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Mountains are among the most fragile environments on Earth. They are also rich repositories of 

biodiversity and water and provide many ecosystem goods and services on which downstream 

communities rely.  

Mountains are facing enormous pressure from 

various drivers of global change, including 

climate change and altered biogeochemistry. 

Under the influence of these changes, mountains 

are likely to experience wide ranging impacts. For 

instance, the 2014 IPPC report concluded that 

there is high confidence that alpine systems show 

high sensitivity to climate change and will be 

highly vulnerable to change in the future. Small 

changes in temperature can turn ice and snow to 

water, and extreme physical gradients can lead to 

rapid changes in habitat zones over small 

distances. Atmospheric deposition of phosphorus 

(via dust) and nitrogen (via pollution) can also 

contribute to these rapid changes, affecting 

nutrient limitation in a resource poor 

environment.  

The Niwot Ridge LTER focuses on this tight 

coupling between climate and ecosystem 

processes in mountain landscapes. A key premise 

of our work is that the stability of the coupled 

climate-ecological system translates into marked 

benefits in terms of the maintenance of 

biodiversity and protection of downstream water 

Our Overarching 

Hypothesis 
• • • 

Changes in the amount and timing of 

snow and snowmelt, along with 

increasing N deposition and 

increasing dust deposition will 

decrease hydrologic connectivity 

among landscapes, leading to 

decreased biodiversity, less 

heterogeneity of high-elevation 

landscapes, and a decrease in 

ecosystem services. 
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availability and quality. Changes in climate and depositional drivers may have the potential to 

decouple climate-ecosystem linkages, affecting connectivity among landscapes and decreasing the 

capacity of mountain systems to deliver important ecosystem services (Figure 1). 

Niwot Ridge was established as a site in the Long-Term Ecological Research Program in 1980. Located 

approximately 35 km west of Boulder, Colorado, our site encompasses extensive alpine tundra, glacial 

lakes, cirques and talus slopes, all above 3000 m elevation. 
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Figure 1. Our hypotheses relate to how environmental drivers (Section I) translate to 

spatial and temporal variation in affecting ecological responses (Section II) in 

heterogeneous landscapes. We particularly focus on variability in snowpack and 

snowmelt dynamics, and how these dynamics may interact with nutrient availability, to 

affect production and diversity in tundra, talus, and lake systems. Our ultimate goal is to 

integrate across drivers and ecological responses (Section III). 
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Research Activities and Findings 
The overall goal of the Niwot Ridge LTER is to relate changes in the amount and timing of snow and 

snowmelt, along with increasing N deposition and increasing dust deposition, to changes in resource 

connectivity and resource limitations in a heterogeneous landscape. Our work is structured around two 

working hypotheses.  

H1. Earlier and decreased snowmelt will decrease hydrologic landscape connectivity. Increased air 

temperatures in combination with increased dust and N deposition will result in a decrease in 

hydrologic connectivity across landscape units because of less snowfall and earlier snowmelt.  

Increases in N and dust deposition will disproportionately affect microbial populations in barren soils 

and lead to soil acidification. 

H2. Decreased hydrologic connectivity will affect biotic diversity across the heterogeneity of the alpine 

landscape. Here, we are particularly interested in the interactive effects of climate (snow, temperature) 

and nutrient availability (nitrogen, phosphorus)(H1). We expect that changes in resource flow will 

disproportionate affect ecological communities in transitional zones. These changes will cause soils will 

become more “leaky” in alpine tundra, resulting in a decrease in the DOC:NO3 ratio in streams. 

We organize our annual report around the first two hypotheses (Sections I and II, Figure 1). We 

consider ecological responses across the mountain alpine ecosystem, including vegetation, small 

mammals, and microbes in alpine tundra (Section IIa), microbes in unvegetated talus (Section IIb), and 

phytoplankton and zooplankton in lakes (Section IIc). 

We include a third section, which we title Integration and Cross-Site Syntheses, about new efforts to 

synthesize long-term data and models to include both drivers and responses. We end with details 

about our continued efforts in long-term monitoring and information management (Section IV) and our 

efforts in outreach and engagement (Section V). 

 

I. Environmental Drivers (Findings Related to H1) 
Alpine ecosystems are particularly susceptible to climatic and resource variation due to their short 

growing seasons, sparse vegetation, and thin soils. Increased nitrogen deposition in wetfall and 

changes in climate currently affect Green Lakes Valley (GLV) within the Colorado Front Range.  

Previous research at NWT LTER conducted within the alpine zone links chronic N inputs to a suite of 

ecological impacts, resulting in increased nitrate export.  

MELTING PERMAFROST INCREASES HYDROLOGIC CONNECTIVITY AND NITRATE YIELD  

While atmospheric N flux decreased by 0.56 kg ha-1 yr-1 between 2000 and 2009 due to decreased 

precipitation, alpine nitrate yields increased by 40% relative to the previous decade (1990-1999) (Barnes 

et al. 2014). Long-term trends indicate that weathering products such as sulfate, calcium, and silica have 
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also increased over the same period. The geochemical composition of thawing permafrost, as indicated 

by rock glacial meltwater, suggests it is the source of these weathering products. Furthermore, mass 

balance models indicate that the high ammonium loads within glacial meltwater are rapidly nitrified, 

contributing approximately 0.5 kg N ha-1 to the growing season nitrate flux from the alpine watershed. 

The sustained export of these solutes during dry, summer months is likely facilitated by thawing 

cryosphere providing hydraulic connectivity late into the growing season. This mechanism is further 

supported by the lack of upward weathering or N solute trends in a neighboring catchment that lacks 

permafrost and glacial features. These findings suggest that reductions of atmospheric N deposition 

alone may not improve water quality, as cryospheric thaw exposes soils to biological and geochemical 

processes that may affect alpine nitrate concentrations as much as atmospheric deposition trends.  

WINTER GAS EXCHANGE BETWEEN THE ATMOSPHERE AND SNOW-COVERED SOILS  

If the timing and extent of seasonal snow cover changes due to climate change, there will be shifts in 

winter gas exchange due to changes in microbial activity under the snowpack (Liptzin et al. in review).  

Gases can also react chemically or physically with other gases in the snowpack or in the aqueous phase.  

Carbon dioxide, nitrous oxide, methane, nitrogen oxides, ozone, gaseous elemental mercury, and 

volatile organic carbon compounds have been changing, although the mechanisms (biological or 

chemical) that create these concentration gradients still need to be determined.  It is possible that many 

of the biologically driven reactions are the result of periods of exponential growth of a winter microbial 

community throughout much of the snow-covered season.  

 

II. Biotic Responses (Findings Related to H2) 
Our initial expectations of strong biotic responses to changes in temperature, N and dust deposition, 

and snowmelt dynamics have been tempered by the findings of substantial biotic resilience to these 

drivers. In alpine tundra, our findings tentatively point to the role of feedbacks with soil organic matter 

and small-scale heterogeneity as mechanisms for this resilience.   

II.A) Tundra Responses 

SURFACE-ATMOSPHERE FLUXES OF CARBON AND WATER 

The annual cycles of CO2 and H2O between the surface and atmosphere of alpine tundra are poorly 

understood, especially during the winter season since most ecological measurements are made during 

the summer. The eddy covariance micrometeorological method offers the advantage of spatially 

integrating across the heterogeneous and complex alpine landscape. Several years of continuous 

measurements have now given us the opportunity to begin to understand the complex processes 

governing the exchange of CO2 and H2O from alpine tundra. Our primary finding is that annually, 

more CO2 is released from the tundra to the atmosphere than is sequestered from the atmosphere 

(Figure 2; Knowles et al. 2014).   
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Not surprisingly, we find that the long winter season plays a dominant role in the annual carbon 

balance. In the framework of the water year starting 1-Oct, the average date when the eddy-covariance 

measured Net Ecosystem Exchange (NEE) switched from positive (source: winter respiration season) to 

negative (sink: summer growing season) was 15-June (± 7 days), with the 87-day-long (± 12 days) 

growing season ending 10-Sept (± 8 days).  An average of 27.2  (± 2.80) g C m-2 were released, 5.02 g C 

m-2 (± 1.33) absorbed, with an NEE of 23.7 g C m-2  (± 4.01) released to the atmosphere (Figure 2b).  

Our working hypothesis is that the high winter respiration is due to snow properties and the 

subsequent moisture and insulative properties it provides to the soil.  We find that years with low 

snowpack and snow water equivalents have lower cumulative NEE during the winter period (October 

to May 13 of the water year) prior to melt out. 2012 provides the one exception, and points to the 
D 

A

..

B

. 

C

. 

