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Biotic Control over Alpine Ecosystem Function  

William D. Bowman, Theresa A. Theodose  

Talk Abstract. Resource manipulation experiments have been carried out in field plots and growth 
chambers since 1990 to determine the biotic and abiotic controls over primary production in alpine tundra. 
Our results indicate that significant variation exists at the community, plant-growth form, and species levels 
in the responses to variation in nutrient supply. Communities respond differently to different nutrients, with 
a wet meadow community showing a greater growth and nutrient accumulation response to P fertilization, 
and a dry meadow community showing greater growth and nutrient accumulation response to N. These 
differential responses were associated with greater nutrient-use efficiencies of the nutrients that limited 
growth. Much of the community-level response was mediated by differential responses of plant growth 
forms. Graminoids in general have a greater capacity to increase growth in response to resource additions, 
and thus graminoid-dominated communities may respond more to environmental variation than forb-
dominated communities. Forbs exhibit a greater time-lag in response to resource manipulations. P-limited 
dry meadow forbs increased biomass only after 3 years of P fertilization. Species-level variation is best 
exemplified by comparing the responses of the graminoids Kobresia myosuroides, the dominant of the dry 
meadow, and Deschampsia caespitosa, the dominant of the moist meadow, to N fertilization. Deschampsia 
exhibits greater plasticity in biomass allocation and leaf gas exchange than Kobresia, and as a result has a 
greater capacity to increase biomass following N fertilization.  

 



Nitrous Oxide and Carbon Dioxide Flux from Snow-Covered Alpine Soils  

Paul D. Brooks, Steven K. Schmidt, Mark W. Williams  

Talk Abstract. Fluxes of carbon dioxide and nitrous oxide from snow-covered alpine soils were measured at 
Niwot Ridge. Six sites characterized by relatively shallow snowpacks were sampled in 1993. A total of 27 
sites were sampled in 1994. Nine sites were located in the naturally shallow snowfield sampled in 1993, 9 
sites were located in a formally shallow snowpack site where the snow depth was augmented by the 
construction of a snowfence, and 9 sites were located in a naturally deep snowpack. Concentrations of N2O 
and CO2 at the soil surface were measured monthly from January until March, biweekly through April, and 
weekly until snowmelt was complete. Elevated levels of CO2 under the snowpack, suggesting microbial 
activity, were first observed under the shallow snowpacks in early March of 1993. N2O production under 
snow was first observed in April 1993, when soil temperatures had warmed above -3o C. In 1994 shallow 
snowpack sites exhibited diminished and sporadic production of both CO2 and N2O, apparently due to the 
inconsistent snow cover compared to 1993. The snowfence sites exhibited increased CO2 and N2O fluxes 
beginning in February 1994 (Figures 1 and 2). Both CO2 and N2O fluxes from the snowfence site were 
similar to those measured under the naturally deep snowpack. These data suggest that the timing and depth 
of snow cover during the alpine winter control microbial activity by insulating soils from extreme air 
temperatures.  

 



Figure 1. N20 flux from soils beneath two naturally occuring shallow snowpacks (n=3).

Figure 2. N20 flux from soils beneath a naturally shallow snowpack (SHALLOW), from beneath a formerly
snallow snowpack where snow depth had been augmented behind a snowfence (FENCE), and from beneath
a naturally deep snowpack (CONTROL) (n=9).



