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APPENDIX A
WATER QUALITY TIMELINE

Water Quality Timeline – Studies and Research
Upper Muskegon River Watershed

Through various studies and research efforts, numerous assessments of the environmental and other
conditions in the Upper Muskegon River Watershed have been made well over 100 years. The purpose
of this summary is to demonstrate the changing nature of these studies in the UMRW over time. Some
of the studies focused on the entire length of the Muskegon River with the upper watershed or other
elements of the UMRW also covered. Not all research or studies were available or reviewed for this
Plan. Many studies and research were identified through references made in other reports and were
not necessarily available electronically. Consequently, this summary is likely to be incomplete. It is
anticipated that revisions and updates can be performed in the future.
1838-53

Initial land survey of UMRW conducted, noting area covered with forests of pine, beech, and maple
trees. UMRW resurveyed 15 years later due to errors. General Land Office survey of Michigan
completed. Following last survey, interest in logging along major rivers increased.

1868

Michigan Lands Division Survey of road from Midland to Houghton Lake, about 60 miles, filed in State
Swamp Land Office in Midland

1905

The Relation of Soils to Natural Vegetation in Roscommon and Crawford Counties, Michigan, Burton
Edward Livingston, Botanical Gazette, Vol. 39, No. 1 , University of Chicago Press

1921

Michigan Department of Conservation formed. Management of Houghton Lake fisheries begins.

1928

Schistosome dermatitis in the United States (Michigan). Cort WW. JAMA 90: 1027–9.
Swimmer’s itch first described from research in Michigan

1930

Roscommon County lakes. Michigan Department of Conservation. Land Economic Survey.

1931

Comprehensive study of physical features of Muskegon River as concerns navigation, flood control,
power development and irrigation published as Document No. 1L3, 72D. Congress, 1st. session,
House of Representatives, USA. Prepared by the War Department.

1935

Fish Field Notes: G.P. Cooper; Roscommon County, Michigan; University of Michigan, Museum of
Zoology.

1935

Michigan waterfowl management,” MD Pirnie, Michigan Department of Conservation, Lansing

1936

A study of the trend in the fish catch from Houghton Lake, 1928-1934 (Fisheries research report:
363). R W Eschmeyer. Michigan Department of Conservation, Fisheries Division
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--

Discussion of the status of northern pike fishing with special reference to Houghton Lake. (Fisheries
research report: 387). R W Eschmeyer. Michigan Department of Conservation, Fisheries Division

--

The need for and probable consequences of restriction of the take of great northern pike in the
designated "pike lakes" of Michigan, with special reference to Houghton Lake. (Fisheries research
report: 388). A S Hazzard. Michigan Department of Conservation, Fisheries Division

1936-37

Houghton Lake creel census winter of 1935-36 (Fisheries research report: 368).
Houghton Lake creel census, winter of 1936-1937 (Fisheries research report: 417)
R W Eschmeyer. Michigan Department of Conservation, Fisheries Division

1935-36

Lake Inventory Map - Higgins Lake. Michigan Department of Conservation, Institute for Fisheries
Research, Division of Research

1939

Records from Fisheries Division survey of Higgins Lake indicate reductions in amounts of gravel
bottom, floating vegetation, and emergent vegetation.

--

A survey of the Muskegon River and its tributaries from Houghton Lake downstream twelve miles.
(Fisheries research report: 571). J W Moffett. Michigan Department of Conservation, Fisheries
Division

--

Food of bowfins (Amia calva) from the Muskegon River at Houghton Lake, Roscommon County,
Michigan. (Fisheries research report: 569). K F and J Watts Lagler. Michigan Department of
Conservation, Fisheries Division

1940

--

1941

Report on the survey of Higgins Lake, Roscommon, and Crawford counties. (Fisheries research report:
585). Michigan Department of Conservation, Fisheries Division
Houghton Lake northern pike investigations, 1939 progress report. (Fisheries research report: 583).
W F Carbine. Michigan Department of Conservation, Fisheries Division
Observations on the life history of the northern pike (Esox lucius) at Houghton Lake, Michigan.
(Fisheries research report: 687). W F Carbine. Michigan Department of Conservation, Fisheries
Division

--

Spearing and dip netting of suckers on the Cut, Backus, and Denton creeks in Roscommon County.
(Fisheries research report: 672) WF Carbine. Michigan Department of Conservation

--

Methods used in the control of schistosome dermatitis in Michigan. DB McMullen. University of
Michigan Biological Station

1942

--

Northern pike investigations conducted at Houghton Lake (Fisheries research report: 811). WF
Carbine. Michigan Department of Conservation, Fisheries Division
Observations on the Life History of the Northern Pike, Esox Lucius L., in Houghton Lake, Michigan. WF
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Carbine. Transactions of the American Fisheries Society, v71 n1 (194201): 149-164
--

Observations made on spawning conditions for northern pike at Houghton Lake, March 25 to April 1,
1942 (Fisheries research report: 766). WF Carbine. Michigan Department of Conservation

--

Four new species of strigeid cercariae from northern Michigan and the metacercaria of one of them
L. Olivier. University of Michigan Biological Station

1943

Examples of the Use of Two-Way Fish Weirs in Michigan. DOI:10.1577/1548-8659 (1943) 73
[70:EOTUOT] 2.0.CO; 2 WF Carbinea & DS Shettera pages 70-89

1946

Tri-state Fisheries Conference Proceedings. Higgins Lake Training School

--

Some notes on the food of northern pike and walleyes in Houghton Lake, Michigan. (Fisheries
research report: 1068). ML Livingston. Michigan Department of Conservation, Fisheries Division

--

The movement and growth of marked northern pike (Esox lucius L.) in Houghton Lake and the
Muskegon River. (Fisheries research report: 1038). WF Carbine and VC Applegate. Michigan
Department of Conservation, Fisheries Division

--

Recaptures of tagged walleyes, Stizostedion v. vitreum (Mitchell), in Houghton Lake and the
Muskegon River, Roscommon County, Michigan. (Fisheries research report: 1039). WF Carbine and
VC Applegate. Michigan Department of Conservation, Fisheries Division

1947

USGS gages erected at site of Reedsburg Dam and new US-27 bridge across Muskegon River. Later
another gage erected at Meade’s Landing.

1948

The rate of growth of some fishes from Houghton Lake, Roscommon County, Michigan. (Fisheries
research report: 1196). WC Beckman. Michigan Department of Conservation, Fisheries Division

--

The movement and growth of marked northern pike (esox lucius L.) in Houghton lake and the
Muskegon river. William F Carbine; Vernon Colbert Applegate

1949

A study of the trend of fishing in Houghton Lake, 1928-1946 (Fisheries research report: 1220). HA
Loeb. Michigan Department of Conservation, Fisheries Division

1950

Food and feeding habits of young pike, Esox lucius L., and associated fishes in Peterson's Ditches,
Houghton Lake, Michigan. (Fisheries research report: 1264). B P and W F Carbine Hunt. Michigan
Department of Conservation, Fisheries Division

1951

Lake inventory map, Higgins Lake. Michigan Institute for Fisheries Research

1951

Food of Young Pike, Esox Lucius L., and Associated Fishes in Peterson's Ditches, Houghton Lake,
Michigan. BP Hunt; WF Carbine. Transactions of the American Fisheries Society, v80 n1: 67-83
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1954

Houghton Lake Level Control; Special Engineering Investigation; Reedsburg Dam – Hydro (Drawdown)
Test; Michigan Department of Conservation, Engineering and Architecture; Section of General
Operations; Otto H. Hall, Richard G. Foster, Hathaway J. Hanes

1954

Forest succession on the well-drained soil in the Higgins Lake area of Michigan. KK Ching. Ph. D.
Michigan State College of Agriculture and Applied Science. Dept. of Forestry

1956

An evaluation of the fish population of Houghton Lake, Roscommon County, Michigan. (Fisheries
report: 1471). WR Crowe and WC Latta. Michigan Department of Conservation, Fisheries Division

--

Intradermal reactions to Schistosoma japonicum and S. mansoni antigens in schistosome dermatitis
cases HF Hsu, DJ Ameel. University of Michigan Biological Station

1957

Census of angling, Houghton Lake, Roscommon County, winter of 1956-57 (Fisheries research report:
1515). K E Christensen Michigan Department of Conservation, Fisheries Division

1958

A summary of fishing on Houghton Lake, Roscommon County, June 8-September 24, 1957 (Fisheries
research report: 1540). K E Christensen. Michigan Department of Conservation, Fisheries Division

1959

The Relationship of publicly owned land to the economics of Northern Michigan: addresses by
prominent resource speakers at 33-county meeting at Higgins Lake Conservation Training School

1965

Records of the Boat and Water Safety Section. Law Enforcement Division, Michigan Department of
Conservation. Series 1 of record group 70-129.

1966

Proceedings, Lower Michigan Forest Research Council: Higgins Lake. Lower Peninsula Forest Research
Council

1969

A Report on Lake Level Controls for Higgins Lake, Houghton Lake, and Lake St. Helen for the County of
Roscommon; Ayres, Lewis, Norris, and May

--

Maintaining the High Water Quality of Higgins Lake by WE Bosserman, Extension Director for
Roscommon and Crawford counties. (1979 follow-up study Higgins Lake Water Quality – Plus 10).

--

Water quality survey of Battin Drain, Roscommon County, Michigan (author unknown)

1970

Houghton-Higgins Lake recreational area, Michigan. Climatography of the United States Series. EB
Williams; CR Eggleton; U.S. Environmental Data Service. Dept. of Commerce, Environmental Science
Services Administration; Washington, D.C

1970–78

Background studies of Porter Ranch wetland for wastewater management conducted during this
period by University of Michigan funded by Rockefeller Foundation and National Science Foundation
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1971-72

1972

1973-74

Groundwater and surface water studies and testing by Student Water Publications Club, MSU.
Analyzed water from wells, lake, and streams to determine bacterial densities and nutrient levels.
Progress report on demonstration of water quality protection at Houghton Lake, Upper Great Lakes
Regional Commission; Michigan Water Resources Commission; MSU
Series of benchmark water quality studies conducted on Houghton Lake for Water Resources
Commission by MDNR, Bureau of Water Management, Water Quality Appraisal
•
•
•
•
•
•
•

1973

--

1974

Impact of Outboard Motor Operation on Water Quality. Technical Bulletin No. 73-1 MDNR,
Charles H. Pecor and James R. Novy
Impact of Northern Pike Spawning Marsh Operation on Water Quality. Technical Bulletin No.
73-2 MDNR, James R. Novy and Charles H. Pecor
Waterfowl at Houghton Lake. Technical Bulletin No. 73-3 MDNR, David. E. Evenson, and
Charles X. Hopkins, Jr.
Swimmer’s Itch Control – Effect on Water Quality; Technical Bulletin No. 73-4 MDNR, James
R. Novy, Charles H. Pecor, and Jeffery T. Cline
Nutrient Movement from Septic Tanks and Lawn Fertilization. Technical Bulletin 73-5
MDNR, Boyd Ellis and Kenneth E. Childs
Houghton Lake – Annual Nitrogen and Phosphorous Budgets. Technical Bulletin No. 73-6
MDNR, Charles H. Pecor, James R. Novy, Kenneth E. Childs, and Richard A. Powers
Water Quality of Houghton Lake. Technical Bulletin No. 73-7 MDNR, Charles H. Pecor, James
R. Novy, Dennis P. Tierney, and S. L. VanLandingham

Preliminary annotated checklist of the vascular plant species of the Porter Ranch Bog, DNR,
Houghton Lake Wildlife Research Station. Wentz, W. Alan. Biological Station, University of Michigan
The significance of ground water in the Houghton Lake drainage basin. Ted Lee Swearingen. M.S.
Michigan State University. Department of Geology
Spawning kokanee salmon in Higgins Lake, Roscommon County, Michigan, in November, 1973.
William J. Buc. MDNR, Fisheries Division

--

Waterfowl and waterfowl hunting at Houghton Lake. David E Evenson; Charles X Hopkins; Gerald F
Martz; MDNR Wildlife Division. Information circular, no. 171.

--

Investigations into ecological and sociological determinants of land use decisions-a study of inland
lakes watersheds in northern Michigan. Gannon, J.E. & Paddock, M.W., University of Michigan
Biological Station, Technical Report. No. 1.

--

Michigan inland lakes and their watersheds. Michigan Water Resources Commission.

--

Negative declaration environmental impact statement. N. Higgins State Park. DH Jenkins; DNR Parks

1974

Water quality monitoring of Higgins Lake begins for phosphorous levels. Chlorophyll in 1999.

A-5

--

A model of beaver population and feeding dynamics in a peatland at Houghton Lake, Michigan. Lynn
Alison Maguire. Dissertation: M.S. University of Michigan

--

Sampling of Variable, Waste-Migration Patterns in Ground Water. KE Childs; SB Upchurch; B Ellis, v12
n6: 369-376. Survey of waste-migration patterns from septic-tank and tile-field systems surrounding
Houghton Lake

1975

National eutrophication survey released a water quality analysis of Houghton and Higgins lakes
Corvallis Environmental Research Laboratory; Environmental Monitoring & Support Laboratory.
Report on Houghton Lake, Roscommon County, Michigan: EPA Region V. Working paper #196.
Report on Higgins Lake, Roscommon County, Michigan: EPA Region V. Working paper #195.

--

Historical Changes in Mercury Contamination in Michigan Walleyes (Stizostedion vitreum vitreum).
TM Kelly; JD Jones; GR Smith. Journal of the Fisheries Board of Canada, v32 n10 (19751001) 1745-54.

--

Waterfowl at Houghton Lake: including an analysis of the influence of food resources and
disturbances on waterfowl use. DE Evenson; CX Hopkins; GF Martz; MDNR; Upper Great Lakes
Regional Commission (U.S.) Technical bulletin (Michigan Bureau of Water Management), no. 73-3.

1975-77

Pilot scale wastewater irrigation in Porter Ranch conducted by Wetland Ecosystem Research Group at
University of Michigan

1976

Houghton Lake Area Step I Facility Plan. Williams and Works. Report to The State of Michigan in
support of Application for a Construction Grant from USEPA.

1978

Wetlands & wastewater; Houghton Lake, Michigan. BR Schwegler; RH Kadlec

1978

History and Use of the Houghton Lake Wildlife Research Area with Notes on the Reproductive Biology
of Captive Deer. Michele Mitchell, MDNR

1979

Higgins Lake Water Quality – Plus 10, W. E. Bosserman, Extension Director for Roscommon and
Crawford counties. Follow-up to 1969 study Maintaining the High Water Quality of Higgins Lake

--

A water quality survey of 48 lakes in Northeast Michigan. NE Michigan Council of Governments

--

A history of Lakeside Association on Higgins Lake in Roscommon County, Michigan. AW Rosenau

--

Attitudes Towards Clearcutting and Their Relationships to the Patterning and Diversity of Forest
Recreation Activities. MDNR. Forest Science 05/1979; 25(2):317-327.

--

Several thousand pages of reports exist for the Houghton Lake wetlands project, including
annual reports, research reports, technical papers, and dissertations, a few examples outlined
below:

Wetlands for Tertiary Treatment, a Three Year Summary of Pilot Scale Operations at Houghton Lake.
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RH Kadlec; DL Tilton; BR Schwegler. University of Michigan.
Wetland utilization for management of community wastewater: 1978 operations summary,
Houghton Lake Wetlands Treatment Project. RH Kadlec; Wetland Ecosystem Research Group
Wetland willow mycorrhizae response to season, site, and phosphorus. (Houghton Lake) Nancy
Pattullo Firmin; University of Michigan. School of Natural Resources. Thesis (M.S.)
Impact of wastewater discharge upon a northern Michigan wetland wildlife community. Mary Lou
Rabe; Houghton Lake Sewer Authority; MDNR; MSU Department of Fisheries and Wildlife.
Wetland utilization for management of community wastewater: 1979 operations summary,
Houghton Lake Wetlands Treatment Project, report to National Science Foundation, Applied Science
and Research Applications, Problem-Focused Research Applications, Grant ENV-23868. RH Kadlec; DE
Hammer. NTIS
Wetland utilization for management of community wastewater, 1980 operations summary:
Houghton Lake Wetlands Treatment Project. RH Kadlec; DE Hammer; University of Michigan. Wetland
Ecosystem Research Group.

