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Introduction
The floodplain ecosystems of the Kawuneeche Valley (KV) on the western side of Rocky Mountain National Park, Colorado, USA are in a state of decline. This is evident from the decadent willow stands, lack of willow establishment, and the presence of dry grasslands rather than wetlands on much of the valley floor. This situation may have been triggered by diversion of water out of the valley via the Grand Ditch over the last century and the coincident decline in the beaver population from an estimated 600 in 1940 (Packard 1947) to ~30 in 1999 (Mitchell et al. 1999). Both flow regulation (Brunke 2002) and reduced beaver activity may affect the lateral hydrological connectivity of streams and their adjacent floodplains, and result in altered sedimentation patterns and biogeochemical processes. Consequently, there is a pressing need to understand the processes that created the landforms, hydrologic and ecosystem patterns and ecological functions of mountain valley ecosystems.

Previous research in the KV and elsewhere in Rocky Mountain National Park has highlighted the key role of beavers in landform formation and riparian ecosystem functioning (Cottrell 1995). For example, Dickens (2002) showed that beaver dams have historically been critical for creating two or three landforms in which willow recruitment occurs in Moraine and Horseshoe Parks. Gage (2002) found little willow recruitment at these sites due in part to a lack of beaver. Without beavers, the geomorphic processes that create suitable landforms and hydrologic patterns for willow establishment are rare.

In 2002 we conducted field work to map landscape features created by historical beaver activities in the KV, which clearly indicated that beavers have influenced almost every portion of the study area. Relict beaver ponds are no longer connected to water sources large enough to have created and maintained them, and the establishment processes that formed the extensive willow stands of the valley no longer occur. Soil cores removed during groundwater well installations since 1995 (S. Woods and C. Westbrook, unpublished data) are mottled well above the current water table, where soil mottling is formed only in sites with saturated and reducing soil conditions. These data suggest that the water table was recently much closer to the ground surface than at present. The research also indicated that even one beaver dam can control the direction of water movement over large areas in the valley as well as the area inundated or saturated. 


Water availability in the KV has been markedly reduced by operation of the Grand Ditch, which annually removes ~30 % of Colorado River water from the KV (Woods 2001). However diversions typically cause a much larger proportion of water to be removed in drier years, and during the critical mid and late summer months (Ryan 1997). Global climate change scenarios indicate that the frequency of drier summers could increase substantially (Dickens 2002), thus the effect of the Grand Ditch could become more severe. Knowledge of mechanisms that control fluxes of water, sediment and nutrients at soil-stream interfaces is of basic importance as water quantity and quality influence plant and animal community composition and diversity (Naiman and Melillo 1984; Lizarralde 1993).

