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EXECUTIVE SUMMARY 
 
Northern Michigan is endowed with an abundance of high quality lakes, rivers, and streams.  
Development pressures and the increasing use of these inland waters threaten to degrade the 
condition of these water resources.  The high quality of our lakes, rivers, and streams can only be 
maintained through sound management and responsible stewardship.  It is vital that efforts begin 
now to determine and implement effective management strategies for protecting watersheds; as the 
saying goes, "an ounce of prevention is worth a pound of cure." 
 
The primary threat to water quality in northern Michigan is nonpoint source pollution.  Nonpoint 
source pollution cannot be linked directly to a discrete source such as a factory pipeline, but rather 
is associated with land uses such as agriculture or urbanization.  Nonpoint source pollution is 
mostly transported through runoff from rain or snowmelt that accumulates contaminants from the 
land, such as soil particles, pesticides, fertilizers, human or animal waste, litter, oil and grease, or 
other hazardous chemicals. 
 
Because nonpoint source pollution originates from the land, in order to reduce nonpoint source 
pollution and protect water quality, watershed boundaries are used for management and planning 
purposes.  A watershed is an area of land where, due to topography and surface conditions, all 
runoff drains to a common surface water body.  The importance of water resource management 
from a regional watershed perspective is paramount in an area like northern Michigan, due to the 
abundance of inland lakes which are particularly susceptible to various types of nonpoint source 
pollution. 
  
The Pickerel-Crooked Lakes Watershed Nonpoint Source Pollution Management Plan is the fourth 
phase of a projected five phase project to develop watershed management plans for the entire 
Cheboygan River Watershed.  A map of this watershed is provided as Figure One.  The previous 
three phases involved the development of nonpoint source pollution plans for Burt, Mullett, and 
Black Lakes and their watersheds.   
 
The development of this plan involved a thorough assessment of information on the historic and 
current status of the land and water resources in the study area.  A field inventory documented 
locations and activities contributing nonpoint source pollution.    
 
In addition to the nonpoint source inventory, land use change from 1978 to 1995 was documented.  
A boat survey and carrying capacity analysis provided new information on recreational use of the 
lakes.   
 
Information collected from the background research and inventory was used to identify the critical 
areas within the Watershed.  The Pickerel-Crooked Lakes Watershed critical area consists primarily 
of lakeshores, tributary corridors, high-value wetlands, and other sensitive areas.  A map showing 
the study area is provided as Figure Two. 
 
Protecting the high quality recreational uses of the water resources within the Pickerel-Crooked 
Lakes Watershed will require actions to reduce nonpoint source pollution from current activities 
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and proactive measures to diminish the threat from future activities.  The recommended goals for 
water quality protection in the Pickerel-Crooked Lakes Watershed are described in the Water 
Quality Statement, Section I. 



 

Nonpoint Source Pollution Management Plan 
 
  3 

Figure One:  Cheboygan River Watershed 
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Figure Two:  Study Area Map 
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 WATER QUALITY STATEMENT 
 
The Water Resources Commission 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 at the point of intake; 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 trout streams is applicable for many streams and 
rivers in Michigan. 
 
Pickerel-Crooked Lakes have good water quality and can meet the requirements for all seven 
designated uses.  The active designated uses for these lakes are navigation, warm-water fishery, 
habitat for indigenous aquatic life, and total body contact recreation.  Ongoing studies conducted by 
Tip of the Mitt Watershed Council have determined that water quality in these lakes is good.  
However, results of the nonpoint source pollution inventory conducted in the Pickerel-Crooked 
Lakes Watershed (the Watershed) revealed that the water quality is threatened primarily by 
sedimentation and secondarily by nutrient loading within the critical area.  The water quality is still 
good, and it is essential that future impacts from projected activities be considered equally in the 
ranking of pollutant sources.  Projected sources include those related to the secondary impacts of 
changing land use.  Given the current trends documented in the land use analysis, stormwater, 
shoreline management, and road/stream crossings are all likely to contribute increasing amounts of 
sediments and nutrients to the Watershed in the future.   
 
The known and projected sources of sediments in the critical area of the Watershed have been 
ranked from highest impact to lowest impact: 1) changing land uses within critical area; 2) 
stormwater; 3) shoreline management; 4) agriculture; 5) road/stream crossings; and 6) logging.   
The known and projected sources of nutrients within the critical area of the Watershed have also 
been ranked from highest to lowest: 1) changing land use; 2) shoreline management; 3) agriculture; 
4) stormwater; 5) logging; and 6) road/stream crossings. 
 
Both the known and projected sources of nonpoint source pollution that contribute sediments and 
nutrients to the lakes and tributaries have the potential to degrade the existing designated uses.  
Sediments can harm the warm water fishery and habitat for indigenous aquatic life by covering and 
filling in spawning areas; clouding the water, making feeding difficult; and potentially causing 
damage to gills.  The firm near-shore bottom of Pickerel and Crooked Lakes may become softer 
due to sediment inputs, reducing the quality of recreation and potentially requiring dredging for 
navigational purposes.  Sediments also contribute nutrients and other pollutants to the waters.  In 
addition to these effects, excess sedimentation can have negative aesthetic impacts on the lakes' 
shoreline. 
    
Nutrients also threaten the designated uses.  Excessive nutrients encourage aquatic plant and algae 
growth.  When these aquatic plants die they sink to the bottom of the lakes and decompose.  During 
decomposition the plants use oxygen, decreasing the amount of oxygen available to fish and other 
aquatic life in the hypolimnion.  An abundance of aquatic plant growth can encourage the use of 
herbicides which introduces toxics to the lake ecosystem, further threatening aquatic life.  Large 
growths of aquatic plants can also interfere with boat navigation, make swimming undesirable, and 
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negatively impact the aesthetic quality of the lakes. 
   
The results of the nonpoint source inventory indicate that sediment is the primary pollutant, with 
nutrients ranking as a very close second, due to the connection between soil particles and nutrients. 
 The sources of sediment and nutrients in the Watershed, both known and projected are the same 
and the actions needed to reduce contributions of one of the pollutants (sediment or nutrients) will 
generally reduce inputs of the other.  Therefore rather than provide a separate list of 
recommendations for each pollutant, a summary of recommendations for each pollutant source 
follows. 
 
Priority One:  Changing Land Use -  The land use inventory compared changes in land use from 
1978 to 1995.  The results revealed that significant amounts of forest land, wetland, and open space 
are being converted to more intensive urban and residential uses.  This conversion in land use is a 
leading contributor of nutrients and sediments.  As the Watershed becomes more urbanized the 
amount of impervious surface increases.  This alters hydrology, increasing the amount and 
decreasing the quality of runoff.   
 
Goal: Promote a community directed alternative approach to land use management for the 

reduction of nonpoint source pollution from changing land use patterns. 
 
Priority Two:  Stormwater - The nonpoint source pollution inventory identified ten stormwater 
drains that discharge untreated stormwater directly to Crooked, Pickerel, Round, Spring, or Mud 
Lakes.    
 
Goal: Reduce runoff from stormwater discharges to Pickerel, Crooked, Round, Spring, and Mud 

Lakes, and their tributaries. 
 
Priority Three:  Shoreline Management - Septic system problems are common in two broad areas 
on Pickerel Lake.  Along the shoreline of both Pickerel and Crooked Lakes, few developed 
shoreline properties have greenbelts, whereas lawn fertilization is common.  Accelerated shoreline 
erosion is occurring in many locations around the lakes. 
 
Goal: Reduce sediment and nutrient loading to the tributaries of Pickerel-Crooked Lakes from 

agricultural activities and prevent future contributions by initiating the restoration of former 
wetlands in agricultural portions of the critical area. 

 
Priority Four:  Agriculture - The assessment of agricultural areas in the Watershed identified two 
sites where cattle access to the Minnehaha Creek was causing sedimentation and nutrient input 
from streambank erosion and animal waste. 
 
Goal: Improve shoreline management of Pickerel, Crooked, Round, Spring, and Mud Lakes 

through the reduction of nutrients, sediments, and other nonpoint source pollutants from 
agricultural areas. 

 
Priority Five:  Road/Stream Crossings - Two road/stream crossings were identified to be 
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contributing sediments to Minnehaha Creek.   
 
Goal:  Stabilize erosion to reduce the amount of sediment reaching streams in the Watershed from 

road/stream crossing sites and proactively work to prevent nonpoint source pollution from 
other road maintenance activities. 

 
Priority Six:  Logging Activities - Six logging roads within the Mackinaw State Forest were found 
to be contributing sediments to tributaries and wetlands. 
 
Priority Six:  Implement BMP's during all forest treatment activities in the critical area of the 

Watershed to protect water quality.   
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 PICKEREL-CROOKED LAKES WATERSHED DESCRIPTION 
 
Pickerel-Crooked Lakes are part of the Inland Waterway, a 40-mile scenic route of connecting 
inland lakes and rivers.  The Inland Waterway connects Round, Pickerel, and Crooked Lakes at the 
western side of the lower peninsula with Lake Huron at Cheboygan via the Crooked River, Burt 
Lake, Indian River, Mullett Lake, and the Cheboygan River.  These lakes provide excellent 
recreational boating, swimming, and warm-water fishing opportunities.   
 
Location, Size, and Description of Watershed 
 
The combined watershed of Crooked and Pickerel Lakes, encompassing approximately 62,972 
acres, is fairly small when compared to the other watersheds within the larger Cheboygan River 
Watershed. (By comparison, Burt Lake's Watershed measures more than 250,000 acres; the Mullett 
Lake Watershed covers more than 162,000 acres). The Crooked Lake Watershed is long and narrow 
and spans 20,093 acres.  Pickerel Lake's Watershed covers 33,879 acres; it is somewhat circular in 
shape, with the lake in the northwest corner.  A map of the study area is provided in Figure Two. 
 
The Pickerel-Crooked Lakes Watershed can be broken down into a group of subwatersheds, all of 
which eventually flow, directly or indirectly into Crooked Lake.  This series of streams and lakes, 
with Crooked Lake at its center, is part of the larger Cheboygan River Watershed.  The Pickerel-
Crooked Lakes Watershed is composed of the following subwatersheds: Minnehaha Creek, 
including the West Branch of the Minnehaha and Silver Creek, Mud Creek, Cedar Creek including 
Berry Creek, Round Lake Creek, Fish Hatchery Creek, Spring Lake, Mud Lake, and Round Lake.  
      
The ratio of the size of a lake's entire watershed to the lake's surface area is a descriptive statistic for 
indicating the susceptibility of the lake to pollution from the watershed.  Lakes which have a large 
ratio of watershed to lake area are more susceptible to nutrient enrichment and other types of 
pollution from throughout the watershed than lakes with small ratios.  Pickerel and Crooked Lakes 
combined watershed area is eighteen times higher than the combined surface area of the lakes, or 
18:1.  This is a fairly average ratio.  (For comparison, Mullett Lake has a ratio of 9.74:1; Burt Lake 
is 14:1; the ratio for Black Lake, on the other hand, is 35.04:1).  The Pickerel-Crooked Lakes 
Watershed is composed predominantly of undeveloped forest land.  Other significant land uses 
within the watershed include agriculture and residential development found near the lake shores and 
in the villages of Conway and Oden. 
 
History 
 
Long before the arrival of Europeans, the northern portion of Michigan's Lower Peninsula was 
home to the Ottawa (Odawa) nation.  The total population of the early Ottawa is not known, though 
it has been estimated to be somewhere between 20,000 and 100,000.  The Ottawa made their home 
here for hundreds of years, establishing and maintaining villages along the Lake Michigan shoreline 
and along the Inland Waterway.  These villages were connected by a series of footpaths which 
allowed the natives to travel overland (many of our highways roughly follow these paths).  More 
important for travel were the waterways, by which distance could be covered quickly.  The Inland 
Waterway, connecting Crooked Lake at the western side of the lower peninsula with Lake Huron at 
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Cheboygan, was the most efficient travel option.  Using canoes, the Ottawa could travel from 
Crooked Lake to hunting grounds, seasonal fishing spots, and neighboring villages along the 
Crooked River, Burt Lake, Indian River, Mullet Lake, the Cheboygan River and, finally, Lake 
Huron.  This route avoided the more challenging and dangerous trip around the peninsula on Lake 
Michigan. 
      
European explorers who arrived in the region in the early 1600's greatly altered the lifestyle of the 
Ottawa.  After the missionaries arrived, a trickle of French voyagers and trappers began flowing 
into the area and due to the abundance of fur-bearing animals, unlocked the gates for a market that 
changed forever the face of Northern Michigan.   
 
In 1808, John Jacob Astor established the American Fur Company on Mackinac Island, employing 
2,000 voyagers during trapping season.  The heavy predation decimated the populations of beaver, 
otter, mink, fox and other animals.  By 1825, Astor's fur company was finished.  
      
After the fur industry crashed, it was several years before any new industry took over.  Widespread 
logging began around 1840, and intensified between 1860 and 1890.  In the early part of the 
nineteenth century, virtually the entire Michigan territory was covered by vast forests.  People 
began to realize the value of these stands of white pine, maple, oak, and beech, among others.  One 
of the most valuable trees was the white pine, which grew to a height of 150 feet and often 
measured 3-4 feet in diameter.   
 
Land was cheap and easy to obtain in the early and mid-1800's.  This fostered the rapid growth of 
the logging industry.  The work was difficult and slow, since it was all done by hand.  With the 
opening of railroads in the region, the lumber industry boomed, reaching its peak after the Civil 
War, and continuing for the next half-century.  Virtually all the forested land in northern Michigan 
was logged during this period.  By the early 1900's the lumber industry had sharply declined.   
 
The land was clearcut rapidly during this period, with no thought to environmental concerns.  
According to F. Clever Bald in Michigan In Four Centuries, "The loggers had no thought for the 
future.  'Cut and get out' was their motto.  There was sharp competition, and to make money they 
believed that they had to clear the land as quickly as possible."  When the trees were cleared from 
an area, there was generally nothing left, but slashings and remains of trees too small to cut.  As 
these branches and wood debris dried, they became prime fuel for forest fires.  Disastrous forest 
fires broke out in the 1870's and 1880's due to these careless logging practices, destroying many 
homes and villages, and consuming valuable stands of remaining timber.   
 
Throughout this period of settlement and development, the Inland Waterway constituted an 
important transportation link between otherwise remote areas.  Before the construction of railroads, 
the Waterway was the only means of transporting timber to the mills for processing and 
distribution.  Logs cut along streams or rivers were heaped on the banks during winters, and then 
rolled into the water after the spring thaw to float downstream to towns near the rivermouths where 
they were converted into lumber.  From there the lumber would be loaded on vessels and 
transported to various ports along the Great Lakes.   
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Lake Overview 
 
Lake managers and water quality experts have developed standard size and shape measurements to 
describe the physical features of lakes.  These characteristics can provide insights into a lake's 
productivity and sensitivity to changes.  The simplest of these is surface area.  Crooked Lake, the 
largest lake in the Pickerel-Crooked Watershed, has a surface area of 2,371 acres (960 hectares).  
The maximum width is 1.92 miles (3.10 km) and its maximum length is 3.48 miles (5.60 km).  
Crooked Lake has an average depth of approximately 9.8 feet (3.00 m).  The maximum depth, 
measuring approximately 61 feet (18.60 m) is found in the north-central portion of the lake basin, 
west of Oden Island.  The lake contains large expanses of shallow water suitable for development 
of weed beds which provide favorable habitat for fish.   
 
Pickerel Lake is approximately half the size of Crooked, with a surface area of 1,055 acres (427 
hectares).  The maximum length and width are 2.55 miles (4.10 km) and 1.06 miles (1.70 km), 
respectively.  Pickerel Lake has an average depth of 12.8 feet (3.90 m) and a maximum depth of 
approximately 70 feet (21.30 m).  The maximum depths are located in the northwest portion of the 
lake basin near the Pickerel-Crooked Channel.  Similar to Crooked Lake, Pickerel Lake contains 
large expanses of shallow water suitable for the growth of weed beds and fish communities.  Depth 
contour maps of Crooked and Pickerel Lakes are shown as Figures Three and Four, respectively.  A 
summary of morphometric features of Crooked and Pickerel Lakes is provided in Table One.  The 
photographs below and on page 11 show aerial views of the Crooked and Pickerel Lake shorelines. 
 
This photo shows the majority of Crooked Lake's shoreline. 
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The upper portion of the photo contains Pickerel Lake and the bottom portion shows the southeast 
shoreline of Crooked Lake. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Round Lake has a surface area of 337.25 acres (136.5 hectares).  The maximum depth is 14 feet 
(4.3 m) and the mean depth is 5.6 feet (1.7 m).  The deepest point is found approximately in the 
center of the lake.  A depth contour map of Round Lake is shown in Figure Five.  An aerial 
photograph of Round Lake is shown below.  
 
 
Although Round Lake is less than a mile from Little Traverse Bay, it is connected hydrologically to 
the Pickerel Crooked Lakes Watershed. 
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Mud Lake drains directly into Round Lake from the southwest via a small creek which passes under 
Hiawatha Trail.  The surface area of Mud Lake measures approximately 13 acres (6 hectares) and 
the mean and maximum depths are 2.6 feet (0.8 m) and 10 feet (3.0 m), respectively.  A small 
seepage lake known as Spring Lake is located adjacent to Mud Lake to the south.  The immediate 
watershed of Spring Lake measures approximately 343 acres (139 hectares).  Its surface area is 7 
acres (2.8 hectares), mean depth is 2.3 feet (0.7 m), and the maximum depth is 9 feet (2.7 m).   
 
A mathematical expression called "Volume Development Factor" (VDF) is used to indicate the 
relative form of a lake's basin (the underwater depth contours).  The VDF of a lake is the ratio of its 
volume to the volume of a cone with a basal area equal to the surface area of the lake and a height 
equal to the depth of the lake.  The VDF of a cone is 1.0.  More concave, or trench shaped, basins 
have a VDF greater than 1.0, whereas more convex basins have a VDF less than 1.0.  Most lakes 
have a VDF greater than 1.0.  The VDF of both Pickerel and Crooked Lakes is 0.5, indicating that 
the lake basins have broad shallow areas which slope steeply to deeper waters.  Visually, the cross 
section of these lakes resembles a funnel containing water, with the sides of the funnel sloped in a 
convex manner toward the water inside.  The volume of Crooked Lake is 38,570,911 cubic yards 
(29,488,464 cubic meters), and the volume of Pickerel Lake is 22,432,095 cubic yards (17,149,920 
cubic meters).  Water residence times in both Pickerel and Crooked Lakes are relatively short.  
Calculation of water residence times for the lakes is complicated somewhat by the hydrology of the 
Pickerel-Crooked Channel, which connects the two lakes.  Although net water flow is from 
Pickerel to Crooked Lake via the Channel, reverse flow also occurs.  In addition, it has been 
observed that water from the Channel discharges primarily through the Crooked River and mixes 
only minimally with Crooked Lake water west of Oden Island.  It has been estimated that water 
flow from the Pickerel-Crooked Channel constitutes 39% of the outflow of the Crooked River, 
while the other 61% is comprised by the outflow of Crooked Lake.  Water residence time in 
Crooked Lake is approximately 4.2 months, while in Pickerel Lake it is 4.7 months.  (In contrast, 
Walloon Lake, located nearby to the southwest, has an estimated water residence time of 3.2 years.) 
 As a result of the short water residence times, Pickerel and Crooked Lakes have a capacity to flush 
out pollutants relatively quickly.   
 
Pickerel Lake is fed mostly by ground water seepage since its inflowing streams are small.  Cedar 
Creek, at the eastern end of the lake, is the largest surface water inlet.  Berry Creek is a major 
tributary of Cedar Creek.  Mud Creek flows into Pickerel Lake from the west.  There are several 
other intermittent streams which flow into the lake from the north and south.  These streams are 
supplied mainly by surface runoff, and generally flow only in the spring, or after storm events.  The 
Pickerel-Crooked Channel is the only outlet from Pickerel Lake.   
 
Ground water discharge is an important source of water in Crooked Lake as well, however the lake 
has five tributaries which are also a significant water source.  Crooked Creek and the Oden Fish 
Hatchery Creek feed into the lake from the north; Round Lake Creek, which drains the Round Lake 
Watershed, including Mud and Spring Lakes, flows into Crooked Lake from the west; and 
Minnehaha Creek, which feeds into the lake from the south, drains the southern portion of the 
watershed.  The fifth inlet to Crooked Lake is the Pickerel-Crooked Channel, discussed  
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Table One: Summary of Morphometric Features of Crooked and Pickerel Lakes 
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Figure Three: Depth Contour Map of Crooked Lake 
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Figure Four: Depth Contour Map of Pickerel Lake 
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Figure Five: Depth Contour Map of Round Lake 
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earlier.   The Crooked River, which is located at the northeast end of Crooked Lake, is the only 
outlet for Crooked Lake.  The Crooked River discharges to Burt Lake.    
 
The Crooked River has been periodically dredged to a depth of 5 feet since 1956 in order to 
maintain a water level suitable for recreational boating activities.  In addition, a lock and weir 
system constructed at the head of the Crooked River at Alanson in 1964 is used to control water 
levels in Crooked and Pickerel Lakes. 
 
The Crooked Lake shoreline measures more than 18 miles, with over 400 dwellings.  The shoreline 
is highly irregular in shape, and the length is three times greater than the shoreline of Pickerel Lake, 
which measures 6.6 miles and has approximately 180 dwelling units.  A portion of the Pickerel 
Lake shoreline on the western side of the lake borders on state land.  Although there are some 
preserves and conservation easements owned by the Little Traverse Conservancy along the Crooked 
Lake shoreline, there is no state owned shoreline property with the exception of the Michigan 
Department of Natural Resources (MDNR) boat launch at Channel Road.   
 
A mathematical expression called the "Shoreline Development Factor" (SDF) is used to describe 
the ratio of a lake's shoreline to the circumference of a circle with the same area as the lake surface. 
 A perfectly circular lake would have an SDF of 1.0.  The higher the SDF, the more susceptible the 
lake is to pollution from runoff and shoreline development because there is more shoreline for each 
acre of lake area.  The SDF of Crooked Lake is 2.96, more than twice the SDF of Pickerel Lake, 
which is 1.4.  This is an indication that the potential for shoreline development, and therefore 
nonpoint source pollution, for Crooked Lake is much greater than for Pickerel Lake, because there 
is a greater length of shoreline available for development relative to the surface area of the lake.  
The SDF for other lakes in northern Michigan ranges from nearly 1.0 for a number of very small 
lakes to 4.3 for Twin Lake (in northern Cheboygan County). 
  
Water Quality 
 
Numerous water quality investigations have been conducted on Pickerel and Crooked Lakes since 
1921 (see inventory of water resource information provided in Appendix A).  A regional water 
quality study was undertaken by the University of Michigan Biological Station (UMBS) in 1979.  
Other data have come from studies performed by the Tip of the Mitt Watershed Council (TOMWC) 
between 1983 and 1995.  These studies have shown that Pickerel and Crooked Lakes have good 
water quality.  Limited water quality data is available for Round Lake.  This information comes 
from a sampling program conducted by the MDNR Inland Lake Management Unit of the Land and 
Water Management Division in 1980 and from a TOMWC sampling program conducted in 1995.  
No studies documenting water quality in Spring and Mud Lakes have been conducted in recent 
years.  The only data currently available for Spring and Mud Lakes comes from a UMBS study 
conducted between spring 1973 and winter 1975.  Round Lake was also sampled during this 
program.  Selected results of this study were published in a UMBS report in 1979.  The water 
quality data referred to in the following sections are summarized in Tables Two, Three, and Four. 
 
As with most northern Michigan lakes, the alkalinity, pH, and calcium levels are high.  This is a 
result of marl deposition on nearshore rocks as well as in deep water sediments.  Marl is a whitish 
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rock or sediment material consisting of clay-sized calcium carbonate particles.  Total phosphorus 
levels are generally low.  The ratio of phosphorus to nitrogen and calcium is low,  and therefore 
phosphorus is considered to be the limiting nutrient for productivity in these lakes.  This is partially 
because phosphorus tends to adsorb onto marl particles and settle out of the water column to the 
benthic (bottom) sediments.  Nitrogen levels, which generally are the second most important 
nutrient factor controlling productivity in these lakes, are highly variable in Pickerel and Crooked 
Lakes, but are within typical ranges for lakes of low or intermediate trophic status.   
 
Spring and Mud Lakes exhibit significant nutrient regeneration during the winter months.  
According the UMBS study in 1972-1975, concentrations of nitrate-nitrogen were observed to be 
fifteen times higher in Spring Lake and twenty times higher in Mud Lake during winter. 
 
Both Pickerel and Crooked Lakes thermally stratify in the summer.  The warm upper layer, or 
epilimnion, typically extends to a depth of about 8 meters.  A zone of rapid temperature change, or 
thermocline, can be found from a depth of approximately 8 meters to 13 meters.  The deeper cold 
layer is known as the hypolimnion.  Currents generated by winds are typically confined to the 
epilimnion during the summer months.  A complete mixing occurs during the spring and fall, when 
the stratified layers overturn.  Round, Spring, and Mud Lakes, being relatively shallow, do not 
exhibit thermal stratification during summer.  During the winter when the lakes are ice-covered, 
slight inverse stratification occurs, where water temperatures are slightly warmer near the bottom 
than they are at the surface.   
 
The water of Pickerel and Crooked Lakes is clear and unstained, allowing for excellent light 
penetration.  Light transparency, measured with a Secchi disc, was recorded by UMBS from fall 
1972 through winter 1975 to be in the range of 6.5-16.5 feet in Crooked Lake, and in the range of 
8.25-20 feet in Pickerel Lake.  Between 1972 and 1975, the Secchi disc was visible to the bottom in 
Round, Spring, and Mud Lakes. 
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 TABLE TWO 
 
 Alkalinity, pH, Conductivity, Chlorophyll-a Measurements 
 for Pickerel, Crooked, Round, Spring, and Mud Lakes 
 

Investigation Date Lake/Sampling Location Alkalinity 
(mg/l) 

  pH Conductivity 
(�mho/cm) 

Chlorophyll-a (�g/l) 

Gannon and 
Mazur, 1979 

Result is mean of data collected in 
summers 1973, 1974 

Crooked - deep central 
stations 

141.0 8.4 289.5 *3.3 
 

 Result is mean of data collected in winters 
1974, 1975 

Crooked - deep central 
stations 

158.6 8.1 314.9 2.0 

 Result is mean of data collected in 
summers 1973, 1974 

Pickerel - deep central 
stations 

136.4 8.4 285.0 *2.8 

 Result is mean of data collected in winters 
1974, 1975 

Pickerel - deep central 
stations 

163.8 8.0 326.1 0.7 

UMBS, 1979 Result is mean of data collected in 
summers 1973, 1974 

Mud - surface 
depth = 2.5-3.0 meters 

125.3 
136.5 

8.5 
8.2 

311.2 
346.0 

 NM 
NM 

 Result is mean of data collected in  
winters 1974, 1975 

Mud - surface 
depth = 2.5-3.0 meters 

229.2 
247.4 

7.8 
7.6 

452.5 
515.5 

NM 
NM 

 Result is mean of data collected in  
summers 1973, 1974 

Spring - surface 
depth = 2 meters 

162.3 
167.6 

8.7 
8.6 

394.0 
404.4 

NM 
NM 

 Result is mean of data collected in 
winters, 1974, 1975 

Spring - surface 
depth = 2.0-2.5 meters 

233.1 
271.5 

7.8 
7.6 

500.0 
561.0 

NM 
NM 

MDNR, 1980 8/18/80 Round - surface 
depth = 2 meters 

103 
104 

7.8 
7.8 

230 
225 

NM 
NM 

TOMWC, 1987 Result is mean of data collected 
spring/summer 1987 

Crooked - deep area 143.3 8.0 262.0 2.1 

 Result is mean of data collected 
spring/summer 1987 

Pickerel - deep area 152.3 7.6 260.0 3.6 

TOMWC, 1992 May 1992 Crooked - deep area NM 8.0 271.0 NM 

 May 1992 Pickerel - deep area NM 8.1 258.0 NM 

TOMWC, 1995 April 12, 1995 Crooked - surface 
        - middle 
        - bottom 

NM 
NM 
NM 

7.9 
7.8 
7.8 

275.0 
277.0 
278.0 

NM 
NM 
NM 

 April 12, 1995 Pickerel - surface 
         - middle 
         - bottom 

NM 
NM 
NM 

7.7 
7.7 
7.7 

273.0 
272.0 
271.0 

NM 
NM 
NM 

 April 15, 1995 Round    - surface 
         - bottom 

NM 
NM 

7.7 
7.8 

263.0 
264.0 

NM 
NM 

 
 * 1974 data only     NOTE:  NM = Not Measured 
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 TABLE THREE 
 
 Temperature/Dissolved Oxygen Measurements 
 for Pickerel, Crooked, Round, Spring, and Mud Lakes 
 

Investigation Date Lake Depth Dissolved Oxygen (mg/l) Temperature (oC) 

Gannon and Mazur, 
1979 

Summer Crooked Near Bottom 0.0 NM 

 Winter Crooked Near Bottom 7.3 NM 

 Summer Pickerel Near Bottom 0.1 NM 

 Winter Pickerel Near Bottom 6.8 NM 

UMBS, 1979 Summer 1973 Mud Surface 
2.5 meters 

11.9 
12.2 

22.0 
21.0 

 Summer 1974 Mud Surface 
3 meters 

13.6 
15.2 

19.0 
16.1 

 Winter 1974 Mud Surface 
3 meters 

7.1 
6.1 

0.5 
3.0 

 Winter 1975 Mud Surface 
2.5 meters 

8.6 
<1 

0.4 
3.8 

 Summer 1973 Spring Surface 
2 meters 

11.4 
11.4 

26.0 
23.0 

 Summer 1974 Spring  Surface 
2 meters 

10.7 
11.6 

26.8 
21.3 

 Winter 1974 Spring Surface 
2.25 meters 

9.7 
5.9 

0.5 
3.0 

 Winter 1975 Spring Surface 
2 meters 

9.3 
6.0 

0.2 
3.5 

 Summer 1973 Round  Surface 
4 meters 

9.0 
11.1 

22.0 
22.0 

 Summer 1974 Round Surface 
4 meters 

8.5 
8.5 

25.6 
25.4 

 Winter 1974 Round 1 meter 
5 meters 
 

14.2 
7.0 

2.9 
4.0 

 Winter 1975 Round Surface 
4 meters 

11.6 
2.4 

0.2 
5.3 

TOMWC, 1987 09/14/87 Crooked Surface 
Bottom (13m) 

8.5 
3.1 

18.8 
17.0 

 09/14/87 Pickerel Surface 
Bottom (20m) 

7.7 
0.2 

18.8 
7.5 

TOMWC, 1989 04/03/89 Crooked Surface 
Bottom (17.5m) 

10.4 
1.9 

1.8 
4.6 
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Investigation Date Lake Depth Dissolved Oxygen (mg/l) Temperature (oC) 

 03/31/89 Pickerel Surface 
Bottom (19.2m) 

11.4 
4.4 

1.6 
5.5 

 06/02/89 Crooked Surface 
Bottom (13.1m) 

9.2 
3.2 

17.5 
12.1 

 06/02/89 Pickerel Surface 
Bottom (18.2m) 

9.3 
3.8 

17.2 
7.2 

 06/23/89 Crooked Surface 
Bottom (16.2m) 

9.4 
0.3 

20.9 
12.4 

 06/23/89 Pickerel Surface 
Bottom (20.3m) 

9.2 
0.2 

22.2 
7.5 

 09/13/89 Crooked Surface 
Bottom (17.3m) 

8.1 
0.3 

19.3 
14.4 

                             09/12/89 Pickerel Surface 
Bottom (19.4m) 

8.0 
0.4 

19.8 
8.8 

 10/09/89 Crooked Surface 
Bottom (17.3m) 

10.5 
10.1 

10.4 
9.9 

 10/09/89 Pickerel Surface 
Bottom (20.7m) 

10.3 
10.1 

10.4 
9.9 

TOMWC, 1992 May 1992 Crooked Surface 
Bottom (16m) 

10.0 
9.4 

NM 
NM 

 May 1992 Pickerel Surface 
Bottom (21m) 

9.9 
3.2 

NM 
NM 

TOMWC, 1995 April 12, 1995 Crooked Surface 
Bottom (14m) 

11.7 
11.7 

6.1 
5.6 

 April 12, 1995 Pickerel Surface 
Bottom (20m) 

12.111.8 6.0 
5.9 

 
NOTE:  NM = Not Measured 
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 TABLE FOUR 
 
 Nitrogen and Phosphorus Levels in Pickerel, Crooked, Round, Spring, and Mud Lakes 
 
 
 
 

Investigation Date Lake/Sampling Location Total 
Phosphorus 

(�g/l) 

Nitrate- 
Nitrogen 

(�g/l) 

Ammonia-
Nitrogen 

(�g/l) 

Gannon and 
Mazur, 1979 

Result is mean of data collected in 
summers 1973, 1974 
 

Crooked - deep central stations 11.9 44.2 20.1 

 Result is mean of data collected in 
winters 1974, 1975 
 

Crooked - deep central stations 11.3 356.5 40.3 

 Result is mean of data collected in 
summers 1973, 1974 
 

Pickerel - deep central stations 9.8 62.1 18.0 

 Result is mean of data collected in 
winters 1974, 1975 
 

Pickerel - deep central stations 18.3 320.0 44.3 

UMBS, 1979 Summer 1973 Mud - surface 
depth = 2.5 meters 
 

9.7 
16.4 

49.6 
46.2 

6.6 
12.3 

 Summer 1974 Mud - surface 
depth = 3 meters 
 

4.0 
16.0 

224.0 
142.0 

97.0 
578.0 

 Winter 1974 Mud - surface 
depth = 3 meters 
 

20.0 
46.0 

1,060.0 
789.0 

164.0 
165.0 

 Winter 1975 Mud - surface 
depth = 2.5 meters 
 

11.0 
12.0 

1,231.0 
125.0 

208.0 
570.0 

 Summer 1973 Spring - surface 
depth = 2 meters 

9.7 
13.7 

76.5 
122.7 

11.7 
8.9 

 

 Summer 1974 Spring - surface 
depth = 2 meters 

0.0 
0.0 

460.0 
514.0 

116.0 
123.0 

 

 Winter 1974 Spring - surface 
depth = 2.25 meters 

71.0 
48.0 

2,038.0 
1,147.0 

285.0 
717.0 

 

 Winter 1975 Spring - surface 
depth = 2 meters 

7.0 
14.0 

1,638.0 
904.0 

161.0 
338.0 
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Investigation Date Lake/Sampling Location Total 
Phosphorus 

(�g/l) 

Nitrate- 
Nitrogen 

(�g/l) 

Ammonia-
Nitrogen 

(�g/l) 

MDNR, 1980 8/18/80 Round:  Depth = 0 m 
        Depth = 2.13 m 
 

11 
22 

2 
3 

4 
1 

TOMWC, 1983 08/02/83 Crooked:  Depth = 0m 
          Depth = 2m 
          Depth = 4m 

1.3 
4.2 
4.2 

9.8 
6.3 
6.3 

NM 
NM 
NM 

 

 08/02/83 Pickerel:  Depth = 0m 
          Depth = 2m 
          Depth = 5.5m 

0.7 
1.0 
2.3 

13.2 
13.2 
13.9 

 

NM 
NM 
NM 

TOMWC, 1987 Spring 1987 Crooked:  Surface 
          Middle 
          Bottom 
 

10.0 
20.0 
30.0 

<500 
<500 
<500 

<100 
<100 
<100 

 Spring 1987 Pickerel: Surface 
          Middle 
          Bottom 
 

<10 
<10 
<10 

<500 
<500 
<500 

<100 
<100 
<100 

 Summer 1987 Crooked:  Surface 
          Middle 
          Bottom 
 

5.0 
6.6 
9.1 

<100 
<100 
<100 

90.0 
100.0 
340.0 

 Summer 1987 Pickerel: Surface 
          Middle 
          Bottom 
 

3.7 
5.5 

10.6 

100 
100 

<100 

120.0 
160.0 
800.0 

TOMWC, 1992 May 1992 Crooked:  Surface 
          Middle 
          Bottom 
 

7.0 
7.7 
5.6 

205.0 
224.0 
224.0 

54.0 
31.0 
51.0 

 May 1992 Pickerel: Surface 
          Middle 
          Bottom 
 

4.0 
7.4 
4.0 

127.0 
154.0 
145.0 

125.0 
150.0 
160.0 

TOMWC, 1995 April 12, 1995 Crooked:  Surface 
          Middle 
          Bottom 
 

12.0 
19.0 
13.0 

320.0 
310.0 
320.0 

NM 
NM 
NM 

 April 12, 1995 Pickerel: Surface 
          Middle 
          Bottom 
 

8.09.0 
11.0 

230.0230.0 
230.0 

NM 
NM 
NM 

 April 15, 1995 Round:  Surface 10.0 NM NM 
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Investigation Date Lake/Sampling Location Total 
Phosphorus 

(�g/l) 

Nitrate- 
Nitrogen 

(�g/l) 

Ammonia-
Nitrogen 

(�g/l) 

        Bottom 
 

10.0 NM NM 

 
 
  NOTE:  NM = Not Measured 
  NOTE:  Data collected in August 1980, May 1992, and April 1995 includes nitrite-nitrogen. 
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Additional water clarity information has been collected through the Volunteer Lake Monitoring 
Program since 1980 (see Trophic Status Index section for more information).  Light transparency 
information has not been recorded for Round Lake. 
 
