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Project Narrative 

 

I. Full Project Description 
An estimated 720 perennial and 127 intermittent streams flow into L. Superior, including 309 

trout streams and their tributaries (>2100 miles) along the North Shore and St. Louis River 

Estuary alone. Bedrock escarpments create a high density of stream corridors in forested 

watersheds with steep gradients, thin erodible soils, typically low productivity, and “flashy” 

hydrology. These high-quality trout streams are sensitive to urbanization and rural development 

by factors raising water temperature, decreasing aquifer recharge, and increasing water, sediment 

and nutrient runoff, e.g. openings in riparian cover/canopy, impervious surfaces, road crossings, 

construction runoff, lawn and garden runoff. Climate change predictions for the Great Lakes 

region indicate the potential for these impacts to be exacerbated via an increase in the frequency 

of intense storm events and decreased precipitation in the summer (Wuebbles & Hayhoe 2003; 

Eheart et al. 1999). In addition, unpublished data suggest that spring snowmelt/ice out is 

occurring earlier in northeastern Minnesota (L. Johnson et al. 2009).  

  

Since 1990, 11 of 27 major North Shore trout 

streams have been listed as Impaired (2012) 

and are on the State 303(d) list primarily for 

turbidity, temperature, and fish tissue-Hg. The 

streams discharge into the nutrient and 

sediment sensitive coastal zone of ultra-

oligotrophic L. Superior. Amity Creek is a 

mostly undeveloped watershed (~4% 

Rural/Urban, 6-8% impervious surface, 

http://lakesuperiorstreams.org/streams/amity.h

tml), but faces increasing development 

pressure due to its location on the edge of 

Duluth, MN. The stream has been listed as 

impaired due to excess turbidity and fish-Hg 

since 2004 and a landscape stressor map has 

been developed from land use and land cover 

data (Figure 1). Most North Shore streams are 

flashy and many have a large clay component 

to the watershed; Amity Creek is no exception 

and therefore, is representative of numerous 

trout streams along the North Shore.  

 

This project is also a new contribution from the Weber Stream Restoration Initiative (WSRI) that 

began in 2005 via private endowments to create a Partnership of university scientists and 

extension educators, and local, state and federal agency staff to restore and protect Lake Superior 

Basin trout streams (www.lakesuperiorstreams.org/weber/index.html). The WSRI features a 

demonstration project targeting the turbidity and sediment impaired Amity Creek watershed for 

multiple restoration activities. It was awarded an Environmental Stewardship Award from the 

Lake Superior Binational Forum in 2010 and was honored state-wide by the [Minnesota] 

Environmental Initiative in May 2013 by being awarded the “Partnership of the Year” for its 

http://lakesuperiorstreams.org/streams/amity.html
http://lakesuperiorstreams.org/streams/amity.html
http://www.lakesuperiorstreams.org/weber/index.html
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activities, key elements being: (1) its website for 

local community education about watershed and 

water resource issues; (2) creation of interactive, 

on-line animations of real-time water quality 

with interpretive information from a site near 

Amity’s discharge into the Lester River just 

above its discharge into Lake Superior (within 

the St. Louis River AOC); (3) development of a 

multi-agency/organization partnership to pursue 

trout stream restoration and conservation 

activities throughout the western Lake Superior 

basin; (4) designing and carrying out two major 

Amity restoration projects in 2009 with the City 

of Duluth and South St. Louis SWCD; (5) mapping landscape stressors for highlighting areas of 

higher risk for environmental impacts as well as conducting a detailed reconnaissance of riparian 

zone sediment sources for priority  remediation (SSL SWCD, 2009); and (6) developing a 

successful EPA Great Lakes Restoration Initiative (GLRI) project to fund additional restoration 

related activities from 2010-2014 (MPCA, NRRI-UMD, SSL SWCD partnership, 2010, 

$843,616).   

 

This Minnesota’s Lake Superior Coastal Program (LSCP) project was developed in part to 

continue environmental data collection at the Graves Rd Creek and East Branch (Upper) Amity 

2009 streambank stabilization sites for one year since the GLRI-EPA grant did not fund this 

essential set of data. Background information for this project can be found in Axler et al. (2011). 

The current project also enabled us to compile historical data at these sites for conducting 

statistical analysis of these data in regard to trends over time.  Additional objectives broadly 

included creating new education and outreach materials for the LakeSuperiorstreams.org (LSS) 

website about stormwater BMPs, and assessment, mitigation, remediation, and restoration 

activities in the region, establishing new volunteer citizen stream monitoring sites, disseminating 

new sources of data and information related to Regional Stormwater Protection Team (RSPT) 

activities and goals.   

 

The project encountered several significant problems since being funded, the main ones being 

the ~200-500 year Solstice 2012 flood that occurred from June19-20, 2012.  This event followed 

an unusually wet spring that saturated soil in the month preceding the 7-10 inches of rain from 

the Solstice Flood.  Flood waters swept away or severely damaged most of the LSS project’s 

stream gaging (flow and water quality) instrumentation and necessitated delays and 

modifications to some of the GLRI-funded tasks in the Amity Watershed.  We also had a 

significant personnel change (co-PI Dan Breneman took a position with the MPCA in April 

2012) that further delayed some of the data analyses reported in this report. We note that 

conclusions drawn from the data analyses may be modified as additional information from the 

overarching Amity Creek Restoration project continues to be gathered through 2014. Similarly, 

the outreach and education websections and materials created for this project remain dynamic as 

relevant information is gathered.  Our intent has been to create a framework for the public to find 

information about all stream restoration, stormwater mitigation, and related activities occurring 
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in the western Lake Superior basin. As in the past, the continuation of this effort depends upon 

continued grant writing and a sustainable funding source for the LSS website is still sought.  

 

II. APPROACH and METHODS 

1. Partnerships - The project has continued to rely on pre-existing partnerships: (1) 

DuluthStreams/ LakeSuperiorStreams (2002-preasent); (2) the Western Lake Superior Regional 

Stormwater Protection Team (RSPT: www.duluthstreams.org/stormwater/rspt.html; 2002-

preasent); and (3) the Weber Stream Restoration Initiative (WSRI:  

www.duluthstreams.org/weber/index.html) that began in 2005 with private gifts to help restore 

and protect degraded and threatened Lake Superior Basin trout streams. The project has also 

benefited from previous MPCA/EPA 319 funding which described and assessed the first 2 years 

of post-restoration Amity Creek environmental data and baseline pre-construction data.  It is also 

noteworthy that although the monitoring network and website are operated and maintained at 

UMD-NRRI (directed by R.Axler & G. Host), the LakeSuperiorStreams project continues to rely 

on MN Sea Grant's C. Hagley, J. Schomberg, and V. Brady for outreach, education, and website 

content and review. Current partners are listed at www.duluthstreams.org/general/aboutus.html  

and www.lakesuperiorstreams.org/stormwater/rspt.html.  

 

2. Field & Lab Methods (see www.duluthstreams.org/streams/QA_QC.html ) 

o Sample collection – Automated water quality monitoring data maintained by NRRI-UMD 

and partner staff from five (5) Duluth-area St. Louis River Estuary and Northshore tributary 

streams are uploaded onto the LSS website daily.  The sensors, measuring temperature, specific 

electrical conductivity (EC25), turbidity, and depth (for flow estimation) on the stream 

monitoring units (SMUs) are checked ~ every 10-20 days for cleaning and/or re-calibration by 

comparison to a YSI 85, YSI 556, or Hydrolab Minisonde MS5 multi-probe water quality 

analyzer and as per manufacturer’s recommendations. Manual measurements from field meters 

include daily calibrations. The SMU control modules (CR10X and sensors) are programmed to 

collect temperature, EC25, turbidity, and stream elevation data at 15-30 minute intervals, which 

is relevant to the time-scale of storms. The sensor sonde used at Amity is a Hydrolab MS5 sonde 

with self-cleaning turbidity sensor. Stage height is measured by the MPCA at Amity via an 

ultrasonic distance sensor and flow calculated from USGS derived rating curve (Anderson et al. 

2003). Rating curves from all other sites were developed by NRRI staff. Manual sample 

collections are performed by NRRI staff but on occasion by City of Duluth or MPCA (for 

Amity) staff. 

  

o Quality Assurance/Quality Control (QA/QC) - The primary QA/QC objective for all of 

these studies is to assure accurate and representative measurements of the biological, physical 

and chemical parameters that are monitored. The historical and current manual monitoring data, 

plus the intensive data collected by the stream monitoring units (SMUs) are intended for both 

public education and for inclusion in the City of Duluth (City), Western Lake Superior Sanitary 

District (WLSSD), Minnesota Pollution Control Agency (MPCA/STORET), and Minnesota 

Department of Natural Resources (MDNR) databases. Measurements comply with EPA QA 

guidelines (EPA 1998) and follow previously established and documented QA/QC plans 

developed by NRRI, certified by the MN Department of Health (MDH) and the MPCA (Ameel 

http://www.duluthstreams.org/stormwater/rspt.html
http://www.duluthstreams.org/weber/index.html
http://www.duluthstreams.org/general/aboutus.html
http://www.lakesuperiorstreams.org/stormwater/rspt.html
http://www.duluthstreams.org/streams/QA_QC.html


5 
 

et al. 1998; APHA 2005). Details, including website operation and the data visualization tools 

are at www.lakesuperiorstreams.org/streams/aboutdata.html .  

 

    

III. SPECIFIC OUTCOMES (Tasks)   

1. Websection on the www.LakeSuperiorStreams.org website reporting results of the  

restoration evaluation 

  

1.1 This Task was to create a more comprehensive Restoration websection to replace one created 

in 2005-2006 specifically for the Weber Stream Restoration Initiative that focused on Amity 

Creek. The new websection (see www.lakesuperiorstreams.org/weber/index.html) more broadly 

includes regional stream restoration projects including those involving the St. Louis River Area 

of Concern (SLR AOC), MDNR/L.Superior Coldwater Coalition, Trout Unlimited, Lake 

Superior Steelheader Association, Nemadji River, and other restoration projects. The new 

navigation elements of this websection have been populated with information on all of the 

projects that our team has been involved with in some capacity. We chose to divide the 

websection into three major subsections (see screen capture): (1) Restoration Projects that is 

divided into a Restoration Projects - Amity Creek Watershed websection that builds on the 

previous Weber Stream Restoration website and adds a second section for Other Lake Superior 

Basin Watersheds; (2) Assessment Projects that includes webpages for the various elements of 

the current (through 2014) EPA-GLRI funded Amity Creek Restoration Project and previous 

technical research projects; and (3) Outreach & Education which serves as an index to 

stormwater impact mitigation information found in the LSS website.  We have also created a  

map based index for projects and other activities for ease of public access that is cross-linked to 

restoration project sites and also populated with links to assessment data. This tool currently 

exists as a prototype that is will be completed in the next year via funding from the ongoing 

GLRI-Amity project. The main webpages are shown in the figure below and further details for 

each are listed below.   

 

1.2. Restoration Projects   

• Amity Creek 

       - Graves Road Creek (~2007-2011) 

       - Upper East Branch (~ 2007-2011) 

       - WSRI projects from 2005-2008 

• Kingsbury Creek  (in progress as of Fall 2013) 

• Knife River (TMDL related sedimentation; Advocates for the Knife River Watershed) 

• Knowlton Creek (AOC, Superfund site restoration related sedimentation) 

• Miller Creek 

       - sedimentation   

       - temperature/freshwater organisms (TMDL) 

       - chloride (TMDL) 

• Nemadji River (TMDL related sedimentation)  

• Poplar River (TMDL related sedimentation) 

• St. Louis River AOC (multiple BUIs) 

• Stewart River (Trout Unlimited/LS Coldwater Coalition) 

• Sucker River  (Trout Unlimited/LS Coldwater Coalition)  

http://www.lakesuperiorstreams.org/streams/aboutdata.html
http://www.lakesuperiorstreams.org/
http://www.lakesuperiorstreams.org/weber/index.html
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• Talmadge River (in development by Trout Unlimited/LS Coldwater Coalition) 
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2. Evaluation of the effectiveness of Amity Restorations to reduce turbidity, sediment, and 

nutrient concentrations (i.e. water quality improvement) 

 

2.1 Methods 

 

All water quality (WQ) related methods used identical field collection methods, standard 

laboratory analysis, and quality assurance/quality control procedures (see Ruzycki et al. 2011, In 

Press; Ameel et al. 1998; http://www.lakesuperiorstreams.org/streams/aboutdata.html) . Field 

data collected for each sample and used in these analyses include: water temperature (°C), 

specific electrical conductivity (µS), dissolved oxygen (mg/L and % saturation), and Secchi tube 

(cm). 120 cm turbidity tubes, used until 2012, have now been replaced by 100 cm Secchi tubes. 