1980

An investigation into the effectiveness of the copper sulfate treatment for swimmers' itch on
Houghton Lake. Watson, Janet E.; Welch, Gerald M. Biological Station, University of Michigan

1980

Modeling phosphorus loading and lake response under uncertainty: A manual and compilation of
export coefficients. Reckhow, K., USEPA EPA-440/5-80-011. Nutrient budget model for Higgins Lake

1982

Pollutant transport in wetlands. Marshes, bogs, or other types of wetland prove to be excellent
receivers for the disposition of treated wastewaters containing small amounts of dissolved nitrogen
and phosphorus. RH Kadlec; DE Hammer. Environmental Progress, v1 n3 (August 1982): 206-211

1983

Engineering Approaches for Lake Management. Vol. 1: Data Analysis and Empirical Modeling.
Reckhow, K. and Chapra, S.C. 340p. Used Higgins Lake as an example

1984

Water Quality Study of Higgins Lake. Technical Report No. 12. G. Winfield Fairchild, University of
Michigan Biological Station, and R. Schultz, Biology Department, Central Michigan University

1984

An engineering model of wetland/wastewater interactions (simulation, marsh, pollution) (Houghton
Lake) David Hammer. Dissertation: Ph. D. University of Michigan.

1985

Section 302 Reconnaissance Report on Aquatic Plant Control for Houghton Lake and Lake St. Helen,
Michigan,” U.S. Army Engineer District, Detroit, MI.

--

Resistance of pulmonate snail populations to repeated treatments of copper sulfate.
HD Blankespoor, J Cairns Jr., SC Cameron. University of Michigan Biological Station
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1986

Periphyton on artificial substrates as indicators of nutrient loading in an oligotrophic lake (Higgins
Lake). Richard E Schultz. M.S. Central Michigan University

--

Algal Bioassay and Gross Productivity Experiments Using Sewage Effluent in a Michigan Wetland.
CJ Richardson and BR Schweglei. Journal of the American Water Resources Association, v22 n1: 11120

--

A model for wetland surface water dynamics. DE Hammer; RH Kadlec. Water Resources Research,
v22 n13: 1951-1958 Validated using data from Porter Ranch peatland near Houghton Lake, Michigan.

--

Processes Controlling Movement, Storage, and Export of Phosphorus in a Fen Peatland
Curtis J Richardson; Paul E Marshall. Ecological Monographs, v56 n4 (19861201): 280-302

1987

Census and exploitation of a discrete beaver population in Michigan. (Houghton Lake) EN Kafcas.
Dissertation: M.S. Central Michigan University

1988

Michigan Rivers Inventory long-term, collaborative research by MDNR’s Institute for Fisheries
Research and U-M’s School of Natural Resources and Environment. Muskegon River studied

--

Higgins Lake Sewer Study, Gosling-Czubak Associates.

--

Modeling nutrient behavior in wetlands. RH Kadlec and DE Hammer. Michigan Science and
Engineering Associates. Ecological Modelling, v40 n1: 37-66. Porter Ranch wastewater treatment

--

Higgins Lake: Past-Present-Future. TE Jones. Central Michigan University. Study of ecology of Higgins
Lake and watershed.

1989

A biological survey of the Upper Muskegon River, Missaukee and Roscommon Counties, Michigan.
1990-03 MI/DNR/SWQ-90/002 Hull

1989

Ionia and Houghton Lake State Road: Michigan's first designated state swamp land road. H. Keenan.

1990

Isolation of Jamestown Canyon virus (California serogroup) from Aedes mosquitoes in an enzootic
focus in Michigan. PB Heard, MB Zhang, PR Grimstad. Journal of the American Mosquito Control
Association; 6(3): 461-8. Species at Houghton Lake Wildlife Research Area, Missaukee County

1991

Dynamics of good bluegill populations in two lakes with dense vegetation. (Houghton Lake) James C
Schneider; MDNR Fisheries Division.

1992

Limno-Tech, Inc. Studies
Higgins Lake Clean Lakes Program Pollution Control Plan. Presented water quality objectives
necessary for maintaining Higgins Lake as an oligotrophic lake.
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Higgins Lake Diagnostic and Feasibility Study. Watershed information, land use change, limnological
data, and nonpoint source pollutant loading statistics
Septic System Phosphorus Loadings to Higgins Lake. Modeling and surveys
1993

Biological Assessments MDEQ in UMRW, started with Enterprise Township, Missaukee County.
Subsequent assessments for townships in Missaukee and Roscommon Counties 2001, 2006, and
2011

1993

Higgins Lake Stormwater, Sedimentation, and Road End Erosion Inventory. Huron Pines for
Roscommon County Resource Conservation and Development Committee.

--

Houghton Lake: Draft Report. KS Schrouder. MDNR. Changes in the sport fishery and fish community

--

Natural Wetlands for Wastewater Polishing: Houghton Lake, Michigan. USEPA, Office of Water

1994

Stream sediment geochemical surveying as an indicator of potential contamination of Houghton
Lake, Roscommon County, Michigan. Robert Scott Stoldt. M.S. Wright State University

--

A biological survey of the Muskegon and West Branch Muskegon Rivers: Clare, Missaukee and
Roscommon Counties, Morse, MDEQ, 1994-12 MI/DNR/SWQ-94027

--

Higgins Lake Septic System and Lawn Fertilizer Management Zones, Limno-Tech, Inc.

--

Regulating Keyhole Development Carrying Capacity Analysis. Partial funding and technical review by
MDNR, Gerrish Township, Higgins Lake Property Owners Association, and others

1995

USGS with Gerrish Township began sampling program to monitor changes in water quality believed
to be occurring as a result of increased development around Higgins Lake.

--

An Analysis of Wild Rice at Houghton Lake, Michigan. RD Ustipak, MDNR, Lansing, MI

--

Influence of beaver on three watersheds in the Houghton Lake area of Michigan. Jennifer L Dorset
Derby. Dissertation: M.S. MSU Dept. of Fisheries and wildlife

1996

Houghton Lake water transparency first recorded. Phosphorous and chlorophyll measurements 2003.

1996

Ecosystem Management at Houghton Lake, Michigan, with Emphasis on Wild Rice Ecology: Summer
1996 preliminary data. D. Bonette, Unpublished report. Central Michigan University, Mt. Pleasant

1997

An autobiotic wetland phosphorus model. Robert H Kadlec, Wetland Management Services.
Ecological Engineering, v8 n2: 145-172

--

Muskegon River watershed assessment. O’Neal, MDNR, Fisheries Special Report 19
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1998

Water Quality and Bottom Sediments Study of Higgins Lake. Wallace and Bene Fusilier.

1998

Ecosystem management at Houghton Lake, Michigan with emphasis on wild rice (Zizania acquatica)
ecology. Donald J Bonnette, M.S. Central Michigan University

1999

The Nature Conservancy identified UMRW surrounding Higgins and Houghton Lakes containing
highest acreage of biodiversity priority areas and highest occurrence of biodiversity overlap.

1999

Higgins Lake (1999) and Houghton Lake (2002) sampled as part of Michigan Inland Lakes project

2000

Houghton Lake: Eurasian watermilfoil survey and management recommendations. GD Pullman,
Aquest Corporation, Flint, MI

--

2001

Muskegon Watershed Research Partnership (MRWP) formed to study Muskegon River Watershed.
Researchers met with stakeholders in multi-day workshop to consider current health and future
sustainability of MRW. Information on what was known about river system, gaps in database, current
problems, and speculation about MRW’s future discussed. Closed with action plan.
A Biological Survey of the Upper Muskegon River Watershed, Clare, Missaukee, Osceola, and
Roscommon Counties, Michigan. Report number MI/DEQ/WB-05/071.

--

Bathing Beach Monitoring Program initiated E. coli monitoring of beaches at Houghton Lake and
Higgins Lake by Central Michigan Health District Department begins

--

Hydroacoustic survey of Houghton Lake performed to collect several whole-lake transects of data to
develop baseline for the lake to compare future assessments

--

Macroinvertebrate communities at sampled sites rated as acceptable or excellent in 2001 and 2006

--

Effects of Residential Development on the Water Quality of Higgins Lake, Michigan 1995-99, RJ
Minnerick. USGS Water-Resources Investigation Report 01-4055, RJ Minnerick

--

Movement, growth, and density of Stagnicola emarginata (Lymnaeidae) in Higgins Lake, Michigan in
relation to limnological variables: implications for control of cercarial dermatitis. James Barrett
Saxton. M.S. Thesis/dissertation, MSU Department of Fisheries and Wildlife

--

Inland lakes sediment trends: sediment analysis results for five Michigan lakes: final report, 19992000. Higgins Lake. Bruce Walker; MDEQ. Surface Water Quality Division.

--

Infiltration and inflow study by Houghton Lake Sewer Authority in Lake Township

2001-02

Number of angler hours expended during a one year period on:
- Higgins Lake 250,962. Economic value of fishery to local economy about $1.6 million annually
- Houghton Lake 499,048. Economic value of fishery to local economy about $5.3 million annually.
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2002-09

--

Muskegon River Watershed Partnership spearheaded university research projects to develop
methods to improve and protect the Muskegon River watershed, including development of
Muskegon River Ecological Modeling System (MREMS a.k.a. Mega Model) that built on existing
models, data, and management tools to understand the trends and dynamics occurring across the
watershed. Numerous peer-reviewed technical reports were published and graduate theses
prepared, as examples provided below illustrate.
A Collaborative Approach to Understanding the Dynamics of the Muskegon Watershed: A
Comprehensive Model, Risk Assessment and Tools for Use in Management (Mega Model)
MSU, U-M, U of M, GVSU Funded by: The Great Lakes Fisheries Trust
Developing Sustainable Futures for the Muskegon Watershed: A Decentralized Approach
MSU, GVSU Funded by: Wege Foundation
Using Artificial Neural Networks and GIS to Forecast Land Use Changes: A Land Transformation
Model. BC Pijanowski, DG Brown, G Manik and B Shellito (2002a), Computers, Environment and
Urban Systems. 26, 6:553-575
A GIS model of subsurface water potential for aquatic resource inventory, assessment, and
environmental management. ME Baker, MJ Wiley, PW Seelbach, and M Carlson. 2003. Journal of
Environmental Management 32(6):706-719.
Exploring the effects of urban and agricultural land use on surface water chemistry across a regional
watershed using multivariate statistics. ML Fitzpatrick, DT Long, and BC Pijanowski. 2007. Applied
Geochemistry 22:1825-1840.
Evaluating the Influence of Land Cover on Seasonal Water Budgets Using Next Generation Radar
(NEXRAD) Rainfall and Streamflow Data, DH Jayawickreme and D.W. Hyndman. 2007. Water
Resources Research 43:W02408.
Using backcast land-use change and ground-water travel-time models to generate land-use legacy
maps for watershed management. BC Pijanowski, DK Ray, AD Kendall, JM Duckles, and DW Hyndman.
2007. Ecology and Society 12: 25.
Afforestation patterns in the Upper Midwest, USA. BC Pijanowski, Proceedings of the IUFRO
Landscape Ecology Conference, Bari, Italy, Sept 26-28, 2006.
Minimizing the impact of urbanization on long-term runoff. Z Tang, B Engel, K Lim, B Pijanowski and J
Harbor. 2005. Journal of the Water Resources Association. 41(6): 1347-1359.
Forecasting land use change and its environmental impact at a watershed Scale. Z Tang, B Engel, K
Lim, B Pijanowski and K Lim. 2005. Journal of Environmental Management 76: 35-45.
Investigating impacts of land-use land cover change on wetlands in the Muskegon River Watershed,
Michigan, USA. NM Torbick; J Qi; GJ Roloff; RJ Stevenson. Wetlands. 2006; 26(4):1103-1113.
Integrated Modeling of the Muskegon River: tools for Ecological Risk Assessment in a Great Lakes
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Watershed In book: Wetland and Water Resource Modeling and Assessment: A Watershed
Perspective, Chapter: 20:, Publisher: Taylor & Francis, London., Editors: J. Wi, pp.247-258
Using non-linear responses of multiple taxonomic groups to establish criteria indicative of wetland
biological condition VL Lougheed ; CA Parker ; RJ Stevenson. Article 2007 Biological Sciences
2002

Management of Eurasian Watermilfoil in Houghton Lake, MI: Workshop Summary - US Army Corps of
Engineers. Over 4,000 ha of lake infested with Eurasian watermilfoil (Myriophyllum spicatum L.).

--

Phenology of the Larger European Pine Shoot Beetle Tomicus piniperda (L.) (Coleoptera: Scolytidae)
in Relation to Native Bark Beetles and Natural Enemies in Pine Stands. Amy A Kennedy; Deborah G
McCullough. Environmental Entomology, v31 n2 (04 2002): 261-272.

--

Muskegon River Watershed Management Plan published and later updated in 2007.

--

Higgins Lake Watershed Management Plan published and later updated in 2007.

--

An Ecological Assessment of the Muskegon River Watershed to Solve Environmental Problems R. Jan
Stevenson – MSU. Conservationists, scientists, and volunteers conducted ecological assessment of
MRW to gather information for solving and preventing environmental problems.

2003

Yellow rail survey in the Houghton Lake vicinity. Michael Petrucha, MDNR Wildlife Division

--

Higgins Lake Eurasian Watermilfoil Project by Huron Pines for Higgins Lake Foundation

--

An Investigation of Copper Sulfate Concentrations in Sediment and Water Samples and Sediment
Toxicity in Cadillac, Mitchell and Houghton Lake - MDEQ

--

An Assessment of the Current Distribution and Status of Freshwater Mussels (Unionidae) in the
Muskegon River, Michigan. SM Carman. Michigan State University

--

Muskegon River management plan, RP O’Neal. MDNR, River Management Plan 04

2004

Houghton Lake Economic Impact Survey

--

Ecosystem Management at Houghton Lake, MI with Emphasis on Wild Rice (zizania aquatica) ecology.
Study on decline of waterfowl on Houghton Lake due partially to the decline in wild rice.

--

Natural Wetlands for Wastewater Polishing, Houghton Lake, Michigan. USEPA

--

Hydroacoustic and Diver Assessments of Post-treatment Vegetation - Houghton Lake. ReMetrix LLC

--

- Inland Lakes Sediment Trends: Sediment Analysis Results for Five Michigan Lakes. MDEQ & MSU.
Activities and findings of the first year (1999-00) of sediment trend component (Higgins Lake)
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- Inland Lakes Sediment Trends: Sediment Analysis Results for Six Michigan Lakes. MDEQ & MSU.
2002-2003 activities and findings on sediment trend component (Houghton Lake)
--

The fish community and fishery of Houghton Lake, Roscommon County, Michigan with emphasis on
walleyes and northern pike. RD Clark; PA Hanchin; RN Lockwood; MDNR Fisheries Division.

--

Houghton Lake 2004 Aquatic Vegetation Monitoring Survey, Progressive AE
Houghton Lake 2004 Water Quality Report, Progressive AE

--

Houghton Lake Beach Sampling Results - Contamination Advisory, high bacteria levels, unknown
source. July 14-17 (beach closed) and August 4-7 (beach closed)

--

Muskegon River Transition/Implementation project (# 2003-0032). Began 2004, concluded 2007.
Project goals to update Muskegon River Watershed Management Plan to meet EPA new
requirements

2005

Biological Survey of the Upper Muskegon River Watershed, Clare, Missaukee, Osceola, and
Roscommon Counties, August 3 and August 20-22, 2001. MDEQ Report No. MI/DEQ/WB-05/071. G.
Schmitt. Water Bureau. Lansing.

