Proposed Regional Synthesis Report IR-2

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

New England & Mid-Atlantic River Basins (MRB 1)

Effects of hydrology, landscape, and land use on aquatic assemblages in the north-central and northeastern United States

Scope:  This report focuses on agricultural regions of Midwestern and Northeastern United States (MRB3, MRB1), especially areas where agricultural land is being converted to urban land. Data used for analysis include biological (algal and macroinvertebrate community) and physical data (habitat and geomorphology), land-use (land cover, infrastructure, population, dams) and landscape (soils, climate, geology) measurements collected at NAWQA fixed and synoptic sites. USGS gaging station data from sites in NAWQA study units will be used to characterize flow regime.

Study units: LIRB, UIRB, WMIC, WHMI, EIWA, LINJ, LERI, PODL, DELR, REDN, UMIS, KANA


Time period: Biological data, 1993-2002 (NAWQA Cycle I); hydrological 
data, for 10 years prior to and including the year that biological data were collected


Land use(s): Agricultural and urban. 

Expected author(s) –
Lead: Jennifer Hogan (MRB3)

Contributing: Julie Berkman (MRB3), Jonathan Kennen (MRB1), Karen 
Riva-Murray (MRB1), Mitchell Harris (MRB 3)
Objectives

1. Establish groups of stream sites based on hydrologic variables (flow per unit area, rise rate, number and duration of high or low flow pulses, flow predictability, flood frequency and predictability) that reflect landscape and land use. Characterize hydrologic factors that define these hydrologic classes.

2. Describe the landscape (slope, soils, climate, geology, elevation) and land-use (land cover, population, infrastructure, dams) variables within and among the hydrologic classes. 

3. Describe patterns of biological (algae and macroinvertebrate) community structure (indicators of stream quality) within and among hydrologic classes. Identify aspects of flow regime that account for the greatest variability in biological data. Relate patterns of selected segment- and reach-level habitat variables to aquatic community data within and among hydrologic classes.
4. Discuss hydrologic parameters relevant to the management of stream resources in the different hydrologic classes.
Data interpretation approach and feasibility

1. Select gaged sites within NAWQA study unit boundaries (MRB 1 and 3) in physiographic sections that have sites with high percentages of agricultural land use. Calculate Indicators of Hydrologic Alteration (IHA) for these sites for 10 years, which reflects landscape and current land use. Check for collinearity of hydrologic variables and reduce variable list (Spearman-rank correlation, PCA). Use hierarchical cluster analysis in PRIMER-E to create hydrologic classes of sites. Describe the hydrologic variables that are associated with each hydrologic class using graphs (box plots), PCA, and SIMPER analysis (PRIMER-E). 

2. Aggregate a set of basin scale landscape and land-use variables from NAWQA Data Warehouse (DWH) and GIS coverages. Use graphs (box plots) and SIMPER to determine landscape and land-use variables that are associated with hydrologic classes. Determine how flow regime reflects underlying landscape and overlaying land use.

3. Calculate suite of algal (PhycoAide, autoecological) and macroinvertebrate (IDAS, habit) community variables. Use graphical, ANOVA, and non-parametric ANOVA techniques to associate biological community patterns to hydrologic classes. Use regression, correlation, ordination, and graphical techniques to identify aspects of flow regime that account for greatest variability in biological data within hydrologic classes. Use regression, correlation, graphical, and ordination techniques to relate selected habitat variables (such as segment slope, substrate, velocity, sinuosity, in-stream structure/cover, riparian cover) to aquatic community data within hydrologic classes. Habitat variables will be selected based on data reliability and relevance. 

4. Identify sites with highest biological integrity within the hydrologic classes, and characterize the hydrologic attributes of these sites.

Number of sites/components:  

A total of 86 stations have at least 10 years of hydrologic data through the year that biological data were collected. These stations are located within the NAWQA study unit boundaries, within physiographic sections that have sites with high percentages of agricultural land use, and within the MRB 1 or 3. Physiographic section was used as a means of defining broad areas of interest with sites that have high percentages of agricultural land use. Sixty-five of these gaged stations also have algae data and invertebrate data, and 51 of these stations also have habitat segment data.

Methods:
Data will be summarized using parametric and non-parametric statistics. Cluster analysis will be used to classify sites by hydrologic variables. Multivariate techniques will be used to determine the relation of hydrologic variables with physical attributes and aquatic community variables.

Data availability: 

Invertebrate and periphyton data are available at 65 gaged stations. These stations are located within the NAWQA study unit boundaries, selected physiographic sections, and in the MRB 1 or 3. Habitat segment data are available at 51 of these sites. 

Staff availability: 

Jennifer Hogan has experience in statistical analyses, data aggregation, database creation, and interpretative report writing. Mitchell Harris, Karen Murray, and Jonathan Kennen have experience in multivariate analyses, data aggregation, and database creation. Julie Berkman has expertise in phycology and algal-nutrient relations, and has studied urbanization in the MRB3 region. 

Complexity:

Medium to high. The recent development of tools to calculate biologic, hydrologic, and habitat metrics will simplify the data gathering portions of this project.

Risks / contingencies: 

The abundance of co-related variables may make it difficult to determine the relative influence of different environmental stressors. The collection of ancillary data at some sites will be a challenge, but subsetting of sites and compensatory statistical estimation techniques will be used to fill in data gaps where needed. 

Other program contacts: 

Ecological National Synthesis (ENS), Stephen Porter, Mike Meador, Leroy Poff, Faith Fitzpatrick, Cathy Tate, Brian Caskey, Barb Scudder.

Expected outcome:

It is anticipated that aquatic communities will indicate better resource quality in streams draining agricultural than urban land. Factors associated with urban land use resulting in poor aquatic community condition are likely to be related to hydrologic variability. We expect that aquatic community condition will decline rapidly as agricultural land use decreases and urban land use increases to 10-25 percent. Indicators of stream quality (physical, hydrologic, biological) will be similar in streams draining urban land in the MRB3, but are more variable in streams draining agricultural land. It is highly likely that environmental variables, such as riparian cover,slope, and reduction of peak flows, may be identified as mitigating factors that positively affect aquatic community condition in streams draining urban and agricultural land. 

Why is this topic important to report on?

Agricultural land is being rapidly converted to urban and suburban land. As urbanization increases, aquatic communities experience greater negative influences or stressors. The use of multiple lines of evidence (hydrologic, landscape, land use, and chemical) to identify stressors and mitigating factors can assist watershed managers in implementing smart growth policies of urban and suburban areas with fewer negative impacts to aquatic communities.  

Why does this topic need to be addressed now?

This report utilizes synoptic and trend network data to identify critical areas of concentration for on-going EUSE and NAWQA synthesis studies. Streams with mixed land uses are difficult to classify and manage, and this study will benefit Federal, State, and local agencies that manage streams with mixed land uses.

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

One of the USGS priorities is to provide an understanding of the influence of land-use change on resource quality. This information is essential for watershed management to prevent or reduce damage to resource quality. Technical and analytical expertise exists in the region. The NAWQA database has a broad spatial record of agricultural and urban sites across the north-temperate United States. The conversion of agricultural to urban land is a major concern in the most intensively cultivated area in the Nation. 

Who cares?

Federal, state, and local agencies interested in the management of urbanizing watersheds and mitigating factors that affect the decline in water-quality. This study may assist regional and local regulatory agencies to develop and prioritize optimal management strategies. This study will assist policy makers in implementing smart growth policies of urban and suburban land.
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