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INTRODUCTION

The St. Louis River which is the largest U.S. tributary to Lake Superior, drains 3,634 square miles, entering the southwestern corner of Lake Superior between Duluth, Minnesota and Superior, Wisconsin.  The river flows 179 miles through three distinct areas: coarse soils, glacial till and outwash deposits at its headwaters; a deep, narrow gorge at Jay Cooke State Park in Minnesota; and red clay deposits in its lower reaches (St. Louis and Lower Nemadji River Watershed Plan 2010).  

As the St. Louis River approaches Duluth and Superior, the river takes on the characteristics of a 12,000 acre freshwater estuary.  The upper estuary has some wilderness-like areas, while the lower estuary is characterized by urban development, an industrial harbor, and a major port (St. Louis and Lower Nemadji River Watershed Plan 2010).  Though no longer at its peak, the “Twin Ports” (Duluth, MN and Superior, WI) are still the busiest harbor on the Great Lakes.  This high volume of industrial traffic and accumulation of infrastructure have forever changed the landscape and aquatic habitats it encompasses.  

In 1987, the International Joint Commission, an advisory commission on U.S. - Canadian border water issues, designated the lower St. Louis River as one of the 43 Great Lakes Areas of Concern (AOCs) because of concerns over environmental quality in the area.  Industrial activity such as steel mills, oil refining, coal tar and coking operations, paper mills and other wood products manufacturing as well as the shipping of coal, grain, iron ore, and taconite significantly contributed to the contamination of the St. Louis River Area of Concern.  Two Superfund sites, U.S. Steel and St. Louis River-Interlake Duluth Tar sites, on the Minnesota shore of the river are polluted with toxic organic chemicals and metals.  
Toxic contamination has impaired several uses of the St. Louis River and its watershed, including degradation of bottom-feeding invertebrate communities, increased incidence of fish tumors and other abnormalities, fish consumption advisories, and restrictions on dredging.  Some sediment-derived contaminants also appear to be carried by the water column to Lake Superior.  Additionally, human activities in the estuary from the last 150 years have had a significant negative impact on fish and wildlife habitat – approximately 3,000 acres of marsh and open water were filled and roughly 4,000 acres of river bottom dredged.  Exotic invaders such as purple loosestrife and additional human development of the estuary continue to pose threats to habitat (St. Louis and Lower Nemadji River Watershed Plan 2010).

Water quality in the St. Louis River estuary has improved significantly in the estuary from the 1970’s because of advances in wastewater collection and treatment.  The two major point  sources in Wisconsin are the City of Superior wastewater treatment plant which has three discharge locations: Superior Bay, the St. Louis River, and the Nemadji River, and the Murphy Oil USA refinery which discharges to Newton Creek.  Newton Creek flows into Hog Island Inlet of Superior Bay and both are currently listed on the 303d impaired waters list.  These point sources are in good compliance status with their WPDES permits.  In Minnesota, the point source discharges to the St. Louis River estuary are all collected and treated by the Western Lake Superior Sanitary District with one discharge location to St. Louis Bay (St. Louis and Lower Nemadji River Watershed Plan 2010).

The St. Louis River was listed as an AOC with 9 of the 14 possible beneficial use impairments (BUIs) present.  To be delisted as an AOC, each of these BUIs will have to meet a set target.  Habitat impairment is one of the BUIs and one of the goals of this project was to catalog the current population of aquatic macrophytes and assess their use by fish while determining what if any limiting factors are present.  Macroinvertebrate collection was also performed to assess current wetland health.  Initially, this project intended to focus on Allouez and Pokegama Bays and to use the mouth of the Amnicon River as a reference site.  However, the project was expanded in subsequent years to include the Pokegama River and Weasel Bay.  Data on Hog Island Inlet has also been included to complete this document.  This project was completed over the course of three field seasons starting in 2008 and ending in 2010.
Each site that was sampled has its own unique characteristics and concerns.  Allouez Bay is contained within the City of Superior and is bordered by ore docks to the west, and Wisconsin Point to the north which sees substantial recreational use.  Harvestable stands of wild rice have all but disappeared within the last 30 years and numerous invasive species are present including zebra mussels which affect water quality and clarity. In 2006, Eurasian Water-milfoil was discovered in Superior Bay but has not yet been identified in Allouez Bay.  Its two main tributaries, Bear Creek and Bluff Creek both bring a substantial influx of phosphorus and clay sediment from their agriculturally influenced watersheds.  Even with the existence of all of these stressors, Allouez Bay still has a very healthy community of plants and water fowl and is a very important spawning habitat for species such as northern pike (Esox lucius).  
The Pokegama River flows into the Pokegama Bay and is much more isolated from both industrial and recreational use than Allouez Bay.  However, unnamed tributary (WBIC-2844200) receives the discharge from the Duluth, Winnipeg and Pacific Railway Switching Yards industrial and sanitary wastewater treatment system and then flows into the Pokegama River (St. Louis and Lower Nemadji River Watershed Plan).  Pokegama Bay and River have a healthy community of plants and animals with several aquatic invasive species present.  The Pokegama River is also an important spawning area for walleyes (Sander vitreus).  
Weasel Bay is a small bay located within the Pokegama Bay complex.  Weasel Bay shares many characteristics with Pokegama Bay, however its maximum depth is no more than 3-4 feet.  
The mouth of the Amnicon River is similar to other south shore tributaries to Lake Superior.  The stream widens and deepens as it approaches Lake Superior and discharges along a large sand bar which tip extends west.  The Amnicon River has not had much disturbance since the logging era.  

Hog Island Inlet is one of the most disturbed sites in the St. Louis AOC.  It is listed on the 303d impaired waters list along with its only tributary, Newton Creek, which headwaters are the lagoons at Murphy Oil, USA.  Several studies have documented the contamination of Newton Creek and Hog Island Inlet with metals and polycyclic aromatic hydrocarbons (PAHs) from activities associated with the refinery into Newton Creek and Hog Island Inlet (see Characterization of Sediment Contamination in the Newton Creek System, WDNR, 1994; Lake Superior Water Basin Quality Management Plan, WDNR, 1999; Site Investigation Report, Hog Island Inlet, SHE, 2003; Construction Documentation and Post-Remediation Monitoring Report, WDNR and SEH, 2007 – and several others).  

Hog Island itself was created by the placement of dredge spoils in the 1920’s or 1930’s.  In 1994, the WDNR divided Newton Creek into 12 segments (A – L) in order to organize cleanup efforts.  Reclamation of Segment A, an impoundment area at Murphy Oil, was done by Murphy Oil under WDNR supervision in 1997.  This was followed by cleanup of Segments B through K on Newton Creek in the spring and summer of 2003.  The final phase of clean up occurred mostly between July to November, 2005, with removal of contaminated sediment from approximately fifteen acres of Hog Island Inlet and also sediment from Segment L of Newton Creek, using funds provided from Murphy Oil and the Great Lakes Legacy Act (a federal program specifically focused on cleaning up toxic sediments in Great Lakes AOCs).  WDNR partnered with the EPA’s Great Lakes National Program Office to complete this portion of the project.  In the final phase, 60,520 tons of contaminated sediment was removed from Hog Island Inlet and Newton Creek in addition to sediment already removed in upstream segments of the creek.

Post-remediation monitoring and sampling was conducted in Newton Creek and Hog Island Inlet in June, 2006 following cleanup efforts.  Early monitoring showed PAH contamination levels in the sediment did not appear to pose unacceptable risks to human health or the environment and results from macroinvertebrate sampling in 2006 indicated some positive steps toward recovery and potentially future delisting from the 303d List.  However, it was clear that recovery of aquatic life and complete biological re-colonization of Newton Creek and Hog Island Inlet to levels appropriate to use designations assigned for each waterbody, respectively, would take more time after reclamation efforts (Schmude, 2006).  In addition to acceptable levels of cleanup of pollutants and contaminated sediment, it was determined that biological recovery would need to take place before potential de-listing from the 303(d) list could take place.

In 2008, a three-year special project was proposed to assess the continued biological and physical recovery of Newton Creek and Hog Island Inlet after remediation/restoration efforts to determine if either water body has recovered enough to be removed from the 303d List.  Lack of funding in years 2-3 required the project be extended for a fourth year in order to evaluate the benthic community of Hog Island Inlet.  In addition to benthic community sampling, monitoring included recovery of the aquatic macrophyte and fish communities, sediment sampling and water quality assessment.  Preliminary USGS tree swallow results were also considered.  A habitat restoration plan for Hog Island Inlet was also developed in 2007 with certain actions in this plan implemented by Douglas County in 2009-2011, with funding from the National Oceanic and Atmospheric Administration.  Further information beyond the scope of this report can be found in the forthcoming WDNR report on Hog Island Inlet and Newton Creek.  
METHODS

