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Executive Summary 
 
 
The Little Traverse Bay Watershed 
At approximately 45 square miles, Little Traverse Bay is Lake Michigan�s fourth largest bay. The 
land area of the Bay�s watershed is approximately 174 square miles and contains a diversity of 
water resources, including Walloon Lake and its tributaries (Schoof�s Creek and Fineout Creek), 
Bay Harbor Lake (a flooded quarry adjacent to Lake Michigan), Bear River, Hay Marsh Creek, 
Spring Brook, Tannery Creek, and Five-Mile Creek. The Little Traverse Bay shoreline is also 
diverse, containing a large recurve sand spit known as Harbor Point, miles of dune and sand 
beach ecosystems, miles of cobble beach, and exposed limestone bedrock. 
 
French explorers traveling along the east coast of Lake Michigan found two large embayments 
along their way. During calm weather, they crossed the bays� mouths in their canoes to save 
time. The northernmost bay had a slightly narrower mouth and they called this la petit travers-the 
little traverse. Little Traverse Bay is about 3.5 miles wide between Petoskey and Harbor Springs 
and 8 miles wide at its outer end (between Nine Mile Point on the south and Seven Mile Point on 
the north). The Bay has a surface area of approximately 45 square miles or 19,840 acres. 
Between Petoskey and Harbor Springs it reaches a depth of about 170 feet.  The outer bay 
drops to depths of more than 200 feet. 
 
Water resources in the Little Traverse Bay region have always been essential to the regional 
economy and quality of life. In the 1800s, the rapid flow of the Bear River generated power to run 
lumber mills and factories. The limestone and shale along the south shore of the Bay were the 
basis for cement manufacturing, and deepwater ports in Petoskey and Harbor Springs provided 
excellent transportation opportunities. These activities impacted the resources of Little Traverse 
Bay and its tributaries, particularly the Bear River and Tannery Creek. Both experienced damage 
from erosion, dam construction, pollution, and sedimentation from logging and early industry. 
 
The beauty of Little Traverse Bay has attracted visitors for more than a century. Ironically, 
development pressure that results from the area�s beauty poses a serious threat to the quality of 
the water resources that make the region attractive. As more and more land is converted to 
residential or commercial uses, the potential for water quality degradation is increased. Other 
pollutants that threaten the Bay�s health today are nutrients and sediments from different human 
activities such as shoreline development, polluted runoff, streambank erosion, and agricultural 
activities. 
 
Project Goals 
The overarching goal of the Little Traverse Bay Watershed Protection Plan is to protect and 
enhance the water quality and ecosystem integrity of Little Traverse Bay and its tributaries in a 
way that ensures all designated uses are restored and protected. The Little Traverse Bay 
Watershed Protection Plan will provide a framework to accomplish the following goals (related to 
the designated uses for public surface waters): 
 
1) Manage nonpoint source pollution to ensure that the status of the following designated uses 
remain supported--agriculture, industrial water supply, and public water supply at intake point.  
 
2) Improve and maintain navigation in the Bear River and other tributaries by reducing sediment 
inputs and maintain navigation in Mud Lake by reducing nutrient inputs to avoid excessive weed 
growth. 
3) Improve the warm water fishery by reducing inputs of toxic substances, sediments, and 
nutrients; controlling aquatic nuisance species; and protecting and restoring wetlands. 
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4) Improve the cold water fishery by reducing inputs of toxic substances, sediments, and 
nutrients; restoring ground water recharge; protecting and restoring wetlands; controlling aquatic 
nuisance species; and restoring vegetation along rivers and streams to provide shade and 
wildlife cover. 
 
5) Improve other indigenous aquatic life and wildlife by reducing inputs of toxic substances, 
sediments, and nutrients; restoring ground water recharge; protecting and restoring wetlands; 
controlling aquatic nuisance species; and restoring vegetation along rivers and streams to 
provide shade and wildlife cover. 
 
6) Assure that recreation (partial and total body contact between May 1 and October 31) is safe 
by improving quality of water discharged from urban runoff/stormwater sewers; discouraging 
waterfowl in swimming areas; addressing possible failing septic systems; and researching and 
implementing control of swimmer�s itch. 
  
Nonpoint Source Pollution Inventories 
A variety of assessments were conducted to document nonpoint source pollution in the Little 
Traverse Bay Watershed. The goal of the inventories was to document current sources and 
causes of pollution as well as potential sources. Nonpoint source pollution inventories focused 
on all areas within 1,000 feet of lakes, streams, wetlands, urban areas, and steep slopes (25% 
or greater).  Nonpoint source pollution inventories conducted include:  Stormwater; Lakeshore 
and Streambank; Road/Stream Crossing; Agricultural; Priority Sensitive Lands; Forestry; and 
Zoning. 
 
Priority Pollutants 
After the completion of the nonpoint source pollution inventories, pollutant and impact sources 
were prioritized based on how they most affect the designated uses. Two pollutants were given 
top priority ranking across the Watershed: nutrients and sediment. Nutrients are the priority 
pollutant for Little Traverse Bay and Walloon Lake and sediment is the priority pollutant for the 
tributaries. Habitat loss was ranked second across the Watershed, followed by toxics, changes 
in hydrology, pesticides, bacteria, and aquatic nuisance species. 
 
Recommendations 
More than 100 recommendations set the stage for work that is needed to enhance the health of 
the Little Traverse Bay Watershed. The action steps represent an integrated approach. From 
restoration to education the actions are designed to reduce or prevent nonpoint source pollution. 
For each action step, the organization(s) best suited to implement the task was identified along 
with estimated costs to implement each item. A measurable milestone is also listed for each 
action step to ensure that recommendations are progressing and being complete. A timeframe 
of 10 years was used to determine the scope of activities and the estimated costs. 
 
In Closing 
Little Traverse Bay Watershed is at an important crossroads. On one road lies the degraded 
water quality that will result if past abuses are left uncorrected and the development predicted for 
this region occurs without attention to reducing polluted runoff and protecting shorelines. On the 
other road lies the opportunity to unite the community in an effort to implement a results-oriented 
plan that recommends tangible actions to ensure healthy waters.  We hope that the Little 
Traverse Bay Watershed Protection Plan provides the map to ensure that the waters of the Little 
Traverse Bay Watershed will be enhanced, restored, and protected for generations to come. 
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                  Getting to Know the Little Traverse Bay Watershed 
 
 
 
1. Introduction 
 
Healthy natural resources, including high quality water resources, provide the background for 
healthy communities. A community survey conducted in Emmet County (Emmet County 
Comprehensive Land Use Plan, Attitude Survey, 1990) identified that having clean surface and 
drinking waters is extremely important to the county�s citizens (95.9% ranked as extremely 
important).  A highly-valued resource, however, requires preservation and protection. Protecting 
our surface and drinking waters requires looking at the land area surrounding associated water 
bodies, also known as the watershed, and developing a long-term strategy, or management 
plan, to safeguard its water resources.   
 
A watershed is the area of the land�s surface that drains to a particular water body.  Boundaries 
are generally based on high elevations.  The Continental Divide is North America�s most famous 
watershed boundary.  On the east side of the Continental Divide the rivers and other water 
bodies all drain to the Atlantic Ocean.  On the west side of the Continental Divide all of the 
waters drain to the Pacific Ocean. Interestingly, the watershed divide between Lakes Huron and 
Michigan comes quite close to the Bay, following along the tops of the dunes in the Petoskey 
State Park. 
 
Watersheds may also be characterized by their size. Large watersheds may encompass 
thousands of square miles; small watersheds may include only several square miles. The Little 
Traverse Bay Watershed (Figure 1) receives water from both precipitation and Lake Michigan 
via dynamic mixing currents. Tributaries are the primary conduits for water from throughout the 
Watershed. They carry natural dissolved and suspended materials, as well as pollutants. Little 
Traverse Bay�s main tributaries are the Bear River (which includes Hay Marsh Creek and Spring 
Brook), and Tannery and Five-Mile Creeks.  There are also many small, unnamed tributaries that 
discharge to Little Traverse Bay.  
 
