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Pilot Project to Evaluate the Utility of a Stratified-Random Sampling Design for Stream Assessment and Watershed Restoration and Management
Overview

The U.S. EPA, the Midwest Biodiversity Institute, and the Bureau of Watershed Management have begun collaboration on watershed assessment pilot studies to determine if the proposed sampling design can efficiently provide more complete information for a wide breadth of Water Division stream assessment and management activities. The overall goals of the pilot studies are to identify and prioritize Water Division stream information needs, develop a sampling design that integrates these local, regional, state, and federal needs into locally-focused assessment efforts; and develop a systematic process for data analysis, and resource assessment and reporting that better facilitates direct actions to protect and restore Wisconsin’s stream resources.   
This overview describes:

1. Objectives of the pilot studies
2. Water Division Programs’ data and information needs
3. The Pecatonica River – Gordon Creek Watershed pilot study area and sampling design
4.  Data collected and sampling locations for the Pecatonica pilot study  
5. How the pilot study data will be analyzed, reported, and how this information can be used to direct and evaluate watershed management efforts
Pilot Study Objectives
The U.S. EPA is encouraging the Bureau of Watershed Management to develop a stream monitoring strategy that addresses as many local, state, and federal watershed management program information needs as practical into a single integrated assessment effort.  It is desired that the monitoring efforts are focused on “short – term” (2 – 3 years), “small” spatial scale (200 – 300 square mile watersheds) efforts, that promote problem identification and direct management actions; versus having a variety of different stream monitoring efforts that lack integration, and where direct stream and watershed management actions are primarily achieved through a variety of ad hoc special projects.  
Before stream sampling is conducted the reasons for sampling should be clearly and unambiguously stated since monitoring programs benefit from having clearly documented and prioritized data needs.  Monitoring efforts should address high priority program needs that promote direct management actions and should have clear descriptions of quantifiable program outcomes and timelines for completion.  Primary objectives of the Pecatonica Pilot Project are to describe Water Division information needs and program priorities, and to describe how the sampling design applied and subsequent data analyses and reporting can be used to meet various program needs in an integrated, efficient, and cost-effective manner.     
Water Division Data and Information Needs
Stream monitoring data can and should provide information for resource assessment and management at multiple spatial scales and for a variety of program needs.  Watershed management and restoration activities can occur at spatial scales ranging from site-specific regulatory actions (e.g. correct a poorly managed barnyard), to identification and prioritization of land and water management activities at broader geographic (watershed) scales; to longer-term efforts to educate the public and legislature on the condition of the State’s water resources and direct management agencies to enact laws to protect or restore aquatic resources at statewide or national scales.     
A comprehensive stream sampling strategy should provide information to answer the following questions:
1.  What is the overall quality of Wisconsin’s streams?

2.  Are stream conditions changing over time?
3.  Which stream reaches, streams, or stream populations, are degraded?
4.  What factors are degrading streams at reach, individual, and population scales? 
5.  Which high quality streams are at risk and need additional protection? 
4.  What management actions are needed to restore or protect streams?

5.  How effective are local, regional, state, or federal, efforts and policies at protecting or restoring streams?

Pecatonica Watershed Pilot Study Area and Sampling Design 

The 2010 pilot study area is the 221 square mile East Branch of Pecatonica River and Gordon Creek Watersheds (subsequently referred to as the Pecatonica Watershed in this overview) located primarily in southwestern Dane and southeastern Iowa counties (Figure 1).  The northern edge of the watershed is bounded by the “Military Ridge” and encompasses portions of the villages of Mt. Horeb, Blue Mounds, Barneveld, Ridgeway; and the City of Dodgeville on the western edge of the watershed.  The village of Hollandale is south-centrally located and Blanchardville is situated at the southern extent of the watershed.  
Three major streams drain the watershed: the Dodgeville Branch of the Pecatonica River in the west, the Upper East Branch of the Pecatonica River in the middle, and Gordon Creek in the eastern portion of the watershed, these streams join to form the East Branch of the Pecatonica River which flows out of the watershed at the pore point near Blanchardville.      
Approximately 70 percent of the pilot watershed is agricultural land.  Corn, soybeans, and alfalfa are the dominant crops, extensive areas are used for livestock pasture, and steeper slopes are forested.  WDNR and University of Wisconsin data indicate that sediment and nutrients from cropland and barnyard run-off are the primary pollutants degrading streams in the Pecatonica watershed.  In addition, sediment deposition in valley bottoms from historic poor farming practices have resulted in highly incised streams that exacerbate streambank erosion and predispose streambanks to slumping.  Channel incision, bank slumping and erosion, and cattle access along stream riparian corridors have reduced the quality of habitat along a significant proportion of streams in the Pecatonica watershed.     

