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Macatawa Watershed Voluntary Agreement 

2017 Annual Report 
 

October 1, 2016 – September 30, 2017 
 
This annual report was prepared pursuant to the Macatawa Watershed Voluntary Agreement 
developed to show the commitment between the point and nonpoint sources of phosphorus 
pollution to improve water quality in the Macatawa Watershed. The intent of the agreement is to 
outline the ways in which all parties will support reduction of phosphorus loading into Lake 
Macatawa as detailed in the Macatawa Watershed Management Plan. 
 
SUMMARY FROM ANNUAL MEETING 
 
A formal annual meeting was not held during FY2017. Instead, the Macatawa Watershed Advisory 
Committee continued to meet every other month. Representatives from the point source facilities 
and nonpoint source stakeholders are invited to attend each meeting. Phosphorus reduction 
activities are discussed on a regular basis. Meeting agendas and PowerPoint slides are attached 
(Attachment 1). 
 
PHOSPHORUS REDUCTION STRATEGY 
 
The Macatawa Watershed Management Plan estimates that the 2005 total phosphorus load in the 
Macatawa Watershed was 51,820 pounds per year based on the MDEQ Pollutant Loading Model. 
This result is very different than the models used to develop the TMDL in 1999, which estimated 
the nonpoint phosphorus load in the Macatawa Watershed to be 126,100 pounds per year. The 
TMDL established a goal of an annual nonpoint source phosphorus load of 35,000 pounds per 
year, or a reduction of 91,100 pounds per year. This goal is not relevant to the models used in 
updating the management plan; therefore the watershed management plan instead aims to meet the 
phosphorus concentration recommended in the 1999 TMDL of an in-lake concentration of 50 ppb. 
The management plan lays out a three pronged action plan, including an information and education 
strategy and structural and managerial best management practices, to address the goals of restoring 
designated uses, enhancing desired uses and protecting natural areas.  
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Several projects, managed by the Macatawa Area Coordinating Council (MACC) and its partners, 
are currently underway to implement recommendations in the management plan.  
 

 The MACC completed a Great Lakes Commission (GLC) Great Lakes Restoration Initiative 
Sediment Reduction Program grant in September 2017. The grant provided cost-share to 
farmers in critical subwatersheds to implement conservation tillage, cover crops and gypsum 
application. In FY17, 122 acres of reduced tillage, 657.51 acres of cover crops and 600.7 acres 
of gypsum application were implemented. Load reductions are provided in Table 1. 

 The MACC was awarded a Great Lakes Restoration Initiative Agricultural Watershed 
Management (GLRI-AWM) Grant in April 2016. In FY17, 210 acres of cover crops, 410 acres 
of residue management, 169 acres of gypsum application, and 1 water and sediment control 
basins with a grassed waterway were implemented. Load reductions are provided in Table 1. 

 The MACC has continued to manage a volunteer road-stream crossing inventory program. To 
date, 96 crossings have been inventoried and 15 had severe erosion according to the database 
model. The MACC will work with the respective road and drain offices to further investigate 
these sites and prioritize them for repair or replacement. One is already scheduled to be 
replaced in Ottawa County in 2018. The MACC also intends to continue this volunteer program 
for at least another 9 years with the goal of visiting all road-stream crossings in that time. 

 In June 2013, Project Clarity (PC) was publically launched as an initiative of the Outdoor 
Discovery Center Macatawa Greenway to comprehensively restore the Macatawa Watershed. 
The Project Clarity Plan outlines a 5-part restoration strategy that includes about a $12 million 
fundraising goal. The majority of this goal has been secured in private pledges and some public 
contributions from local governments and grants. Numerous projects were implemented in 
FY17 including 3,570 linear feet of grassed waterways, 1,400 linear feet of two-stage ditches, 
2,158 acres of gypsum application, and 424 acres of cover crops. Load reductions for these 
practices are included in Table 1. Grand Valley State University’s Annis Water Resources 
Institute (GVSU-AWRI) has been conducting water quality monitoring in Lake Macatawa and 
up and downstream of significant wetland restoration projects since 2014.  