The features of a watershed influence the characteristics of its receiving water body. These 
features include things like soils, vegetation, climate, topography, geology, and human land use. 
Because each watershed has different conditions, each lake and stream is unique. For instance, 
because of the limestone which is prevalent throughout much of the Lake Michigan basin, the 
water has high levels of calcium and magnesium (termed hardness), and carbonates (which 
create alkaline conditions), and as such is well buffered against acid precipitation.   
 
The activities occurring in a watershed are often reflected in a lake�s water quality.  Watersheds 
that are predominantly forested and have little human activity generally are less polluted than 
heavily urbanized and more populated watersheds.  The pollution that human activities generate 
fits into two major types: point source and nonpoint source. Point source pollution comes from 
an easily identifiable source, such as a discharge pipe from a factory. Nonpoint source pollution 
is pollution which comes from more diverse and diffuse sources that are not usually so obvious.  
Examples include soils that are eroded as a result of human activities or substances which have 
been applied to land, such as fertilizers.  Nonpoint source pollution reaches surface water 
primarily through runoff from rainfall or melting snow that picks up contaminants from the land.  It 
can also include subsurface drainage such as leachate from septic systems, and airborne 

chapter 
ONE 
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pollutants, such as emissions from cars and power plants that produce acid rain.  Atmospheric 
deposition is the leading source of mercury pollution in the Little Traverse Bay Watershed. 
 
A. What is a Watershed Management Plan? 
A watershed management plan identifies problems and threats to water resources and develops 
a framework to address these issues within a specific watershed.  It is useful as both a process 
and a tool.  
 
The process of developing a watershed management plan can vary, but generally it involves 
bringing together stakeholders, identifying a common goal, gathering information to identify 
problems and threats, and developing recommendations that address the problems and achieve 
the goal.  A watershed management plan is also an important tool. It provides a compilation of 
information, background, and history for a geographic area.  Perhaps one of the most valuable 
assets of a watershed management plan is that it provides a strategic approach to restoration 
and prevention actions. In addition, a watershed management plan provides a tangible tool for 
fundraising efforts. 
 
Little Traverse Bay Watershed Protection Plan 
The process for developing the Little Traverse Bay Watershed Protection Plan began in 2002 
with funding from the Michigan Department of Environmental Quality.  Led by the Tip of the Mitt 
Watershed Council, the process included the following activities: 

1) Established the Advisory Committee and coordinated regular meetings, 
2) Developed project goals, 
3) Delineated priority areas in the watershed, 
4) Conducted detailed nonpoint source pollution inventories in the priority area, 
5) Developed tangible recommendations to address nonpoint source pollution problems, 
6) Developed an information and education strategy, and 
7) Completed a final protection plan.  

 
The successful development of a watershed management plan depends upon the involvement 
of a diversity of community members.  The Advisory Committee members represented a variety 
of interests including local government�cities, townships, and counties, farmers, lake and 
beach associations, local tribe, land conservancies, and citizen groups.  The Committee 
provided input on the process and commented on all written materials produced through the 
project.   
 
A public forum was hosted to obtain additional citizen input. The public forum was held on 
August 12, 2003 at the North Central Michigan College. A slide presentation that reviewed the 
process and the preliminary results from the nonpoint source pollution inventories was 
presented.  The recommendations were also presented to the audience. Numerous public 
presentations were given throughout the duration of the project.  All of the presentations 
included invitations to participate in the process and comment on the work product. In addition, 
meetings were held with local governments to review the stormwater inventory results and to 
begin developing a strategy to address the problems. 
 
During the development of the Little Traverse Bay Watershed Protection Plan, the U.S. EPA 
developed a set of nine elements that a watershed management plan must include in order for it 
to be eligible for funding under the Clean Water Act (Section 319).  The nine elements 
(Appendix G) require that the watershed management plan provide detailed information on 
impairments, estimated load reductions with the use of best management practices, detailed 
cost estimates for restoration and preventative actions, and a monitoring and evaluation 
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strategy. 
 
Additional funding was provided to the Tip of the Mitt Watershed Council in August 2004 to 
modify the Little Traverse Bay Watershed Protection Plan to meet the nine elements. This 
document reflects the changes required by the nine elements and includes the most recent 
information available on the status and health of the Bay and the other water resources in its 
Watershed. 
 
There are two important steps that follow the completion of a watershed management plan�1) 
implementing the plan, and 2) evaluating the success. The recommendations in the Little 
Traverse Bay Watershed Protection Plan reflect a timeline of ten years. All of the 
recommendations, whether it is educating riparian property owners or correcting severe erosion 
problems, require a certain amount of funding.  Applications for grant funds through federal, 
state, and community programs will be submitted to support implementation activities. 
 
Funding to develop and update the Little Traverse Bay Watershed Protection Plan came from 
the Michigan Department of Environmental Quality nonpoint source pollution program which 
receives funds from the Environmental Protection Agency (Section 319 of the Clean Water Act). 
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FIGURE 1 � Little Traverse Bay Watershed Map 
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B. Geologic History and Geographic Description  
Geologic History 
Lake Michigan and Little Traverse Bay�s early formations started about 570 million years ago 
during the Devonian Period when shallow productive seas were located in what is now Michigan. 
Over the next 240 million years a succession of seas existed, and deposits of limestone were 
laid down on the bottom of each. These seas were full of worms, mollusks, corals, and other 
invertebrates. The fossil remains are common in the shoreline rocks, including fossils of an 
extinct species of coral unique to this area called Petoskey Stones. 
 
Between 330 and 2 million years ago, the seas drained away and the land was uplifted. River 
valleys were eroded into the limestone. A large river flowed through a broad deep valley in what 
is now Lake Michigan and a smaller tributary carved a valley between different limestone 
deposits in what is now Little Traverse Bay. 
 
Beginning about 2 million years ago and lasting to as recently as 10-12,000 years ago, a series 
of four continental glaciers descended from the north. The glaciers widened and deepened the 
river valleys and eventually left them filled with water. 
 
After the glaciers left, the water went through a series of wide fluctuations. About 10,000 years 
ago, glaciers blocked the outlet to the north and held the water 160 feet higher than it is now. 
Geologists have named that water body Lake Algonquin. After the glaciers retreated further 
north, they uncovered a northern outlet, and the water fell to a level 350 feet below the present 
level (called Lake Chippewa). At that time (9,500 years ago) Little Traverse Bay was completely 
dry and probably forested. As the land, and the outlet�s elevation, rebounded from the weight of 
the glacier, the lake level again rose, reaching a height of about 25 feet above the present level. 
This lake was called Lake Nipissing and existed about 4,000 years ago. About 2,400 years ago, 
the St. Clair River (the modern outlet of Lakes Michigan and Huron) eroded down to a stable 
layer, and the Lake has been relatively stable ever since (except for normal seasonal and yearly 
fluctuations) at the level we see today. 
 
The Great Lakes 
The Great Lakes are one of the world�s most significant water resources. The series of five lakes 
(Superior, Michigan, Huron, Erie, and Ontario) are the most extensive freshwater system on 
earth and are easily spotted as an outstanding feature on a map of the world.  They span more 
than 750 miles west to east and contain about 1/5 of the earth�s surface freshwater. They have 
figured prominently in the history of the U.S. and Canada. They contain unique habitats for fish 
and wildlife; sustain a valuable fishery; and provide water for consumption, transportation, 
power, recreation, and a host of other uses.  
 
Lake Michigan  
Lake Michigan is the fourth largest freshwater lake in the world based on surface area.  Only 
Lakes Superior, Victoria (in Africa), and Huron (but just slightly) are larger. Lake Michigan covers 
22,278 square miles. It is 307 miles long and 118 miles wide at Petoskey (which is the widest 
point). 
 
Another way to measure lake size is volume. Lake Michigan has the fifth largest volume of any 
freshwater lake. Only Lakes Baikal (Russia- it is the world�s deepest at one mile, and by itself 
contains another fifth of the earth�s freshwater), Tanganyika (Africa), Superior, and Nyassa 
(Africa) are bigger.  Lake Michigan contains about 1,180 cubic miles of water. 
 
Lake Michigan has a maximum depth of 924 feet, with an average depth of 279 feet.  
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Interestingly, this puts the deepest spot (which is located mid-lake near the Michigan coastal 
cities of Frankfort and Manistee) about 350 feet below sea level! This may seem quite deep, but 
actually Lake Michigan ranks far down on the list of the world�s deepest lakes. Including islands, 
Lake Michigan�s shoreline is 1,659 miles long. 
 
