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Executive Summary

Introduction

Through a cooperative agreement, the Great Lakes Commission worked with the U.S. Environmental
Protection Agency (U.S. EPA) Region 5, and its partners in the Lake Michigan Lakewide Management Plan
(LaMP) process, to assess existing monitoring efforts in the Lake Michigan basin and subwatersheds,
including the ten Lake Michigan Areas of Concern (AOC) and four other tributary watersheds.  This report is
one of the outcomes of the project, and includes a comprehensive review of monitoring programs at the
federal, state and local levels for the targeted watersheds; an analysis of gaps, inconsistencies and unmet
needs; an assessment of the adequacy of existing efforts to support critical ecosystem indicators; and
recommendations for addressing major monitoring needs, particularly those considered most important for
lakewide management decision making.  The report has also been used to inform members of the Lake
Michigan Forum, local public advisory councils (PACs), and other stakeholders about identifying current,
local monitoring efforts and establishing community-based monitoring programs.  

Monitoring was broadly defined for this project to include not only traditional water quality parameters, but
also habitat, wildlife, land use, nonpoint source pollution and other measures of ecosystem health.  It is
intended that the report and future project outcomes will provide U.S. EPA, the PACs and other stakeholders
with important tools for developing their Remedial Action Plans (RAPs) and will enable them to engage their
community in a valuable dialogue regarding the status of knowledge on their local watershed.  Working
closely with the states and tribal authorities, they will benefit from the exchange of information and the
opportunity to enhance local participation in state-sponsored monitoring programs. 

Project participants were responsible for conducting this assessment at the local level in their watersheds. 
This consisted primarily of implementing a survey of potential local monitoring organizations and conducting
follow-up interviews.  The Great Lakes Commission, in collaboration with the U.S. EPA and other agencies,
assessed monitoring being conducted by state and federal agencies.  The Commission then compiled the
results of this collaborative effort into an inventory database, which was the basis for this report.  Please see
the methodology chapter for a background on project participants, as well as methods used to gain
information to build the inventory.

Results

The results from an analysis of the monitoring inventory are organized along several lines.  First, each
tributary watershed is reviewed separately, with an additional chapter on open lake and basinwide
monitoring.  Watersheds for the following tributaries are covered in this report:

Grand Traverse Bay
White Lake 
Muskegon Lake
Grand River
Kalamazoo River

St. Joseph River
Grand Calumet River
Waukegan Harbor
Milwaukee River and Estuary
Sheboygan River

Fox-Wolf River Basin
Door County
Menominee River
Manistique River
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Within each of these chapters, findings from the inventory are presented in the following nine categories: 

• LaMP pollutants
• Nutrients and bacteria
• Meteorological and flow monitoring
• Sediments 
• Fish contaminants, fish health, and aquatic

nuisance species 

• Benthos monitoring 
• Air monitoring
• Wildlife monitoring 
• Land use

In addition to discussing findings for each of the watersheds, monitoring locations (where available) are also
displayed for each watershed.  The combination of database analysis and geographical analysis was designed
to present the most complete assessment of monitoring within each watershed. 

Following the open lake chapter, a more general analysis of monitoring coverage is presented in chapter 18,
Overall Discussion.  In this section, the monitoring infrastructure was analyzed for its ability to provide
sufficient data for assessing the 70 Lake Michigan LaMP indicators.  A qualitative rating is given to each
LaMP indicator, based on the availability and specificity of monitoring related to the indicator. 

Findings and Recommendations

The final section of this report centers on general issues that were uncovered throughout the course of
research.  There are three key areas under which the monitoring inventory provided valuable information and
recommendations for improving overall monitoring in the Lake Michigan basin.  These include data gaps and
unmet needs; underutilized resources; and monitoring coordination and information sharing.  Findings and
recommendations within these areas are summarized below.  More detail can be found in the last chapter of
the report.  For reference purposes, sections are labeled with letters and findings and recommendations are
numbered.

A.  Data Gaps and Unmet Needs
This report, and the inventory on which it is based, represent the first effort to account for the range of
environmental monitoring in the Lake Michigan basin.  The inventory represents the initial approach toward
achieving this ambitious goal.  It is a framework on which a more complete inventory will eventually be
built.

(1)  Finding:  There are several gaps in the inventory that are listed below and throughout the report.  While
some of these gaps are areas that have not been well covered in the inventory, others may represent gaps in
the monitoring coverage.  At this point, it is difficult to tell which are gaps in the monitoring inventory and
which are actual monitoring gaps.  Further improvement of the inventory database is needed to better clarify
this distinction.

(1.1)  Recommendation:  Continue to update the inventory and expand data collection to include all
tributaries. 

(2) Finding:  There are several key monitoring areas where little information was received, but where more
monitoring is believed to exist.  These areas include monitoring for E. coli, fish population characteristics,
aquatic nuisance species, benthic organisms, wildlife, and habitat. 

(2.1) Recommendation: Establish better lines of communication with state Departments of Natural
Resources (DNR), U. S. Fsih and Wildlife Service (USFWS), U. S. Forestry Service (USFS), and U. S.
Department of Agriculture (USDA). 
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(2.2) Recommendation: Better integrate habitat and wildlife monitoring with traditional water quality
monitoring. 

(3) Finding:  Another result of this initial approach to the monitoring inventory for the Lake Michigan basin
was that much of the information included only general information about the geographic location of
monitoring sites.  Many organizations reported monitoring for parameters across a broad geographic area but
did not include specific site references.  Locational information is critical if the inventory is to be brought
online in a geographically-searchable format.