--

Ionia and Houghton Lake State Road: Michigan's First Designated State Swamp Land Road. Hudson
Keenan. Michigan Historical Review, v31 n2 (20051001): 67-89

--

Phosphorus Removal in Emergent Free Surface Wetlands. Robert Kadlec. Journal of Environmental
Science and Health, Part A, 40, no. 6-7 (2005): 1293-1306

2006

Economic Implications of Restoring Aquatic Ecosystems of the Muskegon River watershed – USGS
Project 2006MI76B

--

Modeling nutrient behavior in Wetlands. RH Kadlec, and DE Hammer. Michigan Science and
Engineering Associates. Elsevier 2006-04-07T20:26:43Z 1988-01. Porter Ranch, Houghton Lake

--

Ubiquitous variability in the prevalence of Trichobilharzia stagnicolae (Schistosomatidae) infecting
Stagnicola emarginata in three northern Michigan lakes. NR Coady; PM Muzzall; TM Burton; RJ
Snider; J Saxton; The Journal of parasitology, 2006 Feb; 92(1): 10-5. Higgins Lake

--

Investigating impacts of land-use land cover change on wetlands in the Muskegon River Watershed,
Michigan, NM Torbick; J Qi; G Roloff; RJ Stevenson. Wetlands. 2006;26 (4):110313

2007

--

Eurasian watermilfoil in Higgins Lake: Update. Huron Pines for Higgins Lake Foundation. Follows 2002
survey by Huron Pines and subsequent reconnaissance in 2003 and 2005 conducted to characterize
what, if any, change in EWM distribution occurring within the lake.
Changes in fish assemblages in Michigan lakes since the 1950s. WC Latta, Michigan Academician
Report. 1U3MI Mar 22, 2007
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2008

An ecological assessment of the Muskegon River Watershed to solve and prevent environmental
problems and fish recruitment at the interface of the Great lakes and their watersheds.
Project
Number 2001.68. Michigan State University

2009

Houghton Lake Beach Sampling Results - Contamination Advisory, high bacteria levels, unknown
source. June 10-17 (beach closed) and August, 11-19 (beach closed)

--

Muskegon River Habitat Study. Huron Pines for MDNR. Measurements taken in transects on river
reaches between Houghton Lake and Muskegon Lake.

--

Series of articles in Ecological Engineering, v35 n9 (200909) pages
-The Houghton Lake wetland treatment project. Robert H. Kadlec: 1285-1286
-Wastewater treatment at the Houghton Lake wetland: Hydrology and water quality RH Kadlec: 12871311
-Wastewater treatment at the Houghton Lake wetland: Vegetation response. RH Kadlec; F B Bevis:
1312-1332
-Wastewater treatment at the Houghton lake wetland: Soils and sediments. RH Kadlec: 1333-1348
-Wastewater treatment at the Houghton Lake wetland: Temperatures and the energy balance. RH
Kadlec: 1349-1356
-Breeding bird response to long-term wastewater discharge in a northern Michigan peatland.
Michael J. Monfils, Harold H. Prince. MSU, Department of Fisheries and Wildlife: 1357-1365

--

2010

Biological Assessment of the Upper Muskegon River Watershed, Clare, Missaukee, and Roscommon
Counties, Michigan, July-September 2006. MDEQ Report No. MI/DNRE/WB-10/012. M. Wesener.
MDNRE, Water Bureau, Lansing, Michigan.

--

Predicting future changes in Muskegon River watershed game fish distributions under future land
cover alteration and climate change scenarios. PJ Steen, MJ Wiley, and JS Schaeffer. Transactions of
the American Fisheries Society, Volume Number: 139 Issue Number: 2 Page: 396-412

--

The impact of future land use scenarios on runoff volumes in the Muskegon River Watershed. KR
Deepak, JM Duckles, BC Pijanowski. Environmental Management. 46(3):351-66. DOI:
10.1007/s00267-010-9533-z

--

Higgins Lake Road End Inventory by Huron Pines for the Higgins Lake Foundation

--

Dam Reconnaissance Study in the Muskegon Watershed. Prein & Newhof for Muskegon River
Watershed Assembly

--

Higgins Lake Level Control Structure 2010 Engineering by Spicer Engineering, Inc.
Phytoplankton and unionid populations in inland lake of Northern Michigan. D Hollandsworth.
University of Michigan Biological Station
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2011

Predicting Water Quality by Relating Secchi-Disk Transparency and Chlorophyll a Measurements to
Satellite Imagery for Michigan Inland Lakes USGS, MDEQ. 15-year study to characterize water quality

--

Indigenous Unionid Clam Refugia from Zebra Mussels in Michigan Inland Lakes. (Houghton Lake) D.
Hollandsworth; Rex Lowe; Peter Badra. The American Midland Naturalist, v166 n2 (10 2011): 369-378

--

Indigenous unionid clam refugia from zebra mussels in Michigan inland lakes. D Hollandsworth, RL
Lowe, P Badra. University of Michigan Biological Station

2012

Investigating the Hydrology and Ecology of Higgins Lake, Marl Lake, and the Cut River Systems,
University of Michigan and Michigan State University (pending). Study purpose to evaluate likely
effects of removing lake level control structure (returning lake levels to their “natural” condition)

--

Status of the Fishery Resource Report, Houghton Lake, Roscommon County. MDNR Richard P. O'Neal,
Fisheries Biologist, Muskegon

--

Selective Control of Eurasian Watermilfoil in Houghton Lake, Michigan: 2002-2006. Engineer
Research and Development Center Vicksburg, MS. Environmental Lab; CS Smith; KD Getsinger; AG
Poovey; WF James; MD Netherland; RM Stewart; MA Heilman; S McNaught; A Groves; P Tyning.

2014

--

Upper Muskegon River Watershed Road/Stream Crossing Survey. GLRI funding. Huron Pines covered
Roscommon County and Conservation Resource Association covered Missaukee County
Biological Assessment of the Muskegon River Watershed: Clare, Mecosta, Missaukee, Montcalm,
Muskegon, Newaygo, Osceola, and Roscommon Counties June-September 2011, MDEQ Water
Resources Division, November 2014 Staff Report
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Water Quality Timeline

Examples of Plan Implementation Activities Since 2007
Upper Muskegon River Watershed

Plan preparation for the UMRW has been guided by the substantial base of work reflected in the
previous planning efforts of both the Muskegon River Watershed Management Plan and the Higgins
Lake Watershed Management Plan. In 2007, both plans, originally prepared in 2002, were
updated to satisfy national criteria for watershed management plans. Both plans proposed many
outreach actions and best management practices that will be needed to secure the integrity of
both the Muskegon River and Higgins Lake watersheds for the long-term protection of water
quality.
The following summary presents examples of various activities that were pursued since 2007 in
the UMRW to implement recommendations from the two plans. This summary is intended to
illustrate the variety of efforts that have been underway in the UMRW. It does not provide a
comprehensive inventory of all activities relevant to the implementation of these two plans. There
have been many other activities in addition to those presented here. Not all plan implementation
activities have been recorded or noted as connected to plan implementation. This summary also
helps illustrate how the implementation of this plan for the UMRW will be able to build on
previous plan implementation activities. As a part of this effort - and as noted elsewhere in this
plan, it will be necessary to establish a mechanism to track plan implementation.
Recommended
Actions

Stakeholder
Meetings

Activities since 2007

Ongoing - MRWA Education Committee met many times to discuss and
prepare education activities for the UMRW as well as the entire MRW
Ongoing - Several stakeholder organizations in the UMRW, e. g. MRWA,
HLPOA, HLLA, LJPOA, etc., hold regular meetings for members, some
meetings that may be open to the public and other stakeholders.

Ongoing - Several stakeholder organizations in UMRW publish newsletters:
Newsletters

MRWA – Riverview online and hardcopy
HLPOA – Waterlines online 1-2 times/year
HLF – Higgins Lake Foundation News about once per year
Higgins Lake Civic Association membership newsletter emailed
Headwaters Conservancy – Currents about 2-3 times/year
Other land conservancies newsletters
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Various UMRW township online newsletters, such as Lyon Township
Websites

Media

Ongoing - According to UMRW survey results, 32% of respondents were
likely to seek information on the Internet about water quality issues.
Keeping websites (and social media) current with relevant information
remains important to implementation efforts. Examples of stakeholder
organizations in UMRW maintaining websites, include MRWA, HLPOA, HLLA,
LJPOA, HLF, etc.
Ongoing – From the UMRW survey, 68% of respondents read a local
newspaper. Local newspapers in the UMRW include the Houghton Lake
Resorter, Roscommon County Weekly, and others, many often covering
watershed issues

2012 Young Artist Calendar Contest, part of Kirtland’s Warbler Wildlife
Festival (discontinued due to budget reductions), was open to all students in
grades K-8. Contest officials received nearly 900 entries picturing northern
Michigan’s ecosystem with 96 students selected for display in the calendar.

Calendars and
Giveaways

2014 A local photographer’s donation made Higgins Lake Calendar
possible. The photographer donated calendar for HLF to reproduce for fund
raiser, capturing beauty of seasons with 13 pictures of Higgins Lake.
Calendars were for sale at many locations throughout the watershed. Profits
were used for invasive species removal, boat wash construction and other
Higgins Lake projects.
Tote bags and other items promoting the watershed and water quality were
made available during Steering Committee meetings, the Conservation
Expo, and other local events.

Libraries

Volunteer
Monitoring

The MRWA maintains an online data repository.
The Roscommon Area District Library has organized and provided activities
relevant to watershed issues.

Ongoing – The following UMRW lakes have been enrolled under MiCorps
volunteer monitoring program: Higgins, Houghton, and James. The MRWA
and others have trained volunteers and provided equipment to conduct
water quality monitoring in targeted areas, including West Branch Muskegon
River. MRWA Executive Board pledged funding to continue the monitoring
program through 2015. Volunteers were also utilized for monitoring and
collecting data in a few research projects conducted in the UMRW. This
project also utilized volunteers to collect water samples around Houghton
Lake to help determine sources of bacterial contamination.
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Ongoing – Higgins Lake Shoreline Stewardship Program, a shoreline
greenbelt and seawall removal cost share program funded by HLF, where
landowners are encouraged to address water quality problems. Any
shoreline landowner can apply to become a "Steward" after meeting certain
criteria on their property: presence of a native greenbelt, absence of erosion,
proper septic maintenance, and restricted fertilizer/pesticide use.
Participating property owners who demonstrate stewardship practices will
be awarded signs. Highlights of program include:
• Greenbelt cost-share program for landowners
• Shoreline technician to meet with property owners
• Eurasian watermilfoil survey
• Public service announcements
• Two educational kiosks at State Park and public access site
Stewardship
Activities

Ongoing – Annual Higgins Lake Saver Day Program presented to
elementary students designed to create future lake stewards.

Ongoing – MAEAP Program assists farmers in preserving farmland through
BMPs, including water quality. With each MAEAP commitment, the public
becomes aware of farmers good stewardship practices. Missaukee CD has
hosted the MAEAP Technician who has addressed both groundwater and
surface water protection on the farm. Another means of water resource
stewardship has been a no-till drill purchased in partnership with public and
private entities to assist with reducing soil erosion.
2012 Huron Pines and Michigan Forest Association hosted a workshop for
forest landowners with an opportunity to tour a managed forest with a local
forester and learn about forest stewardship plans, forest health and
resources available for landowners interested in managing their own
woodlots. In addition, participants were able to ask questions about their
own forest stewardship concerns.

BMP Site Tours

Participants in the Lake and Stream Leaders Institute learned about AIS
control and observed a boat wash’s use and operation on Higgins Lake. The
Leaders Institute is a partnership program with MSU Extension, Michigan
Lake and Stream Associations and MSU Department of Fisheries and Wildlife.
The Institute combines classroom and small group learning, field experience
and independent work.
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While a recognition program has not been established in the UMRW to
acknowledge relevant efforts, the HLF has received recognition in a number
of programs, including:

Recognition
Program

President’s Award for a Local Organization at 2014 Convention of the
National Association of State Park Directors in recognition of work in
preserving the natural beauty of Higgins Lake and the enhancement of the
quality of the lake and its watershed.”

Lighthouse Award from Recreational Boating Educational Conference of the
Michigan Boating Industries Association recognized the HLF’s work to
establish and fund boat wash at Higgins Lake South State Park, the first of its
kind in Michigan. The boating industry recognizes the need to control
invasive species and wanted to acknowledge the impact of a boat wash at one
of the most heavily used boat launch locations in the state.
HLF Chair was recognized by the Michigan Inland Lake and Stream
Association as the “Riparian of the Year”

2008 Green Belt Seminar at Gerrish Township Hall sponsored by Huron Pines
and HLF. Following seminar, native plant sale held.

Training Riparian
Landowners and
Shoreline
Workshops

2012 Michigan Natural Shoreline Partnership Train-the-Trainers program. In
addition to workshop materials, property owners received coupon for native
plants at CD sale. Landscapers received Natural Shoreline books and were
entered into a drawing to attend a Certified Natural Shoreline Professional
training session - Denton Township Hall, Prudenville (Roscommon County).

2011 Township officials heard about shoreline management, such as natural
shoreline regulation, for example, at a luncheon hosted by the HLIB.
Representatives from Lake, Roscommon, Denton and Markey Townships and
the MRWA discussed development alternatives for watershed management.
2012 A shoreline workshop for landowners and landscapers was held in
association with CDs’ native plant sales. An article was submitted to local
newspapers. Eleven landowners participated; no landscapers registered.
Local greenhouse and native plant growers list distributed as part of
workshops.
Several Riparian Landowner Guides were made available:
• Houghton Lake: A Guidebook for Homeowners by HLLB
• Higgins Lake Homeowner's Guide 2008
• AWRI Riparian Landowner’s Guide
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Greenways, Trails,
Riverwalks

Signs

Conservation
Practices

Stormwater
Policy and
Management

2013 Roscommon Township and Lake Township have initiated Recreational
Trail Development and Implementation after awarded a grant for a
professionally developed plan of action.
2015 A recreational water trail has been proposed for Houghton Lake

2014 Several signs on watershed issues and BMPs have been placed around
the UMRW: Higgins Lake Boat Wash, Trestle Park in Denton Township for
rain garden, riparian properties participating in green belt program around
Higgins Lake, and signs recognizing MAEAP participation.

Ongoing – In the forefront of on-the-ground conservation practices, both CDs
in the UMRW (one covering Roscommon County and the other Missaukee
County) have promoted a variety of practices that effectively benefit water
quality, from assistance with forest management to facilitation of national
and state agricultural programs that focus on nutrient management and
other water quality BMPs. Both CDs have waste management programs, such
as recycling and household hazardous waste collection, that divert wastes
from possible improper disposal.
2009 Committee to discuss drainage problems in Roscommon County, to
study storm water ordinance, and to start the process of creating a countywide ordinance for a storm water plan.

Ongoing – HLF maintains an endowment for funding projects that will be of
the most benefit to the lake. The RCCF maintains several funds that can be
used to address watershed and water quality issues, including:
Designated Funds
at Community
Foundations

Events

Endowment for Higgins Lake - Income used for activities serving to protect,
improve, or increase appreciation of the natural environment and clean
water of Higgins Lake.
Roscommon County Lakes and Rivers Fund - Income used for activities
serving to protect, improve or increase appreciation of the natural
environment and clean water of Roscommon County’s lakes and rivers.
Rogers Family Endowment for Houghton Lake - Income is used to support
activities which protect, improve, enhance or increase appreciation for the
natural environment and clean water of Houghton Lake and its’ watersheds.

Ongoing – Several annual events in the UMRW are attended by local
stakeholder organizations. For example, the Roscommon Business Expo and
the Home Builders’ Show has been attended by CMDHD to present
information to realtors and prospective home buyers about water supply and
onsite sewage systems and how to protect water resources.

2011 MRWA sponsored a canoe/kayak trip down the entire length of the
Muskegon River – the Voyage of Discovery. The trip lasted 11 days and took
paddlers from the Houghton Lake to Fisherman’s Landing on Muskegon Lake.
Event began at the lake level control structure of Houghton Lake with
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activities held at Reedsburg Dam.

2012 Second Voyage of Discovery was a three-day canoe trip which started
at North Higgins Lake State Park on Friday and ended Sunday. Sponsored by
MRWA, 3-day paddling trip was the first in a series of trips exploring the
river’s tributaries. The group was treated to breakfast in the pavilion adjacent
to the boat launch, provided by the HLLA.
Starting in 2013 Tour the Lakes Ride is a bike tour with different distances
that serves as a fundraiser for the Roscommon Area District Library. Over
100 riders rode in tour around area lakes. Expected to become annual event
on first Saturday after Labor Day with participant numbers increasing and
boost to local economy

Educator
Workshops

Ongoing – MRWA Education Committee has organized educational
workshops for promoting and providing pertinent water-oriented education
and curriculum to teachers and educators throughout the MRW. The MRWA
has offered an annual Aquatic Academy for Educators workshops attended
by teachers. A panel of teachers discuss their past science projects and give
encouragement to educators in trying innovative projects in their classrooms.
Workshop sessions include Salmon in the Classroom, Water Monitoring,
Invasive Plants, Project WET, Wetland Trail, Growing Up Wild, History and
Economics of the MRW, and Rain Gardens.
MRWA and partners have created fun and educational fact sheets.
MRWA purchased a commercial model of EnviroScape

2009 Marguerite Gahagan Nature Preserve mentored a local team of high
school students for the 2009 Michigan Envirothon. The team participated in
Region 3 (northeastern Michigan) competition and was also sponsored by
Roscommon-Crawford CD and Huron Pines.