Aquatic Macrophyte Surveys
Point intercept aquatic plant surveys were conducted to catalog submersed, emergent, and floating leaf aquatic vegetation during their peak growing season using the standardized plant sampling protocol developed by the Wisconsin Department of Natural Resources, Aquatic Plant Survey Collecting, Mapping, Preserving and Data Entry.  Points were sampled with an aquatic plant-rake and visual observations were also made.  Every species present at each site sampled was recorded and assigned a value 1 -3 depending on rake fullness (see Table 1).  Specimens were also vouchered and verified by the Robert Freckman Herbarium at UWSP.  Completed data was entered into the appropriate spreadsheets and then emailed to Jennifer Hauxwell, Wisconsin DNR Madison (Jennifer.Hauxwell@dnr.state.wi.us).
We used a Floristic Quality Index (FQI) (Nichols 1999), the Simpson’s Index of Diversity, and relative abundance [the percentage each species sampled contributes to the total number of individuals of all species] (Smith and Smith 2006) to evaluate recovery of the macrophyte community.  FQI calculations are made using only specimens collected by rake and do not use visually observed species in their metrics.  These results, as well as results for species richness, were compared to the aquatic plant communities surveyed between 2008 – 2010 within the St. Louis River Estuary (Allouez & Weasel Bay; Pokegama Bay & River) and also a nearby river mouth embayment to Lake Superior (Amnicon River).  Hog Island Inlet was sampled twice, once in 2008 and once in 2010 to assess what if any recovery was taking place.  
	Table 1. Rake Fullness Ratings.
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	Coverage
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	Rake head is about ½ full
Can easily see top of rake head

	
	
	

	
	
	

	
	
	

	
	
	

	3
	[image: image4.emf]
 


	Overflowing
Cannot see top of rake head

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Aquatic Invertebrate Surveys

Aquatic invertebrates were collected from the littoral zone at two sites in Allouez and Pokegama Bays, and at one site at the mouth of the Amnicon River.  Three zones were sampled at each site: outer scirpus, inner scirpus and wet meadow according to the methods outlined by Uzarski et al. (2004).  However, due to budget constraints, only two replicates were performed as opposed to the minimum of three recommended by Uzarski et al. in their sampling methods.  These specimens were then processed by the Lake Superior Research Institute.  A record of this data can be obtained by contacting Cliff LaVigne, Wisconsin DNR, Superior (clifford.lavigne@wi.gov) or Dr. Kurt Schmude, LSRI (Kschmude@uwsuepr.edu).  

An Index of Biotic Integrity (IBI) score was calculated using multiple metrics for each zone.  The sum of these scores was then used to rank the wetland on a scale of 31 – 182 with 182 being the best possible score. 

Fish Community Analysis
Mini-fyke net surveys were conducted in 2008 and 2010 in Hog Island Inlet and Loons Foot Landing area to assess recovery of the fish community following remediation efforts completed in 2005.  Results from mini-fyke netting gear, which targets young-of-year (YOY), juvenile and non-game fish species can be used to evaluate the relative diversity present and whether natural reproduction is occurring.  Nets were set at approximately the same time of year and at locations that did our best to replicate sampling effort from September 2-3, 2004, prior to remediation efforts.  For each event, two nets (2.25 ft. tall x 3.2 ft. wide; without turtle exclusions) were set toward the east end of Hog Island Inlet, with a third net set on the other side of the isthmus in the Loon’s Foot Landing area, which could be used as a reference site.  Nets were set approximately twenty-fours before being lifted, at which time fish were collected and identified.  All data was entered into the WDNR Fisheries Database.  Results from 2008 and 2010 in Hog Island Inlet were compared with 2004 survey results and also with results from Net-3 in Loon’s Foot Landing, which was outside of Hog Island Inlet.

Water Quality Monitoring

Nine water quality samples were collected from four separate stations on Allouez Bay during 2008.  Six samples were collected at three stations on Pokegama Bay and three samples were collected at the Amnicon River boat landing the same year.  Three water samples were collected from Hog Island Inlet during 2008 and two during 2009.  Field parameters were measured by YSI 550a multi-meter. All water samples were processed by the WI State Lab of Hygiene. This data can be found in SWIMS and includes parameters such as pH, turbidity, dissolved oxygen, temperature, nitrogen and phosphorus levels.  See Appendix Table 1 for a list of stations and Table 2 for State Lab of Hygiene detection levels.  
RESULTS

Aquatic Macrophyte Surveys
In Hog Island Inlet, we were able to sample all 100 sites in 2008, however only 91 sites were sampled in 2010 due to lower water levels that made 9 sites inaccessible with the sampling boat.  In 2008, only 9 of 100 sites sampled had vegetation and only 4 species total were collected with the aquatic plant rake: Najas flexilis, Nymphaea odorata, Sagittaria cuneata and S. latifolia.  By contrast in 2010, the number of sites with vegetation increased from nine to thirty-eight, with a total of six species collected: Elodea canadensis, Myriophyllum spicatum (Eurasian water-milfoil), Nymphaea odorata, Vallisneria americana, Stuckenia pectinata and a Hydrodictyon sp. with the aquatic plant rake (Appendix Table 3).  Including visually observed species, 12 species were documented in 2008 and 16 in 2009.  
The mean number of species per sampling point increased from 0.14 species per site in 2008 to 0.75 species per site in 2010 (Table 2).  However, this can be attributed almost exclusively to the explosion of Eurasian water-milfoil in 2010.  This invasive species was not present in 2008.  When examining only native species sampled there were 1.22 native species per vegetated site in 2008 compared to 1.14 native species per vegetated site in 2010.  Relative frequency for Eurasian water-milfoil was 35.5% and was present at 58% of sites, with rake fullness at sites with Eurasian water-milfoil averaging a “2”.  

An FQI was calculated for each sampling year on Hog Island Inlet.  The FQI is based on assigned values of conservatism (1-10) for each aquatic species sampled. Conservatism is the estimated probability that a plant is likely to occur in a landscape that is believed to be relatively unaltered from presettlement conditions (Nichols 1999).  FQI is then calculated by multiplying the average coefficient of conservatism (C) by the square root of the number of species (n).  In 2008 FQI=5.5*√4= 11 and in 2010 FQI=4.5*√4= 9.  

Allouez Bay, which is 1.5 miles from Hog Island Inlet, had 27 species present with 20 of those collected via aquatic plant rake (Appendix Table 4).  Even though Allouez Bay had over ten more species of plants than Hog Island Inlet, Allouez Bay only had only 0.15 species per point sampled. An FQI of 27.5 was calculated for Allouez Bay.  

Pokegama Bay had the most diverse plant community with a species count of 41 (Appendix Table 5).  25 of those species were collected via rake.  Pokegama River had 36 total species with 15 collected via the aquatic plant rake (Appendix Table 6).  A value of 1.42 was calculated for species per site.  An FQI of 27.3 was calculated for Pokegama Bay and 22.5 for Pokegama River.  

Weasel Bay, a smaller bay in the Pokegama Bay complex, had 28 species with 20 sampled via plant rake (Appendix Table 7).  Weasel bay had the highest species per site value of the sites sampled, 2.42.  An FQI of 27.1 was calculated for Weasel Bay. 
The Amnicon River mouth, which has seen very little disturbance since the logging era and is not located in the AOC, had 32 species identified, 16 of which were collected with the aquatic plant rake (Appendix Table 8).  The Amnicon River Mouth had 0.72 species per site and an FQI of 23.75.    
	Table 2.  Point-intercept aquatic macrophyte survey summery statistics for Hog Island Inlet, Allouez Bay (Superior Bay), Pokegama Bay & Pokegama River & Weasel Bay (St. Louis River Estuary), and the mouth of the Amnicon River.

	 
	Hog Island Inlet
	Allouez Bay
	Weasel Bay
	Pokegama Bay
	Pokegama River
	Amnicon River Mouth

	 
	2008
	2010
	2008
	2010
	2009
	2009
	2008

	Total lake points
	100
	91
	1051
	107
	499
	83
	105

	Number of points w/plants
	9
	38
	110
	102
	94
	41
	37

	Maximum depth of plants
	5 ft
	5.5 ft
	7 ft
	5 ft
	8 ft
	4
	6 ft

	Mean # species/point
	0.14
	0.75
	0.15
	2.42
	0.41
	1.42
	0.72

	Species richness
	4
	6
	20
	20
	25
	15
	16

	Species richness w/visuals
	12
	16
	27
	28
	41
	36
	32

	Simpson's Index of Diversity
	0.55
	0.59
	0.81
	0.87
	0.87
	0.86
	0.91

	FQI
	11
	9
	27.5
	27.1
	27.3
	22.5
	23.75


DISCUSSION
Aquatic Macrophyte Surveys
Diversity appears to have increased in Hog Island Inlet with or without including visual observations, with twelve species total observed in 2008 compared with sixteen species total in 2010. However, the FQI value dropped from 11 to 9 (Table 2). This decrease in FQI was due to several factors including the explosion of Eurasian water-milfoil (M. spicatum) that was observed in 2010.  Eurasian water-milfoil is not assigned a coefficient of conservatism since it is an invasive species and therefore does not count towards a FQI score.  Also, Sagittaria cuneata was not sampled on the aquatic plant rake in 2010 and with its relatively high coefficient of conservatism of 7 helped improve the FQI in 2008.  Also, the lack of Najas flexilis and the emergence of Elodea canadensis and Myriophyllum spicatum in 2010 further lowered the FQI score.  Najas flexilis has a coefficient of conservatism of 6, while Elodea Canadensis has only a value of 3.  This lowered the mean coefficient of conservatism and thus the FQI.  Even though the overall abundance of vegetation has increased from 2008 to 2010, when excluding Eurasian water-milfoil, abundance appears to have remained relatively similar or has even slightly decreased between years. It is clear that Eurasian water-milfoil is dominating in the disturbed habitat.  