Interactions Between Snowmelt Nitrogen and Tundra Soils in the Colorado Alpine  

Paul D. Brooks, Mark W. Williams, Steven K. Schmidt  

Talk Abstract. The fate of natural and applied inorganic nitrogen (N) released from the seasonal snowpack 
was investigated using a series of experimental plots during 2 successive years at Niwot Ridge, a high-
elevation (3510 m) alpine site in the Colorado Front Range. Analyses of ion exchange resins located at the 
soil-snow interface during melt indicated that greater than 90% of inorganic N released from the snowpack 
infiltrated tundra soils. However, N loading rates at any location exhibited great spatial heterogeneity with 
inputs varying by as much as an order of magnitude over a few meters. Most of this variability was 
attributable to NO3-, where mean inputs ranged from 0.052 to 0.753 g N_m-2. Soil concentrations of labile 
N (NO3-, NH4+, and free amino N) shortly before snowmelt were as high as 10 g_m-2, apparently due to a 
combination of microbial mineralization and cell lysis from freeze/thaw events. Ninety percent of 15NH4 
tracer added to the snow surface 2 weeks before snowmelt was recovered in the bulk soil pool during the 
first season, suggesting retention of NH4+ released from the snowpack by soil processes. Concentrations of 
inorganic N in surface waters located within 50 m of the experimental plots remained near detection limits 
throughout snowmelt, also suggest- ing that N released from the snowpack was retained in soils. The 
decrease in spatial heterogeneity within the pool over time suggested a biologically mediated retention 
mechanism. The large pool of labile soil N before melt, the spatial heterogeneity of NO3-N inputs, and the 
biologically mediated retention mechanism suggests that small changes in the timing of either snowpack 
accumulation or melt or N loading could result in an episodic pulse of N in surface waters similar to those 
seen in areas with less well- developed soils.  

 



Nitrogen and Landscape Controls on Decomposition in Alpine Tundra  

David M. Bryant, Timothy R. Seastedt, Elisabeth A. Holland  

Poster Abstract. Current literature surveys indicate that N cannot be limiting to decomposition when C:N < 
20. Anthropogenic inputs of N via dry and wet deposition have been measured at 1 - 1.8 g_m-2_yr-1. 
Exogenous N inputs may affect N dynamics of decomposition and subsequent feedbacks on N cycling 
rates. Preliminary data from an ongoing study were used to determine the effect of N additions on plant 
litter decomposition across the alpine landscape. These data were compared to the Niwot Ridge data set 
from the Long Term Intersite Decomposition Study (LIDET). Observed decay rates were compared to the 
predictions of a forest litter decomposition model using similar initial litter chemistry values.  

 



Initial Responses of Acomastylis rossii and Bistorta bistortoides to Experimental 
Manipulations of Snow and Temperature  

Christine Cain, Marilyn D. Walker, Katherine Nash  

Talk Abstract. A snow/temperature manipulation experiment was established in the Niwot Ridge Saddle 
area in the summer of 1993. Five 1-m2, open-top chambers were placed at each of 4 distances behind a 3-m 
snow fence, which was erected in the autumn of 1993 (see S.A. Walker et al. abstract). The experiment is 
part of the International Tundra Experiment (ITEX). Total plant height, leaf growth, flowering, and 
phenology of Acomastylis rossii and Bistorta bistortoides are being monitored in each of the experimental 
plots. Data from natural populations suggest that both species will have a positive response to increased 
temperatures, and that at least B. bistortoides may also have a positive response to moderately increased 
snowpack. A. rossii showed a significant increase in leaf length (p= .0003) and total plant height (p< .0001) 
in response to the first year of warming. A. rossii continued to show a significant increase in leaf length (p< 
.0001) and total plant height (p= .0412) in response to the second year of warming, and B. bistortoides also 
showed a significant increase in leaf length (p= .0025) and total plant height (p=.0012) in response to the 
second year of warming. Additional investigation is required to determine response of the 2 species to 1 
year of snowpack manipulation.  

 



Overview of the Surface Energy Balance Program at the Subnivean Site, Niwot 
Ridge  

Don Cline  

Talk Abstract. To better understand the energy and mass exchanges of an alpine snowpack, meteorological 
instrumentation was installed at the subnivean site near the Saddle on Niwot Ridge in March and April of 
1994. There are 3 major components to this instrumentation:  

• 1) a suite of radiometers to measure incident and reflected shortwave radiation, down- and up-
welling longwave radiation, net radiation, and to separate the direct and diffuse components of 
shortwave radi- ation;  

• 2) temperature, relative humidity, and wind speed sensors at 3 levels to permit calculation of 
turbulent fluxes of sensible and latent heat using aerodynamic formulae; and  

• 3) a thermocouple ladder to measure energy fluxes within the snowpack and soil using 
temperature gradient methods.  