All values greater than 100 cm collected by t-tubes between 2007-2011 were changed to 100 to 

account for this equipment update. Laboratory analysis included turbidity (NTU), total 

suspended solids (mg/L), and as funding allowed, a suite of nutrients (TN/TP). All non-normally 

distributed WQ data were log10 transformed prior to analysis and s-tube data was analyzed as the 

inverse of the values (1/S-Tube).  

 

WQ metrics were grouped by hydrological regime (snowmelt, rain periods, and baseflow). These 

categories were chosen based on the increasingly common approach to stream sampling which 

includes event based sampling due to the importance of high flow conditions in determining 

pollutant loading to surface waters (MPCA, 2011). This approach also decreases variability in 

the WQ dataset, particularly for particulate-related metrics, which are washed into streams 

during high flow periods (Anderson et al., 2003, Ruzycki et al., 2011, Ruzycki et al., 2013 In 

Press). 

 

Snowmelt occurred most often in late March-early April and was categorized by increase in air 

temperature concurrent with decrease in snowpack and increased stage height or flow as 

measured by the nearest gaged stream. Infrequent rain events that occurred during the winter on 

top of snow (rain on snow) or during snowmelt were considered SNOW.  

 

Rain period data (RAIN) were identified by precipitation in conjunction with individual flow or 

stage height measurements of the Amity gage. During the leaf-free seasons (winter and spring) 

smaller precipitation totals constituted RAIN as indicated by clearly observable changes in WQ 

of gaged streams, presumably due to decreased water absorption by vegetation and reduced 

interception by the canopy. During these periods rain accumulation in one day of ≥ 0.3 inches, 

accompanied by a rise in the stage height of the stream, constituted RAIN. During the leaf out 

(growing) season rain accumulation in one day of ≥ 0.5 inches constituted RAIN. To account for 

multi-day impacts of large events on WQ, rain periods that were >1.00 inches in one day were 

given the designation of “RAIN” for two consecutive days (i.e. day of 1” rainfall and the 

following day were both coded as “RAIN”). 

 

Because baseflow could occur throughout the year with great variability in various WQ metrics, 

only periods after snowmelt in the spring through October that were not included as RAIN were 

used. It is noted that baseflow conditions, in a strict hydrological sense usually refers to periods 

dominated by groundwater relative to overland flow. Our classification of BASE conditions did 

not hold strictly to this since the exact magnitude of various discharge source(s) was not 

http://www.lakesuperiorstreams.org/streams/aboutdata.html
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available for the dataset analyzed. Instead our classification of BASE served to define those 

samples taken while the hydrograph was relatively low and weather conditions at the time of and 

prior to sampling. 

 

Paired t-tests for dependent samples (above and below restoration site) were performed to assess 

differences between sample sites for each water quality metric.  T-tests were performed to assess 

differences in each water quality metric before and after restoration activities. All analyses were 

done in JMP Version 9 (SAS Institute Inc., 1989-2011). All statements of significance assumed 

p≤0.05 unless otherwise noted. 

 

2.2 Graves Creek:  A total of 237 surface water grab samples and in-stream measurements were 

collected between 2005-2013 for the Graves Road Creek restoration, including 4 years of 

sampling prior to restoration activities and 3 years after restoration activities.  Data were 

analyzed in several ways including comparisons above- and below- the Graves Road Creek 

restoration and before- and after- the restoration.  Data were also grouped by hydrologic regime, 

i.e. spring snowmelt runoff, summer base flow, and rain events defined by > 0.5 inches/day 

before statistical analyses were performed in case seasonal effects were mask by the high annual 

variability at the site.  Data are summarized in several tables and figures below which include 

statistical analyses, box and whisker plots, and as time series graphs as well (Figure 2-1 to 2-4).   

 

Summary conclusions:   

 

 Graves Road Creek, which is intermittent and estimated to include a significant, if not major, 

portion of the eastern Lakeside neighborhood’s stormwater, had higher specific conductivity (i.e. 

salts and dissolved solids), lower dissolved oxygen, and higher turbidity than Amity Creek 

immediately upstream and downstream from its confluence.  TSS and secchi tube transparency 

data were more variable and there were less data for these two parameters resulting in no 

differences for TSS between stations, and poorer transparency in Graves Rd. Creek water 

relative to Amity before the restoration but not after. This is consistent with the goal of “cleaning 

up” the tributary but we hesitate to highlight this result without having more years of data since 

the post-restoration data indicated somewhat higher turbidity in Amity below the Graves Rd 

Creek confluence relative to immediately upstream (145 versus 114 NTU) which we interpret to 

be the result of construction-related sediment continuing to bleed from the site.   

 

  These results were not unexpected since it will take time for the sediment generated from 

construction activity during the restoration to flush out of the system and also for the re-

vegetated banks and side slopes to mature enough to prevent additional erosion during rain 

events and high flows.  

 

  Upstream-downstream water quality monitoring of Amity Creek in relation to intermittent 

Graves Road Creek may be unlikely to show a significant response since this tributary likely 

contributes a small portion of the overall sediment load being delivered by Amity from upstream 

sources.  Our previous attempt to secure funding for stormwater gaging instrumentation in 

Graves Road Creek from the concurrent EPA-GLRI funded Amity Creek Restoration project was 

unsuccessful but would have contributed data for assessing the tributaries sediment load to lower 

Amity.  We are currently (i.e. Fall 2013) exploring an alternative approach that would allow us 
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to directly estimate erosion rates from the north slope of the Graves Rd Creek “ravine” using a 

terrestrial laser scanner and methodology developed from the overarching GLRI funded project.  

It might also be useful to install a camera at the bridge site (Bridge #1) to obtain a visual record 

of stream “muddiness” across a range of flows and antecedent conditions.    
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Figure 2-1. Water quality statistical analyses : Lower Amity Creek at Graves Road 

Creek confluence.  
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Graves: 

(A=Above Graves, B=Below Graves, G=Graves Creek) 

Soluble WQ Metrics 

 

 

 

Particulate WQ Metrics 

 

 

 

Figure 2-2. Water quality statistical analyses grouped by hydrologic regime: Lower 

Amity Creek at Graves Road Creek confluence.  
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  Figure 2-3. Water quality time series plots for transparency, temperature, and dissolved 

oxygen for Lower Amity Creek at Graves Road Creek sites and Graves Road Creek, 2007-

2013.  Regulatory standards set by the Minnesota Pollution Control Agency, where 

applicable, are show as shading for reference. 
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  Figure 2-4. Water quality time series plots for specific electrical conductivity (EC25), 

turbidity, and total suspended sediment (TSS) for Lower Amity Creek at Graves Road Creek 

sites and Graves Road Creek, 2007-2013.  Regulatory standards set by the Minnesota 

Pollution Control Agency, where applicable, are show as shading for reference. 
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2.3 Upper Amity East Branch 

A total of 113 surface water grab samples and were collected along with ancillary in-stream 

(field) measurements  2008-2013 for the Upper Amity/ East Branch restoration, including 3 

years of sampling prior to restoration and 3 years after restoration activities. Site designations on 

the East Amity restoration site (Above slump and Below slump) were not defined until after the 

restoration was complete. Thus all pre-restoration samples were from a site selected just 

downstream from the 2009 bank stabilization project. Data are summarized in several tables and 

figures below which include statistical analyses, box and whisker plots, and as time series graphs 

as well (Figure 2-5 to 2-7).   

 

Summary conclusions: 

 Stream water collected above the East Branch bank restoration, on average, was slightly 

cooler (10.3 versus 10.9 
o
C) and had slightly less oxygen (10.7 versus 11.0 ppm). Results for 

several different particulate associated parameters indicated small but statistically significant 

differences, but were internally somewhat inconsistent since turbidity was slightly lower above 

the confluence (21.1 versus 24.2 NTU), while TSS and secchi tube transparency each indicated 

slightly more particulates above the stabilized banks than below (37.3 versus 31.0 mg TSS/L, 

and 68.7 versus 72.6 cms, respectively).   

 

 No statistically significant differences were found between pre- and post-restoration water 

quality parameters.  

  

 These inconclusive results were not unexpected since it will take time for the sediment 

generated from construction activity during the restoration to flush out of the system and also for 

the re-vegetated banks and side slopes to mature enough to prevent additional erosion during rain 

events and high flows.   

 

 Further event-based monitoring is warranted to assess the how well the bank stabilization 

acts to reduce suspended sediment loading and turbidity in Amity Creek.  High interannual and 

intra-annual variability will make it difficult to evaluate any one project’s success without many 

more years of data.  As for the Graves Road Creek restoration, it will likely require several lines 

of evidence including direct measurements of bank erosion rates, in-stream water sampling at the 

site and also downstream at the lower Amity gaging station, and possibly visual evidence from 

on the ground and/or aerial remote sensing imaging.   
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Figure 2-5. Water quality statistical analyses: Upper Amity Creek on East Branch.  
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Figure 2-6. Water quality statistical analyses grouped by hydrologic regime:                            

Upper Amity Creek on East Branch.  

Amity East: 

(A=Above Slump, B=Below Slump) 

Soluble WQ Metrics 

 

 

Particulate WQ Metrics 
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  Figure 2-7. Water quality time series plots for flow, transparency, temperature, and 

dissolved oxygen for Upper Amity Creek at  the East Branch sites, 2009-2013.  The bank 

stabilization and 500 year June 2012 Duluth Solstice Flood dates are indicated with arrows.   
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3. Quantifications of the condition of stream habitat and biological communities at the 

(Amity) restoration sites, their changes over time since 2007, and their potential response to 

restoration activities.  

 

Macroinvertebrates, Fish, Periphyton, and Habitat (by V.Brady & J.Dumke) 

 

3.1 Introduction 

 

Two sections of Amity Creek have had significant restoration work in the past several years. The 

Graves Road Creek intermittent tributary was substantially re-designed and reconfigured to 

reduce erosion and enable this small tributary to adequately handle the flow volumes it receives 

during rain events, and a large eroding bank upstream on the East Branch of Amity was reshaped 

and revegetated, and in-stream structures were added to direct flow away from the toe of this 

bank.  The major goal of each project was to reduce “excess” generation of sediment and 

turbidity during high flows which were the reason that Amity was listed as “Impaired” by the 

MPCA in 2004 (see www.lakesuperiorstreams.org/weber/restoration projects.html#amity for 

background information). Part of the goal of these restorations was to improve habitat and water 

quality downstream of each area. Thus, water quality, habitat, and aquatic biota were sampled 

both before and after the restorations and both above and below where the work took place. Here 

we report the first analysis of these monitoring data.  

 

The bank restoration on Amity’s East Branch was completed in November 2009. The bank was 

slumping into the stream channel, eroding, and was poorly vegetated because it was so steeply 

sloped (Figure 1). Restoration consisted of re-shaping the bank to reduce the steepness; 

stabilizing the bank by planting it with vegetation; reducing current velocity against the bank by 

adding a “bench” (mini flood plain area) and embedding large structures such as tree trunks , 

root wads and large 

boulders (J-vanes) to 

divert current and protect 

the bank (Figure 1).  