Student
Involvement

Ongoing – Starting in 2008, annual Higgins Lake-Saver Program presented
to fourth grade students of Roscommon Elementary School. Students
participate in a full day of events designed to introduce them to the lake and
educate them about issues concerning the lake and safety. Each student
receives a certificate for their graduation from the Lake-Saver Program. The
HLF and HLPOA provided support.
Ongoing –Missaukee CD organizes annual Farm and Field Day in
partnership with Missaukee/Wexford Farm Bureaus. Fifth grade students in
Missaukee County informed about farming in a daylong event. Through this
event, information given to students, teachers, and chaperones about
farmland, including use of water quality best management practices.
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Ongoing – A variety of efforts, as summarized below, have been underway
for many years to address AIS in local lakes.
Missaukee County has become a member North Country Cooperative
Invasive Species Management Area (NCCISMA), a group of concerned
entities united to battle the problems of invasive species within a certain
geographical area. Partners include public agencies, environmental and
outdoor recreation groups, local businesses, landowners, and citizens.

Managing Aquatic
Invasive Species

Since boaters can transfer AIS to new waters when boats, trailers, and other
recreational equipment are cleaned, Higgins Lake has three boat wash
stations seasonally open to the public free of charge at the South State Park,
North State Park and Gerrish Township Marina. A college student was hired
to train visitors to use the boat washer and to educate them on AIS. Signs
were posted at many public access sites on Higgins Lake about transporting
AIS on their boat or trailer and transferring it to another body of water.

The DASH boat on Higgins Lake has removed hundreds of bags of the
invasive Eurasian water milfoil from the lake’s bottom without chemicals.
The extraction of plants and its rooting system using a diver, suction tube, set
of pumps mounted on a boat and bagging or filtration system. Surveys
conducted in harvested areas have shown little or no reoccurrence of growth.
MDNR with local partners conducted annual AIS Landing Blitz where
visitors are greeted at state park with “Clean Boats, Clean Waters” materials
and an invitation to use the free wash before launching their boats.
With funding from RCCF, brochures were prepared to educate the boating
public about AIS with a map pinpointing the boat washes on Higgins Lake.
The brochures were distributed throughout Roscommon County to area
marinas, township offices, and state and local parks to encourage boaters to
“spray before they play.”

Septic system
management

2009 Managing Your Septic System was available from the Roscommon
County MSU Extension. Text and diagrams explaining how a septic tank and
drain field work and recommendations for maintenance and extending life of
system were available as well as a file folder with diagram for sketching
location of septic tank and drain field, preventative maintenance record and
spaces to record names of installer and pumper.

2011 Home improvement funding for septic replacement and other needs
was available through the Roscommon County Housing Commission through
the Neighborhood Impact Program funding for home repairs up to $7,500
with five-year retention lien. After five years, no repayment required.
Eligible applicants were homeowners earning under 80% of area median
income with taxes, mortgage and homeowners insurance up to date on a
home in need of eligible repairs.
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Abbreviations:
AIS - aquatic invasive species
BMP – best management practices
CD – conservation district
CMDHD – Central Michigan District Health Department
DASH - Diver Assisted Suction Harvester
HLPOA - Higgins Lake Property Owners Association
HLLA - Houghton Lake Lake Association
HLIB - Houghton Lake Improvement Board
LJPOA - Lake James Property Owners Association
MAEAP - Michigan Agriculture Environmental
Assurance Program
MDNR - Michigan Department of Natural Resources
MRW – Muskegon River Watershed
MRWA – Muskegon River Watershed Assembly
MSU – Michigan State University
RCCF - Roscommon County Community Foundation
UMRW – Upper Muskegon River Watershed
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Water Quality Timeline - Events
Upper Muskegon River Watershed

There are many interesting stories in the Upper Muskegon River Watershed. The purpose of this
summary is to tell a story about water quality and the watershed by illustrating its chronological
progression. Dates and descriptions were collected during plan preparation from various sources.
Unfortunately, this summary does not provide a complete year-by-year account of what was
happening in the UMRW. Instead there are hints of what events received attention and what
events might have more meaning in the future. It is hoped that the completeness and accuracy of
this watershed story will be improved in that future as the plan is implemented.
10,000
years ago

1200-1500

1500-1700

1630-1812

1785

1787

1830
1836

1837
1838

Formation of the Upper Muskegon River Watershed at the end of a receding ice sheet

In Upper Muskegon River valley, evidence of ancient, transient populations in several earthen
circles and mounds. Theory that original people built a small fortified agricultural village, now
known as Boven earthwork to archaeologists.
Northern Lower Peninsula was territory of Native American Ottawa and Ojibwa tribes. Tribes
built no large permanent settlements, but traveled throughout region to hunt, fish and gather
local resources. Native American camps along Higgins Lake were noted by later survey
parties. The Chippewa (Ojibwa) called the lake Majinabeesh, “sparkling water.”

French exploration and fur trade along waterways begins in northern Michigan. Region falls
under successive French and British regimes until these former colonial territories in the
Great Lakes region claimed by newly formed United States of America.
Land Ordinance of 1785 initiated U.S. Public Land Survey System. Established that land must
be surveyed before settlement; survey lines oriented in cardinal compass directions (N, S, E,
or W); and land divided into townships 6 miles square and subdivided into one square mile
sections. In UMRW, straight north-south and east-west lines of survey now county and
township borders. Lines of survey determined boundaries of most properties and most
highways follow property boundaries instead of cutting across them.

Northwest Ordinance of 1787 created Northwest Territory from lands surrounding Great
Lakes, including territory of Michigan. Provided orderly pattern for settlement of Territory by
surveying, dividing into gridded townships, and selling surveyed lands.
Government Land Office survey of Michigan organized. Survey started of townships, ranges,
and sections. Within 20 years, county and township boundaries as known today established.

Treaty of Washington, signed by Native American tribes in Michigan, relinquished control of
lands north of Grand Rapids, covering eastern Upper Peninsula and northern Lower
Peninsula, and ceding them to the U.S. -- opening UMRW up to surveying and settlement.
Michigan becomes a State

Land survey in UMRW originally conducted but then resurveyed in 1852 due to errors. Survey
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1852

1853
1860s

1866
1868
1860s-70s
1870s
1871

1871
1872

1872
1875
1876

1877

noted UMRW covered with forests of pine, beech, and maple trees.

Land in UMRW resurveyed. Douglas Houghton, first state geologist, explored UMRW with
largest lake subsequently named for him. John Brink of State Geological Survey mapped and
named Forginson Lake, subsequently renamed Higgins Lake in honor of Sylvester W. Higgins,
state cartographer, following 1852 survey by William A. Burt.
General Land Office survey of Michigan completed.

Available land lured settlers to UMRW to make living either by farming or logging. Main draw
became lumbering, particularly pine logging along UMRW’s rivers. Some of the best stands of
white pine forests in Michigan were in UMRW. Earliest lumber operations were right along
Muskegon River and tributaries. Prior to logging, over 90% of UMRW was forested.
First logging camp in Missaukee County

Michigan Lands Division Survey of road from Midland to Houghton Lake, about 60 miles, filed
in State Swamp Land Office in Midland
For 30 years, Michigan produced more lumber than any other state. In time loggers moved
away from rivers and penetrated interiors of UMRW forests in search of timber.

Chicago ﬁre triggers demand for lumber and logging accelerates in UMRW. More logging
camps quickly appeared to capitalize on growing lumber industry. Lumber from UMRW
moved down local waterways to mills, also multiplying. Many small dams established on
UMRW tributaries diverted water for logging purposes.
Missaukee County founded, organized, and divided into townships

Michigan Central Railroad reached UMRW on its way to the Straits. Rail connections were
transformative. Supplemented waterways for transporting logs to urban markets. Other
industries able to develop, such as tanneries, mills, and agricultural enterprises. Rail
connections to large cities attracted more settlers and then resorters establishing summer
homes on water in UMRW.
First schoolhouse

Roscommon County founded, organized, and divided into townships

Ionia and Houghton Lake State Road completed as Michigan's first state swamp land road,
built to "provide for the drainage and reclamation of swamp lands by means of state roads and
ditches." Road was important route for loggers and emigrants heading to north for lumber and
farming. Many farms failed and road fell into disuse within 15 years of its completion.

Introduction of narrow-gauge (3-foot) railroad track revolutionized lumber industry in
UMRW and elsewhere. Movable track allowed lumbering to move away from rivers for
transportation and made more remote forests accessible. Tracks picked up and re-laid
through forests quickly cleared out previously unreachable, and the last, trees.
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1880-84
1884-94
Late 1880s

Early 1900s

1903-4

1912

1920s
1921
1926
1927

1928

1930s
1930s

Population of Missaukee and Roscommon Counties increased rapidly due to lumbering boom.
As forests were exhausted, there was a corresponding decrease in population

As logging dwindled, several lumber barons built camps in UMRW and brought their families
here in summer. Resort development along shores of Higgins Lake and Houghton Lake. With
fewer logs to move, railroad companies promoted Northern Michigan as resort destination.
With improving roads and transportation, areas surrounding the lakes grew into popular
resort and vacation area.

Once timber removed, farmers followed. Sandy soils in many parts of UMRW were
insufficient for farming. Widespread fires swept through debris left from logging. Lumbering
and fires cleared much of the land in UMRW.
Most of Michigan was also
deforested. Concern about future of forests in Michigan started to grow. Groups and agencies
formed to address concern, such as Michigan Forestry Commission. Abandoned, taxdelinquent lands reverted back to state. State lands identified for reforestation.

Two forest reserves, forerunners of Michigan’s state forests, created as Houghton Lake State
Forest Reserve and Higgins Lake State Forest Reserve on cutover lands. First Tree Nursery
established at Higgins Lake to raise seedlings to replace trees lumbered off. After one year,
some 600,000 plants thrived. Twenty-seven tree species grown in nursery. Water from
Higgins Lake irrigated seedling beds. Became world's largest tree seedling nursery. Replanted forests contributed to soil stabilization and protection of water resources.
George Pagel finished buying jack pine cones. During past five months he bought and shipped
seven car loads, or about 210,000 pounds of cones, which at one cent a pound means that
about $2,100 has been distributed among our farmers. (Houghton Lake Resorter)
With improved highway access from urban centers in south, UMRW was increasingly visited
for recreation with modest growth of cottages around lakes as water proved irresistible.

Michigan Department of Conservation established (now Michigan Department of Natural
Resources). Management of Houghton Lake fisheries begins.
Houghton Lake legal level, as controlled by timber dam across Muskegon River less than mile
downstream, established by Roscommon County Circuit Court under state law.
Six years after state park system established, South Higgins Lake State Park opened with 15
campsites (now 400, second largest state park campground). Park has one mile of lake shore
and surrounds Marl Lake. In 2000, DNR public access site recorded use by about 10,000
vehicles. Summer visitor numbers fluctuate greatly, but can average close to 700,000.
Swimmer's itch described first in Michigan. University of Michigan Biological Station noted
similar dermatitis conditions at certain summer resorts in northern Michigan.

Oil and gas exploration begins in watershed. Gas deposits discovered in 1931 and oil deposits
discovered in early 1940’s, primarily in eastern and southern portions of Missaukee County.
Many studies about Houghton Lake fisheries. Significant changes in fish community noted.
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Northern pike harvests declined drastically in mid-1930s while bluegill harvests increased.
Research concluded cause for decline due to loss of habitat from filling in tributaries and
wetlands, not from spearing pike through ice as many anglers suspected.

Civilian Conservation Corps (CCC) at Camp Higgins Lake. Camp operated tree nursery until
1942. During Depression, 100,000 young men completed conservation and reforestation
projects in Michigan, planting 484 million trees, many grown from seeds at Higgins Lake
Nursery. Over 30,000 acres of state forest land planted with seedlings from Nursery. Much of
Roscommon State Forest planted during 1930s by CCC.
Wild rice dominant emergent species in Houghton Lake. Beds significantly reduced.

Higgins Lake Property Owners Association (HLPOA) organized by concerned group of
lakefront property owners to preserve and improve quality of Higgins Lake and watershed.
Lake-level control structure at outlet of Higgins Lake with Cut River constructed to improve
boating and swimming.

Construction of present concrete outlet structure to control water level in Houghton Lake.
Previously, lake level was controlled by a timber dam with flash boards.

Records and data from Fisheries Division survey of Higgins Lake indicated reductions in
amounts of gravel bottom, floating vegetation, and emergent vegetation.
Legislature earmarked funds to purchase frontage on state’s lakes and rivers to improve
access for fishing and boating. Since then, more than 1,200 public launching sites developed.
Watershed continues to experience oil and gas development activity since 1930’s. Exploration
and extraction focused on recovering oil from formations in eastern and southern areas.

Reedsburg Dam, last dam built on Muskegon River, constructed as wildlife flooding. Old
timber dam removed as CCC project. Agreement that specified pond level of 1139 feet above
sea level or 1.0 feet below legal level of Houghton Lake would be maintained
“Sand-sucker” holes created in Houghton Lake by machines mining sand from lake bottom
and pumping it into marshes and shallow areas along shoreline. Filled-in areas became
building sites for many lakefront homes.

Eurasian watermilfoil (Myriophyllum spicatum), aquatic plant native to Europe and Asia, first
documented in North America. Spread west into inland lakes primarily by boats but also by
waterfowl, reaching most Midwest states between 1950s and 1980s.

To kill snails, including intermediate hosts for swimmer’s itch parasites, high doses of copper
sulfate applied in various parts of Houghton Lake.
USGS gages erected at site of Reedsburg Dam and new US-27 bridge across Muskegon River.

Michigan Department of Conservation (now MDNR) inventoried fisheries in UMRW's large
lakes. Growth in sport fishing provided incentive to know kinds, sizes, and numbers of fish to
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adequately manage fishery. Most lakes mapped with size and depth contours. Difficult to
identify small fishes preserved for identification by ichthyologists in U-M Museum of Zoology.

Reedsburg Dam study noted considerable development around Houghton lake. Low marshy
areas, previously undesirable, developed into lots and sold. Large marsh areas platted and
filled to prepare sites for sale. Lots purchased when lake levels low. High water levels flooded
cottages; inundated beaches, septic tanks, and other installations; and contributed to damage
from ice push and spring breakup.

Sewer Plan Go To Vote Again. Financing Must Be Half From Taxes, Half From Revenue.
Roscommon Township residents asked to vote on proposal to finance half the cost of
$952,000 sewer system by special real estate tax assessment. (Houghton Lake Resorter)
Porter Ranch acquired by MDNR with federal wildlife funds along with gift from estate of
Frederic C. Porter, son of Washington Porter (Chicago realtor and investor). Ranch originally
intended to raise cattle to supply beef during World War I. Dedicated as Houghton Lake Game
Area and then in 1967 as Houghton Lake Wildlife Research Area

As mitigation project between MDNR and MDOT, Houghton Lake Flats established to enhance
fish and wildlife habitat. Large birds and other wildlife viewed easily from highways. Sightings
of osprey, ducks, geese, herons, shorebirds, and marshland songbirds. Great blue herons
common with nearby nesting colony (rookery). Black terns, increasingly rare in Michigan,
nest and feed here. Several osprey nesting platforms installed in marsh and used by ospreys
fishing in Houghton Lake. Several bald eagle nests located in vicinity of Flats. Eagles seen
often. Muskrats, raccoons, mink, and river otters here year round.
Forests in UMRW regenerated and many species of fish and wildlife beginning to thrive.

Roscommon County Road Commission established policy on road end encroachments
(revised in 2013).