The UMBS conducted a water quality study of Pickerel and Crooked Lakes from fall 1972 through 
winter 1975 (Gannon and Mazur, 1979 Technical Report No. 8).  Water quality studies of Round, 
Spring and Mud Lake were conducted between spring 1973 and winter 1975.  Selected results of 
these studies are summarized in Investigations into Ecological and Sociological Determinants of 
Land-Use Decisions, UMBS 1979.  Parameters analyzed during these studies included: 
 
Laboratory Analyses: 
1. Calcium, magnesium, sodium, and potassium  
2. Total phosphorus 
3. Soluble-reactive phosphorus 
4. Nitrate-nitrogen (including nitrite-nitrogen) 
5. Ammonia-nitrogen 
6. Silica 
7. Chloride     
 
Field Analyses: 
1. Temperature profile at one-meter intervals 
2. Light penetration and transmission 
3. Color 
4. Light transparency using a Secchi disc 
5. Dissolved oxygen 
6. Alkalinity 
7. Specific conductance 
8. pH 
Selected results of these analyses are summarized in this report.   
 
MDNR Land and Water Management Division's Inland Lake Management Unit collected water 
samples at Round Lake on August 18, 1980.  These samples were analyzed for a wide range of 
parameters, some of which will be discussed in the following section. 
 
In 1983, Tip of the Mitt Watershed Council produced a preliminary report entitled Water Quality 
Analysis of Crooked and Pickerel Lakes.  As part of this study, water samples were collected from 
three depths in Pickerel and Crooked Lakes, and one sample was collected from each of the 
following tributaries: Minnehaha, Fish Hatchery, Cedar, and Round Lake Creeks.  Samples were 
collected on August 2, 1983 and analyzed for total phosphorus and nitrate-nitrogen.   
 
In 1987, Tip of the Mitt Watershed Council initiated a water quality monitoring program, which 
includes a range of parameters to be periodically monitored.  Water quality data collected through 
this program is available from the 1987, 1992, and 1995 sampling events.  In 1987, samples were 
collected from three depths in Pickerel and Crooked Lakes, during the spring turnover in April and 
again in September when the lakes were thermally stratified.  Water samples collected on April 23, 
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1987 were analyzed by KAR Laboratories of Kalamazoo, Michigan for the following parameters: 
 
 1.  Total Alkalinity (as calcium carbonate) 
 2.  Chloride 
 3.  Total Phosphorus 
 4.  Soluble Ortho-phosphorus 
 5.  Nitrite-nitrogen 
 6.  Nitrate-nitrogen 
 7.  Ammonia-nitrogen 
 8.  Organic nitrogen  
 
In addition, the following sample parameters were measured in the field: pH, specific conductance, 
Secchi disc depth, dissolved oxygen, temperature, and chlorophyll-a concentration.  On September 
14, 1987, samples were collected and sent to Western Michigan Environmental Services for the 
above-listed laboratory analyses, with the exception of total alkalinity, which was not analyzed at 
this time.  The samples collected during this sampling event were also analyzed for the previously 
listed field parameters. 
 
During the summer of 1987, low dissolved oxygen concentrations were observed in Crooked and 
Pickerel Lakes.  In order to further characterize the dissolved oxygen concentrations in the lakes, 
Tip of the Mitt Watershed Council conducted a dissolved oxygen monitoring program in 1989.  
Temperature and dissolved oxygen data were collected at the deep hole of each lake on each of the 
following dates in 1989:  April 1, June 2, June 23, July 20, August 15, September 13, and October 
9.  Both temperature and dissolved oxygen were measured with a Hydrolab Surveyor II.  
Measurements were collected at 1-2 meter intervals from the lake surface to the lake bottom. 
 
On May 14, 1992, Tip of the Mitt Watershed Council collected water samples at the surface, 
metalimnion, and bottom of Pickerel and Crooked Lakes.  These samples were sent to Aqua-Terra 
Labs of Indian River, Michigan, and analyzed for the following parameters: 
 
 1.  Chloride 
 2.  Total phosphorus 
 3.  Total nitrate-nitrogen and nitrite-nitrogen 
 4.  Ammonia-nitrogen 
 
These samples were also field analyzed using a Hydrolab Surveyor II for pH, temperature, 
dissolved oxygen, and conductivity.  Light transparency using a Secchi disc was recorded for both 
lakes.    
 
On April 12, 1995 Tip of the Mitt Watershed Council collected samples from Pickerel and Crooked 
Lakes to be analyzed for nitrate and nitrite-nitrogen, chlorides, total phosphorus, total organic 
nitrogen, and total nitrogen.  The samples were field analyzed using a Hydrolab Surveyor II for pH, 
temperature, dissolved oxygen, and conductivity.  Light transparency using a Secchi disc was also 
measured in both lakes.  Round Lake was sampled by the Watershed Council on April 15, 1995.  
These samples were analyzed for total phosphorus, pH, conductivity, temperature, and dissolved 
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oxygen. 
 
In addition to the above mentioned water quality studies, an ongoing volunteer lake monitoring 
program has been conducted for Pickerel and Crooked Lakes.  Data collected at Pickerel and 
Crooked Lakes are currently available from 1980 until 1994.  Parameters measured include light 
transparency with Secchi discs and chlorophyll-a concentrations. 
   
The following sections describe the results and interpretations of the data obtained through the 
water quality monitoring programs. 
 
Alkalinity 
 
Alkalinity is a measure of the amount of carbonates, bicarbonates, and hydroxide present in the 
water.  These compounds impart alkaline or acid-neutralizing characteristics to the water.  The 
alkalinity of a lake is determined by the concentration of dissolved carbonate minerals present in the 
water.  The limestone bedrock and glacial till surrounding the lakes of northern Michigan are 
carbonate rich.  As ground water contacts carbonate-rich material, carbonate minerals are dissolved 
and transported to the lake.  Carbonate minerals play an important role in the chemistry of the lake 
because they neutralize acid deposition and help maintain a pH balance favorable for aquatic life.   
 
The alkalinity of Crooked, Pickerel, Round, Spring, and Mud Lakes is high.  The alkalinity of 
Crooked Lake ranges from 141 mg/l to 158.6 mg/l and the alkalinity of Pickerel Lake ranges from 
136.4 mg/l to 163.8 mg/l.  The alkalinity of Round Lake was recorded as 103-104 mg/l in 1980.  
The UMBS study recorded alkalinity for Spring and Mud Lakes to range from approximately 125-
167 mg/l in summer, 1973-1974 to 229-271 mg/l in winter, 1974-1975.   These results are 
presented in Table Two.  Lakes with alkalinity over 80 mg/l are considered alkaline, and are very 
resistant to impacts from acid deposition.   
 
pH 
 
pH is a measure of acidity, calculated by taking the logarithm of the reciprocal of hydrogen ion 
concentration.  pH quantifies acidity on a scale of 0-14.  A pH of seven indicates water that is 
neutral.  A pH less than seven indicates acidity and a pH greater than seven indicates alkaline or 
basic waters.  Every increase of one on the pH scale (e.g. from 7 to 8) indicates a ten-fold decrease 
in the acidity.  The pH impacts both the chemical and biological composition of the water.  A lake 
with high alkalinity will have a high pH.  The high alkalinity of Pickerel, Crooked, and Round 
Lakes is reflected in the high pH, in the range of 7.8 to 8.4 for Crooked Lake, and 7.6 to 8.4 for 
Pickerel Lake, and 7.8 for Round Lake.  Corresponding with observed seasonal changes in 
alkalinity, pH in Spring and Mud Lakes was observed to drop from over 8.5 in the summer to 
around 7.6 in winter, 1973-1975.  Results of pH testing can be found in Table Two. 
 
Conductivity 
 
Conductivity is a measure of the ability of water to conduct electricity, obtained by passing a 
current between two electrodes.  It is used to quantify the abundance of ions in the water.  
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Conductivity increases as the amount of dissolved substances in the water increases.  Lake water 
has natural, seasonally variable levels of conductivity, especially where alkalinity is high.  
However, conductivity can be noticeably increased by such things as septic system effluent, 
fertilizer runoff, and stormwater influx.  
 
Conductivity is measured in units called mhos (the reciprocal of resistance, measured in ohms).  
The conductivity of lake water is reported as micro-mhos per square centimeter, or �mhos/cm2, 
where the � prefix stands for "micro", or one-millionth part of a mho.   
 
Conductivity is seldom a water quality problem, but steady increases over periods of time can 
indicate impacts of human origin.  Available data indicate that the conductivity of Pickerel and 
Crooked Lakes has remained consistent over the past two decades, in the range of 258 to 326 
�mhos/cm2.  Based on available data, the conductivity of Round Lake ranges from 225-264 
�mhos/cm2.  The conductivity of Spring and Mud Lakes ranged between 300-400 �mhos/cm2 in 
the summers of 1973 and 1974, and between 450-560 �mhos/cm2 in the winters of 1974 and 1975. 
 Conductivity measurements are provided in Table Two. 
 
Thermal Stratification and Dissolved Oxygen 
 
The temperature/dissolved oxygen profile of a lake provides information on the degree of thermal 
stratification and the quantity of dissolved oxygen present throughout the water column.  Most 
lakes in northern Michigan experience thermal stratification, where lake water becomes stratified 
into three distinct layers.   
 
As water cools its density increases.  Maximum density is reached at four degrees Celsius.  Water 
that is warmer or colder than four degrees Celsius, including ice, is less dense and floats on top of 
the denser water.  In the spring just after the lake ice melts, the entire lake is at a temperature of 
about four degrees, so there is little or no difference in density from top to bottom.  When this 
occurs, wind blowing across the lake surface creates circulation patterns which thoroughly mix the 
lake.  This is called the spring turnover.  This mixing action oxygenates the lake water throughout 
the water column.  During the summer months, water temperatures at the lake surface increase and 
become less dense, floating on top of cooler waters at the lower depths of the lake.  In the fall when 
surface waters begin to cool and grow more dense, the lake water is once again mixed by winds and 
currents during the fall turnover event.   
Dissolved oxygen concentrations are very important for the chemical and biological composition of 
a lake.  Most forms of aquatic life require dissolved oxygen for survival.  Turbulence, and the 
photosynthetic process of microscopic algae and aquatic plants contribute oxygen to the lake water. 
 Decomposition of organic matter by bacteria in the deep waters of the lake consumes oxygen.  
Through the mixing action of currents, dissolved oxygen is circulated vertically in a lake.  
However, in thermally stratified lakes there is no mixing between surface and bottom layers.  
During the summer months, water on the bottom of thermally stratified lakes can become oxygen 
depleted because atmospheric oxygen does not reach these layers, nor does light penetrate to allow 
aquatic plants to produce oxygen through photosynthesis.  If the dissolved oxygen level falls below 
four to five parts per million (ppm), most fish become stressed. 
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Measurements of temperature and dissolved oxygen over time have shown that Pickerel and 
Crooked Lakes do thermally stratify, and that anoxic (no oxygen) conditions do occur at the lake 
bottoms during the mid to late summer.  Round Lake, due to its uniform shallow depth, does not 
thermally stratify.  The phenomenon of thermal stratification in lakes impacts not only the aquatic 
life, but also the water chemistry of the lakes.  Under anoxic conditions, chemical reactions can 
occur in the bottom sediments which allow phosphorus bound with marl particles to re-dissolve in 
the water.  When the layers of the lake mix during fall turnover, this phosphorus is circulated 
throughout the water column, where it can stimulate algal growth.  These algae eventually die and 
either sink (where they increase the organic, oxygen-consuming debris on the bottom) or wash up 
where they decay and foul beaches.  High levels of dissolved oxygen in the bottom waters are 
healthy for aquatic life and for maintaining the phosphorus bound in the bottom sediments.   
 
The temperature and dissolved oxygen measurements obtained for Pickerel and Crooked Lakes are 
shown in Table Three.  In general, dissolved oxygen levels near the bottom of the lakes have been 
significantly lower than levels at the surface.  During times when the lakes are thermally stratified, 
dissolved oxygen levels at the bottom of the lakes have dropped to near zero.  During the April 
1995 sampling, it was found that dissolved oxygen levels were fairly high at both the surface (11.69 
ppm for Crooked and 12.08 ppm for Pickerel) and the bottom (11.69 ppm for Crooked, and 11.83 
ppm for Pickerel) of the lakes.  The lakes were not thermally stratified at this time.   
 
According to the UMBS study, photosynthetic activity in Spring and Mud Lakes drives oxygen 
levels to supersaturation (up to 140%) during the warmest months of the year.  During the summer 
months dissolved oxygen concentrations were high, increasing with depth in Round, Spring and 
Mud Lakes.  During the winter months, dissolved oxygen levels at the bottom of the lakes were 
lower than at the surface, but anoxic conditions were not encountered.  This may be due to the 
dense ice and snow covering these shallow lakes during the winter months, preventing oxygen from 
entering the deeper waters of the lakes.  As decomposition of organic matter consumes oxygen at 
the bottom of the lakes, levels of dissolved oxygen decrease.  Data on temperature and dissolved 
oxygen measurements for the lakes are provided in Table Three.  
 
Nitrate-nitrogen 
 
Nitrogen is generally the second most important nutrient affecting lake water quality (phosphorus 
being the first), and it is found in several different forms.  Nitrate-nitrogen is the most useable form 
of nitrogen for plants, and therefore the most relevant test for water quality assessments.  Increases 
in nitrogen concentrations may reflect changes in nutrient enrichment.  Although nitrogen is not 
normally considered the limiting nutrient in lakes, many studies have documented increased 
productivity with increased nitrogen loading.  Nitrate-nitrogen levels typically range from non-
detectable levels up to 1,000 micrograms per liter (�g/l) in lake waters.  Levels are highly variable 
seasonally and spatially.  Nitrate-nitrogen is generally at a seasonal high during spring turnover, 
decreasing rapidly as it is taken up by algae.   
 
Nitrate-nitrogen levels measured during the various water quality studies conducted at Pickerel and 
Crooked Lakes have varied over time.  The data obtained in Pickerel and Crooked Lakes in the 
winters of 1974 and 1975 indicate relatively high nitrate-nitrogen levels compared to the 
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measurements obtained in the summer months.  The data obtained from the 1983 and 1987 
sampling events indicate low levels of nitrate-nitrogen in both lakes.  In 1987, where samples were 
collected at varying depths, nitrate-nitrogen levels remained fairly uniform throughout the water 
column.  The more recent rounds of sampling, performed in spring 1992 and spring 1995, appear to 
indicate a relatively higher nitrate-nitrogen level in both lakes, from 205-320 �g/l for Crooked Lake 
and 127-230 �g/l for Pickerel Lake (these data measure both nitrate and nitrite-nitrogen, however 
the nitrite-nitrogen component is usually insignificant or very small in surface waters).  Nitrate-
nitrogen levels in Round Lake in August 1980 were found to be very low, at 2-3 �g/l.  Spring Lake 
exhibited summer values for nitrate-nitrogen in the range of 76 to 122 �g/l in 1973 and 460 to 514 
�g/l in 1974.  In Mud Lake, summer nitrate-nitrogen values were approximately 50 �g/l in 1973, 
and 142 to 224 �g/l in 1974.  Nitrate-nitrogen levels were generally much higher in Spring and 
Mud Lakes during the winter months.  In addition, concentrations were much higher at the lake 
surfaces than at the deeper levels.  In general, the levels of nitrate-nitrogen observed during these 
studies are within the normal range of variation.  The data are provided in Table Four. 
 
Ammonia-nitrogen 
 
Ammonia-nitrogen is another form of nitrogen which is directly available for utilization by algae.  It 
is rapidly converted to nitrate-nitrogen in the presence of oxygen.  The rate of conversion is 
dependent upon water temperature.  Ammonia-nitrogen is found in organic materials and many 
fertilizers.  It is the first form of nitrogen released when organic matter decays.  Ammonia-nitrogen 
levels have ranged from 20 to 340 �g/l in Crooked Lake and from 18 to 800 �g/l in Pickerel Lake.  
In general, concentrations of ammonia-nitrogen appeared to increase with increasing depth in both 
lakes.  This is to be expected, as concentrations of ammonia-nitrogen tend to be higher under 
anaerobic conditions which are frequently encountered in Pickerel and Crooked Lakes during times 
of thermal stratification.  The samples collected in summer 1987 showed higher concentrations of 
ammonia-nitrogen than the samples collected at the same locations during spring 1987.  In general, 
concentrations of ammonia-nitrogen in Pickerel Lake were higher than those found in Crooked 
Lake.  Concentrations of ammonia-nitrogen in Round Lake were found to be very low, at 1-4 �g/l.  
In Spring and Mud Lakes, concentrations of ammonia-nitrogen during the summer of 1973 were 
fairly low, in the range of 6 to 12 �g/l.  In the summer of 1974, concentrations in Spring Lake were 
116 to 123 �g/l.  In summer 1974 in Mud Lake, concentrations of ammonia-nitrogen at the surface 
were 97 �g/l and at a depth of 3 meters were 578 �g/l.  Ammonia-nitrogen data are presented in 
Table Four. 
 
Fluctuations in ammonia-nitrogen levels can be an indication of fluctuating zooplankton 
populations, as ammonia-nitrogen is the form of nitrogen excreted by zooplankton.  Spring algae 
blooms and decomposition may account for the high levels of ammonia-nitrogen observed during 
the summer in Crooked, Pickerel, Spring, and Mud Lakes. 
 
Total phosphorus  
 
Measurements of total phosphorus include all forms of phosphorus in a water sample.  Phosphorus 
is available to plants in a form called ortho-phosphorus.  However, since ortho-phosphorus is 
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usually quite scarce and is quickly consumed by algae, scientists have found that total phosphorus 
levels are less variable and are therefore a better indicator of the trophic status of a lake than other 
forms of phosphorus.  Phosphorus is generally the most limiting nutrient in most lakes.  The 
availability of phosphorus usually controls and limits algal growth, and thus is the most important 
nutrient influencing lake water quality.   
 
In high alkalinity lakes, much of the phosphorus is taken out of solution by adsorbing to marl 
(calcium carbonate) particles which settle out to the bottom sediments.  Phosphorus bound in this 
manner is no longer available in the water column to support algal growth.  However, if the bottom 
waters of a lake become anoxic, this phosphorus can be released into solution through a series of 
chemical reactions, and mixing of the water layers can make this phosphorus readily available to 
support algal productivity in the upper layers of the lake. 
 
A phosphorus level of 10 �g/l or less is considered representative of oligotrophic lakes.  Total 
phosphorus values for mesotrophic lakes may vary from 10 to 20 �g/l, and values of greater than 20 
�g/l generally represents poor water quality found in eutrophic lakes.  Total phosphorus levels in 
Pickerel Lake have ranged from 0.72 �g/l in surface waters during the summer (1983) to 18.3 �g/l 
at central deep stations in the winter (1974-1975).  In Crooked Lake, phosphorus levels have ranged 
from 1.3 �g/l in surface waters during the summer of 1983 to 30 �g/l in bottom waters during the 
summer of 1987.  The increases in phosphorus concentrations with increasing depth during the 
summer sampling events show that some phosphorus is being regenerated from the bottom 
sediments when there is no oxygen present in the bottom of Pickerel and Crooked Lakes during the 
summer months.  During the fall turnover, the dissolved phosphorus concentrated in the bottom 
waters is distributed throughout the water column where it can support primary productivity.  In 
general, levels of total phosphorus observed in Pickerel and Crooked Lakes indicate mesotrophic to 
oligotrophic conditions.  Levels of total phosphorus observed in Round Lake in 1980 were between 
11-22 �g/l, indicating mesotrophic conditions.  In 1995, total phosphorus in Round Lake was 
measured at 10 �g/l, representative of borderline oligo-mesotrophic conditions.  Phosphorus in 
Spring and Mud Lakes during the summer was generally found to be 9 to 16 �g/l.  During winter, 
these values increased by up to six times in Spring Lake and by up to three times in Mud Lake.  
Total phosphorus data are shown in Table Four. 
 
Trophic Status 
 
Trophic status is the term used to describe water quality based on the level of nutrient enrichment in 
a lake.  Trophic status is calculated using one or more of the following three parameters: 
chlorophyll-a concentration, water transparency measured by Secchi disc depth, and total 
phosphorus concentration. 
 
Chlorophyll-a is the green pigment of photosynthesis found in all green plants including most algae. 
 The amount of chlorophyll-a present in a volume of water is directly proportional to the amount of 
algae present. 
 
The Secchi disc measures water transparency, which is generally inversely proportional to 
phosphorus levels and algal abundance.  The Secchi disc is a weighted disc eight inches in 
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diameter, painted black and white in alternating quarters to provide high visual contrast.  Attached 
to the disc is a rope or chain marked in foot increments.  The disc is lowered over the shaded side of 
a boat and the depth at which it is no longer visible is recorded.  The disc is then lowered a foot or 
more down and slowly raised until it becomes visible again.  That depth is also noted.  The average 
between those two depths is recorded as the Secchi disc depth.  A deeper Secchi disc depth 
indicates higher water quality.  The Secchi disc depth is generally controlled by the amount of algae 
suspended in the lake water, but it can also be influenced by water color, weather conditions, and 
suspended sediments such as marl formations.   
 
An explanation of total phosphorus concentrations was provided previously in this section.  These 
three parameters can be used together or separately to calculate the Trophic Status Index (TSI) of a 
lake.  The TSI scale ranges from 0 to 100, with the highest water quality at the low end of the scale. 
 Lakes which are low in nutrients have excellent water quality and are classified as oligotrophic.  
Oligotrophic lakes have TSI values of 38 or below.  Mesotrophic lakes, indicated by TSI values of 
39 to 49, have moderate nutrient enrichment and good water quality.  Highly nutrient enriched lakes 
have poor water quality and are classified as eutrophic.  Lakes with a TSI value of 50 or greater are 
considered to be eutrophic.  This method of classifying lake water quality is also used by the 
Michigan Department of Natural Resources. 
 
UMBS, in their 1979 study, determined the trophic classifications of the lakes based on 
chlorophyll-a concentrations, phosphorus levels, and Secchi disc depth individually.  Trophic 
classifications were compared with criteria established by the U.S. Environmental Protection 
Agency (U.S. EPA).  Both lakes classified as oligotrophic based solely upon chlorophyll-a 
concentrations.  Based upon phosphorus and Secchi disc depths, both lakes were classified as oligo-
mesotrophic.  All three of the variables measured indicated that Crooked Lake was slightly closer to 
the eutrophic end of the trophic continuum than Pickerel Lake. 
 
Data on the trophic status of Crooked and Pickerel Lakes have also been generated through Tip of 
the Mitt Watershed Council's Volunteer Lake Monitoring program.  Trophic status data have not 
been collected for Round Lake.  Graphs depicting TSI values measured for Pickerel and Crooked 
Lakes from 1974 through 1994 are provided as Figure Six.  These values were calculated using 
Carlson's Trophic Status Index method, based on Secchi disc readings and chlorophyll-a 
concentrations.  Total phosphorus concentrations were not measured in this program due to the high 
cost of this laboratory analysis.  In general, over the years, TSI values for Crooked Lake have been 
higher than Pickerel Lake indicating that, as found in the UMBS study, Crooked Lake is slightly 
closer to the eutrophic end of the spectrum than Pickerel Lake.  However, between 1990 and 1993, 
TSI values were consistently higher in Pickerel Lake.   
Overall TSI values ranged from 35 (1992) to 52 (1980) in Crooked Lake, and from 38 (1994) to 50 
(1983) in Pickerel Lake.  In general, temporal fluctuations in TSI values in Crooked Lake 
corresponded to fluctuations in TSI values in Pickerel Lake.  Fluctuations in TSI values are often 
due to weather factors.  Based upon the classification scheme described above, the TSI values 
obtained would place Pickerel and Crooked Lakes in the range of good water quality, mesotrophic 
lakes.  
 
Fish Tissue Sampling Results 
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In May and June of 1989, fish from Pickerel and Crooked Lakes were collected and examined for 
mercury and other environmental contaminants under MDNR's Fish Contaminant Monitoring 
Program.  The fish collected from Pickerel Lake were sampled for mercury only.  Species sampled 
from Pickerel Lake were walleye, largemouth and smallmouth bass.  From Crooked Lake, walleye 
and largemouth bass were sampled.  Walleye from Pickerel and Crooked Lakes showed higher 
mercury concentrations than largemouth or smallmouth bass.  Some walleye collected from 
Pickerel and Crooked Lakes were found to contain mercury levels above the 0.5 ppm threshold 
which triggers the consumption advisories of one meal per week for the general population, and one 
meal per month for children, pregnant or nursing women, and women who are planning to have 
children.  Some largemouth bass collected from Crooked Lake also were found to contain levels of 
mercury in exceedance of the 0.5 ppm threshold.  In addition to mercury, low levels of 
polychlorinated biphenyls (PCBs) and other chlorinated hydrocarbon contaminants were detected in 
some of the fish sampled, however no fish consumption advisories specific to Pickerel and Crooked 
Lakes have been issued.  The general health advisory on mercury in inland lakes statewide applies 
to all the lakes in the Watershed.   
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Figure Six: Trophic Status Index Values for Pickerel and Crooked Lakes 
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Tributary Subwatershed Descriptions 
 
Pickerel and Crooked Lakes receive inputs of water from three sources: ground water, precipitation, 
and tributaries.  It is difficult to gather meaningful data on the quantity and quality of water 
contributed to the lakes from ground water and precipitation.  However, there are several 
characteristics used to describe streams and their subwatersheds that provide valuable information 
regarding stream sensitivity and pollution contributions. 
 
The surface relief throughout a watershed influences the amount of precipitation which infiltrates to 
ground water and the amount that runs off, draining to the surface waters.  Infiltration is most likely 
to occur in flat areas, while surface and sub-surface flows are more likely in areas of steep 
topography.  Infiltration reduces the amount of solids and chemical pollutants that drain 
downstream into the lakes.  Rapid runoff increases erosion and pollutant loading in the streams. 
 
The topography of a river channel is described by a simple parameter called gradient.  Gradient is 
the decrease in elevation from head to mouth in feet per mile of a stream channel.  It influences the 
potential for streambed scouring, streambank erosion, and type of stream bottom substrate.  Steeper 
gradients result in faster flows and greater erosive and scouring power. 
 
Soil type also influences infiltration and runoff characteristics.  Sandy soils permit more infiltration 
than clay soils.  General soils information is described in Section II, I and is also available from the 
Natural Resource Conservation Service.   
 
Land use and cover type both affect the amount and quality of surface runoff leaving a site.  Land 
use is defined by the predominant human activity taking place in a particular area.  Natural cover 
types such as forest, wetlands, and other open space generate less runoff and nonpoint source 
pollution than more urban or built-up land use types. 
 
Streams are often given a stream order number.  Stream ordering systems work by designating the 
smallest headwater tributaries as first order.  Where two first order streams join, the channel is 
designated second order and where two second order streams join, the channel is ranked as third 
order, etc.  Therefore the mouth of a stream has the highest order.  Streams with similar stream 
orders generally have similar biological, chemical, and geological characteristics within a region. 
 
Drainage density is the average length of stream channels per unit area of the watershed.  It reflects 
the closeness of spacing of channels within a drainage network. A high drainage density is found in 
areas with many tributaries located close together.  This arrangement allows for efficient drainage 
of runoff from a storm event, but may also result in higher contributions of nonpoint source 
pollution.  For purposes of this Plan, the drainage density was calculated for only the larger 
tributary subwatersheds within the Pickerel-Crooked Lakes Watershed. 
 
The following sections describe each tributary and subwatershed basin.  A summary of tributary 
and subwatershed characteristics is provided in Table Five.  Locations of each subwatershed are 
shown on Figure Seven. 
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Figure Seven:  Subwatershed Map 
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Minnehaha Creek   
 
Minnehaha Creek is the second largest tributary within the Pickerel-Crooked Lakes Watershed, 
based on drainage basin area of 14,642 acres and stream length of 8.3 miles.  It begins in southern 
Emmet County in Section 33 of Springvale Township and discharges into Crooked Lake.  It is a 
third order stream.   
 
The Minnehaha has the steepest gradient of the tributaries in the Watershed.  Its starting elevation is 
974 feet and it drops a total of 166 feet in its first mile.  Over the next seven miles the creek flow is 
relatively flat, dropping a total of 204 feet, which averages 28 feet/mile.  Minnehaha Creek's 
drainage density is .5726 which is about average in comparison to the other tributaries in the 
watershed and indicates the relative small number of streams that drain into the creek.  
 
Water quality information on the Minnehaha is very limited.  In August 1983, Watershed Council 
staff collected data on discharge, total phosphorus, and nitrates.  The discharge of Minnehaha Creek 
was 35.5 cubic feet per second (cfs), total phosphorus was 7.17 �g/l, and total nitrates was 223.54 
�g/l. 
 
Private land comprises the majority of Minnehaha Creek�s drainage area, with the exception of 
three areas: 1) half mile stretch, Section 29, Mackinaw State Forest; 2) a quarter mile stretch, 
Section 8, Springvale Township, McCune Nature Preserve; and 3) quarter mile stretch, Section 32, 
Springvale Township, Mackinaw State Forest.  There is one impoundment located downstream of 
Newson Road on private property.  Cover type in the Minnehaha drainage basin is predominantly 
forested with minor percentages used for agriculture and residential development.   
 
Tributaries of Minnehaha Creek 
 
The Minnehaha has two named tributaries, the West Branch and Silver Creek and six unnamed 
tributaries. 
 
West Branch of the Minnehaha 
The West Branch of the Minnehaha begins in Section 11 of Bear Creek Township.  It flows for 3.2 
miles before discharging into the main branch of the creek.  The West Branch initially flows in a 
southeast direction, changing to a northerly flow for its final one and a half miles.  The West 
Branch has two small unnamed tributaries, making it a second order stream.  The West Branch 
drops a total of 93 feet in elevation, resulting in a gradient of 29 feet/mile.   
 
