?cntn_id=127580&org=NSF), and also featured lead PI 
Mark Williams in a Science360 radio interview (http://science360.gov/radio/episode/b796c38d-85c9-
4d2f-89ce-10cbba863843/lter-interview-series-continues-snow-hydrologist-mark-williams-conducts-
research). 
 
CU Boulder highlighted the NWT LTER program in print and video. The video Water: A Zero Sum 
Game (http://learnmoreaboutclimate.colorado.edu/topics/water) was nominated for an Emmy, while the 
article Skiing for Science (http://www.colorado.edu/news/features/skiing-science-undergraduates-take-
critical-snowpack-measurements-high-mountains) featured our undergraduate internship program in snow 
hydrology. 

  
Screen shots from CU’s Emmy-nominated 2013 video on NWT hydrological research. 

 
Media focus on NWT research:  Dust deposition research by Janice Brahney (PhD 2012) and advisor 
Jason Neff was featured in interviews with Neff aired on the Denver NBC station 
(http://www.9news.com/news/local/article/340475/188/Conditions-in-plains-set-to-get-drier) and a 
Colorado Public Radio station (http://kvnf.org/post/iseechange-west-getting-dustier) on the western slope.  
Brahney’s work was also featured in a press release by CU Boulder 
(http://www.colorado.edu/news/releases/2013/06/10/amount-dust-blown-across-west-increasing-says-cu-
boulder-study) that was cited by several newspapers and referenced in the Wall Street Journal (November 
2013). William Bowman’s research on alpine nitrogen deposition was featured nationally in Science 
Daily and locally in the Daily Camera and on air by KUNC and KOA.  Chris Ray’s work on pikas and 
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climate was featured in a book, The Spine of the Continent: The Most Ambitious Wildlife Conservation 
Project Ever Undertaken, blogged by Outside magazine (http://www.outsideonline.com/blog/outdoor-
adventure/nature/pika-the-alpine-poster-child-for-climate-change.html). 
 
Education and outreach videos:  We partnered with Earth Initiatives and the CU Office of University 
Outreach to develop videos in several lengths (90 seconds to 19 minutes) for targeted audiences. Each 
video provides an accessible window on NWT research targeting the media, the general public, K-12 
students, and/or prospective graduate students.  Three of these videos were released in 2013. 

New videos released on YouTube targeting (left) prospective graduate students for NWT LTER  
(http://www.youtube.com/watch?v=yn4Uj49qw_E) and (right) students and members of the media 

interested in the American pika (http://www.youtube.com/watch?v=t31rFXQSUno). 
 
Curriculum development for digital libraries: Chris Ray and 3 NWT graduate students provided expert 
reviews for a collection of learning resources submitted to the LTER Education Digital Library 
(http://educationlibrary.lternet.edu/) and the Climate Literacy and Energy Awareness Network (CLEAN) 
collection (http://cleanet.org/index.html), both peer-reviewed collections of learning resources for grades 
6-introductory college. CLEAN is syndicated through the NOAA climate.gov portal as the primary 
teaching component of the site. Reviewers learned to discriminate high quality educational materials 
under the direction of CU’s CIRES Education and Outreach Group. 
 
Curriculum development—nitrogen cycling: NWT graduate student Katya Hafich has proposed a NWT-
based, two-week unit on the water cycle for middle and high school students, in collaboration with the 
Mountain Studies Institute and CU’s Biological Sciences Initiative and Office of University Outreach.  
The curriculum will be reviewed in 3 teacher development workshops and disseminated via 4 websites 
including ScienceLIVE, which will soon host all NWT education and outreach products. ScienceLIVE 
already features videos and a student-friendly blog following Hafich’s research on nitrogen cycling in 
headwater catchments surrounding Niwot Ridge (http://www.science-live.org/nitrogen/follow).  
 
My water book series reaches more kids: The first books in the SLTER series, My water comes from the 
(Rocky) Mountains, developed by a NWT graduate student and enriched by an experiential learning kit 
and curriculum, continue to reach our local classrooms throughout Boulder Valley and St. Vrain school 
districts as well as the Wild Bear Mountain Ecology Center, Thorne Ecological Institute, CU Science 
Discovery, Bixby School, Friends’ School, The Watershed School, Running River School, the Girl Scout 
Council of Denver, and Boulder County Parks and Open Space. The 3rd book in this series, My water 
comes from the San Juan Mountains, is reaching new audiences through hands-on teacher training for 21 
schools distributed over more than 9 school districts within the rural Four Corners region 
(http://www.mountainstudies.org/index.php?q=content/my-water-comes-mountains).   
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Screen clips from ScienceLIVE (http://www.science-live.org/hydrology/about/nitrogen.html ), where NWT 
grad student Katya Hafich posts a blog (left) and a lesson plan (right) on the nitrogen cycle. 
 