(3.1) Recommendation:  Improve information on the geographic location of monitoring sites. 

(4) Finding:  A further gap in the monitoring information obtained for this report, was the lack of complete
and continuing coverage of Lake Michigan Mass Balance data.  Data obtained for this report on the Lake
Michigan Mass Balance Project was limited by the timing of the release of data to the public.  However,
information in the inventory database will be improved when the project is finalized.  Additionally, the value
of coordinated sampling data (as collected in the Mass Balance project) would be greatly enhanced by a
repeat of the sampling event ten years following completion of the original sampling.

(4.1) Recommendation:  Initiate planning for a coordinated sampling event for ten years following the
initial Mass Balance project, and share data and modeling results with the public in a timely fashion through
numerous outlets.

(5) Finding:  This initial project specifically avoided attempting to collect information about university
monitoring projects.  However, some academic institutions conduct a number of important ongoing, long-
term projects, and information on these projects should be included in the inventory.  Other programs catalog
the university work they fund.  Closer ties need to be established with these programs and such efforts need
to be expanded throughout the basin.

(5.1) Recommendation:  Include academic research and data collection efforts in future updates to the
monitoring inventory.

(6) Finding:  While a number of LaMP pollutants, such as mercury and copper, are monitored extensively
across the basin, it has been difficult to find monitoring information on some of the other pollutants.  These
under-monitored pollutants include all the emerging LaMP pollutants, along with DDT, HCBs, toxaphene,
and PAHs. 

(6.1) Recommendation: Further examine the monitoring coverage of specific LaMP critical pollutants and
emerging pollutants.

B.  Underutilized Resources
Along with the gaps in monitoring coverage identified in this project, some resources in the basin were also
discovered that do not appear to be fully utilized.  Monitoring is an area of environmental management that
has often been underfunded in the past.  Therefore, in order to achieve the most complete monitoring
coverage possible, all available resources must work in concert. 

(1) Finding:  One of these underutilized resources is volunteer groups.  Most of the volunteer groups
currently engage in some form of monitoring, but often their efforts are not incorporated into state or regional
monitoring plans, and the information collected is only reported internally or locally. 

(1.1) Recommendation:  Take better advantage of relatively untapped volunteer monitoring resources.
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(2) Finding:  Another group that is underutilized is local agencies.  Examples of such agencies are health
departments, conservation districts and planning agencies.  In many cases, these agencies are already engaged
in monitoring to serve their local needs. 

(2.1) Recommendation:  Take better advantage of local agencies such as health departments, conservation
districts and planning agencies.

(3) Finding:  To best capitalize on these underutilized resources, it is important that these local groups (both
volunteer groups and local agencies) be linked into basinwide efforts, but at the same time retain their local
focus and discretion. 

(3.1) Recommendation:  Establish a better framework for bottom-up monitoring program linkages.

(4) Finding:  Part of the difficulty in using data collected at the local level is that there are few standards at
the basinwide level to integrate data.  The local focus of the data collection effort often will leave the data
incompatible with other data from neighboring localities. 

(4.1) Recommendation:  Standardize data collection and reporting.

C.  Monitoring Coordination and Information Sharing
The final issue area does not involve direct monitoring, but responds to the need to coordinate monitoring
efforts.  There are a wide array of organizations involved in monitoring at the federal, state and local levels. 
However, no single organization is responsible for planning, coordinating, or disseminating monitoring
efforts for the entire Lake Michigan basin. 

(1) Finding: A major coordination problem is the lack of a central source for monitoring information.  The
inventory that this report evaluates is the first step toward creating such a central source.  However, this one-
time inventory is currently not universally accessible and may quickly become dated if the database is not
continually updated by monitoring organizations in the basin. 

(1.1) Recommendation:  Encourage state, federal, tribal, and local agencies to report monitoring coverage
and results to a meta-database with universal access.

(1.2) Recommendation:  Develop an online database of monitoring information that is geographically-
based, and content-searchable.

(2) Finding: In general, organizations make most, if not all, decisions about their monitoring programs based
on goals for their local coverage areas.  Rarely does this area cover the entire Lake Michigan basin.
  
(2.1) Recommendation:  Develop and coordinate the implementation of comparable methods to collect
indicator data in a coordinated network. 
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9.     Grand Calumet River

Background

The primary study area for this watershed was the Grand Calumet River/Indiana Harbor Canal Area of
Concern.  This area is located in northern Lake County, Indiana.  It includes the Grand Calumet River, the
Indiana Harbor Canal, Lake County portions of nearshore Lake Michigan, and Indiana portions of Wolf
Lake.  The Grand Calumet River watershed is difficult to define due to extensive historical ditching, filling,
and sewering.  The approximate size of the systems drainage basin is 67 square miles.  The surveying efforts
for the project focused on the Area of Concern.  The larger watershed that encompasses Grand Calumet River
includes the Grand Calumet and Little Calumet Rivers as well as the entire Indiana shoreline on Lake
Michigan.  Other tributaries in this larger watershed include the Galien River, Salt Creek and Deep River. 
This watershed is referred to as the Little Calumet-Galien watershed, and we will distinguish between
references to the Grand Calumet River and the Little Calumet-Galien watershed.  While local surveys
focused only on the AOC, this report also evaluates monitoring projects found in the larger watershed.

