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Introduction

The goal of this project was to assess the condition of three Lake Superior coastal wetland communities utilizing Great Lakes Coastal Wetland Consortium (GLCWC) protocols.  The water quality in three tributaries to these coastal wetlands was monitored and land cover characteristics within these watersheds were evaluated.  Changes in watershed land cover, specifically forest and impervious cover changes, is integrated into an overall evaluation of water quality in these watersheds.

Study Area Descriptions and Classifications

The estuary sites included in this study represent a range of conditions present in the Lake Superior basin.  GLCWC has developed a standard hydrogeomorphic classification scheme that we used to describe the three estuaries assessed during this project.  A list of the full Great Lakes Coastal Wetlands Classification can be seen in Appendix A.  The hydrologic classifications are lacustrine, riverine and barrier-protected system wetlands.  Within each of classifications they are further described based on geomorphic characteristics.  The three watersheds monitored during this project include Allouez Bay and Bear Creek within the City of Superior, Wisconsin; Lost Creek Bog and Lost Creek #1 and Sioux River Slough and the Sioux River, both in Bayfield County.  Maps of each of the wetlands and the GLCWC classifications and sampling locations are shown in Figures 1-3.  GLCWC classifies the wetlands in Allouez Bay as a lacustrine system: open shoreline (LOS) and lacustrine system: protected sand-spit embayment (LPS).  The Lost Creek Bog and Sioux River Slough have multiple classifications.  The Lost Creek Bog study area wetlands are classified as riverine system: open, drowned river-mouth (RRO).  Lost Creek Bog wetlands outside the study area are classified as lacustrine system: open shoreline (LOS) and barrier-enclosed system: successional barrier beach lagoon (BLS).  The Sioux River Slough study area wetland is classified as a barrier-enclosed system: beach lagoon (BL).  The Sioux River Slough wetland outside the study area is classified as a riverine system: barred, drowned river-mouth (RRB).
Methods

Coastal wetland sampling


Several of the Great Lakes Coastal Wetlands Consortium protocols were used to assess coastal ecosystem health during this project.  Invertebrate community and land cover indicators were utilized to assess the health of three coastal wetlands.  Basic chemical parameters were measured at the same time that the biological samples were collected.  Sampling was conducted during July and August of 2007 in each of the inundated plant zones in the coastal wetlands.  A description of GLCWC protocols for Invertebrate Community Indicator and Chemical/Physical and Land Use/Cover Measurements can be seen in Appendix B.

Water quality
Standard testing equipment was used to collect water quality data in the field at the same time the biological sampling was done.  Basic chemical data can be used as covariates to help account for any variability found during data analysis.  A multi-probe meter was used to collect water temperature, dissolved oxygen, pH and specific conductivity.  Alkalinity was measured using a Hach Limnology kit and turbidity was measured using a (120cm) transparency tube and/or a turbidimeter.  Additional water samples were collected for lab analysis which included total phosphorus, ammonium-N, nitrates/nitrite-N and chloride.  GPS coordinates for each sampling site were recorded at the time of collection.  All information was recorded in lab books.  Meters were calibrated in the lab prior to sampling.

Macroinvertebrate community
Macroinvertebrates were collected using standard 0.5-mm mesh D frame dip nets.  Three replicate samples were collected in distinct, inundated plant zone and 150 organisms per replicate were picked from the each sample, preserved in 70% ETOH and transported to the lab for identification.  Organisms were identified to the lowest operational taxonomic unit.  GLCWC formulas were used to calculate an index of biotic integrity (IBI) based on the plant zones sampled.  A full account of Invertebrate Community Indicator methods can be found in Appendix A.
Landscape analysis


