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I. Project Description  
In nutrient poor oligotrophic lakes, such as Lake Superior, the shallow nearshore waters are 
particularly sensitive to disturbance occurring as shorelines are developed. Most activities on 
land contribute nutrients, sediments, and contaminants to the lake and these pollutants must pass 
through the nearshore zone before reaching the open waters. Demographers predict substantial 
population growth in coastal counties over the next 25-30 years with popular locations like Cook 
County expected to increase 50% adding over 2,600 new residents by 2030. Development 
pressure will likely remain greatest along the coast.  

The attached algae growing on rocks (epilithic periphyton) within the shoreline splash-zone 
(eulittoral zone) can play an important role in the aesthetic, and other beneficial uses of the 
shoreline. It is also an important component of the nearshore food web, a factor affecting the 
condition of benthic habitat, and a potential refugium for fecal indicator bacteria, human 
pathogens, and botulism in fish and waterfowl. The rapid growth ability of the eulittoral 
periphyton in response to nutrient inputs offers the potential to use this community as a relatively 
low cost, sensitive early indicator of localized differences in nutrient loading along lakeshores 
before pollutant concentrations are dispersed and diluted in deeper offshore waters.  

The presence of periphyton along the lakeshore has been linked to lakeshore development in 
many oligotrophic lakes including Lake Tahoe, CA/NV (Hackley et al. 2010), Lakes Chelan and 
Crescent, WA (Jacoby et al. 1991), Priest Lake and Lake Pend Oreille, ID (Rosenberger et al. 
2008), and lakes in Quebec (Lambert et al. 2008). In particular, it has been used in Lake Tahoe 
since 1977 as a fundamental component of Tahoe’s eutrophication surveillance program. This 
algal community integrates environmental conditions over time, is relatively easy to collect, and 
biomass measures are inexpensive. The Great Lakes Environmental Indicators project (GLEI) 
showed strong links between nearshore biological conditions (including sedimented diatom 
algae) and adjacent watershed variables for all the Great Lakes and so we think there is good 
potential for periphyton to serve as a useful indicator.  

Overall Objectives 
(1) Establish baseline (i.e. benchmark) conditions for attached algae along the rocky North Shore 

Lake Superior “splash zone” by establishing a sampling protocol, determining areal 
periphyton biomass and species composition, and providing archival algal material for other 
scientists interested in the issue.  

 
(2) Determine if there is a relationship between periphyton distribution (i.e. quantitative areal 

biomass) and stormwater outfalls, illicit wastewater discharge, ground water seepage, and 
various stressor indices of land use along the MN Lake Superior shoreline that were 
developed at NRRI-UMD via the Great Lakes Environmental Indicator (GLEI) projects 
(ongoing; Danz et al. 2005; Niemi et al. 2011; Host et al. 2011).    
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II. Approach and Methods 
A. Site selection  

We selected ~20 MN North Shore sampling locations based on the NRRI-UMD ArcHydro 
subcatchment delineation procedure that has identified approximately 300 sub-catchments called 
“interfluves”. These interfluves are defined as adjacent coastal areas that drain directly into the 
lake. Sites were chosen to span across a range of SumRel scores, a composite index in which 
component stressor values are summed to reflect the full range of environmental stress (Host, et. 
al. 2011). Specifically, the stressor gradient is based on % agriculture, % urban, population, road 
density, point source density, soil, slope, and % canopy related sediment risk factors (T.Brown, 
NRRI unpubl.) for Duluth and Superior Basin-South portion of North Shore sub-
catchments/segment-sheds. The stressors are composited into a score on a scale from 0-1. 
(Figure 1) Sites were selected to span a range of stressors as well as chosen for accessibility. 
Sites also needed to have suitable substrate of primarily large boulders and/or bedrock. The MN 
DNR 2007 shoreline oblique photos were used to screen sites using the new NRRI photoviewer 
(http://www.lakesuperiorstreams.org/North Shore/aerialPhotos/index.html) prior to actual site 
visits to determine predominate substrate types. 

  

Figure 1. Map of periphyton sampling locations with outline of adjacent subwatershed. 
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B. Periphyton Biomass 

Quantitative Periphyton Sample Collection 

Periphyton was collected from the eulittoral or splash-zone (0.5 to 1.0 m depths) using 
snorkeling gear and a syringe sampler (Aloi, 1990; see also USGS: 
http://water.usgs.gov/nawqa/protocols/OFR-93-409/algp14.html). The sampler was made from 
two 50-mL syringes (Figure 2).  The plunger in one syringe is fitted with a brush to remove 
periphyton from a 7.1 cm 2 area. The second syringe was attached to the first by tubing and used 
to siphon up the collected periphyton.  A rubber stopper was placed over the first syringe to 
prevent material from being lost from the brush.  Three samples or scrubs were collected from 
each of four locations within each site (Figure 3).  Scrubs were taken from horizontal surfaces of 
boulders and/or bedrock substrate and from sites with little visible accumulated sand or 
sediment. Once back on shore, the syringes were emptied into a sample jar and the brush rinsed 
using a wash bottle filled with clean lake water.  Efforts were made to minimize the amount of 
surrounding phytoplankton and/or loose epilithon from contaminating the sample. Samples were 
processed back in the laboratory for dry weight, ash free dry weight, percent organic matter 
(LOI/dry weight*100) and chlorophyll (Ameel, et al. 1998).  

Samples for algal identification were collected from both the areas where scrubs were collected 
and from any areas where filamentous algae were observed (fringe) and were preserved in 
Lugol’s Iodine solution.  

Field measures 

A YSI 85 was used to measure lake temperature and specific conductivity (µS/cm@25oC). Grab 
samples of lake water were frozen for later analysis of total phosphorus and nitrogen (SM 4500 P 
and 4500-NO3 respectively).  
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Figure 3. Simplified diagram showing the sampling design at each site.   