Figure 2. Net Ecosystem Exchange of CO2 (NEE) measured using a pair of eddy covariance towers located on 

the alpine tundra of Niwot Ridge (D) suggests that the tundra loses more CO2 to the atmosphere than it 

sequesters annually. A) Loss of CO2 during the winter season and sequestering (negative NEE) during the 

growing season. B) Cumulative 24-hr mean (NEE) shows that the summer sink period does not make up for the 

losses in the winter, resulting in an average net carbon loss of 23.7 g C m-2  (± 4.01) released to the atmosphere 

annually. C) A positive association between cumulative snow water equivalent in May and the cumulative 

NEE over the same period suggests a link between snowpack and winter respiration. The anomaly is water 

year 2012, where a warm fall influenced NEE. Photo by J. Knowles, graduate student. 
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additional contributions of warm soil temperatures in the fall (prior to snow accumulation) to winter 

respiration.  

DIFFERENTIAL RESOURCE CONTROLS ON PRODUCTIVITY ACROSS A SNOWPACK GRADIENT 

Nitrogen deposition on Niwot Ridge is almost 40 times higher than background levels (currently 8 kgN 

ha-1 yr-1).  Dust deposition, which carries calcium and phosphorus, is some of the highest in the US, 

with estimates of as much as 300 mg calcium/m2  (Brahney et al 2013). Both N and dust deposition often 

accumulate in snow; we find the redistribution of snow by wind and the melt out patterns affect both 

the delivery of snow water and nutrients to different areas on the landscape.  Thus, one of our goals is 

to understand how these changes will affect resource limitations across snowpack gradients. 

We find differential resource limitations across a snowmelt gradient (Figure 3). Dry meadows, which 

receive very little snowmelt and are largely blown free of snow during the spring, show a slight N and 

P co-limitation, but a decrease in biomass when N added, likely due to the prevalence of N-fixing 

Trifolium in these areas.  Wetter areas of the landscape (mesic and wet meadows) that receive snowmelt 

through a large part of the growing season show strong N limitation largely due to the responsiveness 

of graminoids with little dependence on P.  These results suggest that in areas on the landscape that 

receive high snowmelt inputs, and possibly years where snowpack is high, N inputs may be a strong 

secondary driver after soil moisture. However, in areas that are drier and do not receive as much snow 

water inputs, production may be more dependent on the combination of N and dust deposition. 

Because we find that dust inputs often occur in conjunction with spring storms, these drier areas may 

not receive enough P inputs to alleviate the P limitation, and may actually decline in production in the 

short term due to continued N inputs and loss of N-fixers.  

 

DIFFERENTIAL COMPOSITIONAL EFFECTS ACROSS A SNOWPACK GRADIENT  

Past work at NWT has shown the effects of N on the composition of plant species and lake diatoms. We 

also find that N affects the soil microbial community. A visiting scholar in the Seastedt lab, X. Yuan, 

Figure 3. Principal Coordinates 

Analysis showing plant 

community compositional 

dissimilarity (Bray-Curtis) among 

meadow types (left) and 

fertilization treatments (right). 

Left:  Red = Dry; Blue = 

Mesic; Orange = Wet. Right: 

Red = Control; Green = +P; 

Orange = +NP; Blue = +N. 

Resource effects on 

composition depend on 

community types, with strong 

effects in the wetter (higher 

snowpack) areas.   
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surveyed the long-term N and P fertilization plots in the Saddle area of Niwot Ridge in 2014. The 

wetter areas of the alpine terrestrial landscape have a distinctive soil bacteria community and reduced 

soil bacteria richness. Regardless of soil moisture in the habitat, the addition of N shifts soil bacterial 

composition and, in some communities, reduces bacterial richness (OTUs).  Both environmental 

variables (e.g., pH, soil characteristics) and vegetation characteristics (e.g., richness, forb cover) 

contribute to a model describing microbial composition. 

Interestingly, microbial composition changes due to N (Figure 4) are surprisingly consistent across the 

landscape compared to plant compositional changes, where the degree of effect varies across the 

snowmelt gradient with the strongest effect of N on the wettest tundra communities (Figure 3). 

Snowfence manipulations confirm this sensitivity, showing that responses to nitrogen addition grow 

much stronger in dry meadow areas when snow is added (data not shown). Our next step is to identify 

the linkages between microbial compositional changes and biogeochemical changes that might not be 

reflected in plant community composition. 

 

INTERACTIVE EFFECTS OF CLIMATE AND NITROGEN  

In an on-going global change experiment, we are testing indirect and interactive effects of changes in 

nutrient availability, temperature, and precipitation patterns on alpine tundra ecosystems (Farrer et al. 

2014). Nitrogen fertilization, warming (passive warming chambers), and enhanced snowpack 

(snowfences) treatments have been in place since 2006 in all factorial combinations in a moist meadow 

tundra community. Annual measurements include species composition and productivity. In some 

years, microbial biomass, N mineralization (buried bags), and summer and winter N cycling (resin 

bags) have been measured.  

We found that N and snow increased the abundance of Deschampsia and decreased the abundance of 

Geum over time, which caused strong indirect effects on diversity but not ecosystem function (Figure 

5). Few interactive effects were found. Indirect effects on diversity were consistently stronger than 

Figure 4.  Microbial community 

dissimilarity (Bray-Curtis) among 

meadow types (left panel) and 

fertilization treatments (right 

panel). Symbols as in Figure 

3.  All meadow types are 

significantly different, and +N 

and +NP communities are 

significantly different from 

control and +P communities 

(PERMANOVA test). 
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direct effects and tended to increase over time. Direct effects predominated for three of four ecosystem 

functions we measured (productivity, N mineralization, and winter N availability). The only indirect 

effects on ecosystem function were that N and snow indirectly affected microbial biomass N by 

influencing Geum abundance. Overall, results suggest that explicitly accounting for changes in 

dominant plant abundance may be necessary for forecasting plant community response to 

environmental change, but predicting ecosystem function without knowledge of plant responses to 

global change may be possible. 

 

SIGNIFICANT INERTIAL IMPACTS OF NITROGEN DEPOSITION 

We expect that these resource inputs will have long-term consequences.In a long-term fertilization 

experiment we have added several levels of nitrogen as NH4NO3 (0, 2, 4, or 6 kgN ha-1 yr-1) for 17 years, 

and discontinued fertilization of half of each plot after year 11.  

We sampled these plots in 2014 to assess recovery 6 years after stopping the fertilization treatment. 

Soils and vegetation (NMDS ordination) in N fertilized plots show few signs of recovery, except for a 

slight increase in soil pH.  Oddly, the recovery plots did not exhibit increases in base cations, and 

actually had higher extractable soluble aluminum concentrations. Soil solution nitrate sampled from 

plots at the beginning of the growing season, and prior to any addition of fertilizer for the current year, 

indicate elevated levels in both treatment and recovery plots, with no significant difference in the 

amount of increase (Figure 6).  The continued elevation of soil solution nitrate is probably due to 

previously noted higher mineralization and nitrification rates from litter and soil organic matter with 

lower C:N ratios. 

Figure 5. Development of direct and indirect effects of (a) nitrogen,(b) snow and (c) temperature 

(warming) on diversity over time. Indirect effects occur through changes in the dominant plant 

species. Over time, we find that the indirect effects become stronger than direct effects of these 

environmental drivers. For example, over half of the negative effects on diversity caused by 

increased nitrogen is due to nitrogen’s effect increasing the abundance of Deschampsia, an 

abundant grass species in this system. 
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These results indicate significant inertial impacts of N deposition even after simulated N deposition 

ceases, with continued elevation of nitrate in soil solution, acidified soils, and higher extractable 

aluminum.  Ecosystem recovery from the effects of elevated N deposition depends on lowering nitrate 

levels and increasing base cations in the soil.  The former is influenced over the long-term by changes 

in the chemistry of soil organic matter.  Weathering rates, which are very slow relative to the rates of 

cation leaching, influence the latter.  Base cations are also influenced by inputs of dust, which have 

been shown to significantly influence acid neutralizing capacity of soils on Niwot Ridge, and which 

have been increasing over the past 2 decades.  The role of dust in buffering the impacts of N deposition 

is not well known, but ongoing work to investigate this is using strontium as a tracer for calcium inputs 

from dust.  

 

SHRUB EXPANSION IN THE ALPINE TUNDRA 

The expansion of woody plant cover in historically herbaceous-dominated plant communities has been 

observed in a range of ecosystems around the world, including arctic and alpine tundra. These changes 

are being driven by various factors including climate and other global factors, like N deposition, as well 

as land management strategies. Depending on the rate and extent of woody encroachment in these 

systems, such shifts in vegetation cover could have major implications for important ecosystem 

processes like nutrient and carbon cycling and storage. 

