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Schedule for the NWT LTER Site Review 11 – 12 June, 2007 
Sunday 
-Review team arrives at MRS  
-Dinner and logistically meeting with Henry Gholz, NSF program officer.  
 
Monday 
-6:45 to 7:30 -Breakfast for review team at cafeteria  
-7:30 to 8:00 -Review team makes lunches, gets ready for field  
-8:00 to 8:20 -Review team visits Kiowa Lab  
-8:30 to 9:15 -Marr Lab Seminar Room, welcome and overview by Williams  
-9:20             -Leave for field tour  
       Soddie Laboratory:  
       -Helmig, trace gases through snow  
       -Liptzin/Sanford, treeline nutrient cycling  
       Trough / ‘Gee-whiz’ Tree  
   -Break  
       -Bourgeron, treeline patterns  
       Tundra before T-van  
       - Bowman/Suding, N fert, N partition  
       Tvan  
       -Chowanski, CO2 record  
       -Blanken, eddy correlation measurements  
       Tundra lab  
       -break / hot drinks  
       Saddle  
       -Williams, NADP  
       -Chowanski, Climate station  
       -Suding, species removal experiment, long-term plots  
       -Seastedt, Snowfence 
       -Suding, ITEX and Snowfence manipulations  
       -Costello/Grandy, AMO 
       West Knoll or D1 depending on weather and snow  
       -Caine / McKnight / Williams, hydrology, hydrochemistry, 

and limnology 
-2:30           -Gather into vehicles 
       C1  
       -Williams / Chowanski, SnoTel site and NADP site 
       -Burns / Williams, Ameriflux site  
       -Meyer, AMO 
-4:00             -Poster session at the Megaron   
     
-6:00             -Dinner at Lodge 
 



 
Tuesday  
-6:45 to 7:30 -Breakfast for review team at cafeteria 
-7:30 to 7:45 -Site review team packs 
-8:00             -Leave for INSTAAR  
-9:00 to 11:30 -Talks at INSTAAR conference room (RL1, rm 268)  
      -Ackerman, Information Management 
      -McKnight, Outreach  
      -Bourgeron, Front Range regionalization  
      -Townsend, vision  
     -Open discussion  
-11:30 to 12:00 -Turner conference room 
                          -Meeting with Dean Avery  
-12:00 to 1:00   -Lunch  
-1:00 to 5:00    -Turner conference room  
                         -Report writing  
-5:00 to 6:00    -Site review team reports to NWT LTER  
-6:00                -Group disperses to various destinations 



 

 

Gas Exchange Through the Snowpack and Its Contribution to C and N cycling at Treeline, 
LTER Niwot Ridge 

 
Brian Seok, Dan Liptzin, Jacques Hueber, Kurt Chowanski, Mark Williams, Detlev Helmig 

 
Snowpacks in temperate zones are believed to influence the nitrogen cycle in several ways as 

they provide an insulating cover that fosters unique and vigorous biological activity in the soil underneath 
the snow, and a substrate for photochemical reactions of deposited snow impurities, e.g. of nitrate, to be 
converted into volatile, nitrogen-containing gases that subsequently can escape the snowpack and 
ecosystem.  Previous research has also shown that respiration processes under the snowpack amounts to a 
significant contribution (or loss) to the annual ecosystem carbon cycle. It is hypothesized, that similarly, 
bacterial activity under the snowpack will cause wintertime nitrogen fluxes that need to be considered in 
the annual ecosystem nitrogen budget. In fact, our observations in the NR LTER snowpack show largely 
increased nitrogen concentrations in the snowpack, inferring a significant wintertime, upwards flux (or 
loss) of nitrogen.   

This research seeks to test the significance of snowpack on the denitrification and the 
fixation/deposition of nitrogen in the underlying soil.  Also, processes that occur in the snow itself and are 
investigated.  These studies also address the important question how future changes in snowpack 
thickness and changes in the snow cover season will potentially alter soil biogeochemical processes and 
feedbacks on atmospheric composition and chemistry.  Experimental methods rely on vertical gradient 
measurements within and above the snowpack and on ground (soil and snow) flux chambers.  Air samples 
are delivered to closed-path CO2 and NOX monitors.  The gradient measurements are fully automated and 
gas measurements are performed continuously through the entire winter season. 