 

 
 

Figure 2. Snorkeling gear was used to collect samples 
0.5 to 1 m deep using a periphyton sampler. The 
sampler consisted of two 50 mL syringes, one fitted 
with a small brush that was used to dislodge 
material. The second syringe, connected by tubing to 
the first, was used to siphon up the material. 

 
 

Qualitative Periphyton Data Collection 

There are number of stream and lake monitoring programs that employ a qualitative, rapid 
assessment of periphyton. One method from the USEPA Bioassessment Manual 
(http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch06main.cfm; Section 6.2) uses the 
following categories as part of their field-based rapid periphyton survey.  
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0 - substrate rough with no visual evidence of microalgae 
0.5 - substrate slimy, but no visual accumulation of microalgae is evident 
1 - a thin layer of microalgae is visually evident 
2 - accumulation of microalgal layer from 0.5-1 mm thick is evident 
3 - accumulation of microalgae layer from 1 mm to 5 mm thick is evident 
4 - accumulation of microalgal layer from 5 mm to 2 cm thick is evident 
5 - accumulation of microalgal layer greater than 2 cm thick is evident 

We were able to test the feasibility of this rating method with collaboration with a MN Beach 
Monitoring Program partner. The Cook County Beach Monitoring program collects bacteria 
samples every Monday from Memorial Day to Labor Day.  They sample 12 sites from the mouth 
of the Flute Reed down to Sugar Loaf Cove (Figure 4).  In 2014 we provided Sarah McAteer, 
the Cook County summer intern, instructions, underwater camera and data sheets to record her 
observations. We provided a modified version of the EPA method (Appendix C) that used 
photographs to help guide the field observations.  Water temperature, wind direction and speed, 
and substrate type were recorded. The underwater images taken at each site were invaluable in 
ground-truthing the field observations and providing additional information to rank periphyton 
growth using the EPA procedure. Sarah was assisted by two eighth grade students during the 
summer of 2014.  

 

Figure 4. The Cook County Beach Monitoring locations where observations and images of periphyton growth 
were collected in summer 2014. 

In addition, we applied the same rapid assessment ranking at each of the 17 sites where we 
collected quantitative periphyton biomass measurements. 
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C. Storm Sewer Mapping 

We performed a walking tour of the Duluth coastline from Leif Erickson Park to the Lester River 
in the fall of 2012 taking photographs and GPS coordinates of any pipes, culverts or ditches we 
saw.  If water was flowing from the outlet we measured temperature and specific conductivity. 
Any excessive algal growth, odors and other observations were recorded. The outlets we 
observed were compared to the City of Duluth Stormwater Utility GIS storm drain network 
geodatabase.  

III. Specific Outcomes  

A. Objective 1- Splash zone periphyton biomass and species composition 

Sampling locations were selected primarily to cover a range of SumRel scores, but also for 
accessibility and substrate type. Figure 1 shows the location of our monitoring sites in 2013 and 
2014. Site 1811 is the southernmost and 1877 the most northern. Most sites were accessible from 
the shoreline except for those near Stony Point.  Those sites were reached by boat from Knife 
River. Ideally, the sites most suitable for long-term monitoring should be accessible from the 
shore.  Each site was visited during July or August in each year with the exception of sites 1877, 
1846 and 1833 which were only visited in the first year. Site 1877, near a storm sewer outlet 
south of Knife River proved difficult to sample because of dense, filamentous green algae 
growth.  Our method for collecting periphyton was much better suited for primarily diatom 
growth.  Site 1833 was dropped because it was in the same subwatershed as 1834, our index site. 
Site 1846, was not sampled in 2014 because of its proximity to 1847.  

We found sampling using snorkeling gear was best with offshore winds. Even small wave action 
made it difficult to use the periphyton sampler. Of course, offshore waves usually meant colder 
water temperatures which also made sampling more difficult.   

Dry weight, loss on ignition (LOI, also called Ash Free Dry Weight), percent organic matter 
(%OM) and chlorophyll a content are commonly used methods for measuring areal biomass in 
lakes and streams.  The first three are relatively easy, low-cost methods, but they still require a 
laboratory equipped with drying oven, muffle furnace and analytical balance. Measuring 
chlorophyll requires the use of solvents and a spectrophotometer or fluorometer. Although 
commonly used, each method has limitations.  Dry weight not only includes the algal component 
of the biolayer but also inorganics (sand/silt), and non-algal material such as detritus, and non-
autotrophic organisms, bacteria, fungi, viruses, aquatic invertebrates. LOI, which does not 
include the inorganic portion, also measures the non-algal organic component.  Chlorophyll 
presumably measures just the algae but chlorophyll content per unit algal biomass can vary with 
growth conditions and light history. 
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Water quality (Table 1) did not vary significantly between sites with the exception of site 1861 
on 8/15/2014. Total phosphorus and nitrogen was slightly elevated at this site most likely 
because the site is adjacent to the outflow from the French River Fish Hatchery.   

 Table 1. Water quality data from the periphyton sampling sites. 

Site ID Date Temperature 

Specific 
Conductivity 

(µS/cm) 

Total 
Phosphorus 

(µg/L) 