Developers build dam on Denton Creek and start excavating to create artificial lake. Lake
James created as dam is closed. When completed, 1200 lakefront home sites will be available.
Houghton Lake fish community stable, with no major changes. Primary game species include
bluegill, walleye, northern pike, crappie, largemouth bass, smallmouth bass, and yellow perch.
North Higgins State Park established. The 429-acre State Park located on what was once the
world's largest seedling nursery and part of CCC in 1930s.

MDNR developed two marsh areas on northwest side of Houghton Lake, impounded by dike
system separated from lake. Water level controlled by pumping. Initially operated for
northern pike spawning but discontinued in 1978. Used for waterfowl management and
maintained about 1 foot above the lake level.
Study identified sources of pollution to Higgins Lake: drains and outfalls; ice-caused erosion;
wave-action erosion; and erosion at road ends. Follow-up study ten years later regarding
implementation of recommendations plus additional recommendations.
Completion of US-127 with I-75 completed in 1971, bringing more resorters and visitors

A-28

1969- 1987

Early 1970s
1971
1971

1971

1972

1972
1973
1972-1973

1973

1973

1970-74
1974
1975

Niagaran Reef oil development began, present in northern part of watershed. Numerous wells
drilled, many more than 10,000 feet below surface (3,000 feet deeper than previous
discoveries). Large quantities of natural gas discovered again in Missaukee County.

Need for sewage treatment plant and sanitary sewer system around Houghton Lake to protect
large shallow recreational lake.
Peak seasonal population around Houghton Lake ranged from 1,700 persons/mi2 (Denton
Township) to 850 persons/mi2 (Roscommon Township) estimated by Williams & Works

Central Michigan District Health Department began inspecting and permitting new septic
systems. Previously townships conducted this process. No evaluation requirement of existing
systems by CMDHD.

Higgins Lake study report by MSU Student Water Publications Club discussed drainage from
Battin Swamp containing large amounts of tannins entering lake. Desire to fill in drain due to
fear that nutrients added to lake with tannins. County Road Commission maintain drained to
regulate water levels in swamp.

Of 20 wells tested in Higgins Lake study (MSU Student Water Publications Club), two positive
for bacteria. Several areas of lake and number of surface inflows also showed positive for
bacteria, indicating sewage from septic tanks may be leaking into lake.
Higgins Lake Civic Association incorporated to work on behalf of property owners

Houghton Lake Sewer Authority created by Denton, Lake and Roscommon Townships for
operating, maintaining, administering and managing sanitary sewage facility

Extensive assessment of aquatic vegetation on Houghton Lake and its linkage with waterfowl
populations undertaken. Study showed lake very productive in submersed and emergent
aquatic plants, supporting thousands of waterfowl. Macroalga chara accounted for 72.5% of
total plant production while elodea, naiad, mud plantain, and various pondweeds as
predominant submersed vascular species.
Nutrient movements from septic tanks and lawn fertilizers to Houghton Lake investigated.
Conclusions: nutrients from septic tanks migrated through groundwater into lake and
nutrient movement in groundwater traceable for over 100 feet at some sites.
Studies classified Houghton Lake as eutrophic, but noted its condition not typical since
excellent water quality exhibited with no adverse conditions often associated with eutrophy.
Good balance in lake between plant and animal communities, with moderate plant growth
and productive sport fishery.
Porter Ranch peatland for wastewater management next to Houghton Lake studied by
University of Michigan funded by Rockefeller Foundation and National Science Foundation
Higgins Lake water quality monitoring (phosphorous levels) began; chlorophyll later in 1999.
National eutrophication reports on Houghton Lake and Higgins Lake by EPA released.

A-29

1975-91

1976

1975–1991
1976
1975-78

1979-80
1980s -90s
1982

1982
1984
1985

1987
1987
1988

Number of herbicides used to control nuisance levels of aquatic plants in Houghton Lake, such
as diquat, endothall, and 2,4-D, as permitted by MDEQ. Target species for herbicide not
recorded. Applications used relatively small quantities of herbicide.

In response to accelerated shoreline development, Lyon, Markey, Gerrish , and Beaver Creek
Townships contracted to initiate engineering study on hazards of wastewater discharges and
most cost-effective method for upgrading existing wastewater treatment facilities. Concluded
that due to either high water tables or development density some areas adjacent to Higgins
Lake not receiving adequate on-site sewage treatment.
Copper sulfate applied to Houghton Lake to control swimmers' itch.

Houghton Lake water transparency first recorded. Measurements of phosphorous and
chlorophyll begin in 2003.

Pilot scale wastewater irrigation in Porter Ranch. Full scale system designed. Construction
begins and wastewater discharged into wetland. Houghton Lake Sewer Authority dedicated
new system for disposal of treated wastewater. Researchers monitored use of natural marsh
to remove nutrients after treatment in aerated lagoon. Compliance monitoring of full-scale
wastewater treatment operation supplemented by ecosystem studies, 1970 to present.
Markey Township residents who live along sewer lines able to hook up to new system.
Wild rice stands continued to decline, many essentially absent by early to mid-1990s

Roscommon County Circuit Court order confirmed summer legal lake level for Higgins Lake at
1154.11 feet elevation above sea level and winter legal lake level of 1153.61 feet above sea
level. Roscommon County Board of Commissioners vested with authority and responsibility
for maintaining legal levels of Higgins Lake through management of the Cut River Dam. Efforts
to change winter level to reduce the amount of ice that pushes on the shore.
Roscommon County Road Commission approves a policy for seawalls and soil erosion control
measures at road ends (revised in 2013)
Water Quality Study of Higgins Lake indicated nearshore with consistently high phosphorus
levels with 9% of loading from residential land use and up to 28% from septic systems.

Eurasian watermilfoil not reported in Houghton Lake during plant survey conducted by U.S.
Army Corps of Engineers. By 1999, species reported as widespread and abundant. EWM
reported as present in Higgins Lake as early as 1997.
Gerrish Township re-examined feasibility of sewers.

Increased activity related to Antrim gas development, tapping relatively shallow gas reserves
in some areas of watershed. Potential for additional Antrim development continues to exist.

Higgins Lake Sewer Committee completed feasibility study for building sewer system around
Higgins Lake. Residents noticed decline in water quality. Lyon and Gerrish Townships
appointed sewer committee to study methods to protect lake and coordinate efforts.
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Zebra mussels likely first introduced into Lake St. Clair by release of ballast water from
transoceanic vessel. In 1991, quagga mussels, which survive in deeper, colder waters than
zebra mussels, discovered.

Wild rice beds in Muddy Bay of Houghton Lake disappeared. Wild rice beds in North Bay
disappeared in 1990 and in the Middle Grounds in 1993-1994

Higgins Lake Foundation formed as a not-for-profit 501(c)3 for sole purpose of protecting and
preserving Higgins Lake and its surrounding watershed.

Ruling by state appellate court regarding activities at public road ends on Higgins Lake. Jacobs
case started in 1986 when Lyon Township passed ordinance allowing public to use road ends.
Ordinance challenged in 1987 by riparian property owners. Local court upheld township’s
authority to permit and regulate shoreline activities. Case then submitted to Michigan Court
of Appeals which ruled that ….the construction of boat hoists, seasonal boat storage and the use
of road-ends for lounging and picnicking exceed the scope and dedication of property for use as
streets. Decision reviewed by several appeals’ panels and State Supreme Court.
Roscommon County with largest increase in second homes of any county in Michigan.
Gerrish and Lyon Townships on Higgins Lake with population growth of 246%

Concern about declining sport fish catches in Houghton Lake. Primary game species include
bluegill, walleye, northern pike, crappie, largemouth bass, smallmouth bass, and yellow perch,
with walleye being the only species currently stocked. Lake also supports significant
transitory population of migratory waterbirds, including large concentrations of ducks, which
traditionally provided considerable waterfowl hunting opportunities.

Undisturbed wetlands in 1973 contained 17 bird species, dominated by swamp sparrows,
marsh wrens and yellowthroats. By 1991 irrigation zone had 19 species, dominated by tree
swallows, red wing blackbirds and swamp sparrows. Insect species and numbers fluctuate,
with no discernible pattern. In some years fewer mosquitoes near discharge; more numerous
other years. More midges in discharge zone, and fewer mayflies, caddisflies and dragonflies.
Roscommon County sponsored survey of all road ends reaching Higgins Lake, compiling basic
measurements of each road end and determining amount of sediment. Recommendations
included improving road surface, repairing water access, and adding vegetation and other
measures to filter water before flowing into lake.

Higgins Lake study determined urbanized lands, while comprising 12.6% of land use,
contributed about 56% of all phosphorus from watershed runoff. Recommended BMPs
included mitigating nutrient loading from septic systems, reducing impervious surfaces,
reducing erosion at road end sites, reducing fertilizer use and maintaining riparian vegetation
Study on septic system phosphorus loadings to Higgins Lake recommendations included
coordinated septic system management, inspection of older systems, increased minimum
distance between septic systems and lakeshore for new and rebuilt septic systems, proper
siting of new systems, and homeowner education.

No major changes noted in Houghton Lake sport fishery. Fish community appeared fairly
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stable. Some concern about declining sport fish catches. In 1959, about 1,000,000 hours
effort-1 year-1 (1-24 hour-1 hectare-1 year) of fishing were exerted on lake, high for public
water body. Likely, fishing effort has increased during the past 40 years.
Zebra mussels established, as reported for Houghton Lake and Lake St. Helen
First reported spotting of Eurasian watermilfoil in Houghton Lake

USGS with Gerrish Township began sampling program to monitor changes in water quality
from increased development around Higgins Lake. Water quality in groundwater and lakewater near shore compared with building and road density. Found that water quality of near
shore waters affected by rapid residential development. Chloride concentration and turbidity
near shore increased with increased road and building density. Nitrogen levels near shore
greatest increases where buildings exceed 0.5 buildings/acre. Ground water beneath lake
showed higher concentrations of phosphorus, nitrogen, chloride and boron than in lake water.
E. coli bacteria found in groundwater once density exceeded 0.4 buildings/acre, indicating
water from septic systems leaching to groundwater that flows to lake.
Eurasian watermilfoil reported in Higgins Lake and affecting native vegetation

Collaborative group of partners formed to discuss state of MRW and strengthen partnerships
to ensure its long-term health. As result, in 2000 Watershed Management Planning grant for
MRW received from U.S. EPA and MDEQ.
MRWA formed by volunteers to address Muskegon River needs and assure future generations
able to enjoy river as much as now.
Second reported spotting of Eurasian Milfoil in Houghton Lake

Nature Conservancy identified biologically significant areas in Muskegon River Watershed for
3 types of habitat: aquatic, terrestrial, and avian. UMRW surrounding Higgins and Houghton
Lakes contained highest acreage of biodiversity priority areas.
Survey of Houghton Lake indicated over 4,000 ha infested with Eurasian watermilfoil and
formation of dense surface mats which break loose and drift, becoming lodged on shorelines.
Concern about impact on recreation, fish and wildlife resources, and ecological health of lake

Higgins Lake Watershed Partnership launched with 10-year initiative to improve ecological
integrity of watershed. First priority to develop watershed management plan.
Houghton Lake Improvement Board established to coordinate management of Houghton
Lake, review treatment methodologies, commission lake management plan, solicit contractor
bids, hold public forums, and form tax district to pay for environmental restoration.
About 5,000 Galerucella beetles released at south end of Houghton Lake Flats Flooding to
control exotic invasive plant purple loosestrife.

Prior to 2000, health departments relied on local funding to conduct beach monitoring.
Local funding often not sufficient. Funding became available from Clean Michigan Initiative
Fund. In 2003, USEPA also began awarding funds from Beaches Environmental Assessment
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and Coastal Health Act (BEACH Act) for monitoring Great Lakes beaches.

Muskegon Watershed studied by Michigan Watershed Research Partnership (MWRP)
following Muskegon River Watershed Research Summit.
Bathing Beach Monitoring Program for E. coli initiated for beaches at Houghton Lake, Higgins
Lake, Lake St. Helen, by Central Michigan Health District Department.
Denton Township removed 90 truckloads of milfoil from road ends.

SePRO Corporation contracted to help manage EWM situation in Houghton Lake.

U.S. Army Engineer, Detroit District, tasked by Congress to assist in developing a plan for
managing Eurasian watermilfoil on Houghton Lake. The Corps Aquatic Plant Control Research
Program sponsored workshop with selected scientists.

Source of water flow into sewers identified from results of Houghton Lake Sewer Authority’s
infiltration and inflow study. Study revealed that 240,500 gallons of water leaking into sewer
system per day from within Lake Township alone. Smoke testing revealed some residents
improperly or illegally hooked up to sewer system.
Number of angler hours expended during a one year period:
- Higgins Lake was 250,962. Economic value of this fishery to the local economy is
approximately $1.6 million annually.
- Houghton Lake during a one year period was 499,048. Economic value of this fishery
to the local economy is approximately $5.3 million annually.

Section 319 grants awarded by USEPA and MDEQ to fund development of watershed plans one for Muskegon River Watershed and another for Higgins Lake Watershed.
Muskegon River research on methods to improve and protect Muskegon River watershed
aired during meeting at Gerrish Township Hall. Muskegon River Watershed Partnership
spearheading projects with Michigan Lake and Stream Association coordinating volunteer
monitoring projects for ecological assessment of the watershed.
Education and technical assistance about groundwater available to Roscommon County
residents through Missaukee Conservation District. AmeriCorps member worked through
Michigan Groundwater Stewardship Program.
While collecting plant samples in Higgins Lake, biologists with US Army Corps of Engineers
found an aquatic weevil (Euhrychiopsis lecontei), an herbivore that preys on EWM.

Whole-lake treatment of Houghton Lake conducted with herbicide fluridone (trade name
Sonar) to control Eurasian watermilfoil (EWM). EWM was not detected in lake at end of year.
Since whole-lake treatment, the lake is spot-treated to keep EWM from regaining dominance.
A study was conducted by Huron Pines to identify extent of Eurasian watermilfoil (EWM) in
Higgins Lake. Nearly 100 locations of EWM were identified in the lake. With its sandy
substrate and low nutrient levels, Higgins is not as susceptible to EWM colonization as other
lakes. With 3 public boat launches, 2 private marinas, and 78 road-ends, there are many
opportunities for the introduction of EWM and other exotic species.
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Claims made that exotic plant growth so bad anyone could walk across top of Houghton Lake
without getting wet. Detroit Free Press ran articles suggesting Houghton Lake not a resort.
Survey conducted of local residents regarding impact of water quality in their community.
Overwhelmingly, survey respondents acknowledged how economy dependent on good water
quality. (Houghton Lake Economic Impact Survey)
Contamination advisories due to high bacterial levels issued for Houghton Lake beaches

Study estimated value of ecosystem services in Muskegon River watershed, specifically those
supporting aquatic ecosystem functions. Nutrient cycling and waste assimilation services
estimated between $1,067 - $2,040 per acre of wetlands and rivers/lakes.
Higgins Lake may have the most access points of any inland lake in the state. Per DNR records
for boating season, 358,609 boats launched at South Higgins Lake State Park; 154,680 at
North Park; and 49,346 at West State Boat Launch in addition to Gerrish Township Marina
launch, concrete ramps on five road ends and numerous private ramps.

Lyon and Beaver Creek Townships formed Higgins Lake Utilities Authority to finance, design,
build and operate the sewer system and treatment plant.
Camp Curnalia Cottage Owners Association organized

Huron Pines updated 2002 EWM survey as well as subsequent reconnaissance in 2003 and
2005 to help characterize any changes in EWM distribution within Higgins Lake.
Houghton Lake Sewer Authority took control and ownership of the sewer facilities. The
Authority includes sewer systems of Denton, Lake, Roscommon and Markey Townships.
2002 watershed management plans for both Muskegon River and Higgins Lake watersheds
updated to bring both plans up to the EPA’s 319 standards.