The GLCWC protocol for Chemical/Physical and Land Use/Cover Measurements (Appendix B) was consulted to assess anthropogenic disturbance adjacent to the study wetlands.  We conducted a land cover analysis within each of the sub-watersheds.  The location and extent of young forest lands (0-16 years), open and agricultural lands, and impervious surfaces (roads and buildings) were digitized from 2008 aerial imagery.  Percentages for each land cover type were calculated for each sub-watershed.
Stream Sampling
Volunteer monitoring: Water Action Volunteer (WAV) protocol

Volunteers were recruited to monitor and one-on-one training was conducted at the stream site.  Two sites were monitored on each stream in addition to a reference site for a total of 9 monitoring sites.  Typically, water quality sampling was conducted monthly throughout the season (May-October).  WAV monitoring protocols were used except for the macroinvertebrates.  Water quality parameters of temperature, dissolved oxygen, transparency and stream discharge were measured monthly.  Physical habitat was evaluated once per season.  Water Action Volunteer standard methods can be viewed in detail on their website at http://watermonitoring.uwex.edu/wav/monitoring.  In fall of 2007 and spring of 2008, several parameters were also measured by LSRI staff using a multi-probe meter (dissolved oxygen and temperature) and a turbidimeter (turbidity) to compare to volunteer data.  The LSRI samples were taken alongside volunteers.

Macroinvertebrates were collected by staff at the reference sites and at each volunteer sampling station alongside the volunteers using Wisconsin Department of Natural Resources (WDNR) methods (Appendix C).  The WDNR protocols call for riffle sampling using 0.5mm D-frame nets.  More than 100 individual organisms per replicate are collected, preserved (80-85% ethanol) and transferred to UWS taxonomy lab for analysis.  Organisms were identified to the lowest functional taxonomic unit.  Hilsenhoff Biotic Indexes were calculated separately for each sample collected by both researchers and volunteers at each stream segment sampled.  These results will be used to assess volunteer ability to collect representative samples.

Results/Summary
Coastal wetland sampling (August 2007)

Water level conditions in Lake Superior were extremely low during the summer and fall of 2007.  The distinct plant zones – wet meadow, inner Scirpus and outer Scirpus - must be inundated at the time of sampling.  As a result of low water levels only two plant zones (inner and outer Scirpus zones) were sampled in Allouez Bay and Sioux River Slough.  A narrow wet meadow zone was inundated in the Lost Creek Bog and it was sampled along with the inner Scirpus zone.  The outer Scirpus zone was not sampled in Lost Creek Bog because it was not present.  Water quality parameters were also measured within each inundated plant zone.  A summary of the water quality and macroinvertebrate community data can be found in Table 2.  The taxonomic list of species collected from each estuary can be found in Appendix D.
Allouez Bay

The pH and specific conductivity values were adequate in both plant zones.  The DO in the outer zone was adequate (8.18 mg/l - 91% saturation).  The DO level measured in the inner Scirpus zone (5.2 mg/l - 57% saturation) was very low - the lowest recorded within the three estuaries sampled.  Turbidity was high (21-50 NTUs) compared to Lost and Sioux wetlands (<10 NTUs).  The GLCWC Index of Biotic Integrity (IBI) calculated for Allouez Bay was 88, which indicates a “moderately impacted wetland that shows few but obvious signs of anthropogenic disturbance”.


There are two main tributaries to Allouez Bay: Bear Creek and Bluff Creek.  The Nemadji River also influences the bay. Land cover descriptions for Bear and Bluff Creeks were completed for this project.  Observed disturbance at the sample sites included local roads and public turnouts adjacent to the sample area in Allouez Bay and an industrial development located across the bay.


The size of the Bear Creek watershed is 4,667 acres.  A total of 81 acres are classified as young forest (0-16 yr) and an additional 1169 acres are classified as open land which includes agricultural and residential.  When these two land cover categories (young forest and open land) are combined the total is 1,250 acres or 26.8 % of the watershed.  Total imperviousness for this watershed is 153 acres or 3.3 %.