Land ownership within the drainage area is mostly private.   The headwaters of the West Branch are 
surrounded by a large wetland located near Atkins and Maplewood Roads.  Agriculture is the main 
land use/cover type in the upper stretches of the drainage basin, changing to forest and wetland 
downstream.   
 
Silver Creek 
Silver Creek begins in Section 9, Springvale Township, just east of Epsilon and south of Mitchell 
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Road.  It flows 3.1 miles in a northwest direction and discharges to the Minnehaha less than a mile 
upstream of Crooked Lake.  Two small unnamed tributaries make Silver Creek a second order 
stream.  The unnamed tributaries of Silver Creek range from a half mile to one mile in length.   
 
Silver Creek begins at an elevation of 749 feet, flowing to a final elevation of 604 feet.  The creek 
has an average gradient of 47 feet/mile, the steepest average gradient of all the tributaries in the 
Watershed.  Silver Creek also has the largest drainage density of 2.602.  This number indicates that 
this small subwatershed has efficient drainage, but may be susceptible to nonpoint source pollution. 
       
 
The Silver Creek subwatershed is 1,009 acres.  Private property makes up the majority of the Silver 
Creek drainage basin.  Forest and wetlands are the predominant cover types.  There is one 
impoundment on the creek located on private property just downstream of the Silver Creek Road 
crossing.  
   
Berry Creek/Cedar Creek 
 
The drainage area for Berry Creek is the largest in the Watershed, covering 15,439 acres.   It flows a 
distance of approximately 7.8 miles, discharging into Cedar Creek.  The headwaters of Berry Creek 
are located in Section 27 of Mentor Township.  From here, the creek flows in a northerly direction 
for approximately 2.7 miles where it discharges into a large wetland known as the Berry Creek 
wetland.  This wetland is described and mapped in the High Value Wetland Inventory, Section II, K 
of this Plan.  At the other end of the wetland, Berry Creek flows out of the wetland in a northwest 
direction. 
 
Two unnamed tributaries discharge to Berry Creek, making it a second order stream.  The first 
tributary enters Berry Creek just downstream of the Berry Creek wetland.  It is about a half-mile in 
total length.  The second unnamed tributary is nine tenths of a mile and has a change in elevation 
from the headwaters to the mouth of 33 feet. 
 
Berry Creek has an average gradient of 27 feet/mile and drops a total of 207 feet from its 
headwaters to its discharge into Cedar Creek.  Its drainage density is .3814.  The primary land use 
within the Berry Creek drainage basin is forested with a significant portion in the Mackinaw State 
Forest.   
 
Cedar Creek is Pickerel Lake�s largest tributary and a second order stream.  Tributaries of Cedar 
Creek include Berry Creek and one unnamed tributary.  Its drainage basin is 7,519 acres (excluding 
Berry Creek's drainage area). Cedar Creek has a stream length of 2.75 miles.  Its headwaters are in 
Section 6 of Springvale Township, where it begins its northwest flow.  Cedar Creek discharges into 
Pickerel Lake at Camp Petosega.   
 
Cedar Creek has a gradient of 43 feet/mile, the second steepest gradient of tributaries in the 
Watershed.  It drops a total of 118 feet from its headwaters to its mouth.  The drainage density for 
Cedar Creek was determined to be .2681, the smallest of all the tributaries.  In August 1983, the 
discharge of Cedar Creek was determined to be 10.5 cfs by Watershed Council staff.  The 
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predominant land use in the Cedar Creek drainage basin is public forest land.   
 
Mud Creek 
 
Mud Creek is the second largest tributary to Pickerel Creek. The drainage area is smaller in 
comparison to the other tributaries with an area of 3,603 acres.  The headwaters of Mud Creek are 
located in Section 3, Springvale Township and are named on the USGS topographic map as Shotto 
Springs.   
 
Mud Creek has a stream length of approximately 3.7 miles, descending 107 feet in elevation over 
this distance.  Mud Creek has an average gradient of 29 feet/mile.  Its drainage density is .6572, 
slightly higher than Minnehaha Creek.   
 
The first one-half mile of the creek flows through private property consisting of parcels greater than 
30 acres.  Land use within the drainage basin is primarily forested or wetlands.  A short distance 
(.75 mile) downstream of the Pickerel Lake Road crossing, Mud Creek is surrounded by a cedar 
swamp wetland (described in the High Value Wetland Inventory, Section II, K).  
 
Round Lake Creek 
 
The tributary hydrologically connecting Round Lake to Crooked Lake is unnamed on the USGS 
maps, but is commonly referred to as the Round Lake Creek.  It is a significant component of the 
Pickerel-Crooked Lakes Watershed.  The creek leaves the east side of Round Lake and flows in a 
roughly northeast direction, following under Hiawatha Road.  The creek length is one and a quarter 
miles and the gradient is very flat with elevation dropping less than one foot from the outlet to 
Crooked Lake.  A discharge of 6.4 cfs was calculated for the creek in August, 1983 by Watershed 
Council staff.    
 
Round Lake Creek is surrounded by a large wetland described in the High Value Wetland 
Inventory, Section II, K.   
 
Small Tributaries of Crooked Lake 
 
The USGS topographic maps show three small creeks that discharge to Crooked Lake on the north 
shore.  Two intermittent creeks are located in Conway.  One, approximately a quarter mile in 
length, discharges just north of the intersection of North Conway Road and US 31 (adjacent to the 
Little Traverse Township boat launch).  The other creek in Conway begins north of the Conway 
Commons development, and enters Crooked Lake about 200 feet north of West Conway Road. 
 
The third creek is commonly referred to as the Fish Hatchery Creek.  It is a quarter mile in length 
and flows from the Oden Fish Hatchery Ponds through a High Value Wetland and into Crooked 
Lake.  This is the only creek for which extensive data on phosphorus levels has been collected.  The 
data is summarized in the Point Source Pollution Section on the Oden Fish Hatchery (Section V, A) 
and can be found in Appendix B. 
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Small Tributaries of Pickerel Lake 
 
Pickerel Lake has one unnamed tributary which is intermittent.  It is an outlet of a pond located in 
Section 23 of Littlefield Township, about 200 feet east of Lakeview Road, on the south side of 
Banwell Road.  It flows for 1.8 miles with a relatively flat gradient of 20 feet/mile.  The entire 
drainage area is comprised of private property.  Predominant land use is open space, agriculture, 
and residential. 
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 Table Five: Summary of Tributary and Subwatershed Characteristics 
 
 
 

Tributary Drainage 
Area  

(acres) 

Stream 
Length 
(miles) 

Stream  
Order 

Gradient 
 

(feet/mile) 

Drainage 
Density 

Minnehaha Creek  14,642 8.3 3 28 .5726 

Minnehaha Creek 
tributary: 
West Branch 

  
 NC 

 
3.2 

 
2 

 
29 

 
NC 

 

Minnehaha Creek 
tributary:  
Silver Creek 

 
 1,009 

 
3.1 

 
2 

 
47 

 
2.602 

Berry Creek  15,439 7.8 2 27 .3814 

Cedar Creek  7,519 2.8 2 43 .2681 

Mud Creek  3,603 3.7 1 29 .6572 

Round Lake Creek  NC 1.25 1 <1 NC 

      

 
 
 
NC:  Not calculated 
Drainage area and drainage density were not calculated for the West Branch subwatershed and the Round Lake Creek drainage. 
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Local Governmental Agencies 
 
The Pickerel-Crooked Watershed lies mainly within Littlefield, Springvale, Little Traverse, and 
Bear Creek Townships of Emmet County.  Smaller portions of the Watershed are found in Mentor 
and Tuscarora Townships, Cheboygan County, and Chandler Township, Charlevoix County.  
Conway and Oden are the only unincorporated villages within the Watershed.  Addresses and 
contacts for county and township government officials are provided in Appendix C. 
 
Townships are governed by a township supervisor and a board comprised of the township clerk, 
township treasurer, and other members.  Township boards meet monthly.  Primary responsibilities 
of the townships within the Watershed include protecting public health and welfare by providing 
basic services for public safety such as police and fire protection, managing township-owned 
property, and handling township finances. 
 
Both Emmet and Cheboygan County governments are governed by of a board of commissioners 
consisting of nine members, which meet monthly.  County departments and services include: 
equalization; building codes; planning and zoning; sheriff; friend of the court; probate, district, and 
circuit courts; clerk/registering services; and emergency services.   
 
Planning and zoning decisions are made with a combination of township and county involvement.  
In Littlefield, Bear Creek, and Springvale Townships, advisory planning commissions review 
planning proposals and make recommendations to the Emmet County Planning Commission.  It is 
the same for Tuscarora Township except their advisory planning commission makes 
recommendations to the Cheboygan County Planning Commission.  County Planning Commissions 
make recommendations to County Boards, who make the final decisions on planning and zoning 
issues.   
 
Since Little Traverse Township has its own zoning, planning and zoning proposals are reviewed by 
their planning commission and recommendations submitted to the Little Traverse Township Board 
for final approval. 
 
County Health Department sanitarians issue permits for wells and septic systems.  The Emmet 
County Health Department is in District #3, which also includes Charlevoix, Antrim, and Otsego 
Counties.  Cheboygan County Health Department is part of District #4 which also includes Presque 
Isle, Alpena, and Montmorency Counties.  Each County has their own sanitary code that regulates 
how and where wells and septic systems are installed.  A review of the sanitary codes is covered in 
Section VI, C. 
 
Emmet, Charlevoix, and Cheboygan Counties each have a Soil and Water Conservation District.  
The districts are governed by a board of directors.  The districts provide many services which 
include engineering and assistance with design and implementation of Best Management Practices 
for agriculture, streambank remediation, and forestry.  Natural Resource Conservation Service 
(NRCS) District Conservationists work closely with the districts in the three counties. 
 
Non-governmental organizations within the Watershed include Tip of the Mitt Watershed Council 
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and the Pickerel and Crooked Lakes Association.  The Tip of the Mitt Watershed Council is a 
private, nonprofit organization dedicated to protecting and enhancing water quality and promoting 
the wise use of water resources within the watersheds of Antrim, Charlevoix, Cheboygan, and 
Emmet Counties.  The Watershed Council was first organized in 1979 and is governed by a board 
of directors.  They are considered to be leaders in water resource protection efforts and watershed 
management for the state and region. 
   
The Pickerel and Crooked Lakes Association is a nonprofit organization whose purpose is to work 
to preserve and improve the water quality of the lakes; including water levels, sanitary conditions, 
and fishing facilities.  Members consist primarily of property owners with homes on or near 
Pickerel or Crooked Lakes, who are concerned with the proper care and management of their water 
resources and adjacent property.  Property owners around Round Lake are in the  process of 
organizing an association.   
 
The Watershed is within the jurisdiction of two Regional Planning Agencies, the Northeast 
Michigan Council of Governments (NEMCOG) and the Northwest Michigan Council of 
Governments.  Historically, management activities within the Watershed have been conducted 
mainly by NEMCOG, since the majority of the Cheboygan River Watershed is within the northeast 
region.  NEMCOG was established in 1968 as a multi-county organization to pool resources for the 
assistance of local governments in the region.  In addition to planning, NEMCOG sponsors many 
other programs including Small Business Administration assistance, Community Corrections, 
digital mapping services, and economic and community development.  NEMCOG is governed by a 
board of directors of which more than 50% must be local government officials. 
 
Population In Watershed 
 
Population trends are an important consideration in water resource protection.  As the population 
increases within a community, so do the demands and the threats on the resources.  Northern lower 
Michigan experienced an overall growth in population of 9.7% during 1980-1990.  In Emmet 
County during this time, population growth was 8.9%, while Cheboygan and Charlevoix Counties 
grew by 3.6% and 7.8%, respectively.  Population in these counties is illustrated on Figure Eight. 
 
Based on the 1990 census figures, it is estimated that the population within the Watershed at that 
time was 9,194.  Population projections for the year 2010 indicate that rapid population growth in 
the Watershed is likely to continue.  The fastest-growing township in the Watershed in Emmet 
County is Little Traverse, where population is projected to increase by 46.9%, between 1990 and 
2010.  Population in Bear Creek, Littlefield, and Springvale Townships is also projected to increase 
during this period, at rates of 33.4%, 29.7%, and 21.4%, respectively.  Note that these figures are 
population projections for the entire township, not just the portion of the township within the 
Watershed. 
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Figure Eight: Population Map 
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Land Use 
 
Land use information discussed in this plan was obtained from the Michigan Inventory Resource 
Information Systems (MIRIS) and a study conducted by Mary Ann Heidemann and Associates, in 
1995. The Pickerel-Crooked Lakes Watershed is approximately 62,972 acres, encompassing five 
lakes and numerous tributaries. The predominant land use in the Watershed is forest (approximately 
65%). About half of the forested area is state owned and the other half is under private ownership.  
 
Agriculture and urban land uses occupy a large portion of the remaining Watershed area. 
Agricultural use is located throughout the Watershed, but is concentrated in northern Bear Creek 
Township and southeast Littlefield Township. Urban development borders US 31, M-119 and 
Pickerel-Crooked Lakes and is heaviest in Little Traverse Township. This Watershed has minimal 
industrial use consisting of one small light-industrial park off of US 31.  However, it is subject to 
moderate commercial strip development along US 31 and M-119. 
 
Soils 
 
The soil type found in an area is an important factor in determining landscape and watershed 
features such as vegetation, forest cover-type, drainage characteristics, infiltration (which in part 
determines the likelihood of pollution from non-riparian areas), suitability for septic systems, and 
susceptibility to erosion.  The predominant soil types in the Watershed are the Blue Lake-Leelanau 
association, the East Lake-Blue Lake-Kalkaska association, the Brimley-Wainola-Bruce 
association, the Rubicon-Blue Lake association, and the Carbondale-Tawas-Roscommon 
association.  Following are descriptions of each soil type:   
 
1. Blue Lake-Leelanau association:  Deep, well-drained, nearly level to very steep, sandy soils on 

moraines. 
 
2. East Lake-Blue Lake-Kalkaska association:  Deep, well-drained, nearly level, sandy soils in 

glacial drainageways and on outwash plains. 
 
3.  Brimley-Wainola-Bruce association:  Deep, somewhat poorly drained and poorly drained, nearly 

level to undulating, loamy and sandy soils on lake plains. 
 
4.  Rubicon-Blue Lake association:  Deep, gently rolling to very steep, excessively drained and well 

drained, sandy soils that formed in sandy deposits; on lake plains, outwash plains, deltas, 
beach ridges, and eskers. 

 
5.  Carbondale-Tawas-Roscommon association:  Deep, poorly drained and very poorly drained, 

organic and sandy soils in broad glacial drainageways and on outwash plains and lake plains. 
 
The Carbondale-Tawas-Roscommon and the Brimley-Wainola-Bruce associations are the 
predominant soil types surrounding the immediate shoreline of Pickerel, Crooked, and Round 
Lakes.  As noted in the above descriptions, these soil types tend to be somewhat to very poorly 
drained, with sandy and finer grained components.  The East Lake-Blue Lake-Kalkaska association 
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predominates in the Minnehaha Creek corridor.  This association generally consists of well-drained, 
sandy soils.  The southernmost portion of the Watershed in Springvale and Bear Creek Townships 
is primarily Blue Lake-Leelanau association, which consists of well-drained, sandy soils.  The 
easternmost portion of the Watershed in Mentor Township is composed mainly of Rubicon-Blue 
Lake association, which is composed of very well-drained, sandy soils.  
 
Information on soil types and locations within the Watershed was obtained from U.S. Department 
of Agriculture and Natural Resources Conservation Service Soil Survey Maps for Emmet, 
Charlevoix, and Cheboygan Counties. 
 
Topography 
 
Continental glaciers covered Michigan four times during the Pleistocene, or Ice Age about two 
million years ago.  The last advance of the glacier, approximately 10,000 years ago, was responsible 
for many of the surface features present today in the Watershed.  The glaciers reworked previous 
glacial deposits wearing down and rounding hills, and broadening and deepening river valleys.  
They left behind deposits of glacial till, material that has been washed, sorted, and transported by 
glacial meltwaters or ice.  Large deposits of glacial till called moraines make up the gently rolling 
hills within the Watershed.  The lakes and streams in the Watershed exist in valleys and depressions 
formed from the last glacial activity.  Overall, topographic changes in Emmet County range from 
580 feet to 1,340 feet above sea level.  
 
Wetlands  
 
Wetlands used to be regarded as wastelands with their only value gained once drained or filled.  It is 
now known that wetlands have many values.  They help filter runoff, removing pollutants before 
they enter lakes or streams; they absorb runoff which prevents flooding; they provide habitat for 
wildlife; and shoreline wetlands help prevent erosion. 
 
A wetland is identified by the following three elements: hydric soils, hydrophytic vegetation, and 
wetland hydrology (i.e. poorly drained or low permeability soils, high water table or ponded surface 
water).  
 
Because of the important role wetlands play in protecting water quality, information on high value 
wetlands and potentially restorable wetlands within the Watershed are described below.  In 
addition, the nonpoint source pollution inventory contains a description of a shoreline wetland 
inventory performed by Tip of the Mitt Watershed Council. 
 
High-Value Wetlands Inventory 
In February 1994, Tip of the Mitt Watershed Council completed a High-Value Wetlands Inventory 
in the watersheds of Antrim, Charlevoix, Cheboygan, and Emmet Counties.  High-value wetlands 
were determined based on three broad criteria known to be important attributes for water resource 
protection and which are most easily identified by off-site assessment methods: wetness, size, and 
proximity to shoreline.  Specifically, wetlands were deemed to be high-value if they met all of the 
following criteria: 
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1. They were indicated on 7.5 minute USGS topographic maps. 
 
2. They were the largest contiguous wetland on one of the major lake or stream systems. 
 
3. They were contiguous and approximately 50 acres or greater in size. 
 
In addition, wetlands that did not meet all of the above criteria were included if there was reason to 
believe that they had noteworthy functions and values.  This was based primarily on large size, 
previous studies, credible personal communications, and threatened status. 
 
Following is an inventory of high-value wetlands that have been identified within the Watershed.  It 
is not meant to be comprehensive or to be used for planning purposes, but to assist with identifying 
sensitive environmental habitats.  Two wetland areas have been included in this inventory which 
were not identified in the high-value wetland inventory because they did not meet all three of the 
required criteria.  However, due to the proximity of these wetlands to Pickerel and Crooked Lakes, 
they are considered to be high-value wetlands for the purpose of this document.  These two 
wetlands are designated below as the Oden Fish Hatchery and North Conway Road.  The numerous 
wetlands within the Watershed provide many functions, including fish and wildlife habitat, water 
quality protection, floodwater storage, and ground water recharge.  A map showing the locations of 
these wetlands is provided in Figure Nine.  
 
Pickerel-Crooked Lakes High-Value Wetlands 
 
Emmet County 
1. Crooked Lake/Crooked River 
     Littlefield   T34N, R4W; S15, 16 
     160 acres;  2.3 miles (0.8 on river; 1.5 on lake) 
 
2. Minnehaha Creek 
     Springvale  T34N and T35N, R4W; S5, 32 
     448 acres;  5.6 miles 
 
3. West Branch Minnehaha 
     Springvale  T34N, R4W; S8, 18 
     Bear Creek  T34N, R5W; S13, 12 
     250 acres;  5.2 miles 
 
4. Round Lake Creek 
     Little Traverse  T35N, R5W;  S23, 24 
     89 acres;  2 miles 
 
 
5. Pickerel-Crooked Channel 
     Littlefield & Springvale  T35N, R4W;  S21, 22 
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     47 acres;  1.4 miles (0.8 on channel; 0.6 on lakes) 
 
6. Camp Petosega 
     Littlefield & Springvale  T35N, R4W;  S25 
     185 acres;  2.4 miles (1.6 on creek; 0.8 on lake) 
 
7. Mud Creek 
     Littlefield  T35N, R4W;  S27, 28, 33 
     1382 acres;  4.4 miles (0.8 on lake; 3.6 on creek) 
 
8. Round Lake 
     Bear Creek  T34N, R5W; S22 
     134 acres;  0.4 miles 
 
9. Mud Lake/Spring Lake 
     Bear Creek  T35N, R4W, S27 
     31 acres;  3.7 miles (1.2 on creek; 2.5 on lake) 
 
10. Oden Fish Hatchery 
 Littlefield  T35N, R4W, S17 
 7 acres;  1,000 feet 
 
11. North Conway Road 
 Little Traverse  T35N, R5W, S13, 14 
 800 acres; not on lake 
 
Cheboygan County 
Berry Creek 
      Tuscarora  T35N, R3W; S31, 32 
 138 acres;  2.4 miles of creek 
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Insert Map showing Locations of High-Value Wetlands (Figure Nine) 
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Potentially Restorable Wetlands 
 
Since pre-settlement times, Michigan has lost over 50% of its original wetland base.  Many types of 
development projects result in unavoidable impacts to wetlands.  Our wetland resource base can be 
improved by restoration, enhancement, or creation of wetlands.  Wetland restoration is the 
rehabilitation of a former wetland which was destroyed at some time in the past.  Wetland 
enhancement is the improvement, maintenance, and management of existing wetlands.  Wetland 
creation is the conversion of a historically upland area into a wetland.  Restoration and 
enhancement are the most successful methods for converting degraded wetlands back to healthy, 
functioning ecosystems. 
 
In March, 1994 Tip of the Mitt Watershed Council completed an Inventory of Potential Wetland 
Conversion sites in Antrim, Charlevoix, Cheboygan, and Emmet Counties.  Wetland conversion 
sites include any sites that may be converted to healthy, functional wetland ecosystems through 
restoration, enhancement, or creation techniques.  The purpose of the inventory was to determine 
locations of potential wetland conversion sites which might be used in efforts to offset unavoidable 
impacts to wetlands.  The inventory provides preliminary information on likely conversion sites; 
additional on-site investigations would be required to confirm the potential for wetland conversion 
at each site. 
 
Potential wetland conversion sites were identified in the inventory through a combination of 
gathering and compiling offsite information, researching land ownership, and field checking 
selected sites.  Information reviewed included Agricultural Stabilization Conservation Service 
(ASCS) Highly Erodible Land determination maps, County Soil Surveys, County Plat Maps, 
United States Geological Survey (USGS) Topographic Maps, and National Wetlands Inventory 
Maps.  The inventory identified 17 potential wetland conversion sites in the Pickerel-Crooked 
Lakes Watershed.  Of these, seven sites were within the critical area of the Watershed (see 
Appendix D for map showing site locations).  Identification numbers for the sites are taken from the 
Watershed Council's Inventory.  "EM" preceding the identification numbers identifies that the site 
is in Emmet County.  
 
Site EM12 
Little Traverse Township 
T35N, R5W, Section 13 
Estimated area: 40 acres 
This site consists of field and pasture land with a drainage ditch.  The soils are classified as 
somewhat to very poorly drained.  Predominant soil associations are Wainola loamy fine sand, 
Carbondale muck, and Roscommon mucky sand.  Wainola loamy fine sand is classified as non-
hydric according to Hydric Soils of the United States.  The recommended activities for wetland 
conversion at this site were to excavate to the ground water table in areas of Wainola loamy fine 
sand and import organic soil or use the A horizon from the loamy fine sand to provide suitable 
substrate.   
 
Site EM13 
Little Traverse Township 
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T35N, R5W, Section 23 
Estimated area: 30 acres 
This site consists of pasture land, with somewhat poorly drained to poorly drained soils.  It is 
uncertain whether the natural drainage patterns have been anthropogenically modified.  The soils 
are classified as Au Gres loamy sand, which is non-hydric and Thomas loam, a hydric soil.   
 
Site EM14 
Little Traverse Township 
T35N, R5W, Section 23 
Estimated area: 10 acres 
This site consists of hay field and pasture land with somewhat poorly drained to poorly drained soil 
conditions.  Anthropogenic drainage activities are unknown.  Soil associations are the non-hydric 
Iosco loamy fine sand and the hydric Brevort mucky loamy sand.   
 
Site EM15 
Little Traverse Township 
T35N, R5W, Section 23 
Estimated area: 65 acres 
This site consists of hay and corn fields and pasture, with somewhat poorly drained and poorly 
drained soils.  Anthropogenic drainage activities are unknown.  Soils are classified as non-hydric 
Iosco loamy fine sand and hydric Brevort mucky loamy sand. 
 
Site EM24 
Littlefield Township 
T35N, R4W, Section 22 
Estimated area: 400 acres 
This site contains pasture or cropland and is classified as somewhat poorly drained.  Predominant 
soil types are non-hydric Brimley loam and hydric Thomas loam.  Anthropogenic drainage 
activities at this site are unknown. 
 
Site EM27 
Springvale Township 
T35N, R4W, Section 30 
Estimated area: 14 acres 
This site contains hay or pasture land and is classified as poorly drained.  Anthropogenic drainage 
activities are unknown.  Soils are primarily Bruce fine sandy loam, which is a hydric soil.   
 
Site EM31 
Springvale Township 
T35N,R4W, Section 32 
Estimated area: 41 acres 
This site has somewhat poorly drained conditions, and anthropogenic drainage activities are 
unknown.  The vegetation composition of the site is also unknown.  Predominant soils are Brimley 
loam, which is classified as a hydric soil.   
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Recommendations for restoring wetlands at these sites would need to be developed based on a more 
detailed investigation of drainage and other site conditions. 
 
Ground Water Recharge Areas 
 
Huge supplies of ground water can be found under the surface throughout much of northern 
Michigan.  Most ground water is found in the pore spaces between soil or rock particles.  Water 
seeping down from the soil surface fills these spaces.  The downward flow of water is restricted by 
bedrock, or by dense soils such as clay or marl.  When water saturates the pore spaces in sand or 
gravel, or the cracks in rocks, the formation is called an aquifer.  Aquifers can yield large amounts 
of water to wells or springs.  The upper surface of the zone of saturation is called the water table. 
  
Ground water recharge areas are areas of low-lying or level land with highly to moderately 
permeable soils.  These physical features are conducive to precipitation percolating into the soil 
rather than resulting in surface runoff.  The East Lake-Blue Lake-Kalkaska and the Blue Lake-
Leelanau soil associations are prominent formations in the Pickerel-Crooked Watershed that 
indicate areas of ground water recharge.  The East Lake-Blue Lake-Kalkaska association is a well-
drained, nearly level area, with sandy soils on or near lake beaches and outwash plains.  The Blue 
Lake-Leelanau association consists of sandy soils on well-drained moraines, and nearly level areas. 
 
Ground water recharge areas are important for several reasons.  They maintain a base flow for 
streams, reduce runoff by allowing the percolation of precipitation into the soils, and they act as a 
source of water for lakes and aquifers.  This is significant because most people in northern 
Michigan depend on ground water as their primary source of clean drinking water.  For these 
reasons, it is particularly important to prevent pollution inputs to areas of ground water recharge, as 
water from these areas ultimately makes its way to lakes, streams, or aquifers which serve as a 
primary source of drinking water. 
 
There are approximately 21,600 acres of ground water recharge areas in the Pickerel-Crooked 
Lakes Watershed.  Delineation of the exact recharge areas is difficult.  However, the following is a 
general breakdown of the acreage and location of recharge areas (See Figure Ten): 
 
1. 4,000 acres north-northeast of Spring, Mud, Round, and Crooked Lakes (the Littlefield Township 

Dump, located within this area, is found on the P.A. 307 list of Michigan Sites of 
Environmental Contamination; this site is described in Section IV, H); 

2. 1,920 acres between Round and Crooked Lakes; 
3. 5,120 acres south of Crooked Lake, following the Minnehaha Creek and Silver Creek, and east to 

Mud Creek; 
4. 4,800 acres north of Pickerel Lake following Berry Creek (into Cheboygan County); 
5. 5,760 acres south of Pickerel Lake, between Mud and Berry Creeks, up to Berry Creek's entrance 

into Pickerel Lake. 
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Figure Ten: Ground Water Recharge Areas 
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Special Resources 
 
Endangered and Threatened Animal Species 
The Pickerel-Crooked Watershed contains a variety of habitats for aquatic and terrestrial plants and 
animals, including some endangered and threatened species.  Just as canaries were used to 
determine if oxygen was present in coal mines, when animals and plants become threatened or 
endangered they are indicators of when ecosystems or their habitats are in trouble.  At the same 
time their presence is a reminder that to protect and strengthen species their habitats must be 
protected when managing watersheds.   
 
A detailed inventory of endangered or threatened species in the Watershed was not conducted.  
Inventories of nature preserves within the Watershed provided some basic information on the 
presence of endangered and threatened species.  Additional information was obtained from the 
MDNR Wildlife Division and Non-Game Species Unit.  Other endangered or threatened species, 
particularly insects or fish, may be present within the Watershed, but a thorough investigation by 
research scientists would be necessary.  
 
Orchis Fen, a nature preserve owned by the Little Traverse Conservancy is habitat to one plant 
listed as endangered in Michigan, the small round-leaved Orchis (Orchis rotundifolia).  Another 
plant found on the preserve, English sundew (Drosera anglica) is listed as special concern in 
Michigan.   
 
Bald eagles (Haliaeetus leucocephalus), listed as endangered federally and threatened in Michigan, 
are commonly spotted on and around Pickerel and Crooked Lakes.  Bald eagles have nested within 
the Watershed for the past ten years with much success.  They are often spotted on the northeast end 
of Oden Island. 
 
Osprey (Pandion haliaetus), listed as threatened in Michigan, are frequently spotted and have 
nested in the Watershed in the past.  They are spotted regularly within the Pickerel-Crooked Lakes 
Channel.  No additional information was available regarding the osprey. 
 
Round Lake is home to a pair of nesting Common loons (Gavia immer).  Their success rate for 
breeding has been inconsistent.  The pair is monitored by volunteers coordinated by the Michigan 
Loon Preservation Association, an affiliate of the Michigan Audubon Society and the North 
American Loon Fund.  Loons require good water quality and minimum disturbances from boats and 
people. 
 
Pickerel, Crooked, Round, Spring, and Mud Lakes as well as the many tributaries and wetlands 
provide valuable habitat for migrating birds.  Many species of ducks can be seen on the lakes during 
fall and spring migrations. 
 
The marten, commonly called the pine marten, (Martes americana) is another species listed as 
threatened in Michigan found in the Pickerel-Crooked Lakes Watershed.  Martens were 
reintroduced to the northern lower peninsula in 1985.  Approximately 40 martens were released in 
the Pigeon River State Forest.  The martens released were all ear-tagged.  Since then the martens 
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have done well and expanded their range.  The MDNR's forest inventory of the Mackinaw State 
Forest indicated the presence of martens, particularly in the Minnehaha Subwatershed. 
 
Martens' preferred habitats are wetland eco-tones, primarily cedar swamps and hardwood forests.  
These conditions provide shelter and availability of food.  Martens are omnivorous, eating small 
mammals including deer mice, shrews, squirrels, and small birds as well as nuts, insects, and fruit.  
Martens spend a significant amount of time in trees but forage primarily on the ground.  The future 
of martens in the Pickerel-Crooked Lakes Watershed will depend on the protection of their habitat. 
 
Alien Species 
Another threat to the Watershed's health is the introduction and spread of alien species.  There are 
two species that can cause serious impacts to aquatic habitats, one is present in the Watershed-
purple loosestrife and the other, zebra mussel (Dreissena polymorpha) can be found in nearby 
watersheds. 
 
Purple loosestrife was introduced in the 1800s and has spread to wetlands and riparian habitats in 
40 States and Canada, resulting in severe impacts to wetlands.  Purple loosestrife can literally take 
over a wetland, resulting in a reduction of native plant diversity and diminished food and habitat for 
wildlife.  Purple loosestrife is capable of such damage due to a lack of natural predators, its ability 
to propagate through roots, and its prolific seed production ability.   
 
Past physical and chemical control efforts have not been effective at controlling the growth and 
spread of purple loosestrife.  Experimental introductions of two European beetle species is ongoing 
in southern Michigan.  Purple loosestrife can be found in many of the wetlands within the Pickerel-
Crooked Lakes Watershed and is a definite threat to the health of the wetlands. 
 
The zebra mussel was introduced from a freighters ballast water in the 1980's and were first 
discovered in Lake St. Clair.  It is a small, D-shaped mussel about the size of a thumbnail, but can 
grow to be two inches long with light and dark bands like a zebra.  Zebra mussels have spread to all 
the Great Lakes and many inland lakes in southern Michigan.  
 
Impacts from the zebra mussel can be severe.  They can clog municipal water system intake pipes 
and industrial discharge pipes resulting in costly maintenance and repairs.  Because of their 
relatively recent introduction the biological impacts are just being revealed.  Their feeding patterns 
remove significant amounts of plankton, often resulting in clearer water, which then allows more 
sunlight in and can cause excessive growths of aquatic plants and benthic algae.  Zebra mussels can 
remove too much plankton, reducing the food source for other open water feeding aquatic 
organisms.  Finally, the zebra mussel can outcompete the native clams, causing their elimination, 
which is detrimental to the ecosystem as a whole.   
 
The Tip of the Mitt Watershed Council has been cooperating with researchers from the Great Lakes 
Environmental Research Laboratory (GLERL) to monitor the presence of immature and adult zebra 
mussels in Pickerel and Crooked Lakes since 1992.  Immature (larval) zebra mussels are known as 
veligers. 
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In 1992, six-inch square tiles were hung from docks in 31 Michigan inland lakes to monitor for the 
presence of adult mussels.  Five tiles were hung around Pickerel Lake and seventeen tiles placed on 
docks around Crooked Lake in early July and remained until Labor Day.  The tiles were then 
collected and sent to the researches for examination.  No adult or immature mussels were spotted 
on the tiles. 
 