Total 
Nitrogen 

(µg/L) 
1811 8/22/2013 11.2 113   

 7/30/2014 14.3 111 12 510 
1814 8/22/2013 12.3 106   

 7/30/2014 15.7 104 6 474 
1817 8/22/2013 10.8 148   

 7/30/2014 15.6 118 13 537 
1818 8/22/2013 10.6 99   

 7/30/2014 12.7 111 8 493 
1822 8/22/2013 13.2 200   

 7/30/2014 17.0 115 9 487 
1825 8/22/2013 13.6 102   

 7/30/2014 11.6 103 8 473 
1834 7/10/2013 11.2 99   

 8/1/2013 10.1 99   
 6/9/2014 6.9 105 4 437 
 7/29/2014 11.6 100 7 414 

1833 8/1/2013 10.1 98   
 Not visited in 2014     

1842 7/22/2013 15.4 101   
 8/15/2014 20.5 104 8 526 

1846 7/24/2013 16.1 101   
 Not visited in 2014     

1847 7/24/2013 16.3 104   
 8/15/2014 20.4 105 6 470 

1853 8/1/2013 9.9 80   
 8/15/2014 20.4 104 4 452 

1861 7/24/2013 15.1 101   
 8/15/2014 20.7 111 35 561 

1870 7/29/2013 14 101   
 8/26/2014 16.1 106 16 480 

1872 7/29/2013 14.0 101   
 8/26/2014 16.7 107 9 420 

1876 7/29/2013 12.9 99   
 8/26/2014 16.4 102 10 438 

1877 7/29/2013 12.4 100   
 Not visited in 2014     

 

The water quality data collected were not correlated to periphyton biomass due to the similarity 
of nutrient concentrations across the sites. Summary statistics for all the areal biomass 
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measurements are in Table 2. We did not collect chlorophyll from all the sites in 2013 because 
we were uncertain we’d have sufficient funds to cover this parameter for both sampling seasons. 
We were able to analyze all the samples for chlorophyll in 2014. The coefficient of variability 
(% CV) was calculated as CV = (standard deviation/mean) X 100. We used the same goal as the 
Lake Tahoe (Hackley et. al., 2010) of achieving a CV of ≤ 33% to allow detection of differences 
between sites. We achieved this goal 47% of the time for dry weight, 38% for LOI, 24% for % 
OM, and 53% times for chlorophyll. Although chlorophyll was the best biomass measurement, 
we included all the parameters in our analyses because we were determining baseline conditions.  

Table 2. Summary statistics for periphyton biomass measurements made in 2013 and 2014. DW= dry weight 
(g/m2), OM= organic matter or loss on ignition (LOI g/m2), % = percent organic matter and chl = chlorophyll a 
(mg/m2). CV= Coefficient of variability. A CV of ≤ 33% was considered acceptable. 

  

There is significant variability in periphyton areal biomass from season to season and from year 
to year and even from rock to rock within a site. In 2013 we established site 1834 as an “index” 
site, where we could assess within site variability as well as seasonal variability. First, we needed 
to determine how variable the site was from rock to rock or the within site variability. Ideally, 
the rocks within a site should have low variability.  We collected discrete, not composited, 
samples from four locations at the index site in both years. One-way ANOVA analysis (Table 3) 
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was performed to determine if there were within site differences.  The results showed that the 
within site variability was not significantly different for all four biomass measures in 2013. Only 
LOI variability was not significantly different with the index site in 2014.  

Table 3. Results of the testing for within site variability in site 1834 made in July 2013 and 2014. 
Comparisons were made using one-way ANOVA; α = 0.05. * indicates the four locations within the 
site were significantly different.  A good result is that the samples would NOT be different among 
the site. 

 dry weight LOI %OM chlorophyll 
2013 not different not different not different not different 

2014 * not different * * 
 

An assessment of seasonal variability (within-year) was also made at site 1834 (Figure 5).  As 
expected, biomass increases from mid to late summer. Based on these results we tried to sample 
all of our sites mid-July through late-August whenever possible.  
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Figure 5. Periphyton biomass from July through August 2013 at site 1834. 

Figures 6 a-c show areal biomass (± standard deviation) for both years. Note how different the 
samples were between years. The image record (Appendix A) gives a visual comparison and 
overall, supports the biomass measurements. Interannual variability could be due to a number of 
reasons including differences in accrual rates due to differences in growing season conditions 
(temperature, water levels, runoff events, scouring events, light availability etc). Differences 
could also have been due to the timing of monitoring visits.  We were never really able to sample 
within the same week from year to year.  We attempted to sample all sites mid-July to late-
August in both years. However, weather more often than not dictated our schedule.   
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A look at the direction of change from 2013 to 2014 for all biomass measurement shows for the 
most part, agreement between the biomass measurements (Table 4). For example, site 1811 
showed an increase between years in both dry weight and LOI which indicates the biomass 
measurements do track each other.  However, we did see significant differences between 2013 
and 2014 in most of the sites. This is not altogether surprising due to the many physical and 
biological factors that can affect periphyton in this splash-zone.  One major difference was that 
2014 water levels were almost a meter higher than 2013 (Figure 7).   There was also more shore 
ice persisting much later in the season in 2014. Other physical factors that may influence splash-
zone periphyton include the amount of nutrient runoff events, available light, and water 
temperature to name a few.   

This interannual variability makes determining differences BETWEEN sites difficult so that 
comparison was not performed.   
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Figure 6. Biomass measuremenst at each site comparing 2013 and 2014. 
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Table 4. Interannual differences between biomass measures. The arrows indicate the direction of change from 
2013 to 2014. Significance determined using one-way ANOVA (α = 0.05) 
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Figure 7. Comparison of summer water levels in 2013 and 2014. Data from the NOAA gauge in the Duluth-
Superior Harbor.  

Summary Conclusions 

Spatial and temporal variability, as well as variability associated with sampling periphyton are major 
concerns with this type of project.  Ideally, all samples would be collected at similar times, preferably 
during the presumed maximum of algal biomass growth, late summer. However, it is important to 
consider storm and runoff events when scheduling sampling trips. All sites should be similar in substrate 
type and exposure to wave action as well as other physical characteristics.  