The Graves Rd Creek 

restructuring was 

substantial for the last 

100 m or so of the 

tributary’s channel. The 

channel was widened and 

re-shaped to reduce bank 

slope steepness and 

erosion, and most of the 

channel was completely 

armored with very large 

cobble and small boulder 

material to prevent the 

channel from moving or 

downcutting (Figure 3-2). 

    
    Figure 3-1. Bank restoration on the Upper Amity East Branch.  

http://www.lakesuperiorstreams.org/weber/restoration%20projects.html#amity
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This work was completed in October 2009. Both restoration projects are completely described in 

other reports and documents (c.f. Axler et al. 2011; 

www.lakesuperiorstreams.org/weber/restoration projects.html#amity).  

 

One focus of this Coastal Program project was to collect additional stream data, and summarize 

and analyze previously-collected data in order to evaluate these two restoration projects on 

Amity Creek. In the rest of the report, we make every effort to note which sampling was done 

with Coastal Program funds, and which was collected previously but analyzed using Coastal 

Program funding.  

 

3.2 Amity Monitoring Design and Locations  

 

We attempted to sample upstream (control) and downstream (impacted area) of each restoration 

site both before and after each restoration was completed. Realizing that it takes time for the 

stream to recover from such disturbances and for the stream to repair itself, we tried to go back 

and take post-restoration samples over several different years, but some of these efforts were 

confounded by other events such as late summer floods or droughts. Most of these sampling 

events were funded by money cobbled from a variety of sources, so sampling was sporadic and 

often there was not enough to cover macroinvertebrate work. Unfortunately we were not able to 

find long-term funding for an annual monitoring survey as quickly after restoration was 

completed as we would have liked.  

 

A few of the pre-restoration sampling efforts also ran into problems with late summer droughts 

(e.g., 2008 invertebrate and fish sampling). Flood issues were a problem in 2011, with a two-inch 

    
Figure 3-2. Graves Rd tributary to Amity Creek before (left) and after (right) channel restructuring. 

http://www.lakesuperiorstreams.org/weber/restoration%20projects.html#amity
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rainfall event on August 2, 2011causing flash flooding that impacted the entire watershed.  We 

waited as late into the fall to sample as possible to allow the invertebrate and fish communities to 

recover, but flood impacts are still apparent in the data. Finally, an added complication is that 

there is not enough physical stream length downstream of the Graves Rd tributary before Amity 

Creek goes over a waterfall (“the Deeps” in local parlance) for us to establish a standard reach 

for electrofishing or aquatic macroinvertebrate collection, so we do not have downstream 

samples for these biota or their habitat.  

 

Caveats aside, we were able to collect upstream-downstream, pre & post-restoration samples for 

the Amity East Branch bank restoration for all biota, habitat, and water quality, and have 

upstream pre & post-restoration data for the Graves Rd Creek (Figure 3-3, Table 3-1). Coastal 

Program funding was used for fish, macroinvertebrate, habitat, and periphyton data 

collected in summer 2011. Other biotic and habitat data were collected using other funding 

sources. Stations are labeled Above and Below (for upstream and downstream of the East Branch 

bank restoration ) and Graves Above (upstream of the Graves Rd tributary). Downstream (impact 

area) data for the Graves Rd restoration are confined to water quality (Graves Below in Figure 3, 

Table 3-1). However, the Graves Rd upstream data do provide a good reference for comparing 

the biota and habitat on Amity’s lower main stem to the data from the East Branch. 
 

 

Table 3-1. Locations of stations and sample dates of fish, macroinvertebrates, and water 

quality (WQ) on Amity Creek from 2008 - 2011. 2011 samples were collected using MLSCP 

funding. 

Site Latitude Longitude 
Fish Sample 

Dates 

Invert 

Sample 

Dates 

WQ 

Sample 

Dates 

Periphyton 

Sample Dates 

Above 46.857624° -92.029321° 
Aug-09, July-

10, Sept-11 

May-08 

Sept-11 
See text 

May-08 

Aug-09 

Sept-11 

Below 46.856309° -92.029227° 
Aug-09, Sept-

10, Sept-11 

May-08 

Sept-11 
See text 

May&Sept-08 

Aug-09 

Sept-11 

Graves 

Above 
46.845578° -92.010822° 

Aug-09, Sept-

10, Sept-11 
May-08 See text 

May-08 

Sept-11 

Graves 

Below 
46.843223° -92.009226° 

Not 

sampleable 

Not 

sampleable 

In situ 

sensors 
Not sampleable 
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Figure 3-3. Sample locations of four stations on Amity Creek. Stations labeled “Above” and “Below” 

are upstream and downstream of the stream bank restoration project on East Branch. Graves Above 

and Graves Below are upstream and downstream of the Graves Rd. tributary restoration project. 

  

Fish and Macroinvertebrate Habitat Inventory Methods 

Habitat surveys were performed at the sampling locations Above, Below, and Graves Above 

before and a few years after completion of the stream bank restoration project (Figure 3- 3, Table 

3-1). Station length was 35 times the mean stream width, following the standard methods of 

Lyons and Wang (1996). Habitat surveys consisted of ten transects perpendicular to the stream at 

evenly-spaced locations within each station length. Measurements included wetted stream width 

(in meters), mean depth (in centimeters), maximum depth (cm), number of coarse woody debris 

(CWD) pieces, percent canopy cover (stream shading) percent composition of stream bottom 

substrate, and percent embeddedness of coarse substrates. Full details may be found in Breneman 

(1999) and Brady and Breneman (2010).  

 

Coarse woody debris is defined as pieces >1 m long and >10 cm diameter within 1 m up or 

downstream of each transect location. Total coarse woody debris was also summed for entire 

station lengths after the bank restoration project. Percent canopy cover was determined by taking 
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the mean of four separate densiometer readings at the center of the wetted channel (one each 

facing left bank, upstream, right bank, and downstream). Surficial bottom percent substrate type 

was estimated visually in five evenly-spaced quadrats (0.25 m
2
) within the wetted channel on 

each transect. The percent which coarse substrates (>4 mm) were embedded by fine substrates 

(<2 mm) was estimated for each transect point, when applicable.  

 

Periphyton  

The term “periphyton” refers to the community of algae attached to solid substrates and for this 

study it refers to epilithic periphyton, the community of algae attached to rocks in the streambed.  

The material scraped from rocks, however, actually includes bacteria, fungi, and protozoan 

animals and other microinvertebrates mixed with varying amounts of silt, sand, and organic 

detritus.  Periphyton samples were collected from in-stream scrubs of ≈40 mm rocks in the 

Above and Below stations in 2008, 2009, and 2011, as well as the Graves Above station in 2008 

and 2011 (Figure 3-3, Table 3-1). To collect periphyton, random cobbles were removed from the 

stream and placed into a pan. A known area of the rock, using a template of 40 mm
2
 was isolated 

and scraped with brushes, and the suspension was washed into a collection bottle. The 

periphyton suspension was then filtered onto a GF/C glass fiber filter, and dried at 103-105
o
C to 

a constant weight (dry weight, DW). The filter was then combusted at 550
o
C for 15 minutes to 

determine ash free dry weight (AFDW) of the sample. Loss upon ignition is calculated as the 

difference between dry weight and AFDW and represents an estimate of the organic matter in the 

material collected on the filter. Percent organic matter (%OM) is then estimated as ((DW-

AFDW)/DW)*100. 

 

Macroinvertebrate Sampling Methods 

Aquatic macroinvertebrates were sampled at the Above, Below, and Graves Above locations in 

2008 and 2011 (Figure 3- 3, Table 3-1). Late summer or early fall are the best times to sample 

stream invertebrates in the northern Great Lakes because stream flows are typically low and 

stable, and the invertebrates are at a life-stage in which many of them are relatively large and 

easier to identify. Late spring is considered the second-best time to collect stream aquatic 

invertebrate data. Because late summer droughts and nearly non-flowing streams have become a 

problem in this area, in some years that appear likely to be problematic, we have begun taking 

late spring macroinvertebrate samples and archiving them in case late summer samples cannot be 

taken due to drought or flood. This was the case in 2008. In 2011, spring snowmelt occurred too 

early  to collect spring invertebrate samples. However, fall samples were collected nearly two 

months after the August 2, 2011 flood, after allowing as much recovery time as possible. In the 

data analysis section we describe how the statistics we used helped “control” for the spring-fall 

and flood issues in this dataset.  

 

Macroinvertebrates were collected using both a Hess quantitative and a D-frame dip net 

qualitative sampling devices. Four Hess samples (0.09 m2) were collected from each station 

along with 3 D-frame dipnet samples. Hess samples are collected in standard stream rocky 

substrates and encompass a known area. D-nets are used to collect invertebrates from under 

banks, in vegetation, off of wood, and other areas where the Hess sampler does not work. Thus, 

D-nets collect more comprehensive macroinvertebrate samples, but are not well-standardized for 

area sampled and thus are more problematic for data analyses. To assess the effect of the bank 
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restoration, we thus focused on the Hess samples because they could be normalized to bottom 

surface area sampled.  

 

Fish Sampling Methods 

Locations on Amity Creek were electrofished in 2009, 2010, and 2011 (Table 3-1) using 

standard protocols used by the MPCA and MDNR for Lake Superior Basin stream assessments 

(MPCA 2012).  Stations were sampled using a single pass with either one or two backpack 

electrofishing units, depending on the stream width. Fish were identified, measured for total 

length (TL), weighed (g), and released unharmed. Fish catches were standardized to fish/100 m 

because the stream lengths sampled varied somewhat by year (Table 3-2).  

(g). Data from three fish were removed from this analysis due to suspected erroneous weights. 

 

Brook trout are known to be a temperature-sensitive species and their presence indicates good 

water quality and cold temperatures. Brook trout were further separated by size class for better 

 

Figure 3-4. Histogram of the total length of brook trout captured in all reaches across all sample years 

of Amity Creek, showing a clear separation of year classes around 100 mm. The cut-off of 100 mm is 

used to separate age0 from age1+ fish. 
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comparison of age structure between stations using 100 mm TL as the cut-off between age0 

(young-of-year) and age1+ (all older fish), which is based on the length frequency of all brook 

trout captured from Amity Creek (Figure 4). To detect changes among brook trout growth rates 

between stations and years we used a length-to-weight relationship of log10 transformed total 

lengths (TL) and weights 

 

Data analysis 

Habitat, periphyton, and macroinvertebrate data were analyzed using a technique called BACI: 

Before-After, Control-Impact. This method depends on having pre- and post-event samples taken 

at one or more control sites and one or more impact (affected) sites. The impact can either be a 

natural event or human-caused, and can be harmful or beneficial. The method seeks to control 

for innate differences between the control and affected sites, and also for variability due to 

weather and other events that happen irregularly over time. Instead of analyzing directly whether 

control and impact locations are statistically significantly different, the method analyzes the 

differences between the control and impact sites before and after the impact occurs and seeks to 

determine of those differences have changed, presumably due to the “impact”. These differences 

are tested using an ANOVA (analysis of variance) test. The results tell us whether we have a 

significant “site effect” (the upstream control and downstream impact sites are just different from 

each other both before and after the restoration); a significant time effect (before and after 

samples are different at both control and impact sites, so the difference is probably due to events 

other than the restoration); or a significant interaction effect (sites are more different after then 

before the restoration, suggesting that the restoration may be the cause of the difference). Thus, 

using BACI gave us the best chance of detecting any effects most likely due to the restoration 

itself, especially for habitat and macroinvertebrates, which are very close spatially to the 

restorations and not very mobile, unlike fish and water quality. Significance was defined as an 

alpha of 0.05.  

 

Fish data did not include enough samples for us to do formal BACI analysis. Instead, fish data 

were evaluated using two-sample for variance f-tests, followed by selection of the appropriate 

Student’s t-test (assuming equal or unequal variance) to detect significant differences between 

means with alpha 0.05. All proportions were arcsine square root transformed. Other variables 

were log10 transformed if necessary for normality. All statistics were run in R statistical 

language.  