Status of Watershed Management Efforts in the Study Area

Watershed Management efforts in the AOC have arisen out of the RAP process.  Sub-watershed management
plans have been created for the Wolf Lake Area and for the Grand Calumet Lagoons.  Additionally several
best management practices for reducing nonpoint source pollution have been installed at several locations
throughout the system.  Projects to build BMPs, explore greenway development, educate the public, inform
private land owners and encourage watershed coordination have been sponsored throughout the AOC. 
Participants have included the Hammond Parks Department, the Hammond Department of Environmental
Management, the Gary Parks Department, the City of East Chicago, the Natural Resource and Conservation
Service, the Grand Cal Task Force, and the Indiana Toll Road Authority.  

The RAP has provided a framework for cooperation and watershed management in this politically and
naturally complex region.  Unfortunately, implementation of watershed management principles remains
fragmented across the jurisdictions of the cities and sanitary districts of Gary, Hammond, and East Chicago.  
Because of the highly industrial and urban nature of the watershed, regulatory permitting and remediation
programs tend to receive more focus by the RAP than watershed planning and management activities.   

Pollutants of Concern 

Aquatic Monitoring
Monitoring coverage for LaMP pollutants reported into the STORET system is shown in Figure 31.  These
maps indicate that stations exist for two (mercury and PCBs) of seven critical pollutants, six out of ten
pollutants of concern, and none of the listed emerging pollutants.  Monitoring for all pollutants is heavy
along the Lake Michigan shore and at the outfalls to the lake, but the coverage is quite sparse upstream. 
Three of the four major streams in the watershed (Deep River, Galien River, and Salt Creek) have almost a
complete lack of monitoring activity, except at their outfalls.  The stations monitoring for LaMP pollutants
are maintained by MDEQ, IDEM, Illinois Environmental Protection Agnecy (IEPA), U.S. U.S. EPA (3
programs), the U. S. Army Corps of Engineers (COE), USGS-WRD, Purdue University, or the Chicago
Metropolitan Sanitary District.
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Figure 31.  The Little Calumet-Galien watershed with ambient water quality and bacteria monitoring
stations from U.S. EPA’s STORET system displayed by indicators measured.

In addition, surveys indicate that the Office of Water within IDEM monitors for all LaMP pollutants with the
exceptions of dioxins/furans, and atrazine.  This monitoring includes over 100 stations within Lake Michigan
watersheds within Indiana. 

Pollutant Release Monitoring
An examination of Permit Compliance System and Toxic Release Inventory reporting locations in the Little
Calumet-Galien watershed indicates a large number of potential pollution sources throughout the watershed
(see Figure 32).  This includes nearly 100 potential point sources in the Lake Calumet-Gary region alone. 
Other clusters of point sources can be found along Salt Creek, and around Michigan City, Indiana.  

Nutrients and Bacteria

There are nearly 250 water quality monitoring stations within the Little Calumet-Galien watershed listed in
the STORET system.  A vast majority of these stations (shown in Figure 31) monitor for some form of
nitrogen and phosphorus, the chief nutrients impacting water quality.  Thus, where monitoring stations exist,
they are likely tracking nitrogen and phosphorus.  The majority of the stations in the watershed are located
along the Lake Michigan shoreline.  Very few stations exist inland from the lake shore. 
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Figure 32. Little Calumet-Galien watershed with pollutant sources from the Permit Compliance System
and Toxic Release Inventory databases indicated.

Seventeen stations report to monitor for E. coli in the watershed – most clustered in Gary, Michigan City, and
at the lower reaches of the Deep River and Salt Creek.  All 17 stations are maintained by IDEM.   IDEM also
reports that they monitor E. coli at 80 sites in Lake Michigan watersheds in general.  Monitoring for fecal
coliform is significantly more extensive.  Greater than 100 stations can be found throughout the watershed. 
As with other monitoring coverage in the watershed, monitoring of fecal coliform levels is clustered along
the Lake Michigan shore and at outfalls to the lake.  No stations exist in upstream reaches of either the Deep
River or Galien River.  Organizations monitoring for fecal coliform in the watersheds include MDEQ, IDEM,
IEPA, USGS-WRD, U.S. EPA, COE, and Chicago MSD. 

Meteorological and Flow Monitoring

USGS maintains 15 gage stations in the watershed to measure flow rates and various other physical
characteristics of streams (see Figure 33).  Gage stations are located on all major rivers and streams in the
watershed.
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Figure 33. Little Calumet-Galien watershed with National Sediment Inventory stations, USGS gage
stations, U.S. EPA's Aerometric Information Retrieval System (AIRS) stations, and NOAA weather
stations indicated.

IDEM also reported that they monitor numerous physical properties in streams throughout Indiana’s Lake
Michigan watersheds.  Properties measured include temperature, pH, alkalinity, conductivity, dissolved
oxygen, chemical and biological oxygen demand, suspended solids, hardness, and turbidity. 

One NOAA weather station is located in the Little Calumet-Galien watershed, and two others are just outside
its boundaries.  The station inside the watershed is located in Hobart, while the stations outside the watershed
are located in Valparaiso and Berrien Springs.  These stations measure continuous precipitation data, as well
as other meteorological data.

