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Critical Area Analysis

Within the Upper Muskegon River Watershed, E. coli contamination is a concern, particularly in
Houghton Lake and Higgins Lake. In an effort to determine which parts of the watershed are of
the highest concern, or in other words, the catchments deserving the highest priority when it
comes to management, an analysis was performed on all of the catchments that drain into
Higgins Lake and Houghton Lake. The analysis was modeled after the Total Maximum Daily
Load (TMDL) for E. coli in Deer, Little Deer, and Beaver Creeks done by the Michigan
Department of Environmental Quality in 2012. Nine variables, or environmental stressors, were
used in the analysis on the Upper Muskegon River Watershed to determine the critical areas,
and therefore, areas of highest priority for management. Once the values for each stressor were
calculated, the ‘Natural Breaks’ classification method in ArcMap was used to separate the
values into four classes from 1 to 4, with 1 being slightly critical and 4 being severely critical.
This process is further elaborated below.
The results of the critical area analysis show the highest priority catchments are the Houghton
Lake catchment and the catchment draining the lower reaches of Denton Creek, a small
catchment that drains into the southeast corner of Houghton Lake. Though not as critical as the
above two catchments, the catchments draining Higgins Lake, Marl Lake, Spring Brook,
Knappens Creek, Backus Creek, and the James Lake portion of Denton Creek received the
next set of highest scores worthy of medium priority. The rest of the catchments received much
lower scores, and are therefore considered to be low priority. These include the middle, upper,
and Ryan Lake portions of Denton Creek, the North Branch portions of Denton Creek, the Cut
River, and Big Creek. The big factors in the scoring of the stressors were the amount of urban
areas and the presence, or lack thereof, of agricultural land.
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ROAD DENSITY STRESSOR
Impervious surfaces like roads are often a facilitator for runoff in a watershed. Sediment and
nutrients are often washed from these surfaces and released into streams, causing detrimental
effects on the waterways.
The road density stressor identifies catchments with higher road densities. The length of roads
(meters) in each catchment were calculated and divided by the total area (acres) to give road
density (m/acre). Catchments with higher road densities were considered more critical.
Value
1.68 – 4.36
4.36 – 7.30
7.30 – 14.30
14.30 – 21.07

Rank
1
2
3
4

Table L- 1 Road Density Ranking

Figure M- 1 Road Density Ranking
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DEVELOPED LAND STRESSOR – SEWERED AND UNSEWERED
In terms of land cover, developed land, as opposed to undeveloped land, has inherent
properties that increase environmental stress such as E. coli contamination and urban runoff.
The sewered developed land stressor identifies catchments with higher percentages of
developed land that are served by sanitary sewers. Catchments with higher percentages of
sewered developed land were considered more critical.
Value
0
0.01 – 2.66
2.66 – 4.35
4.35 – 18.05

Rank
1
2
3
4

Table M-2 Sewered Developed Land Ranking

Figure M-2 Sewered Developed Land Ranking
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The unsewered developed land stressor identifies catchments with higher percentages of
developed land not served by sanitary sewers. Catchments with higher percentages of
unsewered developed land were considered more critical.
Value
0 – 3.76
3.76 – 12.24
12.24 – 22.72
22.72 – 30.55

Rank
1
2
3
4

Table M-3 Unsewered Developed Land Ranking

Figure M-3 Unsewered Developed Land Ranking
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ANIMAL FEEDING OPERATION STRESSOR
Within a watershed, animal feeding operations (AFOs) are potential sources of E. coli
contamination through surface runoff from the actual site, as well as from manure applied to
fields.
The animal feeding operation stressor identifies catchments with existing animal feeding
operations. The catchments containing AFOs were considered more critical.
Value
0
1

Rank
1
4

Table M-4 Animal Feeding Operation Ranking

Figure M-4 Animal Feeding Operation Ranking
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TOTAL AGRICULTURAL LAND AND AGRICULTURAL LAND ON POORLY DRAINED SOIL STRESSORS
In comparison to natural vegetation, agricultural land can be a potential source of both sediment
from surface erosion and E. coli from applied manure on the farm fields. Areas of agricultural
land that are on top of soils with poor drainage can pose a particular risk for surface water
contamination if manure is applied prior to a storm event.
The total agricultural land stressor identifies catchments with higher percentages of agricultural
land, including cropland, permanent pasture, orchards, confined feeding, and other agriculture.
The catchments with higher agricultural land totals were considered more critical.
Value
0
0.01 – 0.22
0.22 – 0.27
0.27 – 1.27

Rank
1
2
3
4

Table M-5 Total Agricultural Land Ranking

Figure M-5 Total Agricultural Land Ranking
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The total agricultural land with poor drainage stressor identifies catchments with higher
percentages of agricultural land, including cropland, permanent pasture, orchards, confined
feeding, and other agriculture that are located on soils with poor drainage—soils with a
hydrologic soil group of C or D. The catchments with higher agricultural land totals on poorly
drained soils were considered more critical.