Little Traverse Bay 
At approximately 45 square miles, Little Traverse Bay is Lake Michigan�s fourth largest bay.  The 
Bay is about 10 miles long, and is about 3.5 miles wide between Petoskey and Harbor Springs, 
with a maximum width of 8 miles.  It is 200 feet deep in the outer part of the Bay, and 170 feet 
deep at the inner part of the Bay located between Petoskey and Harbor Springs.  
 
Little Traverse Bay Watershed Political Boundaries 
The Little Traverse Bay Watershed is one of Northern Michigan�s larger watersheds covering 
approximately 174 square miles or 111,207 acres in Emmet and Charlevoix Counties. Emmet 
County townships within the Watershed include Friendship, Pleasantview, West Traverse, Little 
Traverse, Resort, Bear Creek, and Springvale. Charlevoix County townships within the 
Watershed include Bay, Evangeline, Melrose, Chandler, Boyne Valley, and Hudson. The Little 
Traverse Bay Watershed includes the municipalities of Petoskey and Harbor Springs, and the 
unincorporated village of Walloon Lake. The approximate population of the Little Traverse Bay 
Watershed is 12,200 (2000 U.S. Census). See Figure 1 for the Watershed�s political boundaries. 
 
Walloon Lake  
Walloon Lake is a large, picturesque inland lake located within the Little Traverse Bay 
Watershed and empties into Lake Michigan through the Bear River. The lake and its watershed 
are located in Bay, Evangeline, and Melrose townships of Charlevoix County; and Bear Creek 
and Resort Townships of Emmet County. It is considered an outstanding ecological, aesthetic, 
and recreational resource. Rolling glacial terrain surrounds its deep waters, including its four 
distinct depressions or basins. Three of these basins (the Foot, Main Basin, and West Arm) are 
deep (80�, 81�, and 100� respectively) and the fourth (the North Arm) is shallower (52�).  
 
Walloon Lake is primarily fed by ground water (53%) and only has a few small inlet creeks, 
Schoof�s Creek and Fineout. The lake has a relatively small watershed (22,650 acres) compared 
to its lake surface area (4,270 acres). Walloon Lake is characterized as an oligotrophic lake, 
which includes low plant growth and algae, high water clarity, is generally cold and deep, and is 
well supplied with oxygen in most areas to support recreational pursuits, including its fine trout 
fishing. The lake supports healthy populations of walleye, small mouth bass, northern pike, rock 
bass, perch, and stocked rainbow and lake trout. Five percent of the Walloon Lake Watershed is 
classified as wetlands. Of particular importance are the North Arm wetlands where over 5,000 
acres of land drains through the wetlands before reaching the waters of the North Arm.   
 
Since the turn of the century, Walloon Lake has attracted development. Its irregular shoreline 
results in a high (3.0) shoreline development factor (i.e., the ratio of shoreline length (27.5 miles) 
to lake surface area). This means the lake is more susceptible to pollution from shoreline activity 
(development, erosion, fertilizer use, etc.) than a lake that is rounder. The lake, however, has 
managed to maintain its excellent water quality despite the pressures and impacts from 
increasing shoreline development. While several features, including the lake�s depth, the 
presence of marl (a type of soil that contains calcium carbonate and clay), and its small 
watershed size enhance the lake�s ability to buffer its waters from the detrimental effects of 
development, the lake is not unaffected. The irregular shoreline of Walloon Lake and its long 
retention period (4.1 years) make it particularly sensitive to nutrient additions from development.  
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Bear River 
The Bear River, the largest tributary to Little Traverse Bay, originates from Walloon Lake and 
flows 12 miles in a northerly direction to its confluence with the Bay in Petoskey. Two streams, 
Hay Marsh Creek and Spring Brook, flow into the Bear River as it passes through farmland and 
a cedar swamp. The last mile of its length contains the steepest drop of any river in Michigan�s 
Lower Peninsula. The Lake Street Dam divides two valuable fisheries. Upstream of the dam, the 
River supports a native brook trout fishery, and a salmon and steelhead fishery lies downstream. 
 
The Bear River has played an important role in the Little Traverse Bay Watershed�s history. The 
river once generated local wealth by providing fish and game, as well as transportation for 
people and logs, and power to grind grain and turn saws. Unfortunately, the Bear River was also 
used as a dumping ground for waste and polluted stormwater. 
 
Threats to the Bear River continue to impact its water quality as well as that of the Little Traverse 
Bay Watershed. Shoreline erosion due to increased runoff from development presents the 
greatest challenge to the river. As a result, sedimentation and polluted runoff are deposited 
directly into the Bay. Although efforts are underway to �Heal the Bear,� the Little Traverse Bay 
Watershed Protection Plan will bring far-reaching benefits to the river as well.  
 
 
C. Water Quality Monitoring in the Watershed 
Water Quality Parameters 
Water can contain literally thousands of different dissolved substances of both natural and 
human origin. As a result, there is no single test that can characterize water quality or reveal the 
presence of pollutants. The Watershed Council monitors a number of basic water quality 
parameters throughout the watershed to characterize the water and detect problems. 
Parameters tested were water clarity (abundance of suspended microscopic algae (termed 
phytoplankton) and sediment), pH (the acidity or alkalinity of the water), chloride (from road 
runoff, sewage, and industrial wastewater), nutrients (such as nitrogen and phosphorus), 
conductivity (a measure of total dissolved substances), dissolved oxygen (necessary for all 
aquatic life), and temperature.  
 
Water Clarity 
The more algae or sediment in water, the less clear it is. Clarity is also described by terms like 
turbid, cloudy, or muddy. Generally, the clearer the water the fewer the nutrients and the better 
the water quality. Waters which are not clear may be less productive, because sunlight cannot 
penetrate deeply. Muddy waters also clog fish gills, smother spawning beds, inhibit the sight and  
feeding of many fishes, and can reduce angling success. The clarity of water is a simple and 
valuable way to assess water quality.   
 
Water clarity is often highest in winter and early spring when cold temperatures inhibit algae 
growth.  However, �algae blooms� also occur in most lakes at some time during spring.  As a 
result, clarity varies greatly, from several feet in small inland lakes, to about 50 feet in large 
inland lakes and Great Lakes bays.  
 
pH  
The acidity or alkalinity of water is expressed by a measurement called pH.  The pH scale 
ranges from 0-14. A pH of 7 is neutral, with levels below 7 indicating acidity, and levels above 7 
indicating alkalinity. When pH is outside the range of 5.5 to 8.5, most aquatic organisms become 
stressed and populations of some species can become depressed or disappear entirely. 
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Chloride  
Chloride is a component of salt.  Due to the marine origin of bedrock in Northern Michigan, 
chloride is present in the ground water, usually in concentrations less than 12 mg/l. Surface 
waters seem to have a typical background level of 4 mg/l. Even slight increases in chloride 
concentration can have a subtle impact on aquatic ecosystems, but most fish and other large 
aquatic organisms are not directly affected until concentrations reach 1,000 mg/l.   
 
Chlorides are common in many products associated with human activities. Increasing chloride 
levels or levels above expected natural background amounts can indicate impacts from human 
activities.   
 
Nitrogen and Phosphorus 
Elements required for the growth of plants are called nutrients. Nitrogen, phosphorus, and 
carbon are the three nutrients most important for aquatic plants. 
 
Nitrogen and phosphorus occur in many chemical forms. Only the inorganic forms are generally 
useable by rooted aquatic plants and algae for their growth. The organic forms are those that 
are, or have recently been, incorporated into the bodies of living organisms. Because these 
nutrients can undergo complex reactions and change form quickly, testing the total amount of all 
forms is considered the most reliable way to evaluate a lake or stream�s nutrient status.   
 
Phosphorus is the most important nutrient for productivity in surface waters because it is usually 
in shortest supply relative to nitrogen and carbon. Phosphorus is normally found at 
concentrations less than 10 micrograms per liter (ug/l, the same as parts per billion) in high 
quality surface waters. Nitrogen is a very abundant element throughout the earth's surface. 
Rainwater, for example, contains about 500 ug/l. It is a major component of all plant and animal 
matter.  
 