We quantified the rate of shrub expansion from 1946 to 2008 in an 18 ha area of alpine tundra on Niwot 

Ridge by analyzing aerial photographs (Formica et al. 2014). Additionally, we used a global change 

manipulation experiment to assess the effects of three important global change factors – N deposition, 

temperature, and precipitation – on willow shrub seedling survival and growth. We found that over 

the 62-year period willow cover increased by 441% and at an exponential rate (Figure 7), translating to 

a 137 kg ha-1 increase in carbon storage. Increased snowpack was shown to increase willow 

seedlingsurvival and increased N deposition and warmer summer temperatures to facilitate willow 

Figure 6. Soil solution nitrate sampled from 

plots at the beginning of the growing 

season, prior to any addition of fertilizer 

for the current year, indicate elevated 

levels in both treatment and recovery 

plots. There was no significant difference 

in the amount of increase between the 

plots, which have received NH4NO3 for 

the past 17 years and those for which N 

addition treatments stopped six years 

ago. 
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growth (Figure 8), supporting the conclusion that, in addition to release from grazing pressure, global 

change factors may be driving shrub expansion in the alpine tundra. 

 

 

SUBSURFACE MICROCLIMATE MAY BUFFER PIKA MORTALITY 

While climate changes at NWT appear to be marginally unsuitable for the persistence of American pika 

(Ochotona princeps), sub-surface microclimates may buffer these effects and allow persistence.  Based on 

mark-resight studies and field sampling, we find climate effects on stress hormone metabolites in pika 

feces (Wilkening et al. in press) and were the first to demonstrate that individual survival in the field can 

be predicted using a fecal stress metric (Figure 9; Wilkening 2014).  We also find initial support for the 

hypothesis that pika stress levels are lower where the microclimate is moderated by surface and sub-

surface water resources than in adjacent habitats without this moderating effect (Wilkening et al. 

submitted).  We also find evidence for decreased abundance and increased total phenolic content of 

Geum rossii, the primary forage of pikas on Niwot Ridge, over the last two decades.  The increased 

phenolic content suggests that nutritive value might be declining over time, an effect possibily 

connected with increased nitrogen deposition (Farrer et al 2014).  

 

NIWOT RIDGE A POTENTIAL SINK POPULATION FOR MARMOTS 

Growth rate and survival analyses of Yellow-bellied marmot populations on Niwot Ridge and in 

adjacent Green Lakes Valley indicate strong differences between locations that might be related to 

climate, and that these effects may contribute to the breakdown of social structure typical of marmot 

populations.  

Figure 7. The increase in willow cover 

on the Niwot Ridge Saddle fits with an 

exponential growth curve (R2 = 0.989, 

P < 0.001) (Formica et al. 2014). 

 

Figure 8. Willow (Salix) seedling (a) survival and (b) height 

five years after transplant into the field site. Significant 

effects of all possible treatment factor combinations are 

presented in each figure (Formica et al. 2014). 
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Figure 9. Pikas with higher mean values of a metric 

of chronic stress, glucocorticoid metabolite (GCM) 

concentration, measured in fecal samples 

collected at time of capture were less likely to 

survive for one year after capture.   

Field sampling indicates that juveniles have not 

been found to persist beyond their first year on 

Niwot Ridge. Juveniles have been found to often 

survive their first year in GLV. Our working 

hypothesis is that differences between the two 

locations are due to the lower insulation layer of 

snow over the hibernacula on the ridge areas. 

Current work is relating yearly snowpack to 

survival and growth rates.  These differences in 

survival may also translate to changes in social 

structure. Ridge marmots do not have cohesive 

social colonies, indicating a breakdown of social 

structure. In contrast, marmot populations in the 

Green Lakes Valley have typical social colonies 

with female matrilines and one dominant male.  

 

PLANT-MICROBE INTERACTIONS AND 

RESPONSE TO N DEPOSITION   

Plant community responses to N are often 

attributed to altered competitive interactions 

between plants, but may also be a result of microbial responses to N, particularly root-associated fungi 

(RAF) and root-associated bacteria (RAB), which are known to affect plant fitness (Dean et al. 2014). 

Using the long-term N addition and species removal experiment above, we investigated the effect of N 

fertilization on fungal and bacterial symbionts associated with two co-dominant alpine plant species, 

Geum rossii and Deschampsia cespitosa. We examined whether contrasting host responses to N are 

associated with altered plant-microbial symbioses, specifically whether microbial communities may 

explain Geum’s decline. 

Geum and Deschampsia roots harbor drastically different microbial communities, with only 9% overlap 

of taxa for fungal communities and 17% overlap for bacterial communities. Endophyte communities 

also had different responses to N addition: Deschampsia RAF were more responsive to N compared to 

Geum RAF, and there was a trend that Geum RAB were more responsive to N compared to Deschampsia 

RAB. We also found that one of the main Orders of Geum RAF, the Helotiales (a group with many 

known plant mutualists), declined from 83% to 60% abundance in the N treatment suggesting that loss 

of mutualists may be causing Geum decline. A few pathogenic RAF taxa also increased in abundance on 

Geum roots with N (Figure 10). These results highlight the potential importance of belowground 

microbial dynamics in plant responses to N deposition.  
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II.B) Unvegetated Talus Responses 

RESOURCE EFFECTS ON MICROBIAL COMMUNITIES IN UNVEGETATED TALUS SOILS 

In contrast to vegetated tundra, microbial carbon (C) fixation is an important C input to talus fields that 

occur in the highest elevations at NWT (Freeman et al. 2009a, Mladenov et al. 2012).  Similar to the work 

in the tundra, we are interested in the limitations of microbial communities in talus soils - primarily 

focusing on what limits photosynthetic microbial communities (algae, cyanobacteria, moss, and 

liverworts), but the sequencing data can also be used to look at heterotrophic communities as well.  We 

find that P was the primary limiting resource for these phototrophs (Figure 11a) and an inhibition by N 

that likely caused a turnover in composition and shift towards rapidly growing phototrophs (Figure 

11b). Phosphorus inputs likely come from dust inputs that have been increasing over the last decade. 

Pyrosequencing results are consistent with results from the vegetated tundra, with a strong effect of N 

on microbial composition (Figure 12a). However, the addition of P also influenced community 

composition much more strongly than in the tundra soils. As would be predicted from theory, the 

addition of N reduced alpha diversity (Figure 12b) potentially by selecting for faster growing (r-

selected) species that could out-grow more K-selected species.   

Figure 10. Effect of N treatment on the orders of endophytic fungi in Geum roots; note the 

decrease in Helotiales (mutualists) and increase of more rare orders in root endophyte 

communities at high nitrogen. (Dean et al. 2014). Geum declines strongly at high nitrogen 

environments; it may be the shift in microbial communities that drive some of this decline. 
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II.C) Aquatic Responses in Lakes  

LINKING WARMING AND NITROGEN EFFECTS IN AQUATIC COMMUNITIES 

In summer 2014, we conducted an aquatic mesocosm experiment to explore how changes in 

temperature (2 levels) and N concentrations (3 levels) affect interactions between phytoplankton and 

Figure 12. Pyrosequencing results are consistent with results from the vegetated tundra, 

indicating a strong effect of N on microbial composition (a) and a negative effect on 

diversity (b).     

Figure 11. In laboratory mesocosms, additions of N and P to talus soil communities indicate 

that P was the primary limiting nutrient for soil phototrophs (algae, cyanobacteria, moss and 

liverworts)(a). Addition of N caused a delay (lag) in growth of soil phototrophs indicating that 

N may be toxic to some soil phototrophs. Growth of N-tolerant phototrophs was rapid once 

growth commenced, but reached an asymptote well below the asymptote reached by the 

+P, +NP and control treatments. 

A B 
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zooplankton. The scope of the experiment was to study how predicted temperature increase and 

increased N input in the watershed would affect high alpine lake ecosystems.  

Beginning in July 2014, 30 cattle tanks (378 L) were set up and filled with 200 L of MRS spring water 

and 50 L of Como Creek water to increase absorbance and DOC to approximate conditions in Green 

Lake 4 (Figure 13). Green Lake 4 sediment was added to inoculate all tanks with an even amount of 

phytoplankton. Tanks were also amended with two different levels of NaNO3 in order to increase NO3- 

concentrations. Levels of NO3- were low (no NaNO3- added, background concentration of 3 umol NO3-

/L), medium (15 umol NO3-/L) and high (30 umol 

NO3-/L). A constant amount/volume of zooplankton 

from Green Lake 4 was also added to each tank. To 

modify temperature, half of the tanks were fitted with 

custom-built greenhouse hutches made out of 

plexiglas, previously shown to be effective in 

realistically elevating water temperature (~2 degrees) 

while maintaining similar thermal variance. Each of 

the six treatments had five replicates. For six weeks 

following set-up, samples were taken from each tank 

to analyze for water chemistry, chlorophyll-a, DOC, 

and DOM quality, as well as phytoplankton and 

zooplankton community changes. Samples were 

immediately processed and stored refrigerated/frozen 

in the dark until analysis. Sample analysis is 

underway and final results are expected in 

winter/spring 2015. 