Schoolyard LTER Children’s Book Series explained in new DVD: NWT is now distributing a DVD of 
highlights from the 2nd Schoolyard LTER Children’s Book Series Workshop, held at INSTAAR in 
February 2011.  The workshop was organized to enhance the educational impact of books in the series. 
 
Teen Science Café:  CU’s Science Discovery is a new member of the NSF-sponsored Teen Science Café 
(http://teensciencecafe.org/, http://sciencediscovery.colorado.edu/program/teen-cafe/).  Mark Williams 
was selected by the café’s Youth Leadership Team for a chat in 2013, and Chris Ray will chat in 2014. 

Left: NWT REU student Taylor Stratton teaches high school student Ari Groobman how to anesthetize 
small mammals (July 31, 2013). Right: NWT field trip for groundwater workshop group (July 31, 2013). 
 
High school students mentored in in-depth research: Two Boulder high school students conducted 
significant studies at NWT this year. Raina Galbiati, a senior at New Vista High School, studied effects of 
the introduced weevil Rhinocyllus conicus on the abundance and distribution of native subalpine thistles 
in the Colorado Front Range. Tim Seastedt mentored Galbiati, who surveyed plots on Niwot Ridge to 
determine thistle densities and census weevil abundance and damage to seed production. Katie Li worked 
with Diane McKnight comparing GL4 data before and after the 2002 and 2012 drought years to answer 
the following research question: To what extent do physical drought conditions influence an oligotrophic 
alpine lake’s water quality? Li found that major ion concentrations, acid neutralizing capacity, 
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conductivity, and pH were significantly higher during the drought years, and showed a negative linear 
relationship between total dissolved solutes and local precipitation. Li concluded that droughts can 
temporarily improve water quality metrics, but lingering effects of lowered silicon concentrations and 
increased sensitivity to phosphorous inputs could possibly decrease the water quality in subsequent years. 
 
A “Mountain Research Experience” for high school students: This long-standing program 
(http://sciencediscovery.colorado.edu/class/mrsfieldcourse/) has continued via collaboration between 
CU’s Science Discovery, the CU Mountain Research Station, and the LTER REU program.  REU 
students, graduate students, and PIs mentor each high school student in a weeklong series of rotations.  
Students live at the Mountain Research Station and participate in each research project for 1-2 days. Two 
high school students mentored in this program continued as summer interns on the 2013 pika project. 
 
Annual INSTAAR lab tour and NWT field day for middle schools:  Each year middle school students 
spend a day with NWT scientists, touring the labs at INSTAAR, enjoying a multimedia presentation made 
just for them, and visiting Boulder Creek to learn field methods for measuring stream flow, sampling 
water quality, and collecting aquatic biota.  Over 180 students attended in 2013. 
 
REU and other undergraduate research opportunities:  NWT researchers Diane McKnight, William 
Bowman, Brett Woods, and Chris Ray mentored 3 REU students and several other undergraduates during 
2013, in summer fieldwork as well as spring and fall research and outreach. REU student Katie Husk 
from Portland University worked with McKnight to conduct 5-day in-situ lake-water incubation 
experiments, analyzing chlorophyll-a, phytoplankton communities, pH and temperature as well as DOC 
and DOM. Undergraduate Brian Shreve, an Army veteran attending CU on the G.I. Bill, worked with 
Bowman collecting soil and plant samples to look for changes in the diversity of plants as a result of 
nitrogen pollution. Woods mentored undergraduate Hannah Renninger in research on marmot physiology, 
resulting in a first-authored poster presented by Renninger at the University of Wisconsin-Whitewater 
Undergraduate Research Day (September 2013). REU students Meghan Wiebe and Taylor Stratton, and 
BURST student James Howe, spent the summer with Ray studying the behavior and microhabitat of the 
American pika. This fall, Wiebe and Howe presented their research to rural K-5 classrooms and received 
very positive feedback in a post-presentation survey of teachers. Teachers said the interactive 
presentations addressed science standards and were “very motivating”, “inspiring”, “awesome”, and “full 
of fun”. Wiebe, Howe, and Stratton will present their research to additional K-12 classrooms in spring of 
2014.  