Unfortunately, nitrogen and phosphorus are released into the environment as a result of many 
human activities.  For instance, septic tank effluent contains about 15,000 and 50,000 ug/l of 
phosphorus and nitrogen respectively.  Nutrient pollution is the most serious threat to the water 
quality of Northern Michigan's lakes and streams.  The presence of filamentous green algae 
(Cladophora, Oedogonium) that washed up on the beaches in northern Lake Michigan and 
Walloon Lake the last few years indicates that nutrient pollution in the Watershed continues to 
be a threat and needs to be monitored and addressed.  
 
Conductivity 
The ability of water to conduct electricity is termed conductivity. The level of conductivity is 
directly related to the concentration of dissolved substances in the water.  Because our lakes 
and streams contain a lot of soluble minerals (called hardness) and high alkalinity (from 
carbonate ions), the conductivity is fairly high. Conductivity is an easy and accurate way to 
measure the level of dissolved substances, but cannot indicate what the substances are.  If 
conductivity levels show a steady increase over a period of years, it is an indication that pollution 
is occurring. 
 
Dissolved Oxygen 
Dissolved oxygen (D.O.) is necessary for most aquatic life.  Oxygen dissolves into water from 
atmospheric exchange (especially wave turbulence) and through the photosynthesis of aquatic 
plants and algae.  However, there is a maximum limit to the amount of D.O. water can hold, 
called a saturation limit.  Cold water can hold more D.O. than warm water. The closer the D.O is 
to saturation at a particular temperature, the better the water quality. 
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Oxygen content can also vary within a lake, depending on depth and season.  In stratified lakes 
during summer, oxygen in water near the bottom often drops to low levels or disappears entirely 
in all but lakes of the highest quality.  Fish and other organisms can recover from short exposure 
to low D.O., but prolonged exposure to levels less than 2 milligrams per liter (mg/l, the same as 
parts per million) can permanently harm or kill fish.  Generally, warm water fish need at least 5 
mg/l of D.O., and cold water fish need at least 7 mg/l for good growth and survival.  Larval and 
juvenile fish are more sensitive, and need even higher D.O. levels than adult fish.  Excessive 
nutrients and the respiration and decay of the plant life they stimulate, as well as some other 
types of pollution, can consume oxygen faster than it is produced, robbing the water of dissolved 
oxygen. 
 
Comprehensive Water Quality Monitoring in Little Traverse Bay 
The Lake Michigan Watershed is home to more than 10 million people. The widespread 
urbanization and industrialization resulting from this population has caused a great deal of water 
pollution over the years in some areas, mostly in the Lake�s southern portion. Types of pollution 
include inputs of toxins (poisons from industry which cannot generally be seen or tasted but 
which contaminate fish and other aquatic life, and affect the drinking water), sediments (from 
urban runoff, construction sites, and agriculture), disease-causing organisms (pathogens), 
nutrients that cause enrichment and growth of weeds and algae (from urban runoff, fertilizers, 
and sewage), and biological pollution from the introduction of aquatic nuisance species (primarily 
in conjunction with ballast water from international shipping). 
  
However, northern Lake Michigan and Little Traverse Bay still have relatively low levels of 
sediments and nutrients, clearer water, and are freer of toxins than many other areas of Lake 
Michigan. This is because of the largely rural forested character, porous sandy soils, and small 
immediate area of the Watershed. Its water is in the category of best quality (called oligotrophic). 
The results of the 2004 Comprehensive Water Quality Monitoring Program conducted by the Tip 
of the Mitt Watershed Council are summarized in the table that follows. Seven water quality 
parameters were measured as a means to characterize the Bay and detect any problem 
conditions or water quality trends for Little Traverse Bay.  Based upon these results, the water 
quality of Little Traverse Bay is very good. Each measured parameter falls within the range for 
high water quality. 
 
 

TABLE 1: Little Traverse Bay  2004 Comprehensive Water  
                 Quality Monitoring Results 

Clarity (feet) 46 

pH 8.2 

Chloride (mg/L): 10.4 

Total Nitrogen (mg/L): 0.32 

Nitrate Nitrogen (mg/L): 0.24 

Total Phosphorus (µg/L): 3.1 

Conductivity (µhmo/Cm2):    260 
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Comprehensive Water Quality Monitoring in Walloon Lake 
The majority of pollutants entering Walloon Lake are nutrients, primarily phosphorus, and 
sediment from nonpoint sources, such as runoff from fields and roads, and leachate from failing 
septic systems. With over 840 dwellings along its shoreline, many aging septic systems are 
contributing wastewater seepage directly into the lake. In addition, many of the shoreline soils do 
not adequately remove nutrients from septic system effluent. The results of the 2004 
Comprehensive Water Quality Monitoring Program conducted by the Tip of the Mitt Watershed 
Council are summarized in Table 2. Seven water quality parameters were measured as a means 
to characterize the lake and detect any problem conditions or water quality trends for each of 
Walloon Lake�s basins. 
 

TABLE 2: Walloon Lake 2004 Comprehensive Water Quality Monitoring Results 

 Foot Basin Main Basin West Arm North Arm 

Clarity (feet) 27 17.5 27 17 

pH 8.29 8.41 8.36 8.37 

Chloride (mg/L): 9.4 8.9 8.1 11.0 

Total Nitrogen (mg/L): 0.39 0.46 0.39 0.50 

Nitrate Nitrogen (mg/L): 0.12 0.12 0.19 0.27 

Total Phosphorus (µg/L): 4.3 5.1 2.8 6.8 

Conductivity (µhmo/Cm2):    271 268 270 298 

 
The clarity of Walloon Lake varies within the basins, from 17 to 27 feet, but overall clarity is 
considered very good.  The average pH for Walloon Lake is 8.35, which indicates moderately 
high alkalinity from the limestone-rich geology of the area, and provides a natural protection 
against acid precipitation.  Chloride levels for the Walloon Lake basins ranged from 8.1 to 11.0 
mg/L.  Measurements for each of Walloon Lake�s basins indicate normal nitrogen and 
phosphorous levels.  The conductivity results for Walloon Lake fall within the average for all 
water bodies included in the Tip of the Mitt Watershed Council�s Comprehensive Water Quality 
Monitoring Program.  Although dissolved oxygen is not included with the results of the Tip of the 
Mitt Watershed Council�s Comprehensive Water Quality Monitoring Program for Walloon Lake 
(Table 2), it is worth noting its significance to Walloon Lake.  The dissolved oxygen content of 
Walloon Lake indicates well oxygenated water. In addition to the Watershed Council�s 
springtime monitoring program, the Walloon Lake Association monitors dissolved oxygen 
throughout the summer months.  
 
D. Interesting Features Around the Bay 
Features formed by those ancient lakes are still visible on the landscape today. Flat, level, sandy 
terraces deposited in the nearshore waters of Lakes Algonquin and Nipissing are visible across 
the water as parallel treelines on the Bay�s north shore east of Harbor Springs. The Harbor 
Springs airport and M-119 on the north side of the Bay and the Petoskey business district are 
built on the Algonquin Terrace. The sand dunes at Petoskey State Park were created by the 
rising waters of Lake Nipissing and wind action. The high hills north of the Bay where the ski hills 
are located are glacial moraines which were an island (named Brutus Island) during Algonquin 
times.   
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The fossil-rich limestone bedrock from which Little Traverse Bay was carved is close to the 
surface on the south shore, and is visible in Petoskey�s Bayfront Park and at Bay Harbor. The 
proximity of this limestone to the surface resulted in a cement industry developing in the area. 
The constant movement of sand from west to east along the north shore of the Bay by wave 
action and wind-generated currents has created a recurve sand spit known as Harbor Point. The 
Point continues to grow very slowly, and theoretically, in tens of thousands of years may grow 
completely across the harbor and form an inland lake.  
 