 

3.3 Results and Discussion 

Biotic Habitat 

We compared the habitat features between the Below and Above stations before the East Branch 

bank restoration project began to determine how similar the stations were before the restoration 

was done. Before the bank restoration project, the Below station was more shaded (canopy cover 

significantly different at p=0.001, Figure 3-5, Table 3-2), shallower (mean and maximum water 

depths were significantly lower (p<0.05), had less wood (fewer pieces of coarse woody debris, 

p<0.05, Figure 3-5) and had more boulders (p<0.001) than the Above station (Table 3-2, Figure 

3-6). 
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Canopy cover increased between Before and After sampling events probably because of the later 

sampling date in 2011, September as compared to May in 2008. There were no other significant 

differences between stations in other stream bottom substrate categories, mean stream width, or 

embeddedness (burial of rocks by fine sediments).  

 

Table 3-2. Summary of stream features from habitat surveys conducted in Below and Above 

stations before and after the bank restoration project. Means are provided with standard 

deviation in parentheses. Refer to text for significant differences of means. 

Station Below Below Above Above 

Sampling Event Before After Before After 

Width (m) 4.7 (0.60) 4.5  (1.76) 4.3 (1.20) 3.3 (1.39) 

Canopy Cover (%) 67.5 (10.0) 71.1 (12.9) 32.5 (23.6) 39.2 (20.2) 

Ave Depth (cm) 13.1 (3.4) 11.3 (4.9) 19.4 (7.7) 14.9 (11.6) 

Max Depth (cm) 18.4 (6.1) 17.0 (7.6) 31.0 (14.8) 21.1 (15.7) 

% Bedrock 0.0 (0.0) 0.0 (0.0) 0.4 (1.3) 0.0 (0.0) 

% Boulder 27.5 (13.0) 3.4 (3.8) 7.0 (4.1) 3.65 (5.6) 

% Cobble 31.2 (11.8) 33.4 (8.2) 32.3 (12.3) 35.1 (11.2) 

% Large Gravel 29.5 (11.2) 30.5 (8.6) 35.6 (16.3) 23.5 (13.3) 

% Small Gravel 7.1 (4.4) 7.8 (6.4) 10.8 (9.3) 18.3 (7.7) 

% Sand 4.7 (4.8) 24.9 (14.1) 12.7 (11.5) 19.6 (9.7) 

% Mud 0.0 (0.0) 0.0 (0.0) 1.2 (3.8) 0.0 (0.0) 

% Embedded 5.0 (4.8) 8.0 (5.5) 3.2 (3.5) 5.6 (5.6) 

Wood (count) 2.3 (1.6) 0.2 (0.4) 7.8 (7.6) 2.9 (3.2) 

Figure 3-5. Left: Example difference (percent canopy cover) between sites that changed between Before 

and After sampling events, but was not related to the bank restoration. Right: Change in a habitat variable 

(amount of large wood) that may be related to the flood event since there was a large reduction at both 

Above and Below locations at the Upper Amity East Branch site. Error bars are 95% confidence intervals. 
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Figure 3-6. Example habitat variables that show probable effect of bank restoration work. (left) Percent 

stream boulders changed more between Before and After sampling at the Below site than the Above site. 

(right) Total percent fine sediments increased at both sites between Before and After samplings, but the 

change is much greater at the Below site. Error bars are 95% confidence intervals. 

     

Both sites lost large wood between the before and after sampling events (Figure 3-5), likely due 

to the August 2011 flood but there are other potential causes, including over-zealous stream 

clean-up by citizen groups and other organizations. The Below site had more wood at the Before 

sampling, which made the loss of this wood more noticeable even though it is probably not 

related to the restoration work.  

 

Substrate changes show effects of both the flood event and the restoration work. The percentage 

of boulder substrate significantly (p<0.001) decreased from 27.5% to 3.4% between Before and 

After sampling events at the Below site. There was a slight decrease in boulders at the Above 

site, but it is not nearly as large (Figure 3-6). Thus, there were more boulders Below the bank 

restoration Before the restoration was completed, but many fewer at both Above and Below sites 

After the restoration and the flood. Our interpretation is that most of this difference is due to the 

restoration work, with a lesser amount attributable to the flood and/or random variability in the 

placement of transects at each station. The percentage of fine sediments (defined as sand, silt, 

and clay, but in this case it is almost entirely sand) shows a somewhat similar pattern except that 

the change is even more different between the two sites. The Below site had less fine sediments 

Before the restoration work, but more After it was completed, even though both sites show an 

increase in percent fine sediments that is likely due to the flood (Figure 3-6, Table 3-2).  

 

Concomitant with the increase in fine sediments, mean embeddedness (burial of rocks and gravel 

by fine sediments) increased in both the Above and Below stations after the bank project (Table 

3-2). The changes were approximately of the same magnitude at both sites, but only the increase 
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Figure 7. Percent organic matter (periphyton layer) on stream 

rocks at most Amity sampling stations. There is no discernible 

effect of the stream bank restoration. 

in the Below station was significant. Fine sediments embedding stream rocks or burying stream 

gravel can have a detrimental impact on trout at all live stages, beginning with the egg stage 

(Waters 1995).  

 

There were no significant changes in other stream bottom substrates, mean stream width, or 

mean or maximum water depth (Table 3-2).  

 

Periphyton 

Periphyton (the algae growing on stream rocks in this study) can be an important food source for 

stream grazers such as snails, caddisflies, and other macroinvertebrates. Periphyton can be 

sensitive to burial by fine sediments or scouring by excessive high flows. It may also be 

particularly noticeable if overgrown by long ribbons of filamentous algae if there are significant 

nutrient inputs to the stream.  

 

There were no significant differences in the amount of organic material (periphyton) within or 

between Above and Below stations for all sampling events. However, the amount of periphyton 

at the Graves Above station increased significantly (p<0.001) between the Before and After 

sampling periods (Figure 3-7). This is likely to be a seasonality effect because the 2008 samples 

were collected in the spring while the 2011 samples were collected in late summer, when the 

stream temperatures were warmer and the periphyton community had time to develop more fully. 

Since the Above and Below stations were sampled in the late summer in both 2009 and 2011, 

this comparison did not show the same seasonality effect.  

Macroinvertebrates 

Macroinvertebrate assemblages 

exhibited a significant time effect 

because the 2008 Before samples 

were collected in May rather than 

in late summer, as is preferred. 

Unfortunately, a drought in 2008 

precluded the standard late 

summer sampling. Thus there 

were fewer identifiable 

macroinvertebrate taxa (taxa 

richness) identified at both Above 

and Below and Graves Above 

sites during the Before sampling 

(Table 3-3). Because the 

quantitative samples collected 

with the Hess sampler are more 

standardized than the D-net 

samples, we have used the Hess 

samples for most of our analyses 

to ensure the most conservative 

and most accurate comparison. A full list of all taxa found in Hess samples can be found in 

Appendix 1.  
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No matter the season of the sampling, the Above station had more macroinvertebrate taxa than 

the Below station. The Above Graves station on the main stem of Amity had approximately the 

same number of total taxa as the Below station the East Branch.  Macroinvertebrates typically 

considered more sensitive to stress (mayflies, stoneflies, and caddisflies), and which are more 

sensitive to habitat damage such as embeddedness, also exhibit greater richness at the Above site 

both Before and After the restoration (Table 3- 3).  

 

 

Table 3-3. Number of macroinvertebrate taxa at each location by year for Before (08) and After 

(11) restoration work. Data from Hess samples only.  

 

Taxa 

‘08 

Above 

‘11 

Above 

‘08 

Below 

‘11 

Below 

’08 Above 

Graves 

Mayflies (Ephemeroptera)  8 13 7 10 6 

Stoneflies (Plecoptera) 7 8 7 7 3 

Caddisflies (Trichoptera) 14 15 12 12 10 

Dragonflies and damselflies (Odonata) 3 4 2 4 2 

Beetles (Coleoptera) 3 6 2 4 5 

True bugs (Hemiptera) 1 4 0 0 2 

Other flies (Diptera) 10 15 10 15 12 

Non-biting midges (Chironomidae) 5 5 5 5 5 

Springtails (Collembola) 1 1 1 1 1 

Side-swimmers (Amphipoda) 1 2 0 2 2 

Mites (Hydracarina) 1 2 1 1 1 

Crayfish (Decapoda) 1 2 1 2 1 

Snails (Gastropoda) 2 3 0 0 2 

Aquatic earthworms (Oligochaeta) 1 1 1 1 1 

Roundworms (Nematoda) 1 1 1 1 1 

Flatworms (Turbellaria) 1 1 0 1 0 

 

60 83 50 66 54 
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Figure 7. Macroinvertebrate assemblages by proportional abundance at each sampling station for both 

Before and After sampling periods.  
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The greatest proportion of macroinvertebrates at the stations were fly larvae, either non-biting 

midges (Chironomidae) or a combination of many other fly (Diptera) taxa, or both (Figure 3-7). 

Sensitive taxa (mayflies, stoneflies, and caddisflies) make up approximately the same 

proportions of the macroinvertebrate assemblages at Above and Below locations Before the 

restoration (about 20%), but the Below station has a greater proportion of these sensitive taxa 

After the restoration (60% vs. 43%; Figure 7). This is particularly surprising considering that the 

flood earlier in 2011 deposited quite a bit of sand in the Below station (Figure 6), potentially 

coming from the bank restoration itself. This indicates that the deposited sand was not 

embedding and burying the rocky substrate enough to displace these taxa from their living 

spaces. And indeed, embeddedness at the Below site stayed below 10%, even after the flood 

(Table 3-2). Because of high sample variability, this increase in sensitive taxa downstream and 

after the restoration work was not statistically significant and cannot confidently be attributed to 

the restoration. However, this is the type of improvement that we would hope to see at the station 

downstream of the restoration.  
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Figure 3-8. Macroinvertebrate trophic groups by proportional abundance at each sampling station for 

both Before and After sampling periods.  
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Another way to investigate the macroinvertebrate assemblages is to look at what they feed on 

and how they feed (Figure 3-8). This is a more functional comparison of invertebrates at the 

stations, rather than evaluating the results based on taxonomy. Carnivores are often considered 

potentially the most sensitive trophic group because they feed higher on the food web. 

Herbivores may also be sensitive because of the plants they depend on for food. Omnivores and 

detritivores are considered less sensitive to stress.  

 

Carnivores made up only small proportions of the invertebrate assemblages during any sampling 

event (Figure 8), with most assemblages dominated by herbivores and detritivores (invertebrates 

that scavenge particles and eat dead plant material). However, carnivores were statistically a 

greater proportion of the community upstream of the bank restoration, regardless of seasonality 

or the effects of the flood (BACI p=0.04). There was no bank restoration effect. Herbivores 

decreased between the spring 2008 samples and the late summer 2011 samples which may have 

been a “flood” effect.  Instead, omnivores become a more dominant component of the 

assemblages in late summer sampling after the flood (BACI statistically significant p<0.01). 

Although Figure 3-7 shows some differences in assemblage trophic levels Before and After the 

bank restoration, none of these could be statistically attributed to that restoration work.  