In 1993 larval traps were used instead of the tiles to look for immature mussels.  The larval traps 
consisted of tulle-netting placed inside green plastic berry baskets.  The larval traps were placed in 
the water for two weeks and then the netting was stored in plastic containers with alcohol as a 
preservative.  No veligers were discovered in Pickerel or Crooked Lakes using this method.  In 
addition to the larval traps, the researchers also collected plankton samples from the lakes and 
analyzed the samples for veligers.  Veligers were found in both Pickerel and Crooked Lakes 
plankton samples as well as in Burt Lakes. 
 
In 1994, researchers collected plankton samples to look for immature mussels and placed ten tiles 
per lake to look for adult mussels.  The samples and tiles for both lakes did not show any presence 
of zebra mussels. 
 
1995 zebra mussel monitoring was conducted by a volunteer on Crooked Lake only.  The volunteer 
was trained to collect the plankton samples.  Samples were collected from three locations once in 
early July and again in late July.  Results from the samples were negative. 
 
The discovery of veligers in 1993 but not in subsequent years is good news for the lakes but also a 
reminder that with the amount of recreational boating (considered the primary contributor to their 
spread) vigilance must be taken to prevent their spread.    
 
Designated County Drains 
 
There are no designated county drains within the Watershed. 
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 CRITICAL AREA DESCRIPTION 
 
The critical area of the Watershed is defined as the area most susceptible to water pollution from 
human activities, and therefore the most crucial for concentrating watershed protection activities. 
The Watershed's critical area was identified based on topography, the presence of sensitive 
resources such as wetlands, and on existing source areas of nonpoint source pollution. It also 
includes areas threatened by future development and land use changes.  In this way, efforts to 
prevent water quality degradation from both current and potential future sources are focused in the 
most significant areas of the Watershed. 
 
A map showing the critical area boundaries and nonpoint source pollution site locations is provided 
in Figure Eleven.   
   
The critical area for Pickerel-Crooked Lakes Watershed includes the following: 
 
� A corridor along all tributaries of Pickerel and Crooked Lakes extending 500 feet on each side.  

The 500 foot corridor is widened in areas of high-value wetlands and in areas of potential 
future development or land use change.   

 
� A 300 foot corridor on either side of M-119 and US 31.  These areas along M-119 and US 31 are 

contained within the critical area because of potential stormwater influence.   
 
� A 500 foot corridor bordering the shoreline of Pickerel, Crooked, Round, Spring, and Mud 

Lakes.  The corridor again expands from the 500 foot boundary to include areas of high-value 
wetlands and future development (described below).   

 
The areas that follow have been included in the critical area specifically because of their potential 
for future development:   
 
� Area south of US 31 in Section 18 of Littlefield Township;  
 
� All of Section 22 in Littlefield Township; 
 
� Area along the Pickerel-Crooked Channel in Section 21 of Springvale Township;  
 
� Southwest quarter of Section 29 in Springvale Township.   
 
All of the agricultural and road-stream crossing sites of concern identified in the nonpoint source 
inventory are located within the defined critical area. 
 



 

Pickerel-Crooked Lakes Watershed 
 
  58 

Figure Eleven: Critical Area Boundaries and Nonpoint Source Pollution Sites 
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 NONPOINT SOURCE POLLUTION INVENTORY 
 
Methodology 
 
The Nonpoint Source Pollution Inventory was conducted in the fall of 1994 through the spring and 
summer of 1995 utilizing a variety of methods. A review of existing maps and information lay the 
groundwork for more detailed field inventories. Watershed and subwatershed boundaries were 
delineated on USGS 7.5' topographic maps. Plat maps, MIRIS land use maps, soil maps, wetland 
maps, county road maps, equalization maps, and aerial photos were used to assess the physical and 
biological features of the Watershed. Reports, water quality data, zoning ordinances, and many 
other documents were used to augment the spatial information. 
    
The majority of the field inventory was conducted with driving surveys supplemented by walking 
surveys where possible. An inventory sheet was used to document nonpoint source pollution 
problems and photos were taken of the sites. 
 
The streambank inventory concentrated on evaluations of road/stream crossings, walking surveys 
on public land, and review of aerial photos.  Canoe or in-stream surveys could not be conducted on 
the tributaries as there are no legally navigable streams within the Watershed.  
 
Investigating agricultural sites involved driving surveys and interviews with local agency staff 
familiar with agricultural activities in the Watershed. 
 
Stormwater runoff problems were assessed by driving surveys, photo documentation, and 
consultation with Emmet County Road Commission staff. 
 
The recreational use survey was conducted with volunteer assistance. Volunteers helped count 
boats moored, docked, and ashore. A pilot and professional photographer volunteered their time 
and skills to obtain the aerial photographs for the survey.  
 
Land use changes were assessed by comparing old aerial photos with recent aerial photos and 
MIRIS maps.  Field checking was also conducted to update MIRIS data for the Watershed. Forestry 
activities were inventoried by a detailed review of MDNR management plans and field 
investigations.  
 
Riparian practices and opinions on water quality were assessed with a shoreline questionnaire that 
was mailed to all riparians on Pickerel and Crooked Lakes. 
 
Wherever possible inventory results were shared with Advisory Committee members and other 
professionals in appropriate fields for review and input.  The Advisory Committee for the Pickerel-
Crooked Lakes Watershed consists of a group of concerned citizens and representatives of local 
government agencies, local businesses, the Pickerel-Crooked Lakes Association, and natural 
resource management agencies.  This Committee met periodically during the development of the 
Pickerel-Crooked Lakes Watershed Nonpoint Source Pollution Management Plan in order to 
provide assistance and input.  A list of Advisory Committee members is provided in Appendix E.  
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Prioritization of Nonpoint Source Pollutants and Sources 
 
The results of the nonpoint source inventory indicated that the primary pollutants threatening water 
quality in the Pickerel-Crooked Lakes Watershed are sediments and nutrients.  Because the sources 
of these pollutants are so closely intertwined it is not always feasible to separate them for purposes 
of prioritization or remediation.  Through the nonpoint source inventory, it was determined that the 
known and projected future sources of sediment in the Watershed, listed in order from most to least 
significant, are: 
 
1.  Changing land use 
2.  Stormwater 
3.  Agriculture 
4.  Shoreline management 
5.  Road/stream crossings 
6.  Logging 
 
The known and projected sources of nutrients in the Watershed, listed in order from most to least 
significant, were determined to be: 
 
1.  Shoreline management 
2.  Changing land use 
3.  Agriculture 
4.  Stormwater 
5.  Logging 
6.  Road/stream crossings 
 
A summary of nonpoint source pollution in the tributary drainage areas or subwatersheds follows, 
accompanied by detailed descriptions of the extent and primary locations of the sources of sediment 
and nutrients in the Watershed.  Recommendations for addressing these pollution sources are 
discussed in Section VII, Recommended Implementation Activities and Section VIII, 
Recommended Information and Education Activities.   
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Tributary Inventory 
 
A summary of nonpoint source pollution problems identified in the inventory accompanies each 
tributary description.  Since none of the tributaries (other than the Pickerel-Crooked Lakes Channel) 
are navigable and adjacent land is predominantly private, an in-stream survey for streambank 
erosion and other problems was not conducted.   
 
Minnehaha Creek   
 
The results of the nonpoint source inventory identified six road/stream crossings of the Minnehaha 
at the following locations (listed from upstream to downstream): Harmon Road, Newson Road, 
Greenwood Road, Mitchell Road, Pickerel Lake Road, and Channel Road.  Erosion was occurring 
at two of the crossings which are described in more detail in the Road/Stream Crossing Section (IV, 
F) of the Nonpoint Source Inventory.   
 
Agricultural activities (Sites 1-4, described in the Agriculture Section, [IV, D] of the Nonpoint 
Source Inventory), particularly in the headwaters of the Minnehaha drainage basin, were 
contributing both sediment and nutrients to the Creek, primarily due to livestock access.   
 
Logging roads in the drainage basin were also contributing sediment and nutrients to the Creek.  No 
additional streambank erosion was evident from the field inventory.     
 
West Branch of the Minnehaha 
 
Atkins Road crosses the West Branch of the creek and a private driveway crosses one of the 
tributaries.  No impacts from nonpoint source pollutants were observed at these road/stream 
crossing locations. 
 
Silver Creek 
 
The nonpoint source inventory revealed a total of three road/stream crossings at Pickerel Lake 
Road, Silver Creek Road, and Mitchell Road.  Soil erosion and sedimentation are occurring at the 
Pickerel Lake Road crossing.  Additional information and photos are included in the Road/Stream 
Crossing Section (IV, F) of the Nonpoint Source Inventory. 
   
Berry Creek 
 
Four roads cross Berry Creek, namely Berry Creek Road and Wildwood Road in Mentor Township 
and in Tuscarora Township, Reams Road and Gularski Road.  There were no nonpoint source 
pollution problems observed at these sites.    
  
Cedar Creek 
 
Cedar Creek has two road/stream crossings; one at Pickerel Lake Road and another at Banwell 
Road.  A foot bridge also crosses the creek at Camp Petosega.  Nonpoint source pollution problems 
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were not observed at these locations. 
 
Mud Creek 
 
There are two road/stream crossings, one at Ellsworth Road and the other at Pickerel Lake Road.  
Neither location was determined to be contributing nonpoint source pollution.   
 
Round Lake Creek 
 
The nonpoint source inventory identified two road/stream crossings; Hiawatha Trail and US 31.  
Erosion did not appear to be a problem; however, stormwater directly discharges at the upstream 
and downstream locations of both crossings. 
 
Fish Hatchery Creek 
 
Nonpoint source contributions to the Fish Hatchery Creek come from direct discharge of 
stormwater runoff from US 31.  No streambank erosion was apparent. 
 
Changing Land Use:  Land Use Inventory Update 
 
Changing land use in the Watershed was determined to be the most significant source of sediments, 
and the second highest ranking source of nutrients to lakes and tributaries.  The following section 
characterizes observed and projected land use changes within the Watershed.   
The water quality of a lake or stream is determined in large part by the land use within its 
watershed.  Each type of land use has a certain potential to export nutrients to nearby waters.  
Extensive research has determined that, in general, land uses that produce the most surface runoff 
also produce the greatest nutrient export.  The actual delivery of these nutrients to a water body 
depends on such variables as the type and amount of precipitation in the area in question, soils, 
drainage density, and runoff controls.  Understanding how land use changes affect nutrient loading 
to a water body is a fundamental requirement for those in the position of controlling such changes.  
  
Forest lands have a greater capacity than other land uses to "absorb" precipitation without 
producing overland runoff.  In a forested watershed, interception of precipitation by leaves and 
needles reduces the energy of the raindrops, which lessens erosion potential.  Additionally, the 
organic matter on the forest floor serves as an efficient sponge that soaks up moisture and releases it 
at a rate that does not exceed the soil's infiltration capacity.  When the water enters the soil, some 
moves downslope as interflow and is gradually discharged in intermittent and perennial drainages.  
The remaining water is either taken up in the root zone by plants, or passes beyond the root zone to 
recharge deep ground water.  Due to the chemical, physical, and biological filtering, uptake, and 
storage provided by the forest and its soils, the water that is discharged to streams and replenishes 
ground water is very clean and contains few nutrients that can be exported to lakes and streams.  
For this reason, forested lands have the least nutrient export capacity of any land use.  Any activity 
that results in the conversion of forested land to other uses increases nutrient export. 
 
Unplanned development in the Watershed can, over time, result in more water quality degradation 
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than would occur with wise land use planning.  As the area becomes subject to increasing 
development pressures, land use changes that result from unplanned development can lead to many 
undesirable changes in the Watershed.  These changes include increased siltation of waterways, 
increases in water temperatures, increasing shoreline erosion, increasing levels of contaminants 
entering waterways via stormwater runoff, and increased nutrient loading to lakes and streams.  
Sources of these changes include the conversion of agricultural lands and open space to urban or 
residential uses, de-forestation, new construction and residential development along lakeshore 
areas, increasing commercial and industrial development, and the introduction of increasing 
amounts of impervious surfaces which reduce stormwater infiltration.  Due to these and many other 
factors, land use changes constitute one of the greatest threats to water quality in the Watershed. 
 
In January 1995 a land use change study was conducted in the Watershed by Mary Ann Heidemann 
and Associates.  A comparison was made using 1978 MIRIS land use/cover maps, 1987 black and 
white infrared aerial photos and extensive field checking in January 1995 to determine the type and 
amount of land use change between 1978 and the present.  In general the areas experiencing the 
greatest amount of land use change are in a three mile radius of Round, Crooked, and Pickerel 
Lakes.  Although actual lake front development has been minimal over the past fifteen years 
(according to Mary Ann Heidemann and Associates), the nature of this development has changed, 
with more seasonal cottages being enlarged for permanent use, resulting in secondary impacts such 
as larger lawns, and elimination of more trees and shrubs along the lake shoreline.  Moderate 
commercial and residential development is occurring along the M-119 and US 31 corridors, either 
as new construction or conversion of residential structures. 
 
The land use change study targeted the following nine major land use types:  1) water; 2) forest; 3) 
wetlands; 4) commercial; 5) industrial; 6) residential; 7) institutional/recreational; 8) agricultural; 
and 9) non-forest.  Descriptions for each classification follow: 
 
1. Open water areas deeper than two meters (6.7 feet) and permanently or semi-permanently 

flooded shallower water areas with less than 30 percent vegetative cover are classified as 
water. 

   
2. Forest lands include areas that are at least 10 percent stocked by forest trees of any size, or 

formerly having such tree cover, and not currently developed for non-forest use.  Lands that 
meet the criteria for forest land, but also are being used for a more intensive land use category 
such as agricultural are placed in the more intensive land use category.  

 
3. Wetlands include meadows, bogs, swamps, or fens, and seasonally wet or flooded basins with no 

surface water outflow.  Wetlands which have been drained and no longer support hydrophytic 
vegetation are classified as another land use type, such as agriculture.   

 
4. Commercial refers to those areas used predominantly for the sale of products and services.  
 
5. Industrial refers to a wide array of uses from light manufacturing and industrial parks to heavy 

manufacturing plants.  
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6. The residential category includes multi-family structures from low-rises to high-rises, single 
family and two-family structures, and mobile home parks.  

 
7. Institutional/recreational areas include education, government, religious, health, correctional, and 

military facilities.  This category also includes recreational facilities and areas which are on 
open land, such as park lands and associated buildings or structures.  

 
8. Agricultural land is defined as land used for production of food and fiber.  This class includes 

cropland, orchards, vineyards, bush fruits, ornamental horticulture areas, confined feeding 
operations, permanent pasture, farmsteads, greenhouses and noncommercial training areas 
primarily for race horses.  

 
9. The Non-forest category includes open lands or range land areas supporting early stages of plant 

succession.  This consists of plant communities characterized by grasses or shrubs.  
 
The following paragraphs summarize the results of the land use change study.  Maps illustrating 
land use change by Township within the Watershed between 1978 and 1995 are provided in Figure 
Twelve.  The urban category is a combination of residential, commercial, and industrial land uses 
and the non-forest category includes institutional/recreational lands.  Land use changes within the 
Townships of the Watershed are also summarized on Table Six. 
 
Tuscarora and Chandler Townships are predominantly forested within the Watershed.  Minimal 
land use changes have occurred in these areas between 1978 and 1995. 
 
Littlefield Township and the northern portions of Bear Creek and Springvale Townships are 
experiencing rural residential development with agricultural land and forest land being converted to 
urban/built up land use categories.  In Littlefield Township, the amount of agricultural land in the 
Watershed between 1978 and 1995 decreased by  approximately 12%, while non-forest and 
residential areas increased by approximately 8% and 5%, respectively.  Agricultural land in the 
Watershed in Bear Creek and Springvale Townships declined by almost 4% between 1978 and 
1995.  The land use types showing the largest increases in these areas during this time period were 
non-forest and residential.  Development, both residential and commercial, is typically concentrated 
along paved county roads that function as primary feeders to US 31 or Petoskey. The southern 
portions of Bear Creek and Springvale Townships have a rural, undeveloped character, consisting 
mainly of either farm or forest land.   
 
Little Traverse Township is experiencing significant land use change, with forest land being 
converted to urban/built-up land use categories.  Forest land in the portion of the Township within 
the Watershed declined by almost 5% between 1978 and 1995. Urban and Non-forest land uses 
increased by approximately 5% each in the portion of the Township contained within the 
Watershed during the time period of the study.  Development is primarily occurring along M-119 
and paved county roads that function as primary feeders to M-119 and US-31. Commercial and 
industrial development is occurring in Sections 14 and 15 of the Township.  Two areas mapped as 
gravel pits in 1978 are being converted to commercial development in Sections 10 and 11.   
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The conversion of farm and forest land to residential and commercial development is indicative of 
development trends in northern Michigan. Five areas have been identified within the Watershed 
that are of particular concern for future development. The largest area is all of Sec. 22 of Littlefield 
Twp. This area because of its size and location is a prime target for large scale condominium, golf 
course or strip mall development. This area has frontage along the Pickerel-Crooked channel, which 
is also a high value wetland area.  In addition, the sewer lines were recently extended to the edge of 
this property making this area more susceptible to high-density development. 
 
The other four areas of concern will most likely encounter single family housing development 
pressure. These areas are the Southwest 1/4 of Sec.18 of Littlefield Twp., the North half of Oden 
Island, in Sec., 20 of Springvale Twp., the Southeast 1/4 of Sec. 21 in Springvale Twp., and the 
Southeast 1/4 of Sec. 29 in Springvale Twp. All of these areas are contained within a high value 
wetland. This characteristic alone makes them a particularly sensitive area for development. 
Whether it is large scale or single home development both can be detrimental to the water quality of 
Pickerel and Crooked Lakes. The easy access to US-31 and M-119 by well maintained county roads 
and the close proximity of Harbor Springs, Petoskey, and Alanson where development pressures are 
increasing, suggests that these development trends in the Watershed are likely to continue, but with 
proper preservation of wetlands and development ordinances the Watersheds water resources can 
be protected and even enhanced.  The Michigan Department of Natural resources is currently trying 
to purchase the area in Sec. 18 of Littlefield Twp.  
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Figure Twelve: Insert Land Use Maps, 1978 and 1995 
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 TABLE SIX: LAND USE IN THE PICKEREL-CROOKED WATERSHED** 
 1978-1995  
 

Township  Land Use 
Type 

Area 
(acres) 

1978 

Area 
(acres) 

1995 

Percent of 
total 

Twp. Area 
(1978) 

Percent of 
total 

Twp. Area 
 (1995) 

Tuscarora Water 7,937.3 7,937.3 29.61 29.61 

 Forest 12,547.8 12,546.1 46.81 44.81 

 Commercial 94.4 94.5 0.35 0.35 

 Industrial 469.2 479.0 1.75 1.78 

 Institutional/ 
Recreational 

164.8 164.6 0.61 0.61 

 Wetlands 1,050.0 1,049.5 3.91 3.91 

 Residential 1,550.2 1,561.4 5.78 5.82 

 Agricultural 806.8 727.6 3.01 2.71 

 Non-forest 2,181.8 2,241.1 8.14 8.36 

Littlefield Water  1,712.8 1,715.2 10.93 10.95 

 Forest 6,712.3 6,537.7 42.83 41.74 

 Commercial 66.7 86.5 0.42 0.55 

 Industrial 81.5 157.9 0.52 1.00 

 Institutional/R
ecreational 

98.0 121.5 0.62 0.77 

 Wetlands 333.7 339.3 2.12 2.16 

 Residential 648.6 1,160.3 4.13 7.40 

 Agricultural 3,976.7 2,480.9 25.38 15.84 

 Non-forest 2,038.3 3,060.8 13.00 19.54 

Mentor Water 46.7 46.7 0.20 0.20 

 Forest 18,353.3 18,537.4 80.17 80.19 

 Commercial 6.3 6.3 0.02 0.02 

 Industrial 121.1 121.2 0.52 0.52 
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Township  Land Use 
Type 

Area 
(acres) 

1978 

Area 
(acres) 

1995 

Percent of 
total 

Twp. Area 
(1978) 

Percent of 
total 

Twp. Area 
 (1995) 

Mentor Institutional/ 
Recreational 

22.5 22.5 0.09 0.09 

 Wetlands 208.4 208.4 0.91 0.91 

 Residential 416.5 422.3 1.81 1.84 

 Agricultural 934.8 919.0 4.08 4.01 

 Non-forest 2,781.0 2,786.2 12.14 12.17 

Little 
Traverse 

Water 145.3 145.3 1.24 1.24 

 Forest 5,978.1 5,773.5 51.27 49.52 

 Commercial 41.8 163.3 0.35 1.40 

 Industrial 463.9 426.4 3.97 3.65 

 Institutional/R
ecreational 

113.5 308.7 0.97 2.64 

 Wetlands 223.1 241.8 1.91 2.07 

 Residential 743.8 908.9 6.37 7.79 

 Agricultural 1,915.7 1,842.0 16.42 15.80 

 Non-forest 2,034.6 1,848.3 17.44 15.85 

Pleasant-
view 

Water 16.8 16.8 0.07 0.07 

 Forest 17,175.7 17,191.1 75.28 75.35 

 Commercial 0 0 0 0 

 Industrial 152.3 152.3 0.66 0.66 

 Institutional/R
ecreational 

588.9 608.4 2.58 2.66 

 Wetlands 1,321.8 1,326.7 5.79 5.81 

 Residential 206.3 245.1 0.90 1.07 

 Agricultural 1,565.9 1,264.4 6.86 5.54 
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Township  Land Use 
Type 

Area 
(acres) 

1978 

Area 
(acres) 

1995 

Percent of 
total 

Twp. Area 
(1978) 

Percent of 
total 

Twp. Area 
 (1995) 

 Non-forest 1,787.8 2,008.9 7.83 8.80 

Spring-vale Water 1,499.9 1,501.2 4.97 4.98 

 Forest 22,042.0 21,832.0 73.16 72.48 

 Commercial 0 20.9 0 0.06 

 Industrial 33.2 65.2 0.11 0.21 

 Institutional/R
ecreational 

7.9 13.3 0.02 0.04 

 Wetlands 280.5 308.1 0.93 1.02 

 Residential 282.1 732.6 0.93 2.43 

 Agricultural 2,667.6 1,711.1 8.85 5.68 

 Non-forest 3,314.9 3,901.5 11.00 12.95 

Bear Creek Water 683.3 683.2 2.42 2.42 

 Forest 10,908.3 10,900.6 38.67 38.65 

 Commercial 364.6 451.7 1.29 1.60 

 Industrial 360.0 410.1 1.27 1.45 

 Institutional/R
ecreational 

420.6 444.7 1.49 1.57 

 Wetlands 1,087.3 1,094.0 3.85 3.87 

 Residential 1,937.6 2,166.6 6.86 7.68 

 Agricultural 8,316.7 7,261.4 29.48 25.75 

 Non-forest 4,127.4 4,783.8 14.63 16.96 

 
 
  ** The land use table reflects only that portion of each township that was inventoried in the 
Watershed. 
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Stormwater: Urban and Stormwater Runoff Inventory 
 
Stormwater has been determined to be the second highest ranking source of sediment and the fourth 
highest ranking source of nutrients in the Watershed.  The following section describes the major 
areas of concern for stormwater runoff, identified during the urban and stormwater runoff inventory 
performed in the summer of 1995.   
 
Stormwater runoff is that part of rainfall or snowmelt which does not infiltrate the ground or 
evaporate.  It travels over the ground surface in trickles, rivulets, or sheet flow.  Runoff is a function 
of the intensity and duration of rainfall or snowmelt, along with such factors as soil type, geology, 
topography, and vegetation cover.  Numerous studies have shown that runoff from urbanized areas 
contains more pollutants than runoff from other areas.  These pollutants can impair the aquatic 
ecology of lakes and streams.   
  
Urbanization decreases the infiltration of precipitation, causing it to run directly into lakes and 
streams, carrying residues such as oil and grease, heavy metals, and sediments from the surrounding 
area.  The land use analysis documented rapidly increasing development within some portions of 
the Watershed.  This increased development will continue to result in an increase of impervious 
area and corresponding increase in stormwater runoff.  The area south of Round Lake is a 
combination of parking lots and highways that drain into Mud and Spring Lakes.  The area along 
the north shore of Crooked Lake is also subject to a high degree of stormwater runoff from the 
adjacent road and urbanized areas (see aerial photograph below, depicting the US 31 corridor along 
the north shore of Crooked Lake).   
 
The stormwater runoff from this US 31 corridor drains directly to Crooked Lake.  
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The National Pollutant Discharge Elimination System (NPDES) requires permits for stormwater 
discharge in areas where population exceeds 100,000, which does not apply to the Pickerel-
Crooked Lakes Watershed.   Michigan's Soil Erosion and Sedimentation Control Act (P.A. 347) 
contains limited provisions to reduce quantity of stormwater runoff from construction activities.  In 
addition, some counties have passed ordinances to regulate soil erosion and stormwater.  However, 
stormwater discharge is virtually unregulated in most areas of Michigan.  
 
Representatives from both Emmet and Cheboygan County have been participating in the Regional 
Soil Erosion and Stormwater Team.  This group is working to modify existing ordinances and 
promote implementation of county wide soil erosion and stormwater ordinances across the northern 
region. 
 
The main goal of stormwater management is to reduce the amount of runoff which occurs by using 
techniques which enhance infiltration.  Secondarily, any runoff which is created should be treated in 
order to reduce the amount of pollutants before it is discharged into surface waters.  Stormwater 
runoff treatment also provides a controlled release which minimizes flooding potential. 
 
A stormwater inventory conducted in September 1995 indicated that there are a total of 10 
stormwater drains located in the Watershed.  Of the ten, eight drains consist of grates in the 
pavement along roads and/or parking lots and are considered a high priority for corrective actions.  
Two of these drains are beehive drains located in low-lying grassy areas which are considered low 
priority.  These drains all are located along the US 31 corridor in Conway and Oden.  According to 
the Emmet County Road Commission, which maintains the drains, they discharge directly to 
Crooked Lake on the east side of US 31.  The drains are located on the west side of US 31 in the 
following locations (see Figure Thirteen):   
 
1. Grate drain, corner of Rosada Street;  
2. Grate drain, corner of West Conway Road; 
3. Grate drain, corner of Luce Street; 
4. Grate drain, corner of Main Street-south side;  
5. Grate drain, corner of Main Street-north side; 
6. Grate drain, first parking lot north of Main Street;  
7. Grate drain, corner of Rose Street-south side; 
8. Grate drain, corner of Rose Street-north side; 
9. Beehive drain, north of the Oden Roadside Park; 
 10. Beehive drain, across US 31 from the Inland House.   
 
In addition to the storm drains, two areas were identified where drainage ditches have direct 
discharge to Round and Spring Lakes.  At the MDNR Round Lake boat launch a drainage ditch 
parallel to Powell Road on the south side flows along the boat launch access road and directly 
enters Round Lake.  A drainage ditch on the south side of Pickerel Lake Road was observed to 
discharge through a culvert to a wetland adjacent to Spring Lake.  These drainage ditches were 
ranked as a low priority for implementation activities.  Stormwater runoff from Hiawatha Trail 
along the north shore of Mud Lake drains directly to the lake, however further investigation is 
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required to determine if quantities of runoff received by Mud Lake from this area are sufficient to 
warrant concern. 
 
Stormwater runoff entering the lakes directly from parking lots is also a concern along the lakefront 
side of US 31 between M-119 and Powell Road.  Parking lot runoff from commercial 
establishments located near the intersection of M-119 and US 31 was observed to drain directly into 
Spring Lake.  Parking lots at commercial establishments and public access sites along US 31 at the 
northern shoreline of Crooked Lake also appear to drain directly to the lake in many cases.  
Although it may not be feasible to address these sites during the implementation of the Watershed 
Management Plan, care should be taken during new construction and development in the critical 
area of the Watershed to plan for adequate stormwater treatment and to avoid direct discharge of 
stormwater to lakes and tributaries.  The following guiding principles should be incorporated into 
any efforts to address stormwater runoff in the Watershed: 
  
 � Stormwater should not be conveyed directly to surface waters without prior treatment.   
Structures to collect, store, and release stormwater should be designed in such a manner that 

substantial pollutant reduction occurs. 
 
� Stormwater conveyances such as swales and ditches should be stable and designed to transport 

stormwater at non-erosive velocities. 
 
� Structures and techniques to maximize the amount of infiltration at a site should be used as a first 

line of defense to prevent runoff. 
 
� Stormwater should not be discharged to natural wetlands unless it can be demonstrated that the 

wetland will not be degraded, and that the wetland has sufficient hydrologic storage to 
prevent flooding. 

  
Refer to Section VII, B for suggested activities to reduce the impacts of stormwater runoff in the 
Watershed. 



 

Nonpoint Source Pollution Management Plan 
 
  73 

Figure Thirteen:  Locations of Stormwater Drains 
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Agriculture: Agricultural Land Inventory  
 
Agricultural land-use within the Pickerel-Crooked Lakes Watershed is by no means the largest 
land-use category in the Watershed, but it is crucial when considering sources of nonpoint source 
pollution.  The results of the nonpoint source pollution inventory placed agriculture as the third 
highest ranking source of both sediments and nutrients to the Watershed.  Remedial 
recommendations for addressing specific sites identified in the inventory are presented in this 
section.  Additional proactive recommendations for addressing water quality issues related to 
agricultural land use are provided in Sections VII, D and VIII.   
    
In 1977, the University of Michigan Biological Station conducted a study of Crooked and Pickerel 
Lakes by Arthur Gold and John E. Gannon that utilized infrared satellite photos (LANDSAT data). 
 Photo interpretation revealed that there were approximately 8,348.8 acres of farmland (Crooked 
Lake/5,468.1; Pickerel Lake/2,880.7) out of the watershed total of 62,973 acres.  For comparison, 
forest land made up 50,811.3 acres.  Based on results from the current land use review, there has 
been a reduction of agricultural use within the Watershed, primarily in Littlefield, Springvale, Bear 
Creek, and Little Traverse Townships. 
 
Most of the farming in the Watershed takes place in the southern portion in Springvale Township 
(generally south of Pickerel Lake Road), in Bear Creek Township, primarily along the west branch 
of the Minnehaha Creek, and in Littlefield Township, north of Pickerel Lake and east of Crooked 
Lake.  Some of the acreage in these areas is considered "prime farmland" according to the U.S 
Department of Agriculture (USDA) and the NRCS.  This is defined as land that has the best 
combination of physical and chemical characteristics for producing food, forage, fiber, and  
oilseed crops, and is also available for these uses.  The land in this category can currently be used 
for crop, pasture, range, forest, or other land uses, but it does not include urban built-up land or 
water bodies since these two are considered irreversible uses.  Prime farmland has the soil quality, 
growing season, and moisture supply needed to economically produce sustained high yields when 
treated and managed according to modern farming methods, including water management.  In 
addition to the "prime farmland" areas in the Watershed, there are also some areas considered as 
"farmland of local importance."  This is defined by the USDA as farmlands that are nearly prime 
and that economically produce high yields when treated and managed according to modern farming 
methods.  Farmland of local importance may produce as high a yield as prime farmlands under 
favorable conditions.  Maps showing the distribution of prime farmland and farmland of local 
importance in Emmet County are available from the NRCS. 
 
There is evidence throughout the Watershed that farming practices are a significant contributor of 
nonpoint source pollution, specifically nitrates, phosphorus, and sediment.  Much of the farmland is 
used for cattle grazing which can create critical erosion problems.  Several examples of eroding 
stream banks in cattle pastures have been noted within the watershed, especially in the Minnehaha 
Creek valley and along the West Branch of the Minnehaha.  Four locations within the Watershed 
have been identified where the cattle have direct access to the streams and wetlands.  There is a 
need for education and the implementation of improved animal and land management practices, e.g. 
animal waste management, fencing, cattle watering facilities located away from natural water 
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sources.   
 
The following section describes the location of the agricultural sites identified in the nonpoint 
source pollution inventory.  Of the ten sites which were inventoried, six were determined to be 
contributing sediments and nutrients to tributaries of the lakes.  Four of the six sites are in the 
critical area.  The six sites are described here, presented in order from highest to lowest priority for 
corrective actions.  Sites 1-5 are in the critical area of the Watershed.    
 
Site 1: 
Springvale Township, T34N, R4W, Section 28 
This site lies west of Welsch Road and north of Harmon Road.  This feeder stream to the 

Minnehaha flows through pasture land, and the main water quality concern is nutrient inputs 
from the cattle grazing in the pasture.  The soils are mostly organic, and the banks are well 
vegetated (see photograph).  

 
 
Cattle access to this feeder stream is causing erosion at Site 1. 
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Site 2:  
Springvale Township, T34N, R4W, Section 28-29 
This site is located south of Newson Road on the west side of Welsch Road.  The surrounding area 

is pasture land.  A feeder stream flows through the pasture and is detained in a human-made 
pond before flowing out across the pasture to the west.  Where the stream enters the pasture 
near the road some erosion is evident, potentially from livestock access.  During site visits it 
was observed that there was evidence of livestock access to the stream, although no livestock 
were present (see photograph). 