Left: 2013 BURST awardee James Howe, an undergraduate studying microclimates at NWT, talks with 
K-2 students at Gold Hill Elementary School in Boulder County, CO. Right: 5th grade students check a 
temperature sensor during a presentation by 2013 NWT REU student Meghan Wiebe. 
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Graduate student in the spotlight:  Steve Schmidt’s doctoral student Courtney Naff was featured for her 
physically demanding research on microorganisms and effects of dust deposition in alpine snow fields.  
Courtney’s “High Altitude Science” feature appeared on the Pac-12 Network 
(http://www.colorado.edu/node/1890029). 
 

Screen clips from a Pac-12 Network video featuring the research of NWT grad student Courtney Naff. 
 
Cross-site research involving 3 LTER graduate students: NWT graduate student Katya Hafich co-wrote a 
successful proposal for a 9-site study of ecosystem sensitivity to changes in winter climate. Participants 
met twice as a working group in 2013. 
 
Cross-site research development and training: In May 2013, NWT hosted 2 workshops to advance the use 
of optical data in studies of organic matter in soil and water samples, with the goal of developing a 
“universal” PARAFAC model to characterize samples from many LTER sites. Workshop #1 trained 14 
graduate students, 2 post-docs and 1 research assistant in fluorescence spectroscopy and PARAFAC 
modeling. Workshop #2 brought together 26 participants representing 13 LTER sites to plan cross-site 
data collection and modeling. 
 
Cross-disciplinary research conducted by NWT’s Catherine Keske explored the economic value of alpine 
goods and recreation.  Keske is collaborating with INSTAAR Affiliate and LTER post-doctoral scholar 
Dan Liptzin to evaluate the economic/ecological impacts of visitor foot traffic on alpine hiking trails.  
Keske also serves on the Colorado Mountain Club’s Conservation Advisory Council to provide an 
outreach connection between academia and the non-profit sector. 
 
Community engagement:  Several NWT researchers contributed presentations for the 20th annual Boulder 
County Ecosystem Symposium (March 2013). This symposium brings in a large local audience wooed by 
a free lunch buffet, attractive title (e.g., Song of the Alpine: Climate Change and the Resilience of High 
Elevation Ecosystems) and marketing by several local sponsors: Boulder County Nature Association, 
Boulder County Audubon, Boulder County Parks and Open Space, Boulder Open Space and Mountain 
Parks, Colorado Native Plant Society, and the University of Colorado. During the symposium, 
community members were encouraged to participate in re-sight efforts for the NWT pika study by signing 
up for Chris Ray’s annual field class on pika ecology sponsored by (and benefitting) the Boulder County 
Nature Association. When the 2013 field class filled, Ray added a second class sponsored by (and 
benefitting) Rocky Mountain Wild. The two classes involved 19 students, aged 12-68, in 2013. 
 
Data dissemination:  2012 supplemental funding was used to increase the online accessibility of NWT 
data. We are processing sensor-derived climate data using the GCE Data Toolbox to generate near real-
time graphs on our website (http://niwot.colorado.edu), and 12 years of Green Lakes aquatic data were 
compiled for addition to the NWT database.  
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Products for regional water resource management: NWT hydroclimatic measurements are being used to 
evaluate modeled and remotely sensed snowpack conditions across the Rocky Mountain region. These 
spatially distributed snowpack estimates provide information for the upper and lower elevations largely 
unsampled by the point-based observation network used by regional water managers. To improve 
efficiency in water management activities within the agricultural, hydropower, and municipal water 
demand sectors, Noah Molotch's research group has engaged Denver Water, Northern Colorado Water 
Conservation Board, and the National Weather Service, Colorado Basin River Forecast Center to 
determine protocols for transitioning snow research and related data products into operations.   
 
Education and outreach coordinator training: NWT’s new Education and Outreach Coordinator, Chris 
Ray, attended a Science Communicator Workshop organized by the LTER Network Office (May 2013).  
The workshop focused on effective science communication skills and a variety of media for reaching new 
audiences. One product of the workshop will be a site-wide communication plan for NWT, now in draft. 
 
Climate change communication training: As part of an NSF-funded Climate Change Education 
Partnership, Mark Williams attended a July 2013 workshop pairing LTER scientists with journalists to 
examine how they might cooperate to raise the level of climate change discourse. This 3-day workshop at 
the KBS LTER was organized by the Society of Environmental Journalists and Knight Center for 
Environmental Journalism, Michigan State University, and the Institutes for Journalism and Natural 
Resources. 
 