In 2010, 42% of the points sampled in Hog Island Inlet had vegetation with an average of 0.75 species per site.  In Allouez Bay, only 10% of the sites sampled contained vegetation with 0.15 species per site.  Only sparse plant life was found in water over six feet of depth and Allouez Bay reaches depths of 25 feet compared to a maximum depth in Hog Island Inlet of approximately 8 feet.  This eliminated hundreds of potential sampling points from possessing plant life due to the very turbid waters of Bear Creek, Bluff Creek and the Nemadji River emptying suspended clay sediments in or near Allouez Bay.  The greater diversity of the plant community of Allouez Bay can be attributed to its relative point of succession and the lack of invasive species dominance and current industrial stressors.  The best comparison can be made between FQI scores with Allouez Bay scoring 27.5 compared to 11 for Hog Island Inlet in 2010.  The large difference between scores is due greater diversity and abundance of sensitive species found in Allouez Bay.  

Pokegama Bay and River showed the greatest species richness of all the sites sampled including the Mouth of the Amnicon River which is located outside of the St. Louis Area of Concern.  This high diversity can be attributed to the lack of industry and other disturbances in or near Pokegama Bay.  Like Allouez Bay, Pokegama Bay had a low species per site value of 0.41 which can also be attributed to low water clarity due to the influx of suspended clay sediments from the Pokegama River and depths exceeding the maximum depth of where plants were found.  FQI scores of 27.3 for P. Bay and 22.5 for P. River were calculated and were significantly higher than Hog Island Inlet again due to a far greater diversity of comparatively sensitive species.  

Ninety-five percent of the sites samples in Weasel Bay contained vegetation with 2.42 species found per site.  Weasel Bay is a very shallow water area with all sites falling into areas that were suitable for plant growth.  In fact, many sites were so overgrown with vegetation they were not navigable with the sampling boat.  Weasel Bay is similar to Hog Island Inlet in depth, with much of Hog Island Inlet also being less than 5 feet in depth. With an FQI score of 27.1, Weasel Bay is similar to the other areas sampled with a much higher score than Hog Island Inlet.   

All of the areas sampled fall into the Northern Lakes and Forests ecoregion of Wisconsin (Nichols 1999).  The mean for the WDNR’s FQI dataset (n=109) for that ecoregion is 27.5 with 9.5 being the lowest reported value and 42.6 being the maximum (unpublished WDNR data).  The Hog Island Inlet FQIs of 11 and 9 (mean = 10) are very low compared to the rest of the ecoregion and support that Hog Island Inlet is a disturbed area with degraded habitat containing species with low conservatism.  Compared to the other sites within the St. Louis AOC, the same conclusion can be drawn.  The mean FQIs of the other four sites in the AOC (Allouez Bay, Pokegama Bay and River and Wesel Bay), were 26.1 which is consistent with the average for the ecoregion of 27.5.  

Hog Island Inlet’s plant community has shown the ability to bounce back since the remediation, but it still has a long way to go to be considered a healthy and recovered plant community.  The fact that Hog Island Inlet’s latest FQI score of 9 (2010) is the lowest score ever recorded in the ecoregion is concerning.  However, the presence of Sagittaria cuneata shows Hog Island Inlet can support species with a moderately high conservatism (7). The dominance of Eurasian water-milfoil is a concern that needs to be addressed promptly.  Based on the density and abundance of Eurasian water-milfoil, Hog Island Inlet is a prime candidate to receive a treatment, either chemical or biological, to control the invasive population before it spreads.  Further monitoring, including repeating point intercept surveys every two years is needed to monitor the invasive species population and the further recovery of Hog Island Inlet.  

RESULTS
Aquatic Invertebrate Survey
Allouez Bay had the lowest index of biotic integrity (IBI) score with site 1 having a mean score of 142 and site 2 a mean of 115 (Table 3).  Pokegama Bay had the next closest score with a mean of 148 at site 1 and 145 at site 2.  The mouth of the Amnicon River scored the best with a mean of 156.  The raw data used to calculate the IBIs can be found in the Appendix, Tables 9 and 10.  
	Table 3.  Uzarski et al. wetland IBI scores.  

	 
	Site 1
	Site 2

	 
	Rep 1
	Rep 2
	Mean
	Rep 1
	Rep 2
	Mean

	Allouez Bay                   8/26/2008
	144
	140
	142
	114
	116
	115

	Pokegama Bay              8/21/2008
	140
	156
	148
	146
	144
	145

	Amnicon River              8/27/2008
	152
	160
	156
	-
	-
	-

	
	
	
	
	
	
	


	Table 4.  IBI for fringing Great Lakes Coastal Wetlands.  

	IBI Score
	Wetland Score

	31 - 53
	Extremely Degraded

	>53 - 76
	Degraded

	>76 - 106
	Moderately Degraded

	>106 - 136
	Moderately Impacted

	>136 - 159
	Mildly Impacted

	>159 - 182
	Reference Conditions


DISCUSSION

Overall, the IBI scores for the fringing Great lakes Coastal Wetlands sampled were good.  As expected, the mouth of the Amnicon River had the highest IBI scores (Table 3).  While not achieving the true status of “Reference Condition,” it is a fine reference condition for our purpose (Table 4).  

Pokegama Bay scored the next highest IBI.  This was also expected since it is very isolated from the industrial activity of the harbor.  Its score of Mildly Impacted is most likely due to limited water clarity and high phosphorus values present in Pokegama Bay.  

Each of the Allouez Bay scores fell into a different qualitative category with one score of Moderately Impacted and one score of Mildly Impacted.  Site 2, which had the lower score, was located near the mouth of Bear Creek.  Bear Creek has elevated levels of phosphorus and also transports clay sediment, both of which can limit the macro invertebrate community.  Another sampling site would have been beneficial to establish more data and possibly a trend.  

It was unknown what effect reducing the number of replicates would have on the validity of the data. After analysis of the data, the relatively small deviation among the data set indicates additional replicates may have provided little additional statistical value for our analysis.  
The macro invertebrate community appears to be in good health at the sites we sampled.  Further sampling, especially at sites expected to be impacted by contaminants and urban runoff such as Hog Island Inlet or Howard’s Bay, is recommended.  
RESULTS

Fish Community Assessment 
Mini-fyke nets were set in Hog Island Inlet and near Loonsfoot Landing on September 2, 2004, September 4, 2008 and August 19, 2010.  In 2008 a total of 707 fish were sampled which included 16 different species (Appendix, Table 11).  In 2010, 2250 total fish were sampled which also included 16 species.  During the 2004 pre-remediation survey, 5086 fish were collected (4972 black bullheads) but only 9 different species were represented.  

During the 2010 survey in Loonsfoot Landing, 1475 fish were captured representing 10 species.  In 2004, 360 fish were collected featuring 6 species.  In 2008, our fyke net was compromised by a muskrat or other type of animal allowing all but six fish to escape.  

No game fish, or young of year game fish, were caught in any net any year of the survey.  Four species of pan fish were caught in Hog Island Inlet: black crappie (Pomoxis nigromaculatus), pumpkinseed (Lepomis gibbosus), rock bass (Ambloplites rupestris) and yellow perch (Perca flavescens) while only two were caught at Loonsfoot Landing: pumpkinseed and rock bass.  A hybrid of pumpkinseed X bluegill was also caught at both sites.  Five invasive species were found in Hog Island Inlet: Eurasian ruffe (Gymnocephalus cernuus), round goby (Neogobius malanostomus), tubenose goby (Proterorhinus marmoratus), brook silverside (Labidesthes sicculus) and white perch (Morone Americana) while the only invasive species found at Loonsfoot Landing was tubenose goby.  In total, twenty-one species of fish were collected in Hog Island Inlet and fifteen species at Loonsfoot Landing.  

WDNR performed a pre-remediation rescue during July 2005 in an attempt to remove all fish from Hog Island Inlet.  During this operation, multiple electro-fishing units were used along with seine pulls to capture as many fish as possible and transport them out of Hog Island Inlet before draining.  Twenty-six species were collected during the rescue.  Six species of game fish, five species of pan fish, five invasive species and ten species of non-game fish (bullheads, rough fish and minnows) were collected.  
DISCUSSION
Fish Community Assessment 
Diversity increased between the pre-remediation fyke netting survey in 2004 and post remediation fyke netting surveys in 2008 and 2010.  Only nine species were collected in 2004 while sixteen species were collected in 2008 and 2010 (Table 5).  Other than bullheads, which are a very tolerant fish, abundance increased from year to year as well.  Pumpkinseed X bluegill hybrids increased from 40 in 2004 to 322 in 2008 and 1770 in 2010 and had a 71% relative abundance.  The majority of these fish were YOY and this is a great indicator of increasing water quality due to the increased natural reproduction.  

Many species with an intermediate tolerance (see Table) were captured in 2008 and 2010.  Pumpkinseed X bluegill hybrids (or fish that could not be differentiated between each species) had the highest relative abundance with 71% followed by black crappies (8% relative abundance) and pumpkinseeds (3% relative abundance).  No fish considered intolerant were captured (Appendix, Table11).  

Diversity and abundance increased at the Loonsfoot Landing site from 2004 to 2010.  However,each year Loonsfoot Landing was sampled, it had lower diversity than the Hog Island Inlet site.  The Loonsfoot Landing site may be a poor reference site as it is also impacted by industry, but does show that Hog Island Inlet’s fish community could be significantly worse.  