E. Fish of Little Traverse Bay 
Originally, the deep, cold, well-oxygenated waters of Lake Michigan were inhabited by lake trout, 
whitefish, chubs, cisco, burbot, and deep water sculpins. Smallmouth bass, yellow perch, lake 
sturgeon, as well as suckers, minnows, and other �nongame� fish species inhabited shallow 
waters, which get relatively warm during summer. This fish community existed in stability and 
abundance for thousands of years. Early records document the nearly unbelievable abundance 
and size of some of these species. Due to pollution, over fishing, habitat destruction, and 
competition and predation from aquatic nuisance species, the food chain and fish community 
have been greatly disrupted (U.S. EPA and Environment Canada, 1997). There are over 160 
aquatic nuisance species, and the count rises higher every year. Some original species, like 
bass, perch, and whitefish, are still relatively abundant.  However, many are severely diminished 
such as lake sturgeon, lake trout cannot sustain themselves through natural reproduction, and 
four species of chubs are extinct. Through artificial stocking of trout and salmon, good sport 
fishing opportunities exist in some areas (including Little Traverse Bay and the mouth of the 
Bear River), but overall the fish populations of Lake Michigan are very unstable and are but a 
shadow of what they once were.   
 
F. Waves, Seiches, and Ice 
Lake Michigan is a dynamic system. Winds blowing across a hundred or more miles of water 
can create large ocean-like waves, especially during fall or winter storms. Waves 20 or more feet 
in height on the open waters of the Lake have been recorded. These waves can create strong 
long-shore currents, stir up near shore bottom sediments, erode shorelines, and sink freighters! 
The Petoskey waterfront is a good place to watch huge storm waves overrun the break wall and 
light beacon.   
 
Strong winds or sudden changes in barometric pressure over different sections of the Lake can 
cause the surface of the Lake to literally tilt, piling up water against one shore and causing a 
corresponding drop on the opposite shore. This storm-induced tilting can be up to three feet high 
on Lake Michigan. When the storm abates, the tilt oscillates back and forth across the Lake for a 
long time before it is dampened by friction. This back and forth oscillation, kind of like water 
sloshing in a bathtub, is called a seiche. The time for a seiche to complete one back and forth 
oscillation can be from 30 minutes to several hours. Usually there is some kind of seiche action 
happening on the Lake, although it is usually only about several inches in amplitude. 
Sometimes, people confuse seiche action with tides. Although lunar forces act on Lake 
Michigan�s waters the same as they do on the oceans, because of its relatively small size, tides 
are almost imperceptible--only a fraction of an inch. 
 
Little Traverse Bay usually freezes during winter, although it did not in several recent winters 
during the past decade, which may be a possible indicator of changes in the global climate. 
Typical �ice-up� is late January, although it has frozen as early as late December and as late as 
mid-March.  Due to the Lake�s dynamic nature, ice formation is highly variable, from smooth, 
black ice suitable for ice boating; to jagged, jumbled chunks of storm-driven floes frozen together 
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in a six-foot thick mass. Often times, spray from waves breaking on the shore creates interesting 
ice mountains, caves, and �volcanoes,� especially on the Bay�s northwest end, some up to 25-
feet high. 
 
2. Designated Uses and Water Quality Summary 
 
The Michigan Environmental Protection Act (P.A. 451 of 1994, Part 31, Chapter 1) requires all 
waters of the State of Michigan to be of the quality to meet seven designated uses: 1) 
agriculture; 2) navigation; 3) industrial water supply; 4) public water supply; 5) warm water 
fishery; 6) habitat for indigenous aquatic life and wildlife; and 7) partial or total body contact 
recreation.  An eighth designated use, cold water fishery, is applicable for many rivers and lakes 
in Michigan. 
 
For the water resources in the Little Traverse Bay Watershed, the Watershed Council assessed 
whether the designated uses were supported, threatened, degraded or impaired.  When a use is 
supported the water quality is good to excellent for that purpose.  When a use is threatened the 
water quality may not be adequate to provide for that use during certain times of the year or in 
certain locations.  For example, bacteria counts may be above levels for safe swimming at some 
locations in the Bay after a rain storm.  When a use is degraded the water quality is known to not 
support the use during certain times of the year or in certain locations.  For example, navigation 
is not possible in some locations of the Bear River due to excessive sedimentation.  When a use 
is impaired, the water quality is known to not support the use for the majority of a year or habitat 
has been harmed to a degree that has negatively impacted aquatic populations and/or diversity. 
For example, at Bay Harbor near shore habitat for fisheries and other indigenous aquatic life and 
wildlife is negatively impacted due to contaminated leachate causing high pH levels and 
depositing persistent toxins. 
 
In general the water quality of Little Traverse Bay and its tributaries is good. Degraded uses in 
the Watershed are the warm water fishery in Walloon Lake and total body contact recreational 
use primarily in Little Traverse Bay, Walloon Lake, and Bear River. The warm water fishery is 
degraded by increasing inputs of toxic substances, sediment, and nutrients, as well as aquatic 
nuisance species. Direct discharges of urban runoff containing high levels of bacteria near 
swimming beaches and recreation spots threaten the safety of swimming. 
 
Little Traverse Bay�s cold water fishery and habitat for aquatic life are also degraded. The exact 
reasons for the decline in fisheries and other aquatic life is not known but is likely due to a 
number of human activities.  Potential impacts contributing to the impairment include toxic 
pollution, loss of spawning habitat, loss of shoreline wetlands, and ecosystem disruptions from 
aquatic nuisance species.  Walloon Lake�s cold water fishery is also degraded due to 
inadequate oxygen supplies in the deep waters during late summer and potential loss of 
spawning habitat. 
 
Navigation in the Bear River is degraded by sedimentation. Navigation in Mud Lake (a small 
basin adjacent to the West Arm of Walloon Lake) is degraded by nutrient pollution which has 
generated excessive aquatic plant growth. 
 
 
A.  Watershed Concerns 
In 2002, the first meeting of the Little Traverse Bay Watershed Protection Project Advisory 
Committee was held to discuss concerns about water quality. The group included state and local 
government officials, conservation groups, environmental organizations, regional planning 
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agencies, health departments, and other stakeholders within the Little Traverse Bay Watershed. 
The group identified many different issues and committed to working together in a partnership 
on developing this watershed management plan. The group also discussed activities threatening 
or degrading the designated uses. The table below summarizes the identified concerns and 
threats to designated uses. The uses not threatened or degraded were not addressed 
(agricultural use, public water supply, and industrial use). 
 
 

TABLE 3: Little Traverse Bay Watershed Concerns and Threats to Designated Uses 

 

N=Navigation, O=Other indigenous aquatic life and wildlife 
R=Recreation (total and partial body contact),  C=Cold water fishery, W=Warm 
water fishery 

 
N O R C 

 
W 

Stormwater discharges to lakes and rivers and increasing urbanization  ���� ���� ���� ����

Agricultural pollution from fertilizers, animal waste, livestock access  ���� ���� ���� ����

Golf courses/fertilizers and pesticides  ���� ���� ���� ����

Recreational use (ORV use in tributaries and on the shoreline) ���� ����  ���� ����

Road/stream crossings ���� ����  ���� ����

Local land use decision making and lack of zoning enforcement ���� ���� ���� ���� ����

New construction/subdivision development without adequate regulations and 
oversight 

���� ����  ���� ����

Parcel splits/fragmentation ���� ����  ���� ����

Wetland destruction/loss  ����  ���� ��������

Forest management planning and logging activities ���� ����  ���� ����

Need for land protection of sensitive areas  ����    

Chlorides/brine on roads  ����  ���� ��������

Streambank erosion ���� ����  ���� ����

Erosion in steep areas around lakeshore ���� ����  ���� ��������

Lawn care/fertilization and pesticide use  ���� ���� ���� ��������

Increasing algae blooms/nuisance aquatic plants  ����  ���� ��������

Pollution from septic systems  ����  ���� ��������

Destruction of greenbelts and shoreline vegetation  ����  ���� ��������

Loss of wildlife/aquatic habitat  ����  ���� ��������

Warm water discharge  ���� ���� �������� ��������

Water withdrawal  ����  ���� ����

Nuclear storage  ��������   ���� 

(continued) 
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TABLE 3: Little Traverse Bay Watershed Concerns and Threats to Designated Uses 

 

N=Navigation, O=Other indigenous aquatic life and wildlife 
R=Recreation (total and partial body contact),  C=Cold water fishery, W=Warm 
water fishery 

 
N O R C 

 
W 

Waterfowl impacts/nutrients, swimmer�s itch  ���� ����   

Mercury contamination  ����  ���� ��������

pH problems, acid rain  ����  ���� ��������

Dams (hydrologic impacts, fish movement, and potential failure)   ���� ���� ����

Boats/wave runners  ���� ����  ���� 

Industrial discharges  ���� ���� ���� ����

Loss of threatened and endangered species  ����    

Beaver activity (water temperature increase and sediment loading) ���� ���� ���� ���� ����

Historic nutrients in sediments  ����  ���� ����

Aquatic nuisance species (e.g., zebra mussels, Eurasian water milfoil)  ����  ���� ���� 

Overharvesting fish  ����  ���� ����

Underground storage tanks/ground water contamination  ���� ���� ���� ���� 

Improper dumping including household hazardous waste  ����    

Long-term air quality  ����  ���� ��������

Mining/gravel pits  ��������  ���� ����

 
B. Known and Suspected Pollutants in the Little Traverse Bay Watershed 
The health of the warm and cold water fisheries, habitat for aquatic life, recreation, and to some 
extent navigation are the primary uses that are being degraded, impaired or threatened by 
pollution in the Little Traverse Bay Watershed. The key pollutants or impacts of concern are 
sediment, nutrients, toxics, hydrology, habitat loss, aquatic nuisance species, and bacteria. The 
table below provides a list of the known and suspected pollutants.    
 
