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BACKGROUND AND JUSTIFICATION:
While wetlands comprise only a few percent of the land area in ecoregion (ER) 11, they are key landscape features and provide critical habitat for a diverse flora and fauna including several threatened and endangered species.  Federal and state regulations have slowed wetland loss, but these ecosystems remain threatened by a number of human activities within ER 11 including agriculture, logging, mining, and, increasingly, urban and recreational development.  Increased nutrient loading likely contributes to wetland impacts from most or all of these activities. 

Efforts by EPA to produce guidelines for developing nutrient criteria for wetlands have been hampered by a lack of quantitative information on wetland nutrient status in most ecoregions.  Investigations of wetlands in ER 11 have focused largely on mapping and floristic and other ecological surveys and contain few data on ambient nutrient levels.  There has been no systematic attempt to identify relationships between nutrient levels and wetland condition or to identify key ecological metrics that provide sensitive indications of nutrient-related impacts.  Thus, there is currently little basis for recommending scientifically defensible nutrient limits for these ecosystems.     

We propose to conduct what we believe to be the first systematic survey of the nutrient status of wetlands in this ecoregion.  Our study will both characterize the reference nutrient condition for a common wetland type within ER 11 and assess the relationship between nutrient status and key biological indicators of wetland condition.  This information will directly support federal efforts to develop guidelines for nutrients in the Nation’s wetlands.

INFORMATION NEEDS TO BE ADDRESSED:
This study will support EPA’s pollution identification and control efforts under the Clean Water Act (CWA) and, more specifically the Clean Water Action Plan.  The CWAP was initiated by the federal government in 1997 to strengthen national water pollution control efforts and accelerate achievement of the goals of the CWA.  Among other directives, the plan called for EPA to develop and implement water quality criteria for nitrogen (N) and phosphorous (P), two pollutants that constitute one of the largest overall sources of surface-water impairment.  These criteria will be used by states to set site-specific nutrient standards for all surface waters, including wetlands, in the coming years.  EPA has identified the lack of regional information on wetland nutrient status and impacts as a major impediment to the development of scientifically defensible standards and, thus, to the attainment of CWA mandates.  

This study is also consistent with the mission of the USGS to provide scientific information that contributes to the wise management of the nation’s natural resources and with that of the  Leetown Science Center, which is to “conduct research needed to restore, maintain, enhance, and protect aquatic and terrestrial organisms and their supporting ecosystems.”  The CWA provides the legislative foundation for protecting and improving the Nation’s water resources, and our work will provide information critical to the development of scientifically based water quality standards as required by this act.  Furthermore, the study’s focus on wetland protection is relevant to the work of other federal resource management agencies such as the USFWS, which has identified wetlands as critical habitats for the conservation of biodiversity and the protection of endangered species.      

OBJECTIVES:
The primary objective of this research is to determine the current nutrient status of a common wetland type (calcareous fens) in ER 11 by surveying chemical and biological characteristics of representative wetlands.  This will include an assessment of the reference or minimally impacted condition of this wetland type with respect to nutrient levels, the extent and degree of enrichment, and potential ecological impacts caused by enrichment.  

A second objective of this study is to identify ecological indicators of wetland nutrient status that can be used to reliably identify impacts associated with enrichment both within and across wetland types.  Indicators recommended in a draft EPA guidance document (USEPA 2003) will be included in this assessment.  Our work will be coordinated with that of similar EPA-funded studies in other ecoregions to achieve this objective. 

HYPOTHESES TO BE TESTED:

This is not a controlled experiment and the findings will be correlative in nature.  However, to the extent practicable, site selection will be performed to minimize the confounding influence of other disturbances (e.g., hydrologic and physical alterations, invasive species) to isolate nutrient-induced changes in wetland condition.  When combined with the results of similar studies in other ecoregions, this design will allow us to address the following general hypotheses:

1)  nutrient levels are an important factor determining the ecological condition of wetlands;
2) there are certain ecological characteristics of wetlands that are strongly influenced by nutrients and, thus, can provide reliable indicators of enrichment with a known degree of sensitivity.   

3) at least a subset of these indicators can be applied, with appropriate modification, across wetland types and ecoregions.

PROCEDURES:

Site selection

We will focus on a single common wetland type (e.g., emergent  wetlands) within a single subecoregion to minimize confounding effects of climate and geology on nutrient and biological conditions.  We will use GIS to select wetlands based  on spatial distribution and surrounding land use, and in consultation with state natural resource agencies (e.g., West Virginia DNR) and the EPA project manager.  Land-use information will be used to select approximately 10 reference (minimally impacted) wetlands and approximately 30 additional wetlands exposed to different degrees of human disturbance that may affect nutrient loading (e.g., farming, animal husbandry).  Wetlands that have suffered severe physical (e.g., cattle grazing) or hydrologic (e.g., ditching) damage will be avoided.   