Houghton Lake Wild Rice Project: MRWA and Houghton Lake Lake Association partnered to
provide wild rice education and hold wild rice collection day.
Contamination advisories due to high bacterial levels issued for Houghton Lake beaches
Higgins Lake Boat Wash Grand Opening

Opening of Gerrish Township Community Park Marina

Roscommon County received grant to inventory brownfields and conduct environmental site
assessments. Over past 30 years, region's forests and water resources attracted tourism,
which relied on motorized recreational vehicles and boats. Economic downturn left legacy of
abandoned engine repair facilities, salvage yards, and industrial sites. State identified 69
known contaminated sites in county, and county aware of 50-70 more potential brownfields.
Brownfield assessments expected to catalyze redevelopment, diversify workforce, define
extent of contamination, and reduce contaminated runoff to ground and surface waters. Grant
resulted in completion of 9 phase one and 5 phase two studies. A site across from Lakeview
Park was demolished, removing three underground storage tanks and abandoning four
monitoring wells. In 2012, considered applying for another Brownfield grant to inspect areas
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around the county’s lakes for contamination.

Roscommon County Circuit Court issued order to change legal winter water level for Higgins
Lake from 6” below legal summer water level to 9” below summer level for 5 years to study
effects on shoreline erosion. Legal summer water level remained unchanged from level set in
1926. Different legal level for winter months established in 1982. Change intended to lessen
shoreline erosion caused by movement of ice and high waves from fall storms.
Gas well drilled in Missaukee County’s Pioneer Township, using hydraulic fracturing
(fracking) to extend well nearly two miles below surface. Well sparked interest in area’s
natural gas production potential. Millions of gallons of freshwater and thousands of pounds of
chemicals used.

Higgins Lake Road End Inventory estimated erosion rates and prioritized sites needing
attention. Road ends allow estimated 256.58 tons of sediment into lake each year, over half of
estimated 507.2 yearly tons of sediment calculated in 1991.
Five northern Michigan beaches closed by order of Central Michigan District Health
Department following water testing showing E. coli in excess of safe swimming levels.
“Spicer Report” issued on Higgins Lake Level Control Structure recommending, among other
things, modifications to dam and its operation to maintain legal lake levels.

Land use key to protecting Muskegon River from effects of climate change. Computer models
show increased forest cover in Muskegon River watershed could mitigate some troubling
effects of climate change. Fate of Muskegon River in warming climate depends on how land
around it is managed.
Voyage of Discovery paddle trip down length of Muskegon River starting at Houghton Lake

Upper Muskegon River Watershed Management Plan initiated, also known as Houghton Lake
E. coli Reduction project.
State-wide ban on fertilizer containing phosphorus went into effect for nonagricultural applications.
New Public Road Ends at Lakes State Law

Survey of about 950 UMRW property owners distributed

Volunteers helped Central Michigan District Health Department collect water samples to
determine source of E. coli in Houghton Lake by sampling 52 sites, including 4 beaches.

About 550 attended public meeting to introduce study on impacts of removing Higgins Lake
level control structure in Cut River (returning lake levels to natural condition), including:
review existing data; complete lake depth surveys; survey Cut River channel and floodplain;
install additional monitoring instruments; conduct stakeholder survey; develop hydrologic
models; and develop habitat models to examine fishery related impacts.
Another meeting regarding study of lake level control structure held to update research
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College student hired by MRWA to recruit and train volunteers to use boat washer and to
educate public on invasive species. Signs posted at public access to Higgins Lake about
transporting invasive species on boat or trailer and transferring it to another body of water.

Funding for monitoring E. coli at local beaches no longer provided after more than 12 years of
conducting a monitoring program of public beaches in 6-county Central Michigan District
Health Department, includes Roscommon.
Rain garden constructed at Trestle Park on Houghton Lake
Roscommon County Road Commission revised policy for seawalls and soil erosion control
measures at road ends (originally approved in 1982) plus revising policy regarding
encroachments on road ends (originally adopted 1960)

Dog “sniffer” used to detect human sewage. Dog detected 6 sites from 25 hotspots identified
during volunteer monitoring
Workshop for local officials in Roscommon County on adapting local plans and ordinances for
protecting water quality
Installation of water quality improvements at Devonshire road end on Houghton Lake

Wraco Lake Dam, installed by DNR in 2013, failed, causing roads to wash out as a flash flood
surged over banks of Wolf Creek
One-on-one discussions with 10 UMRW townships in Roscommon County over two days to
review and discuss recommendations for township master plans and ordinances.
Total of 56 road/stream crossings in Roscommon County and 20 sites in Missaukee County
for total of 76 sites in UMRW inventoried and erosion potential assessed and prioritized
Higgins Lake Swimmer’s Itch Organization (HLSIO) organized

Houghton Lake Flats Wildlife Viewing Area dedicated in honor of conservationist Bob
Jacobson. The viewing area was built and completed in 2003.

NCCISMA (North Country Cooperative Invasive Species Management Area) formed to serve 5
counties in northern Michigan, including Missaukee. Focused on inventorying invasive
species, concentrating on species considered to be still manageable through Early Detection
and Response, and educating public on likely next invaders to keep out of area.

A-36

APPENDIX B
LANDSCAPE LEVEL WETLAND FUNCTIONAL ASSESSMENT - UMRW

UPPER MUSKEGON RIVER
WATERSHED
Landscape Level Wetland
Functional Assessment
(Enhanced NWI)

9-24-2013

UPPER MUSKEGON RIVER WATERSHED
Wetland Resources Status and Trends
Pre-settlement Wetland conditions
• 125,683 Acres of Wetlands

•

2005 Wetland Condition
113,099 Acres of Wetlands

•

1,569 Polygons

•

5,955 Polygons

•

Average Size – 80 Acres

•

Average Size – 19 Acres

90% OF ORIGINAL WETLAND ACREAGE REMAINS
10% LOSS OF TOTAL WETLAND RESOURCE
TOTAL ACREAGE LOSS OF:
12,584 ACRES
* These figures exclude open water type wetlands

Percentage of Wetland Loss
By Sub-Basin

PRE-EUROPEAN SETTLEMET
WETLAND COVERAGE

2005 WETLAND COVERAGE

APPROXIMATE WETLAND LOSS
PRE-EUROPEAN SETTLEMENT TO 2005

UPPER MUSKEGON RIVER
WATERSHED

NWI TYPE COMPARISON
Table 1: Generalized NWI type comparison

Pre-European Settlement
Acres

2005 Acres of Wetlands

Net Acres Loss/Gained

Palustrine Emergent

5,698

8,549*

33%

Palustrine Forested

114,984

72,184**

37%

Palustrine Shrub-Scrub

5,001***

30,887****

84%

0*****

415

100%

125,683

112,035

10%

Wetland Type

Other Palustrine
Ponds

Total

*Includes mixed emergent wetland classes and mixed communities where subclasses include Forested and Shrub-Scrub Areas
**Includes mixed forested wetland classes and mixed communities where subclasses include Emergent and Shrub-Scrub Areas
*** Includes mixed Shrub-Scrub/Emergent communities
****Includes mixed shrub-scrub wetland classes and mixed communities where subclasses include Emergent, Forested and Shrub-Scrub
***** No acreage in ponds due to mapping differences between Pre-Settlement and Current wetland coverage's.

ENHANCING NWI FOR LANDSCAPE-LEVEL
WETLAND FUNCTIONAL ASSESSMENT
IN THE UPPER MUSKEGON RIVER WATERSHED

Using NWI for Functional Assessment


Lack of hydro-geomorphic (HGM)
information








No landscape position
No landform
No water flow direction
General pond classification
Features important for assessing many
functions are lacking

Most of these features can be interpreted
from the maps

What information can we extract from
NWI?
How many wetlands are there?
What is the size range of wetlands?
What is the average size of a given wetland type?
How many wetlands are in various size classes?

…With HGM information added?

How much and how many
• occur along rivers?
• along streams?
• in lake basins?
• are isolated?
• are sources of streams?
• have inflow but no outflow?
• are connected to other wetlands?
• What types of ponds are there and what is their extent?

WETLAND LANDSCAPE POSITIONS

TERRENE

LENTIC

LOTIC

RIVER

STREAM

Wetland Landform Types
Fringe
 Basin
 Flat
 Floodplain
 Slope


FRINGE

BASIN

FLAT

FLOODPLAIN

SLOPE

Evaluated Wetland Functions
















Flood Water Storage
Streamflow Maintenance
Nutrient Transformation
Sediment and Other Particulate Retention
Shoreline Stabilization
Stream Shading
Conservation of Rare and Imperiled Wetlands
Ground Water Influence
Fish Habitat
Waterfowl/Waterbird Habitat
Shorebird Habitat
Interior Forest Bird Habitat
Amphibian Habitat
Carbon Sequestration
Pathogen Retention

DRAINAGE EXTENT

Historic Survey Maps

DETAILED FUNCTIONAL
COMPARISONS
Table 2: Detailed Functional Comparisons
Function
Flood Water Storage

Streamflow Maintenance

Nutrient Transformation

Sediment and Retention of Other Particulates

Shoreline Stabilization

Fish Habitat

Stream Shading

Potential Significance

Pre-European Settlement
Acreage

2005 Acreage

% Change in Acreage

High

22,316.57

33,429.73

50

Moderate

101,702.02

56,988.31

-44

Total

124,018.60

90,418.03

-27

High

119,478.83

98,349.55

-18

Moderate

31,173.31

38,793.27

24

Total

150,652.15

137,142.82

-9

*

*

High

105,148.15

42,168.68

-60

Moderate

20,534.70

70,363.25

243

Total

125,682.85

112,531.92

-10

High

23,232.72

30,263.45

30

Moderate

83,103.52

18,888.45

-77

Total

106,336.25

49,151.91

-54

High

20,321.43

32,233.27

59

Moderate

95,841.60

68,655.83

-28

Total

116,163.04

100,889.09

-13

High

147,035.53

112,090.54

-24

Moderate

3,924.48

23,997.48

511

Total

150,960.02

136,088.02

-10

High

12,259.98

14,887.05

21

*

Moderate

550.24

5,912.25

974

*

Total

12,810.22

20,799.30

62

*

*

*

*

* Increases in the moderate & high category in the functions above can be attributed to the mapping differences in the two wetland layers and may not represent
the current conditions on the ground.

DETAILED FUNCTIONAL
COMPARISONS CONT…
Function
Waterfowl/Waterbird Habitat

Shorebird Habitat

Interior Forest Bird Habitat

Amphibian Habitat

Carbon Sequestration

Ground Water Influence

Conservation of Rare & Imperiled Wetlands &
Species

Potential Significance

Pre-European Settlement
Acreage

2005 Acreage

% Change in Acreage

High

10,541.48

24,756.60

135

Moderate

7,776.65

16,191.86

108

Total

18,318.13

40,948.45

124

High

0.00

396.34

Null

Moderate

125,682.85

111,620.07

-11

Total

125,682.85

112,016.40

-11

High

6,337.20

33,452.28

428

Moderate

113,647.39

69,618.86

-39

Total

119,984.59

103,071.14

-14

High

91,265.94

45,775.93

-50

Moderate

3,287.77

3,146.17

-4

Total

94,553.71

48,922.10

-48

High

3,144.59

1,660.08

-47

Moderate

101,669.43

29,456.72

-71

Total

104,814.01

31,116.80

-70

High

8,692.45

2,594.43

-70

Moderate

130,829.67

93,331.59

-29

Total

139,522.12

95,926.01

-31

High

Null

65,195.05

Null

Moderate

Null

11,388.73

Null

Total

Null

76,583.78

Null

*
*
*

*

* Increases in the moderate & high categories in the functions above can be attributed to the mapping differences in the two wetland layers and may not represent
the current conditions on the ground.

FUNCTIONAL ACRES COMPARISON
Table 3: Functional Acres comparison

Function

Pre-European
Settlement
Functional Acres

Predicted % of
Predicted % Change in
2005 Functional Acres Original Capacity Left
Functional Capacity

Flood Water Storage

146,335.17

123,847.76

85

-15

Streamflow Maintenance

270,130.98

235,492.37

87

-13

Nutrient Transformation

230,831.00

154,700.60

67

-33

Sediment and Other Particulate Retention

129,568.97

79,415.36

61

-39

Shoreline Stabilization

136,484.47

133,122.36

98

-2

Fish Habitat

297,995.55

248,178.56

83

-17

Stream Shading

25,070.20

35,686.35

142

42 *

Waterfowl and Waterbird Habitat

28,859.61

65,705.05

228

128 *

Shorebird Habitat

125,682.85

112,412.74

89

-11

Interior Forest Bird Habitat

126,321.79

136,523.42

108

Amphibian Habitat

185,819.65

94,698.03

51

-49

Carbon Sequestration

107,958.60

32,776.89

30

-70

Ground Water Influence

148,214.57

98,520.44

66

-34

100

100

Conservation of Rare & Imperiled Wetlands
& Species

0

141,778.84

8 *

•Increases in the predicted percent change functional capacity in the functions above can be attributed to the mapping differences in the two wetland
layers and may not represent the current conditions on the ground.

Frequency of Functions
Pre-Settlement
# of Wetlands

Current
# of Functions

ACRES

# of Wetlands

# of Functions

ACRES

205

1

201

201

2

522

22

2

1,034

63

3

30,958

205

3

1,549

97

4

1,050

509

4

32,908

36

5

101

399

5

1,921

13

6

130

332

6

6,473

679

7

10,077

219

7

3,666

1506

8

21,280

402

8

11,799

1115

9

29,721

257

9

9,538

480

10

14,476

215

10

10,859

465

11

10,496

359

12

9,958

103

13

6,262

5

14

17

217

11

81,738

56

12

6,290

FLOOD WATER STORAGE




This function is important for reducing the downstream
flooding and lowering flood heights, both of which aid in
minimizing property damage and personal injury from such
events.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

FLOOD WATER STORAGE

STREAMFLOW MAINTENANCE


Wetlands that are sources of groundwater discharge that
sustain streamflow in the watershed. Such wetlands are
critically important for supporting aquatic life in streams.
All wetlands classified as headwater wetlands are important
for streamflow.



The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

STREAMFLOW MAINTENANCE

NUTRIENT TRANSFORMATION




Wetlands that have a fluctuating water table are best able
to recycle nutrients. Natural wetlands performing this
function help improve local water quality of streams and
other watercourses.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

NUTRIENT TRANSFORMATION

SEDIMENT AND OTHER
PARTICULATE RETENTION




This function supports water quality maintenance by
capturing sediments with bonded nutrients or heavy
metals. Vegetated wetlands will perform this function at
higher levels than those of non-vegetated wetlands.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

SEDIMENT AND OTHER
PARTICULATE RETENTION

SHORELINE STABILIZATION




Vegetated wetland along all waterbodies (e.g. estuaries,
lakes, rivers, and streams) provide this function.
Vegetation stabilizes the soil or substrate and diminished
wave action, thereby reducing shoreline erosion potential.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

SHORELINE STABILIZATION

FISH HABITAT




Wetlands that are considered essential to one or more parts
of fish life cycles. Wetlands designated as important for fish
are generally those used for reproduction, or feeding.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

FISH HABITAT

STREAM SHADING




Wetlands that perform water temperature control due to
the proximity to streams and waterways. These wetlands
generally are Palustrine Forested or Scrub-Shrub.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

STREAM SHADING

WATERFOWL AND WATERBIRD
HABITAT




Wetlands designated as important for waterfowl and
waterbirds are generally those used for nesting,
reproduction, or feeding. The emphasis is on the wetter
wetlands and ones that are frequently flooded for long
periods.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

WATERFOWL & WATERBIRD
HABITAT

SHOREBIRD HABITAT




Shorebirds generally inhabit open areas of beaches,
grasslands, wetlands, and tundra and undertake some of
the longest migrations known. Along their migration
pathway, many shorebirds feed in coastal and inland
wetlands where they accumulate fat reserves needed to
continue their flight. Common species include; plovers,
oystercatchers, avocets, stilts, and sandpipers. This
function attempts to capture wetland types most likely to
provide habitat for these species.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

SHORE BIRD HABAITAT

INTERIOR FOREST BIRDS




Interior Forest Birds require large forested areas to breed
successfully and maintain viable populations. This diverse
group includes colorful songbirds such as; tanagers,
warblers, vireos that breed in North America and winter in
the Caribbean, Central and South America, as well as
residents and short-distance migrants such
as; woodpeckers, hawks, and owls. They depend on large
forested tracts, including streamside and floodplain
forests. It is important to note that adjacent upland forest
to these riparian areas are critical habitat for these species
as well. This function attempts to capture wetland types
most likely to provide habitat for these species.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

INTERIOR FOREST BIRD
HABITAT

AMPHIBIAN HABITAT




Amphibians share several characteristics in common
including wet skin that functions in respiration and
gelatinous eggs that require water or moist soil for
development. Most amphibians have an aquatic stage and
a terrestrial stage and thus live in both aquatic and
terrestrial habitats. Aquatic stages of these organisms are
often eaten by fish and so for certain species, successful
reproduction may occur only in fish-free ponds. Common
sub-groups of amphibians are salamanders, frogs, and
toads. This function attempts to capture wetland types
most likely to provide habitat for these species.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

AMPHIBIAN HABITAT

CARBON SEQUESTRATION




Wetlands are different from other biomes in their
ability to sequester large amounts of carbon, as a
consequence of high primary production and then
deposition of decaying matter in the anaerobic
areas of their inundated soils.
The following map illustrates wetlands that
perform the above ecological service at a level of
significance above that of wetlands not
designated. Wetlands deemed to be performing
this function are mapped in two distinct time
periods; Pre-European settlement (red), and
wetlands circa 2005 (green).