 
 

                
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic of the snowpack gas sampling experiment. All switching valves and mass flow controllers are 
controlled by a computer, which allows alternating between the snow sampling and calibration runs. This experi-
ment shows an additional ozone monitor, which is included in this experiment as an additional tool for the 
interpretation of the gas transfer through the snowpack.  Besides the gas measurements, temperatures are measured 
at each inlet height with thermocouple wires. The right panel shows a picture of the snowpack sampling tower at 
Niwot Ridge early in the winter season (November). 
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Figure 2:  One full winter season (2005/2006) of gradient measurements of NOx (only NO shown here) (left 
graph) and CO2 (right side) in the snowpack at NR.  These plots combine some 4000 hours of gas concentration data 
from 3 inlets in the snowpack (at 30 cm, 60 cm and 90 cm above ground) and one inlet above the snow surface.  The 
top of the colored area indicates the evolution of the snow depth at this 3340 m asl high altitude site.  This 
experiment used a TEI 42 NOx and a LICOR CO2 monitor with a fully automated sampling, calibration and data 
acquisition system that is remotely controlled from our offices in Boulder.  Data coverage during the winter 
2004/2005 experiment was ~93%.  During the current (still ongoing) 2006/2007 experiment three more inlet heights 
were added and data coverage has further improved to >98%.  The strong NOx and CO2 enhancement in the bottom 
snow layers results from soil emissions that commence after the snowpack has increased to a thickness that provides 
enough insulation for soils to warm up to support active, wintertime subniveal (under the snow) microbial 
respiration. 

 



Change in soil stoichiometry and decomposition patterns across treeline. 
 

Dan Liptzin, Cindy Withington and Buck Sanford 
 

Ecological transition zones are increasingly recognized as systems that play a critical role in 
controlling or modifying flows of organisms, materials, and energy across landscapes. At Niwot ridge 
(and other alpine areas) the ecological transition from fellfield and meadow to forest includes islands of 
forest (krummholz) that have been the foci of several previous studies concerning soil nutrient changes 
(Holtmeier and Broll 1992, Pauker and Seastedt 1996, Parker and Sanford 1999, Sheils and Sanford 
2001).  Although these studies provided insight into localized soil changes none have measured changes 
across the entire transition zone from tundra to forest.  Similarly, decomposition has been measured for 
alpine sites (O’Lear and Seastedt1994) and in subalpine forests (Gonzalez and Seastedt 2001), but not 
across the forest-alpine transition ecotone (FATE).  The landscape continuum model for changes across 
FATE predicts that that the trees near tree limit should be a sink for wind-entrained snow, organic matter, 
and nutrients near tree limit from both local tundra and long-distance sources and that decomposition is 
expected to be most rapid in the krummholz  (Seastedt et al. 2004).  

We measured total C, N and P across FATE at Niwot Ridge as well as available N and P (figure 
1). Available P decreased from the forest to the tundra but was relatively homogenous in both sites.  
Within the krummholz zone, there was considerably more heterogeneity as some of the highest and 
lowest values were measured at the lower krummholz site.  At the upper krummholz site, the available P 
was also variable, but the values were always high.  Available N showed the opposite pattern where 
available N increased from the forest to the tundra with the krummholz zone intermediate between the 
two.  The net result was a 22 fold difference in available N:P between the forest and the tundra with 
intermediate ratios in the krummholz zone. 

 
 
 
 
 
 
 
 

 
Figure 1. Available soil inorganic N and labile P in ecotone soils by site (3a) and location for the two krummholz 
sites combined (3b) (x+1SE). Available P is the sum of resin (inorganic) and bicarbonate (organic and inorganic) 
extractable phosphorus from July 2001 while available N is inorganic N extracted from soils in June 2002.  
Differences between sites were tested a one-way ANOVA’s followed by the Student-Newman-Keuls multiple 
comparison test.  Lower case letters indicate significant differences among sites in the ecotone for each nutrient at P 
< 0.05.   
 

We compared our results with the well known chronosequence from the Hawaiian Islands 
(Vitousek 2004).  When available N:P ratios for the Hawaiian chronosequence and Niwot Ridge sites are 
plotted together, the patterns appear similar (Figure 7).  The higher ratios for the Hawaiian sites may be 
due to differences between the mobility of N and P in the soil solution which would affect resin bags but 
not the soil extractions.  Within the ecotone, the forest had the lowest, the krummholz zone had 
intermediate, and the tundra had the highest N:P ratios suggesting a shift from N limitation in the forest to 
P limitation in the tundra, or at least in the low snow areas of the tundra sampled in this study.  This shift 
is consistent with several observations of N availability on Niwot Ridge.  Inorganic N losses are typically 
low in the forested portion of the high elevation catchments (Hood et al. 2003).  In general, low snow 
areas in the alpine, like the fellfield, are predicted to have higher N concentrations (Brooks and Williams 
1999).  During snowmelt the water extractable DON for the tundra and krummholz zone was similar, but 
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the water extractable inorganic N was 100 times higher in the tundra (Liptzin unpublished data).  This 
pattern is also consistent with the low P availability measured on Mount Goliath, a nearby site with soils 
similar to the fellfield sites on Niwot Ridge (Shiels and Sanford 2001). 
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Figure 2. Available N:P vs. Total N:Po for Hawaiian chronosequence and FATE on Niwot Ridge.  The available 
nutrient data from Hawaii was the ratio of N (nitrate + ammonium) to (phosphate) ions extracted from ion exchange 
resin bags.  The available nutrient data for Niwot Ridge was the ratio of N (KCl extractable nitrate + ammonium) to 
P (resin Pi + bicarb Pi + bicarb Po).  The Hawaiian sites are labeled in chronological order with the following ages 
(103 yr) : Site 1 – 0.3, Site 3 – 20, Site 4 – 150, Site 5 – 1400, Site 6 – 4.1. 
 