Sediments

There are 84 National Sediment Inventory sites within the Little Calumet-Galien watershed (see Figure 33). 
Most of these sites are located in Lake Calumet, along the Grand Calumet River, and in and around Gary. 
These sites are administered by the IDEM, IEPA, USGS-WRD, COE, and U.S. EPA.  All but eight of the
sites monitor sediment chemistry to assess human health and aquatic life impacts.  A total of 12 sites monitor
benthic organism tissue, discussed below.
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Fish Contaminants, Fish Health, and Aquatic Nuisance Species

As discussed earlier, we have been unable to find specific locational information (such as sampling locations)
for programs monitoring fish populations or their health.  There are statewide programs in existence, but
these are discussed in the overall findings discussion.  The National Sediment Inventory lists 12 stations that
monitor fish tissue for bottom contamination.  These are located throughout several areas of the watershed,
and are administered by IDEM and U.S. U.S. EPA.  IDEM specifically indicates that they monitor fish tissue
a numerous undefined locations.  At the same time IDEM monitors species, trophic composition, feeding and
reproductive guilds, and fish condition and health.

A search of the Fish and Wildlife Advisory database on all major Little Calumet-Galien waterbodies revealed
fish consumption advisories for three locations in the watershed.  Advisories had been issued for the Grand
Calumet River, Galien River, and Salt Creek.  The advisories were state issued, covered all fish species and
related to PCB, mercury, and chlordane levels.

No programs we discovered claimed to be monitoring for aquatic nuisance species specifically within the
Little Calumet-Galien watershed.  Refer to the overall discussion of Lake Michigan monitoring for a
discussion about programs that cover multiple tributary watersheds. 

Benthos Monitoring

No specific locational information was discovered for state or national programs monitoring benthic
organisms.  However, IDEM reports that they collect macroinvertebrate data (including community
composition, and structural and functional integrity) in numerous locations throughout Indiana’s Lake
Michigan watersheds.  Other organizations may be monitoring benthic organisms generally in the watershed,
among others.  These are discussed in the overall discussion of Lake Michigan monitoring. 

Air Monitoring

Figure 33 illustrates the locations of the 65 air monitoring stations in or within five miles of the watershed,
according to the U.S. EPA’s AIRS database.  A majority of the stations are clustered in the Lake Calumet-
Gary region.  The stations monitor for seven of eight indicators in the database, including low-level ozone,
particulate matter, nitrogen dioxide, carbon monoxide, sulfur dioxide, and lead. 

Wildlife Monitoring

According to our surveys, one group conducts wildlife monitoring of some form in the watershed. The Save
the Dunes Conservation Fund monitors a variety of indicators of birds species health in the Miller Woods
section of the Indiana Dunes National Lakeshore, near Gary.  There are other organizations monitoring
wildlife species in the Little Calumet-Galien watershed and others.  These are discussed in the overall
discussion of Lake Michigan monitoring.

Land Use 

A substantial portion of the watershed exists as developed or urbanized land.  This includes the major
industrial city of Gary as well as Michigan City, and a portion of South Chicago.  Much of the rest of the
watershed is managed as agricultural land.  There are relatively few sections of wetland area in the
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watershed, though there are some around Lake Calumet.  These wetlands are surrounded by highly developed
land.  These wetlands appear to be heavily monitored. 

Local Assessment

Monitoring results generated by the various programs of the IDEM, OWM Assessment Branch, have been
used in developing the RAP.  In particular, the monitoring information has helped the RAP to identify
sediment remediation as a high priority for the AOC.  Monitoring results have also been used by IDEM to
develop the 303(d) list  and to begin the TMDL process.  The Grand Calumet TMDL has been given a high
priority and early scheduling largely as a result of the RAP.  Other monitoring efforts are the results of
recommendations of the RAP.  The formation of the E. coli Task Force and continuation of its monitoring
efforts is partly driven by the AOC’s beach closure beneficial use impairment.  In addition to the monitoring
results reported in this survey, IDEM believes that additional information collection is occurring by other
RAP partners that did not get reported in the surveys.  The Nature Conservancy and Shirley Heinze Fund
have many acres of properties that they preserve and maintain.  These organizations collect information on
their properties to inform their management decisions.   The Indiana DNR  has recently completed a study
updating the Indiana Natural Heritage Database for the region.   However, this type of data is often collected
in short term or intermittent fashion.  This may be why surveys on monitoring programs where not
completed.   However, this information is shared and utilized in the RAP process through the participation of 
experts from these organizations.  

In the Grand Calumet AOC, there appears to be significantly more information available regarding some
beneficial use impairments than others.  For example, while IDEM has been collecting fish tissue data for
years, some impairments were listed based short term historical studies or anecdotal evidence.  Many of these
have no current regular monitoring program in place.  This could make monitoring progress and delisting
difficult.  This project found no evidence of monitoring programs in place which would regularly detect
changes in BUI 5: Bird or Animal Deformities or Reproductive Problems, BUI 8: Eutrophication, BUI 11:
Degradation of Aesthetics, BUI 12: Added Costs to Agriculture and Industry, or BUI 13: Degradation of
Phytoplankton and Zooplankton Populations.

In general federal and state monitoring programs have been the primary information sources for the RAP. 
For the most part, this information has been made available for the RAP.  Availability difficulties sometimes
arise when data is being collected related to specific enforcement cases.  Legal processes can delay public
access to this information.  Quality assurance procedures set up by agencies to ensure the validity of data can
also delay its dissemination to the end users. 

Other information sharing problems are geographic, much historical data is kept in Indianapolis in paper
files.  This makes it difficult for the Northwest Indiana public to access this information.  Much of this
information has been shared with EPA and is in the STORET database, however this system has not been
easily accessible to the public in the past.  Conversion of STORET to an internet based system should
improve access to this data.    