B. Objective 2 – Map and image record of potential nutrient hotspots along the MN North 
Shore 

This objective was approached three different ways: 

1. Relationship of splash-zone areal biomass to adjacent watershed stressors (SumRel and 
its components); 

2. Assessing the efficacy of qualitative periphyton growth measurements also known as 
Rapid Bio- assessment protocols; 

3. Recording locations, observations, water quality and images of storm water outlets along 
the Duluth shoreline.  
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1. Periphyton and Land Use Stressors 

We used linear regressions of periphyton biomass versus land use stressor as a first cut to 
determine if the land use within the adjacent subwatershed was correlated to the amount of 
periphyton biomass we measured. Again, the stressor gradient is based on % agriculture, % 
urban, population, road density, point source density, and soil, slope, and % canopy related 
sediment risk factors (T.Brown, NRRI unpubl.) for Duluth and Superior Basin-South portion of 
North Shore sub-catchments/segment-sheds. The stressors are composited into a score on a scale 
from 0-1. Sites were selected to span a range of stressors as well as chosen for accessibility and 
land ownership with only publicly accessible shorelines selected. Each site with corresponding 
subwatershed characteristics are shown in Table 5.  

  

SumRel scores along the entire MN North Shore range from 0.044 to 0.709. We were unable to 
select sub-watersheds with SumRel values greater than 0.500 due to our site selection criteria 
particularily our exclusion of sites near stream mouths. Our stressor range was limited (0.130 to 
0.496). Subsequently, periphyton biomass was not correlated with SumRel score. However, 

Site 
ID 

Catchment 
area (103 

m2) 

Population 
Density 

(people/km2) 

Road 
Density 
Index 

(km/km2) 
Proportion 
Agriculture 

Proportion 
Developed SumRel 

Nearest 
distance 

to 
stream 

(m) 

Storm 
outlet 
count 

1811 1694 1.00 1.00 0 0.8428 0.266 42 6 
1814 835 1.00 1.00 0 0.8423 0.265 279 2 
1817 1190 1.00 1.00 0 0.9512 0.275 2.4 9 
1818 2130 1.00 1.00 0.0020 0.5495 0.283 1027 10 
1822 1012 1.00 0.72 0 0.2408 0.439 4.1 0 
1825 388 1.00 1.00 0 0.5593 0.264 244 1 
1834 2611 0.09 0.54 0.0022 0.1260 0.254 192 23 
1842 67 10.1 0.55 0 0.0111 0.496 20.7 1 
1847 89 0.095 0.47 0 0.0498 0.244 85.7 2 
1853 2335 0.082 0.13 0 0.0000 0.458 8.6 0 
1861 29 0.059 0.26 0 0.0000 0.196 125 0 
1870 395 0.032 0.43 0.0235 0.0456 0.236 374 0 
1872 14 0.029 0 0 0.0000 0.130 70.6 0 
1876 714 0.031 0.39 0 0.0000 0.259 698 0 

Table 5. Summarized stressors for the high resolution catchments upstream of each periphyton sampling 
location. Population density - census blocks summarized by subcatchment, 2000 US Census Data, The population 
density was normalized for the Lake Superior Basin. Catchment Area -high resolution catchments were delineated 
using ArcHydro and the data inputs: 10 m DEM, National Hydrologic Data (NHD) Proportion agriculture - 
proportion of each subcatchment that is agriculture (Crop and Pasture), 1992 National Land Cover Dataset 
(NLCD).Proportion developed - proportion of each subcatchment that is developed, 1992 NLCD. Road density 
(km/km2) - A road density index was calculated by dividing weighted road length by subcatchment area.  The roads 
were weighted by size, US Census TIGER line files (US Census Bureau 2002).Distance to the nearest stream (m) 
- The measured distance the nearest stream for each periphyton sample location.  The distances were measured 
manually.  Catchment width (m) - The width of each periphyton sample location's high resolution catchment.  The 
widths were manually measured. Periphyton sample locations found in catchments with narrow widths were 
hypothesized to be influenced more by streams than wide catchments.  Streams typically border each catchment. 
Number of outlets - The number of storm drains outlets that drain into Lake Superior, found within each high 
resolution catchment. 
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breaking out the individual SumRel component stressors (Table 6) did show some relationships 
between stressor and periphyton biomass. Linear regressions were performed for each biomass 
variable versus each stressor component as well as the SumRel, and storm sewer outlet and 
subcatchment area. Road density, proportion developed, and population density appear to have 
some influence on the nearshore periphyton growth. These results should be considered 
preliminary because although significantly correlated the data are not normally distributed 
essentially because the range of each stressor is small in this study.  

Table 6. Linear regression (r2) results of stressor versus periphyton biomass measure.  Only 
significant (p < 0.001) r square values are shown.  Note that because the range of stressor values 
was not large the data were not normally distributed and these results should be considered 
preliminary.   However, some preliminary conclusions about the effect of land use on near shore 
periphyton can be made. 
  

Catchment 
area 

Road 
density 

Proportion 
developed SumRel 

Storm 
Outlet 
Count 

Population 
Density 

Nearest 
Stream 

Dry Weight 2013 0.217 0.268 0.213 -- -- 0.281 -- 
 2014 -- -- 0.156 -- 0.130 -- -- 
LOI 2013 -- 0.250 -- -- -- 0.182 -- 
 2014 -- 0.383 0.475 -- -- 0.422 -- 
% OM 2013 -- 0.282 0.178 -- -- 0.262 -- 
 2014 -- 0.123 0.132 -- -- -- -- 
Chlorophyll  2013 nd nd nd nd nd nd nd 
 2014 -- 0.270 0.504 -- -- 0.273 -- 
 

Figure 7 reiterates the annual differences observed in biomass.  The sites are ranked from low to high 
SumRel scores, with presumably less land use stress at the lower ranked sites to higher stress. The plots 
show a “flip-flop” of biomass with those sites having higher biomass in 2013 showing less biomass in 
2014 and vice versa.   
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Figure 7. Periphyton biomass measures for each site ranked by SumRel score (from low to high). 