 

MICROBIAL CONNECTIVITY BETWEEN TERRESTRIAL AND AQUATIC ENVIRONMENTS 

We are beginning to compare microbial communities found in the talus slopes and snow to those found 

in Green Lake 4, with the highest priority on 1) nitrifying archaea and bacteria, 2) parasitic and 

predatory chytrids, i.e. the ones dominating the talus (Freeman et al. 2009b) and snow pack (Naff et al. 

2013), and 3) the molecular diversity of cyanobacteria and certain groups of algae in the lakes.   

Eli Gendron, an MCDB graduate student in the Schmidt lab, accompanied the Green Lake 4 sampling 

team three times during the 2014 season.  Samples for molecular analysis were taken each time from 

the inlet, outlet, surface, 3 m and 9 m.  Sampling depths and locations were chosen according to the 

regular limnological sampling routine to enable linking the molecular analyses to in-lake productivity 

and biogeochemistry.  After sampling, water samples were filtered through 0.2 um polycarbonate 

membrane filters and the DNA was extracted using the MoBio Power Water DNA Isolation Kit.  16S 

Figure 13. Experiment set-up at the Mountain 

Research Station. A total of 30 cattle tanks in 

all possible combinations of three levels of 

nitrate addition and two temperatures 

(ambient and warmed). Effects on 

zooplankton and phytoplankton 

composition are currently being assessed. 
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and 18S rDNA was amplified using standard Earth Microbiome Project primers, with included 

Illumina barcodes and sequencing adapters.  After DNA purification with MoBio UltraClean DNA 

purification kit, sequencing was performed using the Illumina MiSeq platform at the University of 

Colorado.  The sequencing was done on December 3, 2014 and preliminary indications are that most of 

the samples worked (33/36) with an average of about 30,000 sequences (paired-end reads) per sample 

for bacteria/archaea and more than 10,000 sequences (single-direction reads) per sample for eukaryotes.  

Those numbers are more than adequate to fully characterize the microbial community and to 

determine how the community changed over space and time during the sampling period.  

III. Integration and Cross-site Synthesis 

INTEGRATING ACROSS NIWOT  

We have started a new effort to 

synthesize long-term datasets at 

Niwot, investigating the sensitivity of 

productivity and composition in lake 

and terrestrial systems to climate 

drivers over the past two decades. 

While still preliminary, we find that 

several snow-related variables are 

strongly related to ecological 

response. For example, years with 

high snowpack and snow water 

equivalents in winter (e.g., Figure 14) 

are related to decreased chlorophyll-a 

production, increased DOC, and 

decreased diatom abundance in lakes. 

High snow years are also related to decreased species richness in alpine snowbed communities (likely 

to limitations of growing season length), and increased richness in dry meadows (due to more snow 

water inputs). Interestingly, plant productivity is only affected by snowpack in one community type: 

high snow years negatively affect productivity in snowbed communities.  

We also find relationships between diversity in both dry and moist meadow plant communities and 

summer precipitation, a climate factor that has received less attention at Niwot. Productivity in fellfield 

plant communities, which inhabit the driest most wind-blown areas in the tundra, is also enhanced by 

summer precipitation. Fellfields are the only community that showed sensitivity to winter 

temperatures, likely because they lack snow’s insulating effect. 

 

Figure 14. Cumulative Snow Water Equivalent (SWE) from the 

University Camp SNOTEL Site number 839. The periods starting 

1-Oct (water years) are shown. We find that SWE in mid-May 

(red arrow) and snowfree date are associated with terrestrial 

and aquatic production and composition in the following 

summer.  
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MODELING PRIMARY PRODUCTIVITY IN ALPINE DRY MEADOW 

Modeling results by Zhaosheng Fan and Jason Neff include 

(top panel of Figure 15) estimates of the maximum 

potential gross primary productivity (GPP) that could 

occur on Niwot Ridge (alpine dry meadow vegetation) 

based on their simulation model. The second panel (Figure 

15) looks at the seasonal evolution of productivity 

limitation as a function of environmental factors. This is a 

first step in integrating our work on limitations of nitrogen 

and snowmelt on productivity, and confirms the combined 

role of soil moisture and temperature in limiting 

productivity. In addition, it suggests that the importance of 

the factors shift over the growing season, with temperature 

becoming more important as the season progresses. We 

plan to study how these predictions change in different 

community types that receive snow water inputs at 

different times and duration over the growing season, and 

explore whether we can also model plant-free dynamics of 

the talus zone.  

CLIMATE CHANGE AND HYDROLOGY 

NWT LTER participated along with 14 other sites in 

evaluating how changes in climate might affect water yield 

(Creed et al 2014). From over 100 potential catchments 

within the networks, we selected headwater catchments 

that had (1) had no anthropogenic disturbances in recent 

history (since 1950); (2) a minimum of 15 years of 

consecutive and coinciding records of air temperature (T), 

precipitation (P) and discharge (Q); and (3) detectable shifts from cool to warm periods. Although 

climate warming will affect water yield, effects may vary among ecosystems. We hypothesized that 

sites where historically water yield has varied relatively little in response to changes in energy inputs 

would be better able to mitigate warming effects on water yield.  We tested this hypothesis by 

examining the effects of climate warming on the annual partitioning of P into evapotranspiration (ET) 

and Q at long-term experimental watershed sites across Canada and the US using the theoretical 

framework of the Budyko curve (1974). Catchment elasticity (e), [the ratio of interannual variation in 

potential ET divided by P (PET/P) to interannual variation in actual ET divided by P (AET/P)] varied 

among conifer, deciduous, mixed, and subalpine forests. Water partitioning stayed closer to the 

Figure 15. Model predictions of how 

limitations by several environmental 

constraints may vary seasonally in dry 

meadow tundra. A) The theoretical 

maximum GPP (without environmental 

constraints) and B) the environmental 

controls [i.e., air temperature (Ta), soil 
moisture content (θS), and nutrient 

conditions (N and P)] on GPP. We are 

particularly interested in changing 

limitation of soil moisture (largely driven by 

snowmelt) and temperature. 
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Budyko curve in response to warming, at sites with older, less recently disturbed forest compared to 

younger deciduous or conifer forests or sites with major frozen water stores such as NWT. 

STABILITY IN VARIABLE ENVIRONMENTS 

NWT scientists led a synthesis effort aimed at understanding how biotic mechanisms confer stability in 

variable environments that included 5 LTER sites (Hallett et al. 2014). Long-term data sets of grassland 

species composition were analyzed to investigate how two key environmental factors, precipitation 

amount and variability, may directly influence community stability and how they may indirectly 

influence stability via biotic mechanisms. We found that the importance of stability mechanisms varied 

along the environmental gradient: strong negative species covariance occurred in sites characterized by 

high precipitation variability, whereas portfolio effects increased in sites with high mean annual 

precipitation. Findings suggest that the debate about the mechanisms that lead to stability should 

widen to include several stability mechanisms and how these mechanisms vary in importance across 

environmental gradients. 

IV. Long-term Monitoring and Information Management 
 

CLIMATE 

In 2014 we continued to maintain records of meteorological observations from eleven climate stations 

of varying complexity on and adjacent to Niwot Ridge.  The stations range from 2199 to 3814 m in 

elevation. Six stations are on Niwot Ridge (D1, Saddle, Subnivean, Fahey, Soddie, and C1). Three are in 

the City of Boulder Watershed (Arikaree, Green Lake 4, and Albion). Two are located below Niwot 

Ridge in the foothills above the city of Boulder (A1 and B1).  

 

Our longest continuous climate records are temperature (measured with thermohygrograph) and 

precipitation (measured with a Belfort Universal Rain Gauge) from our D1 and C1 stations, located at 

3739 and 3022 m respectively on Niwot Ridge, which have been running from 1952 to the present.  The 

D1 site is the highest continuously operating weather station in North America. 