For decomposition, four transects were established across the FATE on two mountains; Niwot 
Ridge and Mt. Evans (50 km to the south). Results from both mountains were surprising in that they did 
not follow the widely accepted, but seldom tested, pattern of declining decomposition rates with 
increasing elevation (figure 3). Neither did the results support the landscape continuum model in which 
decomposition is expected to be most rapid in the krummholz (Seastedt et al., 2004). Decomposition rates 
were greatest in tundra plots and lowest in the forest plots on Mt. Evans whereas there were no significant 
differences between vegetation types across the ecotone on Niwot Ridge. The marked difference in the 
patterns of decomposition between Mt. Evans and Niwot Ridge with respect to vegetation type was 
unexpected, because the two mountains were selected to be replicates of one another. 

 
Figure 3. (a) Cotton Tensile Strength Loss (CTSL) and (b) depth of organic horizon in forest, krummholz, and 
tundra plots on Mt. Evans and Niwot Ridge, CO. Error bars are +/-2 SE. Lowercase letters are for mean contrasts 
between vegetation types on each mountain. 
 
Withington, C. L., and  R.L. Sanford, Jr. 2007. Decomposition rates increase with altitude in the forest-

alpine tundra ecotone.  Soil Biology and Biochemistry 39:68-75. 
 
Liptzin, D., R.L. Sanford, Jr. (& others?).  Soil Nutrient Ratios and Nutrient Limitation in the Forest-Alpine 

Tundra Ecotone, Niwot Ridge, Colorado.  In preparation. 



Ecosystem Dynamics in the Forest-Alpine Ecotone:   Patterns, Mechanisms, and Consequences 
 

Patrick Bourgeron, Hope Humphries, and Tim Seastedt 
 
The strongest hypothesis of ecotone dynamics, a thermal limitation for trees, implies that with 
increasing temperature, trees will migrate upward into alpine regions; however, observations do 
not fully substantiate this prediction.  Results of prior NWT FAE studies on landscape 
characterization of patterns and processes led to formulation of a conceptual model that 
synthesizes our current understanding of FAE dynamics (Figure 1).  The model was designed to 
guide further studies of (1) the mechanisms and extent to which the structure of the forest-alpine 
ecotone may be self-maintained, and (2) the consequences of climatic variability for ecotone 
landscape configuration and its components, including alpine species.   
 
Recognizing that geomorphologic and topographic positions influence tree establishment and 
ecotone formation, we formulate two general hypotheses in the model:  (1) with decreasing 
control of vegetation patterns by geomorphology and topography interacting with climate, there 
is an increase in biotic-induced feedbacks at the individual, patch, and landscape scales; and (2) 
the cross-scale interactions between positive and negative feedbacks, as well as the potential shift 
of a specific mechanism from positive to negative along a landscape gradient, lead to landscape 
configurations with varying degrees of resilience prior to a sudden shift in ecosystem state.  A 
corollary of the hypotheses is that, under some biophysical conditions, the spatial patterns of 
trees and patch forests above timberline may establish positive and negative feedbacks, the 
combination of which mitigates the impact of biophysical factors and maintains the landscape 
configuration in the face of global change.  Specific mechanisms for establishment of individual-
level positive feedbacks/facilitation have been well documented for the alpine treeline.   
 
Five specific hypotheses underlie the conceptual model (Figure 1):  (H1) Trees facilitate their 
own persistence, patch establishment, and patch growth through the creation of biotic-induced 
positive feedbacks to climate and nutrient conditions within the patch.  (H2) Trees limit the sizes 
and spatial configurations of patches, and therefore landscape configuration, through the 
emergence of negative feedbacks to climate conditions outside the patch.  (H3) The stronger the 
influence of negative feedbacks on limiting patch expansion, the greater the environmental range 
over which the current patch configuration can be maintained without a sudden shift to another 
ecosystem state (e.g., closed forest).  (H4) At and above timberline, self-organization and 
resilience increase with decreasing influence of geomorphology and topography on landscape 
configuration (i.e., across FAE types) and concomitant increase in biotic-induced positive and 
negative feedbacks.  (H5) Within an FAE type, the influence of positive and negative feedbacks 
on patch configuration, and therefore on self-organization and resilience, increases with 
elevation. 
 
