Lower Sheboygan River AOC Benthic Habitat Mapping and Improvement Study


Appendix – QA Protocol Description 

We project based on water depth that approximately 70% (9.8 km) of the benthic habitat in the lower Sheboygan River can be scanned and quantified using emerging technologies such as side-scan sonar. The rest must be evaluated using transect based approaches. Side scan technology and transect based approaches both have limitations in terms of picture resolution and interpretation (side scan) and generating predictions at unsampled locations (transects). Unfortunately, the limitation of both methods has not been evaluated for small streams. More specifically, the mapping capabilities of each method (side-scan versus transect) including minimum representative area represented, accuracy, bias, precision, etc. are unknown in the literature. To address this problem, and to provide of measure of confidence in maps produced using side scan sonar, four 120 m index sites on the Sheboygan River (3.3% river total) were selected such that both methods could be employed (i.e., water depth was the single limiting factor in our selection criteria). 
Four transects with 40 m longitudinal spacing (WIDNR protocol) were conducted within each index site. End points were georeferenced and later confirmed using recent orthophotos. Substrate was evaluated every 2m along each transect.  Five random rocks were selected at each point and measured in cm along the longest, shortest, intermediate axes (Baine, 1999). Measurements were then averaged for a single value for each point. Substrates too small to measure in-field (e.g. sand, silt) were assigned the median value of that size class range (see below). Georeferenced end points of each transect were imported into ArcMap and attribute tables were populated with averaged point values for measured substrates. Benthic substrate maps were then produced based on interpolated values calculated using inverse-distance weighted (IDW) and kriging methods restricted by the river banks (Andrews, 2003). No differences in maps were noted so simpler IDW models were used. Thirty random points per index site (N=120) were also selected while in the field. Fifteen random rocks at each location were measured in cm along three axes (longest, shortest, and intermediate) and then averaged to create an index value for each random location.
Interpolated maps from transect data can be generated using whatever scale (i.e., categories) the user defines. In this case, our predictions were restricted to categories provided according to the Wentworth scale (Wentworth, 1922). The Wentworth scale classifies substrates exponentially by diameter and provides a useful categorical reference for discussing geological particles such as stream substrates, and it is a commonly used tool among stream ecologists.  Therefore, it is useful to determine the accuracy of an assessment method against this schema. Substrates were partitioned into one of four categories including silt (3.9-63μm), sand (0.063-2mm), gravel (0.2-24.9cm), and boulders (0.25m-4.1m).  The scale was further modified to group cobble and pebbles together because these categories are difficult to discern side-scan sonar resolution (6cm) and the partition between categories was small (6.4cm).  
A Starfish 450F (http://www.starfishsonar.com/products/starfish450.htm) was also used to obtain high resolution images of benthic substrates at each index location. The Starfish 450F is a small towfish that suspends in the water next to the boat while sending and receiving sonar signal at a rate of 450 kHz. Data can be displayed in real-time and is logged as reflectivity values which were are returned from the substrate as backscatter. Signal strength and contrast are adjusted using the starfish software prior to data acquisition.  Raw sonar data are also adjusted for boat speed and slant-range correction using SonarTRX and georeferencing information. Slant-range correction rectifies sonar images to a bird's-eye view by correcting distortions that occur when imaging along a plane which is the hypotenuse to a bird's-eye view.  Processed data were then imported into ArcMap where full river imagery was examined and drawn upon to create polygons according to the predetermined Wentworth substrate categories.  
	The protocol for creating polygons was as follows: silt was determined by darkened pixels with a smooth appearance, and sand was determined by a relatively brighter reflectivity and characteristic waves (pers. comm. Kaeser, 2012).  Larger substrates were quantified (measured) with the Measure Tool in ArcMap (see Kaeser, 2010). Substrates found to be larger than 25cm were also marked and used as a reference for imaging and polygon development. Additional points were added until all substrate categories were identified within a river reach (usually 30m on the screen). Large woody debris (LWD) was also identified using sonar imagery and outlined with the Measure Tool so that basal area could be computed. When a screen extent had been mapped, the extent was then moved to the next unmarked area until the entire length of river was completed. Interpretation of sonar images and generation of polygons for the entire Sheboygan River were based on a single user following a standardized protocol.  
The result of this process was set of maps that can be merged together irrespective of collection method to generate a composite benthic profile of Sheboygan River substrata. The accuracy of transect and sonar based data was also evaluated based on the percentage of randomly measured points that fall into correct polygons (i.e., using the four index locations). Preliminary analysis suggests that predictions of substrate using the transect approach were more accurate than sonar imagery. Specifically, 116 (95.8% on average) random points were assigned to the correct substrate polygon relative to 80 (65.8% on average) correctly assigned points using sonar generated maps. However, interpolated surfaces from transect data tended to be homogenous (1 substrate category) and thus underestimated important transitional gradients between substrate categories (i.e., silt to sand). LWD was also completely missed due to transect spacing and the small contribution of LWD to the benthic habitat (0.25% for the entire Sheboygan River). Sonar images also showed evidence of past bank stabilization projects, especially along the golf course, highways and park. Bridge supports are also easily seen as well as the resulting siltation behind them. 
It is also important to note that while a comprehensive assessment of the Sheboygan River was only capable using both sonar and transect techniques, approximately 65% of the Sheboygan River could not have been assessed using transects, even in a drought year (i.e., side scan is the best data available). Benthic habitat maps generated from side-scan sonar imagery (i.e., polygons) are also dynamic and can easily be adjusted based on new information (i.e., simple baseline point estimates of substrate size). These findings, in combination with the high degree of certainty in quantifying benthic habitats of streams, and the reduced time required to collect side-scan imagery, highlight the use of this emerging technology for restoration projects.
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