The mechanisms and types of feeding by invertebrates also provide insights into their sensitivity 

to stream habitats. These functional feeding groups include predators, those invertebrates that 

filter food particles out of the water column, those that shred up dead plant material, those that 
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Figure 9. Macroinvertebrate functional feeding groups by proportional abundance at each sampling 

station for both Before and After sampling periods.  
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graze on (mostly) living plant matter, and those that gather discarded tiny food particles and 

waste (Figure 3-9) 

 

Using these groups we found large differences between stations and sampling periods, especially 

among filterers and grazers (Figure 3- 9). However, all assemblages were dominated by 

gatherers. Gatherers are a very large and common category that is considered the least sensitive 

to habitat and stress of any of the feeding groups. This group includes invertebrates such as most 

of the worms, many of the midges (Chironomidae), and other tolerant taxa. Thus it is common 

for assemblages to be dominated by this feeding group. Invertebrates that filter food particles 

from the water column make up a larger proportion of the sampled assemblages in the Before 

(spring) samples in the East Branch.  Grazers were found at the Graves Above site in the spring 

of 2008, but at the East Branch sites primarily in late summer during the After restoration 

sampling. The magnitude of the increase in grazer proportions is larger downstream of the bank 

restoration (2011 Below) than at the upstream site (2011 Above), and this caused the BACI 

statistic to be significant for a bank restoration effect at p < 0.01 (Figure 3-10). However, we 

hesitate to call this a true effect because of the August 2011flood, the seasonality difference in 

the sampling, and the high variability in these samples.  
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Figure 3-10. Mean percentage of macroinvertebrate 

grazers making up invertebrate assemblages Before and 

After bank restoration at sites upstream (Above) and 

downstream (Below) of the bank. This shows both a 

significant Before-After seasonality difference (p<0.001), 

and a significant restoration effect (p<0.01). But the effect 

of the flood in early 2011 may not be adequately 

controlled for. Bars are 95% confidence intervals.  

Shredders were also statistically a 

greater proportion of the assemblages 

in the After sampling events (both 

upstream and downstream of the 

restoration; BACI p<0.001). This 

makes sense because more dead plant 

material (especially tree leaves) would 

be available in early fall for these 

invertebrates to feed on.  

A final way to investigate invertebrate 

assemblages that does not rely heavily 

on taxonomy is to look at their 

behaviors, particularly how they move 

about in their habitats and where they 

live (microhabitat). In rocky stream 

habitats, we expect to see quite a few 

invertebrates that “cling” to the rocks 

and crawl beneath them to hide from 

predators and escape from the current. 

Because invertebrates are so small, 

most cannot swim against the current 

(usually there are more swimmers in 

wetlands and lakes), but we do find 

some good swimmers in streams. 

Burrowers make good use of the fine 

sediment deposits in which to live and 

hide, and may be more common in 

areas with more fine sediments than rocks. Similarly, sprawlers occur on top of fine sediments, 

using long legs or other strategies to help keep them from getting buried within the sediment. 

Skaters ride on the surface tension of the water and thus are less exposed to processes happening 

within the water column or on the stream bottom; they are thus less indicative of stream 

condition. Climbers are uncommon in rocky streams because they climb on aquatic vegetation, 

but they may be found under overhanging banks and in backwater areas.  
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Figure 3-11. Macroinvertebrate behavioral groups by proportional abundance at each sampling station for 

both Before and After sampling periods.  
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As would be expected for a rocky stream that has some deposits of fine sediments and some 

embeddedness of the rocks, macroinvertebrate assemblages were dominated by clingers and 

burrowers (Figure 3-11). The Above and Below stations responded somewhat differently After 

the flood. Both stations lost clingers and gained sprawlers, as might be expected with a flood 

event that rolled the rocks around and increased fine sediment deposits (Figures 3-6 and 3-11). 

The sprawler increase was statistically significant (p<0.001) between the Before and After 

periods for both stations. The Below site also gained swimmers, while the above site became 

more dominated by burrowers. The proportional increase in swimmers at the Below site is 

statistically significant (p<0.05) for an effect of the bank restoration or an interaction between 

the bank restoration and the flood. Proportionally gaining swimmers likely indicates that there 

are more slower-flow microhabitats, and is likely a result of both the flood re-arranging the 

channel in that area, and also of the bank restructuring creating some areas of slower flow. In 

addition, there are swimmers that favor being in the edge of the current in sandy areas.  

 

Fish 

Overall, the four most abundant species across all stations were blacknose dace (Rhinichthys 

atratulus), brook trout, creek chub (Semotilus atromaculatus), and mottled sculpin (Cottus 

bairdii) (Figure 12). These species made up 90% or more of all fish assemblages in all stations 
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Figure 3-12. Relative abundances of captured fish taxa in each station by year, standardized to fish per 

100 m because station lengths varied. 2009 sampling is before the restoration, while 2010 and 2011 

sampling occurred after the restoration.  
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and sample years except for Graves Above in 2011. The rest of the relative abundances among 

stations were contributed by ten other  infrequently captured species (Figure 3-12, Table 3-4). 

 

 

 

Across all sample periods the only trout species detected in the reaches above and below the 

bank restoration project were brook trout (Salvelinus fontinalis). Interestingly, the Graves Above 

station in 2010 and 2011 was the only place rainbow trout (Oncorhynchus mykiss) were collected 

(Figure 3-12, Table 3-4), and their abundances increased between 2010 and 2011, with a 

concurrent disappearance of brook trout. A comparison between the number of all fish per 100 m 

stream length (Figure 13, top), and number of brook trout (Figure 13, bottom) shows that brook 



35 
 

trout comprise a relatively small proportion of the fish community on most sample dates and 

locations (see also Table 3-4). 

 

Table 3-4. Summary of fish catches on one electrofishing pass at each station by 

sample year. Station lengths in 2009 were not precisely recorded.  

 

Station 
Sample 

Date 

Station length 

(m) 

Total 

Taxa 

Fish/ 

100 m 

% 

Trout 

Trout/ 

100 m 

Below 2009 ~110 5 154.5 11% 17.3 

Below 2010 110 4 139.1 32% 44.5 

Below 2011 110 6 201.8 34% 69.1 

Above 2009 ~125 6 60.0 17% 10.4 

Above 2010 125 8 193.6 32% 62.4 

Above 2011 125 6 365.6 40% 148.0 

Graves Above 2010 110 6 76.4 45% 34.5 

Graves Above 2011 110 5 184.5 24% 44.5 

       

 

Brook trout are considered an intolerant species and indicate high quality coldwater conditions 

(Lyons and Wang 1996), and require colder water temperatures than either brown or rainbow 

trout (Hunter 1991). As such, most of our comparisons focus on detecting potential influences 

the bank restoration project or 2011 flooding may have had on brook trout populations of 

surveyed stream reaches. 

 

A scatterplot of length by weight data for individually captured brook trout at both Above and 

Below stations over year 2009, 2010, and 2011 displays fish growth as a measure of fitness 

(Figure 3-14). No age1+ (>100 mm) brook trout were captured in the Below station in 2009 

(Figure 3-14, top), so the line of best fit is poorly projected. However, age1+ brook trout were 

collected in the Below station during 2010 and 2011, and the growth rates between Below and 

Above stations were very similar in intercept and slope (Figure 14, middle and bottom).  

Brook trout capture per 100 m stream length were separated by age classes YOY and age1+. Age 

classes of brook trout were separated at 100 mm, and this break is evident in the length 

frequency histogram (Figure 3-4). In 2009 there were more brook trout (all YOY) in the Below 

station than Above (Figure 3-15). In 2010 there were nearly the same number of YOY brook 

trout between stations, but the Above station supported more age1+ individuals. In 2011 both 

Above and Below stations had more YOY and age1+ fish, but the Above station had larger gains 

and many more age1+ fish than the Below station (71 versus 22, respectively; Figure 3-15). 

There were concurrent proportional increases of brook trout in both the Above and Below 

stations surrounding the bank restoration project and the 2011 flooding period (Figure 3-15). As 

a result, the 2011 flooding did not appear to influence the fish communities immediately above 

or below the bank restoration project. However, the same cannot be said for the Graves Above 

station. The increase in rainbow trout and concurrent disappearance of brook trout from the 

Graves Above station between 2010 and 2011 suggests an increase in water temperatures 

occurred between sample periods, rendering the Graves Above reach unsuitable habitat for brook 

trout likely due to upper limit thermal limitations.  
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Figure 13. Abundance of all fish (top) and brook trout (bottom) standardized to fish per 100 m 

stream length across stations and sample years. 
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The flooding of September 2011 may have infused the Graves Above stream reach with water 

warmer than the thermal preference of brook trout. The mixed fish communities found in all 

stations contain a majority of warm-water species (Figure 3-12). This indicates that the sampled 

reaches of Amity Creek are marginal trout water at best, so even small water temperature 

increases could render the habitat too warm for brook trout occupation. Seven-day thermal 

tolerance limit (where exceedances of this temperature for seven days resulted in death) for 

brook trout is 22.1 °C, and 23.9 °C for rainbow trout (Sinokrot et al. 1995). Stream temperatures 

may have increased above the preference for brook trout in the Graves Above reach in 2011, but 

still remained below the upper thermal limit for rainbow trout. As brook trout emigrated out the 

reach, they would have left an open niche for rainbow trout to fill without inter-species 

competition. 
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Figure 3-14. Amity Creek length to weight relationship for brook trout from stations Above and 

Below for sample years 2009 (top), 2010 (middle), and 2011 (bottom). Weight (g) and Total Lengths 

(mm) were log10 transformed and linear trend lines with associated R
2
 are provided for each data 

series. 
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Young-of-year brook trout are more susceptible to the effects of stream perturbations and 

flooding than older individuals (Heggines and Traaen 1988; Jenson and Johnsen 1999), as 

increased stream bottom sedimentation can reduce the amount of available refuge young fish 

have from high flows. There do not seem to be obvious adverse effects upon YOY brook trout 

caused by the November 2009 Amity Creek bank restoration project since similar numbers of 

YOY were captured from both Below and Above stations in 2010 (Figure 3-15). The August 

2011 flood also did not seem to strongly impact YOY brook trout, though more were supported 

in the Above station than Below. 
 

It is unclear if age1+ brook trout were influenced by the bank restoration project. In 2009 (before 

the bank project) there were no age1+ brook trout found in the Below station, but they were 

 

 

Figure 3-15. Distribution of brook trout age classes YOY and 1+ for stations Above (top) and 

Below (bottom) the stream bank restoration project. Age classes separated as YOY<100 

mm<age1+. 
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Figure 3-16. Length-to-weight relationship of all brook trout measured by NRRI personnel from 

Amity Creek. Three data points were excluded due to suspected measurement errors. 
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present in 2010 and 2011 surveys. Across all sample years the Above station supported greater 

numbers of age1+ brook trout than the Below station, which is likely due to differences in habitat 

suitable to provide living space and cover for larger fish, as the Below station had less in-stream 

wood that the Above station, and also had wider stream widths and shallower depths. Hunt 

(1976) documented an increase in brook trout carrying capacity and size six years after channel 

modifications to narrow and deepen the channel, as well as provide more overhead cover and 

pool habitat in Lawrence Creek, WI. 

 

We also investigated all station and sample year interactions for brook trout length-to-weight 

relationships and found a high degree of similarity in all instances. We consider brook trout 

growth rates to be so similar between stations and years of the Amity Creek dataset that there is 

no significant difference ecologically. As a result, we compiled brook trout data collected from 

all stations of Amity Creek to make a length-to-weight relationship of real data fit to a power 

trend line (Figure 16). Over 98% of the variation across stations and years is explained by the 

power-line equation, so past and future brook trout total length data not accompanied by a weight 

measurement can be assigned a weight based on this model. This is important if future 

comparisons of brook trout biomass are desired, and also to keep our sub-sample of weighed 

individuals (still necessary to verify the model) small to reduce handling and stress on fish. 
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Summary and Conclusions 

The creek segments (stations) sampled Above and Below the bank restoration on the East Branch 

of Amity Creek were different from each other prior to the restoration work. A flood in early 

summer before the After restoration sampling was done also confounded efforts to determine 

effects of this bank restoration. By using a statistical analysis (BACI) designed for such sampling 

efforts to help control for differences in comparison stations and differences caused by time and 

weather, we were able to parse out differential effects by station, time, and restoration effort. The 

flood and the physical work of restoration seem to have combined in the loss of boulders from 

the downstream (Below) station, and the flood seems to have removed large wood from both 

Above and Below stations, while depositing fine sediments among the stream rocks.  