The Allouez Bay watershed that includes Bear and Bluff Creeks as well as several small unnamed tributaries totals 20,618 acres.  The total amount of open land classification is 6,151 acres (1,409 young forest plus 4,742 agriculture and residential) which represents 29.8% of the watershed.  Total imperviousness was estimated to be 871     acres or 4.2% of the watershed.

Lost Creek Bog

Water quality measurements included high transparency (<10 NTUs in both plant zones) and adequate dissolved oxygen levels (8.77 mg/l - 107.8% saturation - 8.93mg/l - 108.4% saturation) as well as pH within the normal range (7.78-7.97).  The IBI was calculated to be 95, which indicates a “mildly impacted wetland community that is beginning to show signs indicative of anthropogenic disturbance”.


The Lost Creek watershed includes three streams:  Lost Creek #1, #2 and #3.  Observed disturbance at the site included local roads, residential development and a power line at Lost Creek Bog.  Downstream sections of the rivers and the entire estuary are a State Natural Area.  The Lost Creek watershed is 6,345 acres.  A total of 875 acres are young forest (0-16 yrs) and 332 acres are open land (agriculture, residential).  By combining the total acreage of young forest and open land categories we estimated the total amount of open land cover to be 1,207 acres, or 19% of the watershed.  The total amount of impervious surface in this watershed is 2.7%.
Sioux River Slough

Water quality values measured showed high transparency (<10 NTUs in both zones) and adequate dissolved oxygen values (9.3 mg/l: 101.1% saturation to10.5 mg/l: 119.1% saturation).  The pH was slightly alkaline (inner/8.9 and outer/8.3).  Specific conductivity (146.6 and 151) was similar to Lost Creek Bog and Allouez Bay.  The IBI was calculated to be 115, which indicates a “mildly impacted wetland community that is beginning to show signs indicative of anthropogenic disturbance”.

There are two major tributaries to the Sioux River: Fourmile Creek and Little Sioux River.  Observed disturbance at the sample sites included a state highway traversing the Sioux River Slough.  The total size of the watershed is 29,032 acres.  The total amount of young forest in the watershed is 3,911acres or 13%.  The residential and agricultural open land total is 2,843 acres, or 9.8%.  By combining the total acreage of young forest and open land categories we estimated the total amount of open land cover to be 6,754               acres, or 23.3% of the watershed.  Acreage of open land in each of the subwatersheds identified on the map has been calculated and ranges from 16.2% for the Little Sioux River to 28% for the Sioux River (see full report).  Impervious surface amounts in the subwatersheds range from 1.8% in the Little Sioux to 3.1% in Fourmile Creek.  Total imperviousness in the watershed is 2.6%.
Stream sampling

Twelve volunteers were recruited, trained and typically conducted monthly stream monitoring from 2007 through 2008.  During fall 2007 and spring 2008, LSRI staff sampled side-by-side with volunteers.  Water quality information collected in fall and spring is compiled in Table 3-5.  Bear Creek had adequate temperature and dissolved oxygen (DO) levels.  One sample with a DO below 8 mg/l indicates a mild production impairment to invertebrates (see http://waterontheweb.org/under/waterquality/ oxygen.html).  Turbidity levels were variable, ranging from 50 NTUs during the fall to over 240 NTUs during the summer.  These turbidity values indicate a range that can start to stress fish when present for hours at a time (see http://watermonitoring.uwex.edu/pdf/ level1/FactSeries-Turbidity.pdf).  HBI scores of 6.07 to 7.69 indicated fair to fairly poor conditions with significant organic pollution present.