 

 

Summary Conclusions 

These results do indicate there is some response to adjacent land use. Although the SumRel score was 
not a good predictor of periphyton abundance some of the individual components of the score 
were. Intuitively, the amount of stormwater runoff increases as the watershed is developed and 
increased runoff directly into the lake could impact growth conditions for algae growing along 
the shoreline. Our data do suggest this may be the case but the results should be considered 
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preliminary at best. Temporal and spatial variability is of particular concern when using these 
methods.   

2. Qualitative Assessment of Periphyton 

The Cook County beach monitoring crew was able to make observations, take underwater 
images and collect algal material seven times from June through August (Figure 8).  The crew 
sometimes could not find suitable substrate at a number of their sampling locations because the 
Beach Monitoring Program monitors, obviously beaches, and most north shore beaches consist 
of gravel and small cobble.  In a few cases they were able to shift their sampling site to an area 
having larger boulders.  In spite of this, as well as having to deal with large waves and turbid 
water, they were able to collect useful data for this project (Table 7) 

 

 

Figure 8. Student collecting a rock scrub at Chicago Bay in the summer of 2014. 
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Table 7. Rating based on observations noted by Cook County Intern (Sarah McAteer) and NRRI 
interpretations from underwater images. Based on EPA rating system plus notation for most dominant form 
observed with FG = filamentous greens and D= diatoms.  NA indicates observations were not made due to 
high waves or reduced underwater visibility.  
Site 6/9 6/16 6/23 6/30 7/7 7/21 8/4 Notes: 
Chicago Bay 3 FG 3 FG 3 FG 4 FG 3 

FG 
4 
FG/D 

5 
FG/D 

Primarily large boulders 

Paradise 
Beach 

0 0 1 D 0 0 0 0 Gravel and small cobble 

Colville 0 0 0 na 0 2 D 0 Not recorded 
Kadunce 1 

FG/D 
1 FG 3 FG 1 

FG/D 
1 
FG 

1 FG 2 FG Mostly cobble, most algal 
growth on one boulder 

Durfee Creek 1 
D/FG 

0-1 0-1 0-1 0-1 0-1 1 FG Moved to different location on 
8/4, from gravel to boulders 

Old Shore 
Road 

0 na 0 0 0 0 0 Sand/gravel 

Grand Marais 
Downtown 

0 1-2 
FG 

0-1 1-2 
FG/D 

0-1 0-1 1D Mostly gravel 

Grand Marais 
Campground 

2 FG 0-1 1 
FG/D 

1 FG 2-3 
FG 

3FG 3 
FG/D 

Gravel to cobble 

Cutface Creek 0 0 na 0 0 -1  1  1 – 2 D Boulders and cobble 
Temperance 
River 

0 na 0 na 0 0 na Mostly gravel, darkly stained 
water, often high waves 

Schroeder 
Town Park 

0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 3 D 2-3 
FG/D 

Moved from mostly gravel to 
cobble/boulder on 7/21 

Sugarloaf 
Cove 

0 - 1 0 - 1 0 - 1 2 FG 2 
FG 

3 FG 3 FG Moved from gravel/cobble to 
mostly boulders on 6/30 

  

Based on the field crew’s observations and photographs, algal coverage and biomass seems to 
increase throughout the season.  In addition, these results clearly show that substrate stability is 
crucial to periphyton accrual. Sites, such as the Grand Marais Downtown location had very little 
algal growth primarily due to the lack of substrate larger than gravel, while the Grand Marais 
Campground across the harbor had fairly dense algal growth. However, the campground location 
is also adjacent to a storm water inlet. Comparisons between locations should be made only if 
there are similar substrate characteristics. The images taken at each site throughout the summer 
are in Appendix C.   

We also applied the same EPA ranking to the 17 sites where quantitative biomass was measured 
(Table 8). The differences observed over the two years tend to mirror the biomass results.  In 
some instances there was a shift in the dominant algal form particularly in the sites closest to 
downtown Duluth (1811, 1814, 1817, 1818, and 1825). Observations at the Duluth sites showed 
a shift from predominantly diatoms in 2013 to more filamentous greens in 2014.   
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Table 8. Observations made at each of the sites sampled 
for periphyton biomass. The qualitative rank is based on 
the EPA ranking system. FG = filamentous greens and D= 
diatoms 

Site Date Sampled 
Qualitative 

Rank 
Predominate 

Algae 
1811 8/22/2013 1 D 

 7/30/2014 3 FG/D 
1814 8/22/2013 2 D 

 7/30/2014 3 FG 
1817 8/22/2013 2 D 

 7/30/2014 5 FG 
1818 8/22/2013 0.5 D 

 7/30/2014 4 FG 
1822 8/22/2013 1 D 

 7/30/2014 0.5 D 
1825 8/22/2013 1.5 D 

 6/9/2014 3 FG/D 
 7/30/2014 0.5 D 

1833 8/1/2013 2 D 
1834 7/10/2013 1 D 

 8/1/2013 4 D 
 8/27/2013 2 D 
 6/9/2014 2 D 
 7/29/2014 2 D 

1842 7/22/2013 2 D 
 8/15/2014 3 D 

1846 7/24/2013 3 D 
1847 7/24/2013 3.5 D 

 8/15/2014 3 D 
1853 8/1/2013 1.5 D 

 8/15/2014 1 D 
1861 7/24/2013 2 D 

 8/15/2014 2 D 
1870 7/29/2013 3 D 

 8/26/2014 4 D 
1872 7/29/2013 3 D 

 8/26/2014 2 D 
1876 7/29/2013 2 FG/D 

 8/26/2014 2 D 
1877 7/29/2013 5 FG 

 

A number of sites can be considered “hotspots” and require further investigation.  In particular, 
site 1877, a pipe just south of Knife River, had luxuriant, filamentous green algal growth. We 
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sampled this location in 2013 but discontinued the site because our sampling methods were not 
conducive to collecting this thick, filamentous growth.  The periphyton samplers quickly become 
clogged. Although not sampled in 2014 we did observe the same conditions on a site visit. Other 
sites that exhibited higher areal biomass during both years were those near Stoney Point. Site 
1817 and 1818 along the Duluth shoreline also showed considerable growth in 2014 but not the 
year before. The Cook County crew also identified some areas that may have excessive algal 
growth.  These include Chicago Bay, the Grand Marais Campground, Schroeder Town Park, and 
Sugarloaf Cove.  However, these results must be interpreted with some caution.  Some of these 
sites may not necessarily be impacted by land use. For example, Sugar Loaf Cove is a protected 
bay and algal accrual may be enhanced because the area is not exposed to wave action from 
storm events.  Also, substrate size and stability appears to be very important. Those unprotected 
locations with gravel and cobbles do not often show excessive algal growth.  