 
Streambank erosion at Site 2 potentially due to livestock access. 
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Sites 3&4: 
Springvale Township, T34N, R4W, Section 32-33 
These two sites have essentially the same characteristics, and are located within 50 feet of each 

other.  The area borders state forest land, south of Harmon Road on the west side of Welsch 
Road.  Feeder streams which appear to originate from ground water discharge areas in the 
state forest land flow across Welsch Road into privately owned pasture land. At both sites 
livestock waste was observed directly in the stream as well as excessive erosion due to 
livestock access (see photographs).  The topography of the area surrounding the feeder 
streams and the amount of livestock waste which was observed near the stream suggests that 
these two streams may be contributing both nutrients and sediment to the Minnehaha Creek.  
Due to limited access to the site it could not be determined whether these streams have a 
direct discharge to Minnehaha Creek. 

 
Sites 3 and 4:  Streambank erosion and disturbance caused by cattle trampling the banks. 
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Site 5: 
Bear Creek and Little Traverse Townships, T35N, R5W, Section 23.  This farm site is located north 

of Powell Road is a medium size dairy farm.  The water quality concern related to the 
agricultural activiites at this location was the possible destruction of wetland due to cattle 
grazing. 

 
Site 6: 
Little Traverse Township, T35N, R5W, Section 23.  This site is a small farming operation 

consisting mainly of cattle.  The main concern is damage to wetlands that are used for grazing 
areas (see photograph).  

 
Agricultural Site 6; wetlands at this property are hydrologically connected to the Round Lake 
creek. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Remedial Recommendations for Agricultural Sites: 
 
Sites 1 and 2:  The recommended practices for these sites is the installation of exclusionary fencing 
on both sides of the stream with cattle crossings for access to both sides of the pasture.  Also 
recommended is the utilization of alternative watering systems and rotational grazing. 
 
Sites 3 and 4:  Further investigation would be necessary to determine whether the streams discharge 
directly to Minnehaha Creek or whether they flow into the surrounding wetlands. 
 
Sites 5 and 6:  Further investigation is needed at these sites to determine the extent of damage to 
wetlands used for grazing.  It is recommended that NRCS or MSU Extension agents evaluate 
grazing practices at these sites and assess the impacts to adjacent wetlands. 
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Shoreline Management: Shoreline Inventory 
 
Shoreline management was determined to be the fourth highest ranking source of sediments and the 
highest ranking source of nutrients in the Watershed.  The shoreline inventory was used to assess 
the significance of shoreline management practices on water quality in the Watershed.  The 
shoreline inventory included a septic leachate detector survey to assess the functioning of shoreline 
septic systems in non-sewered areas of Pickerel and Crooked Lakes.  The results and 
recommendations of the septic leachate detector survey are described in sub-section 1.  The primary 
and secondary impacts of sewers along Crooked and Pickerel Lakes are discussed in sub-section 2.  
In order to assess shoreline management practices, behaviors, and opinions of lakeshore riparians, a 
riparian questionnaire was distributed to all lakeshore property owners along Crooked and Pickerel 
Lakes.  The results of this questionnaire are discussed in sub-section 3.  Although a complete 
shoreline erosion inventory was not conducted during the nonpoint source inventory, preliminary 
investigations identified several areas of concern along the Pickerel and Crooked Lake shoreline.  
Causes of shoreline erosion, and information on alleviating and preventing it are discussed in sub-
section 4.     
 
In addition to these categories covered by the shoreline inventory, other issues of concern with 
regard to shoreline management in the Watershed are loss of shoreline wetlands, conversion of 
forested or vegetated areas to lawns or impervious surfaces, and excessive application of lawn 
fertilizers or pesticides.  These categories of shoreline management issues were not ranked due to 
the difficulty of quantifying these riparian management practices.  An inventory of shoreline 
wetlands is contained in sub-section 5.  Recommendations to address these shoreline management 
concerns are provided in Section VII, C and VIII. 
 
1. Septic Leachate Detector Survey 
 
Lake shore areas are particularly prone to septic system failure for several reasons.  High ground 
water tables are the major constraint to effective septic system operation in most shoreline areas.  
Based on soil survey information, seasonal high ground water levels occur within 2 feet of the 
ground surface in most areas surrounding Pickerel-Crooked Lakes.  The Emmet County Sanitary 
Code requires a distance of at least three feet between the bottom of septic system drain fields and 
the high ground water level.  Septic tanks and drain fields installed prior to the development of 
sanitary codes are often located close to the water's edge, and ground water can transport septic 
leachate into the lake.  Surface ponding of wastes can also lead to contamination via surface runoff. 
 In some cases, permeability of the soils is too slow to provide adequate septic treatment.  Fifty 
percent of the dwelling units on the southern shore of Crooked Lake, as well as approximately 60 
homes bordering Pickerel Lake are underlain by soils with extremely low permeabilities which are 
below acceptable standards for septic treatment.  According to a 1978 University of Michigan 
Biological Station report, septic systems constituted 9.4% of phosphorus loading to Crooked Lake, 
and 4% of phosphorus loading to Pickerel Lake.  However, some of these contributions may have 
been alleviated soon after this report was completed, in fall 1976, when homes on the north shore of 
Crooked Lake were connected to sewer lines managed by the Harbor Springs Sewer Authority. 
 
A Septic Leachate Detector (SLD) survey of Pickerel-Crooked Lakes was performed by Tip of the 
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Mitt Watershed Council in July 1988.  The purpose of the survey was to identify potential locations 
of poorly functioning septic systems which may be acting as significant sources of nutrient 
enrichment to the lakes.  The north shore of Crooked Lake from Conway to Alanson was not 
surveyed due to the presence of a sanitary sewer in this area. 
 
The survey was conducted using an Endeco type 2100 Septic Leachate Detection System, which 
consists of a water sampling probe and a battery powered instrument control box.  The control box 
contains a fluorometer, which measures the intensity of fluorescence, a property exhibited by 
certain molecules whereby an excitation light of a particular wavelength is absorbed and emitted at 
a different wavelength.  The sensitivity of the fluorometer is adjusted to select for the specific 
wavelengths of the breakdown products of human waste, along with surfactants and whiteners 
found in cleaning products.  The control box also contains a conductivity meter, which measures 
the ability of the water to conduct electricity.  Electrical conductance is positively correlated with 
the concentration of dissolved substances in the water.  Septic effluent is likely to contain high 
amounts of dissolved substances, therefore measurement of conductance provides an additional 
indication of the presence of septic leachate in the water.  
 
The probe is slowly swept back and forth near the bottom of the water, primarily in shallow 
nearshore areas where septic leachate is most likely to be found.  When SLD readings indicated a 
rise in either of the two parameters above background levels, more intensive investigation was 
performed in the area in an attempt to pinpoint the location of highest readings.  Approximately 9.6 
miles of shoreline, containing 213 homes, were surveyed using the SLD.  The SLD indicated 
possible problem situations near 67 homes, and strong responses were found near 24 homes.   
 
Because naturally occurring organic compounds can also cause SLD readings, a questionnaire 
survey was used to help interpret the results of the SLD survey.  Questionnaires were sent to 
homeowners at locations where responses with the SLD were obtained.  The questionnaires which 
were returned indicated that sub-standard septic systems are present at 16 sites, and four other 
systems require further investigation in order to make an evaluation.  Three additional systems 
appear to be in need of proper maintenance and/or water conservation practices.  Five systems 
appeared to be both adequately designed and maintained.  In general, the survey indicated a strong 
possibility that some of the shoreline septic systems are having an impact on lake water quality.   
 
Most of the high SLD readings on Pickerel Lake were found in two general areas:  along Botsford 
Lane at Botsford Landing and along Trails End Road at Ellsworth Point.  Of the questionnaires 
returned from homes in the Botsford Landing area, it appears that nine systems are sub-standard, 
mainly because of their age and close proximity to the shoreline.  These systems are suspected of 
contributing to nutrient enrichment of the lake.  Conditions at Ellsworth Point were observed to be 
similar to those found at Botsford Landing, and the age, density, and location of many of these 
shoreline septic systems is also suspected to be a potential water quality issue. 
 
On Crooked Lake, higher than normal SLD readings were obtained near 17 homes.  Of the five 
questionnaires which were returned from Crooked Lake homes, three responses indicated that sub-
standard and possibly failed septic systems are present, and another system appears adequate, but 
not sufficiently maintained. 
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The study provided many recommendations, a few of which have been addressed since the study:  
educate residents regarding results of the study, and proper maintenance of their septic systems;  
advocate periodic inspection of systems, and recommend evaluation of systems by a representative 
of the Emmet County Health Department to determine extent of problem and discuss corrective 
options.  Following are some additional actions recommended by the study; no action has been 
taken on these to date, but they are incorporated into the Shoreline Management program discussed 
in Section VII, C.  The study recommended that periodic inspections and evaluation of systems be 
accomplished by establishing an addendum to the Sanitary Code requiring an inspection prior to a 
property sale.  Chemical and biological analysis of ground water and nearshore lake water can also 
be conducted as a means of assessing potential problems related to septic systems.   
 
The study suggested that at Botsford Landing and Ellsworth Point areas, widespread water quality 
impacts may be resulting from dense residential housing and the presence of aging, poorly 
functioning septic systems.  In addition, severe soil restrictions for septic systems are present in 
these areas.  The study recommended researching the possibility of an alternative group waste 
disposal system for these residences.  Since the survey was performed, local groups of property 
owners have initiated efforts to address the problem of failing or poorly functioning septic systems 
at Ellsworth Point and Botsford Landing.  At Ellsworth Point, residents formed the Trails End 
Homeowners Association and recently received their nonprofit status.  The Association has located 
a suitable property for a centralized waste water treatment system and is currently attempting to 
secure funds to purchase the property and to hire professionals to design and implement a system.  
Efforts should be made to provide oversight for the design and implementation of the system, and 
to help provide financial assistance to establish and maintain the system . 
 
At Botsford Landing, the Pickerel Lake Association of Botsford Landing hired Richard R. Kraft 
Engineering, Inc. to prepare a feasibility study for a community waste water system.  This report 
was completed in August 1992.  However, the proposed system design was not approved by the 
MDNR.  In the meantime, property owners began working with the District Health Department to 
evaluate alternative systems on an individual basis.  As a result, three new individual septic systems 
have been installed at residences which have room to pump waste water from their septic tank to 
suitable property at an acceptable set-back distance from the lake. 
 
2. Wastewater Treatment 
 
Septic systems are often blamed for contributing large amounts of pollution to lakes and streams.  
Shoreline septic systems can be a major source of pollution to surface and ground water, 
contributing excessive amounts of nutrients and possibly other pollutants, such as bacteria or toxics 
from household products.  Most surface water problems occur with older septic systems of obsolete 
design.  Ground water contamination most commonly results because of misuse, failure to 
maintain, or when densities exceed one system per two acres.   
 
However, septic systems are often not the major source of human-generated nutrients to lakes and 
streams.  As the results of the Pickerel-Crooked Lakes Watershed nonpoint source pollution 
inventory have shown other human activities such as loss of forest land, agricultural activities, and 
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other shoreline management issues including lawn fertilization and erosion can contribute more 
than septic systems.    
 
Sanitary sewers are often viewed as better than septic systems.  Although sanitary sewers or other 
centralized wastewater treatment systems can be an effective way for managing wastewater, they 
are not pollution-free or immune from problems.  Wastewater facilities receive permits (National 
Pollution Discharge Elimination System-NPDES) to discharge pollutants (phosphorus, toxic 
chlorine, and metals) to the ground or surface waters.  Combined sewer overflows or pipeline 
breaks can result in the discharge of raw sewage to surface water.  Pipeline breaks have been a 
problem in the Watershed and are described below. 
 
Primary Impacts: Crooked Lake Sewer Line Breaks 
 
The sewer line servicing the north shore of Crooked Lake has experienced numerous problems 
contributing nutrients and bacteria to the Lake.  In December 1985 the sewer line on North Conway 
Road (one/tenth of a mile from U.S. 31) broke.  In February 1987 the sewer line along U.S. 31 in 
Conway broke, resulting in the direct discharge of 35,000-40,000 gallons of raw sewage to Crooked 
Lake.  After the spill the Health Department issued a fish and water contact advisory, warning 
people not to eat fish caught in the lake and avoid body contact with water within 500 feet of where 
the spill discharged.  The advisory was in effect from February 11 to March 24. 
 
The same line broke again in May 1989, May 1990, twice in 1994, and in October 1995.  Although 
the breaks in the sewer line after 1987 resulted in minimal discharges of raw sewage to Crooked 
Lake, a long-term corrective action is needed in this location.  This situation highlights the 
importance of maintaining and financing upgrades on wastewater treatment systems before 
problems arise.   
 
Secondary Impacts 
 
Regional sanitary sewer projects are usually proposed in areas where site conditions limit septic 
systems and development.  Often these areas are lakeshores in northern Michigan.  At first thought 
sewering may seem like an ideal solution by allowing development to occur while completely 
eliminating the likelihood of waste products seeping through the soil into lakes and streams.  
However, it is now recognized by many resource professionals and land use planners that regional 
sanitary sewer construction in undeveloped areas can have negative cultural and environmental 
impacts and may not be in the best long-term interests of the community. 
 
Development patterns in rural lakeshore areas have been largely governed by soil suitability and 
sanitary codes.  This has resulted in a development pattern of low-density single family homes 
interspersed with areas of undeveloped open space.  Exceptions to this pattern occur in lakeshore 
areas that were developed prior to establishment of modern sanitary codes.  These areas are often 
characterized by a dense tier of homes quite close to the lakeshore.  An example is the north shore 
of Crooked Lake, which was the first area to be developed and is currently serviced by a sewer. 
 
When sewers become available in rural areas, environmental and economic constraints to 
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development are circumvented, and dense development may spread along the sewer service 
corridor.  Depending on local zoning, the development may include apartment complexes, 
subdivisions, condominiums, trailer parks, motels, and other forms of commercial and industrial 
development.  Sewering can also increase development pressure on environmentally unique or 
sensitive areas such as steep slopes, shorelines, wetlands, and floodplains. 
 
To prevent secondary impacts from sewering in rural lake areas the U.S. EPA developed guidelines 
for determining when sewering is appropriate.  Regional sanitary sewers are recommended for areas 
that have dense development (more than 100 homes per mile and average lot sizes less than .5 
acres) or areas where there is an existing waste treatment problem that cannot be solved by any 
other on-site alternatives. 
 
Secondary impacts from sewering are a real threat to the water quality of Pickerel, Crooked, and 
Round Lakes.  To reduce this threat efforts should be made by local governments and citizens 
(township, county, health departments, lake associations) to determine what areas should be 
sewered and other areas to avoid sewering (such as remaining shoreline wetlands).  This 
information could be incorporated to existing master plans to guide future development. 
 
 
3. Results of Riparian Questionnaire 
 
Nonpoint source pollution related to shoreline development typically poses a significant threat to 
water quality due to the close proximity to the lake.  In order to address this issue, a Riparian 
Questionnaire was developed and distributed to as many of the shoreline residents of Pickerel and 
Crooked Lakes as possible.   Names and addresses of shoreline residents were obtained from the 
Emmet County Equalization Office.  A total of 576 questionnaires were sent out, and 115 were 
returned, yielding a return rate of 20%. 
 
The purpose of the questionnaire was to gain a greater understanding of the management practices 
and attitudes of shoreline residents, and to help identify the most serious nonpoint source sites 
along the lakeshore.  The results were also used to help develop management recommendations to 
prevent nonpoint source pollution at shoreline properties.  These management recommendations are 
listed in Section VII, C and VIII.  The questionnaire requested information on the aspects of 
shoreline development that most often affect water quality, particularly yard care and on-site waste 
disposal methods.  A copy of the riparian questionnaire is contained in Appendix F. 
 
Many respondents to the riparian questionnaire did not answer all the questions, therefore in the 
analysis of the results, the sum of the responses for each question may not equal 100%.  The 
questionnaires returned indicated that 30% of the respondents are year-round residents and 54% use 
their home seasonally.  An additional 10% of the respondents use their home for weekend residence 
only.  Washing machines were found in 69% of the homes, and 51% of the homes had dishwashers. 
 Eleven percent of residents had a water softener at their home, and 46% had a garbage disposal.  
Only 10% of the residents reported that their home had at least one type of water conservation 
device.  Water conservation devices in use included low flow showerheads (6%), low flow faucets 
(2%), low water use washing machines (2%), low flush toilets (4%), and low water use dishwashers 
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(1%).  Four of the homes had installed more than one type of water conservation device.   
 
The questionnaire indicated that 39% of residents did not know the depth of their well.  Of those 
that did know, 11% had a well less than 50 feet deep.   Forty-four percent of the residents did have 
their well water tested at some time.   
The presence of algae in the shallow waters of the lakefront property was noted by 21% of the 
respondents.  In addition, 16% of the respondents noted the presence of many aquatic weeds.  
Twenty two percent claimed that no aquatic weeds were present, while 51% noted that few aquatic 
weeds were present.  At 10% of the respondents' properties, aquatic weeds washed up on the shore 
but were not observed to grow there.  Only 7% of residents claimed to feed waterfowl along their 
shoreline. 
 
When asked about lawn maintenance practices, 25 respondents, or 22%, reported that they used 
fertilizer on their lawns, and only 3% indicated that they had their soil tested for nutrients.  Of the 
25 riparians that fertilize, nine indicated that they applied fertilizer annually, six applied fertilizer 
twice per year, and five reportedly applied fertilizer more than two times per year.  A greenbelt of at 
least 15 feet wide is reportedly present along the shoreline at 26% of the respondents' properties.  
Regarding grass clipping and leaf disposal practices, 43% of the respondents indicated that they 
composted these materials, 3% disposed of them as garbage, and 6% burned them.  59 respondents 
claimed other methods, the majority of which (34 responses) indicated that they either leave them 
on the ground or use a mulching mower.   
 
With regard to septic system characteristics and maintenance, 34% of respondents indicated that 
their property is serviced by the sanitary sewer.  Fifty-nine percent of the respondents have some 
type of septic system, including the standard septic tank with drainfield (31%), septic tank with 
pumpback to an off-site drainfield (11%), septic tank and dry well (5%), holding tank (2%), and 
septic system with mound drainfield (10%).  Only 7% of the respondents indicated that they had a 
problem with their septic system, mainly water backup or dampness in the vicinity of the system.  
Ages of septic systems were reported as follows:   
 one year or less   4% 
 2-5 years   10% 
 6-10 years    4% 
 11-15 years    5% 
 16-20 years    4% 
 21-30 years 10% 
 31-40 years   8% 
 > - 40 years    3% 
 
Many participants either did not know the age of their septic system or did not respond, therefore 
the percentages of responses are fairly low.  Twenty four percent of the respondents indicated that 
their septic tanks were pumped out at least every three years, while another 10% of the respondents 
reported pumping their septic tanks every 4-6 years.  Five percent of the respondents answered that 
they pump out their septic tank as needed, and an additional 3% responded that they pump out their 
septic tank seldom or infrequently.  Three percent of the respondents claimed that they never pump 
out their septic tank. 
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The Riparian Questionnaire included a Lake Problems Survey in which shoreline property owners 
could express their opinions regarding a range of issues impacting the lake.  Riparians were 
presented with a list of conditions and were asked to evaluate the conditions in terms of their 
seriousness as problems for the lake.  Riparians were also asked to evaluate the significant causes of 
the problems experienced at their lake.  Finally, the Riparian Questionnaire presented a series of 
statements regarding lake management and respondents were asked to provide their opinions on 
each statement.   
 
Potential problems in the lake were ranked by respondents on a scale of 1 to 5, with 1 representing 
no problem and 5 representing a serious problem.  The list of potential problems is presented here, 
in order from the most serious to the least serious problem in the lake, as ranked by the survey 
participants: 
 
1.  Excessive boat speed 
2.  Swimmers itch or bacteria problems 
3.  Too many boaters 
4.  Poor fishing 
5.  Poor bottom conditions for swimming 
6.  Too many people 
7.  Rooted aquatic weeds 
8.  Lake level too high or low 
9.  Intoxicated boaters 
10. Cloudy/colored water   
11. Algae blooms (green scum) 
12. Toxic chemicals from landfills, agriculture, or industry 
 
Twenty six percent of the respondents felt that excessive boat speed was a serious problem in the 
lakes, and many (17%) specifically stated that personal watercraft were the major type of boat 
causing a problem with excessive speed.  Although personal watercraft were not listed on the 
questionnaire, 18% of the respondents stated that personal watercraft were a problem on the lake 
for a variety of reasons, including excessive noise, coming too close to shore, and reckless 
operation.   
 
Participants ranked the causes of significant problems in the lake in the following order, from most 
to least important: 
 
1.  Droppings from ducks and other animals 
2.  Failing septic tanks 
3.  Runoff from lawn fertilizers 
4.  Gasoline or oil from boats 
5.  Runoff from farmlands/agricultural fields 
6.  Pollutants from lakeside roadways 
 
Some participants cited sources other than those listed on the questionnaire as causes of significant 
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problems in the lake, including the Fish Hatchery, persistent sewer line breaks into Crooked Lake, 
golf courses, choppy water from boat speed, inadequate enforcement of land use regulations, 
excessive boat activity, lack of law enforcement related to boats, and jet skis.  Several respondents 
also expressed concern that the lowering of the lake level in the winter was harmful to the lake.        
      
 
A large portion of the respondents disagreed that the lake needs more public beaches, marinas, 
parks, and boat access sites (64% strongly disagreed; 20% disagreed), and a relatively large 
percentage felt that the area is becoming overdeveloped (22% strongly agreed; 24% agreed).  A 
majority of the respondents (60%) disagreed with the statement that additional land use controls are 
not necessary because the natural environment can take care of itself.  Fifty percent of the 
participants also disagreed with the statement that land use regulations (zoning) destroy property 
rights.  Twenty three percent were undecided with regard to this statement and 15% agreed or 
strongly agreed.  Respondents were primarily undecided with regard to whether present zoning is 
adequate to protect lake water quality.  Respondents were also largely undecided regarding the use 
of copper sulfate to prevent swimmer's itch and herbicides to alleviate aquatic weed growth in the 
lake.  
 
The results of the riparian questionnaire discussed in this section are summarized in Table Seven.  
The findings of the riparian questionnaire highlight the importance of educational programs for 
riparian property owners, particularly with regard to septic system maintenance, lawn care practices, 
and water conservation.  Because a large percentage of the respondents use their property only 
seasonally, it is recommended that educational programs geared toward improved shoreline 
property management should be scheduled for the summer when most people are in the area.  The 
Lake Problems Survey can be used to target educational efforts toward specific topics about which 
people appear to be lacking the information to make informed decisions, such as land use and 
zoning issues, and the use of copper sulfate or herbicides in the lake.   
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 TABLE SEVEN 
 
 PICKEREL AND CROOKED LAKES RIPARIAN QUESTIONNAIRE RESPONSES 
 
 
        Number of  Percentage of 
 Question       Responses        Responses 
 
    --- Occupancy Information --- 
 
Year round residence       34   30% 
Seasonal only residence      62   54 
Weekend only residence      12   10 
Other occupancy at residence      7     6 
 
    --- Water Dependent Devices --- 
 
Washing machine at residence     79   69% 
Dishwasher at residence      59   51 
Water softener at residence      13   11 
Garbage disposal at residence     53   46 
Water conservation device(s) at residence   11   10 
Low flow showerhead installed      7    6 
Low flow faucet installed       2    2 
Low water use washing machine      2    2 
Low flush toilet installed       5    4 
Low water use dishwasher       1        <1 
 
    --- Well and UST Information --- 
 
Well depth <50 feet deep      13   11% 
Well depth unknown by resident     45   39 
Well water has been tested      51   44 
UST on property        3     3 
 
    --- Lakefront and Yard Characteristics --- 
 

Algae present at shoreline      24   21% 
No aquatic weeds present      25   22 
Few aquatic weeds present      59   51 
Many aquatic weeds present     19   16 
Aquatic weeds wash up; don't grow here   12   10 
Feed waterfowl along shoreline      8    7 
Fertilize lawn        25   22 
Have had soil tested for nutrients     4    3 
Greenbelt present (minimum of 15 feet)   30   26 
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Grass clippings and leaves disposed of by composting 49   43 
Grass clippings and leaves disposed of by garbage  3    3 
Grass clippings and leaves disposed of by burning  7    6 
Grass clippings and leaves disposed of by other means 59   51 
Yard is drained by subsurface tile system    6     5 
 
 
        Number of  Percentage of 
 Question       Responses          Responses 
 
    --- Septic System Characteristics --- 
 
Have septic tank and drain field     36   31% 
Have septic tank and pumpback to off-site   13   11 
Have septic tank and dry well      6    5 
Have septic system with mound drain field   12   10 
Have holding tank        2    2 
Have sewer service       39   34 
Have experience problems with septic system   8    7 
 
Age of septic tank <1 year       3    3% 
Age of septic tank 1 year       1   <1 
Age of septic tank 2-5 years     11   10 
Age of septic tank 6-10 years      5    4 
Age of septic tank 11-15 years      6    5 
Age of septic tank 16-20 years      5    4 
Age of septic tank 21-30 years     12   10 
Age of septic tank 31-40 years      9    8 
Age of septic tank >40 years      3    3 
 
Volume of septic tank <500 gallons     4    3% 
Volume of septic tank 500-999 gallons    6    5 
Volume of septic tank 1,000 gallons    17    15 
Volume of septic tank 1,000 gallons and 500 gallons  3    3 
Volume of septic tank >1,000 gallons     5    4 
 
Septic tank pumped out every 0-3 years   28   24% 
Septic tank pumped out every 4-6 years   11   10 
Septic tank pumped out every 6-10 years    1    4 
Septic tank pumped out every 11+ years    1   <1 
Septic tank pumped out as needed     6    5 
Septic tank pumped out infrequently or seldom   4    3 
Septic tank never pumped       4    3 
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 LAKE PROBLEMS SURVEY 
 
1) Participants rated the following conditions as problems in the lake according to the following scale: 
      1-------------2----------------3---------------4----------------5 
no problem                 minor problem               serious problem 
 
                                           NUMBER OF RESPONSES 

CONDITIONS  1  2  3  4  5 

A. Rooted aquatic weeds 31 27 27 7 6 

B. Algal blooms 56 20 11 7 2 

C. Cloudy/colored water 43 22 21 6 2 

D. Lake levels high/low 51 16 10 10 11 

E. Poor bottom conditions 27 24 20 15 12 

F. Swimmers itch 16 12 26 28 18 

G. Toxic chemicals 43 22 12 7 2 

H. Poor fishing 20 18 23 21 14 

I. Fish kills 57 19 6 0 0 

J. Too many people 29 24 24 10 9 

K. Too many boaters 20 24 23 16 16 

L. Excessive boat speed 16 16 22 19 30 

M. Intoxicated boaters 36 18 21 7 7 
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2) Participants ranked the causes of significant problems in the lake according to the following scale: 
        1-------------------2--------------------3--------------------4-------------------5 
not related to                      relates to some                       main cause of            water quality problems  
       water quality problems             water quality problems 
 
 
 
 
 
                                            NUMBER OF RESPONSES 

CAUSE  1  2  3  4  5 

A. Failing septic tanks 5 15 41 13 15 

B. Runoff from agriculture 14 22 35 9 5 

C. Runoff from lawns 10 28 31 16 7 

D. Droppings from wildlife 6 13 32 34 13 

E. Gas or oil from boats 15 27 31 14 2 

F. Pollutants from lakeside          
roads 

24 21 28 11 3 
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3) Participants provided their feelings about the following statements, according to the following 
scale: 
        1-------------------2---------------------3-----------------4--------------------5 
   Strongly           disagree            undecided         agree            Strongly 
   disagree                                                                         agree 
 
 
                                                            NUMBER OF RESPONSES 

STATEMENT  1  2  3  4  5 

A. The lake needs more public                       
beaches, marinas, parks, etc. 

74 23 6 3 1 

B. The area is becoming over                        
developed. 

5 17 29 28 25 

C. Visitors to Pickerel and Crooked                 
lakes should pay user fees, for lake             
preservation.  

24 23 28 14 25 

D. Land use regulations (zoning)                    
destroy property rights. 

33 24 26 11 6 

E. The land use regulations presently               
in existence are adequate to protect             lake 
water quality.  

11 22 43 19 8 

F. Additional land use controls are not             
necessary because the natural                     
environment can take care of itself. 

34 35 23 5 5 

G. I support the use of copper sulfate               
to control swimmers itch. 

13 11 40 20 18 

H. I support the use of herbicides to                
alleviate aquatic weed growth.  

17 15 41 21 10 
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4.  Shoreline Erosion 
 
Eroded soils are, by volume, the greatest pollutant of lakes and streams in the United States.  
Although most sediment comes from overland erosion throughout a watershed, shoreline erosion 
contributes a significant amount.  In aquatic environments sediment pollution can have the following 
effects: degradation of aquatic and nearshore habitats; reduction of water clarity, light penetration, 
and plant productivity; increases in water temperature; release of nutrients stimulating undesirable 
plant and algae growth; and changes in bottom substrate.  Shoreline erosion can also cause the loss of 
valuable waterfront property. 
 
A comprehensive inventory of shoreline erosion was not conducted around the lakeshores.  However 
a preliminary assessment of shoreline erosion problem areas and causes was completed  as a part of 
the Watershed Council's erosion control consultation service for shoreline property owners.  A total 
of ten sites on Pickerel and Crooked Lakes (six on Pickerel and four on Crooked) were evaluated to 
document the extent of erosion problems and to provide recommendations for 
corrective/preventative actions.  Through this assessment, it was observed that the main cause of 
shoreline erosion was the transformation of wooded shoreline to lawns or other non-wooded uses.     
 
These known shoreline erosion sites will receive priority for participation in any related 
implementation activities based on the fact that the property owners have expressed an interest by 
contacting the Watershed Council for assistance.   
 
The following list covers the causes of erosion along the Pickerel-Crooked Lake shoreline: 
 
Natural shoreline processes: Lakeshores are areas of dynamic energy.  The powerful forces of 

waves, currents, and ice move soil particles toward, away from, and along the shoreline.  
Although natural erosional processes usually proceed very slowly, it is important for lakeshore 
property owners to realize that erosion and the transport and deposition of sediments is a 
natural and continual process along shorelines. 

 
The greatest natural erosion rates are typically found on points or headlands, and the lowest are 

typically found in embayments.  Ice can be a particularly troublesome problem.  There are two 
basic types of ice action which contribute to problems on lakeshores - expansion during late 
winter, and scouring by wind-driven ice flows.   

 
Removal of naturally occurring woody vegetation: The roots of trees and shrubs help bind the soil 

and formed a physical barrier against the forces of waves and ice.  When woody vegetation is 
removed (as it often is when development occurs and lawns are established) the soils are 
weakened and accelerated erosion often begins.  Even when a good cover of grass is present, 
grass roots are not strong enough or deep enough to protect against the forces of water and ice. 
 The grass is primarily effective against preventing erosion from overland runoff of 
precipitation.   

 
The absence of shallow emergent vegetation:  Bulrushes, which grow along many areas of the 
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shoreline of Crooked and Pickerel Lakes, help dampen the energy of incoming waves before 
they break on the shoreline.  In many places they have been removed to make the beach more 
open for recreation.  

 
Sandy shoreline soils: Sandy soils have very little structural strength, and are very prone to erosion 

by waves and currents.  Sand soils of lake depositional origin are present in many places along 
the Pickerel-Crooked shore. 

 
Dredged navigational channels: The  U.S. Army Corps of Engineers maintains a dredged 

navigational channel along the north shore of Crooked Lake.  Since the dredging occurred, the 
waves and currents are working to fill in the deep area with sediments from adjacent areas.  
This ultimately causes a loss of sand from adjacent beaches, and results in accelerated 
shoreline erosion.  The same process occurs where private boatslips and navigational channels 
exist. 

 
Rigid wood, steel, or concrete bulkheads: Rigid erosion control structures such as bulkheads 

(commonly called seawalls) detract from shoreline aesthetics and are likely to ultimately fail 
and need replacement.  If not properly installed they can be ineffective and even exacerbate 
existing problems.  Many bulkheads which were improperly designed are washing out from 
underneath and behind. 

 
Large boat wakes: Although extremely strong winds can cause large waves to hit certain stretches 

of shoreline, they do not normally occur on these moderate-sized lakes.  The use of large, high 
speed boats can generate large waves, perhaps larger than the wind would be expected to 
generate in many areas of the shore.  This is especially true in recent years, as the size and use 
of recreational boats has increased.  In particular, the Pickerel-Crooked Channel is 
experiencing accelerated erosion from boat wakes. 

 
Wetland development: The organic soils found in wetland areas are especially prone to erosion.  In 

some instances, they were observed to "wash out" from underneath, causing the land to 
subside.  In addition to causing loss of property, the loss of organic soils results in wetland loss 
and is particularly harmful to water quality.   

 
5.  Shoreline Wetland Inventory 
 
In 1988, the Watershed Council developed shoreline land use/cover type maps for Pickerel, Crooked, 
and Round, Lakes.  Aerial photos (1:7920 scale), soil maps, and field inventories conducted by car 
and boat were used to develop the maps. 
 
The land use/cover types were denoted using the Michigan Land Cover/Use Classification System 
developed by the Land Resource Program Division of the Michigan Department of Natural 
Resources.  There are nine basic land use classifications: 1) urban and built up; 2) agriculture; 3) 
range; 4) forest; 5) water bodies; 6) wetland; 7) barren land; 8) tundra; 9) permanent ice and snow.  
The classification system uses three additional digits to provide more specifics on the land use/cover 
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type.  For example, a dogwood swamp would be classified as: 6129, with 6-representing wetland; 1-
representing forested; 2-representing shrub-swamp; 9-representing dogwood-willow species 
dominate; and when put together 6129-wetland, forested, shrub-swamp, dogwood-willow dominates. 
 