Here, we propose that individual-level mechanisms lead to two higher levels that create new 
mechanisms constraining resilience:  individual forest patch and landscape configuration.  The 
latter is assumed to largely determine the outcome of the feedbacks operating at all levels.  We 
hypothesize that the landscape configuration is a necessary integrative level to make predictions 
about forest-alpine ecotone dynamics under different scenarios of global change.   
 



a) 

b)        c) 

 
 
Figure 1.  a) Conceptual model of FAE dynamics; b) patch level positive feedbacks under biotic 
control (H1); c) landscape level negative feedbacks under biotic control (H2). 
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Landscape Characterization and Analysis of the Forest-Alpine Tundra Ecotone at Niwot Ridge 
 

Patrick Bourgeron, Hope Humphries, and Laura Mujica-Crapanzano 
 
 
The study of climatic treelines has gained recent momentum primarily due to the potential use of 
treelines as indicators of climate change.  A major characteristic of the forest-alpine tundra 
ecotone (FAE) is that it modifies or influences the flow of water and materials between the 
adjacent ecosystems.  Several types of FAEs in western North America have been previously 
characterized as a function of topography (e.g., slope, aspect and landform) climate (e.g., snow, 
winds), and geology, each with distinct landscape patterns and disturbance regimes resulting in 
likely differential response to climate change.  Therefore, an NWT FAE study focused on the 
landscape characterization of patterns, spatial patterns of tree species and tree-environmental 
relationships, and patterns of plant species diversity.  This study served as the template for 
further studies of FAE dynamics at Niwot. 
 
Landscape characterization indicates that there are three types of FAEs (Figure 1) which differ in 
(1) size, and (2) amount and type of disturbances and permanent features.  The NWT FAE is 
therefore strongly influenced by differences in topography, geology, and disturbance regimes.  
The analysis of tree spatial patterns characterized the spatial patterns of tree species and size 
classes, determined whether spatial patterns of trees differed among FAE types, and examined 
FAE- and tree-environmental relationships.  Overall, aggregation of trees was more extensive for 
seedlings than saplings or mature trees.  Species distributions reflected species’ relative shade 
tolerance and expected sequence of establishment following disturbance.  A gradient of 
fragmented and patchy tree distributions followed a gradient of topographic relief and physical 
disturbances among FAE types.  The results emphasize the importance of spatial and biophysical 
structure as an initial controlling factor of vegetation pattern in the FAE.  Furthermore, an 
analysis of the spatial pattern of clay-plant interactions in the three FAEs showed that there is a 
significant decrease in the illite content of soil clay under forest patches compared to neighboring 
alpine tundra patches; an elevation gradient is also associated with this impact. 
 
The spatial variability of species richness patterns across the FAE may obscure responses to 
global warming.  The objective of the study of patterns of plant species richness was to 
determine the relationships among plant species richness patterns, environmental factors, and 
canopy structure within and among FAE types along transects from patch forest to subalpine 
forest.  Overall, high richness was associated with heterogeneous topography, disturbance, and 
patchy tree distributions, and decreased along a landscape gradient.  Richness was generally 
higher in patch forest than subalpine forest plots, but between-transect variability in richness was 
also high.  The results indicated that variability among FAE types should be taken into account 
in predicting species diversity responses to environmental changes. 



 
 
 



NWT Contributions to the Integrated Science for Society and the Environment Initiative  
 

Interactions between Climatic Variability and Land-Use Change in the Colorado Front Range: A 
Multi-Scaled Approach 

 
Patrick Bourgeron, Tim Seastedt, Hope Humphries, and Mark Williams 

 
We developed a multi-scaled approach, from the Niwot Ridge LTER site (LTER landscape level) to 
the subregional and regional levels, in response to the emergence of the Integrated Science for 
Society and the Environment initiative (ISSE) and the US-LTER involvement in ISSE.  NWT 
LTER represents a challenge and a unique contribution to the LTER network because of the 
seemingly isolated location of its high elevation alpine terrestrial and aquatic ecosystems.  NWT is 
relatively pristine, yet is located in a subregion and region that have experienced dramatic changes 
since the mid 19th century, especially in the last decades due to rapid demographic changes.  
Traditionally, influences across ecosystems were considered as predominantly a top down process 
along an elevation continuum (Seastedt et al. 2004).  However several key drivers of change at 
NWT originate from other levels and force us to expand on the nature of the interactions across 
scales. 
 
We have identified three nested levels for developing feedback loops.  These three levels comprise 
NWT LTER, the alpine-subalpine area, and the Colorado Front Range (COFR) forested area.  The 
feedback loops developed for each level serve as a framework for integrating social and natural 
sciences at NWT and surrounding areas, as a basis for collaboration with other LTER sites at the 
appropriate levels of the questions, and as a basis for linking LTER research and the NEON data 
stream.  Our approach uses and expands on the continuum concept developed for NWT.  For each 
feedback loop, we developed specific versions of the generic LTER model.   
 