Although the system was designed specifically for measuring energy fluxes over snow, it remains fully 
functional during snow-free periods as well. The system became operational in April, 1994. The collection 
of alpine surface energy balance data for periods greater than a few weeks to a month is rare, and 
consequently comparison of energy balance between sites is difficult. To address this situation, an objective 
function of this project has been to design and implement a long-term measurement program. The present 
system can potentially remain functional for many years, although funds will need to be identified to ensure 
replacement of failed instruments. Data from the system are collected at 10-minute intervals, and retrieved 
from the subnivean shelter weekly. Several levels of data are produced and archived at NWT LTER. Level 
1 data consist of raw voltage measurements, as collected from the data recorder. Level 2 data are processed 
to apply calibration coefficients and convert to proper units. Level 3 data include calculated energy fluxes, 
using selected formulae. Level 4 data, including calculated fluxes, are reduced to hourly averages. Many 
quality control measures have been implemented for this data set, and additional measures will be added 
over time. As part of the long-term objective of this project, changes to the original data collection and 
management system will be minimized to ensure continuity.  

 



Examples of Energy Balance Data from the Subnivean Site, Niwot Ridge  

Don Cline  

Poster Abstract. Meteorological instrumentation was installed at the subnivean site on Niwot Ridge in 1994 
with the objective of obtaining long-term information concerning energy fluxes related to snowmelt. 
Several examples of energy flux data collected during the spring and summer of 1994 are shown in order to 
illustrate the nature of this large data set. Examples shown include:  

• 1. Diurnal patterns of radiative and turbulent fluxes for different "characteristic" days.  
• 2. Onset of soil heat flux following complete snowpack ablation.  
• 3. Spatial variation of snowmelt lysimeter outflow.  
• 4. Variation of albedo over time.  
• 5. Direct-beam and diffuse components of incident shortwave radiation.  
• 6. Temporal trends of major energy fluxes over the snowmelt period.  

In addition to the data example, an overview of the management protocol for these data is provided.  
 



Short- and Long-Term Effects of Pocket Gophers, Thomomys talpoides, on 
Ecosystem Processes of Alpine Tundra  

M. Roberto Cortinas, T.R. Seastedt  

Talk Abstract. Gopher feeding, burrowing, and mounding activities create areas of chronic disturbance in 
alpine tundra. Short-term impacts include soil redistribution, a reduction in plant productivity, and burying 
of surface litter. Long-term effects include the maintenance of a successional rather than climax plant 
community, and the potential modification in soil characteristics due to both physical disturbance and the 
persistence of successional plant species on the affected sites. We measured the short-term effects on 
surface litter decay caused by mounding activities of gophers. Buried litter decayed significantly faster 
during the growing season (Figure 3). This same litter then decayed slower during the non-growing season. 
The relative importance of temperature and mois- ture constraints on the decomposition process differ 
between surface and buried litter. During summer, surface litter decay appears to be moisture-limited. 
During the non- growing season, temperature limitations may have constrained the rates of decay of the 
buried substrates. The long-term effects of gophers on soil characteristics were assessed by paired plot 
comparisons of soils beneath Kobresia and Acomastylis. We assumed that the Kobresia sites were 
undisturbed by gophers for a minimum of several hundred years. Soil carbon measurements (Figure 4) 
indicate that a) percent SOM between sites are similar, b) depths to large rocks (the limits of coring) are 
deeper under Kobresia, c) bulk densities of soil under Kobresia are lower, but d) overall carbon storage is 
unaffected. We conclude that the carbon storage at these particular sites is unaffected by gopher activities.  

 



Figure 3. Litter decomposition on surface an buried in mounds.

Figure 4. Comparisons of soil characteristics under Kobresia and Acomastylis.



Seasonal Patterns of Microbial Biomass, Nitrogen Utilization, and Respiration in 
Alpine Tundra Soils  

Melany C. Fisk, Steven K. Schmidt  

Talk Abstract. The contribution of the soil microbial pool to seasonal N dynamics was investigated in 
alpine tundra. Both microbial activity (respiration) and gross mineralization, measured using 15N pool 
dilution, changed over time and were highly related to microbial biomass N. Early season measurements 
showed the highest gross mineralization relative to respiration (Figure 5), suggesting that substrate N 
contents are highest at this time. Laboratory manipulations indicated that while soil microbes generally 
were C limited (Figure 6), some N storage was possible given excess N availability. Furthermore, carbon 
utilization efficiency by the soil microbial biomass appar- ently was sensitive to N availability at different 
times of the year. Thus the microbial pool appears to influence seasonal patterns of soil N turnover via 
flexibility in N immobilization as well as changes in mineralization:activity relationships.  