When comparing the fyke netting data to the fish rescue data it is hard to draw any substantial conclusions due to the differences in sampling methods and efficiency.  Diversity was relatively unchanged with 26 species collected in 2005 vs. 21 species collected in 2008-10. If the game fish (6 species) we were unable to capture in the mini-fyke nets are subtracted from the species list, the two species lists become very similar.  It is assumed that these game fish species have returned to Hog Island Inlet along with the other species we captured.  

Without any specific metrics or indices to use to classify Hog Island Inlet, it is difficult to definitively give it a specific classification or rating.  The data shows that its fish community has improved in abundance and diversity each year since the remediation and the species list includes many fish of intermediate tolerance.  Hog Island appears to be on the road to recovery, but further monitoring, including additional mini-fyke netting and boom shocking to verify if adult and/or young of year game fish are again using Hog Island Inlet is needed.  The City of Superior installed wooden fish habitats made from recycled materials during the summer of 2011.  It is unknown what impact, if any, these habitat structures have had on the fish assemblage.     
	Table 5. Hog Island Inlet Fish Tolerance Values (Lyons, 2006).
	 
	 

	Common Name
	Scientific Name
	No. Caught 2008+2010
	% of Catch
	Tolerance

	Pumpkinseed X Bluegill
	Lepomis gibbosus x Lepomis macrochirus
	2092
	70.75
	Intermediate

	Black Bullhead
	Ameiurus melas
	327
	11.06
	Tolerant

	Black Crappie
	Pomoxis nigromaculatus
	229
	7.74
	Intermediate

	Pumpkinseed
	Lepomis gibbosus
	96
	3.25
	Intermediate

	Golden Shiner
	Notemigonus crysoleucas
	73
	2.47
	Tolerant

	Yellow Perch
	Perca flavescens
	33
	1.12
	Intermediate

	Spottail Shiner
	Notropis hudsonius
	32
	1.08
	Intolerant

	Common Carp
	Cyprinus carpio
	17
	0.57
	Tolerant

	Rock Bass
	Ambloplites rupestris
	16
	0.54
	Intolerant

	Common Shiner
	Luxilus cornutus
	15
	0.51
	Intermediate

	Emerald Shiner
	Notropis atherinoides
	7
	0.24
	Intermediate

	Eurasian Ruffe
	Gymnocephalus cernuus
	7
	0.24
	Intermediate

	Hornyhead Chub
	Nocomis biguttatus
	2
	0.07
	Intermediate

	Log Perch
	Percina caprodes
	2
	0.07
	Intermediate

	Round Goby
	Neogobius malanostomus
	2
	0.07
	Intermediate

	Tubenose Goby
	Proterorhinus marmoratus
	2
	0.07
	Intermediate

	Bluntnose Minnow
	Pimeephales notatus
	1
	0.03
	Tolerant

	Brook Silverside
	Labidesthes sicculus
	1
	0.03
	Intermediate

	Trout Perch
	Percopsidae omiscomaycus
	1
	0.03
	Intermediate

	White Perch
	Morone americana
	1
	0.03
	Intermediate

	White Sucker
	Catostomus commersonii
	1
	0.03
	Tolerant

	Total
	2957
	 
	 


RESULTS

Water Quality Assessment
Allouez Bay had a mean phosphorus value of 0.042 mg/L (n = 9, range = 0.031-0.60 mg/L), 0.025 mg/L mean for NH3 N Diss (n = 2, range = 0.024-0.026 mg/L), 0.634 mg/L mean for Kjeldahl Total (n = 9, range = 0.042-0.99 mg/L) and 0.091 mg/L mean for NO2+NO3 (n = 6, range = 0.029-0.173 mg/L) (Appendix, Table 12).  The mean value for total suspended solids was 6.6 mg/L (n = 9, range = 3-15 mg/L).  The mean for NTU’s was 21.2 (n = 9, range = 9.5-41.8) and the mean secchi disk reading was 0.63 m (n = 9, range = 0.3-1.0 m) (Appendix, Table 13).  The mean temperature recorded was 22.0°C (n = 9, range = 17.9-24.7°C), the mean pH was 7.7 (n = 9, range = 7.3-8.4), the mean dissolved oxygen concentration 8.2 mg/L (n = 9, range = 6.9-9.3 mg/L) and the mean conductivity was 168 UMHOS/cm (n = 3, range = 159-184 UMHOS/cm) (Appendix, Table 14).  
Pokegama Bay had a mean phosphorus value of 0.093 mg/L (n = 6, range = 0.082-0.115 mg/L).  The mean value for NH3 N Diss was 0.023 mg/L (n = 3, range = 0.016-0.034 mg/L), Kjeldahl Total mean of 1.027 mg/L (n = 6, range = 0.9-1.21 mg/L) and a mean of 0.038 mg/L (n = 2, range = 0.019-0.056 mg/L) for NO2+NO3.  The mean for total suspended solids was 7.2 mg/L (n = 6, range = 5-10 mg/L), the mean for NTU’s was 45, (n = 3, range = 38.4-54.3) and the mean for secchi disk readings was 0.45 m (n = 6, range = 0.3-0.6 m).  The mean temperature recorded in Pokegama Bay was 24.2°C (n = 6, range = 22.3-26.0°C).  The mean pH was 7.5 (n = 6, range = 7.4-7.6), the mean dissolved oxygen concentration was 6.7 mg/L (n = 6, range = 5.1-7.5 mg/L) and conductivity was not recorded.  
The mean level for phosphorus in Hog Island Inlet was 0.07 mg/L (n = 5, range = 0.05-0.11 mg/L).  The mean level for NH3 N Diss was 0.06 mg/L (n = 4, range = 0.02-0.15 mg/L), 0.85 mg/L (n = 5, range = 0.51-1.13 mg/L) for Kjeldahl Total and 0.58 mg/L (n = 5, range = 0.11-1.51 mg/L) for NO2+NO3.  Dissolved oxygen levels had a mean of 8.42 mg/L (n = 5, range = 6.7-9.5 mg/L) with a percent saturation mean of 97.35% (n = 2, range = 89.3-105.4%).  The means for pH and conductivity were 7.78 (n = 5, range 7.3-8.1) and 325.67 UMHOS/cm (n = 3, range = 271-353 UMHOS/cm) respectively.  Mean temperature was 21.56°C (n = 5, range = 19.4-24.6°C).  Transparency tube readings had a mean of 46 cm (n = 3, range = 36-53 cm) while the NTU mean was 14.33 (n = 4, range = 8.2-22.60).  The mean for total suspended solids was 17.2 mg/L (n = 5, range = 7-51 mg/L).  A secchi disk reading was also taken on two dates with readings of 0.4 m and 0.5 m. 
The Amnicon River had a mean phosphorus value of 0.046 mg/L (n = 3, range = 0.043-0.049 mg/L).  Only one sample had a detectible amount of NO2+NO3 with a value of 0.035 mg/L.  Kjeldahl Total had a mean value of 0.0923 mg/L (n = 3, range = 0.55-1.06 mg/L) and NO2+NO3 was not detected in any of the three samples.  The mean for total suspended solids was 7 mg/L (n = 3, range = 4-7 mg/L).  The mean for NTU’s was 13.27 (n = 3, range = 11.5-14.2) and the mean for secchi disk was 0.6 cm (n =2, range 0.6-0.6 cm).  Two transparency tubes were also collected with values of 60 cm and 62 cm.  The mean temperature was 22.8°C (n = 3, range = 18.2-27.0°C) and the mean pH was 7.2 (n = 3, range = 7.1-7.3).  The mean dissolved oxygen concentration recorded was 6.5 mg/L (n = 3, range = 6.0-7.5 mg/L).  No conductivity data was recorded.  
Only one water sample was collected at the Loonsfoot Landing site.  The nutrient values were 0.034 mg/L for phosphorus, 0.48 mg/L for Kjeldahl Total and 0.093 mg/L for NO2+NO3.  Turbidity data was 4 for total suspended solids, 5.5 NTU’s and 1 m for secchi disk.  Field parameters consisted of 18.6°C, a pH of 8.4 and 6.5 mg/L for dissolved oxygen concentration.  

DISCUSSION

The main water quality concerns in the St. Louis AOC are phosphorus levels and turbidity due to suspended clay sediments entering via runoff.  According to the recently enacted “phosphorus rule” in NR 102, large rivers such as the St. Louis River are required to have total phosphorus levels less than 0.100 mg/L and smaller streams such as the other tributaries in the AOC should have less than 0.075 mg/L.  Phosphorus, conductivity and turbidity values fluctuated depending on the area sampled while other parameters such as dissolved oxygen concentration, pH, and temperature had very little variation between sites or sampling events.   