Due to the high levels of contamination in the sediment of the Grand Calumet River, volunteer monitoring
efforts in the AOC have been virtually non-existent.  However, IDEM is aware that several school programs
have participated in volunteer monitoring in other Lake Michigan tributaries in Indiana.  However, tracking
down the contact persons for these programs has proven difficult.  The Hoosier River Watch Program,
housed at the Indiana DNR is in the process of developing a web site which will enable better coordination
and sharing of data by participants in volunteer monitoring programs.   This will also help the data be more
accessible for watershed planning efforts in the region. 
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In general, further development of the internet as a tool for data dissemination has tremendous potential to
improve utilization of data which is currently collected by federal and state agencies.   GIS tools also present
great opportunities to make data more understandable and useable for watershed planning and management. 
However, legal concerns, quality assurance procedures, staff and budget constraints may result in delays in
posting results of current monitoring efforts.   Costs to convert existing monitoring records into internet
accessible databases may be prohibitive, and are unlikely to be high priorities for public agencies under strict
fiscal constraints.   

Local agencies, private organizations, non-profits, and the general public participating in monitoring projects
have even greater obstacles to overcome.  Many of these organizations are ill equipped for online data
sharing and access.  The E. coli Task Force developed a Volunteer Monitoring Network which collects and
analyzes watershed samples for e. coli on a weekly basis during the summer months.  Participants in this
network are local health departments, sanitary districts, POTWs, industries, and state and federal parks. 
Many of these organizations were not equipped with modern computers or internet access when the project
started.  Some of these agencies have since upgraded their capabilities, but some continue to fax hand written
data sheets to IDEM or EPA staff.  The Task Force is in the process of applying for an EMPACT grant to
obtain computers and internet access to those agencies.  At the same time, EPA is working to establish an
internet database.  This will enable Network members to share data.  Eventually it will also provide the
public with access to recent bacteria sampling results in their area.  If the internet is to be the mechanism
governments use to share information with each other and the public, then greater investment must be made
to ensure that all partners have equipment and training to access this new technology. 

A terrific opportunity for better coordination of informational resources exists in state and federal agency
management of  data received from outside partners and the regulated community.  In Indiana, IDEM is
making great strides to try and make its monitoring data more available.  However, little is currently being
done to make data submitted by the regulated communities usable.  For example, through the TMDL process
we have learned that NPDES regulated dischargers have submitted vast quantities of data to IDEM through
monthly reports, daily monitoring records, permit renewal applications, and special projects.   Once received
at IDEM, this data is reviewed for permit compliance, and monthly data is entered into the Permit
Compliance System Database.  However, other data is simply filed and eventually stored on microfiche.  This
maybe the case in other states as well.   Working on the TMDL, we have found it is often easier to ask the
permittees for electronic copies of this data again than to try and extract it from our own filerooms.   The
daily monitoring records of industrial and municipal dischargers could provide valuable clues to the sources
of loadings measured and modeled in the Lake Michigan Mass Balance.  This information will be critical to
future efforts to reduce pollutant loadings to Lake Michigan.  Agencies have it, but it is not in a usable format
at the current time. 

Conclusions
This project has not collected as much information about ongoing monitoring programs in the area of concern
as was initially hoped.  One obvious cause of this problem was an initial misinterpretation on the part of
IDEM as the goals of the project.  However, other important lessons were also learned.  

Future efforts might do well to focus on the distinctions between ongoing monitoring programs and short
term data collection projects.  Large quantities of information may be gathered by academic researchers,
consultants, and others during short term projects.  Much of this information may not be captured by a survey
about monitoring.  Also, a better ability to adapt the survey into the jargon of different fields may have
resulted in more responses.  Monitoring tends to be a term associated with more closely with chemical
sampling than other areas of data collection. 
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Finally, there is a critical distinction that could be made between two types of problems related to
monitoring.  The focus of this project has been on discovering what monitoring is occurring with an eye to
future coordination of these efforts.  Many of the problems identified through research on this project seemed
to revolve around data sharing.  These two issues are separate, but intertwined.  Improving data sharing
capabilities may be first key step in moving toward better coordinated monitoring.
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18.    Overall Discussion

Monitoring to Support LaMP Indicators

One of the main purposes of this project is to determine if the current monitoring coverage is sufficient to
support indicators proposed in the Lake Michigan LaMP.  The findings and understanding gained through
this project were applied to each of these indicators and a simple assessment of each was made.  The LaMP
describes a set of indicators in three categories — state indicators, which together describe the state of the
ecosystem; pressure indicators, which describe pressures and possible causes of ecosystem degredation; and
human activity indicators, which describe human activities that may lead to positive ecosystem impacts.  The
table on the following pages (Table 1) lists only the state and pressure indicators, since these are the ones this
report addresses.  In the table, each relevant open water, nearshore, human health, land use, and coastal
wetlands indicator is listed, along with a rating for the ability of the current monitoring infrastructure to
provide sufficient data to assess the indicator.  The rating does not reflect any assessment of the
infrastructure in place to consolidate, coordinate, or assess the monitoring data across the Lake Michigan
basin, nor does the rating represent an assessment of actual data for the indicator.  The following scale is
used:

Rating Meaning

A Monitoring programs prevalent; geographic coverage extensive;
characteristics measured are relevant to the indicator.

B Monitoring programs prevalent; geographic coverage contains
major gaps; characteristics measured are relevant.

C Monitoring programs prevalent; geographic coverage unknown;
characteristics measured are relevant.

D Some monitoring programs known to exist; geographic
coverage unknown; characteristics measured are relevant. 

E Some monitoring programs known to exist; geographic
coverage unknown; characteristics measured may not be
relevant or specific to indicator.