Value
0
>0

Rank
1
4

Table M-6 Agricultural Land with Poor Drainage Ranking

Figure M-6 Agricultural Land with Poor Drainage Ranking
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TOTAL HUMAN POPULATION, HUMAN POPULATION DENSITY, AND OCCUPIED HOUSING UNIT
DENSITY STRESSORS
Through waste and the disposal of that waste, humans can be a potential source of E. coli. In
areas where people live in higher densities, the likelihood of surface water contamination
increases due to the amount of waste generated and the potential for that waste to be disposed
of improperly. In addition, higher human populations can result in larger numbers of pets, which
are also capable of contributing to E.coli contamination in a watershed.
The human population stressor identifies the catchments with the highest total human
populations. Since the boundaries of census blocks and catchments do not match up, human
population was estimated proportionally. The catchments with the highest population totals
were considered most critical.
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Value
0 – 427
427 – 1058
1058 – 3125
3125 – 8357

Rank
1
2
3
4

Table M-7 Total Human Population Ranking

Figure M-7 Total Human Population Ranking
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The human population density stressor identifies the catchments with the highest densities of
human populations. Since the boundaries of census blocks and catchments do not match up,
human population was estimated proportionally, and then divided by the catchment area (acres)
to calculate densities. The catchments with the highest population densities were considered
most critical.
Value
0 – 0.02
0.02 - 0.22
0.22 – 0.43
0.43 – 0.71

Rank
1
2
3
4

Table M-8 Human Population Density Ranking

Figure M-8 Human Population Density Ranking
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The occupied housing unit density stressor identifies catchments with the highest densities of
occupied housing units. Occupied housing unit values from census block data was estimated
proportionally for each catchment and divided into the catchment areas (acres) to derive
densities. The catchments with the highest occupied housing unit densities were considered
most critical.
Value
0 – 0.01
0.01 – 0.04
0.04 – 0.09
0.09 – 0.32

Rank
1
2
3
4

Table M-9 Occupied Housing Unit Density Ranking

Figure M-9 Occupied Housing Units Density Ranking
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TOTAL CRITICAL AREA RANKINGS
The rankings for each variable were totaled for each of the catchments. These totals were also classified using ArcMap’s ‘Natural Breaks’
method and placed into three categories: low, medium, and high priority.

Sewered
Developed
Land Scores

Unsewered
Developed
Land Scores

Animal
Feeding
Operations
Scores

Total
Agricultural
Land Scores

Agricultural
Land with
Poor
Drainage
Scores

Total
Human
Population
Scores

Human
Population
Density
Scores

Occupied
Housing
Units
Density
Scores

Score
Totals

Priority
Scores

Catchment

ID

Road
Density
Scores

Backus Creek – Lower

C-1

3

4

3

1

1

1

1

2

3

19

Medium

Backus Creek – Upper

C-2

1

1

2

1

4

4

1

1

1

16

Medium

The Cut River

C-3

1

1

2

1

2

1

1

1

1

11

Low

Marl Lake

C-4

2

1

2

1

4

1

1

2

2

16

Medium

Houghton Lake

D-1

2

3

2

4

4

4

4

2

3

28

High

Denton Creek – Lower

E-1

4

4

4

1

1

1

1

4

4

24

High

Denton Creek – Lake James

E-2

3

1

4

1

1

1

2

3

4

20

Medium

Lake

E-3

1

1

1

1

1

1

1

1

1

9

Low

Denton Creek - Middle

E-4

1

1

1

1

1

1

1

1

1

9

Low

Denton Creek – Upper

E-5

1

1

1

1

1

1

1

1

1

9

Low

James

–

Unnamed

Denton Creek – Ryan Lake

E-6

1

1

1

1

3

1

1

1

1

11

Low

North Branch Denton Creek –

E-7

1

1

1

1

1

1

1

1

1

9

Low

North Branch Denton Creek –

E-8

1

1

1

1

1

1

1

1

1

9

Low

North Branch Denton Creek –

E-9

1

1

1

1

1

1

1

1

1

9

Low

Spring Brook

F-1

3

2

4

1

1

1

1

2

3

18

Medium

Knappens Creek

G-1

3

2

3

1

1

1

2

3

4

20

Medium

Higgins Lake

P-1

3

1

3

1

1

1

3

2

3

18

Medium

Big Creek

P-2

2

1

1

1

1

1

1

1

2

11

Low

Table M-10 Houghton Lake Area Critical Area Ranking by Catchment
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Figure M-10 Houghton Lake Area Critical Area Ranking
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Chlordane, PCBs, and Mercury
Pollutants Causing Non-Attainment of Fish Consumption
Designated Use in Houghton and Higgins Lake

A Background Summary Prepared by
Christina Hamilton
AWRI Student Research Assistant – Winter 2013-14
April 2, 2014

Edited by Jack Gibson
AWRI Student Research Assistant – Summer 2014
June 9, 2014

Chlordane
Chlordane was used as a pesticide in agriculture, lawns, and gardens. In 1978, the EPA banned
use of chlordane on crops and phased out other above ground uses over the next 5 years. From 1983 to
1988 chlordane was only approved for use as termite control. Most chlordane exposure comes from
houses treated with it for termites or from crops grown in chlordane contaminated soils. Chlordane can
persist in some soils (especially clay soils) for over 20 years. The half-life of chlordane in soils range from
from 37 days to approximately 10 years. It is not very soluble in water and is unlikely to enter into the
ground water. Chlordane can enter the atmosphere by evaporating from surface soils or other
contaminated areas. Chlordane does not readily break down in the environment. If chlordane enters a
waterbody, it typically attaches strongly to sediment and particles in the water column. Chlordane is
highly toxic to fish, moderately toxic to birds, and toxic to bees. Chlordane can accumulate in the body,
particularly fat.
Based on the information found, chlordane could be transported in the air. Or if it was used as a
pesticide in agriculture, runoff from those fields likely still contain chlordane. There is also the
possibility that houses around the lake were treated for termites with chlordane and runoff from their
yards is contaminating the lake.
Sources:
•
•
•

http://www.atsdr.cdc.gov/phs/phs.asp?id=353&tid=62
http://npic.orst.edu/factsheets/chlordanegen.pdf
http://www.epa.gov/ttn/atw/hlthef/chlordan.html