The feedback loop for the Colorado Front Range Socio-Ecological System (Figure 1) illustrates 
how human systems interact with two key structural drivers of COFR mountain ecosystems.  
Patterns in temperature; the amount, timing, and form of precipitation; and landscape patterns of 
fire strongly influence the dynamics of COFR ecosystems.  However, changes in climate variability, 
population increase, changing land use, and fire suppression combine to induce shifts in the 
structure and function of these ecosystems at all elevations and spatial scales (Q1).  Extreme 
droughts combine with fuel loading increase (due to fire suppression, a function of federal, state and 
county fire policy) and land cover change (a function of land use change, such as exurban 
development, itself a function of the regional economy) to alter landscape patterns, stand structure, 
and hydrological budgets.  Changes in landscape patterns and stand structure in turn create a 
positive feedback to fuel loading accumulation and therefore likely influence the threshold behavior 
of fire intensity and size.  Changes in disturbance regimes alter the dynamic linkages between 
ecosystem structure and function (Q2).  Changes in landscape patterns and hydrological budgets 
have a potentially profound impact on all ecosystem services (Q3).  The degree to which there is 
close coupling between human understanding and human responses to perceived and projected 
ecosystem services (Q4) will determine the further influence of combined regional (COFR) and 
global human actions and decisions on disturbance regimes and their interactions (Q5).   
 
 



 
Figure 1.  Colorado Front Range Socio-Ecological System 

 
 



LTER Research Activities in Bowman Lab 
 
Nitrogen Critical Loads in Terrestrial Alpine Communities 

Increases in the deposition of anthropogenic nitrogen (N) 
have been linked to several terrestrial ecological changes, 
including soil biogeochemistry, plant stress susceptibility, 
and community diversity.  Recognizing the need to 
identify sensitive indicators of biotic response to N 
deposition, we empirically estimated the N critical load 
for changes in alpine plant community composition, and 
compared this with the estimated critical load for soil 
indicators of ecological change.  We have also measured 
the degree to which alpine vegetation may serve as a sink 
for anthropogenic N, and how much plant sequestration 
is related to changes in species composition.  We 
addressed these research goals by adding 2, 4, or 6 g N m-

2 yr-1, along with an ambient control (0.6 g N m-2 yr-1 total 
deposition), to a species-rich alpine dry meadow for an 8-
year period.  Changes in plant species composition 
associated with the treatments occurred within 3 years of 
the initiation of the experiment, and were significant at all 

levels of N addition.  Using individual species abundance changes and ordination scores, we estimated 
the N critical loads (total deposition) for 1) change in individual species to be 4 kg ha-1 yr-1 (a in figure) 
and 2) for overall community change to be 10 Kg N ha-1 yr-1 (b in figure).  In contrast, increases in NO3- 
leaching, soil solution inorganic NO3-, and net N nitrification occurred at levels above 20 Kg N ha-1 yr-1.  
Increases in total aboveground biomass were modest and transient, occurring in only 1 of the 3 years 
measured.  Vegetative uptake of N increased significantly, primarily as a result of increasing tissue N 
concentrations and biomass increases in subdominant species.  The results of this research effort indicate 
that changes in vegetation composition will precede detectable changes in more traditionally used soil 
indicators of ecosystem responses to N deposition, and that changes in species composition are probably 
ongoing in alpine dry meadows of the Front Range of the Colorado Rocky Mountains.  Feedbacks to soil 
N cycling associated with changes in litter quality and species composition may result in only short-term 
increases in vegetation N pools.  Similar projects are ongoing in Rocky Mountain and Glacier National 
Parks. 
 
Role of Plant Secondary Compounds in N availability and Competition Among Alpine 
Species 
Plants produce a multitude of secondary compounds that influence plant-herbivore, plant-microbe, and 
plant-soil interactions both directly and through indirect effects.  We have been studying the roles of 
distinct functional categories of phenolic compounds (ethanol and ethyl acetate soluble low molecular 
weight, tannins) on microbial activity and N cycling in alpine soils.  Our operating hypothesis is that 
some plants (e.g. members of the Rosaceae, Ericaceae) produce phenolic compounds that alter the soil 
resource environment in a manner that benefits their persistence.  Lowering nutrient supply to neighbors 
with higher potential growth rates allows the species producing the phenolics to be competitive equals.  
Data supporting this hypothesis includes field measurements of N cycling under the canopies of phenolic 
producing plants, plant removal and litter addition experiments in the field, and greenhouse and growth 
chamber experiments using addition of phenolic rich litter and specific phenolic compounds to soil.  The 
ethanol-soluble low molecular weight phenolic fraction stimulates microbial activity and N 
immobilization, and generally increases in plants growing in more productive and presumably more 
competitive communities.  In addition to the generally well studied role of phenolics in plant-herbivore 
interactions, phenolics also have the potential to mediate plant-plant competitive interactions via affects 
on microbial activity and soil sequestration of nutrients. 
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Research Activities: Suding Group 
 
