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The Center for Lake Superior Environmental Studies, now known as the Lake Superior Research Institute, was created in 1967 during a time of national environmental concern.  The  Institute is an applied environmental research unit at the University of Wisconsin-Superior.  The goals of the Institute are to help identify, understand and solve environmental problems, perpetuate the professional growth of faculty and staff, work with students in a non-traditional instructional setting to provide hands-on research experience, develop facilities and equipment to increase both research and instructional opportunities, and serve as a regional information source on environmental issues.  


The evaluation and analysis of the environment of the greater Lake Superior Basin is an important element of LSRI’s mission.  In 1969, the Institute was officially recognized through approval by the University of Wisconsin Board of Regents.  The founding scientists, from the departments of biology, chemistry, geology, and geography, focused their efforts on area resource problems that were linked to national concerns.  The majority of the research projects were supported almost entirely through outside funding, namely grants and contracts.  In its 37-year existence, the Institute has received more than 330 grants and contracts totaling in excess of $25 million.  Approximately 45 federal and state agencies, in addition to private industry, have supported LSRI research projects through the years.  


Some of the sponsoring organizations include: the Environmental Protection Agency, Great Lakes National Program Office, Great Lakes Protection Fund, National Science Foundation, Army Corps of Engineers, National Park Service, Wisconsin Sea Grant, Wisconsin Department of Natural Resources, Minnesota Pollution Control Agency, Minnesota Metropolitan Mosquito Control District, Bureau of Indian Affairs, Department of Education, Chemical Manufacturers Association and the Great Lakes Indian Fish and Wildlife Commission.  In addition to environmental research, the Institute retains a leadership role in community environmental education programs.  Participants in the programs range from elementary school students to senior citizens.  The Youthsummer and National Science Foundation Young Scholars programs were aimed at preteens and high school students.  Some of the topics included:  water assessment and the study of acid rain concepts.


Some of the early pre-college curriculum offerings were designed to attract students into the biological or physical science careers.  LSRI has also been involved with numerous and varied educational projects, including: the American Indian Science and Engineering Society Workshop for teachers and the St. Louis River System Remedial Action Plan (RAP).  The RAP is a comprehensive program intended to clean up pollution along the St. Louis River and in the Duluth-Superior Harbor.  The RAP project involved numerous staff and students from LSRI.  


Another project was a collaborative effort with the University of Illinois-Urbana/Champaign, called Envirovet, where professionals in veterinary medicine from across the country gathered for a five-week intensive mini-course in how chemicals affect aquatic organisms.   The University of Wisconsin Elderhostel Program is still quite popular with senior citizens across the country as it allows opportunities for visitors to learn about our region and the natural beauty, while studying environmental issues.  The majority of LSRI’s public education programs incorporate classroom, field trips, and laboratory activities. 


 The Institute is well-equipped and staffed to offer a variety of programs, as well as conduct environmental research.  The facilities include analytical chemistry laboratories, culture rooms for fish and other aquatic animals, toxicity testing systems, a microbiology laboratory, and an aquatic organism identification laboratory.  A 58-foot research vessel, the L.L. Smith, Jr. and numerous small craft are available for field sampling on Lake Superior and inland lakes.  


Over the course of the years, the Institute has been active in the dissemination of research findings.  Papers are regularly presented at scientific meetings and published in professional journals.  More than 100 peer-reviewed journal articles have been written by LSRI staff.  LSRI scientists have written and published six toxicity research data books that have been purchased by researchers in Bulgaria, Italy, Australia, Sweden, the Ukraine, Great Britain, and various other countries.


 Since the 1970s, our studies have included a wide range of potential and actual problems associated with air, soil, and water quality.  Some of these have involved short-term research directed toward a very specific problem, while others have been extensive requiring many years of work.  This summary is not inclusive of all the projects with which LSRI has been involved, but is an example of the extensive range of studies performed and the broad knowledge base required.

LSRI has been involved with monitoring the environmental quality of the Lake Superior Watershed since 1968.  Information was collected on the physical, chemical, geological, and biological conditions of several streams entering the Lake.  The effect of the erosion of red clay deposits in the Western Lake Superior drainage was thought to reduce the value of the water resource for recreation, navigation, and municipal water use.  The study conducted on the effects of red clay erosion was multifaceted.  


LSRI scientists wondered how vegetative cover affects red clay erosion, and if erosion affected the kind of zooplankton and fish species present in clear versus turbid water.  In the vegetative study, LSRI scientists monitored rainfall, soil moisture conditions, soil temperature, patterns of rain penetrating tree canopies, and the type of vegetation present in the areas where erosion was the highest.  Fish were collected at various sampling sites using electrofishing equipment.  The fish were identified, weighed, and measured.  Some were returned to the stream, while others were kept for scale removal.  The scale samples were used to age the fish and determine year classes.  This study, which began in 1975, ended in 1978.