CARBON SEQUESTRATION

GROUND WATER INFLUENCE




Wetlands categorized as High or Moderate for Groundwater
Influence are areas that receive some or all of their
hydrologic input from groundwater reflected at the
surface. The DARCY (definition of acronym) model was the
data source utilized to determine this wetland/groundwater
connection, which is based upon soil transmissivity and
topography. Wetlands rated for this function are important
for maintaining streamflows and temperature control in
waterbodies.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in two distinct time
periods; Pre-European settlement (red), and wetlands circa
2005 (green).

GROUND WATER INFLUENCE

CONSERVATION OF RARE AND
IMPERILED WETLANDS & SPECIES






Wetlands that are considered rare either globally or at the
state level. They are likely to contain a wide variety of flora
and fauna, or contain threatened or endangered species.
This function is derived from the Michigan Natural Features
Dataset (MNFI) of known sightings of threatened,
endangered, or special concern species and high quality
natural communities. The model values are reported on a
40 acre polygon grid for the state of Michigan, or a subset
of MI. Due to this the dataset should not be used as a
comprehensive inventory of Rare and Imperiled wetlands.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function are mapped in (green) circa 2005.

CONSERVATION OF RARE
IMPERILED WETLANDS, & SPECIES

PATHOGEN RETENTION




Wetlands can improve water quality through natural
processes of filtration for sedimentation, nutrients and
Escherichia coli (E. coli). E. coli is a sub-set of fecal coli
forms whose presence in water indicates fecal
contamination from warm blooded animals. The presence
of E. coli indicates that contamination has occurred, and
other harmful pathogens may also be present.
The following map illustrates wetlands that perform the
above ecological service at a level of significance above that
of wetlands not designated. Wetlands deemed to be
performing this function at a high level are mapped in
(orange) circa 2005. Wetlands deemed valuable for
restoration for this function are mapped in (red). All other
wetland areas are mapped in (green).

PATHOGEN RETENTION

Data Limitations and Disclaimer
National Wetlands Inventory Plus (NWI)
Wetland

boundaries determined from Aerial Imagery
updated in 2005
Obvious limitations to Aerial Photo Interpretation:
Last

Errors of Omission (forested and drier-end wetlands)
Errors of Comission (misinterpretation of aerials)




The 2005 NWI data was used in this analysis to report status
and trends, as this is currently the best data source available.
However, this data may not accurately reflect current conditions
on the ground.
Federal, state, and local regulatory agencies with jurisdiction over wetlands may define and describe wetlands in a
different manner than that used in this inventory. There is no attempt, in either the design or products of this inventory,
to define the limits of proprietary jurisdiction of any Federal, state, or local government or to establish the geographical
scope of the regulatory programs of government agencies. Persons intending to engage in activities involving
modifications within or adjacent to wetland areas should seek the advice of appropriate federal, state, or local agencies
concerning specified agency regulatory programs and proprietary jurisdictions that may affect such activities.

Landscape Level Wetland Functional Assessment (LLWFA)
Source

data are a primary limiting factor.
mapping limitations due to scale, photo quality, and date and time of year of the photos.

Wetland

Functional



assessment is a preliminary one based on:

Wetland Characteristics interpreted through remote sensing
Professional Judgment of various specialists to develop correlations between those wetlands and their functions.

Watershed-based




This



Preliminary Assessment of wetland functions:

Applies general knowledge about wetlands and their functions
Develops a watershed overview that highlights possible wetlands of significance
Does not consider the condition of the adjacent upland
Does not obviate the need for more detailed assessment of various functions

analysis is a “Landscape Level” assessment and used to identify wetlands that are likely to perform a given
function at a level above that of other wetlands not designated

Figure C- 1 Priority Wetlands with Pathogen Retention Functions

Upper Muskegon River Watershed
Wetland Restoration Priorities

Acres of Wetlands (open waters and vegetated) in the Watershed: 145,877
Wetlands with Pathogen Retention Restoration Potential
Current acres of wetlands providing pathogen retention services:
Acres of wetlands that have pathogen retention restoration potential:

43,571
16,651

Houghton Lake Critical Area Catchments for E. Coli Abatement
Priority Catchments
Acres with Restoration Potential for Pathogen Retention
High Priority
1,128
Medium Priority
2,169
Low Priority Area
1,879

Acres of wetlands

Wetlands with Nutrient Transformation Restoration Potential

13,151

Wetlands with Sediment and Retention of Other Particulates Restoration Potential
Acres of wetlands
57,184
Table C- 1 Wetland Restoration Priorities (AWRI/UMRW)

Refer to Figure C-1 for the location of wetlands that could be restored to provide new pathogen
retention functions within the watershed and the Houghton Lake Critical Areas.

APPENDIX C
ENDANGERED AND THREATENED SPECIES

Identification and Habitat of Special Species in the Upper Muskegon River Watershed

Common Name and State Status
Alleghany or Sloe Plum
(Flowering Plants)
SC- Special Concern

Picture

Rough Fescue
T – Threatened Species

Habitat and Characteristics
• Small straggly clonal shrub of
Pine Barrens and dry prairies.
Stem has thorny, black
branches, with acute not
elongated tips.
• Habitat consists of Pine
Barrens, oak-pine savanna
remnants.

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

Dense tussock-forming grass
(80 cm) of Pine Barrens; leaves
mostly basal, breaking off easily
at the sheath, margins enrolled.
This species is highly localized
in northeastern Lower
Michigan in Pine Barrens
remnants.
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Identification and Habitat of Special Species in the Upper Muskegon River Watershed

Ram’s Head Lady’s-Slipper
SC – Special Concern

•

•

Hill’s Thistle
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

Very small orchid (10-30 cm) of
upland and lowland coniferdominated systems; leaves
narrowly elliptic; flowers small
with a deeply pouched lower lip
marked with dark red
Found primarily on cedar-firspruce beach ridges and in
forests along the Great Lakes
shoreline in northern Michigan.
Also occurs in upland jack, red,
and white pine forests, in
conifer-dominated swamps,
and at the margins of bedrock
glades.

Short, stout perennial thistle
(30-60 cm) of Pine Barrens, oak
savanna, prairie, forest
openings, and glade habitats;
young plants appearing only as
a basal rosette with very
shallowly lobed leaves; flower a
single large pink head.
Found primarily in Pine
Barrens in northern Lower
Michigan, but also occurring in
other savanna and prairie
types, openings within
coniferous and oak forests, and
on limestone pavement.
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Identification and Habitat of Special Species in the Upper Muskegon River Watershed
•

Calypso or Fairy-Slipper
T – Threatened Species

•

Slippershell
(Mussels)
T – Threatened Species

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

Very small perennial orchid
(10-20 cm) of moist coniferous
forests with one oval, basal leaf;
flower small, pink to purple,
with a pouch crested by yellow
hairs.
Occurs in spruce-balsam-cedar
swamps, moist coniferous
forests with cool soils, and
Great Lakes shoreline forests
dominated by spruce, cedar, fir,
and paper birch. It is especially
found on calcareous substrates.

The slippershell mussel is
typically found in creeks and
headwaters of rivers, but has
also been reported in larger
rivers and in lakes.
The Slippershell is a small
mussel with a straight ventral
margin. Beak sculpture has
three to four ridges or loops.
The shell is yellowish-brown
and marked with fine green
rays with a square posterior
end and a rounded anterior
end.
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Identification and Habitat of Special Species in the Upper Muskegon River Watershed

Round Pigtoe
SC – Special Concern

•

•

Rainbow
SC – Special Concern

•

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

The round pigtoe is a relatively
large (to 4 inches) mussel with
a moderately thick, round shell
and a rounded anterior end and
a rounded or bluntly pointed
posterior end. The beak is low
and only slightly elevated above
the hinge line. This species has
a shallow beak cavity and beak
sculpture consisting of 2 to 3
elevated ridges.
The round pigtoe occurs in
mud, sand, or gravel substrates
of medium to large rivers.

The rainbow is a small (to 3
inches), elongate mussel with a
relatively thin shell. The beak
sculpture has 4 to 6 distinct
double-looped bars.
The shell is yellow or greenishyellow with dark green rays.
The nacre is silvery white and
highly iridescent on the
posterior half.
The rainbow occurs in coarse
sand or gravel in small to
medium streams.

Page C-4

Identification and Habitat of Special Species in the Upper Muskegon River Watershed

Grasshopper Sparrow
(Birds)
SC- Special Concern

•

•

Red-Shouldered Hawk
T – Threatened Species

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

The Grasshopper sparrow is a
small sparrow 4-5 inches (10.313 cm) in length, with an
unmarked buffy breast and
white belly and a flat head with
a white stripe running from the
bill to the back of the head.
Grasshopper sparrows may be
found in a wide variety of
grasslands, cultivated fields,
hayfields, and old fields and
seem to prefer drier sites as
long as there is tall dense
grassy vegetation.
Adult Red-shouldered hawks
can be distinguished by the
reddish coloration of their
under parts and wing linings
and their 5 - 6 narrow, white
tail bands. In flight, they show
crescent-shaped translucent
patches lining the bases of the
long, outermost wing feathers.
Red-shouldered hawks will nest
in a variety of habitats but seem
to be closely associated with
mature forests in or adjacent to
wet meadows and swamps.
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•

Black Tern
SC – Special Concern
•

Yellow Rail
T -Threatened

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

The distinctive black head and
underbody with gray wings,
back, and tail easily
distinguishes this species from
any other tern species in the
state.
Black terns nest on floating
rack or vegetation within the
marsh. The well camouflaged
eggs rest in a shallow cup just
above the water surface and are
very susceptible to wind and
wave action.

It is tawny yellow above and is
streaked with wide dark stripes
crossed by white bars. When
flushed its flight pattern
appears weak. In flight a
pronounced white wing patch
on the trailing edge of its wings
is a distinctive identification
character along with its short
wings, stocky body, short tail
and dangling legs.
In Michigan, Yellow rails are
very closely associated with
Carex lasiocarpa, a type of
sedge found in northern wet
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Kirtland’s Warbler
E - Endangered

•

•

Common Loon
T - threatened

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

meadows.
A relatively large wood warbler
with adults 5 ¾ inches
(14.6cm) in length and
weighing 12-15 grams. Adults
with a yellow breast with black
streaks confined to the sides;
two white wing bars, and a
heavily streaked blue-gray
back. The distinctive white eye
ring is broken at the front and
back of the eye.
Young, dry, Jack pine stands are
needed for habitat

A large, heavy-bodied bird,
averaging 32 inches (81.3 cm)
in length, with a wingspan of
about 5 feet (1.5 m). In
breeding plumage, its head and
dagger-like bill are dark, its
breast white, and its back is a
distinctive black and white
checkerboard pattern.
Loons nest in sheltered islands
on large, undeveloped inland
lakes, although they may nest in
lakes as small as 11 acres.
Preferred nest sites are on
small islands or bog mats, at
the water’s edge.

Page C-7
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Bald Eagle
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

A large bird of prey, with a
wingspan ranging from 6-7.5
feet (1.8 - 2.3m). Mature adults
are immediately recognizable
by their white head and tail and
dark brown body. Their
hooked beak and feet are
yellow.
Nest in a wide variety of
habitats that provide suitable
nest sites close to open water.
Nests may be placed in snags or
large live trees as well as on
constructed platforms or utility
poles. They are resident (stay
year round) as long as there is
open water where they can
forage.
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Least Bittern
T - Threatened

•

•

Osprey
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

Small secretive marsh bird, the
crown, back, and tail are a vivid
greenish black, while the neck,
sides, and under parts are
streaked with brown and white.
Nests are shallow cups woven of
dead cattails, bulrushes, or
occasionally twigs and may
have nearby vegetation bent
overhead giving it the
appearance of a hand basket.
Nests are placed in tall, dense
stands of emergent vegetation
over water 4-30 inches deep.

A large hawk with long, narrow
wings, dark brown upper parts
and white under parts. Its head
is white with a dark eye streak.
The dark "wrist" patches on the
underside of its wings are
visible in flight.
Preferred nest sites are above
or near water. Snag/cavity
needed in Hardwood-conifer
swamp, Northern hardwood
swamp, Southern hardwood
swamp, Floodplain forest.
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King Rail
E - Endangered

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

A large, 15 -19 inches long bird
with a wingspan 21 - 25 inches.
It weighs 12 ounces, is a rustcolored marsh bird with a long
bill and long toes. Upper body
parts are olive brown, the
breast is reddish-brown, flanks
are barred with black and
white; the tail is short and often
uplifted.
A bird of coastal wetlands in the
Great Lakes region. They are
associated with permanent
marsh habitats along uplandwetland edges largely
dominated by tussock-forming
sedges.
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Secretive Locust
(Insects)
SC – Special Concern

•

•

Dusted Skipper
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

A small, short-winged
grasshopper which does not
have the ability to sing or fly.
Males are brownish gray with a
conspicuous stripe dorsally and
contrasting lateral black stripes
extending from the head nearly
to the end of the abdomen.
Primarily inhabit open leather
leaf-dominated sphagnum bogs
surrounded by jack pine. It has
also been found in open groves
of aspen and pines, in shrubby
undergrowth of jack pine
barrens, in early shrub-thicket
stages of second growth
northern hardwoods.

Large dark grass-skipper with
much frosting of the marginal
wing areas below. Adults have a
'masked' appearance due to
their dark eyes being bordered
by the white palps below and a
white eye stripe above.
Dry open fields. Eggs are laid
on bluestem grasses. Host
plant needed in Oak-pine
barrens, Pine barrens, Mesic
sand prairie, Mesic prairie, Drymesic prairie, Dry sand prairie.
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•

Boreal brachionyncha
SC – Special Concern

•

•

Photo Courtesy of budguide.net

Tawny Crescent
SC – Special Concern

•

•

A medium-sized moth (2.0 in
[5.0 cm] wingspan) with a small
and retracted head and small
and narrow eyes that are
deeply buried in lashes. The
forewings are fuscous or dark
gray, grayish brown or dusky in
color.
Associated with oak-pine
barrens, savannas, dry
hardwood forests, mesic conifer
forests, dry conifer forests, and
forest openings. The larval
hosts for this species are oaks
and low bush blueberries.

Upper surfaces of the male are
orange with heavier black
markings than other crescents;
the post medial band is
contrastingly lighter orange.
Moist meadows, pastures, old
fields, stream banks, and
roadsides. The larval host is
blue wood aster.

Photo Courtesy of budguide.net

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)
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Spotted Turtle
(reptiles)
T - Threatened

•

•

Blanding’s Turtle
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

A small turtle with adult
carapace, lengths ranging from
3.5 to 5.4 inches. Identified by
the small, round yellow spots
on its broad, smooth, black or
brownish black carapace,
although spots may fade in
older individuals and some
individuals are spotless.
Require clean, shallow bodies
of standing or slow-flowing
water with muddy or mucky
bottoms and aquatic or
emergent vegetation. Species is
fairly aquatic, but they are
frequently found on land in
open habitats, especially during
mating and nesting seasons.
Inhabit clean, shallow waters
with abundant aquatic
vegetation and soft muddy
bottoms over firm substrates.
This species is found in ponds,
marshes, swamps, bogs, wet
prairies, slow-moving rivers,
and lake shallows and inlets.
A medium-sized turtle with
adult carapace lengths ranging
from 6 to 11 inches. The
carapace is usually black with
yellowish spots and streaks and
is dome-like, elongated, and
smooth.
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Wood Turtle
SC – Special Concern

•

•

Eastern Massasauga
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

A medium-sized turtle, with
adult carapace (top part of
shell) ranging in length from 6
to 10 inches. The broad, low
carapace usually has a central
keel
Found primarily in or near
moving water and associated
riparian habitats. They prefer
clear, medium-sized hardbottomed streams and rivers
with sand and/or gravel
substrates and moderate flow.