I. Species Loss at Different Nitrogen Availabilities: Biotic Resilience (I. Ashton, H. Bechtold, R. 
Winkleman). We are conducting an experiment (now in its seventh year) to understand the role biota 
play in a system’s resilience or vulnerability to N deposition (Suding et al., 2006 Oecologia). In a factorial 
design, we have removed one of two co-dominant species, Acomastylis rossii and Deschampsia caespitosa, in 
moist meadow alpine tundra and manipulated nutrient availability by adding carbon to reduce N and 
adding N. Our results to date suggest that the soil feedbacks, conferring initial resilience of Acomastylis to 
increased N availability, are overwhelmed over time. Continued N increases may directly inhibit 
Acomastylis (Fig. 1a) via changes in plant-microbial feedbacks. Our results also indicate that once 
Acomastylis declines, the loss will indirectly facilitate Deschampsia via competitive release. Because 
Deschampsia exerts stronger competitive effects on subordinate species compared to Acomastylis, the 
increase in Deschampsia abundance may be subsequently accompanied by diminished abundance of many 
subordinate species and a dramatic decline in diversity (particularly evenness; Fig. 1b). This suggests that 
while initially resilient, the continued press of N deposition will likely cause large changes in the 
structure and function of moist meadow tundra.  

 
 
II. Shrub Encroachment (I. Ashton, W. Sconiers). In 2006, we initiated a fully-factorial experiment to 
manipulate summer air temperature (via open-top chambers), snowpack (replicate snowfences), and 
nitrogen availability (N addition) to test the causal link between climate changes, the increasing 
distribution of a woody shrub, Salix glauca, and the subsequent decline in the alpine tundra community. 
Using transplanted S. glauca, we will compare the relative phenological and growth response of shrubs 
and tundra vegetation). 
 
III. Species Compositional Change, 1989-2006 (M. 
Spasojevic, H. Humphries). At the saddle of Niwot 
Ridge, species abundance has been sampled across a 
grid of 88 1m2 permanent plots in 1989, 1990, 1995, 
1997, and 2006, spanning fell field to wet meadow 
tundra communities. Over this period, diversity (H’) 
was significantly lower in 2006 than in 1995/1997 (but 
not 1989/1990) and evenness was significantly lower 
during the 2006 survey than all other census dates 
(Fig. 2). Thus far, changes in species composition are 
not consistent with predicted changes based on 
previous warming and N manipulations. 

Figure 1. (a) The effect of N 
addition on the abundance of two co-
dominant species in moist meadow 
tundra: N-conservative Acomastylis 
and N-exploitive Deschampsia. 
Carbon addition, which decreased N 
availability, did not strongly affect 
species abundances (not shown). (b) 
The removal of Acomastylis reduces 
community diversity (evenness), 
indicating a facilitative effect of 
Acomastylis. Removing Deschampsia 
had no effect on diversity (not 
shown).

Figure 2. Marglef’s Richness in saddle plots since 1989. 
Polynomial regression (P= 0.003, R2= 0.988). 



IV. Resource Partitioning depends on Neighbor Identity (I. Ashton, A. Miller, R. Sinsabaugh). 
Plant resource partitioning of chemical forms of N may promote species coexistence across a variety of 
N-limited ecosystems. We have conducted a series of 15N tracer experiments to test if uptake patterns 
vary in the presence of interspecific neighbors and if N-form acquisition patterns could influence plant-
soil feedbacks (Miller et al., in press, Ecology, Ashton et al.,Fig. 3). While the importance of interspecific 
competition as a cause of resource partitioning among species is widely-assumed, we have been the first 
to demonstrate that the identity of neighbors can influence the degree of N-partitioning.  
 

 
 
V. Cross-site Synthesis on Species Response to Nitrogen Fertilization (E. Cleland, C. Clark, S. 
Collins, L. Gough, K. Gross, D. Milchunas, S. Pennings, J. Fargione, J. Grace). The aim of this synthesis 
is to understand effects of enhanced N fertilization at the species level. We compiled a dataset 
encompassing 9 sites, over 32 N fertilization experiments, the responses of over 1,000 species to N 
fertilization, and their traits. Some findings include: 1) N enrichment reduces diversity while it increases 
productivity and rare species and those with particular functional traits are particularly susceptible to loss 
(Suding et al. 2005, PNAS); 2) species responses to N enrichment depend on environmental context 
(Pennings et al. 2005, Oikos) and 3) there was also a great deal of variation across sites in the degree of 
diversity loss with N enrichment, again attributable to environmental context (Clark et al. in press, 
Ecology Letters, Fig. 4). The synthesis effort is ongoing. Next winter, we will run a distributed graduate 
seminar at NCEAS (Suding, Collins, Cleland PIs), and are involved in the NSF-ITR SEEK project and 
in a new synthesis effort focused on N-fixers. 
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Figure 4. We used structural equation 
modeling (SEM) to evaluate the factors 
predicting community sensitivity to N addition 
across LTER sites. Species loss was primarily 
related to colder temperatures (Climate, T), a 
lower soil cation exchange capacity (Soils, 
CEC), and the degree of increase in production 
following N addition, independent of initial 
site richness, productivity, and the presence of 
many functional groups hypothesized to be 
sensitive to N addition.  Warm-season C4 grass 
abundance (plant community; C4) was the 
only characteristic of communities that 
predicted responses to fertilization. Numbers 
correspond to partial regression coefficients for 
unidirectional arrows and correlations for 
bidirectional arrows. Predictors are crossed out 
if not included in the final model (Clark et al. 
in press, Ecology Letters). 

