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Abstract:
This proposal is to identify, map and collect field data on hydrologic regimes, peat thickness, water chemistry, flora and vegetation of fens in Yellowstone National Park. This work will be conducted in order to characterize fen types and their contribution to the biodiversity of this region.  
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Fens are wetlands with organic soils and are created and supported by perennial ground water flow.  In the Rocky Mountain West, organic soils (peat and muck) are not produced because of high stand primary production, but because of exceedingly slow soil organic matter decomposition rates, due to waterlogging.  Fens in the Rocky Mountains have formed only where the most stable perennial ground water discharge occurs because peat accumulation rates are exceedingly slow, ~15-30 cm of peat/1000 years.  Fens form and persist only in sites with little mineral sediment influx, because rapid sediment deposition can overwhelm peat accumulation rates.  Fens also do not form on floodplains where soils are periodically eroded. 

Because fens form and persist in the most stable hydrological and geomorphic portions of Rocky Mountain landscapes, they occupy a very small land area (~ 0.01% of the region).  They also provide the only refugia for plants, amphibians and aquatic invertebrates that require perennially saturated soils for survival.  In largely forested watersheds, fens are the primary ecosystem dominated by herbaceous plants, and provide important habitat and forage for small and large mammals. 

Fen plants derive their water and nutrients from the peat body, thus the source of water supplying the peat body controls water pH and the availability of mineral ions and nutrients.  Thus, fen geochemistry varies by watershed bedrock type.  In a topographically and geologically complex region like Yellowstone National Park, fens will occur at a wide range of elevations, in many landforms, and have a wide range of water chemistries, creating a huge range of conditions in which biota can occur.  There is also a wide range of hydrologic regimes among fens.  Fens that formed in kettle basins periodically have seasonally deep standing water, while fens on slopes are fed by discharging ground water and never have deep standing water.  As ecosystems with the highest concentrations of soil organic matter in Yellowstone National Park, fens are highly flammable in drought years when water tables drop and upper peat layers dry out, and burning may produce additional hydrologic and ecological diversity.

There is little known about fens in the Rocky Mountains, with only a few published papers from Colorado (e.g. Cooper 1990, 1996), Wyoming (Cooper and Andrus 1994), Montana (Lesica 1986, Chadde et al. 1998) and Idaho (Bursik and Henderson 1995).  Even though fens cover a very small land area, in Colorado they support ~18% of all plant species.  Thus, their importance for sustaining biodiversity is unparalleled among Rocky Mountain ecosystems.  

This proposal is to identify, map, and characterize the hydrologic regimes, peat thickness, water chemistry, flora and vegetation of 160 fens in Yellowstone National Park, and determine their contribution to regional biodiversity.  The research would occur over two years, be accomplished by the author of this proposal with one graduate student.  We would produce a GIS based map of Yellowstone National Park fens, a classification of fen types based upon elevation, landforms, water chemistry and vegetation, and a fen flora.  The final products will be a master’s thesis and report including all data and analyses, and a paper submitted to an international journal for publication.

Work Plan

2004

During 2004 we will analyze stereo pairs of natural color air photographs for the portion of Yellowstone National Park that is within 5-10 miles of a road, to identify all wetlands that likely are fens.  Color and texture signatures on air photographs can be used to identify many fens. We will attempt to map the locations of all fens in the areas with photographs. Our goal is to characterize ~80 fens in this portion of the park during 2004, and we will use two approaches to do this.  First, we will divide the area into four geographic regions, with assistance from Yellowstone National Park staff, and randomly select approximately 20 fens in each area for field verifications and data collection.  However, if this does not include the full range of environments that we know occur in the study region, we will subjectively select sites to include these unique environments.  For example, fens may occur associated with hot spring complexes, and although these areas cover a relatively small area of the park, and may not be selected through our randomized selection process, we want to include them in our sampling.  Since we can only sample ~80 fens in 2004, if we add 10 subjectively selected fens, we will sample 70 randomly selected fens in the rest of the study area. 

When visiting fens in the field, we will first confirm whether each site is a fen using the presence of saturated soils and organic soil horizons >40 cm in thickness.  At each site, we will identify fen boundaries, GPS the boundaries with a high quality GPS unit loaned to us by Yellowstone National Park, make certain that our identification on air photographs is correct, identify the fen watershed area, collect a surface water sample for chemical analysis of major anions and cations, make a field pH measurement of source waters, and make a complete species list of vascular plants and bryophytes.  Voucher plants, including bryophytes, will be submitted to the Yellowstone National Park herbarium for confirmation.  Bryophytes may need to be sent to recognized specialists for identification.  In each fen, we will identify homogenous stands, and the vegetation in each stand will be sampled using the releve method.  Each releve will be a plot ~20 m2 in area.  All plants in this plot will be listed and their canopy coverage estimated.  Peat thickness in each plot will be measured with a peat probe. 

2005

During 2005, we will analyze fens in more remote regions of the park.  We will select approximately 20 fens for sampling in the Absaroka Range, Yellowstone Lake area, the Madison/Galletain ranges, and the central and southwestern portions of the park.  The data will be added to the 2004 data and a park wide fen map, fen water chemistry classification and plant community classification developed. Vegetation will be analyzed using multivariate statistical approaches, including cluster analysis using Two Way Indicator Species Analysis (TWINSPAN) and indirect ordination (Decorana). Again, we will try to identify unique fen types that occur in this study region, and subjectively add sites to our sample.

Time Schedule


Air photograph analysis will begin in May of each field season.  Photographic analysis, building of a GIS map system using orthophoto rectified DOQQ’s and the park GIS system, and identification of potential fens will take approximately 1 month each year.  We will then spend approximately ½ month visiting and analyzing each of the four study areas each summer.  During this period all field data and samples will be collected.  Water samples will be analyzed at the CSU Soil and Water testing lab during the fall of each year.  Voucher vascular plants will be sent to Yellowstone National Park for verification and curation.  We anticipate that most of the data analysis and report writing will be completed by May 2006.

Reporting


Quarterly progress reports will be submitted to the Yellowstone Park Foundation.  An annual report will be submitted to Yellowstone National Park staff, and regular updates of progress on this project will be communicated with YELL staff as well.  

Logistics


We decided to sample sites that are close to the road corridor in year 1 to facilitate sampling, as we work out our methods and approach.  Some of these fens can be visited by one person for reconnaissance purposes.  However, most site visits will include two people, and occasionally three people.  

Budget constraints


For fen studies it is desirable to analyze the full suite of anions and cations that occur in the water supply, including calcium, sodium, magnesium potassium, and the anions sulfate, carbonate, and chloride.  Colorado State Universities Soil and Water Testing Laboratory is a research grade lab and provides very reasonable rates for chemical analysis of waters.  The analysis of these ions costs approximately $40/sample.  Because we have insufficient funds to cover a complete analysis of all 160 fens, we will analyze a water sample for each fen for pH, electrical conductance, calcium and carbonate.  If additional funds become available we will analyze samples for sulfate, chloride, and the other cations listed above.
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