 

Observations are site-specific and may include: temperature, relative humidity, precipitation, wind 

speed and direction, barometric pressure, atmospheric and terrestrial short and long wave radiation, 

soil moisture, soil temperature, and snow depth. Methods of observation include electronic 

environmental sensor data collected with Campbell Scientific or Onset Hobo data loggers at ten minute 

or hourly time intervals, relayed to a central server via remote RF communication and direct download 

with a laptop or other communications device, as well as mechanical chart measurements from 

thermohygrographs and Belfort Universal Rain Gauges, collected by hand on a weekly or biweekly 

basis. Site instrumentation maintenance and data collection are performed by NWT field manager 
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Jennifer Morse, field technicians Hillary Buchanan, Vivian Underhill, Henry Brandes, and James Howe, 

and graduate students Rory Cowie, Katya Hafich, and Alice Hill. 

SNOW AND HYDROLOGY 
In 2014 we continued our long-term collection of snow and hydrologic data on Niwot Ridge and the 

Green Lakes Valley in the City of Boulder Watershed. These data measurements include precipitation, 

stream discharge, water chemistry from a number of sources and locations, ground water well depth to 

water levels and water temperature, soil moisture and temperature, lake ice thickness, stream 

temperature, snow depth measurements, snow melt quantity and chemistry, and snow pit 

measurements of temperature, grain size, density and chemistry. The majority of these measurements 

are taken by hand, though soil moisture, temperature, and some stream gauge data are taken with 

automated electronic sensors and data loggers. 

Hand measurements and site maintenance were performed by Niwot researcher Nel Caine; field 

manager Jennifer Morse; field technicians Hillary Buchanan, Vivian Underhill, Henry Brandes, and 

Jimmy Howe; LTER graduate students Rory Cowie, Katya Hafich, and Alice Hill; Mark William's Snow 

Intern program through the University of Colorado Geography Department; and volunteers during the 

annual NWT LTER Green Lakes Valley Snow Survey. 

Stream discharge data is collected through both hand and electronic pressure transducer measurements 

at six locations: Green Lake 4 outlet, Martinelli, Saddle Stream, Albion, Watershed Flume, and Como 

Creek weir.  Stream flow data for Green Lake 4 and Albion are our longest records, and data are 

available for these locations beginning in 1981. 

Water chemistry data are produced through lab analysis of water samples collected by hand from the 

field.  Sources include surface water, talus water, soil lysimeters, ground water wells, snow melt 

lysimeters, and snow collected from snow pits and melted for analysis.  Each sample is analyzed for 

inorganic nutrients (calcium (Ca2+), magnesium (Mg2+), sodium (Na+), potassium (K+), manganese 

(Mn), ammonium (NH4+), lithium (Li), chloride (Cl-), nitrate (NO3-), nitrite (NO2-), sulfate (SO42-), 

ortho-phosphate (PO43-), bromide (Br-), fluoride (F-) and silica (Si)) DON, DOC, DOP, 18O, deuterium 

and fluorescence index. Water chemistry is analyzed for the following samples: 

• Surface water samples are collected at bi-weekly to monthly intervals (seasonally 

dependent) at all discharge measurement sites, as well as ten other sampling sites: Saddle 

Stream 007, Soddie Stream, Como Creek at s-curve, Como Creek at C1, Arikaree, Navajo 

Bench, rock glacier, Green Lake 5, and Green Lake 5 wetlands inlet and outlet. 

• Talus water samples are collected at three sites on the northwestern slopes above Green 

Lake 4, and one site on the southern slopes above Green Lake 4. 

• Soil lysimeters are sampled throughout the summer following snowmelt through mid-

September when the majority of lysimeters have gone dry. At higher elevations in the 
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Green Lakes Valley we began sampling in July. For lower elevations sampling could begin 

as early as mid-June. There are fifteen sampling locations on Niwot Ridge and the City of 

Boulder Watershed comprising sixty-one soil water lysimeters.   

• Ground water well samples are collected monthly in winter and weekly in spring, summer, 

and fall from three different sites comprising twenty six wells. Two sites are located on 

Niwot Ridge at our Saddle and C1 stations, and a third site is located below the Martinelli 

snow field in the City of Boulder Watershed. 

• Snowmelt lysimeters are located at the Subnivean and Soddie meteorological sites. Samples 

are collected daily from a total of eight lysimeters during snowmelt, roughly mid-May 

through the end of June. 

• Snow pit samples are collected weekly during the winter from the Subnivean and Soddie 

sites. Samples are representative of the snow pack from the surface of the snow to the 

ground.  Snow pit samples were also collected from six sites in the Green Lakes Valley in 

mid-May during the annual Green Lakes Valley Snow Survey. 

 

VEGETATION  

Saddle (alpine) and treeline surveys. We continued recording alpine plant species composition in the 88 

permanently marked Saddle grid vegetation plots, along with collection of net primary productivity 

(NPP) samples in designated locations near grid plots. Species composition and NPP have been 

measured yearly in the Saddle from 2010 to 2014; less frequent sampling was conducted from 1989 (the 

year of establishment of the saddle grid) to 2008.  Sampling of permanently marked treeline transects 

was conducted in 2014 by Dave Buckner (ESCO Associates), for a total of 5 consecutive years of 

sampling. 

Snowbed elevation transect. We continued monitoring plots established in 2012 to survey plant 

communities in areas of late-melting snow along an elevational gradient at Niwot Ridge. The goal is to 

document changes in plant community composition due to warming temperatures and earlier 

snowmelt, which will cause transitions from primarily snowmelt-fed, growing season length-limited 

communities to rain-fed communities with longer snow-free periods for growth. Plots at six different 

snowbed sites were censused for vegetation composition using the point intercept method. 

We also established 20 new experimental plots at each snowbed site in order to investigate the effects of 

N and P nutrient additions on plant colonization in currently unvegetated snowbed areas. Nutrient 

additions were applied for the first time in the summer of 2014. These plots will be revisited annually 

to continue treatment applications and survey plots for plant colonization. 

LAKES 

During the 2014 field season, we conducted weekly lake sampling over a period of 7 weeks from mid-

July until the end of August.  These analyses are performed every year at specific depths and locations 
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in Green Lake 4 to capture important characteristics of the lake system and possible changes.  Target 

depths and/or locations include the inlet and the outlet of Green Lake 4 as well as surface water, 3 m 

and 9 m. The following baseline limnological data were collected: 1) chlorophyll-a, 2) phytoplankton; 3) 

dissolved organic carbon (DOC) concentration, 4) dissolved organic matter (DOM) quality by 

fluorescence, 5) dissolved anion and cation concentrations, 6) hydrogen ion concentration (pH), 7) 

dissolved oxygen (DO), 8) conductivity, and 9) temperature. To characterize changes in the 

zooplankton community and how they correlated with phytoplankton patterns, we used a vertical net 

tow at the deepest point of the lake during each visit. Samples were preserved for subsequent 

identification and enumeration. Additionally, for the first time, the same suite of limnological data was 

recorded from Green Lake 1. The plan is for monitoring of Green Lake 1 to become part of the long-

term lakes record as well, starting in 2014.  

To identify phytoplankton and zooplankton, we are using a unique flow cytometer paired with a 

Digital Imaging System called a FLowCAM. 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 Green Lake 4 samples after the 

instrument was extensively tested on similar samples from the lakes in the McMurdo Dry Valleys 

(MCM LTER). In 2014 a new FlowCAM was purchased within the scope of a trade-in effort. A new 

FlowCAM had to be purchased because the old instrument could only be run on Windows XP. The 

new FlowCAM has a new, more efficient and more accurate Syringe pump. As soon as a full set of 

samples has been run, analyzed and QCed the data will be posted to the NWT LTER website. 

Continuing in 2014, Katherina Hell, a Professional Research Assistant, led the field sampling of the 

lakes in Green Lakes Valley. Katherina is also in charge of sample processing and analyses, including 

phytoplankton and chlorophyll-a sample processing and analysis, data management, and mentoring of 

students working on the project (e.g. students from REU programs, volunteer high school students and 

prospective graduate students). In spring 2014, Katherina spent three months working in Pieter 

Johnson’s lab to be trained in identifying zooplankton and to process 2013 samples and help organize 

and curate zooplankton samples from previous years (2011-2012).  

INFORMATION MANAGEMENT 

Hope Humphries, NWT’s Information Manager, attended the annual meeting of LTER Information 

Managers in Frisco, CO, held July 8-11 in conjunction with the Earth Science Information Partners 

(ESIP) meeting. A new long-term data set has been posted to the NWT website, encompassing water 

chemistry data collected by Diane McKnight for the Green Lakes Valley, starting in 1998 and ongoing. 
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Leanne Lestak, GIS specialist, continued to use supplemental funding to upgrade Ecological Metadata 

Language (EML) for both spatial and nonspatial NWT data sets, using workflows she developed. To 

date, all spatial data sets (57) have EML 2.1 (the version needed for ingestion into the LTER Network’s 

Provenance Aware Synthesis Tracking Architecture, PASTA). In addition, EML has been upgraded to 

2.1 for 107 nonspatial data sets.  All spatial data sets and 100 nonspatial data sets have been uploaded 

to PASTA. 