Historical  

The results from this study are not sufficient to determine if periphyton biomass and coverage is 
either increasing or declining. We don’t specifically know what criteria should be used to 
classify periphyton biomass as excessive. There is some historical data. In the late 1960s and 
early 70s there were several periphyton-related studies carried out along the MN North Shore 
(Drown, et al., 1974; Stokes et al., 1970; Fox, et al., 1969). One study in particular, Stokes, 
Olson, and Odlaug (1970), looked at the amount of periphyton biomass and pigments at several 
depths near Stoney Point, MN. This location corresponds to our sites 1870, 1872, 1876 and 1877.  
Although their methods for collecting samples were slightly different, they collected whole 
cobbles and removed all the attached biofilm, they reported dry weight, ash free dry weight 
(LOI), and chlorophyll collected at 0.8 m depths.  Table 9 compares those measures from almost 
50 years ago to the data collected over the past two years. Current periphyton biomass 
measurements are not substantially different from those made in the 1960s. However, many 
water quality improvements have been made since the Clean Water Act in 1972. On the other 
hand, land use impacts in this area in the late 1960s may or may not have been less than current 
stressor levels. 
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Table 9.  Comparison of periphyton measurements made in the late 1960s and those made for this 
project. The Stoney data are average values (± standard deviation) from 1965, 1966, and 1967 from 
0.8 m depth near Stoney Point, just south of Knife River. Sites 1870, 1872, and 1876 were, as far as 
we could determine, in the same vicinity as those collected by Stokes et. al. (1970). Note that the 
standard deviation for the 1960s data reflects seasonal variability while those for our study are 
within site variability. 

 Dry Weight 
(g/m2) 

LOI 
(g/m2) 

Chlorophyll a  
(mg/m2) 

Stoney Point:    
July-August 1965 151 (±123) -- -- 
July-August 1966 -- -- 29.7 
July-August 1967 259 (±81) 28 (±6) -- 

 
Site 1870: 

2013 
2014 

 
 

366 (±145) 
27 (±6) 

 
 

15 (±5) 
1.2 (0.1) 

 
 

-- 
24(±11) 

Site 1872: 
2013 
2014 

 
261(±135) 
83(±12) 

 
20 (±13) 
3.5(±0.5) 

 
-- 

57(±18) 
Site 1876: 

2013 
2014 

 
17(±2) 
15(±4) 

 
5.3 (±0.5) 
1.4 (±0.3) 

 
-- 

27(±2) 
 

We also compared the Lake Superior chlorophyll results to those from other published studies (Table 10) 
of periphyton biomass in lower nutrient, or oligotrophic lakes and our results are similar.   

Table 10. Periphyton as chlorophyll a in several large lakes.  Note that the 
Lake Tanganyika value is actually epipelon (algae growing on bottom 
sediments). 

Lake 
Chlorophyll a 

(mg/m2) Source 
Lake Chelan (WA) range 4 to150 Jacoby et.al., 1991 

Lake Tahoe (CA/NV) range 2 to 177 Hackley et.al., 2010 
Lake Erken (Sweden) median = 80 

range 30 to 170 
Kahlert, et. al., 2002 

Lake Tanganyika (Tanzania) mean = 43.3 Vadeboncoeur, et.al., 2014 
Lake Superior (MN) mean = 84 

median = 53 
range = 16 to 428 

This study  

 

3. Storm Sewer Mapping 

Our observations show there is often more periphyton growth seen at stormwater outlets along 
the Duluth shoreline. In an attempt to document this we performed a walking tour of the Duluth 
shoreline from Leif Erickson Park to the Lester River in the fall of 2012 taking photographs and 
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GPS coordinates of any pipes, culverts or ditches we saw.  If water was flowing from the outlet 
we measured temperature and specific conductivity. Any excessive algal growth, odors and other 
observations were recorded. The outlets we observed were compared to those the City of Duluth 
Stormwater Utility has mapped.   

This map is available on-line 
at: http://www.arcgis.com/home/webmap/viewer.html?webmap=dbd8a631576c47b88e4fb3fa2e4
6c49f&extent=-92.123,46.7847,-92.0067,46.8156). 

The location and observations made from our 2012 “storm sewer walk” are shown in Table 11. 
We recorded any pipe or drainage swale we saw and noted if there was water running from the 
pipe, any excessive algal growth, any odors etc.  The brown shaded outlets are those locations 
where the City stormwater outlet map did not show a current outlet.  In many cases the older 
pipes we saw were either capped or were one of the smaller, intermittent creeks located on the 
city’s east end. We did notice sewage odors coming from SS 12 and 24. We also observed 
luxuriant periphyton growth at a number of the outlets (indicated by FG and/or D). We did not 
measure periphyton biomass directly at the outlets but a number of our biomass sites; in 
particular, sites 1814, 1817, 1818, 1822, and 1825 received water from storm sewer outfalls.  

(see Appendix D Images from the storm sewer walk) 

Storm sewers are undoubtedly, at times, sources of pollutants to the nearshore zone.  We did 
collect some water quality data at several outlets as part of an undergraduate research 
opportunity project (UROP) (Table 12).  

Table 12. Water quality data from selected storm sewers. nd = parameter not measured. 