Only one water sample was taken at the Loonfoot Landing site.  This sample had the lowest recorded phosphorus value (P = 0.034) and the highest secchi disk reading (1 m).  Due to the small sample size (n = 1), it will be excluded from the following generalizations and trends.  
Water quality in Hog Island Inlet seems to be consistent with other areas of the St. Louis River AOC.  In fact, Hog Island Inlet (P = 0.07, n = 5) actually had a lower phosphorus concentration than Pokegama Bay (P = 0.93 mg/L, n = 6) (Appendix, Table 12).  This is interesting because of the high levels of phosphorus documented in Newton Creek (P = 0.24 mg/L, n = 23) (Unpublished WDNR data, SWIMS database) and raises the question of how much phosphorus is coming in via Pokegama River.  The mean conductivity value (C = 326 UMHOS/cm, n = 3) was the highest recorded at any site (Appendix, Table 14).  Turbidity is also a factor in Hog Island Inlet, and this is due to the influx of suspended clay sediments from runoff events (Appendix, Table 13).  Overall, there were no recorded water quality values in Hog Island Inlet to cause concern for the biological community.  
Allouez Bay had the lowest recorded phosphorus levels (P = 0.42 mg/L, n = 9) of all of the areas sampled.  Conductivity was also the lowest recorded at 168 UMHOS/cm (n = 3)  Allouez Bay also had the highest secchi disk reading (SD = 0.63 m, n = 9) of all of the areas sampled.  All other field parameters were well within acceptable limits and overall the water quality in Allouez Bay was excellent.  

Pokegama Bay had the highest measured phosphorus levels (P = 0.093 mg/L, n = 6) of all of the areas sampled.  One hypothesis to explain the high levels of phosphorus is there is a low amount of mixing taking place with the St. Louis River since Pokegama Bay is quite sheltered and secluded.  Another hypothesis is the Pokegama River is bringing in elevated levels of phosphorus due to land use issues up stream such as agriculture as well as the waste water treatment plant.  It is recommended that further sampling is continued up stream on the Pokegama River to identify the source of the phosphorus and the possible impairment of the Pokegama River.  
The Amnicon River’s mean phosphorus value of 0.046 mg/L (n = 3) was lower than all other areas but Allouez Bay.  The secchi disk reading there was also second highest only to Allouz Bay with a mean of 0.6 m (n = 2).
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APPENDIX 
	Table 1. Station list.

	Station
	WBIC
	SWIMS ID
	Latitude
	Longitude

	Allouez Bay

	AB-1
	2751220
	163221
	46.689438
	-91.99167

	AB-2
	2751220
	10028978
	46.68688
	-91.97759

	AB-3
	2751220
	10028979
	46.69956
	-92.00496

	MBC-1
	2834600
	10029156
	46.68248
	-91.99165

	Pokegama Bay

	PB-1
	2844000
	10028980
	46.68721
	-92.16406

	PB-2
	2844000
	10028981
	46.68536
	-92.15749

	PB-3
	2844000
	10028982
	46.67952
	-92.16707

	Hog Island Inlet

	Super Har Hi-10
	2751220
	163258
	46.70513
	-92.04089

	Amnicon River

	AR-1
	2848900
	10019067
	46.685513
	-91.86386

	Loonsfoot Landing

	SHLF-1
	2751220
	10029157
	46.7022
	-92.0347


	Table 2. State lab of hygiene detection levels.

	Parameters
	LOD
	LOQ
	Units

	Chlorophyll A, Flourescence
	0.26
	0.87
	ug/L

	Nitrogen Kjeldahl Total
	0.14
	0.4
	mg/L

	Nitrogen NH3-N DISS
	0.015
	0.048
	mg/L

	Nitrogen NO3+NO2 DISS (As N)
	0.019
	0.061
	mg/L

	Phosphorus Total
	0.0005
	0.016
	mg/L

	Total Suspended Solids
	2
	7
	mg/L


	Table 3. Hog Island Inlet plant community 2008-2010.

	2008

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Slender naiad
	Najas flexilis
	63.6

	White water lily
	Nymphaea odorata
	18.2

	Arum-leaved arrowhead
	Sagittaria cuneata
	9.1

	Common arrowhead
	Sagittaria latifolia
	9.1

	Visually observed species

	Purple loosetrife
	Lythrum salicaria
	 

	Reed canary grass
	Phalaris arundinacea
	 

	River bulrush
	Bolboschoenus fluviatilis
	 

	Swamp dock
	Rumex verticillatus
	 

	Fowl bluegrass
	Poa palustris
	 

	Short-stemmed bur-reed
	Sparganium emersum
	 

	Clasping-leaf pondweed
	Potamogeton richardsonii
	 

	Broad-leaved cattail
	Typha latifolia
	 

	Filamentous algae
	 
	 

	2010

	River bulrush
	Bolboschoenus fluviatilis
	 

	Common waterweed
	Elodea canadensis
	53.2

	Eurasian water-milfoil
	Myriophyllum spicatum
	35.5

	White water lily
	Nymphaea odorata
	4.8

	Wild celery
	Vallisneria americana
	3.2

	Sago pondweed
	Stuckenia pectinata
	1.6

	Water net algae
	Hydrodictyon sp.
	1.6

	Visually observed species

	Nitella
	Nitella sp.
	 

	Ribbon-leaf pondweed
	Potamogeton epihydrus
	 

	Leafy pondweed
	Potamogeton foliosus
	 

	Clasping-leaf pondweed
	Potamogeton richardsonii
	 

	Arum-leaved arrowhead
	Sagittaria cuneata
	 

	Small duckweed
	Lemna minor
	 

	Long-leaf pondweed
	Potamogeton nodosus
	 

	Flat-stem pondweed
	Potamogeton zosteriformis
	 

	Common arrowhead
	Sagittaria latifolia
	 

	Filamentous algae
	 
	 


	Table 4. Allouez Bay plant community 2008.

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Clasping-leaf pondweed
	Potamogeton richardsonii
	34.8

	Wild celery
	Vallisneria americana
	23.4

	Floating-leaf bur-reed
	Sparganium fluctuans
	7.1

	Northern water-milfoil
	Myriophyllum sibiricum
	3.5

	Small pond lily
	Nuphar microphylla
	3.5

	Short-stemmed bur-reed
	Sparganium emersum
	3.5

	Sago pondweed
	Stuckenia pectinata
	2.8

	Common bladderwort
	Utricularia vulgaris
	2.8

	Slender naiad
	Najas flexilis
	2.1

	White water lily
	Nymphaea odorata
	2.1

	Stonewort
	Nitella hyalina
	2.1

	Coontail
	Ceratophyllum demersum
	2.1

	Water marigold
	Bidens beckii
	2.1

	Common arrowhead
	Sagittaria latifolia
	1.4

	Soft-stem bulrush
	Schoenoplectus tabernaemontani
	1.4

	Creeping spikerush
	Eleocharis palustris
	1.4

	Spatterdock
	Nuphar variegata
	1.4

	Fries' pondweed
	Potamogeton friesii
	0.7

	Small pondweed
	Potamogeton pusillus
	0.7

	Floating-leaf pondweed
	Potamogeton natans
	0.7

	Filamentous algae
	 
	 

	Visually observed species

	River bulrush
	Bolboschoenus fluviatilis
	 

	Flat-stem pondweed
	Potamogeton zosteriformis
	 

	Ribbon-leaf pondweed
	Potamogeton epihydrus
	 

	Leafy pondweed
	Potamogeton foliosus
	 

	Spiral-fruited pondweed
	Potamogeton spirillus
	 

	Broad-leaved cattail
	Typha latifolia
	 

	Northern wild rice
	Zizania palustris
	 


	Table 5. Pokegama Bay plant community 2009.

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Wild celery
	Vallisneria americana
	25

	Slender naiad
	Najas flexilis
	16.3

	Coontail
	Ceratophyllum demersum
	16.3

	Clasping-leaf pondweed
	Potamogeton richardsonii
	7.5

	Sessile-fruited arrowhead
	Sagittaria rigida
	4.4

	Soft-stem bulrush
	Schoenoplectus tabernaemontani
	3.8

	Common arrowhead
	Sagittaria latifolia
	3.1

	American bur-reed
	Sparganium americanum
	3.1

	Small bur-reed
	Sparganium natans
	2.5

	Flat-stem pondweed
	Potamogeton zosteriformis
	2.5

	Stonewort
	Nitella sp.
	1.9

	Floating-leaf pondweed
	Potamogeton natans
	1.9

	Spiral-fruited pondweed
	Potamogeton spirillus
	1.3

	Spatterdock
	Nuphar variegata
	1.3

	Small pondweed
	Potamogeton pusillus
	1.3

	Common waterweed
	Elodea canadensis
	1.3

	Common bur-reed
	Sparganium eurycarpum,
	1.3

	Broad-leaved cattail
	Typha latifolia
	1.3

	Common bladderwort
	Utricularia vulgaris
	0.6

	White water lily ssp.
	Nymphaea tuberosa
	0.6

	White water lily
	Nymphaea odorata
	0.6

	Soft rush
	Juncus effusus
	0.6

	Mana grass
	Glyceria grandis
	0.6

	Long-leaf pondweed
	Potamogeton nodosus
	0.6

	Fries' pondweed
	Potamogeton friesii
	0.6

	Filamentous algae
	 
	 

	Visually observed species

	Blue-joint grass
	Calamagrostis canadensis
	 

	Bottlerush sedge
	Carex hystericina
	 

	Hairy sedge
	Carex lucustris
	 

	Creeping spikerush
	Eleocharis palustris
	 

	Purple Loosestrife
	Lythrum salicaria
	 

	Northern water-milfoil
	Myriophyllum sibiricum
	 

	Small pond lily
	Nuphar microphylla
	 

	Reed canary grass
	Phalaris arundinacea
	 

	Ribbon-leaf pondweed
	Potamogeton epihydrus
	 

	Hard-stem bulrush
	Schoenoplectus acutus
	 

	Green bulrush
	Scirpus altrovirens
	 

	Panicled bulrush
	Scirpus microcarpus
	 

	Large duckweed
	Spirodela polyrhiza
	 

	Narrow-leaved cattail
	Typha angustifolia
	 

	Stinging nettle
	Utrica dioica
	 

	Northern wild rice
	Zizania palustris
	 

	Table 6. Pokegama River plant community 2009.