Whenever possible the land use/cover type was taken out to the fourth digit, especially for wetland 
areas.  Areas that were identified as formerly wetland but where the primary land use is now urban or 
agricultural are indicated by a -6 after the identification code.  This determination was made when a 
non-wetland area was surrounded by wetland and when topography, drainage characteristics, and 
remnant vegetation suggested that the original cover type was the same as the surrounding wetland.  
Large fill areas were often marked on the soil maps. 
 
The maps cannot be used to delineate wetland/upland boundaries, but are a useful tool in evaluating 
impacts to shoreline wetlands and identification of valuable shoreline wetlands. 
 
There are eleven shoreline maps for Crooked Lake, five maps for Pickerel Lake, and two maps for 
Round Lake.  They are contained in Appendix G along with the Michigan Land Cover/Use 
Classification System. 
 
 
Road/Stream Crossing Inventory 
 
Road/stream crossings were ranked fifth on the list of known sources of sediment and sixth on the 
list of known sources of nutrients in the Watershed.  The following section describes the results of 
the road/stream crossing inventory.  Recommendations for remedial actions at identified problem 
sites are described at the end of this section.  Additional proactive recommendation for prevention 
of water quality impacts from road/stream crossings are provided in Section VII, E and VIII.    
 
Thirteen of twenty-one road/stream crossings in the Watershed were inventoried for soil erosion 
and runoff problems.  Of the thirteen road/stream crossings which were inspected, three of the sites 
showed evidence of erosion problems.  Site 2 in the Minnehaha Creek Subwatershed and Site 1 in 
the Silver Creek Subwatershed are considered a high priority for implementation.  Site 1 in the 
Minnehaha Creek Subwatershed is considered to be low priority, as the site appears to be 
stabilizing on its own.  Following is a listing and description of the three documented erosion sites, 
listed by subwatershed.  The locations of these sites are shown on the map provided as Figure 
Eleven.  As shown on the map, all three of the erosion sites are located within the critical area of the 
Watershed. 
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Minnehaha Creek Subwatershed 
Site 1:  
 T35N, R4W, Section 32      
This site is located in Springvale Township on the north side of Pickerel Lake Road, west of 

Blanchard Road.  Evidence of erosion was observed, apparently due to the funneling of 
the Minnehaha Creek under the road.  A large section of the stream bank has been 
eroded, apparently resulting from the re-direction of the stream through a culvert under 
Pickerel Lake Road.  The site shows moderate vegetation, however the slope of the 
bank is fairly steep, with an eroding toe (see photograph).  Revegetation along the bank 
is apparent, and the site appears to be stabilizing without human intervention, therefore 
this site should be considered a low priority for any implementation activities. 

 
Erosion has occurred at this site due to the re-direction of the stream through a culvert. 
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Site 2: 
 T34N, R4W, Section 33 
This site is situated within the Mackinaw State Forest in Springvale Township on South 

Welsch Road along an unnamed feeder stream of the Minnehaha Creek.  The site 
appears to be primarily wetland and is traversed by a former logging trail.  There is a 
ditch parallel to the trail which channels ground water and surface water runoff down 
slope toward a culvert located on the east side of Welsch Road, just north of the 
Emmet-Charlevoix County border (see photograph).  This ditch is one of the two main 
sources of sediment to the Minnehaha Creek tributary.  The second source is the area 
near the culvert, which has become plugged with sediment and is not functional.  
Runoff from the ditch flows across the trail, accumulating additional sediment from the 
log landing.  Because this site appears to be a source of sediment to tributaries in the 
Watershed, it should be regarded as a high priority for implementation activities. 

 
Culvert at Site 2 in the Minnehaha Creek Subwatershed 
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Silver Creek Subwatershed 
 Site 1: 
 T35N, R4W, Section 32 
This site lies in Springvale Township within the Mackinaw State Forest along Pickerel Lake 

Road, east of the Minnehaha Creek crossing.  The site consists of the area where 
Pickerel Lake Road crosses Silver Creek.  The gravel road shoulder is eroding from 
behind a log bulkhead, leaving holes in several locations (see photograph).  The site is 
minimally vegetated.  It appears that this site is actively contributing sediment to Silver 
Creek, and therefore implementation activities to address this site are high priority. 

 
Site 1 in the Silver Creek Subwatershed; gravel road shoulder is eroding from behind the log 
bulkhead 
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Remedial Recommendations for Road/Stream Crossing Sites: 
 
Minnehaha Creek Subwatershed  
 
Site 1: Although this site shows evidence that significant erosion has occurred in the past, it appears 

to be naturally re-vegetating and the banks appear to be stabilizing without human 
intervention.  Therefore, no actions are recommended with regard to this site at this time. 

 
Site 2: The culvert at this site has become blocked by excessive sediment deposition.  At this site, it 

is recommended that a debris grate be installed upgradient from the culvert and that the 
culvert be removed and a larger culvert installed.  A larger culvert will be better equipped to 
handle the flow of water and sediment from the ground water discharge area and dirt road 
runoff.  Runoff diversions are also recommended to be installed to re-direct flow into the 
lowland area on the east side of the road. 

 
Silver Creek Subwatershed 
 
Site 1: To correct the two areas where erosion is undermining the log and gravel bank at this site, it 

is recommended that a technique utilizing a geotextile fabric to prevent silt and sediment 
from washing through be installed.  This technique would involve removal of the existing fill 
parallel to the logs at the areas of erosion and installation of the geotextile fabric extending 
from the logs to the other side of the excavated area.  Washed stone would then be filled in 
above the geotextile to hold it in place and ensure proper drainage. 

 
Logging: Forest Land Inventory 
 
Water quality impacts from logging practices were ranked sixth as a source of sediment and fifth as 
a source of nutrients in the Watershed.  Portions of the Watershed contain both private and State-
owned forest land.  An inventory of State-owned forest land was completed during the nonpoint 
source pollution inventory, however an assessment of forestry on privately-owned land was not 
possible due to the expense of such a survey and the difficulty of accessing private lands.  Emmet 
and Charlevoix Counties do not have a District Forester, so information was unavailable from this 
potential source.  Recommendations for reducing water quality impacts from logging activities are 
provided in Section VII, F and VIII. 
  
Many forest management practices can have adverse impacts on water quality.  Road construction 
and maintenance, stream crossings, site preparation, and mechanical harvesting can cause erosion 
resulting in sedimentation, damage to aquatic organisms, and disruption of hydrology.  However, 
impacts on water resources can be minimized by using forestry best management practices (BMPs). 
 The following is a list of BMPs and guidelines for minimizing impacts to water quality during 
forestry operations taken from the MDNR's Water Quality Management Practices on Forest Land.   
 
1. Develop a pre-harvest plan to determine the best time and method to harvest.  Include a detailed 

map of the property showing boundaries, waterways, stream crossings, buffer strip locations, 
soil types, surface slopes, road, skid, and landing locations, and any other environmental 
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concerns.   
 
2. Maintain buffer strips of at least 100 feet along all perennial and intermittent streams, lakes, or 

ponds.  Buffer strips should be increased for slopes greater than 10%.  Do not locate haul 
roads or equipment storage areas in buffer strips, and strive to disturb the area as little as 
possible, taking special care to preserve ground cover. 

 
3. Consider the following guidelines when planning roads: 
 
� Plan roads around springs, seeps, wetlands, and poor drainage areas, and buffer strips. 
 
� Build roads with a slope of 2-10%, diverting water by cross drainage as necessary for steeper 

grades or for soils with severe erosion hazards.  
 
� Break or change the road direction frequently to control erosion. 
 
� Ensure good road drainage with properly constructed and spaced turnouts, broad-based dips, 

culverts, and bridges.  Construct turnouts so water will be dispersed and will not cut 
channels across buffer strips. 

 
� Design stream crossings with bridges or culverts large enough to handle stream flow during the 

spring thaw and normal floods. 
 
� Roads over wet soils should be developed for use only when frozen.  Restrict traffic on roads 

during wet periods and in the fall. 
 
� Reduce road gradients approaching water crossings fifty feet from the water course to disperse 

surface water on the road.  Keep the number of stream crossings to a minimum, and 
always cross the stream at a 90 degree angle. 

 
� Use old roads whenever possible, and close roads when they are not needed. 
 
� Road maintenance is important in order to minimize erosion.  Keep roads and drainage systems 

clear of obstructions, and fill in ruts and holes as they develop.  Grade the road surface 
at the end of forest treatment operations to ensure that water flows as it was designed. 

 
4. Locate skid trails outside buffer strips and away from flowing streams, on gradients of less than 

15%.  Climb slopes in zig-zag patterns and avoid gullies, seeps, and other wet areas.  Use 
several skid trails instead of only one, and stabilize them as quickly as possible after skid 
operations are complete by replanting.  Skid uphill to landings so that water is not channeled 
to one stream. 

 
5. Use light, small equipment, which can be maneuvered around the trees that are left standing and 

which functions without disturbing the soil.  Operate and maintain equipment properly to 
prevent fuel and lubricant spills. 
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6. Preserve the forest in unique areas, such as rocky bluffs and waterfalls. 
 
The forest land in the Watershed consists of a combination of coniferous, deciduous, and mixed 
forests.  The forested regions of the Pickerel-Crooked Watershed create a wide band covering the 
southern portions (particularly in the Minnehaha Subwatershed) and the eastern portions of the 
Watershed.  There are also wooded areas throughout the rest of the Watershed.  Much of the 
southern and eastern portion of forest land in the Watershed is owned by the State of Michigan and 
is contained within the Mackinaw State Forest.  Approximately 24% of the land in the Pickerel-
Crooked Lakes Watershed is a part of the Mackinaw State Forest managed by the MDNR.   
 
The Gaylord District Office of the MDNR oversees forest planning in the area.  The MDNR field 
office at Indian River is responsible for forest operations for all of the State Forest lands in the 
Watershed in Emmet and Cheboygan Counties.  Planning for the Mackinaw State Forest land is 
done each year in units known as compartments.  A compartment is a section of the forest 
averaging about 2,500 acres.  Figure Fourteen shows the Mackinaw State Forest planning 
compartments located in the Watershed.  
 
One tenth of the forest compartments are field inventoried by the MDNR each year.  Inventories 
include assessments of soil, trees, wildlife, and ground water.  After reviewing the inventory results, 
management practices are proposed for each forest compartment.  There is then a public review 
period during which public comments on the plans for each compartment are solicited.  The 
management proposals are then revised and finalized at a compartment review.  The public is 
invited to participate at the review.  After the plan for each compartment is finalized, approximately 
a year and a half will pass before the plan for that compartment is implemented.  For example, 
plans for compartments that were surveyed during 1995 will be implemented in 1997.  Table Eight 
provides a description of each compartment and summarizes the available information on 
management activities to be conducted in each compartment.  This information has been compiled 
based on a review of records obtained from MDNR files. 
 
Based on a review of MDNR records at the Gaylord District Office and the Indian River Field 
Office, it appears that five compartments in the Watershed have been targeted for management 
activities between 1995 and 1997.  Compartment 42 is targeted for 1995, and Compartments 25, 
28, 35, and 50 will receive treatments in 1996.  Locations of the Mackinaw State Forest 
compartments within the Watershed are shown on Figure Fourteen.   
 
A field inventory of state forest land within the Watershed revealed a few nonpoint source pollution 
problems associated with logging practices, primarily logging roads.  Soil erosion and the absence 
of soil erosion control practices were witnessed in six different locations on logging roads within 
the Mackinaw State Forest (see photographs, page 98).  In two of the six spots, the logging roads 
were constructed in wetlands, based on the presence of organic soils, wetland vegetation, and 
shallow depth to ground water.  Private land was not inventoried, however the practices of concern 
observed on state land are likely to be occurring on private lands as well. 
 
The Minnehaha Creek Subwatershed is influenced by logging roads in the forested areas, which 
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have increased erosion and sedimentation in feeder streams in this Subwatershed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Logging roads on Mackinaw State Forest Land in the Minnehaha Creek Subwatershed, Springvale 
Township, T34N, R4W, Section 33. 
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Insert Mackinaw State Forest Planning Compartments in the Watershed (Figure Fourteen) 
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 TABLE EIGHT 
 
 Forest Compartment Information and Management Plans 
 for Mackinaw State Forest Land in the Pickerel-Crooked Watershed 

 

Forest  
Compartment #/ 
County, Location 

Acres 
in 

Water-
shed 

 
Past & Proposed 

Treatments 

 
Soils 

 
Timber Types 

Water Quality 
Considerations & 

Additional Information 

14/Emmet; T35N, R5W;  
Sections 1,2,3,10,11 

888 Inventory 1996 Blue Lakes 
Loamy Sand 

Northern 
Hardwoods 
poletimber 

 

15/Emmet; T36N, R5W; 
Sections 
22,23,24,26,27,34,35 

30 Inventory 1996 Blue Lakes 
Loamy Sand 

Northern 
Hardwoods, aspen, 
red pine 

 

24/Emmet; T35N, R4W; 
Sections 6,7,8 

320 Inventory 1996 Blue Lakes 
Loamy Sand 

Northern 
Hardwoods and 
Aspen 

 

25/Emmet; T35N, R4W; 
Sections 27, 28, 32, 33, 34 

1,068 Prescribed treatments, 1996: 
Selection, final harvest, 
thinning 

Predom. 
Carbondale 
muck 

Cedar, mixed 
lowland conifer, 
aspen 

Borders Pickerel Lake and 
contains segments of 
Minnehaha, Silver, and Mud 
Creeks 

26/Emmet; T34N, R4W 
Sections 7,16,17 

1,020 7 Stands received treatment in 
1994: removal, thinning, & 
final harvest. Inventory 2002 

Emmet 
Loamy and 
Blue Lakes 
Loamy Sands 

Predom. mixed 
hardwoods, some 
red pine and aspen 

Minnehaha Creek runs 
through a portion of the 
compartment 

27/Emmet; T34N, R4W 
Sections 
19,20,21,28,29,30,31,32,33 

2,790 Received treatment in 1989: 
selection final harvest, & 
thinning: Inventory 1997 

Leelanau 
Loamy and 
Blue Lakes 
Loamy Sand 

Predom. Northern 
Hardwood, some 
aspen 

Includes 3 miles of 
Minnehaha Creek 
headwaters. SE portion of 
compartment is under 
grazing permit. Includes 9 
miles of snowmobile trail & 
12 miles of highly used cycle 
trail. 

28/Emmet; T34N, R4W 
Sections 
22,23,24,25,26,34,35,36 

120 Prescribed treatment 1996: 
thinning, selection, removal, 
final harvest 

Blue Lakes 
Sands 

Northern 
Hardwoods 
w/areas of mixed 
pine 

Pine Marten population 
throughout compartment. GL 
Gas Pipeline traverses 
compartment.   

29/Emmet; T34N, R4W 
Sections 1,13,14,15 

1,130 2 Stands were thinned in 
1994: Inventory 2002 

Blue Lake-
Leelanau 
Association 

Hardwoods 
w/scattered Pine 
Plantations 

Cycle Trail in Section 15 

35/Charlevoix; T33N, R4W 
Sections 3,4,9 

540 Prescribed treatment 1996: 
selection 

Leelanau-
Emmet 
Association 

Northern 
Hardwoods 
poletimber 

 

42/Cheboygan; T35N, R3W 
Sections 28,31,32,33 

1,220 Stand #4: Cut Aspen, leave 
White Pine, Oak; Stand #39: 
Cut Aspen, Hardwood; thin 
White Pine: Treatment Year 
1995 

Rubicon & 
Grayling 
Sand 

Northern 
Hardwoods, White 
Pine, Oak & Cedar 
sawtimber; 
Northern 
Hardwoods, Aspen 
& Red Pine 

Berry and Cedar Creeks run 
through compartment. 
Snowmobile trails run 
through compartment. 
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Forest  
Compartment #/ 
County, Location 

Acres 
in 

Water-
shed 

 
Past & Proposed 

Treatments 

 
Soils 

 
Timber Types 

Water Quality 
Considerations & 

Additional Information 

poletimber 

43/Cheboygan; T34N, R3W 
Sections 5,6,7,8,17,18 

2,051 Inventory 1995 Predom. 
Emmet 
Sandy Loam 

Predom. 
Hardwoods, some 
red pine, aspen 

 

44/Cheboygan; T34N, R3W 
Sections 19,30,31 

 Several Stands received 
treatment 1992: Inventory 
2000 

Emmet 
Loamy Sand 

Hardwood & Pine  

49/Cheboygan; T34N, R3W 
Sections 20,21,28,29 
 

 8 Stands were prescribed for 
treatment 1990: Inventory 
1998 

Mostly 
Emmet 
Loamy Sand; 
a small 
portion of 
Kalkaska 
Loamy Sand 

Northern 
Hardwoods, 
Aspen, Red Pine 

Contains Indian River 
snowmobile & motorcycle 
trails. 

50/Cheboygan; T34N, R3W 
Sections 4,9,16 

1,661 Prescribed treatment 1996: 
delayed removal, final 
harvest, selection, herbicide, 
open maintenance, thinning 

Emmet 
Loams 

Primarily Aspen & 
Northern 
Hardwoods 

Snowmobile, cycle, & hiking 
trails located throughout 
compartment. 
 

52/Cheboygan; T34N, R3W 
Sections 3,10,15 

 Several Stands were 
prescribed treatment 1988: 
Inventory 1996 

Rubicon, 
Rifle Peat, & 
Emmet 
Loamy Sands 

Aspen, Jack Pine, 
Northern 
Hardwoods, 
Swamp Conifers, 
& Red Pines 

Snowmobile trails run 
throughout most of the 
compartment.  Area receives 
lots of use for hunting & 
fishing.  Berry Creek flows 
through the compartment. 

54/Cheboygan; T34N, R3W 
Sections 
22,23,24,25,26,27,36 

 35 Stands were prescribed for 
treatment 1992: Inventory 
2000 

Primarily 
Emmet 
Sandy Loam 

Northern 
Hardwoods, 
Aspen, Red & 
White Pine 

 

Note:  NA = Information not available. 
Terms: Final Harvest (Regeneration Cut):  All merchantable trees are cut and regeneration is obtained by coppice reproduction, seeds in the soil, seeds 
from a neighboring stand, or through artificial means (includes strip or group clearcuts). 
Thinning (Intermediate Cut):  A commercial cut in the main stand designed to enhance the growth and quality of crop trees. 
Removal (Intermediate Cut):  Removal of an overstory from a smaller size which is 0-19 years old. 
Delayed Removal (Intermediate Cut):  Removal of an overstory from a smaller size which is 20 years or older. 
Selection (Regeneration Cut):  A cut in an uneven-aged stand designed to remove mature and undesirable trees with regeneration resulting in the 
openings. 
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Ground Water Concerns 
 
The nonpoint source inventory suggested that ground water concerns are minimal within the 
Watershed.  A review of Michigan's Sites of Environmental Contamination list indicated that there 
is only one site in the Watershed with potential ground water contamination problems, and this site 
has been classified as a low priority by the MDNR due to the extremely low levels of contaminants 
found through ground water monitoring programs conducted at the site and in the vicinity.  Based 
on this information, contaminated ground water is not considered a source of significant nonpoint 
source pollution in the Watershed. 
 
An increasing number of ground water contamination sites are documented each year throughout 
northern Michigan.  There is one site in the Pickerel-Crooked Lakes Watershed which is listed on 
Michigan's Sites of Environmental Contamination List, prepared pursuant to the Michigan 
Environmental Response Act (P.A. 307).   
 
The Littlefield Township dump is listed in Category Two of the P.A. 307 list, which includes sites 
with cleanup actions taken or in progress.  The location of this site is shown on Figure Eleven. This 
40-acre landfill, owned by the township government, received domestic refuse and light industrial 
and commercial waste until its closure in 1980.  Ground water contamination at this site has been 
documented through sampling of on-site and adjacent monitoring wells and private wells.  
Contaminants detected include zinc, toluene, methylene chloride, trichloroethylene (TCE), and 
tetrachloroethylene (PCE).  According to the MDNR, the plume of contaminants in the ground 
water is migrating to the southwest toward Crooked Lake at a rate of approximately 300 feet per 
year.  Although at this rate, it was estimated that the contaminant plume would reach the lake by 
1993, there is no evidence to date that this has occurred.    
 
A review of MDNR files pertaining to the site indicate that the current regulatory status of the site 
is inactive.  The most recent sampling of two monitoring wells at the site was performed on 
December 2, 1994 by the Michigan Department of Public Health.  The results showed trace 
concentrations of several volatile organic compounds, including PCE at a level of 0.0024 
milligrams per liter (mg/l).  This is below the U.S. EPA Maximum Contaminant Level (MCL) for 
PCE, which is 0.005 mg/l.  According to records on file with the MDNR, the Radian Corporation, a 
private testing firm, analyzed ground water samples from the monitoring wells in October 1994 and 
did not detect the presence of any ground water contamination.  The parameters analyzed at this 
time were not specified. 
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Carrying Capacity Inventory 
 
Increased population, leisure time, and disposable income have combined to place enormous strains 
on many inland lakes across Michigan.  These strains are due primarily to increased recreational 
boating and intensive shoreline development or keyhole development.  
 
Pickerel, Crooked, and Round Lakes are experiencing increasing demands for recreational boating. 
Impacts from recreational uses can be highly variable but it has been proven that motorboats can 
contribute to pollution and other lake problems. 
 
Keyhole (or funnel) development occurs when a small waterfront lot is purchased by a "backlot" 
owner, who then grants either access to the waterfront lot or a share in ownership to other backlot 
owners, residents, or users.  Keyhole development is not a new occurrence.  As seasonal cottages 
become permanent year round residences, and lake use increases, keyhole development contributes 
to increasing concerns about: 
 
� Shoreline erosion from speedboats and water skiers (and loss of natural habitat as shorelines are 

artificially altered to prevent erosion) 
 
� Damage to bottom dwelling plants and animals near the shore 
 
� Property values 
 
� Oil and gas spillage from powerboats 
 
� Noise 
 
� Conflicts between various users (sailboats, anglers, speedboats, water skiers, swimmers, personal 

watercraft, pontoon boats, etc.) 
 
� High costs for correction of damages 
 
Because of the significant role of boating, a carrying capacity analysis was conducted for the three 
primary lakes.  The carrying capacity method used was developed by the Planning and Zoning 
Center, Inc. of Lansing, Michigan with assistance from Gail Gruenwald, Tip of the Mitt Watershed 
Council; Gerald A. Fisher Esq., Kohl, Secrest, Wardle, Clark, and Hampton Law Firm; and Peggy 
Johnson, Clinton River Watershed Council.  The carrying capacity method was developed to be 
used in conjunction with a model ordinance to regulate keyhole development. 
 
A carrying capacity for recreational boating is the number of boats that can use a lake without 
damaging water quality and safe recreational use.  When the carrying capacity of a lake is exceeded, 
environmental quality can be degraded, the recreational safety for boating or fishing can be 
threatened, and the visual enjoyment of the water can be reduced. 
 
In order to set a legally defensible method for determining carrying capacity, the team of experts 
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devised a nine-step process for determining the recreational boat carrying capacity of an inland lake. 
 The nine-step process must be repeated for each lake within a community that will be subject to 
boating restrictions. 
 
The nine steps and the results received for each lake are described below.  Some of the results from 
the nine steps are summarized in Table Nine. 
 
Step One: Inventory physical characteristics of the lake, extent of development on the lake and the 
level of use on the lake and access to the lake. 
 
Step Two: Fill out the environmental and recreational matrices.  The matrices provide a scoring 
mechanism for converting inventory information to a carrying capacity expressed in numbers.  One 
matrix examines environmental considerations regarding boat access and the another examines 
recreational considerations.  The matrices use a base of 30 acres per boat for the carrying capacity 
and the results of the matrices allow the carrying capacity to be modified up or down from this base. 
 
Step Three: Calculate carrying capacity expressed as acres per boat.  This step involves comparing 
the results of the matrices and determining which result is more valid based on community 
concerns and demands.   
 
Step Four: Determine the net usable acres of the lake.  The net usable acres is the total acres minus 
the acres under five feet deep, the areas within 100 feet of shoreline and any area of special fishery 
habitat not under five feet deep nor within 100 feet of shoreline.  This is based on the principle that 
the total lake surface is not necessarily appropriate for large motor boat use; only those areas not 
sensitive to damage should be counted. 
 
Step Five: Find the number of boats recommended for use on the lake at one time.  Divide the net 
usable acres by the carrying capacity figure reached at the end of step three.  The result indicates the 
maximum number of motor boats that should be using the lake at one time.   
 
Step Six: Find the number of boats that regulations should permit to have mooring and launching 
access (includes multi-boat access and boats moored at riparian properties).  This number is 
calculated by dividing the maximum number of motor boats derived from Step Five by the decimal 
equivalent of the peak use level percentage.  The use level percentage is an estimate of the 
proportion of moored boats actually in use at a high peak period, which was described in more 
detail under Step One. 
 
Step Seven: Adjust for Multi-Boat Access Sites.  This step requires the community to estimate the 
number of existing access sites and the capacity of those sites on the lake.  This is used to establish 
the portion of the total boats permitted access that is allocated to multi-boat access sites.  The 
remaining portion is allocated to riparian property owners.  Riparian rights require that each riparian 
property be allowed at least one boat. 
 
Step Eight: Determine the allocation for moored boats.  Deduct the estimate of the number of boats 
that could be accommodated at future access sites from total boats permitted access (Step Six).  The 
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remainder is the allocation for riparian boats.   
 
Step Nine: Calculate the number of boats permitted each riparian parcel.  Divide the maximum 
number of riparian boats by the number of riparian lots to find the number of motor boats permitted 
per riparian lot.  
 
In order to estimate whether the lakes were above, below, or just meeting their carrying capacity, a 
boat survey was performed to assess boating use during peak use times.  The boat survey utilized 
volunteer assistance to obtain data on the number of boats moored, docked, ashore, and on the open 
water.  Numbers of trailers at access sites were also recorded.   
 
The survey for Pickerel and Crooked Lakes was conducted on Sunday, July 2, from 1:00 pm to 2:00 
pm.  Volunteers conducted the surveys by boating around the shoreline and counting and 
classifying the boats into categories (motor boats, fishing boats, personal watercraft, pontoon boats, 
or sailboats) and noting the number of trailers parked at access sites.  At the same time aerial photos 
were being taken to document the number of boats in use in the open water. 
   
Round Lake's survey was conducted on Tuesday, July 4th, using the same methods.  Because of 
Round Lake's smaller size, the surveyor was capable of counting the number of boats in use in the 
open water.  The aerial photographs taken on July 1 at Round Lake provide additional information 
for estimating the number of boats on the open water. 
 
The number of boat trailers at each access site were counted for Pickerel, Crooked, and Round 
Lakes.  In order to avoid duplicate counting, these numbers were not added in the grand total boat 
counts.  However, it is likely that some of the trailers carried boats which launched at Pickerel, 
Crooked, or Round Lakes, and were at a different point on the Inland Waterway at the time of the 
survey.  These boats would not have been counted during the survey, therefore it may be helpful to 
take the number of trailers into account in order to obtain a more accurate picture of boat activity on 
the lakes. 
 
The results of the boat survey are shown in Table Ten.  There were a grand total of 588 boats out on 
Crooked Lake, 290 boats on Pickerel Lake, and 66 boats on Round Lake.  Based on the number of 
boats docked, moored, and ashore and the number of boats in the open water, use level of riparian 
boats was calculated to be 7% for Crooked Lake, 8% for Pickerel Lake, and 15% for Round Lake.  
Additional boat surveys will need to be done to more accurately depict the peak use and relative use 
level. 
 
After completing the environmental and recreational matrices (Appendix H), the recommended 
carrying capacity expressed in acres per boat for Crooked Lake was 43 acres based on the 
environmental matrix and 58 acres based on the recreational matrix.  The environmental matrix 
calculation for Pickerel Lake was 36 acres and the recreational matrix result 48 acres.  Round 
Lake's results were similar to Pickerel Lake's results, with 36 acres as the recommended carrying 
capacity based on the environmental matrix and 50 acres based on the recreational matrix.  The 
results from the environmental carrying capacity matrix were selected for all three lakes.  The 
environmental carrying capacity matrix was less restrictive. 
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Using a planimeter, the area five feet and deeper was computed for each lake and is shown in Table 
Nine.  The net usable acres for Crooked Lake is 1,471 acres; Pickerel Lake, 681 acres; and Round 
Lake, 166 acres. 
 
Using the equation from Step Five, the number of boats recommended for use at one time on 
Crooked Lake is 34; Pickerel Lake, 19; and Round Lake, five.  
 
Using the equation described in Step Six, the total number of boats that should be permitted on 
Crooked Lakes is 486 (e.g. based on 34 divided by 7%); Pickerel Lake, 238 boats; and Round Lake, 
33 boats. 
 
The number of future access sites needed was estimated by assessing demand on access sites from 
the boat survey and known future plans.  The Little Traverse Township public access site on 
Crooked Lake frequently has trailers parked on both sides of US 31, potentially causing traffic 
problems.  Some of the other boat launches, in particular the MDNR site, are not used to their 
potential.  It appears that additional access should be provided either by the Little Traverse 
Township launch or the private facilities.  It was estimated that an additional 20 parking sites are 
needed.  
 
It was estimated that an additional ten parking sites were needed for Pickerel Lake since current 
public access sites are not maintained road ends.  Because access to Pickerel Lake can be gained 
through the Pickerel-Crooked Channel no more than ten sites were deemed necessary. 
 
No additional access was recommended for Round Lake due to the MDNR access site which 
provides five parking spaces.  The survey results indicate that during peak use times parking spaces 
are still available so additional access is not in demand.    
 
Using these estimates for future public access we subtracted this from the calculated total number 
of boats permitted access (Step Six) to determine the allocation for moored boats.  The results are 
466 for Crooked Lake, 228 for Pickerel Lake, and 33 for Round Lake. 
 
The boats permitted each riparian parcel range from Crooked Lake, with 1.4 boats per parcel; 
Pickerel Lake, with 1.3 boats per parcel; and Round Lake, with .6 boats per parcel. 
 
The nine step process provides a starting point to begin evaluating impacts of recreational boating 
and needs for future boating restrictions as well as a tool to regulate keyhole development.  The 
results of the carrying capacity matrices provided valuable information on determining when 
adverse impacts may occur to the lake ecosystem based on numbers of boats.  The results of the one 
boat survey indicate that all of the lakes are being used beyond their capacity on peak use days.  
Additional surveys should be conducted to confirm these results.  
 
The intensive use of these lakes threatens the primary designated uses of navigation, warm-water 
fishery, and total body contact recreation.  Measures should be taken to prevent future intensive 
shoreline development, such as keyholing, by enacting a zoning ordinance based on the carrying 



 

Pickerel-Crooked Lakes Watershed 
 
  110 

capacity studies. 
 
 
Recreational boaters on the Pickerel-Crooked Lakes Channel. 
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 TABLE NINE 
 CARRYING CAPACITY RESULTS 
 
 

Lake  
Name 
 
 
 
Step #: 

Surface 
Area 
(Acres) 
 
 
Step 1 

Usable 
Acres 
 
 
 
Step 4 

Matrix 
Env/Rec 
 
 
 
Step 2 

Selected 
CC 
 
 
 
Step 3 

# Boats 
Per CC 
(Usable 
acres) 
 
Step 5 

Use 
Level 
 
 
 
Step 1 

Total 
Boats 
permitted 
access 
 
Step 6 

Actual 
Boats 
Moored 
 
 
Step 1 

Allocation 
for Moored 
Boats 
 
 
Step 8 

Future 
access 
needed 
# boats 
 
Step 8 

Total # 
Parcels 
 
 
 
Step 1 

Boats 
Per 
Parcel 
 
 
Step 9 

Crooked 2,372 1,471 43/58 43 34 7%* 486 450 466 20 338 1.4 

Pickerel 1,055 681 36/48 36 19 8%* 238 264 228 10 171 1.3 

Round 337 166 36/50 36 5 15%* 33 56 33 0 53 0.6 

             

 
 
* = According to 1995 Boat Survey results 
 
Note:  For explanation of column headings, refer to the description of the nine-step process provided in the Carrying Capacity Inventory (Section IV, I).  
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TABLE TEN 
Pickerel, Crooked, and Round Lakes Boat Survey Results  

July 2-4, 1995 
 
CROOKED LAKE 
Number of Boats Docked, Moored, and AshoreAccess SitesOpen Water Sub-Totals 
Motorboats164       55         219 
Fishing Boats119        8         127 
Pontoon Boats56       20          76 
Personal Watercraft49         8          57 
Sailboats62        3          65 
Sub-Total450       94        44*  
 
GRAND TOTAL OF BOATS = 588 
 
Total number of trailers at access sites, marinas, and road ends = 62  
*Could not distinguish types of boats in open water from photographs. 
 
PICKEREL LAKE 
Number of Boats Moored, Docked, and AshoreOpen WaterSub-Totals 
Motorboats94       14   108 
Fishing Boats74        0    74 
Pontoon Boats42        2    44 
Personal Watercraft38        6    44 
Sailboats16        0    16 
Sub-Total264       22    286 
 
Pickerel-Crooked Channel had four (4) boats; the types could not be identified. 
 