Sampling Design

Both stratified-random and targeted (deliberate selection) stream survey sites are being sampled to collect data to characterize overall and site-specific conditions of streams in the pilot study watershed.  The sampling stratification is by drainage - area size, and stream sampling sites are systematically selected at the drainage outlet (pore points) of these specifically-sized catchments.  This sampling design is referred to as a “geometric” design since the size of the drainage areas selected for sampling depend on the size of the most previously-selected drainage area.  For example: the overall watershed size for the Pecatonica Watershed is 221.4 mi2 and a sampling site is situated at the pore point of this catchment.  The next smallest catchment area to be monitored (110.7 mi.2) is half the size of the previous catchment; next catchments size is 55.5 mi2, and so forth until the smallest catchments (1.7 mi.2) for this study area are delineated and each pore point is identified for sampling.  Watersheds typically have dendritic (tree – like) stream networks with many more small headwater streams than medium streams or larger sized rivers.  Pore points for the 1.7 mi.2 headwater drainage areas comprised nearly half of the total number of sampling sites in the pilot watershed.  The location of all sampling points were moved to the nearest road crossing to help facilitate sampling, particularly for water chemistry where each site is sampled multiple times.  The movement of the sampling point to the nearest road crossing typically resulted in less than a 10 percent increase or decrease in the size of drainage area of each catchment. 
Depending on the questions being addressed, desired data quality and quantity needed to answer specific questions, and staff and funding availability for monitoring, the size of the smallest drainage areas sampled and resulting overall number of sampling sites and sampling parameters can be significantly increased or decreased. 
Location of Sampling Sites and Data Collected at Each Site   
The Pecatonica sampling site locations are shown in Figure 1. The East Branch of the Pecatonica River at Blanchardville is the location of the pore point for this 221 square mile watershed and is indicated by a red-colored star.  Colored dots show the locations of geometric sampling sites (determined by catchment sizes and stream / road crossings intersects); square symbols are the locations of targeted sites where data is being collected to assess point sources, to compare pilot study sampling data with data from a concurrent University of Wisconsin watershed assessment study, or to fill-in geographic areas underrepresented by the geometric sampling design.   Urban areas within the watershed have red stippling and each of these locations has an associated municipal wastewater treatment plant (WWTPs).  Outfall locations are indicated by black dots (some map outfall locations are obscured by sampling site dots or squares) on streams near Blanchardville, Hollandale, Dodgeville, Ridgeway, and Barneveld will permit upstream and downstream sampling.  The Village of Mt. Horeb’s WWTP flows outside of the East Branch Pecatonica watershed and the Village of Blue Mounds WWTP’s - discharge infiltrates into a grassed waterway and does not flow directly into a stream.           
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   Figure 1.  Upper East Branch Pecatonica and Gordon Creek Watershed Sampling                         Sites.  

Data Collected at Each Sampling Site

Physical habitat, water chemistry, sediment, fish assemblage, and macroinvertebrate data are being collected at each of the stratified – random and targeted sampling sites.  

Visual estimates of in-stream and riparian habitat are being collected once at all sites using both WDNR qualitative stream habitat assessment and Ohio EPA’s Qualitative Habitat Evaluation Index (QHEI) protocols.

Instantaneous measures of water temperature, dissolved oxygen concentration, percent dissolved oxygen saturation, conductivity, pH; and water clarity (transparency tube measure) are being collected at all sites in conjunction with fish assemblage surveys and when water chemistry grab samples are collected
Water chemistry grab samples are being collected during “base flow” conditions a minimum of two times at the smallest (1.7 mi. 2) catchment pore points, four times at larger catchment pore points (3 – 7 mi2), and six times at each of the largest catchment area (14 mi.2  - 221 mi. 2) pore points.  The following water chemistry parameters are laboratory quantified: total phosphorus, total dissolved phosphorus, nitrate – nitrites, ammonia, total Kjeldahl nitrogen, chlorides, sulfates, and biological oxygen demand (B.O.D.).  Chlorophyll, Escherichia-coli bacteria, metals, and agricultural pesticides will be measured at all sites with a single base flow sample.
Stream sediment samples will be analyzed for metals and petroleum-based polluants.