Lost Creek and Sioux River water temperatures ranged from 48- 57o F and dissolved oxygen values ranged from 8.5-11.0 mg/l.  While these conditions would indicate that adult life stages of salmonids would not be impaired, larval and embryonic stages may be slightly impaired.  (See http://waterontheweb.org/under/ waterquality/oxygen.html).  The turbidity values on Lost Creek indicate excellent water quality (3.4 to 6.4 NTUs).  Turbidity values on the Sioux River varied from good (4.21 NTUs) to values that can start to stress fish if present for many hours (12.74 NTUs) or values that can have long-term impacts if present for weeks (120 NTUs).  (See http://watermonitoring.uwex.edu/ pdf/level1/FactSeries-Turbidity.pdf).  The HBI’s calculated for both streams ranged from good to excellent indicating no apparent or slight organic pollution present.  The taxonomic list of species collected from each site can be found in Appendix E.
Overall condition of each coastal wetland/watershed

The assessments of stream and estuary condition developed through this project are based on data collected over a relatively short time period and therefore represent an evaluation of current conditions.  As additional data is collected over multiple years we will be better able to understand how the changing land cover in each watershed is affecting water quality and habitat in the Lake Superior basin.  For this project, we measured percentage of forest cover, open land and impervious surfaces within each watershed as indicators of potential water quality impacts.  Studies conducted at both national (Center for Watershed Protection) and regional (ES Verry, Fitzpatrick) scales have demonstrated that impacts on water quality occur when the percentage of impervious surfaces in a subwatershed reaches 10% or when the percentage of open land, including young forest, reaches 60% of the subwatershed area.

The watersheds selected for this study represent a range of conditions present in the Lake Superior basin.  The Lost Creek and Sioux River watersheds are located in relatively undeveloped (forested) landscapes.  The Sioux River watershed includes county, state and federal forestland and while it is experiencing development pressures the current open lands and imperviousness remain low with 23% and 2.6%, respectively.  The Lost Creek watershed is currently 19% open land and large portions of these open lands are located in the headwaters of these three streams.  Bear Creek is a small watershed that becomes increasingly urban downstream as it enters the City of Superior.  The current level of open lands in upstream areas may be responsible for the “flashy” water flow conditions that accelerate stream channel erosion and contribute to sediment deposition downstream in Bear Creek and in Allouez Bay.  Identification of subwatersheds within each of these watersheds that are approaching the 10% impervious surface or 60% open land thresholds should be one of the first steps in prioritizing areas for implementation of best management practices.
Comparison of volunteer and professional HBI


A comparison of citizen volunteer and research staff macroinvertebrate data and calculation of HBI scores demonstrates that citizen volunteers can adequately collect samples that result in valid assessment of stream condition.  HBI scores did not differ significantly and HBI scores calculated from volunteer and researcher samples are similar for most of the sites (Tables 3-5).  Of seven samples compared, only two had different HBI scores: Lost Creek mid-stream samples (researcher: very good and volunteer: excellent) and Bear Creek downstream samples (researcher: fair and volunteer: fairly poor).  Based on our experience in training and sampling with the volunteers we feel with additional training in identification of stream microhabitats and closely timing the kicks that staff and volunteer samples will be closer in terms of numbers of individual species collected.  We also feel that focusing volunteer effort on collection and not taxonomy increased the interest level of the volunteers.  The taxonomists were able to identify organisms to a finer level resulting in more accurate HBI scores.

Dissemination of project information and outreach

Data obtained through this project is being transferred to several agencies for inclusion in relevant databases.  This includes WDNR (contact Nancy Larson), WAV state database (contact Kris Stepenuck), Douglas and Bayfield County Land Conservation Department (contacts: Christine Ostern and Butch Lobermier) and Great Lakes Coastal Wetland Consortium (contact: Stuart Eddy, Great Lakes Commission).
Fact sheets

Data has been organized into factsheets for each watershed and distributed to contacts listed above.  They have also been distributed to volunteers who participated in stream monitoring.  Additional copies will be made available as requested.  These factsheets can be seen in Figures 6-8.

Outreach

Information on this project was included in presentations made to local government officials on-board the research vessel, the LL Smith, Jr. during the summer of 2008 (June).  Watershed maps were used to discuss the importance of land use changes on water quality, fish habitat and coastal wetland health.
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