Dominik Schneider and Humphries are continuing to implement the GCE Data Toolbox, using 

supplemental funding, as the primary tool to handle raw NWT sensor data. Templates have been 

developed to automate the harvest of data downloaded from loggers, including archiving raw data 

files and application of quality assurance/quality control (QAQC) criteria. The climate and field 

technicians are contributing to Toolbox QAQC flag generation and incorporation of visual inspection to 

produce QAQCed data in a timely manner. 

The redesign of NWT’s website is nearing completion, with new webpages produced by Eric Parrish, 

web developer, for data, locations, personnel, publications, news, research information, videos, 

outreach, webgraphs, and photo galleries, among others.  Progress has continued on this complex 

project despite issues with the content management system software that constitutes the backend of the 

website. Our steerable TundraCam (http://instaar.colorado.edu/tundracam/index.php), continues to be 

a popular destination for users of the website, and visitors also comment favorably on the near real-

time display of climate data from multiple NWT sites. 

V. Education and Outreach  

NWT LTER serves a broad audience through a wide variety of educational programs and online 

resources.  Here we outline 2014 NWT education and outreach activities for K-12 students and teachers, 

undergraduate students, colleagues within and outside the LTER Network, resource managers, 

journalists, and the broader community. 

CURRICULA AND OUTREACH FOR K-12 STUDENTS 

My Water curricula in Colorado schools: Developed by a NWT graduate student and enriched by an 

experiential learning kit and curriculum, My Water books continue to reach children in the Colorado 

Front Range and Four Corners region (http://instaar.colorado.edu/explore-our-science/activities/my-

water-comes-from-the-mountains/). In the Front Range, the My Water curriculum is used by at least 9 

educational organizations (from Boulder County Parks and Open Space to the Girl Scouts) plus two 

school districts.  Within the Boulder Valley School District (BVSD), the kit was used by 35% (N = 34-41) 

of all 5th-grade teachers during 2010-2014, a very high percentage for the use of an optional 

curriculum, according to BVSD Director of Science Samantha Messier.  To further expand use of the 

curriculum within BVSD, NWT research associate Chris Ray is working with a BVSD Outreach 
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Coordinator, Patrick Eichelmann, to bring an after-school My Water program to Creekside Elementary, 

a Title 1 school with 50% of the student body identifying as ethnic and many students from ESL 

families.  In the Four Corners region, two-day teacher workshops continue through the “Forest to 

Faucets” program offered by Mountain Studies Institute (MSI) in partnership with San Juan Mountains 

Association (SJMA) and with support from Southwest Water Conservation District and Trout 

Unlimited.  Over 35 teachers in the San Juan River Basin have been trained in watershed science and 

delivery of curricula from the place-based My Water Comes from the San Juan Mountains teacher guide 

and activities kit.  In 2015, MSI and SJMA will outreach to schools in 9 counties by offering in-class 

model lessons to enhance teacher comfort with the My Water content and kit materials and to provide 

teachers with updated guides printed in 2014 (http://www.mountainstudies.org/forests-to-faucets-

teacher-workshops-and-classroom-outreach/2014/11/25/forests-to-faucets-teacher-workshops-outreach-

resources). 

My Water debuts online: Diane McKnight, Chris Ray, and the new editor of the LTER Schoolyard 

Children’s Book Series, Amy Rinehart, are working with Apple Education to develop an online version 

of My Water Comes from the Rocky Mountains.  Apple Education agreed to partner with the LTER 

Schoolyard Series late in 2014 to convert titles into an enhanced ePUB3 format. A beta version of the 

My Water ePUB3 is currently in production and is scheduled to be released in early 2015. It will be 

available for purchase through iTunes. 

A curriculum to build adaptable mountain communities: Gold Hill Elementary School, the oldest 

continually operating school in Colorado, convenes in a historic, two-room schoolhouse where about 

two-dozen K-5 students attend multi-age classes.  What these children miss in terms of athletics, 

electives, and access to many things available in larger schools, the Boulder Valley School District 

(BVSD) tries to make up for by offering experiential education.  Partnering with NWT researchers is 

one way to offer a unique curriculum tailored for mountain communities.  The communities of Gold 

Hill and nearby Jamestown, which also depends on a two-room schoolhouse, have experienced 

multiple natural disasters in the past few years.  Destroying 162 homes in 2010, the Four Mile Canyon 

fire raged within a block of Gold Hill Elementary, and students in Jamestown lost the use of their 

schoolhouse for nearly a year following the Colorado floods of 2013.  Understanding and managing the 

vulnerabilities of mountain communities is a theme of research by NWT researcher Patrick Bourgeron 

and post-doctoral researcher Jelena Vukomanovic, who in 2014 collaborated with Gold Hill and 

Jamestown teachers to develop a curriculum focused on landscape vulnerability, adaptability, 

resilience, and transformation.  The 2015 curriculum will contribute to STEM learning goals for each 

school and involves classroom, field, and community sessions with local experts in forest and water 

management. 

A “Mountain Research Experience” for high school students: This long-standing program 

(http://sciencediscovery.colorado.edu/program/field-science-programs/) has continued via 
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collaboration between CU’s Science Discovery and REU programs offered by NWT and the CU 

Mountain Research Station (MRS).  REU students, graduate students and PIs mentor each high school 

student in a weeklong series of rotations (Figure 16).  Students live at the MRS and participate in each 

research project for 1-2 days.   

 

Figure 16. High school students in the NWT-based Mountain Research Experience program learn how to 

study the American pika and its microhabitats in August, 2014. Photos by Chris Ray. 

 

Wild Bear Mountain Ecology Summer Camp: NWT has collaborated with the Wild Bear Mountain 

Ecology Center for over 15 years to bring children to Niwot Ridge.  In 2014, NWT field technician 

James Howe spent an afternoon with a group of 8-9-year-olds taking a class called “Aquamania” 

through Wild Bear Mountain Ecology’s Naturalist Summer Camp program.  The students visited a 

NWT stream gauge site on Como Creek where James taught them how to measure stream flow with a 

velocity meter or, in a pinch, with a five-gallon bucket and a stopwatch.  According to the students, the 

most fun activities were taking water chemistry samples and trying not to get “air bubbles” in the 18O 

sample bottles. 

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 2014. 

Teen Science Café:  NWT research associate Chris Ray chatted with teens in Boulder and Denver about 

her research on small mammals and climate change at two “café’s” hosted in March, 2014, by CU’s 

Science Discovery, a member of the NSF-sponsored Teen Science Café (http://teensciencecafe.org/, 

http://sciencediscovery.colorado.edu/program/teen-cafe/).  

Wildlife cameras for STEM learning:  NWT researcher Chris Ray has helped develop and implement a 

STEM project that will put wildlife cameras in three mountain schools in the Boulder Valley School 

District.  Ray helped students and teachers install two cameras to introduce the program in April 2014 
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(figure 17).  Students will monitor and graph photo data, comparing results across schools as well as 

developing curricula tailored to each location.  For example, Jamestown Elementary School students 

are working with a community-planning group to integrate their camera project with the community 

recovery plan for a riparian zone altered by a “100-year” flood in 2013.  Understanding how animals 

use the riparian corridor will help in developing the flood recovery plan. 

  

Figure 17. 2014 NWT education and outreach coordinator Chris Ray helps K-5th grade students displaced 

by flooding install a wildlife camera near their temporary schoolhouse in April (left), and leads a group 

of high school students on a tour of NWT field research sites in October (right). 

 

Tours offered anytime:  A busload of 28 eager but chilly students from Mountain Range High School in 

the suburbs of Denver arrived at the CU Mountain Research Station on a brisk day in October to tour 

NWT facilities.  Chris Ray warmed them up with a hike to C1 and surrounding research sites, 

discussing NWT projects and research opportunities along the way.  Student tours are always welcome 

at NWT. 

MENTORING UNDERGRADUATE STUDENTS 

 
Figure 18. 2014 REU students 

Radaya Ellis from University of 

Wisconsin Whitewater (left) and 

Loren Griswold from University of 

Utah (right) are both continuing 

their summer research at their 

home institutions. 
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REU student mentoring:  Seven REU students (4 female, 2 from groups underrepresented in science) 

were hosted within the MRS and NWT summer programs during 2014.  Students were mentored by 

NWT researchers from CU (Katharine Suding, Pieter Johnson, Diane McKnight, William Bowman and 

Chris Ray) and several other institutions (Candace Galen, Nicole Miller-Struttmann and Brett Woods), 

and conducted research on topics ranging from effects on zooplankton abundance to marmot 

physiology and plant secondary chemistry.  Several of the 2014 REU students have continued their 

research beyond the summer (figure 18); for example, Radaya Ellis is currently analyzing effects of 

surface and sub-surface temperatures on marmot foraging for credit at the University of Wisconsin-

Whitewater, and intends to pursue publication of her results.  Ellis reported, “I am grateful for the 

experiences I had while at the Mountain Research Station, especially the time I climbed the Flatirons. 