PCBs
Although PCBs were banned by the EPA in 1979, products containing PCBs are still in use or
improperly disposed of. PCBs do not break down very quickly and can spend a long time traveling all
around the world, cycling through air, water, and soil. Fish can accumulate toxic level of PCBs, mostly in
the fatty tissue, smaller amounts in the muscle. Waterbodies can be contaminated by atmospheric
transport or runoff from contaminated soils (whether contaminated directly or from atmospheric
transport). Only half of the PCBs created have been released into the atmosphere, consequently, it is
important to properly dispose of products containing PCBs to keep that amount from growing.
Sources:
•
•
•

http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/about.htm
http://www.atsdr.cdc.gov/phs/phs.asp?id=139&tid=26
https://public.health.oregon.gov/healthyenvironments/EnvironmentalExposures/ToxicSubstanc
es/Pages/pcbs.aspx

Mercury
Mercury is a metal that is naturally found in the environment. Natural sources of mercury
include volcanoes, natural deposits, and volatilization from the ocean. The main human sources include
coal combustion, chlorine alkali processing, waste incineration, and metal processing. Most of the
mercury released from human activities is in the elemental form. However, in the environment,
mercury undergoes many chemical changes. One form is methylmercury. Methylmercury easily
absorbs into live tissue and bioaccumulates in the food chain. Methylmercury is highly toxic to
mammals. It accumulates in the muscle tissue of fish, making it harder to avoid. Humans are not able
to deal with methylmercury as well as other animals, with approximately 95% of methylmercury present
in food being absorbed through our digestive tract.
Methylmercury can be transported through the environment by many pathways, but airborne
sources are considered to be common.
Sources:
•
•
•

http://water.usgs.gov/wid/FS_216-95/FS_216-95.html
http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/methylmercury/factsheet.cf
m
http://www.atsdr.cdc.gov/phs/phs.asp?id=112&tid=24
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February 2013
A Special Report

Upper Muskegon River Watershed
Survey Results

Respondent Profile
Of the 933 surveys mailed, 379
(41%) were returned with 347
(37%) completed sufficiently for
compiling (Quality Assurance
Project Plan compliance).
Age groups of recipients:
65 and older (44%)
55-64 (32%)
35 and under (3%)
Not provided (21%)
51% of respondents had a college
degree (compared to 25% in state*).
The average time respondents
owned their property was 22 years.
40% of respondents lived yearround in the area with 60% using
their property seasonally.
Location of respondents:
 Town or village (33%)
 Non-farm along lake/river (32%)
 Non-farm not along lake/river
(32%)
 Farm (3%)
42% of respondents lived on a
quarter acre or less of property.
Recreational property accounted for
54% of landowners (6% for state*).
Over 79% of respondents made the
management decisions for their
property with almost 95% making
home and lawn care decisions. Only
14% of respondents used
professional lawn care services
(36% nationally-Consumer Reports 2009).

We can conclude that our
responders are older and higher
educated than the average state and
national homeowner, with a much
higher level of seasonal landowners.
*2010 census statistics

The Upper
Muskegon River
Watershed is a 603
square mile area in
central Michigan
mainly located in
Missaukee
and
Roscommon
Counties.
In 2011, the
Muskegon River
W a t e r s h e d
Assembly (MRWA)
was awarded a grant
from the Michigan
Department of Environmental Quality (MDEQ) to develop a comprehensive
watershed management plan for the area. The management plan will
integrate local concerns for Houghton Lake and the Upper Muskegon River
Watershed, and address implementation activities outlined in the
management plan for the entire Muskegon River Watershed, approved in
2002.
Identifying social indicators of the area was required to complete the
Upper Muskegon River Watershed Management Plan. Social indicators are
measures used to describe “capacity, skills, awareness, knowledge, values,
beliefs, and behaviors of individuals, households, organizations, and
communities”.
In 2012, a survey was sent to 993 randomly chosen households in the
Upper Muskegon River Watershed to attain these social indicators (60
surveys were not deliverable due to incorrect addresses). Landowners in this
area were the targeted households as names and addresses were easiest to
obtain from county tax rolls. The survey mailing was accomplished
according to a Quality Assurance Project Plan approved by the MDEQ.
This survey has created a snapshot of landowner perceptions and can
be used to suggest actions residents may be willing to undertake for
improving water quality in the upper Muskegon River Watershed. This
report will convey some of the perceptions of the landowners.
Appreciation is extended to those who took the time to complete
their survey and return it to the MRWA.
Note: Percentages are rounded for easier reading.