Methods and Techniques
Wetlands will be sampled during August and September 2004.  Sampling will be completed as expeditiously as possible (e.g., within 3-4 weeks) in order to capture each wetland in a comparable phase of seasonal development.  Climatic conditions (e.g., temperature) affecting plant growth vary with latitude, elevation, and local topography within ER 11.  These differences will be considered when scheduling site visits (e.g., wetlands farther south and at lower elevation sampled first) and, if necessary, will be considered as a covariate (e.g., degree days prior to sampling each wetland) in the data analysis.

Wetland nutrient status will be determined by measuring N and P concentrations in surface water, soils, macrophytes, and, where present, periphyton at 3 locations within the dominant vegetation type to account for spatial variability.  Samples of the same matrix from different locations will be combined into a single sample for processing to reduce analysis costs.  Grab samples will be collected for analysis of surface-water total N (TN) and total P (TP) and field filtered through a 0.45 µm membrane filter for analysis of dissolved N (NO3, NH4) and P (orthoPO4) using standard preservation and analytical methods (Greenberg et al. 1992).  Soil cores (0-10 cm depth) will be collected and stored on ice for later analysis of bulk density, percent organic matter, TN, TP and selected N and P fractions by the University of Florida Wetlands Soils Laboratory.  Two species of macrophytes, Typha spp. and the dominant rooted macrophyte, will be sampled for nutrient content in each wetland.  It is anticipated that Typha will be present in most or all wetlands sampled such that data from this taxon will facilitate cross-wetland comparisons without the confounding effect of interspecific differences in nutrient content.  A healthy (i.e., green) leaf will be clipped from 3 plants of each species at each location and stored on ice.  Grab samples of the dominant periphyton community will be collected following protocols recommended by Stevenson et al. (2002) and stored as for macrophyte material.  Macrophyte and periphyton samples will be dried to a constant weight at 70oC and ground to a fine powder using a Wiley Mill.  This material will be analyzed for total carbon and TN using a CNS analyzer and for TP using standard spectrophotometric procedures following a nitric-perchloric acid digestion (Sommers and Nelson 1972).  These analyses will adhere to standard qa-qc procedures including the analysis of duplicate and split samples as well as NIST standard materials to assure adequate combustion and digestion.    
Macrophyte and periphyton communities will be sampled at each of the 3 locations in each wetland using various rapid assessment procedures to establish biological conditions.  The abundance of different macrophyte taxa in the dominant vegetated habitat will be scored from 0 (absent) to 4 (most abundant) using a nested quadrat frame containing squares of 1, 0.1, and 0.01 m2.  The frame is tossed into the habitat to select a sampling point and then pushed through the macrophyte cover to delineate the area to be examined.  Species with at least 1 stem in the smallest quadrat receive a score of 4 and those occurring only in larger quadrats receive successively lower scores.  Taxa not found in the quadrat but occurring within 2 m of the quadrat are given a score of 1.  Three quadrat measurements will be taken at each sampling location for a total of 9 measurements.  Additional measurements will be performed on Typha and the dominant species in each wetland including stem density and maximum plant height within each quadrat and dry-weigh above-ground biomass per plant for randomly selected individuals of each species in each quadrat.
A portion of the periphyton material collected for nutrient analysis will be field preserved in formaldehyde and examined microscopically to identify and enumerate dominant algal populations with a focus on known indicators of nutrient status.  Additionally, the top 1 cm of sediment will be collected at each sampling location and combined into a single sample for each wetland.  This material will be acid cleaned to remove organic material and allow for the identification and enumeration of recently deposited diatom frustules.

Macroinvertebrates will be sampled in all major incoming water sources (i.e., streams, spring runs, or spring seeps) and in channelized areas as they exit the wetland using a pump-core sampler (Walcott et al. 1992).  Material collected from each sample will be field preserved with formaldehyde.  In the lab, samples will be thoroughly washed to remove residual preservative and quantitatively subsampled as necessary until a minimum number of organisms is obtained for identification.  This minimum number will be determined by exhaustively processing a few representative samples to determine the number of individuals required to obtain reasonably accurate estimates of species richness and evenness.  Shifts in dominant taxonomic and functional groups and the percent abundance of taxa known to indicate nutrient status will also be determined.         

DATA ANALYSIS:
Water, soil, and macrophyte nutrient data will be summarized using box plots to determine the median and distribution of nutrient concentrations in the wetlands sampled.  Non-parametric correlation analysis will be used to assess strength of relationships among measures of the same nutrient in different matrices and between N and P concentrations in the same matrix.  The median and range of nutrient concentrations for wetlands classified a priori as reference systems will be compared with those for the other sampled wetlands to indicate the utility of using surrounding land use to predict wetland nutrient status.  Two standard EPA methods for calculating reference nutrient values will be applied to the data.  First, assuming that nutrient results from the a priori reference wetlands indeed support this classification, then the 75th percentile value for each nutrient in these systems will be calculated.  Secondly, the 25th percentile values will be calculated using nutrient data for all wetlands.                    