Fish assemblage data and macroinvertebrate samples are being collected using standard WDNR protocols.  
Data Analysis 
	Table 1.  Summary of Data Analysis Methods and Data Applications

	Analytical Step
	Statistical Method
	Purpose of Analysis
	Information Applications
	Potential Management Actions

	Group sites based on similarities of macroinvertebrate and fish assemblage attributes
	Cluster Analysis
	Sites classification: objectively group stream sites and streams of similar biological nature 
	Determine if existing codified use classes are appropriate.

Determine if stream and stream sites are meeting biotic potential
	Reclassify stream sites and streams where appropriate

	Validate stream classification groupings with second statistical tool
	Non-metric Multi- dimensional Scaling (NMDS)
	Helps visualize how well sites group together in two and three dimensional spaces to validate Cluster Analysis findings
	Determine if existing codified use classes are appropriate.

Determine if stream and stream sites are meeting biotic potential
	Reclassify stream sites and streams where appropriate

	Summarize physical, chemical, and biological conditions of individual sites, streams, sub-watersheds and study area watershed
	Summary statistical measures
	Understand the conditions of stream  resources throughout the watershed
	Identify stream sites and streams impacted by land management
	Change site-specific or watershed-wide  land management practices that are degrading stream resources

	Determine which environmental variables explain biological groupings and group separations
	Correlation of environmental variables with axis scores from NMDS and Discriminant Analysis
	Identify key physical or chemical environmental stressors of stream invertebrates and fish
	Improve understanding of key factors limiting aquatic life at stream reach, individual streams, and stream populations, can be used to direct effective stream restoration and watershed management actions at the spatial scales of interest
	Target stream restoration and watershed management actions on specific waters and key watershed areas.


	Analytical Step
	Statistical Method
	Purpose of Analysis
	Information Applications
	Potential Management Actions

	Validate stressors identified in previous step
	Classification and Regression Tree Analysis (CART)
	Identify key stressors using various fish and invert biotic Index scores instead of individual metric values (of the biotic indexes), or assemblage attributes.  CART can also group sites based on environmental variables rather than assemblage attributes.  Similar site groups (of environmental stressors) between CART and NMDS methods add confidence that strengths of relationships between stressors and biological responses are real and significant   
	Improve understanding of key factors limiting aquatic life at stream reach, individual streams, and stream populations, can be used to direct effective stream restoration and watershed management actions at the spatial scales of interest 
	Target effective stream restoration and watershed management actions on specific waters and relevant watershed areas

	Validate conceptual models indentified in previous step
	Structural Equation Modeling (SEM)
	Relationships between biological and environmental measures are often confounded by relatively high degrees of inter-correlation between environmental variables.  SEM helps confirm that a general linear model applied to an environmental data set is consistent with respect to variance and covariances among the explanatory variables in the model  
	In many instances individual watershed land management practices can control multiple stressors, e.g. control upland erosion and both sediment and phosphorus delivery to streams may be reduced, so identifying the single most important stressor in some instances may be less important.  Conversely identifying and ranking key stressors may allow for more cost-effective management actions in many watersheds or on individual streams or stream segments   
	Target effective stream restoration and watershed management actions on specific waters and relevant watershed areas


	Analytical Step
	Statistical Method
	Purpose of Analysis
	Information Applications
	Potential Management Actions

	Indentify thresholds or critical values of environmental variables that once attained result in significant biological change
	CART, Additive Quantile Regression
	Additive quantile regression identifies thresholds by determining where significant changes occur in relationships between biological response and stressor variables.  Identifying key physical habitat or water quality components that properly managed will most likely have a positive affect in maintaining or restoring the biological integrity of streams  
	Improved understanding of which specific anthropogenic stressors most significantly degrade stream reaches, entire streams, or stream populations can improve watershed management cost-effectiveness 
	Target effective stream restoration and watershed management actions on specific waters and relevant watershed areas

	Cross tabulate proximate environmental variables (i.e. those identified in the preceding steps) with individual sites, and aggregate to stream segments and streams. 
	Spreadsheet and GIS mapping
	Determine the number of proximate stressors co-occurring at a given site and within a given segment as a first-order approximation of the amount and degree of remedial action needed to bring a stream segment into attainment
	Identifying and ranking key environmental stressors that limit biological integrity may allow for cost-effective watershed management activities 
	Target effective stream restoration and watershed management actions on specific waters and relevant watershed areas

	Tally how far biological scores deviate from attainment thresholds and aggregate to specific segments
	Spreadsheet and GIS mapping
	Approximate how far a given stream segment’s biotic index scores have to change to meet aquatic life use potentials  
	Allows cost – benefit analysis of various restoration effort scenarios
	Target effective stream restoration and watershed management actions on specific waters and relevant watershed areas
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