 The MACC continues to work with local municipalities on stormwater management for 
compliance with their State of Michigan municipal separate storm sewer system (MS4) 
permits. Applications were submitted to the DEQ for renewals of these permits on April 1, 
2016. Part of this process includes the update of county development standards to meet the 
post-construction stormwater runoff control component of the permit. The implementation of 
the standards was delayed as we waited to receive comments from the DEQ. Those have been 
received, so partners will review those, make the necessary adjustments and move forward 
with implementation in 2018. The new standards enforce water quality and channel protection 
standards that should help reduce erosion and subsequent transport of sediment and phosphorus 
to Lake Macatawa. 
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Table 1. Summary of NPS Phosphorus Reductions from Structural BMPs (FY17) 

BMP Quantity 
Erosion reduction 
(T/yr) 

Phosphorus 
reduction (lb/yr) 

Cover crops (GLC1) 658 ac 502 482 
Reduced tillage (GLC1) 122 ac 15 14 
Gypsum (GLC1) 601 ac 181 170 
Reduced tillage (GLRI-AWM2) 410 ac 587 850 
Cover crops (GLRI-AWM2) 210 ac 150 230 
Gypsum (GLRI-AWM2) 169 ac 91 149 
WASCOB (GLRI-AWM2) 1 117 143 
Grassed waterways (PC3) 3,570 feet 378 327 
Two-stage ditch (PC3) 1,400 feet 119 409 
Gypsum application (PC3) 2,158 ac 642 1,164 
Cover crops (PC3) 424 ac 246 458 
Cover crops (NRCS) 48 ac 72 159 
Grassed waterway (NRCS) 2 ac 14 18 
TOTALS  3,114 4,573 

1 All GLC load reduction were calculated using the GLC-GLRI 2A BMP reporting spreadsheet 
2 For the GLRI-AWM, WASCOB reductions were calculated with the DEQ Pollutants controlled spreadsheet, all 
others were calculated using STEPL 
3 For Project Clarity, the DEQ Pollutants Controlled Spreadsheet was used to calculated load reductions for Grassed 
Waterways, STEPL for gypsum and two-stage ditches and RUSLE2 for cover crops. 

 
In addition to the agricultural practices listed in Table 1, the Ottawa County Water Resources 
Commissioner’s Office provided a list of urban infiltration and detention practices that have been 
installed in the watershed over the last year. The full list is in Attachment 2 and a summary is 
provided in Table 2. In addition to the list in Table 2, two project sites also included added 
floodplain storage on two county drains. 
 
Table 2. Summary of NPS Phosphorus Reductions from Urban BMPs in FY17 
Type of 
Practice 

# of project sites Acres of runoff treated 
Phosphorus 
reduction (lb/yr) 

Two-stage ditch 1 2,600 lf 100 
Leach basin 3 16.17 13.7 
Infiltration 4 14.32 11.2 
Detention 13 162.32 99.2 
Hydrodynamic 
separators 

4 (2 also had detention 
and are counted above) 

39.36 (11.78 with 
detention) 

No data 

TOTALS 23 220.39 ac 224.1 
Phosphorus reductions calculated using the DEQ Pollutants Controlled Spreadsheet. Assumed extended wet detention 
for detention practices and infiltration trench for infiltration 
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Table 3 provides estimated cumulative non-point source reductions since 2012. Efforts to reduce 
phosphorus greatly increased in 2016 due to the MACC’s two agricultural grants and the success 
of private funding through Project Clarity. The total assumes that all practices will continue to be 
implemented on an annual basis in perpetuity. Many of the agricultural BMPs are done on an 
annual basis (cover crops, reduced tillage) and there is no guarantee that they will continue beyond 
the contracted funding. Gypsum application has a temporary effect on the soil, likely decreasing 
each year, and may need to be reapplied in the future to continue the phosphorus reduction benefit. 
It is hoped that by providing the initial cost-share dollars, farmers will see the benefit in continuing 
to implement the practice on their own. In future years, the MACC will survey farmers that 
implemented BMPs previously to determine how many are still being used. Overall, while we can 
estimate the annual impacts of these practices, they are still estimates. The best measure of success 
is still the actual concentrations of phosphorus in Lake Macatawa. 
 