Citizen scientists: Pieter Johnson is leveraging public interest in frogs to expand NARCAM (North 
American Reporting Center for Amphibian Malformations), a web-based program developed by the 
USGS in 1998 that allows citizens to report malformed frog data that scientists are free to use.  Using 
CAREER support, Johnson will improve NARCAM by 1) increasing its visibility through links with 
related programs like AZA’s FrogWatch and USFWS’s Abnormal Amphibian Project, 2) allowing users 
to upload their own geotagged images, 3) developing mapping features that allow users to explore trends, 
and 4) adding user-friendly interface and educational elements patterned on National Geographic’s 
FieldScope (www.fieldscope.us). Chris Ray has leveraged public interest in pikas to develop a 
coordinated network of citizen science programs collecting standardized data on pika presence/absence 
and habitat characteristics. This network includes citizen science programs run by 13 organizations, 
including the Denver Zoo (http://www.pikapartners.org/), the Mountain Studies Institute 
(http://www.mountainstudies.org/index.php?q=content/pikanet-citizen-science-monitoring-program-
american-pika), the Seventh Generation Institute (http://www.seventh-
generation.org/citizen_science_pika.html), Craighead Environmental Research Institute 
(http://www.craigheadresearch.org/pika-research.html) and the Teton Science School 
(http://www.tetonscience.org/index.cfm?id=crc-projects-pikas). In 2014, Ray and co-investigators at 
Colorado State University’s Natural Resources Ecology Laboratory and CitSci.org 
(http://www.citsci.org/cwis438/websites/citsci/about.php?WebSiteID=7) will submit a proposal to 
coalesce data from these many sources for a broad analysis of pika habitat occupancy and test of currently 
hypothesized determinants of pika species distributions. Ray’s research group is also bringing pika citizen 
science to India and Nepal through two programs: 1) Adventurers and Scientists for Conservation 
(http://www.adventureandscience.org/pika.html) contracted with trekkers to collect pika data along the 
Great Himalayan Trail in Spring of 2013, and 2) Ray’s doctoral student Jennifer Wilkening received a 
Fulbright grant for 2013-2014 to work with researchers at the Wildlife Institute of India on the 
development of an Indian citizen science program based on the Himalayan pika and sister species.   
 
Progress on education and outreach via ScienceLIVE: 
ScienceLIVE (http://www.science-live.org/) is a novel, web-based tool used to connect the public with a 
diversity of outreach and education products such as those offered through NWT.  Products are delivered 
in the form of educational resources such as interactive maps, lesson plans, real-time blogs, videos, 
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webinars, and social media.  Conceived by CU graduate students and developed in partnership with CU’s 
Biological Sciences Initiative and Museum of Natural History, ScienceLIVE allows students and public 
audiences to follow, interact with, and participate in NWT research in an accessible, place-based format.  
Although this tool is designed to support outreach for an arbitrary number of research organizations, in 
this early stage of development, ScienceLIVE is focused on NWT and other CU research programs as test 
cases to pilot solutions for presenting diverse products in a cohesive format. 
 
The modular structure of ScienceLIVE allows us to add outreach products more organically and represent 
links among research projects more realistically than would be possible within a more hierarchical 
website.  It also offers flexibility given any turnover in outreach products over the life of our long-term 
research projects.  Our website will consist of any number of stand-alone modules, each representing one 
or more facets of a NWT research project.  For example, Mark Williams’ graduate student Katya Hafich 
is doing research that supports several types of outreach product, including an interactive map of study 
sites and data, videos of field and lab work, a research blog and lesson plans for K-12 students.  All these 
are conveniently linked within a standard ScienceLIVE module, a set of linked pages that tell a cohesive 
story about Hafich’s research.  Other modules might emphasize somewhat different products or simply 
additional products.  For example, Chris Ray’s research group is investigating climatic influences on the 
American pika (http://www.science-live.org/pika/), a project that invites public participation through 
region-specific citizen science programs.  ScienceLIVE will display these citizen science programs on a 
clickable map linked to each program’s website, in order to emphasize our place-based offerings and 
encourage local engagement.  We make use of interactive maps in this way whenever possible, to 
showcase the physical scope and context of NWT research.   
 
It takes resources to develop the outreach program we envision, including guided access to NWT research 
teams, live research updates, interactive web resources, and lesson plans based on real data and developed 
in collaboration with active scientists.  ScienceLIVE has been developed primarily by CU graduate 
students, with the support of a few on-campus partners.  Current resources include one half-time position 
for web development, $4K in computer/software support and 50+ hours of in-kind curriculum 
development support contributed by CU’s Biological Science Initiative, plus $1.25K for 50 hours of web 
development contributed by CU’s Museum of Natural History, and $3.5K for camera equipment funded 
by CU’s Office of University Outreach.  NWT is working with these CU partners to develop external 
support for ScienceLIVE.  We are currently developing a proposal for submission to the Sloan 
Foundation, and 6 other proposals are pending (including 2 recommended for funding). 
 