 

However, the amount of rock burial (embeddedness) by fine sediments stayed low enough to 

seemingly have relatively minor effects on the macroinvertebrates. The station downstream of 

the bank restoration had greater gains in sensitive invertebrates than did the upstream station, and 

this is the type of change that we would hope to see. Other changes in the macroinvertebrate 

assemblages are probably the result of the flood, with invertebrates that cling to rocks being 

proportionately replaced by those that burrow in sediments. The increase at the Below station of 

strong invertebrate swimmers After restoration (and the flood) is intriguing, and may indicate an 

increase in slow water microhabitats where these invertebrates would do well.  

 

Fish community composition did not appear to be affected by the bank restoration project, as 

brook trout numbers and age classes fluctuated similarly over time between the Above and 

Below stations. Also, brook trout growth was nearly identical between the Above and Below 

stations in both time periods after the bank restoration project, which indicates they were 

exposed to similar feeding efficiency, food availability, food quality, and conservation of energy. 

Differences in brook trout capacity between the Above and Below stations were most likely due 

to limitations in habitat, such as woody debris, which was more prevalent in the Above station. 

The only obvious change to the fish community among stations was the disappearance of brook 

trout from the Graves Above station in 2011, and a filling of their vacated niche by rainbow 

trout. This may have been due to water temperatures which rose above those preferred by brook 

trout. The data suggest the stream temperatures above and below the bank restoration project 

remain sufficiently cool for brook trout to inhabit throughout the summer, but that sufficient 

ground water inputs are lost somewhere between the Below station and Graves Creek. 

 

4. Establishment of new volunteer stream monitoring sites on Amity Creek to enable a 

long-term evaluation of the remediation measures to be made.   

 

Five to seven volunteers were recruited to join the MPCA's Citizen Stream Monitoring Program 

(CSMP) for the project:  

 

• Knowlton Creek (1 site): 1 retired couple with deep ties to the SLRA has been sampling lower 

Knowlton Creek for more than a year now. Although not on Amity Creek, Knowlton Creek is 

also an MDNR designated trout stream impaired for excess suspended sediment and turbidity. 

We felt this was a critical site since various restoration activities are being planned to control 

erosion from exposed bluffs by reducing runoff, stabilizing banks, etc. and yet there has been 

relatively little systematic water quality data collected for the watershed. Thus far we have been 
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unable to establish an upper watershed CSMP site despite considerable effort. Ideally, staff at 

Spirit Mountain resort(s) would become stweawrds of Knowlton Creek by collecting these data.  

They also were given a portable conductivity meter to track road salt pattrens. 

 

• Amity Creek (4-6 sites): Two of these were residents involved in the Lakeside Stormwater 

Reduction Project (V.Brady, J.Schomberg, C. Kleist, PIs). One works for the National Weather 

Service, one is a high school student who has access to a key site near the conflueence of the 

East and West Branches. We have also coordinated with the EPA-Midcontinent Ecology 

Division Research Laboratory which has agreed to take on two sites, oneat our restoration site at 

the lowest Amisty Bridge, and the other in the lower Lester River.  This partnership has excellent 

potential to generate additional water quality data, beyond the limited CSMP program.   

 

• Lester River (1-2 sites):  

EPA-MED is one, and we 

also have a UMD-Integrated 

Biosystems graduate student 

(PhD) re-establishing an 

inactive Lester River site 

below the Golf Course. 

•  We have also developed a 

map layer to facilitate 

tracking CSMP data in 

regional trout streams.  The 

mapper can be easily “handed 

off” to others in addition to 

helping coordinate long-trem 

WQ data collection.   

 

•  We have also continued to collaborate with new efforts at Fond du Lac Tribal and Community 

College where Courtney Kowalczak has been re-invigorating the St. Louis River River Watch 

program that networked more than 30 school stream monitoring programs but was discontinued 

more than five years ago due to a lack of funding.  We think it is important to broaden the CSMP 

network in the region and will continue to work with FDLTCC, MN Sea Grant, WI Seagrant, 

SLRA, and the LS NERR to develop a comprehensive multi-species and water quality citizen 

science network for hands-on science education curricula as well as for long-term environmental 

assessment. 

 

5. Production of new educational and outreach materials about BMPs for local and 

regional officials and educators.  

Throughout the grant period we continued to highlight BMP information, training opportunities, 

and stormwater and erosion abatement information in general, via the WHAT's NEW section of 

the LSS website (www.lakesuperiorstreams.org/general/whatsnew.html ).  Highlights include: 

Figure 4-1.  New stations established for volunteer Citizen Stream 

Monitoring in the Amity Creek and Lester River watersheds.   

http://www.lakesuperiorstreams.org/general/whatsnew.html
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(1) We continued to highlight BMP information and training opportunities via the WHAT's 

NEW section of the LSS website (http://www.lakesuperiorstreams.org/general/whatsnew.html).  

During the granting period we posted 79 items targeting technical and non-technical audiences. 

 

(2) The Winter Parking Lot Maintenance workshop held at NRRI and sponsored by the Superior 

RSPT on December 1, 2011 generated a lot of new information regarding better practices for 

reducing the use of de-icing compounds and abrasives by Public works departments, businesses, 

private contractors, and homeowners (compiled and presented by Fortin Consulting, Inc. in 

partnership with the MPCA and MN DOT). The LSS website has been used to make these 

resources more easily available to “professionals” charged with lot and road maintenance in 

winter.  PI R.Axler participated in the introduction phase of this workshop by showing the 

audience real-time data from Duluth area trout streams (Amity, Chester, Kingsbury, and Tischer 

Creeks) during fall snow storms, winter rain-on-snow events, and spring runoff to demonstrate 

how quickly deicing chemicals (i.e. salt) and abrasives (sand and grit) are washed into streams 

and how at certain times the concentrations of these pollutants may be high enough to be 

detrimental to aquatic organisms, including trout.  This slide presentation which included data 

animations was given to Fortin for use in other workshops that they put on around the State.  

 

(3) LSS PI R.Axler also assisted MN and WI Sea Grant with a 2 day workshop in Nov 2011 

"Technology for Teachers" in collaboration with Great Lakes Aquarium and Superior NERR 

educators. The workshop was funded by the NSF COSEE (Centers for Ocean Sciences 

Education Excellence) and focused on developing ARIS - Augmented Reality Interactive 

Storytelling software and also geocaching technology for use by area teachers for linking science 

and environmental curricula. Six teachers from five high school and middle schools and 11 

students participated and were shown how to navigate the LSS website and use its data 

visualization tools that emphasized stream responses to high flows and excess stormwater runoff. 

 

(4) Presentations slides using LSS data and data vignettes were developed for MN Sea grant to 

use for a Teaching with Technology Workshop funded by NOAA/GLOS for teachers in 

Madison, WI on April 19, 2012  

 

(5) Marshall School, Duluth Middle School students gave a presentation on their Brewery Creek 

(Duluth) stream monitoring program at the 2
nd

 Annual St. Louis River Estuary Science Summit 

in Superior, WI on March 9, 2012. They and their teacher David Johnson have been helped by 

the City of Duluth/NRRI+ Sea Grant team over the past few years. We created a website section 

for their work and are waiting for materials from them. We introduced them to the State’s 

volunteer monitoring program and they now also submit their data directly to MPCA's CSMP 

program. Their surveys uncovered problems in the watershed that the City worked to correct. 

 

(6) The Amity Creek Restoration Project was presented via posters at: 

   the 3rd Annual Upper Midwest Stream Restoration Symposium ( PRRSUM, Partnership for 

River Restoration and Science in the Upper Midwest), March 4-7, 2012; Minneapolis, MN. 

Entitled  "Amity Creek: Weber Stream Restoration Initiative & Projects," by R. Axler1, D.Breneman1, 

V.Brady1, G.Host1, L.Johnson1, J.Schomberg2, K.Gran3, C.Kleist4, T.Carlson4, K.Anderson5, 

R.C.Boheim5, J.Jasperson6, J. Magner6, and B.Story6.  U. of Minnesota-Duluth (1NRRI, 2Sea Grant, 

3Dept. of Geology), 4City of Duluth Stormwater Utility, 5South St. Louis SWCD, and 6MN Pollution 

Control Agency (Duluth);  
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 The Society for Ecological Restoration (SER), 5th World Conference on Ecological 

Restoration, Madison, WI Oct 6-11, 2013 - Amity Creek Restoration Initiative, Minnesota USA: 

Demonstration project to help restore and protect north shore Lake Superior Basin trout streams. [R. 

Axler1, V.Brady1,3, G.Host1,  K.Gran2 , J.Schomberg3 , G.Neitzel2, M.Wick2, G. Neitzel2, 

J.Jasperson2,6,  J.Henneck1, E.Ruzycki1, N.Will1, J.Geissler4, P.Meysembourg1, J.Dumke1, C.Kleist5, 

T.Carlson5, K.Anderson6, K. Kubiak6,  R.C.Boheim6, J. Magner7,8, D.Breneman1,7 , L.Johnson1, and 

B.Story7.  U. of Minnesota-Duluth (1NRRI, 2Dept. of Geology, 3 MN Sea Grant, Boulder Lake 

Environmental Center 4), 5City of Duluth Stormwater Utility, 6South St. Louis SWCD, and 7MN 

Pollution Control Agency , 8University of Minnesota-Twin Cities]   
 

(7) PI Richard Axler developed a response to the question of how the winter of  2011/2012’s low 

snowfall, and relatively warm air temperatures would likely affect regional water resources. This 

Q&A was placed on the NRRI-UMD website homepage (www.nrri.umn.edu/default ) on Jan 9, 

2012 and in the LakeSuperiorStreams.org website's What’s New section. It will be integrated into 

the UNDERSTANDING/temperature websection.  Axler also co-authored a similar story with 

MN Sea Grant's Cynthia Hagley for the U. of MN Shoreland Extension's Newsletter that has 

wide circulation (see www.extension.umn.edu/Shoreland/) 

 

(8) We continued to enhance a library of data vignettes "mined" from years of real-time stream 

for the primary purpose  of illustrating the connection between weather, natural watershed 

characteristics, human activities on the land, and water quality and habitat in Superior Basin 

streams (and by extension - the nearshore waters of Lake Superior). Broadcast meteorologists are 

the main audience for which this was developed, and an ongoing effort continues to also update 

numerous sections of the website via links to this library.  The Superior Regional Stormwater 

Protection Team voted (Mar 21, 2012) to work with both NorthNewsCenter and Fox News on a 

new set of stormwater public service ads for television and radio and we subsequently received 

funding from MLSCP to further promote the use of the LSS dataviewer and website content for 

their use. The pilot funding for this effort came from a separate project funded by NOAA via 

MN Sea Grant which has now ended and the new project will begin in fall 2013. 
  

(9) PI R.Axler developed several responses to questions regarding the potential effects of the 

June 2012 floods on area water resources.  An interview with MN Public Radio focused on 

stormwater issues and impacts 

(http://minnesota.publicradio.org/collections/special/columns/ground-

level/archive/2012/06/scientists-will-learn-from-duluth-flooding.shtml?refid=0) and a second 

discussed potential impacts to biological communities in Superior Basin tributaries and the 

western arm of Lake Superior (www.nrri.umn.edu/default/asknrri/flood.htm ). Both discussions 

are featured on the www.LakeSuperiorStreams.org  website in its What’s New section along with 

updates regarding the loss of real-time data monitoring.  The Flood provided a "teaching 

moment" for stream cleanup volunteers and City staff regarding stormwater impacts and how 

much large versus small woody debris should be removed by well-meaning people who might 

inadvertently remove important aquatic habitat.  