 

 
    TABLE 4:   Little Traverse Bay Watershed Known  
                       and Suspected Pollutants 

Designated Use Threatened (T) 
Degraded (D) 
or Impaired (I) 

Pollutant Impacts 
Known (k)  or  suspected (s) 

Navigation D Sediment (k) 

 D Nutrients (k) 
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    TABLE 4:   Little Traverse Bay Watershed Known  
                       and Suspected Pollutants 

Cold water fishery D Sediment (k) 

 T Nutrients (k) 

 T Hydrology (s) 

 D Toxics (k) 

 D Aquatic nuisance species (k) 

 D Thermal (k) 

 D Habitat loss (k) 

D Sediment (k) Other indigenous 
aquatic life and 
wildlife T Nutrients (k) 

 D Hydrology (s) 

 I* Toxics (k) 

 D Habitat loss (s) 

 D Aquatic nuisance species (k) 

 T Pesticides (s) 

Warm water fishery I* Toxics (k) 

 T Pesticides (s) 

 T Nutrients (s) 

 D Aquatic nuisance species (k) 

 D Habitat loss (s) 

T Bacteria (k) Recreation (partial 
and total body 
contact) 
 

I* Toxics (k) 

* Designated use is partially impaired at Bay Harbor due to contamination from toxic cement kiln dust leachate (US 
EPA, 2005). 

 
 

C. Sources of Pollutants in the Little Traverse Bay Watershed 
There are numerous sources of pollutants to the water resources in the Little Traverse Bay 
Watershed. Land uses range from the urban environment of the Cities of Petoskey and Harbor 
Springs to the forested wetlands along stretches of the Bear River. Diverse land use equals a 
diverse amount of activities and many potential sources of nonpoint source pollution. The main 
activities, or sources, contributing nonpoint source pollution for each primary pollutant of concern 
in the Little Traverse Bay Watershed are described below. 
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TABLE 5:  Little Traverse Bay Watershed Pollutant Sources  
  

Pollutant Sources 
k = known            s = suspected 

Sediment (k) Road/stream crossings (k) 
Lakeshore/streambank erosion (k) 
Lakeshore development/construction (k) 
Urban runoff (k) 
Livestock access to streams (s) 
Forestry practices (s) 
Construction in priority areas (s) 

Nutrients (k) Failing septic systems (s) 
Residential lawns (s) 
Urban runoff (k) 
Livestock access to streams (s) 
Golf courses (s) 

Changes in hydrology (k) Urban runoff (k) 
Dams (k) 
Decreased ground water recharge (s) 
Water withdrawals (k) 

Toxics (s) Air deposition (k) 
Urban runoff (k) 
Improper disposal of household hazardous 
waste (s) 

Pesticides (s)   
 

Agricultural fields (s) 
Residential lawns (s) 
Golf courses (s) 

Bacteria (k)   Livestock waste (s) 
Pet waste (s) 
Wildlife (s) 
Urban runoff (k) 

Thermal (s) Removal of shoreline vegetation (k) 
Industrial discharge (k) 

Aquatic Nuisance Species (k)  Boat trailers (k) 
Wildlife (s) 
Ballast water (k) 

Habitat Loss (k) Streambank and lakeshore development (k) 
Wetland destruction (k) 
Fragmentation of forest lands (k) 

 
 
D. Pollutant Sources and Causes for the Little Traverse Bay Watershed 
Understanding the potential causes of the pollution is essential in developing goals and action 
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strategies. For the Little Traverse Bay Watershed, the following causes connected to each 
pollutant source were identified. 
 

TABLE 6: Little Traverse Bay Watershed Pollutant Sources and Causes 

Source Cause (known = k; suspected = s) 

Road/stream crossing (k) 
 

Undersized culverts (k); improperly placed culverts (k);  
lack of runoff diversions (k); inadequate fill on road surface (k); lack of 
vegetation (k); blockage of fish movement (k) 

Streambank erosion (k) Recreation access (k); changes in hydrology (s); vegetation removal (k) 

Lakeshore erosion (k) Vegetation removal (k); boat waves (k); changes in runoff due to shoreline 
development (k)  

Urban runoff (k)  Impervious surfaces(k); inadequate treatment of stormwater (k) 

Livestock waste and 
access to streams (s) 

Unrestricted access (s); no alternative water source (s) 

Forestry (s) Inadequate buffer strips near streams (s); temporary road construction (s) 

Failing septic systems (s) Outdated or improperly maintained systems (s) 

Decreased ground water 
recharge (s) 

Increased development and impervious surfaces in recharge areas (s) 

Air deposition (k) Burning of waste (k); industrial air discharge (s) 

Agricultural fields (s) Overapplication of fertilizers, manure, and pesticides (s) 

Residential lawns (s) Overapplication of fertilizers and pesticides (s) 

Golf courses (s) Overapplication of fertilizers and pesticides (s) 

Pet and wildlife waste (s) Inadequate disposal of pet waste (s); runoff of wildlife waste (s) 

Construction in priority 
areas (s) 

Inadequate treatment of stormwater (s); lack of erosion control (s); shoreline 
development (k) 

Removal of shoreline 
vegetation (k) 

Development along the shorelines (k) 

Boat trailers (k) Transferring a boat from one body of water to another without washing (k) 

Ballast water (k) Discharge of ballast water introduces aquatic nuisance species (k) 

Industrial discharge (k) Warm water (thermal) discharges (k); malfunctions with waste water treatment 
plants (k); toxic pollution from former cement industry (k) 

Shoreline development (k) Earth moving for construction (k); increased impervious surfaces (k); hardened 
shorelines (k) 

Household hazardous 
wastes (s) 

Improper disposal of household hazardous wastes (s) 

Wetland destruction (k) Shoreline development (k) 
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TABLE 6: Little Traverse Bay Watershed Pollutant Sources and Causes 

Source Cause (known = k; suspected = s) 

Access sites (boat 
launches, road ends) (s) 

Lack of runoff diversions (s); lack of erosion control (s) 

Varied zoning (k) Lack of consistent standards and provisions to require shoreline protection 
strips (k) 

Dams (k) Restrict natural flow (k) 

Beaver dams (s) Unnatural warming of water in dammed area (s) 
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E. Watershed Goals 
The overarching goal of the Little Traverse Bay Watershed Protection Plan is to protect and 
enhance the water quality and ecosystem integrity of Little Traverse Bay and its tributaries in a 
way that ensures all designated uses and attributes are restored, enhanced, and protected. This 
includes considerations for Little Traverse Bay, Walloon Lake, Bear River, and Schoof�s, 
Fineout, Tannery, Hay Marsh, Spring Brook, and Five-mile Creeks. The Advisory Committee 
developed a list of attributes that describe a healthy Little Traverse Bay Watershed, which 
includes: 
 

�  Adequate public access to lakes and streams 
�  Educated public regarding benefits of clean water to economy & quality of life 
�  Healthy wildlife populations and corridors 
�  Ample public lands for recreation 
�  Awareness of ecologically-sound recreation to prevent streambank erosion, 

 habitat loss, etc. 
�  Preserve �Up North� character  
�  Expanded network of protected private lands 

  �  Ecologically wise industry 
�  Celebrated human history of region 
�  Dark skies 
�  Thriving populations of fish that are healthy for consumption 
�  Sustainable alternative modes of transportation 
�  Increased involvement in alternative energy 
�  Managed residential growth 
�  Maintained scenic views 
�  Well-coordinated collaborative efforts by local government 
�  Safe ground water for drinking water 
�  Preserved agricultural lands 
�  Protection of steep slopes along Lake Michigan 
�  Promote tourism that protects and enhances �Up North� atmosphere 
�  Protected native flora and fauna and the ecosystems upon which they depend 

 
The Watershed Goals to Address Designated Uses, which appear in the table that follows, were 
developed with these attributes in mind.  The goals focus on how best to maintain the uses that 
are supported, and improve those uses that are threatened or degraded. 
 