A small to medium-sized thickbodied, gray, gray-brown or
brown snake with a distinctive
color pattern of dark brown
rectangular or saddle-shaped
blotches down the back and
two or three additional rows of
dark spots along the sides of
the body.
Found in a variety of wetland
habitats. Populations in
southern Michigan are typically
associated with open wetlands,
particularly prairie fens, while
those in northern Michigan are
known from open wetlands and
lowland coniferous forests,
such as cedar swamps.
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Lake Herring or Cisco
T – Threatened

•

•

Bigmouth Shiner
SC – Special Concern

•

•

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)

Elongate and nearly round in
cross sections, its lower jaw
projects slightly beyond the
upper jaw and the upper jaw
reaches to the front of the
pupil. The number of gill rakes
is generally the most reliable
method for correct
identification
Found in deep inland lakes as
well as the Great Lakes at
depths ranging from 18 to 53
meters. They can be found in
shallower depths (9-12 m)
when spawning over rocky
substrates.
Bigmouth shiners have a large,
horizontal mouth with the
upper jaw extending farther
than the lower one. The
underside of the head is
flattened and the sides of the
head angle inward as they go
up. The body is rather silver in
coloration and darker on the
back with lighter sides and
belly.
They are almost always found
in areas with a sandy substrate,
much like the silverjaw
minnow. They prefer to eat
various aquatic invertebrates
and terrestrial insects that fall
in the water.
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Deepwater Pond Snail
E - Endangered

•

•

This species is found in
medium sized to large lakes in
northern Michigan at depths of
approximately 33 ft.
A large freshwater snail with a
narrowly conic shell that is 2.5
cm in height and 1.1 cm wide
with a long, pointed spire and
dextral whorls. The aperture
(main opening) is narrow and
elongated.

Photo courtesy of animaldiversity.ummz.umich.edu

Michigan Natural Features Inventory – Rare Species Explorer (MSU 2014)
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APPENDIX D LAND USE PRACTICES WORKSHOP SUMMARY REPORT
Workshop Summary Report

Roscommon County Townships in the Upper Muskegon River Watershed
Thursday, November 13, 2013 at Lyon Township Hall

1.0 About the Workshop

The Muskegon River Watershed Assembly (MRWA) hosted a workshop, focused on ten Roscommon
County Townships in the Upper Muskegon River Watershed, on Thursday, November 13, 2013 at the
Lyon Township Hall in on the west side of Higgins Lake. The workshop, also sponsored by the
Michigan Department of Environmental Quality and the Annis Water Resources Institute (AWRI) at
Grand Valley State University, was attended by 12 participants invited by the MRWA, including the
two presenters from MRWA and AWRI. A list of the workshop participants is included in
Attachment A. The agenda for the workshop is found in Attachment B.
In addition to giving a short presentation at the workshop (see below), MRWA helped coordinate
the workshop and managed logistics (refreshments, room/hall reservations, etc.). Township
officials were emailed a copy of the workshop agenda by MRWA. Additionally, the MRWA also
contacted each township to personally encourage them to attend the workshop.

Problem Statement

In Michigan some of the most important water quality decisions are often local land use decisions
based on local regulations. A key element in preparing the Upper Muskegon River Watershed
(UMRW) Management Plan will be examining how existing local regulations connect land use
decisions with water quality management. Additionally, these regulations are enacted and utilized
by local officials, who also play a significant role in protecting water quality and other natural
resources in the watershed.

The AWRI project team has been reviewing local master plans and zoning regulations of
Roscommon County townships in the UMRW, particularly focusing on shoreline development. A
preliminary review has identified a number of opportunities to strengthen the local regulatory
framework for better water quality management. There is a need for local decision-makers to
consider the water quality consequences of development proposals in their townships. The
workshop was conducted for representatives from the Roscommon County townships that would
be covered in the Watershed Management Plan (WMP).

Workshop Goals & Objectives

The workshop goal was to bring together officials from Roscommon County townships located in
the UMRW to discuss the development of the WMP for this region and the role of township
regulations and local officials in water quality management. Workshop objectives were to:
•
•

Share the latest information on the Houghton Lake E. coli Reduction Project
Outline ways in which local ordinances might be changed for water quality management
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•
•
•
•

Obtain feedback on possible strategies for changing local ordinance
Discuss how best to solicit support for the WMP by township officials
Get a sense of how interested townships may be in adopting changes to their ordinances
(What will work in the township and in Roscommon County?)
Solicit advice from workshop participants on what steps to take and how to move forward

Information materials and handouts that were available at the workshop included:
•
•
•
•
•

Maps illustrating parcels located within Houghton Lake Sewer Authority(HSLA)
Land Cover Maps for each UMRW Township in Roscommon Township
Preliminary “Watershed Profile” for each township (Attachment C)
Workshop Discussion – Possible Strategies (Attachment D)
Workshop Feedback Form

2.0 Presenting the Workshop

Note: this summary does not present a strict chronological accounting of workshop
interactions, but rather is intended to represent captured input. Additions or revisions to this
summary are invited.

Welcome & Introductions
Betty Gajewski, representing AWRI, welcomed workshop participants and thanked them for
attending as well as expressed appreciation for workshop sponsors for providing meeting space,
support, and project funding. Each participant introduced themselves and identified what township
they were representing. Ms. Gajewski reviewed the agenda with the participants. Workshop
materials were also distributed. A common definition of “workshop” – the interaction and exchange
of information among a usually small number of participants – was shared by Ms. Gajewski. In
addition, Ms. Gajewski also shared the goals and objectives of the workshop to highlight the
importance of these interactions for water quality management in this region.

Project Description

Terry Stilson, MRWA Program Director, updated workshop participants on the status of the
Houghton Lake E. coli Reduction Project. Ms. Stilson described the results from a survey of
watershed property owners. Other activities included the installation of a rain garden at Trestle
Park in Denton Township along with a sign explaining the water quality benefits of a rain garden.
Additionally, Ms. Stilson noted, volunteers collected water samples for E. coli testing from around
Houghton Lake. Workshop participants were particularly interested in Ms. Stilson’s summary of the
use of a scent-trained dog to further screen stormwater flows into Houghton Lake for E. coli. The
dog “sniffed” for the presence of human fecal matter, checking 25 sites around the lake and finding
three “hot spots”. According to Ms. Stilson, these sites will be further investigated to help identify
and remedy the sources of the contamination. Ms. Stilson highlighted the importance of working
with townships during the WMP’s development. She emphasized the importance of the Muskegon
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River and other watershed resources to townships and the need to work collaboratively manage
water quality in these resources.

Preliminary “Watershed Profile”

As part of this project, a “Watershed Profile” containing regional and local watershed information
and other descriptions will be customized for each Roscommon County township in the UMRW. The
profile will represent some of the information that will be presented in the WMP as well as from
other sources, such as the many studies that have been conducted in the UMRW. It is intended that
the “Watershed Profile” will provide a watershed framework when updating Township Master
Plans, among other uses. In preparing the preliminary “Watershed Profile” for Roscommon County
(Attachment C), which was distributed at the workshop for review and feedback, Ms. Gajewski
shared a few interesting facts she discovered about Roscommon County:
•
•

•
•

•

Roscommon County contains a drainage divide between Lake Michigan and Lake Huron
Michigan has about 65,000 inland lakes. These lakes are scatter unevenly throughout
Michigan. If the total number of lakes in Michigan were evenly distributed, about one
section in five would have a lake. However, there are many thousands of sections in the
state without any lakes.
On average, a little more than 2% of the area in Michigan counties is covered with water. If
the total area of water was evenly distributed throughout the state, 2% means each section
of land in each county should have a 15-acre lake
A greater portion of Roscommon County (9.2%) is covered by water, making it the third
most water-covered county in Michigan after Antrim County (10.1%) and Charlevoix County
(9.9%). For contrast, Marquette County, with the largest total number of inland lakes, has
only 2.5% of its area covered by water.
Water coverage of UMRW townships in Roscommon County ranges from 33.1% in Lake
Township to 1.2% in Nester Township (with the most number of inland lakes)

Individual maps of land cover in each township were also available for participants to review and
take with them. In addition, maps illustrating those parcels located within the HSLA were examined
by workshop participants. Knowledgeable participants were asked to help distinguish whether
those parcels not receiving a HSLA bill for services might be using a septic system instead. With the
assistance of this group, it was determined that these parcels were either:
• Empty, unoccupied lots;
• Not close enough to the sewer line to connect to it;
• State owned property; or
• Not likely serviced by a septic system.

Initial Results—Township Plan/Ordinance Review

Since water quality in the UMRW has been – and continues to be – influenced by land use activities,
especially along the shorelines in the UMRW, township plans and ordinances have a significant
impact, Ms. Gajewski remarked. Local planning and zoning decisions connect land use to water
quality. Workshop participants were informed that pertinent plans and ordinances in Roscommon
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County townships were being reviewed as part of this project. Based on this review, as shared with
participants, the WMP will identify opportunities to include watershed best management practices
(BMPs) in township policies, plans, programs, and ordinances.

After discussing some of these preliminary suggestions, it was pointed out that UMRW townships
may wish to eventually update their master plans and ordinances to address some of the negative
impacts on water quality from land use decisions. Ms. Gajewski explained that applying these
changes to the older developments that will continue to dominate local shorelines, not just new
developments, will need to be considered, such as the impact of accessory buildings and
nonconforming uses. When a township has a framework for defining watershed priorities in its
policies, programs, plans, and ordinances, then local officials will be more knowledgeable and more
inclined to apply BMPs in their decision-making processes.

Strategy for Change

Based on initial results from the review of township master plans and zoning ordinances, a
summary of possible strategies for implementing watershed BMPs was distributed to workshop
participants. This hand-out, titled “Workshop Discussion – Possible Strategies” (Attachment D),
recommended a number of promising actions to support water quality protection, from referencing
the WMP in township master plans to adopting specific septic system requirements in local
ordinances. Ms. Gajewski clarified that one of the purposes of the workshop was to collect feedback
on these proposed actions as well as to encourage participants to share any other advice regarding
what steps might be taken to encourage adoption of watershed BMPs by the townships.

Feedback for Watershed Planning

After distributing and introducing the “Workshop Discussion – Possible Strategies” for
implementing watershed BMPs, Ms. Gajewski requested feedback on these proposed strategies.
This feedback would reflect the participant’s judgment on whether they thought the proposed
strategy was a:
•
•
•
•
•

Great Idea – could work in all townships
Good Idea – might work in my township
OK Idea – might work in a few townships
Not a Good Idea – not likely to work anywhere here
No Idea

Workshop participants took a few minutes to review the hand-out. A few questions were asked and
some discussion took place on selected elements, such as the specific impact of accessory buildings
and non-conforming uses on water quality. Following these discussions
,
some
workshop
participants indicated that they preferred to solicit feedback on these strategies from their
township boards and planning commissions. A few felt that they were unfamiliar with local plans
and ordinances and not comfortable suggesting the township’s position on such requirements.
After discourse concluded on the suggestion, it was the consensus of the group to take the proposed
strategies with them to collect additional input from their colleagues. It was noted that it would
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take a month or more after the workshop to get this feedback from their colleagues since many of
the boards and commissions typically meet once a month or every other month, depending on their
workload.

3.0 Workshop Conclusions and Next Steps

Ms. Gajewski asked workshop participants if there were any final comments before concluding the
workshop. She also requested that participants complete a brief feedback form and to write down
their thoughts and comments, noting the forms would be collected at the end of the workshop.
After the workshop discussions ended, participants completed the feedback form before they left
for the afternoon. The summary of their responses regarding the workshop were compiled and are
summarized in Attachment E.
The workshop participants were thanked for attending the workshop and providing their input to
the watershed management planning process. The participants were reminded that there would be
follow-up on the workshop. Along with “next steps,” several observations and conclusions
regarding the workshop are recapped below:
•

•

•
•

•

•

•

It was noted during the workshop that no plan or strategy for improving water quality at
the watershed level can be most effective without the interest and participation of local
governments.

There were a few townships in which a map showing land use/cover was not available at
the workshop. These township maps (Richfield, Nester, and Higgins) will be provided at a
later date.
It was evident during the workshop that local officials clearly understand the relationship of
the region's vitality and its prosperity with the quality of its water resources.

At several points during the workshop, participants readily discussed the information found
on the hand-outs sometimes as a whole group and sometimes during sidebar
conversations with nearby participants.

It was noted that the adoption of recommendations for changes in township ordinances in
the Higgins Lake Watershed Management Plan has been slow. Consequently, the project
team was interested in the barriers encountered by the townships in their efforts to
implement these recommendations.

It was believed by most participants that the controversy regarding the ticketing of property
owners with a native plant buffer along Houghton Lake under township anti-blight
ordinance is viewed as ancient history.
Other topics discussed included the referendum in February regarding the uniting of the
townships around Houghton Lake as one township, plus the review of Roscommon County
adopting a septic system inspection requirement for property transfers.
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•

•

There was some discussion about what other townships and counties are doing or have
done regarding septic systems, such as Benzie County – whether this requirement has
reverted to townships (confirming that it has or has not).
In discussing the adoption of additional requirements, concerns were raised about whether
there will be a need to improve the enforcement of township ordinances, even though it
was noted by many that some existing ordinances are not currently enforced.

Next Steps: There seemed to be interest in the results of the assessment of local zoning/ordinances
from a water quality perspective. However, several participants felt that not all local officials will
be receptive to the recommendations. Workshop participants felt a need to have input from their
boards and commissions on what watershed BMP strategies might work in their township as well
as in Roscommon County. Workshop participants will be contacted early in 2014 for their feedback
on BMP strategies.

Next Steps: Later, in 2014, the AWRI project team will again follow up with the Roscommon County
townships, meeting individually at each township to review their “Watershed Profile” and
recommendations for changes to plans and ordinances.
Next Steps: A workshop summary report would be prepared as part of the project.

We would like to thank both the workshop sponsors and all of the Roscommon County
township officials who participated in this informative workshop.
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List of Workshop Participants
Name
Barb Stevenson
Tula Alexander
Mary Ann Russom
William Whiting
Frank Homola
Craig Cotterman
Stan Christler
Norm Fullmer
Ken Dennings
Ed Nellist
Terry Stilson
Betty Gajewski

Representing

Contact Information

Roscommon Township
Richfield Township
Gerrish Township
Nester Township
Gerrish Township
Denton Township
Lake Township
Markey Township
Gerrish Township
Lyon Township
Muskegon River Watershed
Assembly
GVSU Annis Water Resources
Institute

clerk@roscommontownship.com
tpa48656@yahoo.com

russomma@hotmail.com

NesterTownship acjourncy.com

supervisor@gerrishtownship.org
supervisor@dentontownship.org
njfullmer@Charter.net

ktdennings@charter.net

supervisor@lyontownship.org

MuskegonRiverWatershedAssembly@ferris.edu
gajewsbe@gvsu.edu

Workshop Agenda

Roscommon County Townships
Upper Muskegon River Watershed
Lyon Township Hall

Wednesday, November 13, 2013
9:30 am to 12:00 pm

Welcome & Introductions (9:30-9:40 am)
Project Description (9:40– 9:50 am)

Workshop Objectives (9:50—10:00 am)

Preliminary “Watershed Profile” (10:00-10:20 am)

Initial Results—Plan/Ordinance Review (10:20-10:50 am)
Break (10:50-11:00 am)
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Strategy for Change (11:00-11:30 am)

Feedback for Watershed Planning (11:30-11:50 am)

Conclusions and Next Steps (11:50 am-12:00 pm)
Workshop is sponsored by:

Michigan Department of Environmental Quality
Muskegon River Watershed Assembly
Annis Water Resources Institute at Grand Valley State University
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