Figure 3. Neighbors can influence the 
degree of resource partitioning, shifting 
N-form uptake depending on neighbor 
identity. Surprisingly, results indicate that 
interspecific interactions may stimulate 
plants to more effectively acquire N. In 
addition to N uptake, microbial 
extracellular enzyme activities and tissue 
N concentrations increased when both 
species were growing together (Ashton et 
al., in review). This year we will initiate 
experiments to test whether rhizosphere 
signaling could be responsible for this 
pattern.  



Climate Change, Snow, And Carbon Dioxide at C1 Ameriflxu site. 
Monson, Burns, Schmidt, Williams 

 
A five-year record of net ecosystem CO2 exchange at C1 shows that years with extreme 
reductions in the early-spring snowpack are accompanied by lower soil temperatures and 
concomitantly higher rates of ecosystem carbon sequestration (Figure 1).  Furthermore, 
they showed that the winter soil exhibits sensitivity to snowpack depth and soil 
temperature that is several orders of magnitude higher than more temperate soils. This 
high sensitivity is due to a unique winter soil microbial community that is capable of 
exponential growth and high rates of substrate utilization at the cold winter temperatures 
that exist beneath the winter snowpack. These research findings are important because at 
mid-latitudes in the northern hemisphere, most terrestrial carbon sequestration occurs in 
montane forest ecosystems. The winter and early spring respiratory CO2 losses in these 
ecosystems are susceptible to changes in soil temperature that are coupled to changes in 
the depth of the winter snowpack. Winter and spring respiration can cause over half of 
the carbon assimilated by photosynthesis the previous summer to be lost the following 
winter. 
 
This Monson et al. report stands as an example of the benefits of cooperation from 
several large programs that bring together very different programmatic goals and 
investigator skills: Monson, Ameriflux program (DOE) and land-atmosphere carbon 
exchange; Schmidt, microbial observatory program (NSF) and environmental 
microbiology; and Williams, LTER (NSF) and snow research. Collaboration and 
synthesis among the various disciplines resulted in unique discoveries. 
 

 
 



 

 

Measurements of Carbon Dioxide and Water Vapor Fluxes 
from Alpine Tundra using the Eddy Covariance Method 

Peter Blanken’s Group – June 7, 2007 
 
Introduction 
To quantify the energy, water vapor, and CO2 
exchange from alpine tundra, a pair of 3-m-tall towers 
housing eddy covariance instruments were recently 
installed at Niwot Ridge. The eddy covariance 
method has the advantage of making continuous 
measurements of CO2/H2O fluxes over a fairly large 
area with minimal disturbance to the sampling area. 
In rugged terrain, however, advection can be as issue 
(especially for CO2), and for this reason a pair of 
systems were installed along the prevailing wind 
direction. 
 
Methods 
The fluxes were calculated based on the covariance 
between the vertical wind speed (w) and the scalar of 
interest (air temperature, CO2 density, H2O density, 
and horizontal wind), all measured at a sampling rate 
of 10 Hz with fluxes calculated over a 30-min period. 
The 3-dimensional wind field was measured with a 
sonic anemometer, and the CO2/H2O density with an 
open-path gas analyzer (Fig. 1). Several ancillary 
measurements are also made at both locations (e.g. 
net radiation, soil heat flux/temperature /moisture). 
The results presented here are from the “west” tower 
only (“east” tower having power/communication 
issues), and should be treated as “preliminary”. 
Standard corrections (e.g. coordinate rotation; Webb 
adjustment) have been preformed. 
 

 
Fig 1. Eddy covariance instruments at another site 
(photo from LI-COR, Inc., Lincoln, NB). 
 
Results 
The general meteorological conditions (Fig. 2) reveal 
three distinct synoptic periods, all with generally low 
air temperatures and high wind speeds.  
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Fig.2. Air temperature (Ta), relative humidity (RH), 
horizontal wind speed (U), and barometric pressure 
(P). 
 