 

TABLE 7:   Little Traverse Bay Watershed Goals to Address Designated Uses 
 

Designated Use Status Watershed Goal 

Agriculture Supported Manage nonpoint source pollution to ensure that the status of 
this use does not decline. 

Industrial water supply Supported Manage nonpoint source pollution to ensure that the status of 
this use does not decline. 

Public water supply at 
intake point 

Supported Manage nonpoint source pollution to ensure that the status of 
this use does not decline. 
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TABLE 7:   Little Traverse Bay Watershed Goals to Address Designated Uses 
 

Designated Use Status Watershed Goal 

Navigation 
 
 

Degraded Improve and maintain navigation in the Bear River and other 
tributaries by reducing sediment inputs; maintain navigation in 
Mud Lake by reducing nutrient inputs to avoid excessive weed 
growth. 

Warm water fishery 
 
 

Degraded  Improve warm water fishery by reducing inputs of toxic 
substances, sediments, and nutrients; controlling aquatic 
nuisance species; protecting and restoring wetlands.* 

Cold water fishery 
 
 

Degraded Improve cold water fishery by reducing inputs of toxic 
substances, sediments, and nutrients; restoring ground water 
recharge; protecting and restoring wetlands; controlling aquatic 
nuisance species; restoring vegetation along rivers and streams 
to provide shade and wildlife cover.* 

Other indigenous 
aquatic life and wildlife 

Degraded Improve habitat for other indigenous aquatic life and wildlife by 
reducing inputs of toxic substances, sediments, and nutrients; 
restoring ground water recharge; protecting and restoring 
wetlands; controlling aquatic nuisance species; restoring 
vegetation along rivers and streams to provide shade and 
wildlife cover.** 

Recreation  
(Partial body contact, 
e.g., boating and 
fishing; total body 
contact between 5/1 
and 10/31, e.g., 
swimming) 

Degraded  Improve quality of water discharged from urban runoff 
(stormwater sewers); discourage waterfowl in swimming areas; 
address possible failing septic systems; research and implement 
control of swimmer�s itch; clean-up contaminated near-shore 
areas at Bay Harbor.** 

* Designated use is partially impaired due to toxins present from atmospheric deposition. 
**  Designated use is partially impaired at Bay Harbor due to contamination from toxic cement kiln dust leachate (US 
EPA, 2005).  
 
 
F.  Water Quality Summary 
The Little Traverse Bay Watershed has five designated uses that are degraded: 1) navigation; 2) 
warm water fishery; 3) cold water fishery; 4) habitat for other indigenous aquatic life and wildlife 
and 5) recreation (partial and total body contact).  
 
Navigation 
Navigation is degraded in the Bear River from sediment. Streambank and lakeshore erosion, 
road/stream crossings, and urban runoff are known sources of sediment pollution. Suspected 
sources of sediment include livestock access to streams and forestry activities. 
 
Lakeshore and streambank erosion is often a result of the removal of shoreline vegetation.  
Angler and canoeing access points are another source of erosion on the Bear River. Improperly 
sized culverts and lack of runoff diversions are the main reason for erosion and sedimentation 
associated with road/stream crossings. 

(continued) 
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In some of the small tributaries to the Bear River, livestock access to streams for a watering 
source can destroy the bank and cause erosion and sedimentation. New construction in the 
shoreline area can also contribute sediment, particularly if inadequate erosion controls are used. 
Not maintaining buffer strips during logging is also suspected of contributing to erosion and 
sedimentation. 
 
Navigation in Mud Lake is degraded by excessive weed growth caused by nutrient inputs. 
 
Warm Water Fishery 
The warm water fisheries in the Little Traverse Bay Watershed occur in the shallow areas of 
Little Traverse Bay and Walloon Lake. Angler reports in Little Traverse Bay have shown a 
decline in the populations of smallmouth bass, rock bass, and perch. This is likely due to food 
chain impacts from the introduction and colonization of zebra mussels in the shallow waters of 
the Bay (US EPA and Environment Canada, 1997). In Walloon Lake, the fishery is degraded by 
shoreline development and hardening (large rock riprap and seawalls) that cause direct loss of 
habitat and can increase sediment, nutrient, and toxic pollutant loadings. In addition, pollutants 
from stormwater impact the health of fisheries in both waters. Throughout the Watershed, the 
warm water fishery is impaired primarily due to the occurrence of mercury, and consumption 
advisories for fish exist.  The primary source of mercury is atmospheric fallout. 
 
Cold Water Fishery 
Like Lake Michigan, Little Traverse Bay and most of the rivers and streams within the Little 
Traverse Bay Watershed support cold water fisheries. Many factors, however, have 
compromised this regional resource and as a result the cold water fisheries of the Little Traverse 
Bay Watershed are degraded. Although it is difficult to determine the exact causes behind the 
fisheries� decline, sedimentation, nutrient loading, changes in hydrology, and toxic pollution (oils, 
grease, heavy metals, and pesticides) are all harmful to cold water fisheries and are all present 
in the Little Traverse Bay Watershed. Potential impacts contributing to the degradation include 
toxic pollution, destruction of spawning habitat, loss of shoreline habitat, and ecosystem 
disruption from aquatic nuisance species.  
 
In Walloon Lake, nutrients are potentially the most harmful. A known source of nutrients is urban 
stormwater runoff caused by increased impervious surfaces and inadequate treatment of 
stormwater. Other known or suspected sources of nutrients are septic systems that are outdated 
or improperly maintained, overapplication of lawn fertilizers and pesticides, and unrestricted 
access of livestock.  Excessive aquatic plant growth as a result of nutrient pollution can 
decrease the oxygen available in the bottom of the lake (hypolimnion) during the summer 
months.  
 
The cold water fishery in the Bay is impacted by the overall health of Lake Michigan. In the Bear 
River and other tributaries (Tannery and Five Mile Creeks), sediment may be the most harmful 
pollutant to the cold water fishery. Sediment impacts fish by covering spawning areas, making 
feeding difficult, and clogging gills.   
 
The cold water fishery is also impacted by changes to the hydrology. Decreased ground water 
recharge results from increased development and impervious surfaces in the recharge area. 
 
Other Indigenous Aquatic Life and Wildlife 
Habitat for indigenous aquatic life and wildlife is degraded throughout the Watershed from 
sediment, nutrients, habitat loss, and aquatic nuisance species and is suspected to be impacted 
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by hydrology and toxics. Nutrients harm wildlife by encouraging excessive aquatic plant growth 
that can deplete oxygen supplies when it decomposes. Toxic chemicals harm aquatic life by 
weakening immune systems and making organisms more susceptible to disease. They can also 
harm reproduction, and if concentrations of the toxic materials are high enough, they can kill 
aquatic life.  
 
Sources of sediment pollution are the same as mentioned above under threats to navigation. 
Known sources of nutrient pollution include lakeshore and streambank erosion, road/stream 
crossings, and lawn care on residential properties. Suspected sources of nutrient pollution 
include failing septic systems, livestock in streams, stormwater discharges in urban areas, 
manure application and management, golf courses, and new construction. Oils, grease, and 
heavy metals are known to be contributed from stormwater discharges in urban areas and 
road/stream crossings. Pesticides may be contributed from agricultural fields and lawns. 
 