Research Questions
My over-arching question is: are beavers and the Grand Ditch able to alter hydrological and ecological processes at large spatial and temporal scales in the Kawuneeche Valley? Furthermore, has the absence of beaver, due to water diversion or population control, fundamentally changed the Kawuneeche Valley? The ecohydrology and biogeochemistry of mountain valley systems are moderated by water availability, which may be affected by annual climate variability or diversion. It is hypothesized that the hydrologic and biogeochemical regimes vary in time and space in a predictable manner as a function of the size of the beaver population, which depends on the accessibility to food, and the availability of water, primarily controlled by the size of the snowpack. 
Study Area
This study will be conducted in the Kawuneeche Valley in Rocky Mountain National Park, with the primary focus in the valley bottom upstream of the Never Summer Ranch access road as far north as Lost Creek. 
Methods
Hydrologic Regime
A network of ~200 groundwater monitoring wells has been installed in the KV since 1993 to determine the water table elevation relative to the soil surface (refer to Appendix 1 for UTM coordinates of existing wells surveyed). We plan to remove many of the wells at the completion of the study, but plan to work with the park's management staff to determine which wells should be left in place for long-term monitoring. Well locations without accurate GPS coordinates will be surveyed using either a survey-grade GPS or total station. The saturated hydraulic conductivity of floodplain soils will be estimated in all wells that have not already been measured by conducting rising head slug tests. Well water levels and river stage will be measured weekly over the snow-free season, and more frequently after storm events. As part of the hydrological monitoring program, rainfall will be measured on-site in the same location as in 2002 (UTM coordinates 4470423.01, 427322.43) with a tipping bucket rain gauge. Air temperature and relative humidity will be monitored continuously with HOBO data loggers at the same site. Potential evapotranspiration will be estimated using the Thornthwaite equation. Snow water equivalent data will be obtained from the closest SNOTEL sites, Lake Irene and Phantom Valley.
Hydrographs of hydraulic head versus time for individual wells will be used to evaluate the response of the unconfined valley groundwater system to beaver activity. Agglomerative cluster analysis of well data will be used to objectively identify wells with similar patterns of water level measurements over time (Cooper et al. 1998). Cluster analysis will be performed on the raw data, data standardized to the hydrograph mean, and data standardized to the hydrograph mean and variance using the computer program PC-ORD. A GIS layer of the resulting clusters will be overlain on the aerial photographs depicting the location of beaver dams and ponds. This information will facilitate a better understanding of the areal distribution of various types of water level fluctuation patterns as affected by beaver within the study site. Contour plots of water table elevations for several dates each study year will be derived by kriging point observations for the valley. The direction of groundwater flow will be perpendicular to lines of equal hydraulic head. From the contour plots and hydrograph clusters, the spatial extent of beaver influence on groundwater levels can be inferred. To determine if there is a difference in the effect of beaver activities among unconfined valley, confined valley, and peatland ecosystems within KV, well hydrographs and flownets will be similarly computed and analyzed. Lastly, flooding due to beaver dams will be delineated on 1:4000 aerial photographs. 
Biogeochemical Dynamics

Soil reduction-oxidation (redox) potential (Eh) will be measured at the same sites as 2003 using platinum-tipped electrodes. A total of 30 electrodes were installed in 2003 next to existing groundwater wells, and will be removed after this field season. Electrodes are in replicate and installed at three soil depths in the peatlands (1, 10 and 25 cm). Redox potential will be measured weekly using a millivolt meter as described by Faulkner et al. (1989). Patterns of redox potentials will be investigated using standard spatial statistical modeling techniques and related to patterns of water table fluctuation. 
Legacy of beaver on peatlands
Clearly beaver build dams in peatlands, but is remains unclear how these ponds are formed and how long they remain a feature on the landscape.  The beaver peatland beaver ponds in the Kawuneeche Valley are of variable size, and we do not know whether the smaller beaver ponds are younger than the larger ponds, and thus will become larger over time.  Thus to evaluate the legacy of beaver activities on peatlands, we propose to age peat cores from one transect through a peatland beaver pond (easting 427957.32, northing 4471681.60). A total of six peat cores (1.25 in diameter and variable length) will be removed using a hand-held auger (Figure 1).  Total peat thickness will be measured at the time of sampling.  The figure below indicates the proposed peat core locations. From these cores, the age of peat at different depths will be determined using 14Carbon-dating techniques, run at a commercial laboratory.  We hope to determine the date of inception of the beaver dam through dating the peat found immediately below the dam, as well as the maximum age of the peat lying just above the alluvium.  Peat ages from the bottom of the pond will help determine whether the presence of the beaver dam has caused degradation of the peat body.
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Figure 1:  Proposed location of peat cores in a peatland beaver pond. 
Water diversion impacts on nitrogen mobilization in fens 

We selected six fens fed primarily by groundwater discharging from the toe of an adjacent mountain slope as the sample units in this study; all fens are already instrumented from previous hydrologic studies. Three treatment fens (Lost Creek, Circle, and Red) have lowered water tables due to dewatering by the Grand Ditch and three control fens (Hell’s, Moose, and an unnamed fen) have naturally occurring water tables as their water supply is unaffected by the Ditch operation. This detailed in situ study will quantify the production and microbial use of ammonium and nitrate, as well as the net loss of N from the fens to the groundwater flow system. A combination of hydrometric, chemical, and isotopic approaches will be used to analyze the temporal and spatial variation in water table fluctuations as related to soil N transformations.