Table 3. Cumulative Non-point Source Phosphorus Reductions 
Year Estimated phosphorus reduction (lb/yr) 
2012 487 
2013 1,579 
2014 1,022 
2015 1,304 
2016 10,178 
2017 4,807 
TOTAL 19,377 

 
In FY2017, the Holland Board of Public Works completed construction of their new natural gas 
power plant, the Holland Energy Park. The plant uses phosphorus free-technology to treat their 
discharge water. As such, they are preventing a new point source discharge of an estimated 3,100 
lb P/yr. The new facility also includes on-site stormwater detention for the 9.7 acre facility for an 
estimated phosphorus reduction of 10 lb/yr (included in Table 3 2017 total above). 
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SUMMARY OF POINT SOURCE EFFLUENT DATA 
 
Table 4: FY2017 Point Source Phosphorus Effluent Totals 
Oct 1, 2016-Sept 30, 2017 
Point Source Total pounds of Phosphorus
Holland BPW 11,643 
Zeeland Clean Water Plant 1,175.5 
Mead Johnson 535.2 

 
The data presented in Figure 1 and Table 5 below represent annual totals (calendar year) and are 
not reported based on the fiscal year as is the nonpoint source data. 
 

 
Figure 1. Summary of point source phosphorus discharges in the Macatawa Watershed 
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Table 5: Annual Phosphorus Load (lbs) from Point Sources in the Watershed 
Year Holland Zeeland CDR Mead Johnson Totals 
1999 11352 941 640 335 13268 
2000 12664 1042 522 467 14695 
2001 10229 1108 339 592 12268 
2002 8871 1195 464 423 10953 
2003 8252 1135 370 433 10190 
2004 7132 1265 267 369 9033 
2005 12352 1098 107.56 317 13875 
2006 10303 795 83.45 472 11653 
2007 9817 1142 56.43 549 11564 
2008 7373 940 0 628 8941 
2009 8802 690 0 1138 10630 
2010 9540 689 0 859 11088 
2011 8070 1032 0 967 10069 
2012 11728 845 0 574 13147 
2013 12733 1140 0 728 14601 
2014 11482 1735 0 701 13918 
2015 11303 2368 0 816 14487 
2016 15269 1556.28 0 898.2 17723 
2017* 8577 1014.6 0 386 9977 

* 2017 totals only include January-September 

 
Based on Table 5, the discharge loading for the Holland Board of Public Works (BPW) in 2016 
was higher than usual due to higher influent loadings of phosphorus experienced in calendar year 
2016, and slightly decreased treatment efficiency during construction due to process tanks being 
taken out of service for updates. Like Holland BPW anticipated, FY17 phosphorus numbers are 
back to average levels similar to past years.   
 
POINT SOURCE UPDATES 
 
The Zeeland Clean Water Plant (CWP), Holland BPW and Mead Johnson continue to reduce 
phosphorus loading when possible.  
 
The City of Zeeland CWP has completed a 13-million-dollar plant expansion that was put into 
service in the spring of 2017. Part of this project is a new AAO (Anaerobic, Anoxic, Oxygen) 
biological phosphorous removal process. A big benefit of this new process is that the organisms from 
the process do all the work of the phosphorous removal and have eliminated 100% of the polymer 
that was being used in the primary treatment. Furthermore, there was a 75% reduction in the use of 
Aluminum sulfate, reduced from an average of 160 GPD to 40 GPD. Starting late October / early 
November 2017, the Zeeland CWP will start taking another 0.5 MGD of flow from both Holland 
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and Zeeland Townships in an agreement that was made several years ago which will increase the 
amount of treatable phosphorous.   
 