Site ID Date Temperature 

Specific 
Conductivity 

(µS/cm@ 250C) 

Total 
Phosphorus 

(µg/L) 

Total 
Nitrogen 

(µg/L) 
French River 
Fish Hatchery 8/15/2014 nd nd 193 1082 
SS40 (45th Ave 

East) 6/9/2014 10.3 1752 10 3674 
SS13 (21st Ave 

East) 6/9/2014 12.5 1212 39 1343 
Brighton beach 

culvert 6/9/2014 11.2 590 14 353 
 

We had originally proposed to develop a SumRel score for individual storm sewer outlets. We 
instead assessed the impact of city stormwater flow into the lake using the subwatersheds along 
the City’s shoreline and those results are reported in Section II A.  
 

  

23 
 

http://www.arcgis.com/home/webmap/viewer.html?webmap=dbd8a631576c47b88e4fb3fa2e46c49f&extent=-92.123,46.7847,-92.0067,46.8156
http://www.arcgis.com/home/webmap/viewer.html?webmap=dbd8a631576c47b88e4fb3fa2e46c49f&extent=-92.123,46.7847,-92.0067,46.8156
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Potentially the contribution to an individual storm sewer outlet could be made using the 
following procedure. A city's storm drain system efficiently routes overland flow off of its 
watersheds, in the process altering the natural flow network both in time and direction. Duluth's 
GIS storm drain network data layers could be used alongside the LiDAR Digital Elevation 
Model (DEM) to determine the contributing watershed (both natural and anthropogenic) for each 
storm drain outlet along Lake Superior.  The general methodology for completing this task is 
outlined below.  

The GIS storm drain network geodatabase from the City of Duluth consists of polyline and point 
shapefiles of the drain network along with inlets, outlets, and connectors.  A geometric network 
of the Duluth storm drain system would be created using the ArcGIS Geometric Network tools 
and the connectivity attributes of the individual drain shapefiles.  A geometric network allows 
the user to identify the upstream storm drain network for each outlet.   

A city's storm drains are anthropogenic sinks that draw overland flow off of the landscape and 
potentially out of the natural watershed. The LiDAR DEM would be used to delineate the 
individual catchments or upstream areas for each of the storm drains.  Using the previously 
created geometric network, the individual catchments would be merged for all of the storm 
drains connected to a storm drain outlet.  The DEM would also be used to identify the natural 
catchment for each of the storm drain outlets. The natural catchment and storm drain catchments 
would then be merged to create an overall watershed estimate for each storm drain outlet.  

4. Summary Conclusions 

Changes in periphyton biomass can be evaluated in primarily two ways.  First, biomass can be 
evaluated by amount per unit area (e.g. g/m2) and following changes over time. Another 
indication of changing conditions would be that biomass is now occurring where it hadn’t been 
historically. In this case, the percent coverage has increased even though the biomass per unit 
area has not.  In this study we measured the biomass per unit area and did not measure the extent 
of coverage along the shoreline.  

A Rapid Bioassessment Protocol for periphyton may be effective in detecting trends if suitable 
sites are selected and monitored for several if not many years.  We also suggest adding an 
assessment of the extent of algal coverage at each site, possibly as percent coverage over a 
measured area.  

5. Other deliverables/results: 

Preserved Samples  

A sample of the community collected for biomass determination as well as samples of 
filamentous algae, if present, were preserved with Lugol’s Iodine and archived for future algal 
identification and community analysis. A subset of samples (12) was scanned for dominant 
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species. The dominant green filament was Ulothrix sp.with some Cladophora sp. and 
Cylindrocapsa sp. observed. Diatoms were Synedra sp., Cymbella sp., Fragillaria sp., Tabellaria 
sp., Gomphonema sp., Diatoma sp. 

These cursory scans revealed no unusual species.  Potentially, the diatoms collected could be 
used in the future to assess community nutrient status using diatom metrics developed by Euan 
Reavie and others (Reavie, 2007, Kireta et. al., 2007). 

Some example micrographs include Figure 9, a sample of diatom community and Figure 10, an 
example of the filamentous green algal community.    

 

Figure 9. An example of diatom community observed. 
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Figure 10. An example of filamentous green algae. 

6. Student Projects 

Two student projects were conducted in conjunction with this project: 

Trevor Host, at the time a UW-Madison undergraduate, completed a Capstone Summer 
Internship Project. Trevor’s final report entitled “Splash-zone” Periphyton Variability along the 
North Shore of Lake Superior” was submitted 9/1/2013. 

Carsten Knutsen, an undergraduate at UM-Duluth, received an Undergraduate Research 
Opportunity (UROP) grant that provided him a stipend.  Carsten presented his work, 
“Determining the effect of stormwater runoff on periphyton (attached algae) along the Minnesota 
North Shore of Lake Superior” at the UMD UROP Symposium held 11/26/2014. 

IV. Overall Conclusions  

Addressing temporal and spatial variability in periphyton biomass measurement is the main 
concern in this type of monitoring program. A long-term monitoring program may be able to 
overcome these difficulties but that is unclear.  The often harsh physical and environmental 
conditions along the MN north shore may be such that projects like this may not be successful. 
However, selecting sites of similar physical characteristics may help diminish some variability.  

Determining what the desired conditions are would also help this effort.  We don’t have a good 
idea of what the “normal” is for Lake Superior periphyton.  The biomass measurements made in 
the study are similar to those in other oligotrophic lakes but we know Lake Superior is a unique 
system.   

27 
 



V. Suggestions for Future Research 
• We recommend establishing long-term monitoring locations having stable substrates 

combined with implementing a Rapid Bioassessment Periphyton Protocol that can 
become a very cost-effective way to expand the spatial coverage of a monitoring 
program. 