Water Table Dynamics: The water table position in the six fens will be monitored weekly from snowmelt in late May through early September using the existing groundwater well network (approximately 20 wells in each fen). Water level in each well will be measured using an electronic tape. 

Groundwater Nitrogen Concentrations: Water table effects on groundwater nitrogen concentration and pH will be sampled at regular intervals six times during the summer. Samples (a maximum of 720 samples, 50 mL each) collected for dissolved N species (NH4+-N and NO3--N) will be filtered through a 0.45 m GF/C glass fiber filter and frozen until analysis via Alpkem automated colourimetry. 

Soil Nitrogen Dynamics: Grids of 2 m by 2 m cells will be developed for each of the six fens, with five cells randomly chosen for characterization of soil N dynamics. At each of the five sites within the six fens an initial (time zero) soil core will be collected to estimate net ammonification and nitrification. Next to the initial core a second core will also be collected, contained in 0.025mm thick polyethylene bag, and placed back into the soil and incubated for 24 days (Eno 1960). The net incubations will be started the same week as the gross ammonification and nitrification incubations. Inorganic N in an approximately 5 g (dry mass) sub-sample of either the initial or incubated soil core will be extracted with 50 ml 2 M KCl and shaken mechanically for 1 h to obtain equilibrium. The KCl extracts will be filtered through 1 m filters pre-rinsed with KCl, and subsequently frozen. Extractable NH4+-N and NO3--N will be determined colormetrically.


Gross ammonification and nitrification rates will be estimated at the same sites as net rates three times during the 2004 snow-free period. Four soil cores will be labeled with 15N at each of the five sites within each fen, following the methodology of Westbrook and Devito (in press) and Hart et al. (1994). The cores will be obtained by inserting a 0.025 mm thick polyethylene bag in a hand held soil corer and twisting down to the desired depth. Two cores will be amended with 30 mg N l-1 (15NH4)2SO4 and the remaining two with a solution containing 30 mg N l-1 K15NO3. The solutions, which will contain 15N enriched to 98 atom percent, will be injected from the bottom end of the core. Each core will receive six 1 ml injections, made with a 1 ml syringe. One core of each labeled pair will be immediately homogenized in the plastic bag and a 10 g sub-sample extracted with 50 ml 2M KCl. The other core from each pair will be sealed, reburied, and incubated in situ for 24 to 48 h (depending on the soil N content) before extraction. In total, 360 soil cores at 300 cm3 soil per core will be removed. All soils that have been injected with the nitrogen isotope will be contained within sampling bags, and will be subsequently removed from the Park. This will ensure Park resources are not damaged by the addition of isotopes to the soils. The ammonium diffusion procedure (Hart et al. 1994) will be used to prepare KCl extracts for 15N analysis. Direct combustion 15N analysis of the glass filter disks will be conducted at Colorado State University.

Data Analyses: Net nitrification rates will be estimated by the difference in NO3--N content between the incubated and initial unlabeled cores. Likewise, net ammonification rates will be estimated by the NH4+-N content of the incubated, unlabeled core minus that in the initial core. Daily rates of gross ammonification, gross nitrification and ammonium and nitrate consumption will be calculated using the equations developed by Kirkham and Bartholomew (1954) and presented in Hart et al. (1994). The NH4+ immobilization rate will be calculated by subtracting gross nitrification from gross NH4+ consumption. Gross NO3- immobilization is equivalent to gross NO3- consumption, as denitrification will be assumed to be negligible over the short incubation period. Turnover time or mean residence time is the length of time an N atom resides in the N pool and is determined by dividing the pool size by the gross rate generating that pool. 

Repeated measures analysis of variance will test for differences in water table position, net and gross ammonification, nitrification, and immobilization among treatment and control fens. Regression analyses will be performed to examine relationships between water table position and net and gross ammonification and nitrification, and N immobilization. Further, spatial and temporal patterns of groundwater nitrate concentrations and water table position will be depicted using contour maps and flow nets, and compared qualitatively among fens. 