That experience alone changed my outlook on life and solidified my purpose in science.”  Ellis has 

presented her results at a UWW McNair Conference for underrepresented students 

(http://www.uww.edu/acadsupport/mcnair/info) and has submitted abstracts to the American 

Multicultural Student Leadership Conference (https://www.wisconsin.edu/multicultural-student-

leadership/) and a National Conference on Undergraduate Research 

(http://www.cur.org/conferences_and_events/student_events/ncur/).  Other REU students have 

leveraged their summer experience to obtain new research positions; for example, Matthew Carson will 

move from studying zooplankton abundance to conducting a spatial analysis of forest dynamics with a 

graduate student in the CU Geography Department.  Carson reported, “My participation in the REU 

program this past summer has definitely helped me establish a positive reputation within the research 

realm here at CU and I foresee it as a valuable asset to my future endeavors in research.” 

REU blast from the past:  Adam Formica, an REU student with the Suding lab in 2012 and now a 

doctoral student at Oxford University, published a paper in 2014 reporting on his REU research tracing 

six decades of alpine willow expansion at NWT (http://dx.doi.org/10.1657/1938-4246-46.3.616). Adam’s 

adventures in research and publishing were reported by NWT research associate Chris Ray in the Fall 

Edition of the LNO Newsletter (http://news.lternet.edu/Article3093.html). 

Recruiting REU students from groups underrepresented in science:  After a concerted effort to attract a 

diverse applicant pool, Brett Woods and Chris Ray both selected REU students from groups 

underrepresented in science.  Woods recruits in part by speaking annually on his NWT research and 

undergraduate research opportunities at the Student Opportunities in STEM Fields Workshop of the 

National Black Student Union Conference in Lincolnshire, Illinois.  Ray advertised nationally through 

several websites targeting students from diverse backgrounds: Institute for Broadening Participation 

Pathways to Science (http://www.pathwaystoscience.org/; contactus@ibparticipation.org); National 

Society of Black Physicists (career.services@nsbp.org); and Ecological Society of America SEEDS 

program (http://esa.org/seeds/opportunities/advertising/).  



2014 Annual Report 

• • • 

V. Education and Outreach � 26 

Pika research opportunities:  Chris Ray’s program of research on the American pika provided 

independent research projects for eight undergraduates in 2014, including two of the REU students 

listed above, plus one student from Colorado College (female), two CU students receiving credit 

through the Environmental Studies Department, and three CU students (one female) enrolled in the 

Honors program in Ecology and Evolutionary Biology.  Students studied the chemistry of pika forage 

plants, effects of forage on stress hormone levels, effects of surface features on sub-surface 

microclimate, and effects of microclimate on pika activity patterns observed directly or with the aid of 

automated cameras and audio recording equipment.  James Howe Jr., who began his Honors research 

on sub-surface temperatures in 2013 under CU’s BURST program 

(http://bsi.colorado.edu/undergrad/burst.html), graduated with Honors in Ecology and Evolutionary 

Biology in Fall of 2014 after completing a thesis based on his NWT research.  Six of these eight 

undergraduates will submit abstracts for presentation at the 3rd Conference of the North American Pika 

Consortium, to be held in Golden, CO, April 16-17, 2015.   

Introduction to Climate Change field trip:  In November, 32 undergraduates from Colorado College 

spent two days at the Mountain Research Station with Mark Williams, post-doctoral researcher Rory 

Cowie and NWT PRA Henry Brandes to learn how NWT researchers identify effects of climate change 

on mountain ecosystems and downstream users (Figure 19).  The students had been asked to predict 

effects of climate on ecosystem function, and to test their predictions using data available from the 

NWT website.  The field trip allowed students to have a better sense of how the data are collected and 

what motivates NWT scientists.  Dr. Cowie, who graduated from Colorado College, was able to 

connect with the students and provide a tangible example of how NWT can support graduate 

education opportunities.  The site tour included hands-on demonstration of hydrologic measurements 

such as discharge, precipitation, groundwater levels and ecohydrologic flux as well as snowpack 

features such as depth, density, snow water equivalent, grain size, grain shape, temperature and 

stratigraphy.  

  

Figure 19. Students from Colorado College brave bitter cold at -18° C during a November field trip to 

learn about NWT instrumentation and long-term data collection from post-doctoral researcher Rory 

Cowie (left), and to practice snow density measurements (right). Photos by Rebecca Barnes. 
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COMMUNICATING FOR BETTER SCIENCE, MANAGEMENT, EDUCATION AND OUTREACH 

Making use of the LTER Network News:  NWT researchers and staff contributed eight stories to the 

Network News in 2014, publicizing graduate and undergraduate research and interpreting NWT data: 

Taylor runs with the buffalo (Mar 31) by Chris Ray (http://news.lternet.edu/Article3020.html) reported on 

the remarkably full life of a triple-major REU student; Niwot Ridge’s extreme year for precipitation (Mar 

26) by Jennifer Morse & Vivian Underhill (http://news.lternet.edu/Article2992.html) interpreted 

precipitation during and after Colorado’s “100-year” flood; The art of researching alpine CO2 emissions 

(Mar 26) by Chris Ray (http://news.lternet.edu/Article2991.html) explained new results from NWT 

graduate student John Knowles; Undergraduate researchers bring cute, fuzzy, NWT science into remote 

schools (Apr 1) by Chris Ray (http://news.lternet.edu/Article3032.html) showcased outreach by REU 

students; and Persistence pays off for an REU student researching change in the alpine (Oct 8) by Chris Ray 

(http://news.lternet.edu/Article3093.html) exemplified the challenge and rewards of working toward 

publication.  In addition to these five, three NWT stories are slated for the final issue of 2014. 

A wish list from the LTER Education Committee:  To help envision the next-gen LTER Network Office, 

in March the LTER Education Committee (EC) was tasked with naming opportunities for the LNO to 

foster coordination, innovation, and productivity in education and outreach.  Chris Ray took the lead 

on drafting this letter with input from the full EC.  In a letter submitted on April 4th, the EC identified 

the broad goals of LTER education and outreach, and listed avenues for LNO support and evolution in 

relation to the EC:  “Past network-level coordination of LTER education has focused primarily on K-

12/Schoolyard activities, but leadership in the Education Committee has recently shifted to include 

higher education, citizen science, and other initiatives.  Staffing structure for these widely varied 

activities is inconsistent across sites and involves a mix of full-time and part-time administrators, PIs, 

post-docs and graduate students.  This complex structure presents a communication and collaboration 

challenge that could be enhanced by increased support at the LNO.” 

Disseminating lessons from the development of My Water books:  Education and outreach will be 

represented in the upcoming NWT monograph by a paper on the development of My Water books, 

titled Children’s book series and associated curricula support elementary education and outreach in water 

resources, authored by Chris Ray, Diane McKnight, Marcie Bidwell, Tiffany Fourment, Colleen 

Flanagan Pritz, and Amy Rinehart. The paper summarizes and motivates the Schoolyard Children’s 

Book Series approach of reaching out to young audiences with accessible science, and leads the reader 

through the My Water example of creating a didactic story line and associated curricula designed to 

promote environmental empathy and lifelong learning. 

Professional development – alpine nutrient cycling for K-12 teachers:  In April, NWT and CU’s 

Biological Science Initiative (BSI) collaborated on a one-day workshop on alpine nutrient cycling, 

attended by 24 middle- and high-school teachers.  BSI serves educators with limited opportunities 

and/or from groups traditionally underrepresented in the sciences.  Teachers learned “Biogeochemical 

Basics” from Mark Williams and “Carbon Cycle Basics” from Natalie Mladenov (San Diego State 
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University).  Carbon and nitrogen cycling were further explored in new lesson plans developed for 

grades 6-12, presented by Mladenov and NWT graduate student Katya Hafich.  Another lesson plan, 

presented by NWT graduate student Courtney Naff, introduced microbial communities found in snow 

and an activity on snow food webs and alpine adaptations (Figure 20).  Seeing snow microbes under 

the microscope was a highlight of the day, according to many participants in this highly rated 

workshop.  The alpine nitrogen cycle activity has been made publicly available at http://www.science-

live.org/teachers/NitrogenGame.html. 