The fluxes over the same period (Fig 3; positive 
indicate away from the surface) show generally 
cloudy conditions, with daytime maximum Rn 
typically exceeding 500 W m-2. The sensible heat flux 
(H) exceeded the latent heat flux (LE) by a factor of 
two (daytime), indicative of dry surface conditions. 
The soil heat flux (G) was large (typically 15-20% of 
Rn during the daytime), indicative a of large soil 
temperature gradient. Despite the apparently dry 
surface conditions, there was a net uptake of CO2 
during the daytime for all days (except overcast DOY 
144). Over this sample period, the cumulative CO2 
indicated a net uptake of nearly 60 mg m-2 (Fig. 4). 
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Fig. 3. Net radiation (Rn), latent (LE) or sensible (H) 
heat fluxes, soil heat flux (G), and CO2 flux (Fc).  
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Fig. 4. Cumulative CO2 flux (negative indicates 
uptake by the surface) of nearly 60 mg m-2 over the 
18-day period). 
 
Especially in heterogeneous terrain, the quality of the 
turbulent flux measurements, and the area that is 
being sampled, should be quantified. A typically 
method to determine the quality of the flux 
measurements is via “energy balance closure”, 
defined as how well the non-turbulent terms (Rn – G) 
compare to the turbulent terms (LE + H) (Fig. 5.). 
Fig. 5. shows that there is relatively low scatter (r 2= 
= 0.92) but the slope of the linear regression of 0.53 
indicates an underestimation of LE + H (10-20% is 
typical even in homogenous sites) or an 
overestimation of Rn- G. Our ability to account for 
advection with the paired-tower approach should 
improve the energy balance closure. 
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Fig. 5. Relationship between the sum of the 30-min 
latent and sensible fluxes (LE + H) and the available 
energy (Rn - G). Line is the linear regression, LE + H 
= 0.53 (Rn - G) + 11 W m-2 ;r2 = 0.92.  
 
Also important to any surface flux measurements is 
an attempt to quantify the up-wind sampling area, 
commonly referred to as the “flux footprint”. Based 
on an analytical diffusion model, Fig. 6 shows that 
distance upwind from the tower that the turbulent flux 

measurements was most sensitive to occurred at 62, 
57, and 71 m during neutral atmospheric stability 
conditions, and typical daytime and nighttime 
stability conditions (respectively). 
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Fig. 6. Turbulent flux footprints during typical 
neutral, daytime, and nighttime atmospheric stability 
conditions. 
 
Integration of the turbulent flux footprints (Fig 7.) 
indicated that 80% of the turbulent fluxes originated 
from within the first 500, 560, and 637 m upwind of 
the tower (daytime, neutral, and nighttime, 
respectively). 
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Fig. 7. Cumulative turbulent flux footprints during 
typical neutral, daytime, and nighttime atmospheric 
stability conditions. 
 
Conclusions 
This analysis of the preliminary CO2 and H2O eddy 
covariance-determined fluxes from alpine terrain 
indicate a dynamic surface in terms of flux behavior. 
Similar analysis of data collected from the second 
tower will allow us to account for advection, and 
therefore further improve the use of this method to 
determine relatively large-scale fluxes from complex 
terrain. 
 



 
 
NATIONAL ATMOSPHERIC DEPOSITION PROGRAM (NADP) 
Williams and Chowanski 
 

• NWT LTER has sponsored two NADP sites since the early 1980’s, Sugarloaf and 
Niwot Saddle, which at 3,505m is the highest NADP site in the US. 

• Through the year 2000, wet deposition of inorganic N at the Saddle site has 
increased at about the rate of 0.4 kg N/ha/yr (Figure 1). Current rates of N 
deposition are similar to the northeastern US. 

• We added a third NADP site at C1 (3,000 m) in 2006, providing a better 
connection between the alpine and subalpine research activities. 

 
A major problem with NADP protocols is that the wetchem samplers do not adequately 
capture snowfall. The large surface to volume ratio of snow relative to rain makes it 
difficult for precipitation samplers to collect snow. NADP samplers thus undersample 
snowfall amount. Consequently, NADP sites located in mountain environments rarely 
meet NADP QA/QC criteria. Note that in Figure 1, the Saddle NADP site fails NADP 
quality criteria every year.  We are hosting two potential improvements 

1. Enlarged collection bucket at the Saddle site 
2. New precip collector designed for snow at the C1 site 

 
Because of this problem, mountain sites in the west are not included in national isopleth 
maps. For example, in Figure 2, the area of the Saddle in the national isopleth map has a 
value of between 1 and 2 kg N/ha/yr, when the actual value is about 8 kg N/ha/yr. 

• NADP isopleth maps are used to characterize the "chemical climate" and observe 
its changes over time.  

• Government agencies use the isopleth maps to inform policy decisions.  
• Scientists use the maps to understand deposition fluxes to evaluate changes in the 

chemical climate. 
Because western mountain sites are not included in the national isopleth maps, NADP 
gives the impression that N deposition is low in western mountains. Hence not a problem. 
That is incorrect. We are working with NADP to include western mountain sites in their 
national isopleth maps. For 2006, they will make a parallel set of national isopleth maps 
that include mountain sites. Solute loading for this version of the national isopleth maps 
will be calculated by multiplying VWM concentration from NADP sites by precipitation 
from the national PRISM program. 
 