F Monitoring coverage nonexistent.

NA Not enough information to form an assessment.

This assessment is admittedly subjective.  It is a first attempt at assessing monitoring sufficiency, and is
meant to be used as a launching point for further discussion.  The ratings reflect the information collected for
this report.  It is likely that some monitoring programs were missed by the inventory and information on
others may be incomplete.  The ratings thus reflect the absence of complete information on such programs. 
The indicators are ordered by rating.
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Table 1.  Assessment of Monitoring Infrastructure for 
Tracking LaMP State and Pressure Indicators

LaMP Indicator Rating Comments
Wastewater pollution A

Air quality A Small number of air quality indicators are
extensively monitored.

Concentration of contaminants in sediment cores A

Phosphorus concentrations and loadings A
Phosphorus concentrations well monitored;
point sources well covered; non-point source
loadings being modeled.

Incidents of boil-water advisories A
Drinking water quality (chemical and microbial) A

Stream flow and sediment discharge A Stream flow well monitored.  Sediment
discharge monitored to a limited extent.

Atmospheric visibility A
Wastewater pollution A

Sea lamprey A
Extensive basinwide monitoring. Assessment
by USFWS through Great Lakes Fishery
Commission.

Coliform levels of  nearshore recreational waters A

Economic prosperity A Wide array of indicators of economic
prosperity.

Global warming: ice duration on the Great Lakes A

Concentrations of contaminants in offshore waters B LMMB coverage mostly.  Limited to a few
contaminants.

Contaminant exchange between media: air to water
and water to sediment B LMMB coverage only.  Limited to a few

contaminants.
E. coli levels in nearshore recreational waters B

Nitrates and total phosphorus into coastal waters B Nutrient monitoring in some wetlands is
lacking.

Wetland area by type B Wetland delineation generally defined.  More
specific definition in progress.

Benthos diversity and abundance B Benthos monitoring coverage fluctuates across
watersheds.

Contaminants in fish (including edible and
recreational fish and young of year spot-tail shiners) B Much of northern tributaries not monitored

except at outflows to Lake Michigan.  

Atmospheric deposition of toxic chemicals B LMMB coverage only known monitoring –
limited to nearshore.

Phytoplankton populations B 12 locations sampled annually by GLNPO.
Zooplankton populations B 12 locations sampled annually by GLNPO.

Fish community health B Lakewide assessment coordinated through the
GLFC - Lake Michigan Committee.
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Salmon and trout B Lakewide assessment through the GLFC - Lake
Michigan Committee.

Preyfish populations B Annual Lakewide coverage by USGS, Great
Lakes Science Center.

Acid rain C

Threatened species C
Water consumption C

Lake trout and scud C
Lakewide assessment of lake trout through the
GLFC; extent of coverage of scud information
unknown.

Sport fishing C
Sport harvest census programs conducted by
each state and reported lakewide through the
GLFC, though extent of coverage unknown.

Nearshore species diversity and stability D Some monitoring of populations.  Extent of
diversity and stability assessments unknown.

Breeding bird diversity and abundance D
Contaminants affecting productivity of bald eagle D

Aquatic habitat D Few programs discovered.  Limited to specific
sites within watersheds.

Wetland-dependent bird diversity and abundance D Some basinwide programs in existence.
Deformities, Erosion of fins, Lesions, and Tumors
(DELT) in fish D

Amphibian diversity and abundance D Some monitoring in wetlands.

Nearshore plant and wildlife problem species D Some monitoring of invasive species.  Full
coverage unknown.

Contaminant in colonial nesting waterbirds D
Presence, abundance, and expansion of invasive
plants E Some programs monitoring purple loosestrife

on a limited basis.

Extent and quality of nearshore natural land cover E Land cover monitoring complete.  Quality
monitoring unknown.

Nearshore land use intensity E Land use coverage complete, though intensity
of use is unknown.

Habitat fragmentation E
Land use/land cover monitoring complete;
habitat delineation coverage unknown;
fragmentation analysis unknown.

Urban density E Extent of urban land use well monitored by
satellite data.  Density monitoring unknown.

Native unionid mussels E Many programs monitoring macroinvertebrates,
but specificity to unionid mussels unknown.
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Habitat adjacent to coastal wetlands E Land cover monitored by satellite.  Extent of
habitat delineation unknown.

Invertebrate community health E
Invertebrate monitoring programs exist, but
extent of coverage and community health
specificity unknown.

Sediment available for coastal nourishment NA
Water level fluctuations NA
Energy consumption NA
Artificial coastal structures NA
Mass transportation NA
Area, quality, and protection of special lakeshore
communities NA

Extent of hardened shoreline NA
Extent and quality of nearshore natural land cover NA
Gain in restored wetland area by type NA
Land conversion NA
Susceptibility (source water assessments) NA
Area, quality, and protection of special lakeshore
communities NA

Sediment flowing into coastal waters and wetlands NA
Aesthetics NA
Incidents of water-borne disease outbreaks NA
Solid waste generation NA
Chemical contaminants in human tissue NA
Global warming: number of extreme storms NA
Global warming: first emergence of water lilies in
coastal wetlands NA

Contaminants in snapping turtle eggs NA
Contaminants affecting the American otter NA

Sediment, land, and water habitat NA
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19.    Findings and Recommendations

The final section of this report centers on general issues that were uncovered throughout the course of
research.  There are three key areas under which the monitoring inventory provided valuable information and
recommendations for improving overall monitoring in the Lake Michigan basin.  These include data gaps and
unmet needs; underutilized resources; and monitoring coordination and information sharing.  Findings are
summarized below for these areas, followed by recommendations for improving monitoring infrastructure
and use.  For reference purposes, sections are labeled with letters and findings and recommendations are
numbered.