 



 

Figure 5. Ratios of gross N mineralization to soil respiraion measured in 2-day laboratory incubations of 
dry and moist meadow soils.  



 

 

Figure 6. Soil respiration of moist meadow soils in 10- to 12- day laboratory incubations.  



Luxury Uptake and Storage of Nitrogen in the Alpine Plant, Bistorta bistortoides.  

David A. Lipson, William D. Bowman, Russell K. Monson  

Poster Abstract. Bistorta bistortoides grown in N-fertilized plots in the alpine community of Niwot Ridge 
in Colorado have significantly higher concentrations of N in the rhizome relative to unfertilized controls 
from the same area while showing no growth response in aboveground biomass. The increased level of N 
in fertilized plants was stored mostly in the form of N-rich amino acids, which accounted for 46% of total 
N in the rhizome in fertilized plants compared to 30% in unfertilized controls. The concentrations of other 
forms of N (insoluble and soluble proteins) were similar in fertilized and unfertilized plants. Of the 
increased amino acids storage in fertilized plants, most (60%) was sequestered in the proximal third of the 
rhizome, which represents the most active storage pool in terms of supporting future shoot growth. 
However, a significant fraction (40%) was stored in the less active, distal portions of the rhizome. We 
conclude that luxury uptake and storage of N in this alpine species is accommodated through (1) the 
increased synthesis of storage amino acids, particularly those with high N fractions such as arginine and 
glutamine, and (2) allocation of a considerable fraction to what we hypothesize is a less active storage pool.  

 



The Significance of Soil Organic Nitrogen and Nutrient-Uptake Characteristics of 
Kobresia myosuroides Dry Meadow  

David Lipson, Theodore K. Raab, Russell K. Monson  

Talk Abstract. Experiments in both the laboratory and 2 dry meadows at Niwot Ridge have focused on the 
role of soluble organic compounds in the nitrogen economy of Kobresia myosuroides. Microlysimeter 
sampling of soil pore-water and citrate extractions of soil revealed glycine (6.5-105 mM) and glutamate (11 
+ 3.8 mmol_kg-1 dry soil) to predominate the amino acid spectrum. From early May, NO3- concentrations 
in microlysimeters fell from a high of 450 mM to  

 



Tree Islands Reduce Soil Carbon Storage in Alpine Tundra  

Sheridan Pauker, Timothy R. Seastedt  

Talk Abstract. Tree islands or krummholtz modify the biophysical characteristics of surface soils. As these 
organisms creep across the tundra, enhanced snowpack on leeward sides of the trees modifies tundra 
vegetation. The islands themselves function as snow- fences and collectors of organic debris. Enhanced 
shading and wetting of the soil surface modifies decomposition processes; root growth and decay dynamics 
are also apparently different from those occurring on tundra. Soil carbon amounts in the upper 15 cm of soil 
were measured during summer 1994 on windward, leeward, sides, and interiors of tree islands on Niwot 
Ridge. Results indicate significant reductions of over 30% of carbon storage occurs as a result of the 
passage of tree islands across the tundra (Figure 7). The magnitude of the reduction is a function of tree 
size (Figure 8). Leeward sides of the tundra also exhibited a tendency for reduced carbon amounts. Trees 
do accumulate substantial surface organic matter, but this material, along with roots, is not stabilized in the 
soil. Tree island movements, like gophers, can be regarded as disturbances to soil building processes in 
alpine tundra.  

 



Figure 7. Percent carbon in top 15 cm of soil (means, standard errors, n=12).

Figure 8. Relationship between size of tree island and soil carbon on windward areas.



Trace Gas Fluxes and N Cycling on Niwot Ridge: An Overview  

Steven K. Schmidt, Melany C. Fisk, Paul D. Brooks, Renee B. Mullen, Ann E. West, Theodore K. Raab, 
David Lipson, Jason C. Neff, Lesley K. Smith, Mark W. Williams, Elisabeth A. Holland, William D. 

