Proposed Regional Synthesis Report 3-D

Upper Mississippi, Ohio and Great Lakes River Basins (MRB 3)

Effects of multi-scale environmental characteristics on agricultural stream biota in Midwestern U.S.A.

Scope (NAWQA components / constituents):  

Study Units:  UMIS, EIWA, WMIC, UIRB, LIRB, WHMI, LERI, REDN

Time period:  1993-2001

Land use(s):  Agriculture

Is this an inter-regional proposal?  No
Expected authors – Lead:  Julie Hambrook, Barb Scudder 

Contributing:   Mitch Harris, Michelle Lutz, Kathy Lee

 

Objectives

1. Evaluate biotic response (algae, invertebrates, and fish) to environmental characteristics at the reach, segment, and watershed scale (Midwest agricultural setting).  

2. Examine temporal scale variability with multiple years of data to determine which biological and environmental characteristics are most stable from year to year. 

3. Use this information to identify at which scale the algal, invertebrate, and fish communities show the strongest response so that we can better focus our efforts on managing environmental variables that will make a difference in aquatic communities.
Data interpretation approach & feasibility 

1. Identify patterns in biological communities (community taxonomic data, metric data, and indicator taxa) in relationship to the environmental factors at the different scales (reach, segment, and watershed), using multivariate analysis (PCA for environmental variables, CCA with the community taxonomic data, and RDA with metric data).

2. Determine which aspects of the biological community (algae, invertebrate, and fish community data, indexes, or indicator taxa) are most sensitive to environmental variables (such as nutrients and riparian width and land-cover type) and thus best suited to evaluate change in agricultural land management practices.

3. Use the biological and environmental characteristics generated to examine differences between years, using ANOVAs to determine which characteristics are most variable or stable from year to year.

Number of sites / components:  80 have been selected sites (see MRB_3D_site_selection spreadsheets) with predominant agriculture, cropland, and pasture, 35 of these are fixed sites, as well as a subset of 18 + multiple-year sites/Components: Algae, invertebrates, fish, NAWQA habitat, NLCD land-cover, Digital ortho-quads (DOQ) for riparian analysis of reaches and segments (http://datagateway.nrcs.usda.gov/ and recent data for Iowa at http://cairo.gis.iastate.edu/new_site/ ), hydrology (Indicators of Hydrologic alterations, IHAs, done for BFSs by Meador), soil permeability (derived from STATSGO), and water chemistry.
Methods:  Standard methods, plus using the riparian mapping protocol that NEET has adopted based on Miki Johnson’s thesis, and work with Ron Zelt. Michelle Lutz is available to do the work based on Miki’s paper (to be published in Sept. 2004), time estimate is ~1-2 hrs per basin and this is included in the budget as 0.3 time first year. DOQs are available for free!
Data availability & processing:  Data is available for the Cycle I BFS sites and the hydrologic data has already been processed (IHAs) by Meador, DOQs are available to delineate riparian. 
Staff availability:  Excellent; Julie Hambrook is available 50-100% in 2005 (depending on part-time or full-time employment) to coordinate the assemblage of data layers, the input from the various SUs. Julie and Barb (who is available 40% in FY05) are planning to have data compilation completed before attending the PRIMER training in Jan 2005, and to begin the data analysis in February. Julie and Barb have the multivariate soft-ware and experience using it, but plan to add non-metric multidimensional scaling NMS to their toolbox, after attending the PRIMER workshop, then work in parallel on 2 distinct data sets (1) 80 sites using baseflow and other hydrologic factors that can be obtained for all sites not requiring gage data, and (2) 35 fixed sites using all the same data as for the 80 plus additional hydrologic and chemical data available from the gage sites. The riparian GIS component will be completed by Michelle Lutz (WI) who works closely with Barb in Wisconsin. Mitch is available for 25% to be involved with focus on the invertebrate and fish community data selection (IDAS) and interpretation. Staff is available in FY2006 but hours are reduced because the plan is to get started on writing the report in FY2005.
Complexity:  Medium. A similar paper has been published for WI streams, thus much of the complexity has already been addressed, however, examining the issue regionally from BFS, synoptic, and multiple year sites (with the DOQ riparian data) will allow for examination of a larger and more complete set of physical, chemical and hydrologic variables.
Risks / contingencies: Low risk: all aspects are quite feasible; DOQs are available for all States; and analytical methods regarding the scale issues have been reviewed and published; Fitzpatrick and others, 2001 J. Am. Water Resources vol. 37(6), p. 1489-1507.
Other Program contacts:  Faith Fitzpatrick, EST Mike Meador, Stephen Porter; NEET Mark Munn, Miki Johnson, BRD Paul Angermeirer; WRD Keith Richards, Dan Sullivan; NRP James Carter, Bob Goldstein (re: Red River).
Expected Outcome: 