GRAND TOTAL OF BOATS = 290 
 
Total number of trailers at road ends = 11 
 
ROUND LAKE  
Number of Boats Docked, Moored, and AshoreOpen Water      Sub-Totals 
Motorboats 21       5           26 
Fishing Boats  7       1            8 
Pontoon Boats  5       2            7 
Personal Watercraft 10       2           12 
Sailboats 13       0           13 
Sub-Total   56      10           66 
 
GRAND TOTAL OF BOATS = 66 
Total number of trailers at access sites = 2 
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 POINT SOURCE POLLUTION INVENTORY 
 
Oden Fish Hatchery 
 
The Oden Fish Hatchery has been in operation at the northwestern shore of Crooked Lake since 
1920.  The Fish Hatchery is engaged in the production of brown and rainbow trout for stocking at 
various locations by the MDNR Fisheries Division.  Brown trout are also maintained at the Fish 
Hatchery for brood stock, which are adult fish used for reproduction.  According to the MDNR's 
Report of Wastewater Survey Conducted at Oden Fish Hatchery, March 30-31, 1981, activities 
conducted at the Hatchery include stripping of eggs from hatchery brood stock, holding eggs in 
incubators until hatch, maintenance of fry for both production and brood stock, maintenance of 
brood stock for egg production, and raceway production of fish to planting size.  Raceways are long 
constructed ponds in which fish are kept until they reach planting size.   
 
The stream which discharges below the Oden Hatchery facility flows approximately 130 yards 
before entering Crooked Lake.  Six water quality investigations were conducted in this area 
between March and December 1972.  In general, nutrient loading was directly proportional to 
seasonal temperatures, feeding levels, and fish loads.  A periphyton analysis showed highly 
significant increases in periphyton standing crop below the Oden Hatchery discharge in comparison 
to two control stations.  (Periphyton is a complex colony of microscopic algae, insect larvae, small 
crustaceans, and other organisms that form a thick layer covering bottom substrate or the stems of 
plants.)  A benthic macroinvertebrate (bottom dwelling aquatic organisms) study indicated that the 
continual deposition of organic materials from the Oden Hatchery severely limited 
macroinvertebrate habitat in the stream below the Oden hatchery.  Intolerant macroinvertebrates 
were confined mainly to peripheral areas of the stream, whereas the benthic community was 
comprised primarily of bottom dwelling facultative species.  The study concluded that the short 
length of the stream below the Oden Hatchery limited the assimilation of nutrients by aquatic 
vegetation.  Evidence of degradation to the Oden Fish Hatchery stream from organic waste deposits 
was apparent, as well as extensive submergent and emergent macrophytic growth (aquatic plants 
which grow below the water, or extend above the water's surface) in the northwest portion of 
Crooked Lake.  The study suggested that the aquatic vegetation and sediment deposits in Crooked 
Lake in the vicinity of the Oden facility were likely a result of the Fish Hatchery effluent discharge.  
  
According to a report by the UMBS (Limnological Features of Crooked and Pickerel Lakes, 1975), 
the Oden Fish Hatchery was the primary source of ammonia-nitrogen and total phosphorus to 
Crooked Lake in 1975.  Concentrations of phosphorus found in the stream discharging from the 
Oden Hatchery were up to 15 times higher than concentrations recorded at a central monitoring 
station in Crooked Lake in the summer months of the mid-1970's.  It was estimated that annual 
phosphorus loading to Crooked Lake from the Hatchery was 668 pounds in 1975.  In 1977, after the 
Hatchery changed from fingerling (juvenile fish nearly one year old) to brood stock production, the 
level dropped to 254 pounds per year.  High concentrations of inorganic nitrogen were also 
measured at the Fish Hatchery.  In 1975, the UMBS study concluded that Crooked Lake was near to 
exceeding the threshold level of phosphorus loading, where effects of increased nutrients would 
begin to measurably decrease water quality.  Since that time, phosphorus loadings have dropped 
dramatically due to facility improvements at the Fish Hatchery. 
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A study was undertaken by the MDNR in September 1981 and April 1982, and the findings were 
discussed in a report entitled The Impact of Oden Fish Hatchery on Crooked Lake, Emmet County, 
Michigan.  Periphyton was abundant in the stream during the April survey, but sparse during 
September.  Macrophytic growth in the stream was sparse during both September and April, and 
filamentous algae were present only sparsely in September and were absent in April.  Benthic 
macroinvertebrates in the stream were sparse in both September and April.  No algal or bacterial 
growths were observed at the discharge of the stream to Crooked Lake on either date (benthic 
macroinvertebrates were not sampled).  The stream discharge area was not visibly different from 
the surrounding shoreline, and the study concluded that the Fish Hatchery discharge stream was not 
causing any noticeable impacts on Crooked Lake. 
 
The annual phosphorus discharge for the Oden Hatchery between 1991 and the present show a 
dramatic decrease from levels recorded in previous years.  The Oden Hatchery's NPDES permit 
allows them to discharge 1,350 pounds of phosphorus per year.  The annual phosphorus discharge 
between 1991 and 1994 has ranged from a high of 1,106 pounds in 1992 to a low of 511 pounds in 
1994.  If the trends of the first quarter of 1995 continue, the annual discharge for 1995 may be 
lower than all the previous years.  According to Roger Martin, Fish Planting and Marking 
Coordinator for the MDNR, the steady reduction of phosphorus in the Oden Hatchery discharge is 
the result of experiments with new fish feeds which are lower in phosphorus content and have a 
higher conversion of fish food to fish flesh.    
 
Discharge sampling data showing the decreases in phosphorus discharge between 1991 and 1995 
are provided in Appendix B. 
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 MANAGEMENT REVIEW 
 
Land Use Controls 
 
Federal Regulations 
 
The Federal Wetland Regulatory Program is the primary federal regulation that relates to land use 
control within the Pickerel-Crooked Lakes Watershed.  The primary federal program that regulates 
activities related to dredging or filling in the waters of the United States including adjacent 
wetlands is the Section 404 program.  Section 404 is part of the Clean Water Act and it regulates 
activities such as placement of fill material for impoundments, causeways, road fills, dams, dikes, 
and property protection devices such as riprap, groins, seawalls, breakwaters, revetments, and beach 
nourishment.   The Section 404 program is intended to minimize adverse impacts by preventing the 
unnecessary loss of wetlands and other sensitive aquatic areas.   
 
In Michigan, the MDNR and the U.S. Army Corps of Engineers share the responsibility of 
administering and enforcing the federal wetlands regulatory program.  The Army Corps has the 
authority to bring enforcement actions, including criminal or civil actions, against violators of these 
laws (based upon Section 404 (b) of the Clean Water Act and Section 10 of the River and Harbors 
Act)  The Army Corps is subject to oversight by the U.S. Environmental Protection Agency which 
is responsible for the Administration of the Clean Water Act.   
 
Activities along Pickerel or Crooked Lakes that involve filling or dredging in an adjacent wetland 
would require a permit from both the U.S. Army Corps of Engineers and the MDNR.  
 
State Regulations 
 
The Goemaere-Anderson Wetlands Protection Act (P.A. 203 of 1979) requires a permit for 
dredging, filling, draining, or building in a regulated wetland. This Act is administered by the Land 
and Water Management Division of the Michigan Department of Environmental Quality (MDEQ). 
Regulated wetlands include any wetland contiguous to or within 500 feet of a lake or stream.  A 
noncontiguous wetland that is greater than 5 acres, in counties with population greater than 100,000 
people or where an inventory has been completed is also regulated.  Counties, townships, and cities 
may enact their own wetland zoning ordinances for the purposes of providing a degree of local 
control over wetland development.  None of the local county or township governments within the 
Watershed have enacted a local wetland zoning ordinance.  
 
The Soil Erosion and Sedimentation Control Act (P.A. 347 of 1972)  is designed to protect the 
waters of the state from sedimentation caused by soil erosion.  Permits are required for earth 
changes which disturb one or more acres of land or which are within 500 feet of a lake or stream, 
excluding plowing, tilling, mining, and logging land uses.  Before a permit is issued, the applicant 
must prepare a soil erosion and sedimentation control plan.  Although the Act is administered by 
the MDNR Land and Water Management Division, permits are issued by counties or local agencies 
through programs approved by the MDNR.   
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In Emmet and Charlevoix County the responsibility of enforcing P.A. 347 lies with the Soil and 
Water Conservation Districts (SCD).  The SCD's share an enforcing agent for P.A. 347.  In 
Cheboygan County the responsibility is within the Building Codes Department. 
 
The Subdivision Control Act (P.A. 288 of 1968) establishes details for application, review process, 
and standards for proposed plats.  State and County agencies as well as the local jurisdiction review 
preliminary and final plats.  It requires the approval of the Michigan Department of Natural 
Resources for the preliminary plat of any subdivision containing lots within or affected by a 
floodplain, and any subdivision involving land abutting a lake or stream where public rights may be 
 affected.  The Subdivision Control Act has been criticized because land divisions are exempt from 
public review.  It has also been viewed as a cause of adverse impacts on valuable natural resource 
lands and has made it difficult for some communities to provide adequate public services related to 
health and safety.  
 
The Michigan Environmental Protection Act (MEPA, P.A. 127 of 1970) places a duty on all 
individuals and organizations, whether private or public, to prevent or minimize environmental 
degradation which is caused or likely to be caused by their activities.  Its requirements are in 
addition to those provided by any other law.  MEPA prohibits any conduct which is likely to 
pollute, impair, or destroy a lake, stream, wetland or other natural resource of the state unless the 
entity proposing or authorizing the activity can show: 1) there are no less harmful feasible and 
prudent alternatives; and 2) the "conduct is consistent with the promotion of the public health, 
safety and welfare in light of the state's paramount concern for the protection of its natural resources 
from pollution, impairment or destruction."  Any person, organization, or governmental body can 
go to court to enforce MEPA against any other person, organization, or governmental body. 
 
The Michigan Endangered Species Act (P.A. 203 of 1974) requires a permit for activities that could 
adversely impact threatened and endangered plant and animal species or their habitat.  Since a large 
percentage of Michigan's endangered or threatened species reside in wetland areas and other 
sensitive areas, this Act can be useful in protecting critical habitats. 
 
The Flood Plain Regulatory Act (P.A. 167 of 1968) assesses the location and extent of floodplains, 
streambeds, stream discharge and stage characteristics for the State's watercourses to minimize 
flood damage.  A permit is required for any dredging, grading, or construction of a building within 
the 100-year floodplain of any river, stream, or lake. 
 
The Inland Lakes and Streams Act (P.A. 346 of 1972) regulates lakes and streams and associated 
wetlands, excluding the Great Lakes and Lake St. Clair.  The Act applies to artificial or natural 
lakes, rivers, streams and creeks as defined by having definite banks, a bed, and visible evidence of 
a continued flow or continued occurrence of water.  This is interpreted by the MDNR to include 
intermittent or seasonal streams.  Permits are required to dredge, fill or construct or place structures 
below the ordinary high water mark and connect any waterway to an inland lake or stream.   
 
Farmland and Open Space Preservation Act (P.A. 116 of 1974) provides farmland development 
rights agreements and open space development rights easements.  An owner of farmland or open 
space that meets the criteria of the act can apply to the local government to reduce taxes on their 
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land by placing a temporary easement of a minimum of ten years up to 99 years to maintain the use 
of the land. 
 
Local Regulations 
 
Land use controls within the Watershed consist primarily of zoning.  Zoning ordinances are a set of 
regulations that are used to guide local growth and development.  Different restrictions apply to 
designated zones or districts that are separated by land use.  The County Rural Zoning Enabling 
Act, P.A. 183 of 1943 provides the legal basis for zoning in Michigan.   
 
Zoning can reduce land use conflicts by separating incompatible land uses, and promoting more 
efficient and orderly development.  Unfortunately, zoning can encourage sprawl development due 
to the segregated land uses and can be very inflexible. 
 
The Pickerel-Crooked Lakes Watershed is primarily under either Emmet County or Cheboygan 
County zoning.  A small section of the Watershed is within Little Traverse Township which has its 
own zoning.  A minor part of the southern portion of the Watershed is within Chandler Township, 
Charlevoix County.  Due to the small amount of area within Chandler Township we did not review 
the ordinance for this project.  Zoning maps are in Appendix I. 
  
Cheboygan County Zoning 
The Cheboygan County Zoning Ordinance (No. 200) was last amended in March 1990.  The 
ordinance purpose and key components are reviewed below. 
 
Purpose: Its purpose is to promote and safeguard the public health, safety, morals, and general 
welfare of the people of the unincorporated portions of Cheboygan County.   The provisions are 
intended to encourage the use of lands, waters, and other natural resources as they pertain to the 
social, physical, and economic well being of the county; to limit the improper use of land and 
natural resources; to reduce hazards to life and property; to provide for orderly development within 
the county; to avoid overcrowding of land and water resources; to provide for adequate light, air, 
and health conditions in dwellings and building hereafter installed, erected, or altered; to lessen 
congestion on the public roads and streets; to protect and conserve natural, recreational, 
agricultural, residential, and other areas suited to particular uses; to facilitate the establishment of an 
adequate and economic system of transportation, sewage disposal, safe water supply, education, 
recreation, and other public facilities; to conserve the expenditures of monies for public 
improvements and public services; to conform with the most advantageous uses of land, resources, 
and properties; and to be one means of implementing the policies, goals, and objectives as set forth 
in the Cheboygan County Comprehensive Plan. 
 
Cheboygan County�s Zoning Ordinance contains eight different districts: Residential Development, 
Mixed Residential, Commercial Development, Light Industrial Development, Agriculture and 
Forestry, Lakes and Streams, Natural Rivers Protection, and Resource Conservation.  The primary 
districts that are within the Pickerel-Crooked Lakes Watershed are described below. 
 
Resource Conservation:  The purpose of this district is to protect, preserve, or manage natural, 
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recreational, historic, and scenic resources such as wetlands, prime forestlands, aquifer recharge 
areas, flood hazard zones, fish spawning areas, wildlife habitats, parks, campgrounds, swimming 
areas, historic structures, archeological discoveries, scientific and educational facilities, open 
spaces, and similar resources.  Development in this district shall be closely regulated to protect 
against erosion, water supply contamination, flood damage, malfunctioning waste disposal systems, 
permanent loss of fish and wildlife habitats and destruction of historical structures or archeological 
remains while allowing for the management of resources as permitted in this article. 
 
Prohibited uses include sanitary landfills, mineral extraction and other filling, draining and dredging 
operations, any development on slopes of 12% or more, manufacturing, use of disposal of 
flammable substances, pesticides or toxic materials, and moving or dirt or other materials which 
would divert or speed the flow of surface waters. 
 
Agriculture and Forestry:  This district includes those areas where farming, dairying, forestry 
operation and other such rural-type activities exist and should be preserved or encouraged.  They 
include areas which, although not currently so used, have a potential for agriculture and forestry.  
Large vacant areas, fallow land and wooded areas may also be included. 
 
Permitted uses in this district include: single and double family homes; farm dwellings, barns, and 
other necessary farm buildings; greenhouses and nurseries; farm market stands; essential services; 
cemeteries; private aircraft landing strips; and mobile homes.  Uses other than these require a 
special use permit. 
 
Lake and Stream Protection:  The purpose of this district is to provide for orderly development of 
the County�s shoreline areas to protect the waters and natural resources, and to promote the general 
welfare of the county by protecting water quality, ground water resources, public health, property 
values, recreational values, riparian rights, and erecting safeguards against flooding.  The district 
includes all property within five hundred feet of the shorelines ordinary high water mark of any 
river, stream, pond, or lake which can be identified on the U.S. Geological Survey Maps of the 7.5' 
quadrangle series of Cheboygan County. 
 
This district was established to avoid excessive structural encroachment on the waters and 
waterways except for uses traditionally depending upon direct water access, promote high water 
quality by encouraging natural vegetation strips along waterfronts to filter out nutrients and 
sediment from surface runoff and keep them from entering the waters; prevent erosion and help 
maintain cool water temperatures through shading; protect the natural environment of streams and 
lakes for wildlife habitat purposes; and to preserve, to the extent possible, the natural image of 
landscapes. 
 
Permitted uses within the lake and stream protection district are single family dwellings, gardening, 
or the office or studio of a person residing on the premises.  The lake and stream protection district 
provision requires the maintenance of a greenbelt for a distance of 40 feet inland from the high 
water mark.  Planting of native species of trees, shrubs, and vegetation is encouraged.  Two high 
risk erosion areas have been designated within the lake and stream protection district.  These two 
areas are located outside of the Watershed boundaries.  Additional provisions for these areas 
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include strict minimum setback standards and submittal of environmental impact statements which 
indicate how the natural character of the areas will be preserved and maintained. 
 
Junk yards: The ordinance contains a junk yard section which is designed to minimize impacts to 
ground water and surface.  Junk yards are prohibited in the Lake and Stream District, wetlands, 
locations where the water table is six feet or less from the surface, Natural Rivers District, and the 
Resource Conservation District.  Junk yards require a special use permit that includes a plan for 
handling, storage, and disposal of hazardous materials, including a spill plan. 
 
The Cheboygan County Ordinance has standards for Planned Unit Developments (PUD).  The PUD 
standards require submittal of a detailed plan that includes potential impacts on soils, surface, and 
ground waters, natural vegetation, and wildlife.  Planned unit developments provide opportunities 
for more flexible land use and site development than is normally permitted by traditional zoning 
district provisions.  PUD's generally encourage site design in a manner which seeks to integrate new 
structures and uses with natural site characteristics to minimize impacts on the site and adjoining 
properties while enhancing the total project design with planned open space.  PUD's can create 
larger areas of open space through clustering of units than lot-by-lot development.  The design 
standards for PUD's  are generally flexible and given real meaning only when applied on a project 
by project basis. 
 
The ordinance also contains Site Plan Review Procedures and Standards.  A site plan is the 
documents and drawings that present information showing what an applicant for zoning approval 
wants to do on a parcel of land.  Site plan review regulations in a zoning ordinance require review 
of the physical layout of proposed projects to assure that the standards contained in the zoning 
ordinance are complied with as each property is developed.  If development does not proceed 
according to an approved site plan, legal means to require enforcement can be initiated.   
Cheboygan County's site plan review standards are quite thorough.  They have standards for 
environmental design features which require that the development minimize changes to important 
environmental features of the site.  Construction shall be directed away from any poor load-bearing 
soils or flood plains.  Existing trees, vegetative cover, and other natural features shall be maintained 
to the greatest extent possible.  Landscaping to protect the natural features of the sites and to 
enhance the overall quality of the development shall be used whenever possible.  Disruptions to the 
natural drainage patterns on the site shall be minimized to avoid increasing the amount of runoff 
due to construction and development activities. 
 
Emmet County Zoning 
The Emmet County Zoning Ordinance was adopted by the Board of Commissioners in 1972.  
Minor modifications to the ordinance have been made since then.  Emmet County recently 
completed a thorough master planning process (see Section VI, B).  The Board of Commissioners 
has not adopted the Emmet County Master Plan and the zoning ordinance does not reflect the plan's 
vision of the future for Emmet County.  The Emmet County Zoning Ordinance regulates land use 
activities within the majority of the Pickerel-Crooked Lakes Watershed.     
 
The purpose of the ordinance is to regulate and restrict the location and use of buildings, structures, 
and other specified uses; to regulate and limit the height and bulk of buildings and other structures; 
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to regulate and determine the size of yards and open spaces; to regulate and limit the density of 
population; to regulate the proper use of natural resources; and, for said purposes, to divide the 
County into districts. 
 
Emmet County has ten basic districts:  One-Family Residential, General Residential, Recreation 
Residential, Scenic Resource, Local-Tourist Business, General Business, Parking Transitional, 
Industrial, Farm and Forest, and Planned Unit Development.  All of these districts can be found 
within the Pickerel-Crooked Lakes Watershed boundaries (see zoning maps provided in Appendix 
I).  The primary uses are described in more detail below.  
 
One-Family Residential:  This residential district is designed to provide for one-family dwelling 
sites and the residentially related uses in keeping with the Master Plan.  The uses permitted are 
intended to promote a compatible arrangement of land uses for homes, with the intent to keep 
residential areas relatively quiet and free from detrimental use influences.   
 
General Residential:  These districts are designed to provide for structures that are needed to house 
more than one-family, to meet the needs for apartment dwellings. 
 
Recreational Residential:  This district is designed to accommodate cottage and seasonal home 
developments.  It is intended that the seasonal home areas be reasonably homogeneous by 
discouraging the mixing of recreation home areas with commercial resorts, business services, and 
institutional and community services. 
 
Scenic Resources:  This district strives to protect scenic resources along rivers, highways and 
streets, and lakeshores and impounding waters.  Because tourism, recreation, and environmental 
control are major aspects of the County's development situation, it is deemed vital to the general 
welfare that natural resources and scenic assets be preserved to the fullest extent feasible. 
 
Farm and Forest:  This district is designed to promote the use of wooded and rural areas of the 
County in a manner that will retain the basic attractiveness of the natural resources and provide 
enjoyment for both visitors and the community at large.  The intent of the District is to hold the 
rural County areas for agriculture and forestry purposes and to allow some multiple uses of 
marginal farm-forest lands. 
 
Local-Tourist Business:  This district is designed to give the County a Business District that is 
somewhat more selective than a General Business District to provide for the establishment of 
neighborhood shopping areas, personal services, and professional office areas that are compatible 
with, and of service to, township residential uses including tourist services. 
 
General Business District:  This district is designed to provide sites for more diversified business 
types and are located to serve passer-by traffic. 
 
PUD District:  Emmet County's PUD District and its standards are similar to Cheboygan County's 
except they are designed to be an overlay zone.  An overlay zone is a separate zone placed over an 
existing district that applies additional standards to those of the original zone.  Approval of a special 



 

Nonpoint Source Pollution Management Plan 
 
  121 

use permit is necessary for the PUD District standards and requirements to be applicable. 
 
The purpose of the Emmet County PUD District is to encourage a more imaginative planned 
community through the application of comprehensive land use planning techniques at the project 
level; provide for a controlled mix of land use types without spot zoning; allow clustering of 
intensive uses and protection of natural features and open space; coordinate development of large 
tracts; and provide a forum for communication between the developer, community officials, and the 
public. 
 
The PUD procedure involves three steps: 1) Pre-application conference; 2) Preliminary Master 
Plan; and 3) Final Master Plan.  The regulations specify what the Preliminary and Final Master 
Plans must include and the procedures that must be followed to gain approval. 
 
Site Plan Review:  Emmet County's Site Plan Review Standards are similar to Cheboygan County's 
and also quite comprehensive.  Site plans submitted for review must contain details on the physical 
characteristics of the site and proposed activities.  Applicants are also required to include an 
assessment of impacts from the proposed development on soil erosion, shoreline protection, 
wildlife habitat, air pollution, water pollution (ground and surface), noise, and the scale of 
development of the surrounding environment.  
 
Salvage Yard Ordinance:  Salvage yards and metal and scrap recycling activities require a special 
use permit in Emmet County because they are usually not acceptable in industrial parks, require 
large sites for isolation, provide a valuable service, can cause conflicts with other uses due to noise 
and appearance, and involves handling and disposal of hazardous materials.  Requirements for 
salvage yard related activities include proper handling and disposal of hazardous wastes, conditions 
to demand a written spill contingency plan, and isolation distances from ground and surface waters. 
 
Waterfront Setback:  The intent of the minimum waterfront setback standards is to protect surface 
water resources and flood plains from adverse construction or alteration.  The standards strive to 
avoid excessive structural encroachment and protect the natural environment of streams and lakes.  
All permanent buildings and parking lots shall be setback 60 feet from the ordinary high water 
mark.  Ground decking and patios at ground level and without railings are allowed within 25 feet of 
the ordinary high water mark.  A greenbelt of 35 feet is suggested to be maintained, but not 
required. 
 
Open Space and Clustering:  The ordinance contains provisions for subdivision developers to set 
aside open space in return for reduced setbacks, which could provide for additional lot(s).  The area 
set aside cannot include bodies of water, wetlands, or other areas that would not be developable.   
 
Cluster housing is allowed by the County if certain standards are met.  Two of their standards work 
to protect water quality.  One requires the applicant to gain approval from the Health Department 
for construction of a sanitary wastewater disposal and domestic water system.  The other requires 
an engineered plan for the control of stormwater runoff.   
 
Little Traverse Township 
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Little Traverse Township Zoning was first adopted in 1943.  Their ordinance was most recently 
updated in 1975.  The township zoning board reviews zoning applications and presents 
recommendations to the township board for final approval. 
 
The zoning ordinance acts to regulate and restrict the location and use of buildings, structures, and 
land for trade, industry, residence, and for public and semi-public or other specified uses; to 
regulate and limit the height and bulk of buildings and other structures; to regulate and determine 
the size of yards and open spaces; to regulate and limit the density of population; and for said 
purposes to divide the township into districts. 
 
The purpose of the ordinance is to promote and protect the public health, safety, peace, morals, 
comfort, convenience, and general welfare of the inhabitants of Little Traverse Township, by 
protecting and conserving the character and social and economic stability of the residential, 
commercial, industrial, and other use areas; by securing the most appropriate use of land; 
preventing overcrowding of the land and undue congestion of population; providing adequate light, 
air, and reasonable access; and facilitating water, sewers, schools, recreation, and other public 
requirements. 
 
There are seven different zoning districts:  One-Family Residential, General Residential, Recreation 
Residential, Local-Tourist Business, General Business, Industrial, and Farm & Forest.  The majority 
of the Watershed is in the Farm & Forest or One-Family Residential Districts.  Virtually all of the 
Crooked Lake shoreline is a part of the Recreation Residential District. 
 
Farm & Forest Districts:  These districts are designed to promote the use of wooded and rural areas 
in a manner that will retain the basic attractiveness of natural resources and provide enjoyment for 
both visitors and the community at large.  The intent is to hold rural areas for agriculture and 
forestry purposes. 
 
One-Family Residential:  This district, as the name implies, is intended to provide for one-family 
dwelling sites and residentially related uses while maintain a relatively quiet residential area free 
from detrimental uses. 
 
Recreation Residential:  This district is designed to accommodate cottage and seasonal home 
developments.  It is intended that the seasonal home areas be reasonably homogeneous by 
discouraging the mixing of recreation home areas with commercial resorts, business services, and 
major institutional or community services. 
 
The Little Traverse Township Zoning Ordinance contains provisions for clustering and planned unit 
developments in their Subdivision Open Space Plan with the purpose of increasing the 
interrelationship between open space resource areas and developments.  The provisions include 
reductions in setbacks for increased density.  Open space areas must be a usable shape and 
dimension and may not include bodies of water, wetlands, or other areas that normally would not be 
developable.  Open space areas may include flood plains. 
 
Most development within the Township must comply with site plan review standards, with the 
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exception of single family dwellings and seasonal residents.  The site plan review standards are 
similar to Cheboygan and Emmet Counties and require impact statements relevant to soil erosion, 
shoreline protection, wildlife habitat, air pollution, and water pollution (ground and surface). 
 
Master Plans 
 
Master plans are tools communities can use to provide a vision for future growth.  A master plan is 
ultimately a picture of what a community will look like and what it should contain in the next ten to 
twenty years.  Master plans (also called comprehensive plans) may incorporate the goals and 
objectives of other community plans such as economic development, recreation plans, etc. 
 
The Michigan Society of Planning Officials recommends that master plans meet the following 
criteria: 
 
� Be geographically comprehensive  
� Have long-term orientation  
� Identify short-term problems 
� Address preserving and maintaining community character 
� Obtain wide citizen involvement 
� Be consistent internally 
� Have support of governing body(s) 
� Have consensus on goals and objectives 
� Be coordinated with plans from adjacent governmental units 
� Be updated and reviewed every five years 
 
A completed and publicly approved master plan should become a community's official guide and 
legal basis for development decisions.  Master plans generally rely on zoning ordinances to 
implement the goals and objectives.  This approach can be effective in counties or townships with 
adequate planning and zoning staff.  Unfortunately, most northern Michigan communities do not 
have the resources to employ large planning and zoning staff to accomplish this. 
 
Within the Pickerel-Crooked Lakes Watershed there are four communities that have master plans; 
Emmet County, Cheboygan County, Tuscarora Township, and Little Traverse Township.  A brief 
review of these communities' master plans follows.   
 
Emmet County Master Plan 
The Emmet County Master Plan, which has not yet been adopted, is intended to serve as guidance 
for public policy and planning with regard to future land use, infrastructure, and public service 
decisions.  Among the goals of the plan are to protect the natural resources of the County, while 
promoting economic growth in a manner which minimizes negative impacts on the landscape, 
public services, and general quality of life. 
 
According to this document, Emmet County's population has been growing at an average rate of 
16.5% per decade since 1960.  Growth projections indicate that the population of Emmet County is 
expected to grow by 21% between the year 1990 and the year 2000.  The seasonal population of the 
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County is increasing faster than the population of year-round residents.  In the past, development in 
the County has largely occurred at the expense of agriculture, natural features, and other rural open 
spaces.  New development has, more often than not, taken the sprawl-like form of scattered, large 
lot development throughout the County.  If these development trends continue, they will have 
serious implications for the future of agriculture, natural resources, and the County's quality of life.   
 
The Master Plan, therefore, promotes the implementation of development strategies which will 
encourage a more compact land development pattern to protect both renewable natural resource 
lands (i.e. forest, agricultural land) and sensitive natural resources (i.e. wetlands, floodplains).  
These strategies include promoting future land development in and near existing village and city 
centers where public services are already available or planned.  Within rural areas of the County, 
open space preservation and clustering development techniques are proposed to minimize impacts 
on the natural landscape and retain the rural character.  More specific recommendations for 
implementation are detailed in Chapter 8 of the Master Plan.  As many of the recommendations 
address issues of greater than local concern, broad-based support and involvement of multiple 
jurisdictions will be required for successful implementation.   
 
Cheboygan County Comprehensive Plan 
Cheboygan County's Comprehensive Plan was most recently modified in 1979.  Unfortunately, 
when the zoning ordinance was updated in 1990 the process did not include an update of the 
Comprehensive Plan too.  The Cheboygan County Planning Commission has initiated the process 
to update the plan.  
  
The existing Cheboygan County Comprehensive Plan includes an assessment of people, activities, 
services, and environment.  Future land use for the county is also described with specific goals for 
land use, waste disposal, economic development, recreation, education, government, and 
infrastructure. 
 
Tuscarora Township Master Plan 
Tuscarora Township's Master Plan was most recently modified in 1992.  The township hired Wade-
Trim to revise and update their plan.  The Master Plan structure consists of a review of existing land 
use characteristics, natural features, socio-economic profile, housing characteristics, and market 
assessment.  Goals, objectives, and policy statements lay the ground work for the Master Plan 
recommendations.  The plan is designed to service the community until 2000. 
 
There are four primary goals of the Master Plan: 
 
1) Create an optimum human environment for the present and future residents of Tuscarora 

Township, an environment that will not only solve their physical needs but will offer variety, 
choice, opportunity for change, and individual growth. 

 
2) Ensure diversity, stability, and balance of land uses to serve human needs including: residential 

areas, natural and recreational areas, schools, and cultural activities, adequate public services, 
access to shopping, health services, and places of employment.   
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3) Relate land use primarily to the natural characteristics of the land and the long-term needs of the 
community, rather than to short-term private economic gain. 

 
4) Preserve and promote the rights of the individual property owner while maintaining the aesthetic 

character of the Township. 
 
Future land use proposals were developed for the plan and depict ideal scenes given existing 
political, economic, and environmental factors.  The ideal scenes provide more of a general feel for 
the different districts rather than specifics.  Most of the "future land use" descriptions are similar to 
existing conditions for the areas within the Watershed. 
 
The Tuscarora Township Master Plan does address the need to protect valuable woodlands and 
wetlands in their natural state, but efforts are needed to ensure the Master Plan is being 
implemented as intended. 
   
Little Traverse Township Master Plan 
The Little Traverse Township Master Plan is currently being updated.  Completion of the revised 
plan is scheduled for the end of November.  The draft plan was not available for review at the time 
of this report. 
 
Sanitary Codes 
 
Septic system placement is regulated by permits and enforcement activities of county health 
departments.  Prior to issuing an on-site waste disposal permit, health officials analyze site 
characteristics such as soils, percolation rates, and depth to the water table to determine whether or 
not an on-site system can be utilized.  Once a septic system is in place, monitoring and maintenance 
is up to the property owner, who may not understand the importance of system maintenance.  
Without proper maintenance a system may fail to function.  Septic system effluent, if inadequately 
treated, can cause ground water and surface water contamination and associated public health 
hazards.  Areas dependent on private wells for water supplies, private septic systems for wastewater 
treatment, and areas adjacent to water bodies need to take particular precautions with respect to 
septic system maintenance.  Sanitary codes are established by county health departments to provide 
guidelines for the proper location and design of septic systems, as well as to evaluate the feasibility 
of proposed systems.  The following section summarizes several aspects of the sanitary codes 
developed by Emmet, Charlevoix, and Cheboygan Counties. 
   
Criteria relating to the installation of septic systems state that a septic tank should be set a minimum 
of 50 feet from a lake or stream in Emmet and Charlevoix Counties.  In Cheboygan County, the 
required setback from lakes or streams is 75 feet.  Tile fields, absorption beds, trenches, and 
seepage pits must be set back 100 feet from lakes or streams in all three counties.   
In Emmet and Cheboygan Counties, applications for on-site sewage disposal systems can be 
rejected if the maximum ground water table is less than four feet from the natural ground surface.  
In Charlevoix County, applications for on-site septic systems can be rejected if the maximum 
ground water table, impervious rock or soil stratum, or high water mark of adjoining lake or stream 
occurs less than six feet from the natural ground surface.  In all three counties, a vertical distance of 
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three feet must be provided between the base of the trench or bed and the maximum ground water 
table.  In Emmet and Charlevoix Counties, septic system applications can also be rejected if the 
percolation rate of the soil is greater than 60 minutes per inch (in Cheboygan County, greater than 
30 minutes per inch).  In Charlevoix County, the slopes should also be less than 12% for the 
approval of an on-site septic system. 
 