 

(10) Amity Creek data and LSS data visualization tools were used by PI R.Axler during a teacher 

training workshop on June 12-13, 2012 focused on the St. Louis River Estuary and AOC (30 

formal and informal educators) with the workshop funded by MN and WI Sea Grant (NOAA). 

http://www.nrri.umn.edu/default
http://www.extension.umn.edu/Shoreland/
http://minnesota.publicradio.org/collections/special/columns/ground-level/archive/2012/06/scientists-will-learn-from-duluth-flooding.shtml?refid=0
http://minnesota.publicradio.org/collections/special/columns/ground-level/archive/2012/06/scientists-will-learn-from-duluth-flooding.shtml?refid=0
http://www.nrri.umn.edu/default/asknrri/flood.htm
http://www.lakesuperiorstreams.org/
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These teachers expected to make immediate use of the website and data animation tools in their 

classrooms the next academic year; 

 

(11) Solstice 2012 Flood websection 

(www.lakesuperiorstreams.org/stormwater/flood): A 

new websection was created (screen capture 

shown below) to provide information regarding 

the nature and impacts of the 2012 Solstice 

Flood effects available to the public. This filled a 

clear need since we have not found a 

comprehensive list of  all the Solstice 2012 

Flood related information that exists, nor a single 

website where all this information can be found.  

 

The bottom of the Flood websection links back 

to stormwater BMPs for both individual land 

owners and professionals.   

 

    

 

  

  

 

 

 

 

http://www.lakesuperiorstreams.org/stormwater/flood
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PERFORMANCE INDICATORS CHECKLIST 
 

This checklist should be completed before the final report is begun. Check all boxes that apply to 

your project and include the performance measures information in your reporting. Performance 

indicators are indicated in bold print.  

 

Government Coordinator and Decision-Making (DCDM) YES NO 

 1. Involves educational activities   

 2. Involves training activities   

 3. Involves marine debris stewardship activities   

 

If any of the DCDM questions are “YES”, report the number of activities by performance 

indicator(s) and number of participants.  See TASK RESULTS 

 

Public Access  YES NO 

 1. Provides a new recreational boating public access site   

 2. Provides an enhanced recreational boating public access site   

 3. Provides a new non-boating public access site   

 4. Provides an enhanced non-boating public access site   

 

Coastal Habitat (CH) YES NO 

 1. Involves the creation of coastal habitat   

 2. Involves the restoration of coastal habitat   

 3. Involves the protection of coastal habitat by acquisition or easement   

 

If you answered “YES” to any of the CH questions, please specify the total number of acres 
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Water Quality (WQ) YES NO 

 1. Involves volunteering monitoring activities   

 

If the answer to the above question is “YES” please specify the number and type of volunteer 

monitoring activities, as well as the miles or sites monitored.  

Activities are indirect, by: (1) posting MPCA CSMP type data collected by NRRI-UMD staff 

via ongoing  www.Lakesuperiorstream.org  activities funded externally to this LSCP grant for 

three (3) trout streams (Chester Creek, Kingsbury Creek, and Tischer Creek; (2) by recruiting 

and training a volunteer couple to establish a first time CSMP station at a site in the lower 

Knowlton Creek (a trout stream) watershed ; and (3) by recruiting  5 new CSMP volunteers for 

sites in the Lester Creek (trout stream) and Amity Creek  (trout stream) watersheds.      

 

 2. Involves the development or implementation of ordinances, policies, 

or plans to control or prevent polluted runoff to coastal waters   

 

Coastal Hazards  YES NO 

 1. Undertakes activities to reduce future damage from coastal hazards   

 2. Implements educational programs or campaigns to raise public 

awareness of coastal hazards   

The LSS Partnership includes MN Sea Grant–UMD, which continues to develop coastal beach 

safety educational and informational materials, and also the MPCA’s Lake Superior Beach 

Monitoring and Advisory Program.  As materials and data become available from these efforts, 

they are posted or linked to appropriate sections of the LSS website. To date, the focus of these 

efforts have been to provide information about rip currents and about risks estimated from 

indicator bacteria densities at beaches. 

Coastal Dependent Uses & Community Development YES NO 

    1. Develops and implements local plans that incorporate sustainable 

growth coastal management practices   

 2. Involves a port or waterfront redevelopment project   

 

http://www.lakesuperiorstream.org/
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Appendix 1. Statistical summaries for water quality data for Graves Road Creek and Amity East 

Branch (see text for details)   
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Appendix 2. List of all macroinvertebrate taxa collected at all Amity sampling stations in Hess samples.  

 

Phylum or 

Class 
Order Family Taxa 

08 

Above 

11 

Above 

08 

Below 

11 

Below 

08 

Above 

Graves 

Annelidae     Oligochaeta X X X X X 

Arachnida     Acari X X X X X 

Entognatha Collembola   Collembola X X X X X 

Insecta Coleoptera Dryopidae Helichus   X     X 

Insecta Coleoptera Dytiscidae Dytiscidae       X X 

Insecta Coleoptera Dytiscidae Liodessus   X       

Insecta Coleoptera Elmidae Dubiraphia X X X X X 

Insecta Coleoptera Elmidae Elmidae   X   X   

Insecta Coleoptera Elmidae Optioservus X X X X X 

Insecta Coleoptera Haliplidae Peltodytes X         

Insecta Coleoptera Hydrophilidae Hydrophilus         X 

Insecta Coleoptera Hydrophilidae Tropisternus   X       

Insecta Diptera Athericidae Atherix X X X X   

Insecta Diptera Blephariceridae Blepharicera     X     

Insecta Diptera Ceratopogonidae Atrichopogon X         

Insecta Diptera Ceratopogonidae Bezzia/Palpomyia    X   X   

Insecta Diptera Ceratopogonidae Ceratopogon X       X 

Insecta Diptera Ceratopogonidae Probezzia X X X X X 

Insecta Diptera Ceratopogonidae Stilobezzia         X 

Insecta Diptera Chironomidae Chironominae X X X X X 

Insecta Diptera Chironomidae 

Chironomini or 

Pseudochironomini X X X X X 

Insecta Diptera Chironomidae Orthocladiinae X X X X X 

Insecta Diptera Chironomidae Tanypodinae X X X X X 

Insecta Diptera Chironomidae Tanytarsini X X X X X 

Insecta Diptera Culicidae Anopheles   X       

Insecta Diptera Dixidae Dixa   X       

Insecta Diptera Dixidae Dixella   X       

Insecta Diptera Empididae Chelifera X   X X   

Insecta Diptera Empididae Clinocera     X   X 

Insecta Diptera Empididae Empididae X X X X X 

Insecta Diptera Empididae Hemerodromia   X   X X 

Insecta Diptera Empididae Neoplasta   X   X   

Insecta Diptera Ephydridae Ephydridae       X   

Insecta Diptera Simuliidae Simuliidae X X X X X 

Insecta Diptera Simuliidae Simulium X     X X 

Insecta Diptera Tipulidae Antocha   X X X X 

Insecta Diptera Tipulidae Dicranota   X   X X 
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Appendix 1, (cont).  

 

Phylum or 

Class 
Order Family Taxa 

08 

Above 

11 

Above 

08 

Below 

11 

Below 

08 

Above 

Graves 

Insecta Diptera Tipulidae Hesperoconopa   X   X X 

Insecta Diptera Tipulidae Hexatoma X X X X   

Insecta Diptera Tipulidae Pilaria X       X 

Insecta Diptera Tipulidae Tipula   X X X   

Insecta Ephemeroptera Baetidae Acentrella         X 

Insecta Ephemeroptera Baetidae Baetis X X X X X 

Insecta Ephemeroptera Baetidae Cloeon       X   

Insecta Ephemeroptera Baetidae Heterocloeon   X   X   

Insecta Ephemeroptera Baetidae Pseudocloeon   X       

Insecta Ephemeroptera Caenidae Caenis X X       

Insecta Ephemeroptera Ephemerellidae Drunella X   X     

Insecta Ephemeroptera Ephemerellidae Ephemerella X X X X X 

Insecta Ephemeroptera Ephemerellidae Eurylophella X X X X X 

Insecta Ephemeroptera Ephemerellidae Serratella   X       

Insecta Ephemeroptera Heptageniidae Epeorus   X X X   

Insecta Ephemeroptera Heptageniidae Leucrocuta   X   X   

Insecta Ephemeroptera Heptageniidae Maccaffertium   X   X   

Insecta Ephemeroptera Heptageniidae Stenacron   X   X   

Insecta Ephemeroptera Heptageniidae Stenonema X   X   X 

Insecta Ephemeroptera Leptohyphidae Tricorythodes    X       

Insecta Ephemeroptera Leptophlebiidae Leptophlebia X         

Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia X X X X X 

Insecta Hemiptera Belostomatidae Belostoma X X     X 

Insecta Hemiptera Belostomatidae Lethocerus   X       

Insecta Hemiptera Gerridae Gerridae   X       

Insecta Hemiptera Nepidae Ranatra   X     X 

Insecta Odonata Aeshnidae Aeshna X X       

Insecta Odonata Aeshnidae Boyeria   X X   X 

Insecta Odonata Calopterygidae Calopteryx X X   X X 

Insecta Odonata Cordulegastridae Cordulegaster       X   

Insecta Odonata Gomphidae Gomphidae X X X X   

Insecta Odonata Gomphidae Ophiogomphus       X   

Insecta Plecoptera Capniidae Capniidae   X   X   

Insecta Plecoptera Chloroperlidae Alloperla X         

Insecta Plecoptera Chloroperlidae Chloroperlidae X X X X   

Insecta Plecoptera Chloroperlidae Haploperla X   X     

Insecta Plecoptera Leuctridae Leuctra   X       

Insecta Plecoptera Leuctridae Leuctridae   X   X   
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Appendix 1, (cont).  

 

Phylum or 

Class 
Order Family Taxa 

08 

Above 

11 

Above 

08 

Below 

11 

Below 

08 

Above 

Graves 

Insecta Plecoptera Nemouridae Nemoura     X     

Insecta Plecoptera Perlidae Acroneuria X X X X X 

Insecta Plecoptera Perlodidae Isoperla X X X X   

Insecta Plecoptera Pteronarcyidae Pteronarcys X X X X X 

Insecta Plecoptera Taeniopterygidae Taeniopteryx X X X X X 

Insecta Trichoptera Brachycentridae Micrasema X         

Insecta Trichoptera Glossosomatidae Glossosoma   X X X X 

Insecta Trichoptera Hydropsychidae Cheumatopsyche X X X X X 

Insecta Trichoptera Hydropsychidae Hydropsyche X X X X X 

Insecta Trichoptera Hydroptilidae Hydroptila   X X     

Insecta Trichoptera Hydroptilidae Oxyethira X X       

Insecta Trichoptera Lepidoptera Lepidoptera       X   

Insecta Trichoptera Lepidostomatidae Lepidostoma X X X X X 

Insecta Trichoptera Leptoceridae Leptoceridae X X   X X 

Insecta Trichoptera Leptoceridae Oecetis         X 

Insecta Trichoptera Leptoceridae Triaenodes X         

Insecta Trichoptera Limnephilidae Hydatophylax   X       

Insecta Trichoptera Limnephilidae Limnephilidae X X X X X 

Insecta Trichoptera Limnephilidae Limnephilus X         

Insecta Trichoptera Limnephilidae Nemotaulius   X   X   

Insecta Trichoptera Limnephilidae Onocosmoecus X   X     

Insecta Trichoptera Limnephilidae Pycnopsyche X   X     

Insecta Trichoptera Molannidae Molanna   X       

Insecta Trichoptera Philopotamidae Chimarra X   X X   

Insecta Trichoptera Philopotamidae Dolophilodes   X   X   

Insecta Trichoptera Phryganeidae Ptilostomis         X 

Insecta Trichoptera Polycentropodidae Polycentropus X X X X X 

Insecta Trichoptera Psychomyiidae Lype   X       

Insecta Trichoptera Psychomyiidae Psychomyia   X X X X 

Insecta Trichoptera Uenoidae Neophylax X   X     

Malacostraca Amphipoda   Amphipoda X X   X X 

Malacostraca Amphipoda Gammaridae Gammarus   X     X 

Malacostraca Amphipoda Hyalellidae Hyalella   X   X X 

Malacostraca Decapoda   Decapoda X X X X X 

Malacostraca Decapoda Cambaridae Cambaridae   X   X   

Malacostraca Decapoda Cambaridae Orconectes       X 

 Bivalvia Veneroida Sphaeriidae Sphaeriidae X X 

 

  X 

Gastropoda Basommatophora Ancylidae Ancylidae   X       
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Appendix 1, (cont).  