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Sessile-fruited arrowhead
	Sagittaria rigida
	20.3

	Coontail
	Ceratophyllum demersum
	17.6

	Common bladderwort
	Utricularia vulgaris
	17.6

	Northern wild rice
	Zizania palustris
	17.6

	Clasping-leaf pondweed
	Potamogeton richardsonii
	5.4

	Stonewort
	Nitella sp.
	4.1

	Common bur-reed
	Sparganium eurycarpum
	4.1

	American bur-reed
	Sparganium americanum
	2.7

	Floating-leaf pondweed
	Potamogeton natans
	2.7

	Common arrowhead
	Sagittaria latifolia
	1.4

	Flat-stem pondweed
	Potamogeton zosteriformis
	1.4

	Spatterdock
	Nuphar variegata
	1.4

	Northern water-milfoil
	Myriophyllum sibiricum
	1.4

	Torrey's bulrush
	Schoenoplectus torreyi
	1.4

	Long-leaf pondweed
	Potamogeton nodosus
	1.4

	Visually observed species

	Northern water-plantain
	Alisa triviale
	 

	Common water-starwort
	Callitriche palustris
	 

	Sedge family
	Carex sp.
	 

	Northwest Territory sedge
	Carex utriculata
	 

	Spikerush
	Eleocharis sp.
	 

	Willowherb
	Epilobium sp.
	 

	Water horsetail
	Equisetum fluviatile
	 

	Brown-fruited rush
	Juncus pelocarpus
	 

	Small duckweed
	Lemna minor
	 

	Purple loosestrife
	Lythrum salicaria
	 

	Water forget-me-not
	Myosotis scorpioides
	 

	White water lily
	Nymphaea odorata
	 

	Reed canary grass
	Phalaris arundinacea
	 

	Ribbon-leaf pondweed
	Potamogeton epihydrus
	 

	Spiral-fruited pondweed
	Potamogeton spirillus
	 

	Soft-stem bulrush
	Schoenoplectus tabernaemontani
	 

	Large duckweed
	Spirodela polyrhiza
	 

	Narrow-leaved cattail
	Typha angustifolia
	 

	Broad-leaved cattail
	Typha latifolia
	 

	Wild celery
	Vallisneria americana
	 


	Table 7. Weasel Bay plant community 2009.

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Wild celery
	Vallisneria americana
	26.7

	Coontail
	Ceratophyllum demersum
	12.9

	Northern water-milfoil
	Myriophyllum sibiricum
	11

	Water star-grass
	Zosterella dubia
	9.4

	Common waterweed
	Elodea canadensis
	8.2

	Water marigold
	Bidens beckii
	6.7

	Clasping-leaf pondweed
	Potamogeton richardsonii
	4.3

	Sessile-fruited arrowhead
	Sagittaria rigida
	3.9

	Slender naiad
	Najas flexilis
	3.5

	Floating-leaf bur-reed
	Sparganium fluctuans
	2.7

	American bur-reed
	Sparganium americanum
	2.4

	Floating-leaf pondweed
	Potamogeton natans
	2

	Common bladderwort
	Utricularia vulgaris
	2

	Spatterdock
	Nuphar variegata
	1.6

	Three-square bulrush
	Schoenoplectus pungens
	0.8

	White water lily
	Nymphaea odorata
	0.4

	Water bulrush
	Schoenoplectus subterminalis
	0.4

	Soft-stem bulrush
	Schoenoplectus tabernaemontani
	0.4

	Long-leaf pondweed
	Potamogeton nodosus
	0.4

	Forked duckweed
	Lemana trisulca
	0.4

	Filamentous algae
	 
	 

	Visually observed species

	Needle spikerush
	Eleocharis acicularis
	 

	Creeping spikerush
	Eleocharis palustris
	 

	Small duckweed
	Lemna minor
	 

	Stonewort
	Nitella sp.
	 

	Small pondweed
	Potamogeton pusillus
	 

	Spiral-fruited pondweed
	Potamogeton spirillus
	 

	Large duckweed
	Spirodela polyrhiza
	 

	Northern wild rice
	Zizania palustris
	 


	Table 8. Amnicon River mouth plant community 2009.

	Common Name
	Scientific Name
	Relative Frequency (%) (from rake)

	
	
	

	Common bur-reed
	Sparganium eurycarpum
	17.4

	Clasping-leaf pondweed
	Potamogeton richardsonii
	15.9

	Sessile-fruited arrowhead
	Sagittaria rigida
	10.1

	Northern water-milfoil
	Myriophyllum sibiricum
	7.2

	Common bladderwort
	Utricularia vulgaris
	7.2

	Soft-stem bulrush
	Schoenoplectus tabernaemontani
	5.8

	Floating-leaf bur-reed
	Sparganium fluctuans
	5.8

	Coontail
	Ceratophyllum demersum
	4.3

	Creeping spikerush
	Eleocharis palustris
	4.3

	Flat-stem pondweed
	Potamogeton zosteriformis
	4.3

	Floating-leaf pondweed
	Potamogeton natans
	4.3

	Water marigold
	Bidens beckii
	4.3

	Spatterdock
	Nuphar variegata
	2.9

	Broad-leaved cattail
	Typha latifolia
	2.9

	Wild celery
	Vallisneria americana
	1.4

	Water horsetail
	Equisetum fluviatile
	1.4

	Filamentous algae
	 
	 

	Visually observed species

	Swamp milkweed
	Asclepias incarnata
	 

	Hairy sedge
	Carex lucustris
	 

	Northwest Territory sedge
	Carex utriculata
	 

	Blue-joint grass
	Calamagrostis canadensis
	 

	Joe-pye weed
	Eupatorium maculatum
	 

	American manna grass
	Glyceria grandis
	 

	Purple loosestrife
	Lythrum salicaria
	 

	Allegheny monkeyflower
	Mimulus ringen
	 

	Reed canary grass
	Phalaris arundinacea
	 

	Algal-leaved pondweed
	Potamogeton confervoides
	 

	Ribbon-leaf pondweed
	Potamogeton epihydrus
	 

	Pennsylvania buttercup
	Ranunculus pensylvanicus
	 

	Common arrowhead
	Sagittaria latifolia
	 

	Wool grass
	Scirpus cyperinus
	 

	Smooth hedgenettle
	Stachys tenuifolia
	 

	Blue vervain
	Verbana hastata
	 

	Northern wild rice
	Zizania palustris
	 


	Table 9.  IBI scores (Uzarski et el 2004) 

	 
	Wet Meadow
	Inner Scirpus
	Outer Scirpus

	Allouez Bay 8/26/2008
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Metric
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2

	Odonata taxa richness
	5
	3
	3
	1
	5
	7
	5
	7
	1
	1
	3
	1

	Relative abundance Odonata
	5
	3
	3
	1
	5
	7
	3
	5
	1
	1
	3
	1

	Crustacea + Mollusca taxa richness
	3
	3
	3
	3
	7
	7
	5
	5
	7
	7
	3
	7

	Total Genera richness
	5
	5
	3
	3
	7
	7
	5
	5
	5
	5
	3
	5

	Relative abundance Gastropoda
	3
	5
	5
	5
	7
	7
	7
	7
	7
	7
	7
	7

	Relative abundance Sphaeriidae
	1
	1
	1
	1
	1
	3
	1
	1
	1
	1
	1
	1

	Evenness
	5
	3
	3
	3
	7
	7
	3
	3
	5
	5
	3
	3

	Shannon diversity index
	5
	3
	3
	3
	5
	5
	5
	5
	5
	5
	3
	5

	Simpson index
	5
	3
	3
	1
	5
	5
	3
	3
	5
	3
	1
	3

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	3
	3
	5
	3
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	5
	5
	5
	5
	5
	5
	5
	5

	Relative abundance Isopoda
	-
	-
	-
	-
	3
	3
	5
	3
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	5
	5
	3
	5

	Total
	37
	29
	27
	21
	60
	66
	52
	52
	47
	45
	35
	43

	Pokegama Bay 8/21/2008

	Odonata taxa richness
	1
	1
	1
	1
	7
	7
	7
	7
	3
	7
	7
	5

	Relative abundance Odonata
	1
	1
	1
	1
	7
	7
	7
	7
	7
	7
	7
	7

	Crustacea + Mollusca taxa richness
	5
	5
	3
	5
	5
	7
	7
	7
	7
	7
	5
	7

	Total Genera richness
	5
	5
	5
	5
	7
	7
	7
	7
	7
	7
	7
	7

	Relative abundance Gastropoda
	5
	5
	3
	3
	7
	7
	7
	5
	7
	7
	3
	5

	Relative abundance Sphaeriidae
	1
	1
	1
	3
	1
	1
	3
	1
	1
	5
	1
	1

	Evenness
	3
	5
	3
	3
	5
	5
	5
	5
	3
	3
	7
	7

	Shannon diversity index
	5
	5
	3
	3
	5
	5
	5
	5
	3
	3
	5
	5

	Simpson index
	3
	5
	3
	1
	5
	5
	5
	5
	3
	3
	5
	5

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	3
	3
	3
	3
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	5
	5
	5
	5
	5
	5
	5
	5