A second set of statistical analyses will focus on the relationship between biological metrics and wetland nutrient levels.  Biological conditions in reference (presumably lower nutrient) wetlands and those surrounded by altered land use (presumably higher nutrient) will be compared using either a Student’s t-test or a more appropriate statistic that is less sensitive to the effects of unequal sample size.  Linear and non-linear regression models will be fit to the data to determine the strength and nature of biological-nutrient relationships.  These analyses will provide information on the influence of nutrient levels on wetland structure and function and be used to identify biological metrics with the greatest potential to show nutrient-induced impacts.
Finally, on a more exploratory level, chemical and biological data will be analyzed using multivariate statistics (e.g., principal components analysis) to identify major environmental gradients among wetlands.  These analyses will provide further information on the relationship between nutrients and biological metrics and suggest the importance of other factors (e.g., location, types of surrounding land use, hydrologic or other apparent disturbances) that influence biological conditions within these wetlands.            
All data and statistical output will be stored electronically in CD format at AEL. 
LOCATION:
The exact field locations for this study will be determined after analysis of available GIS information and discussions with various state natural resource agencies, but will probably be within subecoregions 67 (Ridge and Valley), 69 (Central Appalachians), or 70 (Western Allegheny Plateau), which together encompass all of West Virginia, western Virginia, and southwestern Pennsylvania.  Several field sites will likely be located on private land, and appropriate documentation will be completed prior to such sampling.   

Selected laboratory analyses (macrophyte and periphyton nutrient content, macrophyte biomass, and periphyton and invertebrate taxonomic composition) will be performed at AEL.  Other analyses will be performed by outside contractual laboratories. 

PROJECT FACILITIES AND EQUIPMENT:

AEL laboratory facilities will be use to perform selected chemical and biological analyses.  Major equipment to be used include the CNS analyzer and spectrophotometer (macrophyte and periphyton nutrient content), drying ovens (macrophyte biomass), and compound and dissecting microscopes (periphyton and invertebrate taxonomic composition).
SCHEDULE:

Start Date

Activity

March 2004

Begin wetland selection process
June 2004

Begin field sampling

July 2004

Begin laboratory processing

September 2004
Begin data analysis and report preparation

February 2005

Complete report preparation and begin manuscript preparation
April 2005
Complete manuscript preparation and submit for internal and external review

DURATION OF STUDY:

Begin: 
March 2004
End: 
April 2005
SAFETY:
There are no unusual safety considerations associated with this project.  All participating personnel will be required to familiarize themselves with the MSDS of all chemicals used in this project.  

ANIMAL WELFARE:
There are no animal welfare issues associated with this project.

COOPERATORS/PARTNERS:

There are no cooperators or partners in this study.
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	FY 04
	FY 05
	Grand Total

	
	B*
	C*
	R*
	B*
	C*
	R*
	B*
	C* 
	R*

	Salaries
	18772.0
	5000.0
	 
	12000.0
	 
	 
	30772.0
	5000.0
	0.0

	Travel
	 
	5500.0
	 
	 
	 
	 
	0.0
	5500.0
	0.0

	Equipment
	 
	0.0
	 
	 
	 
	 
	0.0
	0.0
	0.0

	Contracts
	 
	12000.0
	 
	 
	 
	 
	0.0
	12000.0
	0.0

	Supplies
	 
	5500.0
	 
	 
	 
	 
	0.0
	5500.0
	0.0

	Printing/Publications
	 
	 
	 
	 
	 
	 
	0.0
	0.0
	0.0

	TOTAL
	18772.0
	28000.0
	0.0
	12000.0
	0.0
	0.0
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	28000.0
	0.0

	
	
	
	
	
	
	
	
	
	

	Pay Periods
	
	
	
	
	
	
	
	
	

	
	FY 04
	FY 05
	Grand Total

	P. McCormick
	5.0
	2.0
	7.0

	C. Snyder
	1.0
	1.0
	2.0

	K. Voges
	2.0
	2.0
	4.0

	D. Weller
	0.0
	3.0
	3.0

	J. Julian
	2.0
	0.0
	2.0

	E. Crawford
	2.0
	0.0
	2.0

	TOTALS
	12.0
	8.0
	20.0

	*B=Base Funds; *C=Cyclical Funds; *R=Reimbursable Funds
	
	
	
	


EXPECTED PRODUCTS:
Products anticipated from this project include a final project report to the funding agency, EPA, and 1-2 peer-review journal articles.  It is also anticipated that study findings will be presented at one or more workshops or symposia held by EPA, USGS, and/or various professional societies.
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