• Include a measure of the extent of periphyton coverage at several locations having similar 
physical attributes (substrate type, wave exposure, distance from stream mouths etc.). 
This has been done using satellite imagery in the lower Great Lakes where Cladophora 
blooms have become a problem. Perhaps techniques could be developed using this 
technology to map coverage along the MN shoreline.  

• We also suggest further research on the nutrient status of splash-zone periphyton.  
Several techniques are available to assess phosphorus and/or nitrogen deficiency in algae.  

• The use of diatom metrics, using species present to infer environmental conditions, could 
also be an additional tool to track the nutrient status of the periphyton community.  
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VII. APPENDICES 

Appendix A. Exemplary underwater images taken at each sampling site comparing 2013 
and 2014. 

Appendix B. Images taken by the Cook County crew in the summer of 2014. 

Appendix C. Suggested sampling protocol for Rapid periphyton Assessment along the MN 
North Shore 

Appendix D. Images from the “storm sewer walk” performed in the fall of 2012. 

Appendix E. Periphyton section for the LakeSuperiorStreams.org website. 
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Appendix A. Exemplary underwater images taken at each sampling site comparing 2013 
and 2014. 
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Appendix B. Images taken by the Cook County crew in the summer of 2014. 
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Appendix C. Suggested sampling protocol for Rapid periphyton Assessment along the MN 
North Shore 
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Appendix D. Images from the “storm sewer walk” performed in the fall of 2012. 
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Appendix E. Periphyton section for the LakeSuperiorStreams.org website. 
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1811

August 2013 July 29, 2014



1814

August 2013 July 29, 2014



1817

July 30, 2014
August 2013



1818

July 30, 2014August 22, 2014



1822

8/23/2013

7/30/2014



1825

August 2013 7/30/2014



1834 – Reference site

August 2013 7/29/2014



1846

7/24/2013



1847

7/24/2013 8/15/2014



1853

8/1/2013 8/15/2014



1861

7/24/2013 8/15/2014



1870

7/29/2013



1872

7/29/2013 8/26/2014



1876

7/29/2013 8/26/2014





Cook County Beach Monitoring Sites

Sugar Loaf Cove

Schroeder Town Park

Temperance River State Park

Cutface Creek

Durfee Creek

Kadunce Colville

Paradise Beach

Chicago Bay

Grand Marais Campground

Grand Marais Downtown

Old Shore Road



Chicago Bay (Hovland, near mouth of Flute Reed River)

6/9/2014 6/16/2014 6/23/2014

6/30/2014 7/7/2014 7/21/2014

8/4/2014



Paradise(near mouth of Brule River)

6/16/2014

7/7/2014

6/23/2014



Kadunce (near Covill, mouth of Kadunce Creek)

8/4/2014

6/23/2014 7/21/2014 7/21/2014



Schroeder (at boat launch after , mouth of Cross River))

7/21/2014

6/23/2014
Note that sampling location was 
moved from park to boat launch 
in July)

8/4/2014



Sugar Loaf Cove (protected cove)

6/23/2014 6/23/2014 6/30/2014

7/7/2014 7/21/2014 8/4/2014



Temperance River State Park

6/23/2014



Coville Creek

6/16/2014 6/23/2014 6/23/2014

7/21/2014



Grand Marais Campground

6/23/2014 6/30/2014

7/21/20147/21/2014

7/7/2014

8/4/2014



Grand Marais Downtown

6/16/2014 6/23/2014 6/30/2014

8/4/2014



Cutface Creek

6/23/2014 7/21/2014 8/4/2014



Durfee Creek

8/4/20146/23/2014



Old Shore Road

6/16/2014
6/23/2014



Thin mat/film (< 0.5 mm thick) 
Color: light brown 

Periphyton Mat/Film

Medium mat (0.5 ‐ 3 mm thick) 
Color: light brown

Thick mat (< 3 mm thick) 
Color: light brown 

Thick mat (< 3 mm thick) 
Color: light brown/bright green 



Filaments, Long (> 2 cm long)

Green/light brown

Dull Green/Blue‐green

Bright Green

Dark Green



Filaments, Short (< 2 cm long). 

Note: we also call this fringe growth.  Usually 
green but can be green and brown. 



Medium mat, light brown on 
boulders/bedrock; 90% 
coverage



This is growth at the mouth of a storm 
sewer. Bubbles are from oxygen 
produced within the mat. Color varies 
due to exposure to air, as well as 
senescing communities 



Filaments, long, dark green on 
boulders; ~ 50% coverage



Filaments, long, bright 
green on boulders



Filaments, long, bright 
green on boulders



Short filaments on cobble; 
approximately 20% coverage



Very thin to no 
mat (may be slimy 
to the touch) 



Thin mat, light brown on coarse 
gravel/cobble



Bright green fringe on 
bedrock



Pillsbury 2013

Didymosphenia geminata – native to Lake Superior 



Pillsbury 2013

Didymosphenia geminata



Pillsbury 2013

Didymosphenia geminata



Substrate
Class

Size (mm)

Bedrock > 4000 mm  > 13 ft

Boulder 250 ‐ 4000 ~1 – 13 ft

Cobble 64 ‐ 250 2.5 in – 1 ft

Coarse gravel 16 ‐ 64 0.5 in – 2.5 in

Fine gravel 2 ‐ 16

Sand 0.6 ‐ 2

Fines (silt/clay) < 0.6



EPA Rapid Bioassessment ‐ Periphyton Biomass Score 

0 ‐ substrate rough with no visual evidence of microalgae
0.5 ‐ substrate slimy, but no visual accumulation of microalgae is evident
1 ‐ a thin layer of microalgae is visually evident
2 ‐ accumulation of microalgal layer from 0.5‐1 mm thick is evident
3 ‐ accumulation of microalgae layer from 1 mm to 5 mm thick is evident
4 ‐ accumulation of microalgal layer from 5 mm to 2 cm thick is evident
5 ‐ accumulation of microalgal layer greater than 2 cm thick is evident

http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch06main.cfm
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