In the early 1970s, a project to monitor the air quality within the City of Superior was initiated.  These analyses were designed to provide background information on suspended particulates, ozone, and the oxides of nitrogen and sulfur.  One of the sites was adjacent to the ORTRAN coal transhipment facility in the harbor area and was used to monitor coal-dust levels.  The air monitoring continued throughout the mid-eighties with funding from the Wisconsin Department of Natural Resources.  In 1985, several new air monitors were set-up and they were designed to collect only particulates smaller than ten microns in diameter.  Research has shown that particles within this size range are the most damaging to the human respiratory system.  Some air monitoring continues to the present time.


In the early 1980s, through the early 1990s, the Institute focused on large-scale efforts to evaluate the effects of chemicals on our environment.  Four long-term projects were initiated during these years and provided information that has been used nationally and internationally.  The four programs were: development of water quality criteria, predictive modeling, toxicity and bioassay evaluations, and pond ecosystem studies. 


The development of water quality criteria was initiated by the Congress of the United States and implemented through the U.S. Environmental Protection Agency (EPA).  The EPA is charged with establishing safe limits (criteria) for specific chemicals and physical factors for the aquatic life in our nation’s freshwater and saltwater areas.  These criteria are used by state regulatory agencies in establishing waste-load limits for water bodies employed by industries and municipalities to discharge their process waters.  


In 1985, LSRI scientists undertook a project locating, interpreting, and organizing all known data into a finished document for certain chemicals.  Toxicity (quality of being poisonous) information for freshwater organisms was compiled separately from saltwater organisms and safe criteria were derived for each.  When sufficient data were not available to establish a criterion, other limits known as Water Quality Advisories were sometimes established with existing data.  The advisories do not have the same regulatory impact as the criteria documents, but were useful as guides to the various state agencies establishing discharge limits of the various chemicals for industries or municipalities.  One of the chemicals that our staff researched was tributyltin (TBT).  The chemical was used in paint.  The Navy utilized paint containing this chemical to coat their battleships and prevent barnacles from attaching to the hulls.  The chemical was so toxic that it began to impact other beneficial mollusk populations, and decrease their numbers.  Between 1985-1989, Water Quality Criteria documents were written for 24 chemicals and Water Quality Advisories were written for 40 chemicals.


The predictive modeling project began in the early 1980s and involved the development of computer models that could predict how poisonous a chemical might be if it were released into the aquatic environment.  To develop the models, the scientists needed accurate data for chemicals where the toxicity levels were known.  In order to accomplish this, classes of chemicals were selected, such as alcohols, and toxicity tests were performed using these chemicals.  During the course of the project, nearly 800 4-day toxicity tests were completed using a single test species, namely the fathead minnow.  The fathead minnow is considered the “white rat” of the aquatic world.  Based upon the resulting data from the tests, the scientists build equations and are able to predict how poisonous a chemical might be without having to test it.  Some of the chemicals were researched using longer term toxicity tests, where the chemical was added to the water and the eggs of the minnow were placed inside the tank, allowed to hatch, and grow for 28 days.  The effects of the chemical, called sublethal effects, because the chemical did not actually kill the minnow, might show up as a reduction in growth or development of structural abnormalities.  The harm in these kinds of effects may be that the animals cannot reproduce in their natural environment.


Beyond the predictive modeling project, LSRI researchers have conducted other types of toxicity tests using other aquatic plants/organisms, such as: green algae, a plant called duckweed that is commonly found in ponds, leeches, snails, water fleas, and many others.  Some of the chemicals tested have included: industrial organics, herbicides, insecticides, and metals.  Sediments taken from the Duluth-Superior Harbor, Fox River/Green Bay area and some of the harbors along the East Coast have been tested to ascertain the longevity of chemical accumulation in the aquatic environment.


Tests that were conducted with pesticides were further studied in pond ecosystem units.  In these experiments, sections of a large pond were divided with large plastic curtains that extended to the bottom of the pond.  Some of the areas of the pond would receive a fine spray of a pesticide, much like a crop duster spraying a  field of corn.  Other areas of the pond would receive nothing.  Over the course of many months, the scientists monitored the aquatic life in each of the pond sections, noting whether certain animal and plant populations had changed.  By statistically analyzing the data, the scientists were able to correlate whether the changes were due to the application of pesticide to the pond surface.  A large number of the projects conducted from the mid 1980s to the mid 1990s required scientific teams of 7-10 people.  


The Institute underwent significant downsizing in the mid 1990s due to cutbacks in federal research monies.  Currently, there are 13 staff members, and fewer projects are being undertaken.  However, new initiatives have been born out of the loss and the Institute is gaining expertise in other areas.  Our largest research project at this time is the biological monitoring of the chlorophyll a concentrations, benthic (bottom-dwelling animals), phytoplankton (microscopic plants), and zooplankton (microscopic animals) communities in all the Great Lakes.   