Rating Water Quality
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

Rating
Water
Quality

Poor
Okay
Good
Don't Know

What is most important to respondents:
Healthy fish and wildlife habitat—34%
Canoeing/kayaking/boating—21%
Scenic beauty—20%
Swimming—15%
Picnicking and family activities—6%
Eating locally caught fish—5%
The above percentages ranked what was important
to respondents but they were also asked how they
would rate the water quality pertaining to these
activities. Water quality for scenic beauty, and
picnicking and family activities ranked highest (see
graph left). Water quality for swimming and eating
locally caught fish were ranked lowest. This may
indicate a perceived need to improve water quality
specifically for fish and wildlife habitat.

Sources of Water Pollution
Respondents ranked a list of water pollution sources to the degree they perceived the severity of the problem in their
area. The respondents perceived the most severe problems were waterfowl droppings, and excessive use of lawn
fertilizers/herbicides/pesticides. Respondents also considered discharges from industry and recreational/tourism
activities (non-boating) as the least of the area’s problems.
Below is the list of sources ranked from highest to lowest (using the mean) in respondents’ opinion to the source of
water pollution in our project area.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Droppings from geese, ducks, and other waterfowl
Excessive use of lawn fertilizers and/or pesticides
Improperly maintained septic systems
Littering/illegal dumping of trash
Excessive use of fertilizers for crop production
Stormwater runoff from streets and/or highways
Soil erosion from shorelines and/or streambanks
Drainage/filling of wetlands
Grass clippings and leaves entering storm drains
Streambank or shoreline modification/destabilization
Manure from farm animals
Waste material from pets
Discharges from sewage treatment plants
Discharges from industry into streams and lakes
Soil erosion from farm fields
Recreational and tourism activities (non-boating)

Many respondents marked “don’t know” in this survey section, an indication more education is needed to help
residents identify water pollution sources.
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Water Impairments
Respondents were provided a list of water pollutants and conditions that are generally present in water bodies to some
extent. They were asked how severe a problem the water impairments were in their area. Below is a list of their
responses ranking from “most severe” to “not a problem”.
1.
2.
3.
4.
5.
6.
7.
8.

Invasive aquatic plants and animals
Algae in the water
Habitat alteration harming local fish
Bacteria and viruses in the water (such as E.coli)
Trash and debris in the water
High water temperature
Sedimentation (dirt and soil) in the water
Cloudiness of the water

Consequences of Poor Water Quality
The survey listed eight consequences of poor water quality.
Respondents identified the following as NOT a problem:








Contaminated drinking water (32%)
Beach closures (29%)
Contaminated fish (24%)
Loss of desirable fish & wildlife species (17%)
Reduced beauty of lakes/streams (27%)
Reduced quality of water recreation activities (22%)
Excessive aquatic plants or algae (7%)

A large number of respondents marked
“don’t know” when answering this
question, indicating more education is
needed to inform residents of the
consequences of poor water quality.

Personal Limitations in Improving
Water Quality

Improving Water Quality
Surveys listed different practices that can be used to
improve water quality and asked the respondents’
level of experience and familiarity with these.
Regularly servicing their septic system (68%) and
properly disposing pet waste (64%) were the top two
relevant practices respondents were using.

Some factors prevent or restrict landowners to implement
property management practices which improve water
quality. A survey section was devoted to these concerns.
In order, highest to lowest, respondents felt their highest
personal limitations were personal out-of-pocket expense,
lack of government funds for cost share, lack of available
information about a practice, and requirements or
restrictions of government programs.

Some notes of concern were the practices of
composting grass clippings and leaves, and testing
soils for fertilizer needs, which ranked 40% and 49%
respectfully, from respondents who said they knew
how to use these practices but were not using them.
Creating a rain garden is a practice requiring more
education. Almost 61% of respondents had never
heard of rain gardens.

More education on cost sharing and other available
funding is needed.
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Respondent Opinions
As expected, respondents overwhelmingly agreed that
the way they care for their yard can influence water quality in
local streams and lakes (87%) but only 69% were willing to
change the way they care for their yards to improve water
quality.
Respondents also agreed that the quality of life in
their communities depends upon good water quality (94%) as
well as agreeing that it is their responsibility to help protect
water quality (96%).
Only 31% of respondents agreed, though, that they
would be willing to pay more to improve water quality. More
education is needed to inform residents that many actions to
improve water quality have a minimal cost, along with cost
sharing opportunities.

For more information:
Muskegon River Watershed Assembly
@Ferris State University
1009 Campus Drive JOH303
Big Rapids, MI 49307-2280
Phone: 231-591-2324
Fax: 231-591-2306
Email: mrwa@ferris.edu
Website: www.mrwa.org
Project Partners: Grand Valley State UniversityAnnis Water Resources Institute
Central Michigan District Health Dept.

Other interesting survey findings…
 The gender of respondents were 69% male and 31%

 Of the respondents who had farm operations, the

female.

average tillable acreage of their property was just over
9 acres.
 32% of respondents were likely to seek information on
the internet about water quality issues.
 Only about 37% of the respondents were not familiar
with the MRWA.

 Almost 98% of respondents had a high school diploma

or higher level of education.
 68% of respondents read a local newspaper.
 85% of respondents trust local government as a source
of soil and water information.