	Relative abundance Isopoda
	-
	-
	-
	-
	3
	5
	5
	3
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	5
	5
	5
	5

	Total
	29
	33
	23
	25
	60
	64
	66
	60
	51
	59
	57
	59

	Amnicon River 8/27/2008

	Odonata taxa richness
	3
	3
	-
	-
	5
	5
	-
	-
	7
	7
	-
	-

	Relative abundance Odonata
	5
	5
	-
	-
	7
	7
	-
	-
	7
	7
	-
	-

	Crustacea + Mollusca taxa richness
	5
	5
	-
	-
	7
	5
	-
	-
	7
	7
	-
	-

	Total Genera richness
	5
	5
	-
	-
	7
	7
	-
	-
	7
	7
	-
	-

	Relative abundance Gastropoda
	3
	3
	-
	-
	7
	7
	-
	-
	3
	3
	-
	-

	Relative abundance Sphaeriidae
	1
	1
	-
	-
	1
	3
	-
	-
	3
	5
	-
	-

	Evenness
	5
	5
	-
	-
	3
	5
	-
	-
	5
	5
	-
	-

	Shannon diversity index
	5
	5
	-
	-
	5
	5
	-
	-
	5
	5
	-
	-

	Simpson index
	5
	5
	-
	-
	3
	5
	-
	-
	5
	5
	-
	-

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	3
	5
	-
	-
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	5
	5
	-
	-
	5
	5
	-
	-

	Relative abundance Isopoda
	-
	-
	-
	-
	3
	3
	-
	-
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	5
	5
	-
	-

	Total
	37
	37
	-
	-
	56
	62
	-
	-
	59
	61
	-
	-

	Table 10.  Uzarski et el sampling IBI scores (raw data).  

	 
	Wet Meadow
	Inner Scirpus
	Outer Scirpus

	Allouez Bay 8/26/2008
	Site 1
	Site 2
	Site 1
	Site 2
	Site 1
	Site 2

	Metric
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2
	Rep 1
	Rep 2

	Odonata taxa richness
	4
	2
	2
	0
	2
	3
	1
	3
	0
	0
	1
	0

	Relative abundance Odonata
	5.4
	2.1
	1.3
	0
	3.1
	8.8
	1.4
	2.2
	0
	0
	0.6
	0

	Crustacea + Mollusca taxa richness
	6
	6
	6
	4
	8
	9
	4
	4
	7
	6
	4
	6

	Total Genera richness
	28
	20
	14
	11
	23
	28
	14
	14
	17
	16
	11
	16

	Relative abundance Gastropoda
	20.16
	60.1
	52.5
	83.9
	43.8
	43.9
	19.2
	14
	32.2
	54.2
	77.2
	57.5

	Relative abundance Sphaeriidae
	0
	0
	0
	0
	0
	0.5
	0
	0
	0
	0
	0
	0

	Evenness
	0.7391
	0.6545
	0.6497
	0.5299
	0.8261
	0.8334
	0.6375
	0.6532
	0.7932
	0.7039
	0.423
	0.6082

	Shannon diversity index
	1.0696
	0.8659
	0.7447
	0.5718
	1.125
	1.2187
	0.7306
	0.7895
	1.0021
	0.8836
	0.4405
	0.7324

	Simpson index
	0.1258
	0.2481
	0.2697
	0.4389
	0.0968
	0.0752
	0.2524
	0.254
	0.1226
	0.2107
	0.5477
	0.2992

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	2
	0
	4
	1
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	67.5
	53.2
	80.1
	67.6
	48.8
	66.3
	88.9
	77.6

	Relative abundance Isopoda
	-
	-
	-
	-
	4.1
	2.9
	19.2
	8.1
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	13
	14
	10
	15

	Pokegama Bay 8/21/2008

	Odonata taxa richness
	0
	0
	0
	0
	5
	4
	4
	4
	1
	3
	3
	2

	Relative abundance Odonata
	0
	0
	0
	0
	24.6
	26.4
	19.7
	26.9
	3.6
	9.9
	8.8
	5.7

	Crustacea + Mollusca taxa richness
	10
	7
	6
	7
	5
	7
	7
	8
	7
	7
	5
	6

	Total Genera richness
	24
	20
	23
	22
	24
	28
	30
	31
	22
	24
	24
	28

	Relative abundance Gastropoda
	46.9
	41.5
	15.3
	17.8
	5.3
	11.1
	7.5
	3.6
	7.7
	10.6
	1.3
	5.1

	Relative abundance Sphaeriidae
	0
	0
	0
	0.6
	0
	0
	0.6
	0
	0
	0.6
	0
	0

	Evenness
	0.685
	0.7418
	0.6365
	0.5919
	0.7942
	0.7833
	0.8782
	0.8206
	0.669
	0.6501
	0.8021
	0.7663

	Shannon diversity index
	0.9693
	0.9809
	0.8667
	0.7845
	1.1102
	1.1455
	1.3336
	1.2567
	0.8981
	0.8973
	1.1349
	1.1428

	Simpson index
	0.1785
	0.147
	0.297
	0.3347
	0.1111
	0.1041
	0.0573
	0.0753
	0.2642
	0.2467
	0.1106
	0.1232

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	2
	1
	3
	1
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	36.3
	45.2
	42.8
	31.6
	63.3
	62.1
	49.7
	54.5

	Relative abundance Isopoda
	-
	-
	-
	-
	4.7
	14.9
	15.6
	6.2
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	20
	22
	21
	23

	Amnicon River 8/27/2008

	Odonata taxa richness
	2
	3
	-
	-
	1
	2
	-
	-
	3
	4
	-
	-

	Relative abundance Odonata
	5.1
	9.3
	-
	-
	9.7
	11.7
	-
	-
	14
	22
	-
	-

	Crustacea + Mollusca taxa richness
	9
	9
	-
	-
	9
	6
	-
	-
	7
	6
	-
	-

	Total Genera richness
	31
	29
	-
	-
	27
	28
	-
	-
	25
	27
	-
	-

	Relative abundance Gastropoda
	16.85
	17.4
	-
	-
	17.1
	10.7
	-
	-
	29.5
	24.4
	-
	-

	Relative abundance Sphaeriidae
	0
	0
	-
	-
	0
	0.5
	-
	-
	0.5
	2.4
	-
	-

	Evenness
	0.8545
	0.8745
	-
	-
	0.6992
	0.7476
	-
	-
	0.7736
	0.8127
	-
	-

	Shannon diversity index
	1.2861
	1.3163
	-
	-
	1.0008
	1.0819
	-
	-
	1.1314
	1.2341
	-
	-

	Simpson index
	0.0661
	0.0647
	-
	-
	0.1748
	0.1438
	-
	-
	0.1215
	0.0863
	-
	-

	Ephemeroptera + Trichoptera taxa richness
	-
	-
	-
	-
	2
	4
	-
	-
	-
	-
	-
	-

	Relative abundance Crustacea + Mollusca
	-
	-
	-
	-
	54.2
	45.2
	-
	-
	43.5
	41.7
	-
	-

	Relative abundance Isopoda
	-
	-
	-
	-
	2.3
	3
	-
	-
	-
	-
	-
	-

	Total number of families
	-
	-
	-
	-
	-
	-
	-
	-
	23
	24
	-
	-


	Table 11.  Fish catch summary results in Hog Island Inlet and Loon's Foot Landing.

	Common Name
	Scientific Name
	2004
	2008
	2010
	Total Sampled

	Hog Island Inlet (2 Nets)
	
	
	
	
	 

	Black Bullhead
	Ameiurus melas
	4972
	252
	75
	5299

	Black Crappie
	Pomoxis nigromaculatus
	
	3
	226
	229

	Bluntnose Minnow
	Pimephales notatus
	
	1
	
	1

	Brook Silverside
	Labidesthes sicculus
	
	1
	
	1

	Common Carp
	Cyprinus carpio
	13
	
	17
	30

	Common Shiner
	Luxilus cornutus
	10
	7
	8
	25

	Emerald Shiner
	Notropis atherinoides
	27
	7
	
	34

	Eurasian Ruffe
	Gymnocephalus cernuus
	
	6
	1
	7

	Golden Shiner
	Notemigonus crysoleucas
	17
	56
	17
	90

	Hornyhead Chub
	Nocomis biguttatus
	2
	2
	
	4

	Log Perch
	Percina caprodes
	
	
	2
	2

	Pumpkinseed
	Lepomis gibbosus
	
	3
	93
	96

	Pumpkinseed X Bluegill*
	Lepomis gibbosus x L. macrochirus
	40
	322
	1770
	2132

	Rock Bass
	Ambloplites rupestris
	2
	6
	10
	18

	Round Goby
	Neogobius malanostomus
	
	1
	1
	2

	Spottail Shiner
	Notropis hudsonius
	
	31
	1
	32

	Trout Perch
	Percopsidae omiscomaycus
	
	1
	
	1

	Tubenose Goby
	Proterorhinus marmoratus
	
	
	2
	2

	White Perch
	Morone americana
	
	
	1
	1

	White Sucker
	Catostomus commersonii
	3
	
	1
	4

	Yellow Perch
	Perca flavescens
	
	8
	25
	33

	Overall total
	5086
	707
	2250
	8043

	Number of species sampled
	9
	16
	16
	21

	Loonsfoot Landing (1 Net)
	