The contaminated cement kiln dust leachate seeping into near shore areas at Bay Harbor is an 
impairment to aquatic organisms and water quality in this part of the Bay (US EPA, 2005). High 
pH levels and toxins, such as mercury and arsenic, in contaminated areas are harmful to aquatic 
organisms.  While dilution nullifies the pH effect in the short-term, the long-term effects of 
persistent toxins may contribute to mortality or habitat degradation for these organisms. 
 
Recreation (Partial and Total Body Contact) 
Although not a huge problem sources that contribute bacteria to the Bay can make it unsafe for 
swimming.  Suspected sources of bacteria include stormwater discharges in urban areas, 
manure application and storage, and livestock access to streams. Stormwater discharge in 
urban areas can collect and deposit pet and wildlife waste into the Little Traverse Bay.  
Excessive application of manure, runoff from manure piles, or livestock access to streams can 
all be causes of bacterial pollution from agricultural sites. In addition, nutrient pollution can 
stimulate nuisance levels of aquatic plant and algae growth that disrupt recreational activities 
and make swimming and boating undesirable or difficult. 
 
Recreation is also impaired in the near shore leachate contaminated areas of the Bay at Bay 
Harbor.  High pH levels can make boating undesirable.  High pH levels coupled with the 
presence of persistent toxins also makes swimming harmful to humans in the short and long-
term. 
 
 
3. Defining the Priority Area 
 
The priority area is that portion of the watershed which is most sensitive to environmental 
impacts and which has the greatest likelihood to affect water quality and aquatic habitat. The 
geoprocessing tools in the ESRI software package, ArcView 3.2, were used to delineate priority 
areas.  Supplemental information was used to identify sensitive areas, including USDA Soil 
Surveys, USGS Topographic Maps, Groundwater Education in Michigan (GEM) ground water 
studies, and the Tip of the Mitt Watershed Council survey of shoreline wetlands. 
 
The priority area for the Little Traverse Bay Watershed includes the following areas: 
 
1.  Areas within 1,000 feet of the following features: 

A.  Little Traverse Bay, 
B.  Walloon Lake, 
C.  Tributary rivers and streams (including intermittent drainages), 
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D.  Wetlands in the watershed, and 
E. Urban areas that drain to surface waters via storm sewers. 

2. Areas of steep slopes (25% and greater slope)  
 
3. High value wetlands and ground water recharge areas. 
 
Nonpoint source pollution inventories conducted in the Little Traverse Bay watershed focused on 
the priority area (Figure 2). 
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FIGURE 2 � Little Traverse Bay Watershed Priority Areas Map 
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Review of Nonpoint Source Pollution Inventories 
 
 
 
Numerous inventories were conducted to assess and document the current level of nonpoint 
valuable information for determining causes and potential sources of pollution. The following 
section includes summaries and results for all inventories conducted in the Watershed. 
 

1. Stormwater Inventory 

 
Stormwater is excess water that accumulates on the surface after the ground has become 
saturated from precipitation (rain, snow, or snowmelt) and begins to flow overland.  Stormwater 
runoff occurs naturally, but increases as a result of landscape development and urbanization.  
As forests, grasslands, wetlands, and pastures are replaced by constructed (impervious) 
surfaces such as streets, roofs, sidewalks, and parking lots, the amount of stormwater runoff 
generated by a storm event increases dramatically. The negative effects of stormwater runoff on 
aquatic ecosystems have been well documented (Metropolitan Washington Council of 
Governments, 1987). Increased stormwater runoff alters the natural flow regime of streams, 
scouring stream banks and stream beds, increasing sedimentation, and reducing water quality 
and aquatic habitat for fish, aquatic insects and other aquatic organisms. In addition, stormwater 
carries many harmful substances found in urban areas, such as bacteria from pet and animal 
wastes, fertilizers, oil, grease, deicing road salts, sediments, heavy metals and pesticides, which 
wash into receiving water bodies. 
 
The Little Traverse Bay Watershed contains four urban areas where stormwater runoff 
potentially degrades the water quality and aquatic habitat of receiving water bodies.  The City of 
Petoskey, Harbor Springs, and Bay Harbor are located on the Little Traverse Bay shoreline and 
Walloon Lake Village lies adjacent to Walloon Lake and the Bear River.  All of these urban 
areas possess paved streets with curbs, gutters, and subsurface drainage pipes called storm 
sewers. These storm sewers prevent flooding and water damage within the urban areas, but 
also have negative impacts on local surface water resources such as Little Traverse Bay, 
Walloon Lake, the Bear River and other streams (e.g., Tannery Creek).      
 
As part of the Little Traverse Bay Watershed Protection Plan, Watershed Council staff 
conducted inventories in 2002 and 2003 of storm sewer systems in each of the four urban areas 
in the Watershed. The inventories consisted of identifying land uses (e.g., commercial, 
residential, natural) within the city/village boundaries, reviewing maps of storm sewers provided 
by each city, delineating different drainage catchment areas, and identifying locations of 
stormwater inlets and outlets. No water sampling or testing was conducted. However, results 
from a previous study by the Watershed Council documenting pollution and water quality 
impacts of storm sewer effluent in Harbor Springs were similar to those of the predictive model 
(Tip of the Mitt Watershed Council, 1989). Inventory data were inputted into an empirical model 
to predict pollutant loadings in each urban area for four major pollutants: sediment, phosphorus, 
copper, and zinc (Appendix A).   
 
The survey found that 3,213 acres of land is serviced by stormwater systems, with a total of 70 
stormwater outfalls. Together (based on a standardized method of estimating pollutant 
loadings), each year these outfalls discharge a total of 1,967 pounds of phosphorus, 412,203 
pounds of sediment, 976 pounds of zinc, and 84 pounds of copper (Table 8). In more graphic 
terms, this equals 393 50-pound bags of 10-10-10 fertilizer (which could stimulate the growth of 

chapter 
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nearly 1 million pounds of algae) and 17 dump truck loads of soil. 
 
 

TABLE 8: Little Traverse Bay Watershed Storm Sewer Survey Summary 

 Bay Harbor Harbor 
Springs 

Petoskey Walloon 
Lake Village 

Area of Direct Stormwater Drainage (acres) 308 348 2,230 327 

Land Use (% of acreage)     

    Undeveloped/natural 25 19 39 67 

    Commercial/industrial 28 17 22 2 

    Residential 47 64 38 31 

Overall Impervious Cover (%) 32.5 33.7 30.7 14.2 

Number of Storm Sewer Outfalls 22 18 25 5 

Estimated Annual Pollutant Export (lbs/year)     

    Phosphorus 179 451 1,234 101 

    Sediment 37,554 94,694 258,771 21,184 

    Zinc 89 224 613 50 

    Copper 8 19 53 4 

Comparative Pollutant Export     

    10-10-10 Fertilizer (50 lb bags) 36 90 247 20 

    Aquatic plant growth (lbs) 89,600 225,900 617,250 50,550 

    Soil (dump truck loads) 1.6 3.9 10.8 0.9 

 
The results indicate that the amount of pollutants in each urban area is probably a function of 
stormwater drainage area and predominant landuse. Estimates clearly show that annual 
pollutant exports are greater in Petoskey than other urban areas, but this is expected as the City 
of Petoskey has a much larger stormwater drainage area. Although stormwater drainage areas 
for Harbor Springs and Walloon Lake Village are roughly equivalent, pollutant loadings for 
Walloon Lake Village are substantially lower. The low level of pollutant export in Walloon Lake 
Village (even lower than Bay Harbor, which has a smaller drainage area) is attributed to the high 
percentage (67%) of natural/open area landuse in the stormwater basin.  Overall, estimates 
reveal a large amount of pollution flowing into Little Traverse Bay and tributary waters in the 
watershed via stormwater systems in Bay Harbor, Harbor Springs, Petoskey, and Walloon Lake 
Village. 
 
The Watershed Council coordinated meetings with appropriate government officials from all 
four urban areas to present findings, obtain feedback, and offer recommendations for 
mediating stormwater impacts (Appendix B). Comments provided by local governments will be 
used to modify stormwater system maps (Figures 3, 4, 5 and 6) and make necessary 
adjustments in pollutant loading calculations. 
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FIGURE 3 � City of Petoskey Stormwater Basin 
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FIGURE 4 � Harbor Springs Stormwater Basin Map 
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FIGURE 5 – Bay Harbor Stormwater Basin Map 