A.  Data Gaps and Unmet Needs

This report, and the inventory on which it is based, represent the first effort to account for the range of
environmental monitoring in the Lake Michigan basin.  The inventory represents the initial approach toward
achieving this ambitious goal.  It is a framework on which a more complete inventory will eventually be
built.

(1)  Finding:  There are several gaps in the inventory that are listed below and throughout the report.  While
some of these gaps are areas that have not been well covered in the inventory, others may represent gaps in
the monitoring coverage.  At this point, it is difficult to tell which are gaps in the monitoring inventory and
which are actual monitoring gaps.  Further improvement of the inventory database is needed to better clarify
this distinction.

(1.1)  Recommendation:  Continue to update the inventory and expand data collection to include all
tributaries.  Fourteen tributaries were covered extensively in this project.  The update should carry out the
same research process with the other tributary watersheds in the basin.

(2) Finding:  There are several key monitoring areas where little information was received, but where more
monitoring is believed to exist.  These areas include monitoring for E. coli, fish population characteristics,
aquatic nuisance species, benthic organisms, wildlife, and habitat.  We received some information about E.
coli monitoring from county health departments and other local agencies, but believe more local agencies
conduct such monitoring.  For the other areas, we have some evidence to believe that state Departments of
Natural Resources and federal agencies such as the U.S. Fish and Wildlife Service, U.S. Forest Service, and
U.S. Department of Agriculture conduct monitoring programs in these areas.  We received limited
information about efforts made in specific watersheds by these agencies, but most of this information came
from indirect sources.  It is important that these agencies supply more complete information on their
monitoring efforts to improve the overall completeness inventory.

(2.1) Recommendation: Establish better lines of communication with state DNRs, USFWS, USFS, and
USDA.  Further work needs to be carried out in order to obtain information from these agencies on their
monitoring programs.  This will fill in some of the major gaps in the inventory database.

(2.2) Recommendation: Better integrate habitat and wildlife monitoring with traditional water quality
monitoring.  One of the most difficult tasks needed to complete the monitoring inventory was to convince
natural resource agencies that wildlife and habitat monitoring should be included in the inventory along with
more traditional water quality monitoring.  Agencies conducting monitoring in these areas must develop a
better understanding of how all monitoring information can fit together so that policy makers, residents, and
other stakeholders have access to a complete database of environmental monitoring information.
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(3) Finding:  Another result of this initial approach to the monitoring inventory for the Lake Michigan basin
was that much of the information included only general information about the geographic location of
monitoring sites.  Many organizations reported monitoring for parameters across a broad geographic area but
did not include specific site references.  Locational information is critical if the inventory is to be brought
online in a geographically-searchable format.

(3.1) Recommendation:  Improve information on the geographic location of monitoring sites.  This is
especially true for monitoring programs at the local level.  This will require extensive follow-up
communication with those who originally reported into the inventory database.

(4) Finding:  A further gap in the monitoring information obtained for this report, was the lack of complete
and continuing coverage of Lake Michigan Mass Balance data.  The Mass Balance project was a first of its
kind sampling event designed to collect data across several variables in a coordinated fashion.  The
information produced by a project of this magnitude is valuable throughout the monitoring community. 
However, a project as large and complex as the Mass Balance project requires substantial time to collect,
verify, validate, integrate, analyze, and report on the data.  At the time the research for this report was
conducted, most of the data from the Mass Balance project was not readily available for public consumption. 
Therefore, information contained in this report on sampling within the Lake Michigan Mass Balance project
is incomplete and limited mostly to sampling location and general sampling focus.  The data collected for the
project has been quality assured, and, when released, will be more detailed.  When these results are released,
they will be added to the online version of the inventory database.  Additionally, the value of coordinated
sampling data (as collected in the Mass Balance project) would be greatly enhanced by a repeat of the
sampling event ten years following completion of the original sampling.

(4.1) Recommendation:  Initiate planning for a coordinated sampling event for ten years following the
initial Mass Balance project, and share data and modeling results with the public in a timely fashion through
numerous outlets.

(5) Finding:  This initial project specifically avoided attempting to collect information about university
monitoring projects.  There were two reasons for this.  First, much academic research is conducted in one-
time, short-term projects, and therefore does not meet the need for baseline information and ongoing
monitoring.  Second, universities are complex environments with numerous independent research projects
being conducted across each campus.  However, some academic institutions conduct a number of important
ongoing, long-term projects, and information on these projects should be included in the inventory.  Sea
Grant programs and other institutes catalog the university work they fund.  Closer ties need to be established
with these programs and such efforts need to be expanded throughout the basin.

(5.1) Recommendation: Include academic research and data collection efforts in future updates to the
monitoring inventory.

(6) Finding:  While a number of LaMP pollutants, such as mercury and copper, are monitored extensively
across the basin, it has been difficult to find monitoring information on some of the other pollutants.  These
under-monitored pollutants include all the emerging LaMP pollutants, along with DDT, HCBs, toxaphene,
and PAHs.  The need for monitoring of these pollutants should be clarified.