  

Figure 20. NWT graduate student Courtney Naff (left) explaining the alpine food web to teachers in a 

professional development workshop.  K-12 teachers viewing snow microbes under a microscope (right). 

 

Professional development – climate change for K-12 teachers:  Timothy Seastedt summarized NWT 

climate data in his presentation on “Climate Change in the Front Range” for K-12 teachers in a June 

workshop organized by Dr. Laurel Hartley, CU-Denver. 

Best practices in sensor management released:  The 2014 spring edition of LTER DataBits announced 

the release of a Sensor and Sensor Data Management best practices document (available at 

http://wiki.esipfed.org/index.php/EnviroSensing_Cluster) created by a working group of LTER data 

managers, field technicians and others interested and versed in streaming data networks, including 

NWT Climate Technician Jennifer Morse (http://databits.lternet.edu/2014-spring/sensor-and-sensor-

data-management-best-practices-released). 

Cross-site research development and training in optical analysis of organic matter:  Development of a 

“universal” PARAFAC model to characterize samples of organic matter in soil and water samples from 

many LTER sites began with two workshops in 2013 and continued in 2014 with sample analysis 

submitted by participating sites.  

LTER communication study:  In September, Chris Ray detailed her duties and approach as NWT 

education and outreach coordinator for a study on LTER science communication practitioners by Laura 

Bartock, State University of New York (SUNY) College of Environmental Science and Forestry. 
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COMMUNITY ENGAGEMENT 

Green Lakes Valley 2014 snow survey:  The annual snow survey, organized by NWT staff, involves 

over 500 snow depth measurements and measurements of snow chemistry and stratigraphy from six 

two-meter snow pits in the City of Boulder watershed.  This year, a group of 15 graduate students, 

undergraduates, staff, and community volunteers spent two nights sleeping in the Tundra Lab (at 3500 

meters/11,500 feet in elevation), and three days skiing in arduous May conditions in a year of record 

snowfall (Figure 21).  By all accounts, a successful snow survey requires massive preparation and 

tremendous physical effort, teamwork, and dedication as participants often battle sub-freezing 

conditions and low visibility caused by snow blowing in winds up to 80 miles per hour.  The rewards, 

in addition to the quantity and quality of valuable and hard-won data, are community building 

between NWT staff, students, and volunteers.  

 

Figure 21. Volunteers, students and NWT staff team up (left, photo by Hal Hallstein) for the 2014 Snow 

Survey, an annual endeavor to collect data from snow pits in the Boulder watershed (right, photo by 

Rory Cowie).   

 

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.   

Facilitating trail management:  Cross-disciplinary research conducted by NWT's Catherine Keske 

involved collaboration with a non-profit organization, Colorado Fourteeners Initiative based in Golden, 

Colorado, and the U.S. Forest Service Leadville Ranger District. This collaboration involved 

implementing new infrared remote sensing technology to calculate the number of visitors on high 

alpine recreation trails. The visitor data is being integrated into Keske's long-term economic research 

studies on the economic impact of high alpine recreation on the Colorado economy.  Keske’s work was 
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featured in the Farmington Daily-Times (October 9, 2014; http://www.daily-times.com/four_corners-

news/ci_26688793/farmington-man-scales-all-54-colorados-fourteeners) and Colorado Springs Gazette 

(August 28, 2014; http://gazette.com/popularity-of-colorados-14ers-source-of-most-of-their-

problems/article/1536379).  

Training citizen scientists to monitor pika habitats in the western U.S. and Himalaya:  “Engaging 

humanity in the issue of climate change is one of today’s grand challenges. One promising avenue for 

increasing engagement is public participation in research projects that document local environmental 

changes,” reads an abstract by NWT researcher Chris Ray and colleagues, to be presented at the 1st 

conference of the Citizen Science Association in February, 2015, at San Jose, CA.  Ray and colleagues 

guide over a dozen citizen-science efforts to monitor habitats of the American pika, a climate-sensitive 

species whose occurrence indicates the presence of sub-surface water resources.  In 2014, Ray trained 

three-dozen volunteers in the Front Range Pika Project and PikaNet programs sponsored by the 

Denver Zoo, Rocky Mountain Wild, Mountains Studies Institute, San Juan Mountains Association and 

CU Office of University Outreach (Figure 22).  A similar citizen-science effort was launched in the 

Himalaya early this year by Ray’s doctoral student, Jennifer Wilkening, who received a Fulbright to 

help researchers at the Wildlife Institute of India establish monitoring programs near Kedarnath 

Wildlife Sanctuary and Valley of the Flowers National Park in Uttarakhand, and areas near Manali and 

Rohtang Pass in Himachel Pradesh.   

  

Figure 22. For citizen science projects like PikaNet in the San Juan Mountains (left, photo by Chris Ray) 

NWT researchers have developed standardized protocols for monitoring habitats of the American pika 

that are now being applied to Royles’ pika habitats in the Indian Himalaya (right, photo by Jennifer 

Wilkening). 

   

Helping citizen scientists monitor downstream ecosystems:  Pieter Johnson’s NWT research on the 

downstream effects of alpine climate change and nitrogen deposition benefits from data collected 

through citizen-science programs that tap the public interest in frogs.  In 2014, the Johnson lab worked 

with National Geographic and several publishers to develop educational modules for this audience, 

and continued to develop the public interface for NARCAM (North American Reporting Center for 

Amphibian Malformations).  The new and improved NARCAM will be linked with related programs 
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like FrogWatch and will allow users to upload their own geotagged images and explore trends through 

interactive mapping tools, all within a more user-friendly interface based on National Geographic’s 

FieldScope program.   

Workshops for writers and journalists:  Continuing a long tradition, NWT was host to two journalist 

workshops in 2014.  In August, NWT doctoral student John Knowles and researcher Chris Ray 

provided research perspectives to 22 freelance writers in a master class led by Christie Aschwanden.  

Aschwanden is a former REU student who conducted research on Niwot Ridge and uses that 

background to connect writers to NWT resources every year.  In September, CU Professor of 

Journalism and Mass Communication Tom Yulsman led a group of students and mid-career journalists 

on what has become an annual tour of Niwot Ridge.  The group included five of the 2014 Ted Scripps 

Fellows in Environmental Journalism at the University of Colorado.  The journalists hailed from 

around the country and worked for organizations including the Washington Post, National 

Geographic, Newsweek, and California Public Radio. The objective of the Ted Scripps Fellowship is to 

gain a deeper understanding of environmental issues.  Rory Cowie, a recent Ph.D. in Geography, who 

has conducted extensive research on mountain hydrology and climate with Mark Williams, led the 

September tour.  Both tours included visits to the C1 climate station, the NOAA gas sampling station at 

T-van, and the alpine Tundra Lab.  Participants were enthusiastic in their inquiries and conversations 

on how the NWT data contributes to a greater scientific understanding of earth systems and changing 

climate.    

NEXT STEPS FOR NWT OUTREACH 

An education and outreach committee for NWT:  A self-selected group of NWT researchers, CU 

affiliates and NWT Lead PI Katharine Suding will consider options for focusing NWT education and 

outreach offerings to support LTER goals.  The committee will adopt a site communication plan or 

similar document to guide outreach efforts.   

Connecting with K-16+ in partnership with ScienceLIVE:  NWT graduate students and researchers 

continue to work with ScienceLIVE (www.science-live.org) to reach new audiences using a model that 

could work for many LTER sites (Figure 23).  To serve the K-16 audience, ScienceLIVE partners with 

the CU Biological Science Initiative and CU Museum of Natural History to create up-to-date curricula 

based on NWT’s publicly available data on climate, hydrology and ecology.  Designed around Next 

Generation Science Standards, lesson plans help teachers make use of real datasets and encourage 

students to follow active research projects through live research updates and interactive web resources. 

As students work through these exercises, they can interact directly with PIs and their field assistants 

via webinars. Evaluation and assessment tools are being developed to monitor curriculum success. To 

serve a broader public, ScienceLIVE also features NWT researchers in public seminars and links citizen 

scientists with NWT research opportunities. This partnership streamlines researcher involvement in 

outreach, increases the reach and impact of outreach activities, and stretches funding dollars 
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earmarked for broader impacts. Currently, ScienceLIVE is developing and distributing custom lesson 

plans for as little as $1750 each. To sustain this partnership, ScienceLIVE works with researchers to 

build web-based outreach into grant proposals. Funded proposals serve the ScienceLIVE mission to 

broaden public perception of who scientists are, and to engage the public in place-based research.  

  

Figure 23. Screen clips from ScienceLIVE (http://www.science-live.org), where NWT REU and grad 

students post blogs (left) and lesson plan materials (right). 
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