This project has a budget of nearly $500,000 per year.  For about a month in the spring and again in the summer, LSRI biologists work 24 hours a day taking samples  from the Great Lakes aboard the EPA research vessel, the Lake Guardian.  The Guardian is 180 feet long, 40 feet wide and can accommodate up to 29 passengers along with a crew of 13.  While on board, the biologists use sophisticated equipment to collect samples from approximately 70 deep water sites located throughout the Great Lakes.  Water samples are taken from various depths where chlorophyll a concentrations, and populations of phytoplankton and zooplankton tend to be more concentrated.  The collected samples are brought to the lab where they are processed.  The aquatic life contained in specified fractions of the samples is identified and counted.  A small fraction of the organisms are photographed and measured using specialized microscopes and computer equipment.  Using computer-generated formulas, population and biomass estimates of the various species are calculated.  The data are compared to previous years’ information to examine ecosystem trends.


Two other research projects currently underway at LSRI are: a study examining the effects of ballast treatment technologies for minimizing the potential for the introduction of exotic species by commercial ships, and a chemical monitoring project.  LSRI has obtained a docking facility, an anchored barge, and is currently constructing a pumping facility for the ballast treatment project. This will allow for the replication of ballast water intake, treatment, and release procedures as actually done in an industrial setting. The purpose is to determine what ballast water treatment techniques work best to eradicate exotic species, while providing a realistic economical, timely, and environmental solution. The chemical monitoring study is a systematic sampling of fish, wild rice, and mussels from the Upper Midwest lake areas to determine metal concentrations in their tissues and help establish safe consumption levels for humans.  


Staff are also conducting field surveys of rare and endangered aquatic macroinvertebrates on state-owned land in Wisconsin.  Tracts have  included state forests such as the Northern Highland/American Legion, Brule River, Black River, Flambeau River, and Peshtigo River.  Other state areas included the Wolf River Watershed, Meadow Valley Central Lowlands, the Lake Superior Watershed, and the Door County Peninsula.  The most current study involves surveying rare and endangered species in peatlands throughout the State.  One field survey involved assessing the impacts of shoreline development on aquatic macroinvertebrates in lakes.  In addition, many studies have been conducted to assess the effects of pollutants on aquatic macroinvertebrates in streams, lakes, and wetlands, including leaching landfills in two different cities in Wisconsin, deicing compounds used at Milwaukee’s airport, pollutants located at U.S. EPA Superfund sites, and numerous other sites contaminated with various pollutants.  An ongoing study involves the continual monitoring of the recovery of a stream in Superior and bay within Lake Superior that have been impacted by industrial pollutants for many years until each was recently reclamated by the State.
The newest endeavor that staff have begun is a survey of native and invasive plants of publicly-owned property.  These projects will document the status of rare native plants (Apostle Islands) and potentially destructive invasive plants that occur in our forests (Brule River and Governor Knowles).  Control measures will be implemented on the invasive plants as part of the completion of the project.

A very successful component of LSRI’s current mission is that of environmental education and stewardship.  The Watershed Stewardship and Northern Wisconsin Watershed Education Resource Center projects are reaching in excess of 1400 primary and secondary grade students.  As part of the Stewardship project, the Kimmes-Tobin wetland area, which encompasses approximately 140 acres, has been set aside for wetland education activities.  Local students sample and identify aquatic insects, learn about aquatic plants, and measure water chemistry parameters.  Students are exposed to a variety of wildlife species.  A scope and sequence of wetland thematic units were developed for K-12 students.  A list of available wetland education resources, including internet sites, was compiled for local educators to use in the classrooms.


The Northern Wisconsin Watershed Education Resource Center was established to provide resources and expertise for sustainable water education programming.  The objectives of this project are to make water monitoring and watershed education equipment available to the coastal communities of Lake Superior, develop a loan system for these resources, provide training for educators on use and care of equipment, provide assistance in designing watershed-based projects and establish a network of water educators in the region. 


All of these projects rely heavily on student help.  We mentor the students by alerting them to employment opportunities once they complete college, counsel them on graduate studies, assist them in preparing resumes, provide letters of recommendation, coach them for interviews, edit reports for classes and special projects, and introduce them to research colleagues in our fields of expertise.  More than 175 scientists have worked for LSRI since its inception in the 1960s, thus giving the students exposure to numerous scientific disciplines.  Through the years, LSRI has helped prepare a new generation of chemists and biologists - many of whom have gone on to provide key leadership roles in environmental decisions affecting our country.  As we look to the future, our hope is that we will diversify in our areas of research and continue to provide educational opportunities for our students.