Collections

As described above, we intent to collect soil water, groundwater, and soil samples to determine the impact of beaver and the Grand Ditch on the hydrological and biogeochemical regime of the Kawuneeche Valley. A total of not more than 300 g of soil from 360 fen samples will be removed and subsequently analyzed for nitrogen content. A total of 6 peat cores, 1.25 inches in diameter and of variable length (dictated by peat thickness at the chosen sites) will be removed for subsequent carbon-dating.  The number of soil water and groundwater samples is not to exceed 720 for the remainder of the project, and not to exceed 50 mL per sample. We will contact the Park resource protection staff to ensure we avoid any important resource sites before we select additional sites to sample, to ensure that we minimize disturbance to Park resources, and that we collect only a minimum number of samples required for statistical analysis of the data. 

Schedule
Field work would begin about 22 May 2004 and continue through 31 December 2004. We will submit a progress report to Rocky Mountain National Park in late fall. We will continue to fully cooperate with RMNP and others to develop important research needs and obtain existing data, historical photographs, and other records critical to this research. 
Products

Publications
We expect to complete an annual progress report, scientific papers, and presentations at NPS and scientific meetings. We will also be available to present at Park-organized workshops for students, the public or Park staff. 

Collections

Soil, sediment, and water samples will be discarded at the completion of the study.

Data

Copies of aerial photographs and GIS coverages will be available for RMNP data archival systems as requested.
Qualifications

Cherie Westbrook is currently a doctoral student at Colorado State University specializing in wetland hydrology and ecology. She completed a Master of Science at University of Alberta in environmental ecology in April 2000.

David Cooper is currently investigating wetland ecology in RMNP as advisor to former students Ed Gage, Joyce Cacka, Scott Woods, Rod Chimner and other.

Bruce Baker is currently investigating beaver ecology in RMNP under the “Declining beaver” study.

A field assistant (David Fetter) will assist with data collection during the 2003 (part-time) and 2004 (full-time) field seasons. He is a recent graduate of the Watershed Science Program at Colorado State University.
Supporting Documentation

Safety


Safety hazards include walking in uneven terrain, beaver habitat, digging water wells, and the typical hazards of field work in RMNP. 

Access


Access will be by foot from established road and will occur primarily from May to November. Researchers will not enter restricted areas unless prior approval has been obtained from enforcement personnel (e.g. the portion of the study area that occurs within the fall elk restriction near the Never Summer Ranch will be avoided during restricted times unless approval is obtained).

Equipment


Water wells will be constructed from PVC pipe that will extend about 20 cm above the ground surface along transect lines. Some water wells will have automated pressure transducers installed inside of them to continuously monitor ground water levels at selected locations. Redox probes will be platinum-tipped electrodes installed and remaining in-situ during the growing season of each study year. Electrodes will be in replicate and installed at three depths (1, 10 and 25 cm) in the peatland sites. A miniature weather station (tipping bucket rain gauge and temperature/humidity probe) will be installed in the same location as last year, protected from elk and moose by the existing pole-bucket fence. No mechanized equipment will be used for installation of field equipment. Temporary flagging will be used to locate sites for surveying purposes and will be removed when they are no longer needed. All equipment is expected to be left in place throughout the study. Most equipment will be removed at the completion of the study, with the exception of some of the groundwater wells. We plan to work with the park's management staff to determine which wells should be left in place for long-term monitoring of the depth of the water table in the Kawuneeche Valley.
Chemical Use


The stable isotope 15N will be used, however it will be contained in plastic bags at all times and not interact with Park Resources.  No hazardous chemicals or other materials will be used.

Ground Disturbance


Water wells, lysimeters and soil redox probes will be hand installed by hand-augers. Soil disturbance to collect samples will be via sediment cores and surface methods. In fall 2001 we obtained the locations of important archeological and other Park resources that occur within the study area from Park personnel. We were able to easily avoid disturbance to these sites in 2001 though 2003, and will continue to avoid these sites in the future.

Animal Welfare


No vertebrate species will be handled.