 
Figure 2. Construction of the expansion at the Zeeland Clean Water Plant 
 
The Holland BPW made the following upgrades to their wastewater treatment facility: 
 

 Solids Handling Improvements – Most of the equipment at the facility used to process solids 
generated in the treatment process had reached the end of its useful life and was undersized for 
the facility’s current demands. The project replaced nearly all of this equipment including new 
sludge thickening equipment (Gravity Belt Thickeners), new sludge dewatering equipment 
(Screw Presses), and an update to the lime stabilization process for land application. 

 

 Secondary Treatment Improvements – Similar to the solids handling equipment, the 
mechanical equipment on the East Plant secondary treatment process had reached the end of 
its useful life. This equipment was replaced as part of the project. The improvements convert 
the East Plant from a conventional activated sludge process to a high purity oxygen activated 
sludge process. This conversion will increase the facility’s capacity for Biochemical Oxygen 
Demand (BOD) by more than 30%. This in turn will allow the facility to better serve the 
growing demands of the community. 
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SUMMARY OF MONITORING DATA  
 
The most recent published monitoring results conducted by the State of Michigan Department of 
Environmental Quality during 2012 determined that the average spring concentration of 
phosphorus in Lake Macatawa was approximately 133 ppb (see Figure 3). This level is consistent 
with historic levels, but it is still more than 2.5 times greater than the TMDL goal of 50 ppb. 
Additional analysis showed that the relationship between flow and phosphorus concentrations 
continues to be influenced by nonpoint source inputs during storm events (Holden, 2014). 
Monitoring was conducted in 2014, but a published report has not yet been provided. 
 

 
Figure 3. Average historic spring phosphorus concentrations at Stations 1, 2 and 4 in Lake 
Macatawa (Holden, 2014). 
 
From spring through fall of 2017, the GVSU Annis Water Resources Institute continued 
monitoring five sites in Lake Macatawa seasonally and six locations in tributaries during baseflow 
and storm events. The five sites in Lake Macatawa are located approximately in the same locations 
where the DEQ monitors in even numbered years so that the data can be compared. The six 
tributary locations are upstream and downstream of two major wetland restorations that were 
constructed in 2015-2016. The 2017 monitoring is still ongoing and data reports will not be 
publically available until sometime in January 2018. Fish monitoring was also completed in Lake 
Macatawa by the Institute during summer 2017. The final report will be included with the 2017 
water quality monitoring report. The same monitoring efforts were completed in 2016, and copies 
of those reports are included in Attachment 3. 
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ATTACHMENT 1 

WATERSHED ADVISORY COMMITTEE MEETINGS 



 

WATERSHED ADVISORY COMMITTEE 
Thursday, October 27, 2016 

1:30 PM – 3:00 PM 
Howard Miller Library, 14 S. Church St, Zeeland 

 
AGENDA 

 
I. INTRODUCTIONS 

 
II. PRESENTATION: A New Approach to Fund Watershed Management: An 

Evaluation of Funding Mechanisms 
 

III. GRANT UPDATES 
a. GLC and GLRI Agricultural Grants 
b. SAW Grant  
c. MiCorps Road-Stream Crossing Inventory 

 
IV. PROJECT CLARITY UPDATE 

Outdoor Discovery Center Macatawa Greenway 
 

V. OUTREACH AND EDUCATION ACTIVITIES 
 

VI. PARTNER REPORTS 
 

VII. DATES TO REMEMBER 
a. November 2-3: MiCorps Annual Conference 
b. November 21: Ottawa County Water Quality Forum 
c. December 15: Watershed Annual Meeting 

 
VIII. NEXT MEETING: February 16, 2017, 1:30-3pm, location TBD 

 