This report does not contain the entire results from the survey. If you would like to receive all the statistics resulting
from the report, please contact the MRWA (contact information above).
This Nonpoint Source Pollution Control project has been funded in part through the Michigan Nonpoint
Source Program by the United States Environmental Protection Agency under assistance agreement
C9975474-11 to the Muskegon River Watershed Assembly for the Houghton lake E.coli Reduction Project.
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Attachment #1
Stakeholder Perceptions of Watershed Issues
Survey

2002 Higgins Lake
Watershed (HLW)
Management Plan

2004 Houghton Lake
Economic Impact
Survey

Results

2007 Update
Higgins Lake
Watershed
Management Plan
Results:
Water Quality

Summary

During 2001, about 500 survey forms were informally distributed to HLW residents,
stakeholders, visitors and property owners through local meetings, events, mailings,
and personal contact with 124 surveys returned. Survey questions covered watershed
priorities, pollutant concerns, threats to designated uses, preferences for education
tactics, and obstacles to achieving improvements. Based on survey results and other
information, a prioritized listing of concerns and threats for the HLW was created.
In late 2003, a 27-question survey was mailed to more than 700 property owners who
were required to pay a special assessment fee to fund the Eurasian watermilfoil
(EWM) treatment. Survey return was over 20% with some interviews supplementing
survey results. The survey collected perspectives from property owners affected by
changes in the lake’s condition and in the local economy regarding the 2002 treatment.

95% felt that the water quality of the lake directly affected local tourism.
92% observed Houghton Lake community discouraged with EWM problem.
88% noticed visitors were unhappy and discouraged with lake’s condition.
78% saw 2002 treatment of lake breathe new life into community.
70% felt the treatment worked great and would do it again.
66% believed fee was reasonable price to pay for lake maintenance.
64% native vegetation very important (29% important) in Houghton Lake.
57% noticed 1999-2001 tourism decline when EWM infested lake (26% unsure).
49% concerned about future EWM management in lake (35% no concerns).
44% noticed tourism resurgence 2002-03 (30% did not and 26% were unsure).
44% noticed "regulars" stopped visiting EWM-choked lake (36% were unsure).
43% heard visitors’ concerns about herbicide lake treatment (44% did not).
31% witnessed return of "regulars" as result of treatment (52% were unsure).

Survey conducted by Higgins Lake Watershed Partnership in late 2004 aimed at
determining lakefront property owners’ level of awareness and perceptions about
water quality issues. Nearly 54% of 1,000 property owners mailed surveys returned
them, suggesting high interest in welfare of Higgins Lake.
Most indicated that Higgins Lake’s water
Water quality for the following uses
quality remains high, but is declining.
were rated by respondents, as follows:
-78% said lake’s water quality has
-80% plus rated water quality high for
decreased in past 10 years.
boating.
-17% said it has remained same in 10
-50% plus rated water quality high for
years and 3% said it has improved.
swimming (40% rated it medium).
-92% acknowledged lakefront residents
-38% rated water quality high for fishing
have some effect on lake pollution.
(42% rated it medium).
-80% believed lakefront residents
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Results:
Improving
Water Quality

Results:
Septic Systems

Results:
Other Problems

2011 Missaukee
Conservation
District (MCD)

2011 Gerrish
Township Parks &
Recreation Plan

2012 Boaters’
Knowledge,
Preferences and

contribute “moderately/minimally” to
pollution.

In response to what is the best way to improve water quality:
-97% limit fertilizer use near shore would help reduce nutrients reaching lake .
-85% said educational workshops for landowners would help.
In response to what lakeshore residents do already to preserve water quality:
- More than 2/3 said they do not fertilize their lawns.
- 1/2 of those who do fertilize said they use low-phosphorus products.
- 1 in 6 described their lawns as “mostly turf grass.” (Note: 2001-02 shoreline
inventory found over 1/3 of lake properties had lush lawns and only 10% had good
greenbelts. Organizers speculated wording confusing).
- Most willing to pay more for non-chemical pesticides and fertilizers.
- 40% would be interested in planting trees, shrubs and other plants near lake.
-90% favored septic system inspections and controls on development near lake.
- 85% said township or county should require faulty systems repaired or replaced.
- 67% felt township or county should require periodic septic system inspections.
- 45% septic systems more than 15 years; 29% said they were 5-15 years.
- Most indicated they have their septic tanks inspected at least every 3-5 years.

- 45% said aquatic nuisance species will be severe future problem for Higgins Lake;
another 33% viewed threat as moderate.
- 1/2 considered shoreline erosion more than a slight problem (1 in 3 said it is a slight
problem and 14% said it is a big problem).
In a survey, MCD asked community
members what their conservation
concerns were and what issues
MCD should address in its annual
plan of work. These priorities
emerged:

1.
2.
3.
4.
5.

Groundwater quality.
Forestry natural resource.
Farmland preservation.
Surface water quality.
Wildlife habitat.

Gerrish Township used a survey to obtain input on parks and recreation. Based on 153
completed surveys, 95% felt parks and recreation were very or somewhat important.
The following outdoor activities and facilities were ranked highest by respondents:
Outdoor Activity (total responses)
1. Boating (145)
2. Walk/Jog (142)
3. Swimming (128)
4. Bicycling (112)
5. Fishing (101.