	
	
	 

	Black Bullhead
	Ameiurus melas
	279
	
	
	279

	Black Crappie
	Pomoxis nigromaculatus
	3
	
	2
	5

	Common Carp
	Cyprinus carpio
	4
	
	2
	6

	Common Shiner
	Luxilus cornutus
	
	
	43
	43

	Creek Chub
	Semotilus atromaculatus
	
	
	1
	1

	Emerald Shiner
	Notropis atherinoides
	
	
	
	 

	Golden Shiner
	Notemigonus crysoleucas
	
	
	21
	21

	Hornyhead Chub
	Nocomis biguttatus
	
	
	2
	2

	Johnny Darter
	Etheostoma nigrum
	
	1
	
	1

	Pumpkinseed
	Lepomis gibbosus
	
	
	96
	96

	Pumpkinseed X Bluegill*
	Lepomis gibbosus x L. macrochirus
	63
	5
	1297
	1365

	Rock Bass
	Ambloplites rupestris
	9
	
	5
	14

	Spottail Shiner
	Notropis hudsonius
	
	
	6
	6

	Tubenose Goby
	Proterorhinus marmoratus
	2
	
	
	2

	White Sucker
	Catostomus commersonii
	
	
	
	 

	Overall total
	360
	6**
	1475
	1835

	Number of species sampled
	6
	2**
	10
	15

	*Young-of-year fish too small to make species-ID determination on each fish individually, therefore identified as hybrids. 

	**Net set in Loonsfoot Landing in 2008 was not effective because a large hole occurred while set overnight before retrieval.


	Table 12. St Louis AOC nutrient water quality data.

	Station 
	Date
	Tot.-Phosphorus
	Nitrogen

	Allouez Bay
	
	(mg/L)
	NH3 N Diss (mg/L)
	Kjeldahl Total (mg/L)
	NO2+NO3 (mg/L)

	AB-1
	07/07/2008
	0.051
	0.024
	0.88
	0.145

	AB-1
	08/05/2008
	0.036
	ND
	0.51
	ND

	AB-1
	09/05/2008
	0.040
	ND
	0.51
	0.029

	AB-2
	07/07/2008
	0.060
	ND
	0.99
	0.032

	AB-2
	08/05/2008
	0.048
	ND
	0.68
	ND

	AB-3
	07/07/2008
	0.039
	0.026
	0.64
	0.173

	AB-3
	08/05/2208
	0.032
	ND
	0.53
	0.040

	AB-3
	09/05/2008
	0.031
	ND
	0.42
	0.127

	MBC-1
	09/05/2008
	0.041
	ND
	0.55
	ND

	Mean total
	0.042
	0.025
	0.634
	0.091

	Pokegama Bay

	PB-1
	07/07/2008
	0.101
	0.034
	1.06
	0.056

	PB-1
	08/19/2008
	0.082
	ND
	0.9
	ND

	PB-2
	07/07/2008
	0.115
	0.016
	1.21
	ND

	PB-2
	08/19/2008
	0.085
	ND
	0.94
	ND

	PB-3
	07/07/2008
	0.094
	0.020
	1.09
	0.019

	PB-3
	08/19/2008
	0.083
	ND
	0.95
	ND

	Mean total
	0.093
	0.023
	1.027
	0.038

	Hog Island Inlet

	Super Har Hi10
	07/01/2008
	0.079
	0.151
	1.13
	0.255

	Super Har Hi10
	08/05/2008
	0.05
	 
	0.62
	0.11

	Super Har Hi10
	08/29/2008
	0.113
	0.052
	0.93
	0.37

	Super Har Hi10
	06/24/2009
	0.053
	0.02
	1.04
	1.51

	Super Har Hi10
	08/18/2009
	0.069
	0.02
	0.51
	0.666

	Mean total
	0.07
	0.06
	0.85
	0.58

	Amnicon River 

	AR-1
	06/30/2008
	0.043
	0.035
	1.06
	ND

	AMNR-1
	08/05/2008
	0.047
	ND
	0.86
	ND

	AR-1
	09/05/2008
	0.049
	ND
	0.55
	ND

	Mean total
	0.046
	0.035
	0.823
	ND

	Loonsfoot Landing

	SHLF-1
	09/05/2008
	0.034
	ND
	0.48
	0.093


	Table 13. St. Louis AOC Turbidity data.
	 

	Station 
	Date
	TSS (mg/L)
	NTU
	Secchi (m)
	T-tube

	Allouez Bay
	
	
	
	
	cm

	AB-1
	07/07/2008
	5
	33.7
	0.3
	 

	AB-1
	08/05/2008
	5
	10.9
	1.0
	 

	AB-1
	09/05/2008
	5
	16.6
	0.7
	 

	AB-2
	07/07/2008
	6
	41.8
	0.4
	 

	AB-2
	08/05/2008
	15
	16.9
	0.8
	 

	AB-3
	07/07/2008
	6
	36.3
	0.7
	 

	AB-3
	08/05/2208
	5
	9.5
	0.7
	 

	AB-3
	09/05/2008
	9
	11.0
	0.6
	 

	MBC-1
	09/05/2008
	3
	14.1
	0.5
	 

	Mean values
	6.6
	21.2
	0.63
	 

	Pokegama Bay
	 

	PB-1
	07/07/2008
	5
	38.4
	0.4
	 

	PB-1
	08/19/2008
	6
	 
	0.5
	 

	PB-2
	07/07/2008
	10
	54.3
	0.3
	 

	PB-2
	08/19/2008
	8
	 
	0.5
	 

	PB-3
	07/07/2008
	6
	42.3
	0.4
	 

	PB-3
	08/19/2008
	8
	 
	0.6
	 

	Mean values
	7.2
	45.0
	0.45
	 

	Hog Island Inlet
	 

	Super Har Hi10
	07/01/2008
	12
	22.6
	0.4
	36

	Super Har Hi10
	08/05/2008
	7
	8.2
	0.5
	 

	Super Har Hi10
	08/29/2008
	6
	13.5
	 
	49

	Super Har Hi10
	06/24/2009
	10
	13
	 
	53

	Super Har Hi10
	08/18/2009
	51
	 
	 
	 

	Mean values
	17.2
	14.3
	0.45
	46

	Amnicon River
	 

	AR-1
	06/30/2008
	4
	11.5
	0.6
	60

	AMNR-1
	08/05/2008
	7
	14.1
	0.6
	 

	AR-1
	09/05/2008
	10
	14.2
	 
	62

	Mean values
	7
	13.27
	0.6
	61

	Loonsfoot Landing

	SHLF-1
	09/05/2008
	4
	5.5
	1
	 


	Table 14.  Field results for water quality data collected from St. Louis River AOC.

	Station 
	Date
	Temperature
	pH
	Dissolved Oxygen
	Conductivity

	Allouez Bay
	
	°C
	
	mg/L
	% Saturation 
	UMHOS/cm

	AB-1
	07/07/2008
	23.7
	7.6
	7.4
	 
	 

	AB-1
	08/05/2008
	24.7
	8.4
	8.2
	 
	 

	AB-1
	09/05/2008
	18.4
	7.8
	8.2
	 
	159

	AB-2
	07/07/2008
	24.4
	7.6
	6.9
	 
	 

	AB-2
	08/05/2008
	25.0
	8.4
	9.3
	 
	 

	AB-3
	07/07/2008
	20.9
	7.3
	7.6
	 
	 

	AB-3
	08/05/2208
	24.6
	7.4
	8.7
	 
	 

	AB-3
	09/05/2008
	18.0
	7.8
	8.9
	 
	162

	MBC-1
	09/05/2008
	17.9
	7.4
	8.9
	 
	184

	Mean values
	22.0
	7.7
	8.2
	 
	168

	Pokegama Bay

	PB-1
	07/07/2008
	24.6
	7.4
	6.6
	 
	 

	PB-1
	08/19/2008
	23.5
	7.6
	7.2
	 
	 

	PB-2
	07/07/2008
	24.7
	7.5
	7.0
	 
	 

	PB-2
	08/19/2008
	24.2
	7.5
	7.5
	 
	 

	PB-3
	07/07/2008
	26.0
	7.5
	7.0
	 
	 

	PB-3
	08/19/2008
	22.3
	7.5
	5.1
	 
	 

	Mean values
	24.2
	7.5
	6.7
	 
	 

	Hog Island Inlet

	Super Har Hi10
	07/01/2008
	22.9
	7.3
	6.7
	 
	 

	Super Har Hi10
	08/05/2008
	24.6
	8.1
	9.5
	 
	 

	Super Har Hi10
	08/29/2008
	19.4
	7.8
	8.4
	 
	271

	Super Har Hi10
	06/24/2009
	20.6
	7.6
	8
	89.3
	353

	Super Har Hi10
	08/18/2009
	20.3
	8.1
	9.5
	105.4
	353

	Mean values
	21.6
	7.8
	8.4
	97.4
	326

	Amnicon River

	AR-1
	06/30/2008
	23.1
	7.3
	7.5
	 
	 

	AMNR-1
	08/05/2008
	27.0
	7.1
	6.1
	 
	 

	AR-1
	09/05/2008
	18.2
	7.3
	6.0
	 
	 

	Mean values
	22.8
	7.2
	6.5
	 
	 

	Loonsfoot Landing

	SHLF-1
	09/05/2008
	18.6
	8.4
	10.6
	 
	186
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