 

Phylum or 

Class 
Order Family Taxa 

08 

Above 

11 

Above 

08 

Below 

11 

Below 

08 

Above 

Graves 

Gastropoda Basommatophora Physidae Physella or Physa X X 

 

  X 

Nematoda     Nematoda X X X X X 

Turbellaria     Turbellaria X X 

 

X 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2. List of all fish taxa collected at all Amity sampling stations by backpack electrofishing.  

 

Fish Taxa 
09 

Above 

10 

Above 

11 

Above 

09 

Below 

10 

Below 

11 

Below 

10 

Above 

Graves 

11 

Above 

Graves 

Blacknose Dace x x x x x x x x 

Brook Stickleback 

     

x 

  Brook Trout x x x x x x x 

 Creek Chub x x x x x x x x 

Fathead Minnow 

     

x 

 

x 

Iowa Darter 

  

x 

     Johnny Darter 

 

x x 

     Longnose Dace 

 

x 

      Mottled Sculpin x x x x x x x x 

Northern Redbelly Dace x x 

      Pearl Dace x x 

 

x 

  

x 

 Rainbow Trout 

      

x x 
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Appendix 3.  Conference Posters presented during the study. 

 

1. 3rd Annual Upper Midwest Stream Restoration Symposium ( PRRSUM, Partnership for River 

Restoration and Science in the Upper Midwest), March 4-7, 2012; Minneapolis, MN. 
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2.  Society for Ecological Restoration (SER), 5th World Conference on Ecological Restoration, Madison, 

WI Oct 6-11, 2013 (Abstract submitted during grant period)  NOTE: 2 Panels 

 

 



Appendix 4.  Summary water quality data for Graves Road Creek and Upper Amity East Branch restoration sites. 

Summary statistics of particulate‐related water quality metrics at the Graves Creek restoration sites.  Hydrologic regime refers 
to “spring” snowmelt runoff, “summer” base flow, and rain events 9>0.5 inches/day. SD = standard deviation of the mean. 

Site  Hydrol 
Regime  Period 

Turbidity (lab  NTU) TSS  (mg/L)  Secchi Tube (cm)
n  Mean Median SD n Mean Median  SD n Mean Median SD

Above Graves  melt  Pre  5  19.3 21.0 9.0 6 15.7 8.9  14.7 5 60.0 50 24.5
Above Graves  melt  Post  3  31.8 33.0 10.3 3 29.1 22.2  21.6 3 33.4 28 10.9
Above Graves  rain  Pre  13  74.9 18.9 122.7 9 108.7 33.2  134.1 13 53.1 55 38.1
Above Graves  rain  Post  21  95.6 33.2 178.8 21 93.9 22.8  165.6 21 39.6 37 32.8
Above Graves  base  Pre  15  3.2 1.1 3.8 4 5.1 4.6  4.1 16 98.3 100 4.7
Above Graves  base  Post  8  17.8 4.7 24.0 8 25.0 3.7  37.6 8 73.6 100 37.8
Below Graves  melt  Pre  7  20.7 21.2 11.9 7 28.1 21.6  20.4 8 55.3 48 24.8
Below Graves  melt  Post  3  112.2 43.0 139.7 3 131.1 54.2  167.8 3 24.0 24 19.0
Below Graves  rain  Pre  23  76.7 27.4 138.4 15 153.2 27.3  237.7 23 46.2 39 33.0
Below Graves  rain  Post  20  90.8 34.0 168.9 21 87.9 26.1  128.4 22 36.9 26 32.2
Below Graves  base  Pre  18  11.7 3.8 24.8 7 20.3 3.3  54.9 19 87.5 100 26.9
Below Graves  base  Post  14  18.6 6.8 21.5 14 24.9 5.7  33.9 14 69.9 96 37.4
Graves Creek  melt  Pre  5  26.9 24.6 13.9 6 46.0 25.6  53.0 5 44.0 32 35.3
Graves Creek  melt  Post  3  150.5 59.8 182.0 3 163.2 76.3  198.2 3 22.4 31 15.7
Graves Creek  rain  Pre  12  66.3 25.4 138.3 9 128.6 21.5  258.9 12 55.3 44.5 38.3
Graves Creek  rain  Post  20  74.9 37.2 99.8 20 65.8 27.7  101.2 21 40.0 30 34.5
Graves Creek  base  Pre  13  34.2 8.2 81.4 5 11.0 7.2  9.4 14 74.3 100 36.9
Graves Creek  base  Post  11  33.9 15.9 44.2 11 25.3 13.1  30.3 11 59.0 48 38.3

 



Summary statistics of soluble water quality metrics at the Graves Creek restoration sites. Hydrologic regime refers to “spring” snowmelt runoff, 
“summer” base flow, and rain events >0.5 inches/day. SD = standard deviation of the mean. 

Site  Hydrol 
Regime  Period 

Water Temperature (°C)  DO (mg/L)  DO (%)  EC25 (µS/cm) 

n  Mean  Median  SD  n  Mean Median  SD  n  Mean  Median SD  n  Mean Median SD 

Above Graves  melt  Pre  5  0.76  0.30  1.09 5  15.09  15.16  1.67  5  105.2  104.2  9.52 5  236.8  217.1  77.6
Above Graves  melt  Post  3  0.67  0.00  1.15 3  16.14  15.67  0.92  3  114.7  112.0  9.29 3  183.7  216.4  57.2
Above Graves  rain  Pre  13  12.39  11.60  4.37 5  11.04  10.68  0.87  6  100.1  99.6  5.11 15  161.2  148.4  62.0
Above Graves  rain  Post  20  13.66  15.32  6.07 19  10.55  10.13  2.08  19  102.9  102.0  8.25 19  205.8  198.0  81.6
Above Graves  base  Pre  15  16.04  16.80  6.09 4  11.49  11.63  1.41  4  103.0  102.8  6.17 16  242.0  294.5  77.2
Above Graves  base  Post  8  7.44  9.35  5.87 8  12.59  11.87  1.80  8  105.6  106.0  4.27 8  214.0  227.6  98.9
Below Graves  melt  Pre  7  1.11  0.60  1.20 4  14.39  14.75  1.24  4  103.4  102.2  4.69 6  174.0  191.9  77.7
Below Graves  melt  Post  3  0.67  0.00  1.15 3  15.53  15.34  0.42  3  108.7  110.0  3.21 3  285.1  194.8  213.5
Below Graves  rain  Pre  23  12.62  12.70  4.65 12  10.14  10.30  1.30  14  94.3  94.3  7.91 25  187.0  164.6  77.6
Below Graves  rain  Post  21  13.28  14.70  6.34 20  10.73  10.17  2.08  20  103.0  102.0  7.87 20  218.0  207.1  79.2
Below Graves  base  Pre  14  16.56  17.75  6.42 5  10.83  10.27  1.81  5  100.0  100.6  5.47 19  246.9  300.0  98.8
Below Graves  base  Post  14  5.83  2.55  6.63 14  12.99  13.53  2.07  14  103.2  103.0  4.39 14  226.6  234.1  91.4
Graves Creek  melt  Pre  5  2.48  2.90  0.91 5  14.00  14.05  0.94  5  102.7  101.7  7.17 5  425.8  363.8  143.3
Graves Creek  melt  Post  3  1.33  1.00  1.53 3  14.64  15.30  1.21  3  103.0  105.0  4.36 3  364.8  345.4  178.3
Graves Creek  rain  Pre  12  12.73  12.45  4.23 5  10.65  10.48  1.02  6  98.3  99.0  6.11 14  354.6  317.2  231.6
Graves Creek  rain  Post  20  13.22  13.00  6.07 19  10.50  10.40  1.80  19  100.8  100.0  7.23 19  435.0  381.5  207.6
Graves Creek  base  Pre  12  15.33  16.00  5.88 4  11.37  11.68  1.50  4  102.6  101.7  3.40 14  575.8  520.2  310.1

Graves Creek  base  Post  11  6.23  3.90  4.26 11  12.84  12.70  1.39  11  105.9  102.0  14.53 11  573.7  501.1  344.3



Summary statistics of particulate‐related water quality metrics at the East Amity restoration sites. Hydrologic regime refers to 
“spring” snowmelt runoff, “summer” base flow, and rain events >0.5 inches/day. SD = standard deviation of the mean. 

Site  Hydrol 
Regime  Period 

Turbidity (lab  NTU)  TSS  (mg/L)  Secchi Tube (cm) 

n  Mean  Median 
Std 
Dev  n  Mean  Median 

Std 
Dev  n  Mean  Median 

Std 
Dev 

Above Slump  melt  Post  1  14.5  14.5     1  20.3  20.3     1  49.0  49.0    
Above Slump  rain  Post  24  29.4  17.1  35.3 24  47.7  15.3  70.0 24  55.7  50.5  34.9
Above Slump  base  Post  26  13.7  3.1  22.6 25  21.8  4.4  32.7 25  75.8  100.0  32.4
Below Slump  melt  Pre  3  15.2  19.5  9.0 3  22.7  30.1  13.7 3  79.7  100.0  35.2
Below Slump  melt  Post  1  19.6  19.6     1  28.3  28.3     1  43.0  43.0    
Below Slump  rain  Pre  6  25.9  11.2  39.6 6  33.4  7.5  59.4 6  73.8  87.0  35.1
Below Slump  rain  Post  17  26.9  14.9  40.4 17  32.1  11.8  51.3 17  62.3  58.0  35.5
Below Slump  base  Pre  10  2.4  1.7  2.2 10  2.8  1.9  2.5 10  100.0  100.0  0.0
Below Slump  base  Post  19  22.1  6.2  38.3 18  28.4  3.6  46.8 21  74.1  100.0  36.5



 

Summary statistics of soluble water quality metrics at the East Amity restoration site.  Hydrologic regime refers to “spring” snowmelt runoff, 
“summer” base flow, and rain events >0.5 inches/day. SD = standard deviation of the mean. 

Site  Hyrol 
Regime  Period 

Water Temperature (°C)  DO (mg/L)  DO (%)  EC25 (µS/cm) 
n  Mean Median  SD  n  Mean  Median SD  n  Mean  Median  SD  n  Mean  Median  SD 

Above Slump  melt  Post  1  1.00  1.00     1  14.97  14.97     1  105.0  105.0     1  104.4  104.4    
Above Slump  rain  Post  24  11.79  12.03  4.75 23  10.35  10.42  1.71  23  97.6  98.0  7.94 23  199.9  181.1  82.7
Above Slump  base  Post  24  9.07  10.64  7.21 24  10.86  10.52  2.70  24  94.0  97.5  9.98 25  201.3  199.9  97.5
Below Slump  melt  Pre  3  1.83  1.90  0.90 3  14.71  14.80  0.57  3  105.8  104.0  3.32 3  164.8  167.0  15.3
Below Slump  melt  Post  1  1.00  1.00     1  14.93  14.93     1  105.0  105.0     1  104.1  104.1    
Below Slump  rain  Pre  6  11.06  10.40  3.78 6  10.55  10.07  1.38  6  95.5  96.4  6.24 6  193.2  173.2  88.2
Below Slump  rain  Post  17  12.68  13.70  5.22 16  10.35  9.80  2.06  16  99.0  98.0  9.25 16  217.0  188.5  92.3
Below Slump  base  Pre  9  12.73  14.10  6.50 11  10.55  10.13  1.43  9  102.1  102.6  5.27 11  254.1  290.1  87.8
Below Slump  base  Post  20  9.40  10.94  7.54 19  11.39  11.12  2.41  19  99.4  100.0  6.39 20  209.1  212.9  99.6
 

 

 