Facilities (total responses)
1. Trails (93)
2. Bike paths (91)
3. Picnic Areas (60)
4. Beach Areas (59)

Boaters may be unaware of aquatic nuisance species (ANS) and unknowingly spread
ANS by transporting their boats to other water bodies. The purpose of this study was
to understand boaters’ knowledge, attitudes, preferences and actions associated with
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Actions Associated
with Effective
Boating Practices
for the Prevention
of Aquatic Nuisance
Species
Respondent
characteristics

Prevent
ANS transport

boating practices to prevent the spread of ANS. This project was conducted by a
research team at MSU with Michigan Sea Grant. Study objectives were to: evaluate
effectiveness of ANS prevention programs; determine level of ANS understanding; and
design more effective prevention programs for the public.
Average age of respondents 61 years (range 21 to 89 years old).
30.3% between 60-69 years old; 26.6% between 50-59 years old and 24.6% over 70.
88.2% of respondents were male.
22.3% with household income $40,000-$59,999 with median category at $60,00079,999.
40.9% had university or post-graduate education.
45.7% were retired and 36.2% were employed full time.
41.2% took special steps to prevent ANS transport, 35.3% never moved any boat(s)
from one water body to another, and 23.5% did not take steps. Reasons not taking
steps were:
• “I don’t know exactly what I’m supposed to”,
• “I didn’t boat on infested waters”, and
• “Boat washing equipment was not readily available.”

Information
Sources on ANS

Most popular information sources on ANS
-Newspaper articles (85.0%).
-Television news or programs (83.2%).
-Magazine or newsletter articles (82.9%).
-Social media (5.0%) least popular.
-Educational DVDs (2.5%) least popular.

Boat Use

Primary activity for boat use:
39.5% recreational fishing.
35.5% pleasure cruising.
12.5% water skiing/tubing.

2012 Upper
Muskegon River
Watershed
Results:
Other Respondent
Characteristics

Classified themselves as:
65.7% casual boaters.
24.9% active boaters.
9.3% of committed boaters.

Most popular information source:
Events: booth at sport/fishing show
(38.3%).
Fishing/boating sources: fishing/boating
regulation pamphlets (65.1%).
Other sources: brochures, species ID
cards, fact sheets, or printed materials
(49.4%).
52.8% used small power boat (> 20 ft.).
31.3% used pontoon boat.
25.6% used canoe or kayak.
18.3% large powerboat (20 ft. or longer).
17.5% personal watercraft (e.g., jet ski).
8.1% small sailboat (less than 20ft.).
3.8% used large sailboat (20 ft. or
longer).
2.4% used drift boat or raft.

In 2012, 933 surveys were mailed to UMRW taxpayers with 347 returned after four
contacts (37% return rate). Respondents were 69% male and 31% female with 51%
indicating they had a college degree (compared to 25% in state). Three out four
respondents were over 55 years old.
Location of respondents:
- 33% town or village.
- 32% non-farm along lake/river.
- 32% non-farm not along
lake/river.

- Average 22 years owned property (1990).
- 42% on property ¼ acre or less.
- 54% recreational property (6% for state).
- Average 9 acres tillable farm acreage.
- 79% make property management decisions.
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- 3% farm.
- 40% year-round residents.
- 60% used their property
seasonally.

Results:
Most Important
Activity

Results:
Water Quality

Results:
Pollution Sources

Results:
Water Quality
Impairments

- 95% make home and lawn care decisions.
- 14% use professional lawn care services (36%
nationally).

Trusted sources for water information:
- 85% local government.
- 68% read a local newspaper.
- 32% were likely to seek water quality information on the internet.
- 37% were not familiar with MRWA.
•
•
•
•
•
•

34% healthy habitat.
21% canoeing/kayaking/boating.
20% scenic beauty.
15% swimming.
6% picnicking and family activities.
5% eating locally caught fish.

Respondents rated water quality for scenic beauty and picnicking/family activities
highest. Water quality for swimming and eating locally caught fish ranked lowest.
Rated water quality (good, OK, poor, don’t know) for (poor less than 10% for all, Don’t
know ranged between 20- 30% for all categories).
- Scenic beauty 80% good.
- Picnicking 70% good.
- Fishing 60% good.
-canoeing/etc. 60% good.
-eating fish >50% good.
-swimming 40% good 30% OK.
Respondents ranked water pollution sources perceived as most severe problem (from
highest to lowest). Many marked “don’t know,” suggesting more education needed.
1. Droppings from waterfowl.
2. Excessive lawn
fertilizers/pesticides.
3. Improperly maintained septic
systems.
4. Littering/illegal dumping of
trash.
5. Excessive fertilizers for crops.
6. Stormwater runoff from streets.
7. Erosion shorelines/streambanks.

8. Drainage/filling of wetlands.
9. Grass/leaves in storm drains.
10. Streambank/shoreline modification.
11. Manure from farm animals.
12. Waste material from pets.
13. Sewage treatment plant discharges.
14. Industrial discharges into streams/lakes.
15. Soil erosion from farm fields.
16. Recreational/tourism activities (nonboating).

Water quality impairments ranked from most severe to not a problem:
1. Invasive aquatic plants and animals.
2. Algae in the water.
3. Habitat alteration harming local fish.
4. Bacteria and viruses in water (such as E.coli).
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5.
6.
7.
8.

Trash and debris in the water.
High water temperature.
Sedimentation (dirt and soil) in the water.
Cloudiness of the water.