The construction of mound systems is permitted in Emmet and Charlevoix Counties, provided that 
the following conditions are maintained:  seasonal high ground water table and/or impervious 
formation is at least two feet below the natural ground surface; natural ground surface is at least 
four feet above impervious soil or rock (Charlevoix County only); the site is not subject to flooding; 
peat, muck, or marl are not present (Charlevoix County only); the down gradient slope prior to 
construction of the mound is less than 12%; and the percolation rate is less than 30 minutes per inch 
(or, if the percolation rate is between 30 and 60 minutes per inch, the slope must not exceed 6%).   
 
For a building with two bedrooms or less in Emmet County, or with three bedrooms or less in 
Charlevoix County, the minimum liquid capacity of the septic tank should be 1,000 gallons.  In 
Cheboygan County, the minimum liquid capacity of the septic tank for a building with two 
bedrooms or less should be 750 gallons.  In Emmet County, for each additional bedroom beyond 
two, 200 gallons should be added to the capacity of the tank.  In Charlevoix, each additional 
bedroom beyond three requires an addition of 250 gallons to the capacity of the tank.  In Cheboygan 
County, the minimum capacity of the septic tank for a three or four bedroom house is 1,000 gallons, 
with an 250 gallons added for each additional bedroom beyond four. 
 
The sanitary code in Charlevoix County states that septic tanks should be regularly inspected, and 
the contents removed and disposed whenever the top of the sludge layer is within twelve inches 
below the bottom of the outlet baffle, or whenever the scum layer is within three inches above the 
bottom of the baffle. 
 
In Emmet and Cheboygan Counties, the Health Officer may condemn an existing sewage disposal 
system if effluent is  exposed to the surface of the ground or is permitted to drain into any lake, 
river, storm sewer, or stream. 
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 RECOMMENDED IMPLEMENTATION ACTIVITIES 
 
Past investigations and recent water quality sampling indicate that both Pickerel and Crooked Lakes 
have good water quality.  However, the nonpoint source inventory and management review of the 
Pickerel-Crooked Lakes Watershed provides evidence that the water quality is threatened by 
increasing contributions of nutrients and sediments from fast paced changes in land uses, primarily 
the loss of forest and open space to increased residential and commercial development.  Shoreline 
management practices, agricultural activities, road/stream crossings, and forestry activities are a 
threat to the good water quality in the Watershed if not managed correctly.     
 
To maintain the good water quality and the significant recreational uses of the water resources in 
the Watershed, it is imperative that both preventative and corrective actions be undertaken.  These 
actions will be geared to correct problem sites that contribute nonpoint source pollution and to 
prevent further degradation in the critical areas in the Watershed.  The following critical area 
recommendations, both remedial and proactive, have been developed based on the results of the 
nonpoint source inventory.  Wherever possible these recommendations were developed 
cooperatively with local governments, state agencies, and local organizations and citizens. 
 
The recommendations are intended to be comprehensive, providing a long-term framework for 
reducing and preventing nonpoint source pollution within the Watershed.  The recommended 
actions can be implemented simultaneously or separately and are listed in priority order based on 
the ranking of primary pollutant sources.  Objectives under each topic area are also ranked. 
 
Actual implementation of the recommendations will depend upon availability of public and private 
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Priority One: LAND USE MANAGEMENT 
 
Land use trends indicate that the urbanization within the Pickerel-Crooked Lakes Watershed will 
continue.  Development patterns show increases in development along major road corridors and 
residential development in rural areas, resulting in urban sprawl and fragmentation of forest and 
open space.  Infrastructure (water and sewer) are installed without an approved and updated master 
plan.  Back-lot and funnel development proposals around the lakeshores are becoming more 
common. 
 
Increased urbanization of the Watershed will also result in an increase in impervious surfaces and 
corresponding runoff, as well as increased population and demand for public services, including 
recreational opportunities. 
 
Traditional approaches to land use management have not proven adequate for preventing nonpoint 
source pollution problems.  Zoning ordinances and state regulations can only guide development to 
a certain degree.   
 
The Emmet County Master Plan has established a framework for managing land use in a manner to 
protect water quality and the quality of life in the area.  However, this plan has yet to be adopted 
and implemented by the County. 
 
There is considerable public concern about land use management in Emmet County.  MSU 
Extension's county-wide issue identification process identified land use as the primary concern of 
Extension Advisory Committee members and their constituents.  In addition, recent proposed 
developments have given rise to the organization of a citizen group, Urban Sprawl Alliance (USA 
Inc.), devoted to stopping urban sprawl. 
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A concerted public and private effort is needed to alter development patterns in a manner to reduce 
nonpoint source pollution.   
 
Based on the results of the land use change inventory and public interest, the following goals and 
objectives are recommended:     
 
Goal: Promote a community directed alternative approach to land use management for the 
reduction of nonpoint source pollution from changing land use patterns. 
 
Objective One: Initiate the adoption and implementation of the Emmet County Master Plan in the 
Watershed. 
 
Establish a committee, comprised of key individuals within the Watershed and local government 

representatives to determine the private sector role in the implementation of the Master Plan.  
Develop a strategy to assess support for the adoption and implementation of the Emmet 
County Master Plan. 

 
Objective Two: Develop communication network between municipalities to share planning and 
zoning strategies and consider standardizing guidelines within the Watershed. 
 
Master plans, zoning ordinances, and other planning endeavors exist in many different formats 

throughout the Watershed, based on political boundaries.  Since it is not likely that political 
boundaries will be replaced by watershed boundaries, efforts to standardize local regulations 
can strengthen watershed management activities.   

 
Objective Three: Develop a program to protect the high value wetlands in the Watershed. 
 
Develop a plan of action for high value wetland protection in conjunction with the Little Traverse 

Conservancy. Contact wetland property owners and provide information on private protection 
options. Provide information to local tax assessors regarding property tax assessment on 
wetlands.  

 
Priority Two:  STORMWATER MANAGEMENT 
 
Numerous studies have shown that runoff from urbanized areas contains more pollutants than 
runoff from less developed areas.  These pollutants can impair the aquatic ecology of lakes and 
streams. 
    
The nonpoint source pollution inventory revealed ten stormwater drains and two areas where 
drainage ditches which directly discharge to surface water.  
 
Goal: Reduce runoff from stormwater discharges to Pickerel, Crooked, Round, Spring, and Mud 
Lakes and their tributaries. 
 
Objective One: Develop and implement Stormwater Resource Management Systems (RMS's) for the 
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identified stormwater drains and drainage ditches. 
 
Work with the Emmet County Road Commission and Michigan Department of Transportation on 

modifying the drains and ditches to reduce nonpoint source pollution. 
 
Stormwater-Information and Education 
Objective Two: Support the Soil and Water Conservation District's ongoing effort to gain support 
for adopting a soil erosion and stormwater management ordinance for Emmet County. 
 
Emmet County Soil and Water Conservation District staff and the NRCS have been working 

cooperatively with other districts and local governments in northern Michigan to develop a 
model soil erosion and stormwater ordinance.  The passage of this type of ordinance would 
greatly enhance existing programs and result in a reduction of sedimentation and untreated 
stormwater discharge to Pickerel, Crooked, Round, Spring, and Mud Lakes. 

 
Priority Three:  SHORELINE MANAGEMENT 
 
Shoreline activities, such as lawn fertilization, construction activities, wetland fills, removal of 
native vegetation, and improper siting and maintenance of septic systems contribute significant 
amounts of nonpoint source pollution, primarily nutrients and sediments, to Pickerel, Crooked, 
Round, Spring, and Mud Lakes.  Shoreline management activities can be influenced by changing 
attitudes and behaviors of riparian property owners.  Initial shoreline management implementation 
activities can be targeted to the riparian property owners who responded to the riparian 
questionnaire, as they have already expressed a degree of interest and concern for water quality 
issues affecting Pickerel and Crooked Lakes.  
 
Goal: Reduce inputs of nutrients, sediments, and other nonpoint source pollutants to Pickerel, 
Crooked, Round, Spring, and Mud Lakes and their tributaries through improved shoreline 
management. 
 
Objective One: Develop water quality kits for distribution to lakefront homeowners. 
 
The water quality kits will contain educational materials and coupons for one or more of the 

following: soil tests, septic tank pumping, septic system evaluations, plants for greenbelt re-
establishment; and water conservation devices. The advisory committee will assist in 
determining what the kits will contain, as well as garnering business sponsorship.  

 
Objective Two: Develop a program to promote protection and re-establishment of greenbelts with 
shoreline homeowners.  
 
The water quality benefits of greenbelts have been well documented.  They can help remove 

pollutants from runoff, prevent shoreline erosion, provide wildlife habitat, and enhance 
shoreline aesthetics.  Although the benefits of greenbelts are usually known by shoreline 
property owners the majority of riparian properties do not have them.     
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Michigan State University Extension's Master Gardeners will be asked to assist with the 
development of generic greenbelt plans.  A limited number of greenbelts will be replanted 
with the assistance of the Natural Resource Conservation District and the Master Gardeners.  
In addition to plantings, long-term protection of greenbelts through easements, deed 
restrictions, and contract agreements will be researched and presented to riparians. 

 
Objective Three: Develop an information packet for realtors which will provide information 
regarding the water quality and suitable recreational activities for Pickerel, Crooked, and Round 
Lakes and a shoreline property owner's checklist, which will educate new riparians about the needs 
for shoreline property management. 
 
Work with local realtors to develop the information packet and shoreline property owners checklist 

to educate future riparian property owners about the responsibilities involved with being a 
riparian.  

   
Objective Four: Enhance wastewater treatment in the Watershed by initiating a trial septic system 
inspection program and providing technical assistance to shoreline areas with known septic system 
problems. 
 
Work with the local health departments and realtors to implement a trial septic system inspection 

program at the sale of a riparian property.  Other counties have successfully implemented 
programs that inspect septic systems when a property is sold.  If the septic system is not 
functioning or does not meet current code requirements upgrading of the system may be 
required.  This program provides a minimum safeguard for upgrading systems around the 
shoreline.  In addition, Technical assistance will be offered to develop alternative wastewater 
treatment plans for the densely developed areas of Botsford Landing and Ellsworth Point.   

 
Objective Five:  Develop shoreline property owner database for Pickerel and Crooked Lakes. 
 
This database will include names, addresses, and locations of shoreline property owners, and as 

additional information is compiled it will be added to the database.  This additional 
information will include such things as Cladophora survey information and septic system 
problems or maintenance information.  The database can be used to target shoreline 
protection activities and educational efforts.  In addition, it can be used by the Pickerel-
Crooked Lake Association to recruit more active members and involve more riparian property 
owners in Lake Association and implementation activities. 

 
Objective Six:  Implement a water quality assessment of the tributaries. 
 
There is very little existing information on stream discharge, biology, and chemistry.  Baseline 

monitoring will include measurements of stream flow, selected water chemistry parameters, 
and surveys of benthic aquatic life.  Collecting stage/discharge data and other baseline 
information is necessary to evaluate tributary water quality, impacts from stormwater runoff, 
temporal and seasonal changes, and perhaps the impact of changing land use in the tributary 
drainage basins. 
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Priority Four:  AGRICULTURAL MANAGEMENT 
 
The nonpoint source inventory of agricultural activities identified several areas that were 
contributing sediment and nutrients to tributaries within the Pickerel-Crooked Lakes Watershed.  
The Watershed would benefit from the installation of water quality resource management systems 
(WQRMS's) in these areas. 
   
Goal: Reduce sediment and nutrient loading to the tributaries of Pickerel-Crooked Lakes from 
agricultural activities and prevent future contributions by initiating the restoration of former 
wetlands in agricultural portions of the critical area. 
 
Objective One: Develop and install WQRMS's for the agricultural sites of concern.  
 
Work with the MSU Extension, NRCS, Soil and Water Conservation District, and local agricultural 

producers to design and install appropriate WQRMS's for the identified critical areas.  These 
WQRMS's consist of groups of best management practices (BMP's) which promote the 
protection of water quality.   

 
Objective Two: Develop plans to restore previously drained or filled wetlands in agricultural areas 
within the Watershed. 
 
Utilizing the Watershed Council's inventory of potentially restorable wetlands, identify prime 

candidates (locations within the critical area) for restoration efforts.  Work cooperatively with 
MSU Extension, NRCS, Soil and Water Conservation District, and the agricultural producer 
to design plans. 

 
Priority Five:  ROAD/STREAM CROSSINGS MANAGEMENT 
 
Streambank erosion and sedimentation, stormwater runoff, in-stream habitat destruction are 
impacts that are often identified at road/stream crossings.  An assessment of thirteen road/stream 
crossings in the Pickerel-Crooked Lakes Watershed identified two road/stream crossings that were 
contributing sediments to Minnehaha and Silver Creeks.  
 
Goal:  Stabilize erosion to reduce the amount of sediment reaching streams in the Watershed 
from road/stream crossing sites and work proactively to prevent nonpoint source pollution from 
other road maintenance activities. 
 
Objective One: Develop and implement WQRMS's for the road/stream crossing sites that are 
contributing sediment. 
 
Remediation of the road/stream crossings will take place with the assistance of the Emmet County 

Road Commission, NRCS, and Soil and Water Conservation District. 
 
Road/Stream Crossings-Information and Education 



 

Pickerel-Crooked Lakes Watershed 
 
  134 

Objective Two: Assess other road construction and maintenance activities that have a potential to 
contribute sediment to waterways and develop guidelines to reduce these impacts.  
 
Work cooperatively with the Road Commissions, NRCS, and Soil and Water Conservation 

Districts to assess road construction and maintenance activities and develop an agreement to 
follow guidelines to reduce impacts. 

 
Priority Six:  FOREST MANAGEMENT 
 
Logging practices can have adverse impacts on water quality if BMP's are not utilized.  To ensure 
that BMP's are followed, it is recommended that the MDNR and private owners of forest land 
include guidelines for minimizing impacts to water quality in their harvesting contracts and enforce 
these contracts for all forest treatments in the critical areas within the Watershed.   
 
Goal:  Implement BMP's during all forest treatment activities in the critical area of the 
Watershed to protect water quality.   
 
Objective One: Develop an agreement with the MDNR that BMP's will be followed during 
harvesting activities within the critical areas of the Pickerel-Crooked Lakes Watershed.   
 
Develop an agreement with the MDNR that details best management practices to be employed in 

the critical areas, based upon the MDNR's Water Quality Management Practices on Forest 
Land.  

 
Objective Two: Develop WQRMS's for private forest landowners within the Watershed.  
 
NRCS will work with four private landowners to develop WQRMS's for logging activities. 
 
Forest Management-Information and Education 
Objective Three: Organize a roundtable meeting with representatives from the MDNR, private 
forest contractors, etc., to discuss: 1) providing more accessibility on forest management activities 
to the public; 2) enforcement of BMP's during forest treatment activities; 3) assisting private 
landowners with implementation of BMP's. 
 
The process of reviewing forest management information for the Pickerel-Crooked Lakes 

Watershed identified many questions and areas of concern related to forestry.  Better 
communication on the topic may provide answers to the questions and solutions for the 
concerns.  A professionally facilitated discussion could bring interested parties together to 
develop a forest management strategy linked closely with water quality protection for the 
Pickerel-Crooked Lakes Watershed. 

 
 RECOMMENDED INFORMATION AND EDUCATION ACTIVITIES 
 
Information and education is the key to changing the public's behavior to reduce their contributions 
of nonpoint source pollution.  An informed citizenry will support local policy which reflects the 
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protection and enhancement of its natural resources.   
 
Although many of the recommendations above involve information and education components, this 
section does not relate to a specific activity contributing nonpoint source pollution to the tributaries 
and lakes in the Watershed.  The objectives in this section are designed to be implemented in 
synchronicity with the other recommendations.  The objectives of the General Information and 
Education will help strengthen public knowledge and support for implementation of the 
recommendations.  
 
Goal: Empower the local citizenry to make responsible water resource protection decisions both 
in their daily activities and through local policy and decision making by raising the level of 
understanding and awareness.  
 
Objective One: Develop a multi-media communication plan to disseminate information about the 
results of the Plan and Watershed restoration and protection activities. 
 
Develop and implement a communication plan to build public awareness about the project.  The 

multi-media communication plan will include the dissemination of a summary of the Plan to 
be widely distributed, inserts to lake association newsletters, news releases, and television and 
radio publicity.  Evaluate the possibility for developing interpretive displays at the Oden Fish 
Hatchery and boat launches in the Watershed.  Develop an activity/display for the local water 
festival called Lake Expo and for the Pickerel-Crooked Lake Association annual meeting.  

  
Objective Two: Continue to meet with Pickerel-Crooked Lakes Watershed Advisory Committee.  
 
The Advisory Committee played a valuable role in the development and review of the Plan and will 

be invaluable for transition and implementation activities.  New committee members 
representing local government, MDOT, and schools will be actively recruited to provide 
broad representation. 

 
Objective Three: Expand existing water quality sampling program in the schools to include a lake 
sampling component and the Alanson and Petoskey school districts. 
 
Water quality sampling by students has been an integral part of watershed management within the 

Cheboygan River Watershed since 1988 and is currently coordinated by SEE-North.  Student 
monitoring efforts have focused primarily on the Sturgeon, Pigeon, and Black Rivers.  By 
including the Pickerel-Crooked Lakes Watershed in the monitoring, we approach total 
monitoring coverage of the Cheboygan River Watershed by student samplers. 

 
Objective Four: Develop and place watershed boundary signs. 
 
Placing watershed boundary signs in strategic locations throughout the Watershed will help foster a 

better understanding of what a watershed is and help Pickerel-Crooked Lakes Watershed 
residents identify with their watershed. 
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 PROPOSED PROJECT IMPLEMENTATION 
 
Agencies Involved In Project Implementation 
 
Participating Agencies:  
Agencies which will be involved in project implementation include the Northeast Michigan 
Council of Governments (NEMCOG), Tip of the Mitt Watershed Council, Emmet and Cheboygan 
County Soil Conservation Districts, Emmet and Cheboygan County Road Commissions, Pickerel-
Crooked Lakes Association, Michigan State University (MSU) Extension, District #3 Health 
Department, Natural Resource Conservation Service, Department of Natural Resources, 
Department of Environmental Quality, Emmet County Board of Commissioners, Township 
Officials, Emmet County Planning Commission, SEE-North, Alanson-Littlefield Schools, Petoskey 
Schools.   
 
Implementation Agencies:  
NEMCOG will provide the overall administration, project coordination, and technical support for 
project transition and project implementation. NEMCOG has extensive experience with nonpoint 
source projects and can provide technical support in geographic information systems, water 
resource expertise, and land use planning.  
Contact Person: Diane Rekowski 
 
Technical assistance: 
Technical assistance for the transition and implementation of the Pickerel-Crooked Lakes 
Watershed Nonpoint Source Pollution Management Plan will be provided by The Tip of the Mitt 
Watershed Council.  The Tip of the Mitt Watershed Council has staff with extensive water resource 
management backgrounds.  The Council and NEMCOG have co-sponsored various nonpoint 
source pollution management projects in the Cheboygan River Watershed. 
Contact Person: Ann Baughman 
 
The Emmet and Cheboygan County Soil Conservation Districts will be involved with the following 
programs: Road/stream Crossing Management, Agricultural Management, and Forestry 
Management.  The Districts have extensive experience with the implementation of Agricultural, 
Forestry, and Erosion Control Best Management Practices (BMPs).  
Contact Person: Kelly Repphun 
 
The Natural Resource Conservation Service (NRCS) will provide assistance with the development 
of the WQRMPs, private forestry and design for road/stream crossings. Assistance will also be 
provided with the development and implementation of the Information and Education program 
targeting the agricultural community and private forestland owners.  
Contact Person: Keith Martel 
 
MSU Extension will assist with the implementation of the Land Use Management Program, and the 
Agricultural Management program.  The Emmet County Extension Service will utilize their 
existing local government committee to initiate the adoption and implementation of the Emmet 
County Master Plan. 
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Contact Person: Gail Edwards  
 
Emmet County Road Commission will be asked to take the lead on the road/stream crossing 
program. Site designs will be coordinated with the NRCS.  
Contact Person: Brian Gutowski 
 
Lead Agency: NEMCOG will provide management and project administration as the lead agency. 
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Appendix C: County and Township Government Officials within the Pickerel-Crooked 
Lakes Watershed 
 
Chandler Township: 
 
Clerk 
Mary Peters 
07222 Springvale Road 
Boyne Falls, MI  49713 
549-2548 
 
Planning Commissioners: 
 
Fred Glazier 
Magee Road 
Boyne Falls, MI  49713 
 
Glenn Hindbaugh 
11658 Chandler Hill Road 
Boyne Falls, MI  49713 
 
Maxine Howard 
11373 Walton Road 
Boyne Falls, MI  49713 
549-2558 
 
Barbara Prickett 
09711 Chandler Hill Road 
Boyne Falls, MI  49713 
 
Supervisor 
Dennis P. Howard 
01425 Walton Road 
Boyne Falls, MI  49713; 549-2558 
 
Treasurer 
Phyllis Penfold 
03685 Penfold Road 
Boyne Falls, MI  49713 
549-2590 
 
Trustees: 
 
Thur Erickson 
06543 Fraley Road 
Boyne Falls, MI  49713 
549-2815 
 
  



 
 

 

 

Myron Matz 
07090 Matz Road 
Boyne Falls, MI  49713 
549-2596 
 
Zoning Board of Appeals Members: 
 
Fred Glazier 
Magee Road 
Boyne Falls, MI  49713 
 
Dennis Howard 
11373 Walton Road 
Boyne Falls, MI  49713 
549-2558 
 
Nelson Strong 
12706 Townpump Road 
Boyne Falls, MI  49713 
 
Zoning Administrator 
Raymond Neckel 
Box 130-E 
Boyne Falls, MI  49713 
549-2034 
 
CHEBOYGAN COUNTY 
 
County Clerk 
Joanne C. Spray 
Room 215 County Building 
Cheboygan, MI  49721 
627-8808 
 
County Commissioners: 
 
Scott Beard 
105 May St. 
Cheboygan, MI  49721 
627-5647 
 
Robert R. Bolinger 
14275 Molineaux Rd. 
Wolverine, MI  49799 
525-8206 
 
 
 
Herb Makima 
529 Bayview Drive 
Cheboygan, MI  49721 
627-6609 
 



 
 

 

 

Alice Mushlock 
1476 Maynard Rd. 
Cheboygan, MI  49721 
627-9520 
 
Denise Tryban 
3547 Birchwood Rd. 
Cheboygan, MI  49721 
627-7732 
 
Al VanSlembrouck 
14151 Inverness Trail 
Cheboygan, MI  49721 
627-2433 
 
County Planning Commissioners: 
 
Joseph Seidl 
8215 Beebe Rd 
Cheboygan, MI 49721 
625-9647 
 
Alice Mushlock 
1476 Maynard Rd 
Cheboygan, MI 49721 
627-9520 
 
Donald Boucard 
9092 M-33 Hwy. 
Cheboygan, MI  49721 
625-9178 
 
Mike Kavanaugh 
Polish Line Road 
Cheboygan, MI  49721 
627-7707 
 
William Paquet 
113 E. Etherington 
Mackinaw City, MI  49701 
436-5207 
 
Jack VanSickle 
324 Young 
Cheboygan, MI  49721 
627-4618 
 
 
 
County Treasurer 
Linda A. Cronan 
Room 214 County Building 
Cheboygan, MI  49721 

627-8821 
 
County Zoning Administrator 
Robert E. Meden 



 
 

 

 

Room 114 County Building 
Cheboygan, MI  49721 
627-8813 
 
County Zoning Board of Appeals Members: 
 
A. Robert LaViolette 
508 Plymouth Beach Road 
Indian River, MI 49749 
238-7236 
 
Albert Katzer  
1940 Winnifred St. 
Cheboygan, MI 49721 
625-2488 
 
Edmond Marshal 
7297 McDonald Rd 
Cheboygan, MI 49721  
625-9382 
 
Ralph Hemmer 
13423 Paradise Lake Rd 
Levering, MI 49755;  537-2169 
 
Jerry Williams 
4623 Riggsville Road 
Cheboygan, MI  49721 
627-3316 
 
Mentor Township: 
 
Clerk 
Yvonne J. Rensel 
7650 S. Straits Hwy. 
Indian River, MI  49749 
238-7897 
 
Supervisor 
Robert Vroman 
9720 Watson Rd. 
Wolverine, MI  49799 
525-8688 
 
 
 
Treasurer 
Phyllis Mattson 
9664 S. Straits Hwy. 
Wolverine, MI  49799 
525-8641 
 
Trustees: Randolph Leese 



 
 

 

 

11429 Bilder Rd. 
Wolverine, MI  49799 
525-8445 
 
Donald C. Rensel 
7650 S. Straits Hwy. 
Indian River, MI  49749 
238-7897 
 
 
Tuscarora Township: 
 
Clerk 
Annie Woodruff 
4599 Wilson Rd. 
Indian River, MI  49749; 238-0970 
 
Planning Commissioners: 
 
Richard Burdick 
2376 Straits Hwy. 
Indian River, MI  49749 
 
Lois Lamont 
7900 M68 
Indian River, MI  49749 
 
Gerald Stanley 
P.O. Box 626 
Indian River, MI  49749 
 
Mike Vizina 
4638 Sherwood Drive 
Indian River, MI  49749 
238-8337 
 
Craig Waldron 
7590 M68 
Indian River, MI  49749 
238-8402 
 
Loyal Woods 
2967 Gratiot 
Indian River, MI  49749 
 
 
Supervisor 
Eric Jacobson 
1730 Chippewa Beach Rd. 
Indian River, MI  49749 
238-7088 
 
Tuscarora Township Treasurer 



 
 

 

 

Diane Coram 
5852 Diane Drive 
Indian River, MI  49749 
238-4220 
 
Trustees: 
 
Elaine Burdick 
2376 S. Straits 
Indian River, MI  49749 
238-7729 
 
Craig Waldron 
7590 M-68 
Indian River, MI  49749 
238-8402 
 
EMMET COUNTY 
 
County Clerk 
Irene D. Granger 
County Building 
200 Division Street 
Petoskey, MI  49770 
348-1744 
 
County Treasurer 
John A. Banwell  
8952 Banwell Rd 
Alanson, MI 49706 
548-5509 
 
County Commissioners: 
 
Patricia A. Mather 
1972 Maxwell Rd 
Petoskey, MI  49770 
347-1279 
 
James Erber 
3211 Townsend Rd 
Petoskey, MI  49770 
348-1901 
 
 
 
Leroy Gregory 
2615 Gregory Road 
Brutus, MI  49716 
529-6340 
 
Paul Lenahan 
5505 Bluff Ridge 

Harbor Springs, MI 49740 
526-6895 



 
 

 

 

 
Deborah J. Rohe 
290 Lincoln Place 
Petoskey, MI  49770 
347-8853 
 
James Tamlyn 
807 Cadillac Street 
Mackinaw City, MI  49701 
436-5336 
 
Nicholas J. White 
920 E. Mitchell Street 
Petoskey, MI  49770 
347-6870 
 
County Planning Commissioners: 
 
Richard Carlson 
3130 Mayberry Hill Lane 
Petoskey, MI  49770 
 347-9881 
 
John Eby 
3533 Brutus Rd 
Brutus, MI 49716 
529-6520 
 
James Harris 
5296 Middle Road 
Harbor Springs, MI  49740 
526-6713 
 
Jack Jones 
5032 Jones Landing 
Petoskey, MI  49770 
347-6626 
 
Robert Ledingham 
9048 Jefferson 
Alanson, MI  49706 
347-9264 
 
 
 
Terry Clayton 
433 Poplar Drive 
Pellston, MI 49769 
539-8571 
 
James G. Nichols 
P.O. Box 156 
Harbor Springs, MI  49740 

526-7734 
 



 
 

 

 

Keith Lamkin 
Goodhart, MI 
526-6430 
 
Mary Lou Tanton 
2957 Atkins Road 
Petoskey, MI  49770 
347-4511 
 
County Zoning Administrator 
Max Putters 
623 Woodland Ave. 
Petoskey, MI 49770 
347-7931 
 
County Zoning Board of Appeals Members 
 
Leroy Gregory 
2615 Gregory Road 
Brutus, MI  49716 
529-6340 
 
Tom Manthei 
5563 Manthei Road 
Petoskey, MI  49770 
347-6625 
 
Victor Shanley 
Vic's Clip Shop 
1048 Bay View Road 
Petoskey, MI  49770 
347-3865 
 
Wilfred Sterzik 
6161 Old US31 Hwy. 
Petoskey, MI  49770 
347-3812 
 
Thomas Wilhelm 
198 Fletcher Road 
Petoskey, MI  49770 
347-6826 
 
 
Bear Creek Township: 
 
Clerk 
Judy A. Mays 
5149 Vis-A-Vis Lane 
Petoskey, MI  49770 
347-9589 
 
Clerk (Deputy-Clerk) Pat Sumner 



 
 

 

 

5175 Vis-A-Vis Lane 
Petoskey, MI  49770 
347-1967 
 
Planning Commissioners: 
 
William Germond 
1746 South US-131 
Petoskey, MI  49770 
347-2486 
 
Jack Jones 
5032 Jones Landing 
Petoskey, MI  49770 
347-6626 
 
Richard Olson 
1698 E. Mitchell 
Petoskey, MI  49770 
347-3308 
 
Walter Pater 
1097 Old Tannery Creek Road 
Petoskey, MI  49770 
347-3734 
 
Elizabeth Horrom 
340 N. Fletcher 
Petoskey, MI 49770 
347-7796 
 
Leroy P. Sumner 
5175 Vis-A-Vis Lane 
Petoskey, MI  49770 
347-1967 
 
Supervisor 
Alfred E. Foster 
1457 Atkins Road 
Petoskey, MI  49770 
347-4308 
 
 
 
Treasurer 
Gary Van Horn 
4170 Mitchell Road 
Petoskey, MI  49770 
347-7322 
 
Trustees: 
 
Dennis Keiser 

737 Kolinske Rd 
Petoskey, MI  49770 
347-1723 



 
 

 

 

 
Leroy P. Sumner 
5175 Vis-A-Vis Lane 
Petoskey, MI  49770 
347-1967 
 
Little Traverse Township: 
 
Clerk 
Lynda L. Arman 
486 Catob Road 
Harbor Springs, MI  49740 
526-5180 
 
Planning Commissioners and Zoning Board of 
Appeals Members: 
 
Joseph Chattaway 
1575 Quick Road 
Harbor Springs, MI  49740 
 
John Johnson 
P.O. Box 20 
Conway, MI  49722 
 
Jean Beckley 
 
Victor Shanley 
P.O. Box 361 
Conway, MI  49722 
 
Edward Sheppard 
2426 Quick Road 
Harbor Springs, MI  49740 
 
Supervisor 
William P. Dohm 
3198 Heydey 
Conway, MI  49722 
347-9686 
 
 
Treasurer 
Wayne Allerding 
7477 M-119 
Harbor Springs, MI  49740 
526-5919 
 
Trustees: 
 
Vernon LaCount 
103 E. Hathaway Road 
Harbor Springs, MI  49740 

526-5660 
 



 
 

 

 

M. Jerrie Rockwell 
7356 Bluffwood 
Harbor Springs, MI  49740 
526-5646 
 
Littlefield Township: 
 
Clerk 
Avis I. Granger 
6850 Honeysette Road 
Alanson, MI  49706 
548-2830 
 
Planning Commissioners: 
David Engle 
4446 Russell 
Oden, MI 49764 
347-7663 
 
Steve Hewson 
4126 Powers Road 
Alanson, MI  49706 
347-0036 
 
Robert Ledingham 
9048 Jefferson 
Alanson, MI  49706 
347-9264 
 
David Niewiadomski 
8636 Mission Road 
Alanson, MI  49706 
548-2346 
 
Gary Rellinger 
9034 Birch Trail 
Ponshewaing, MI  49706 
 347-6662 
 
 
 
Supervisor 
David F. Makee 
7693 M-68 
Alanson, MI  49706 
548-5480 
 
Treasurer 
Elizabeth Eggers 
7840 Smith Road 
Alanson, MI  49706 
548-5209 
 



 
 

 

 

Trustees: 
 
Dean J. Morford 
4120 Kuebler Drive 
Alanson, MI  49706 
347-0653 
 
Gary Rellinger 
9034 Birch Street  
Alanson, MI  49706 
347-6662 
 
Springvale Township:  
 
Clerk 
Janet Terpening 
908 Ellsworth Road 
Petoskey, MI  49770 
347-8985 
 
Planning and Zoning Board Members: 
 
Gary Buffington 
6285 Greenwood Road 
Petoskey, MI  49770 
347-0282 
 
Dave Snyder 
 378 South Ellsworth 
Petoskey, MI 49770 
 347-3654 
 
Randy Walker 
1012 N. Ellsworth 
Petoskey, MI  49770 
347-8909 
 
Bruce Platte 
2876 Maxwell 
Petoskey, MI  49770 
347-1217 
 
Stan Royalty 
500 Silver Creek Rd 
Petoskey, MI  49770 
 347-5403 
 
Alan Beyer 
348-2030 
 
Alyce Conrad 
10901 Wildwood 
Petoskey, MI 49770 

548-5532 



 
 

 

 

 
Supervisor 
James Terpening 
908 Ellsworth Road 
Petoskey, MI 49770 
347-8985 
 
Treasurer 
Madeline Gay 
7117 King Road 
Petoskey, MI  49770 
347-3589 
 
Trustees: 
 
 David Snyder 
378 S. Ellsworth Rd 
Petoskey, MI  49770 
347-3654 
 
Frank T. Whipp 
8044 Pickerel Lake Rd 
Petoskey, MI  49770 
348-7087 
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 Pickerel-Crooked Lakes Watershed Advisory Committee Members 
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