Policy Board 
 
Howard Baumann, Jr. 
Joseph Baumann 
Thomas Bird 
Nancy DeBoer 
Ken DeWeerdt 
Terry Hofmeyer 
Gerald Hunsburger 
John Kleinheksel 
Kevin Klynstra 

 Blaine Koops 
John Lanum 

 Hannes Meyers, Jr. 
Terry Nienhuis 
Glenn Nykamp 

 Pankaj Rajadhyaksha, Chair 
Jim Storey 
Russ Te Slaa 

 David Van Ginhoven 
Todd Wolters 
 

 Executive Committee 
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Watershed Advisory 
Committee Meeting

October 27, 2016

Agenda

• Presentation – watershed funding study
• Grant Updates
• Project Clarity
• Outreach and Education
• Partner Reports
• Dates to Remember
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www.pscinc.com @pscmichiganPublicSectorConsultants

A New Approach to Fund Watershed 
Management

An Evaluation of Funding Mechanisms

Jon Beard
Senior Consultant

pscinc.com

Public Sector Consultants

• A Lansing-based public policy consulting firm

• Provide objective, non-partisan research and analysis to the 
public and private sector

• Areas of expertise include:
• Governance and regulation 

• Health care

• Education

• Energy

• Environment

ATTACHMENT 1
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pscinc.com

Project Background

• Regional planning organizations 
partnered to evaluate sustainable 
funding mechanism for watershed 
management in West Michigan
• Macatawa Area Coordinating Council
• Grand Valley Metropolitan Council
• West Michigan Shoreline Regional 

Development Commission

• Dr. Alan Steinman, GVSU provided 
strategic counsel and insight on the 
region and analysis

pscinc.com

Presentation Overview

• Discuss alternative funding mechanisms analyzed

• Review revenue projections for the approaches

• Discuss potential next steps to advance  sustainable funding for 
watershed management

ATTACHMENT 1
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pscinc.com

Funding Approaches 

• Evaluated four approaches to develop sustainable funding for 
watershed management in West Michigan
• Millages

• Flat Fees

• Watershed Management Districts

• Pay for Success Bonds

• Conducted interviews with 16 opinion leaders

pscinc.com

Building Blocks for Analysis

• Collected taxable value data from the state

• Collected parcel information from each of the counties

• Identified watershed scale with project team
• Proved to be more complicated than anticipated

• What is the right scale?

• Identified 54 Subwatersheds

ATTACHMENT 1
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pscinc.com

Watersheds 
Analyzed

pscinc.com

Millage-based Funding

• Voter-approved property assessments 
• One mill equals $100 per $100,000 in taxable value

• Provide communities a tool to fund programs that reflect their 
priorities

• Examples of voter approved millages
• 2016 Ottawa County parks

• 2014 Kent County senior citizen services

• 2013 Grand Rapids parks millage

• 2012 Oceana County veteran services

ATTACHMENT 1
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pscinc.com

Millage-based Funding

• Strong track record of voter support
• August 2014, 786 millage proposals statewide

 80 percent of new proposals approved

 99 percent of renewal proposals approved

• November 2014, 398 millage proposals statewide
 83 percent approval rate

• Michigan voters historically support environmental proposals
• In 2014, 16 out of 18 parks millages were approved

• Natural Resource Trust Fund (approved 2 to 1 margin)

• Bottle Bill (approved 2 to 1 margin)

pscinc.com

Region 4 Millage Projections

• Assessed three different millage rates

• Annual estimated regional need = $13.6 million

Mills
Property Tax per 

$100,000 of Taxable 
Value

5-year 
Regional 
Revenue 

0.05 $5 $14,003,744

0.1 $10 $28,007,488

0.25 $25 $70,018,720

ATTACHMENT 1
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Millage Projections: West Michigan Counties

County

Scenario A: Scenario B: Scenario C:

0.05 mills 
(5 years)