Respondents were provided a list of water pollutants and conditions that are generally
present in water bodies to some extent. They were asked how severe a problem the
water impairments were in their area. Below is a list of their responses ranking from
“most severe” to “not a problem.”

Results:
Consequences of
Poor Water Quality

Results:
Improving Water
Quality

Results:
Limitations in
Improving Water
Quality
Results:
Invasive aquatic
plants and animals

-96% agreed that it is their responsibility to help protect water quality.
-94% agreed quality of life in their communities depends upon good water quality.
-87% agreed how they care for their yard influences water quality in local streams.
-69% willing to change the way they care for their yards to improve water quality.
-31% agreed they would be willing to pay more to improve water quality.

Following consequences of poor water quality identified as NOT a problem:
-32% contaminated drinking water.
-29% beach closures.
-27% reduced beauty of lakes/streams.
-24% contaminated fish.
-22% reduced quality of water recreation activities.
-17% loss of desirable fish & wildlife species.
- % excessive aquatic plants or algae.

Many respondents marked “don’t know” when answering this question, indicating
more education is needed to inform residents of consequences of poor water quality.
Respondents’ experience and familiarity with practices for improving water quality.
-68% regularly servicing their septic system.
-64% properly disposing of pet waste.
-49% testing soils for fertilizer needs.
-40% composting grass clippings and leaves.
- 61% of respondents had never heard of rain gardens.
Respondents ranked, from highest to lowest, their limitations or barriers in
implementing management practices as personal out-of-pocket expense, lack of
government funds for cost share, lack of available information about a practice, and
requirements or restrictions of government programs.
•
•
•
•
•

Severe problem (29.1%).
Moderate problem (29.1%).
Slight problem (13.6%).
Not a problem (7.4%).
Don’t know (20.8%).
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Appendix P – Attachment #2

I &E Goals and Objectives of Previous Plans
2002 Muskegon River Watershed Management Plan

(as referenced by the 2007 update)
SECTION 4: INFORMATION AND EDUCATION STRATEGY GOAL
I&E efforts will achieve the watershed management goal by increasing the involvement of the communities in
watershed protection activities through awareness, education, and action.
Overall Information and Education Outreach Objectives for 2003-2007
To achieve I & E goal specific objectives developed to move the audiences through awareness, education and
action over a five-year timeframe. The messages will vary with each audience.
Objective 1 Awareness
Make target audiences aware that they live in a watershed with unique resources and that their day-to-day
activities effect the quality of those resources. Target audiences will receive I&E about their identified
priorities in the way best suited to their preferred method of receiving information.

Objective 2 Education
Educate target audiences on the link between land use, development, and management practices with water
quality impacts, and highlight what actions can be taken to minimize impacts. Provide information on how
day-to-day decision-making affects the unique quality of those resources.

Objective 3 Action
Motivate the audience to adopt and implement actions and practices that will result in water quality
improvements through stewardship activities. These actions/practices may include activities such as
demonstration tours of properties with low- impact design elements, installation of vegetative stream buffers,
stream bank cleanups or volunteer monitoring, and water quality workshops. Other stewardship activities
could include incorporation of watershed protection language into local zoning and land-use ordinances.
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2007 Updated Higgins Lake WMP

Goals and Objectives with Information & Education
Goal 1. Reduce the amount of nutrients and contaminants from sources within the critical areas of the
watershed.
Objective 1. Distribute material to property owners on nutrient reduction, closing of
abandoned wells, Lake*A*Syst assessments, fertilizer sources, soil testing, septic system
maintenance, and greenbelts.
Objective 4. Arrange for a shoreline technician to meet one on one with property owners
to voluntarily re-establish shoreline wetland areas and shoreline greenbelts. Objective 5.
Develop shoreline greenbelt demonstration sites.
Objective 6. Coordinate with businesses and property owners on the management and
disposal of hazardous waste and promote hazardous waste collection locations and times.
Objective 10. Continue water quality monitoring activities.

Goal 2. Institute responsible land use practices within the watershed.
Objective 2. Publicize local regulations and ensure that information on adopted standards
is clear, concise, and available to the public.
Objective 5. Provide training for planning and zoning commissioners.
Objective 7. Assist landowners of environmentally sensitive parcels with the voluntary
protection/easement of their property.
Objective 8. Produce and distribute GIS maps to local governments.
Goal 3. Protect habitat diversity within the watershed by monitoring and reducing aquatic nuisance
species.
Objective 1. Educate the public on steps they can take to help manage aquatic nuisance
species.
Objective 3. Work with riparian property owners to conduct yearly monitoring programs
of aquatic nuisance species as needed (i.e. Zebra Mussels).
Goal 4. Protect shoreline habitats by reducing erosion.
Objective 3. Promote shoreline bio-technical erosion control methods. Conduct seminars
for property owners regarding methods.
Conduct workshops for local service providers.
Publicize “lake friendly” service providers.
Distribute educational materials.
Develop shoreline erosion control demonstration sites.
Encourage the use of native plants.
Objective 5. Educate planners and local officials on using soil survey information.