Bowman, Russell K. Monson  

Talk Abstract. Our present understanding of the interconnections among N-cycling, N-deposition, and trace 
gas fluxes on Niwot Ridge will be summarized. Seasonal patterns of trace gas fluxes and N cycling will be 
presented and the relative contributions of microorganisms and plants to retention of added N in the system 
will be stressed. Data from recent manipulative experiments to determine the controls over trace gas fluxes 
and N immobilization by microorganisms and plants will also be presented.  

 



Nitrogen Loading at the Saddle Site and a Comparison with Previous N Loading 
Data from Niwot Ridge  

Herman Sievering, Dawn Rusch, Lori Marquez, Mark W. Williams Timothy J. Bardsley, Mike Sannes, 
Christine Seibold  

Talk Abstract. Atmospheric nitric acid (HNO3), particulate matter nitrate (NO3), and particulate 
ammonium (NH4) concentrations have been observed at the Saddle site for approximately 4-hour periods 
once per week since January 1993. The measurement of gaseous ammonia (NH3), the only other N species 
of consequence to N loading in the vicinity of the Saddle site, is being developed for incorporation into the 
database; progress to date includes test sampling for NH3 at the C-1 site. The fine and coarse particulate 
NO3 and NH4 obtained by the dichotomous sampler (in test mode at C-1 during 1993) has produced 
sufficient data during spring and summer 1994 to afford comparison with NO3 and NH4 data obtained 
previously at C-1 during 1979-1984. We have also obtained particulate sulfate (SO4) data from the 
dichotomous sampler which will allow us to better understand the chemistry of nitrogen species in the air 
above Niwot Ridge, as well as how it deposits to Niwot Ridge vegetation and other surfaces. This is so 
because ammonium sulfate particulates form in the atmosphere before any ammonium nitrate will do so; 
thus, the air concentrations of HNO3, NH4, and NO3 are all markedly affected by the amount of sulfate 
which is present in the air. Results to be presented include:  

• a) 75 % of particulate NO3 is found in large particles, confirming our earlier assumption in this 
regard;  

• b) HNO3 contributes about 90% of N loading to the alpine tundra, NO3 from 5 to 10%, and NH4  
• c) 1993-1994 air concentrations of HNO3 over Niwot Ridge are about twice the 1979-1984 

values; and  
• d) our previous estimates of growing season N loading at the Saddle tundra (Sievering et al. 1992) 

underestimate dry loading by a factor of 1.5 or more.  

[Sievering, H., D. Burton, and N. Caine. 1992. Atmospheric loading of nitrrogen to alpine tundra in the 
Colorado Front Range. Global Biogeochemical Cycles 6: 339-346]  

 



Martinelli Slope 1:500 Integrated Terrain Unit Map (ITUM)  

Skip Walker, Leanne Lestak  

Poster Abstract. An integrated terrain unit map (ITUM) for the Martinelli slope has been prepared at a 
scale of 1:500. Mapped elements include primary, secondary, and tertiary vegetation (31 vegetatation 
categories, Komarkova classfication), primary and secondary surface forms (13 categories), surface 
microrelief (6 classes), average particle size of rocks (6 classes), rock spacing (7 classes), and percent 
lichen cover (7 classes). The ITUM was constructed from detailed field surveys and entered into the NWT 
LTER GIS. Other activities in the Martinelli area include a survey of a grid covering the ITUM area 
(Universal Transverse Mercator coordinate system with 50-m grid-point spacing), and construction of an 
orthophoto topographic map (2-m contour interval). The map is currently being edited, but a preliminary 
version is presented for comments.  

 



Effects of Snow-Regime Alteration on Soil Temperatures  

Skip Walker, Brad E. Lewis  

Talk Abstract. The drift formed by the Niwot Ridge snow fence has raised minimum winter soil 
temperatures about 12o C at 15-cm depth. Soil-surface temperatures remained at or near freezing most of 
the winter. A gradient of colder subsurface and surface temperatures occurs downwind of the fence 
corresponding to shallower snow depths (Figure 9). The drift formed very rapidly, reaching maximum 
depths (~2.5 m) near the fence in early November (Figure 10). The drift lengthened slowly through the 
winter and reached its maximum volume in mid April. The drift melted out on June 24, 1994. Snow 
distribution patterns on the Saddle grid were similar to those in 1992-93, although the snow amounts were 
considerably less. Maximum snow distribution on the Saddle grid (early May) was similar to that of 
February of the previous winter, and the deep drifts were about 67% of the previous winter. The large West 
Knoll drift did not impinge on the snow- fence experimental area as it did during the previous winter.  