(6.1) Recommendation: Further examine the monitoring coverage of specific LaMP critical pollutants and
emerging pollutants.
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B.  Underutilized Resources

Along with the gaps in monitoring coverage identified in this project, some resources in the basin were also
discovered that do not appear to be fully utilized.  Monitoring is an area of environmental management that
has often been underfunded in the past.  Therefore, in order to achieve the most complete monitoring
coverage possible, one must take advantage of all available resources.  If resources, such as monitoring
personnel, go unutilized, then some aspects of a complete monitoring coverage must be sacrificed.  To avoid
such a sacrifice, creative methods must be used to combine these underutilized resources with other
monitoring programs.

(1) Finding:  One of these underutilized resources is volunteer groups.  These groups represent a vast pool of
potential data collection personnel.  Most of the volunteer groups currently engage in some form of
monitoring, but often their efforts are not incorporated into state or regional monitoring plans, and the
information collected is only reported internally or locally.  These volunteers need to be better enabled to
contribute to regional monitoring efforts.  The challenge lies in preparing volunteers to collect environmental
information in such a way that it is both accurate and relevant to regional needs, and of sufficient quality to
be useful for resource managers and policy makers.

(1.1) Recommendation:  Take better advantage of relatively untapped volunteer monitoring resources.

(2) Finding:  Another group that is underutilized is local agencies.  Examples of such agencies are health
departments, conservation districts, and planning agencies.  In many cases, these agencies are already
engaged in monitoring to serve their local needs.  Most of the agencies employ professionals trained to
accurately monitor environmental parameters.  These groups were discovered sporadically in the process of
constructing the monitoring inventory.  Several health departments reported monitoring of surface and
ground waters for E. coli, coliform, and other contaminants of special interest to public health officials. 
Conservation districts may individually be monitoring for a number of parameters related to nonpoint source
pollution, general water quality, or other issues.  Planning agencies or commissions track population, mass
transportation status and other land use characteristics for planning and funding purposes.  It is likely that
other similar agencies are also conducting monitoring programs.  Information on these programs needs to be
incorporated into the inventory.  Also, there is an opportunity to link these agencies into basinwide
monitoring efforts. 

(2.1) Recommendation:  Take better advantage of local agencies such as health departments, conservation
districts and planning agencies.

(3) Finding:  To best capitalize on these underutilized resources, it is important that these local groups (both
volunteer groups and local agencies) be linked into basinwide efforts, but at the same time retain their local
focus and discretion.  Much of the energy that maintains these groups arises from a focus on local problems. 
While this is important, the value of their data to the larger basin is often overlooked.  Linkages need to be
made between local groups throughout the basin.  However, such a basinwide focus needs to incorporate
local data collectors in a way that is locally-driven. 

(3.1) Recommendation:  Establish a better framework for bottom-up monitoring program linkages.

(4) Finding:  Part of the difficulty in using data collected at the local level is that there are few standards at
the basinwide level to knit the data together.  The local focus of the data collection effort often will leave the
data incompatible with other data from neighboring localities.  In order to use locally-driven data, the aspects
of the collection and reporting processes need to be standardized across the basin.  This standardization will
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make local monitoring results more widely usable and allow for aggregation and analysis across the basin as
a whole.

(4.1) Recommendation:  Standardize data collection and reporting.

C.  Monitoring Coordination and Information Sharing

The final issue area does not involve direct monitoring, but responds to the need to coordinate monitoring
efforts.  As should be obvious from this report, there are a wide array of organizations involved in monitoring
at the federal, state and local levels.  However, no single organization is responsible for planning,
coordinating, or disseminating monitoring efforts for the entire Lake Michigan basin.  In the absence of a
single organization, a council of organizations has formed to take on this task — the Lake Michigan
Monitoring Coordination Council.  The council’s task — to coordinate monitoring efforts for basinwide
goals — is a difficult one.  However, several steps could be taken to improve the prospects of this
coordination.

(1) Finding: A major coordination problem is the lack of a central source for monitoring information.  The
inventory that this report evaluates is the first step toward creating such a central source.  However, this one-
time inventory is currently not universally accessible and may quickly become dated if the database is not
continually updated by monitoring organizations in the basin.  Therefore, these monitoring organizations
need to be encouraged to report on their monitoring projects continually into a universally-accessible
database.  This database should contain proper metadata about the monitoring program and the data that is
reported.  Eventually, this database should directly link to monitoring data, wherever possible.  The database
should be developed for the Internet and allow for the metadata to be searched geographically and by
metadata content.

(1.1) Recommendation:  Encourage state, federal, tribal, and local agencies to report monitoring coverage
and results to a meta-database with universal access.

(1.2) Recommendation:  Develop an online database of monitoring information that is geographically-
based, and content-searchable.

(2) Finding:  Beyond creating and reporting to a shared database of monitoring program information, it
would be most effective to link monitoring programs into a coordinated network.   As it is, organizations
make most, if not all, decisions about their monitoring programs based on goals for their local coverage area. 
Rarely does this area cover the entire Lake Michigan basin.  Without a coordinated network, basinwide goals
may go unmet.  Several actions must be taken to make sure this network can successfully address basinwide
goals.  First, the network must contain all the necessary components for complete coverage.  This means that
common indicators need to be agreed upon for the basin, and all organizations monitoring for indicator data
need to be included in the network.  State of the Lake Ecosystem Conference (SOLEC) and LaMP indicators
have already been established and should be adapted or condensed for use in the network.   After this,  a set
of standard methods should be established for monitoring the agreed upon indicators within the basin. 
Standard methods will ensure that data is comparable and able to be combined for analysis across the basin.

(2.1) Recommendation:  Develop and coordinate the implementation of comparable methods to collect
indicator data in a coordinated network. 
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