Goal 5. Work to ensure the availability of high-quality recreational activities within the watershed
and that they are conducted in such a way so as to not degrade the integrity of the watershed.
Objective 1. Educate recreational users on environmentally safe methods (including
education on aquatic nuisance species) for practicing recreational activities. Watershed
scale (23,000 summer residents, 673,000 visitors).
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Objective 2. Identify recreation concerns and make recommendations. Determine
stewardship needs for existing parks.
Organize methods of debris disposal for recreational users (i.e. ice fisherman).
Address appropriate snowmobile access locations for Higgins Lake.
Address personal watercraft pollution concerns for Higgins Lake.
Address restroom facility needs for recreational users.
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2010 Roscommon County Master Plan for Land Use

GOALS AND OBJECTIVES FOR DEVELOPMENT AND GROWTH MANAGEMENT
SECTION THREE FUTURE LAND USE
Therefore, in order to promote economic prosperity, the following strategies are put forth:
a. Attract people to the county, especially educated 25-34 year olds and seniors and
others with assets-- job creators.
b. Continue to improve education-- public, private, charter schools, Kirtland
Community College with alliances with universities and other higher education
institutions.
c. Take actions to attract more tourists.
d. Placemaking for quality of life.
e. Economic gardening-- promoting entrepreneurism and targeted Businesses.

Given the conditions of Roscommon County outlined in the plan, we propose the following actions:
f. Determine potential target industries; designate districts for these targeted
industries.
g. Develop and nurture a pool of educated workers; job training for targeted industries
and establish an incubator.
h. Perform “Economic Gardening” to attract and keep entrepreneurs in targeted
industries; identify Stage I, II and III businesses to aid.
i. Ensure that Zoning and other regulations are clear, fair and quick for economic
development – expedited permitting and approvals.
j. Provide assistance through the EDC and elsewhere for developers and
entrepreneurs.
k. Build and maintain sufficient infrastructure where required – roads, water, sanitary
sewer and storm sewer, Internet and cellular coverage.
l. Attract venture capital to the county.
m. Improve the electrical grid and broadband availability in the county.
n. Aggressively market for entrepreneurs and tourism.
o. Coordinate marketing with consistent incentives.
p. Maintain good intergovernmental communication and cooperation countywide and
region-wide.
q. Promote and encourage public recreational facilities – parks, trails, and recreational
activities.
r. Develop a high-class health care sector.

In addition to engendering a research and manufacturing sector for the county economy,
Roscommon County should foster its other existing assets, seniors and tourism, by cultivating high
quality service providers for them:
s. Encourage farm markets and specialty farm products.
t. Encourage hospitality providers to create more bed and breakfast establishments,
more up-scale restaurants, more hotel accommodations.
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u. Develop arts and crafts cultural events and districts as well as mixed-use village
downtowns.
v. Aggressively market the county and its products, attractions and services.
w. Pursue grant opportunities for recreational, economic, planning, infrastructure and
other needed capital improvements and programs.
x. Prepare a recreational master plan to expand and improve recreational facilities.

D. Future Land Use
All the townships of Roscommon and the Village of Roscommon have their own master plans for
land use (see composite map of land uses in Roscommon County) and have designated in detail the
uses they intend for lands within their boundaries. The Future Land Use Map set forth in this plan
for Roscommon County indicates broad categories of land use intended to preserve the existing and
future residential and commercial areas, to set out areas for village mixed use development, and for
research and light industrial. And it shows the vast forested recreational and residential areas of
the county.

The major transportation routes are shown and Kirtland Community College is highlighted
indicating its importance for the future of the county. The map speaks to cultural centers, winter
and summer outdoor sports and activities and regional shopping. The areas set forth are not meant
to recommend exclusively any one use, but are meant to suggest focuses for certain areas. The
townships and village will determine the finer details.

The next Future Land Use Plan, it is hoped, will have a map showing complete coverage of cellular
telephone, broadband Internet and an updated electrical grid.
Map Roscommon County Future Land Use Plan “Lake Residential”; “Village Outdoor Recreational”;
and “Forest Recreational/Residential.”
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2013 Missaukee County Master Plan
Chapter 7 Community Goals and Objectives

LAND USE AND ECONOMIC DEVELOPMENT
To simultaneously preserve our environment and maintain our agricultural heritage, emphasizing
education and economic growth while safeguarding and improving the quality of life and standard of
living in our communities.
COMMUNITY
Support all people of Missaukee County through a robust network of service, faith-based, social, and
community organizations.
Promote quality of life by emphasizing education and economic opportunities, local products, safe
communities, and current technology.
Cultivate and preserve community programs, events, and activities.

ENVIRONMENT AND NATURAL RESOURCES
Collaborate with state, local, and private organizations to encourage best practices for all public and
private land and water within Missaukee County to benefit multiple uses including but not limited to
agriculture, forestry, hydro and geological exploration, solar, wind, and tourism.
AGRICULTURE
Support judicious use of groundwater and land use to perpetuate the agricultural industry.
INFRASTRUCTURE
Maintain, improve, upgrade, or expand as needed all infrastructure systems including
transportation, communication, and utilities.
*Transportation: Roads, bridges, rail, air
*Communications: Land lines, wireless, internet, emergency
*Utilities: Water, sewer, power, pipelines

RECREATION AND TOURISM
Support local recreation and tourism opportunities through the county website, the Lake City Area
Chamber of Commerce, and the Pure Michigan campaign to attract visitors and increase local
interest.
Promote and preserve the County Park system, to include Missaukee Mountain, for future
generations.
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