 



 

Figure 9. Winter soil temperatures at 15-cm depth along the fence transect during (a) 1992-93 (pre-fence baseline) and (b) 
1993-94 (post fence). Prior to fence construction, the soil temperatures, particularly in the Kobresia meadow (0 to 60 m) 
followed the winter mean air temperatures, with very cold temperatures (-11 degrees C) in late January. Temperatures in the 
Acomastylis and Salix communities (0 to -40 m) were 5 to 10 degrees C warmer due to deeper snow (25 to 50 cm during most 
of the winter). In 1993-94, the soil temperatures showed no response to winter air temperature except near the margins of the 
drift. In February the drift began enlarging and the warm soil temperatures also expanded in area.  



 

 

Figure 10. History of the Niwot Ridge snow-fence drift, November 1993 to June 1994. The size and shape of the drift did not 
change dramatically during the winter although it did elongate and increase in volume during late February through April.  



Temporal and spatial patterns of methane fluxes during 1992 and 1993 on Niwot 
Ridge  

Ann E. West, Christa Farmer, Stephanie Babcock, Lesley K. Smith, Steven K. Schmidt, Melany C. Fisk, 
Paul D. Brooks, Gregory M. Colores, Marcus Reinhart Jason C. Neff, Elisabeth A. Holland  

Poster Abstract. We measured methane fluxes from 3 alpine community types as they varied over the 
course of the growing season (Figure 11). Concomitantly, soil moisture, soil temperature (at 1-, 5-, 10-, 
and 15-cm depths), and soil solution NO3- and NH4+ were measured. Data were examined for correlations 
between these abiotic variables and CH4 fluxes. Sites in the wet meadow were a source of methane, 
whereas moist and dry com- munity types acted as a methane sink. Methane fluxes ranged from -1 mg_m-
2_day-1 in the dry meadow community to +19 mg_m-2_day-1 in the wet meadow. In addition, manip- 
ulative experiments were done to investigate the effects of summer rain fall events and N deposition on 
CH4 uptake by alpine soils.  

 



Figure 11. Methane fluxes from 3 alpine community types.



Sources of Nitrate in Stream Waters of Green Lakes Valley and Niwot Ridge  

Mark W. Williams, Nel Caine  

Talk Abstract. Maximum concentrations of nitrate (NO3-) in surface waters of Green Lakes Valley (GLV) 
and other high-elevation streams occur during snowpack runoff and generally range from 30-50 meq_L-1. 
Sources of NO3- in stream waters are unknown. In 1994 we evaluated potential sources of NO3- in stream 
waters by collecting the following samples and analyzing for NO3- and ammonium (NH4+): i) snow and 
rain, ii) snowpack meltwater before contact with the ground, iii) zero tension soil lysimeters, iv) stream 
water at weekly intervals, and v) synoptic survey of ephemeral surface waters in early June. Concentrations 
of NH4+ and NO3- in snow were near 10 meq_L-1 and eluted in the form of an ionic pulse, with maximum 
concentrations in meltwater collected at the subnivean laboratory of about 30 meq_L-1 for both NH4+ and 
NO3-. Ammonium was not mobile; NH4+ concentrations in all surface water samples for all dates were 
near or below detection limits. The synoptic survey showed that NO3- concentrations were always near 
detection limits in surface waters on or draining developed tundra but were as high as 40 meq_L-1 for 
surface waters draining slopes composed of exposed bedrock and talus (Figure 12). Snowpack release of 
NO3- in the form of an ionic pulse therefore appears to be the source of NO3- in stream waters. However, 
NO3- concentrations in zero tension lysimeters were as high as 50 meq_L-1, suggesting that soils may 
contribute some or all of the NO3- in stream waters. More research is needed to ascertain the source of 
NO3- in surface waters of alpine basins.  

 



Figure 12. Maximum nitrate concentrations are near 50 meq·L-1 in the outlet stream of the Martinelli basin
in Green Lakes Valley and occur during snowmelt runoff. In contrast, nitrate concentrations are near or
below detection limits in the stream draining the Niwot Ridge Saddle, about 400m from Martinelli basin.