NPS Assistance


We ask that RMNP assist us in providing park housing (as in past rental agreements) for the graduate student (Cherie Westbrook), and for a full-time field assistant (David Fetter) between the end of May and 31 August 2004.
Wilderness

The research will occur within the Kawuneeche Valley, which is essentially 100% wilderness area.
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Appendix One – Existing Well Locations
The wells in the main valley (101) are listed here. Not included are 70 wells installed in two peatland beaver ponds near the Colorado River Trailhead, as their locations have yet to be surveyed. 
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E107

427305.32

4469701.06

2713.67

E108

427367.29

4469685.15

2713.89

E109

427461.83

4469622.99

2713.30

E116

427241.34

4469533.67

2711.71

E117

427359.93

4469526.90

2712.19

E118

427403.20

4469517.99

2712.27

E125

427496.12

4470172.33

2719.13

E126

427206.36

4469830.64

2714.82

E127

427271.53

4469810.67

2715.36

E133

427334.71

4470100.38

2717.04

E134

427397.30

4470087.94

2717.46

E135

427348.00

4470100.97

2717.50

E136

427355.37

4470100.04

2717.43

E137

427367.75

4470097.88

2717.48

E138

427331.73

4470064.47

2717.25

E139

427343.40

4470058.12

2717.03

E140

427361.69

4470053.82

2716.96

E141

427392.16

4470043.62

2717.34

E142

427420.80

4470027.42

2717.45

E143

427455.48

4470010.12

2716.99

E144

427489.58

4469994.39

2717.76

E41

427479.38

4469777.76

2714.96

E42

427426.03

4469793.07

2715.25

E43

427320.20

4469856.68

2715.73

E44

427242.15

4469890.15

2714.80

E45

427209.76

4469937.77

2714.60

E46

427395.71

4469835.44

2715.63

EE

427239.42

4469785.07

2714.63

OBU1

427377.69

4470096.99

2717.36

SH1

427083.31

4469459.50

2710.85

SH2

427068.41

4469445.18

2710.97

SH3

427059.42

4469449.75

2711.02

SH4

427110.24

4469476.22

2711.25

SH5

427087.09

4469465.94

2711.00

SHA9

427067.90

4469484.59

2710.84

SHCONTROL

427041.04

4469412.72

2711.06

TW8

427421.80

4470427.95

2718.35

UD1

427174.01

4469810.50

2714.23

UD3

427143.19

4469875.28

2714.68

UD4

427101.89

4469873.01

2714.54

W101

426973.17

4469785.86

2713.79

W102

427029.56

4469772.96

2714.00

W103

427080.85

4469770.58

2714.09

W104

427121.07

4469769.40

2714.35

W110

426947.95

4469546.74

2712.29

W111

427001.98

4469559.30

2711.96

W111A

427001.97

4469559.33

2711.96

W111B

427001.98

4469559.29

2711.96

W112

427001.97

4469559.33

2711.96

W112A

427055.61

4469559.56

2712.41

W113

427103.14

4469555.84

2712.20

W114

427156.46

4469560.08

2711.78

W132

427313.44

4470096.71

2716.88

W202

426972.63

4469836.87

2714.69

W203

426994.30

4469831.49

2713.95

W204

427263.68

4470580.11

2720.44

W23

427265.29

4470603.43

2721.29

W24

427461.24

4470212.63

2718.54

W25

427385.09

4470301.76

2718.83

W26

427259.12

4470586.25

2720.86

W27

427298.23

4470486.35

2719.22

W28

427382.39

4470352.53

2719.43

W29

427424.24

4470258.36

2718.43

W30

427297.82

4470596.74

2722.36

W30A

427298.28

4470599.00

2720.81

W31

427523.92

4470674.99

2723.97

W32

427542.30

4470642.07

2723.22

W33

427617.95

4470619.05

2723.45

W34

427659.54

4470557.32

2723.01

W41

426999.26

4470046.53

2715.58

W42

427032.98

4470028.86

2715.10

W43

427072.24

4470010.49

2714.91
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