We expect that the algal, invertebrate, and fish communities will respond differently to environmental factors at the different landscape scales, and that identifying these patterns in agricultural basins across the mid-west will be useful to State and Federal management agencies.

Multivariate analysis of these data from throughout the agricultural mid-west will separate out biological community response to nutrient effects from all the other correlated variables, which will be helpful to those concerned with establishing nutrient criteria.
Environmental factors associated with higher quality biological communities will be identified and those factors that can be managed, such as riparian corridor type and widths, could be suggested as potential mitigating factors to enhance aquatic communities in agricultural land use basins.

We expect that there will be differences in biological communities temporally and that by examining these in a relatively homogeneous region with respect to land use (Mid-west), we will be able to identify consistent factors associated with the variance, as well as patterns in the relative stability of the algal, invertebrate, and fish community composition and abundance.

Why is this topic important to report on? 
Agricultural land management practices could be oriented towards less impact to aquatic communities.  Development of USDA subsidy programs for agricultural land management that include such measures as grassed waterways, and riparian buffer strips could benefit from this study. The biological responses at different scales is important to assessment of the effectiveness of the BMPs. Results for this report will provide information that can be used to target monitoring efforts toward the biological and environmental variables that are most likely to respond. 
Why does this topic need to be addressed now?  

The value of reach scale data for aquatic biota is paramount to the future pursuit of such data at the trend sites.  Findings could affect future NAWQA sampling designs at trend and other types of NAWQA sites, and provide guidance for on-going NAWQA studies. 
Others (OFAs and Universities) are eager to use the NAWQA data, (i.e. serving it on the EDNA website), and it is important for USGS to provide an object analysis and interpretation of the data at this time.
Incorporating more detailed information regarding the riparian buffer areas of streams and their relative importance to stream health as reflected by the aquatic communities is needed to guide USDA subsidy programs.

Why is it appropriate for this topic to be addressed by USGS?  NAWQA?  This regional Team?  

NAWQA has collective experience in this area as well as a unique data set suitable for the intended analysis.  This region has the largest number of agricultural basins and is located in a part of the U.S. with historic intensive row crop agriculture. This work could serve as a tool for evaluating which components of the biological and habitat data are the most useful for addressing current issues related to water quality in agricultural basins. In addition, what we learn about biological responses in basins where agricultural land use is targeted (as a control); will have application for monitoring and management in basins throughout the country. 
As it is priority of the USGS to provide an understanding of the influence of land-use change on resource quality, it is important to identify which aspects of the biological communities (community taxonomic data, metric data, and indicator taxa) are best at reflecting changes at the watershed (land-use) scale rather than conditions at the segment or reach that are more amenable to management practices.
Who cares?  

State and federal farm-management related agencies (USDA, NRCS, and SWCDs) involved with maintaining water-quality in our Nations rivers and streams. Agencies conducting water-quality monitoring using aquatic biota care (USGS, EPA, State agencies, non-government Volunteer Watershed Monitoring groups). 
Budget: See attached Excel spreadsheet.