0.1 mills 
(5 years)

0.25 mills 
(5 years)

West Michigan Regional Prosperity Alliance Total $14,003,744 $28,007,488 $70,018,720

Allegan $1,154,089 $2,308,178 $5,770,445

Barry $525,747 $1,051,494 $2,628,734

Ionia $732,730 $1,465,460 $3,663,651

Kent $5,506,830 $11,013,659 $27,534,149

Lake $143,632 $287,265 $718,162

Mason $447,099 $894,197 $2,235,493

Mecosta $326,838 $653,676 $1,634,190

Montcalm $453,034 $906,067 $2,265,168

Muskegon $1,140,605 $2,281,209 $5,703,023

Newaygo $385,392 $770,785 $1,926,962

Oceana $304,995 $609,990 $1,524,975

Osceola $183,409 $366,818 $917,044

Ottawa $2,699,345 $5,398,690 $13,496,726

pscinc.com

Millage Projections: Macatawa

County
0.05 mills 
(5 years)

0.1 mills 
(5 years)

0.25 mills 
(5 years)

Allegan $89,069 $178,139 $445,347

Ottawa $513,021 $1,026,042 $2,565,106

Total $602,090 $1,204,181 $3,010,453

Estimated annual needs: $771,000 (per watershed management plan)

ATTACHMENT 1
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Flat Fee Funding

• Standard fee assessed to all parcels

• Used in Michigan as an option for funding recycling

Fee 5-year Regional Revenue 

$10 $36,022,100

$20 $72,044,200

$30 $108,066,300

pscinc.com

Flat Fee Projections: West Michigan Counties

County

Scenario A: Scenario B: Scenario C:

$10/parcel/year 
(5 years)

$20/parcel/year
(5 years)

$30/parcel/year 
(5 years)

Total $36,022,100 $72,044,200 $108,066,300

Allegan $3,115,200 $6,230,400 $9,345,600

Barry $1,593,550 $3,187,100 $4,780,650

Ionia $1,495,950 $2,991,900 $4,487,850

Kent $10,837,500 $21,675,000 $32,512,500

Lake $1,228,250 $2,456,500 $3,684,750

Mason $1,175,450 $2,350,900 $3,526,350

Mecosta $1,465,700 $2,931,400 $4,397,100

Montcalm $1,966,750 $3,933,500 $5,900,250

Muskegon $3,910,600 $7,821,200 $11,731,800

Newaygo $1,786,850 $3,573,700 $5,360,550

Oceana $1,206,300 $2,412,600 $3,618,900

Osceola $1,035,400 $2,070,800 $3,106,200

Ottawa $5,204,600 $10,409,200 $15,613,800

ATTACHMENT 1
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Flat Fee Projections: Macatawa

County
$10/year 
(5 years)

$20/year
(5 years)

$30/year
(5 years)

Allegan $240,423 $480,846 $721,268

Ottawa $989,155 $1,978,309 $2,967,464

Total $1,229,578 $2,459,155 $3,688,732 

Estimated annual needs: $771,000 (per watershed management plan)

pscinc.com

Flat Fee Approach: 
Additional Considerations

• Headlee Amendment 
• Requires voter approval of new local taxes

• Bolt v. City of Lansing Decision
• City of Lansing charged a flat fee to all parcels for stormwater

management 

• Bolt challenged the fee in court as a tax that was not approved by the 
voters

ATTACHMENT 1
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Bolt v. City of Lansing

• Case progressed to the Michigan Supreme Court

• Court ruled in favor of Bolt, established criteria for fees:
• Must serve a regulatory purpose rather than a revenue raising purpose

• Must be proportionate to the necessary costs of the service and imposed 
on those benefiting from the service

• Must be voluntary—users must be able to refuse or limit their use of the 
service

pscinc.com

Flat Fee Approach:
Additional Considerations

• Requires new enabling legislation giving counties authority to 
establish a fee

• Needs to be structured to comply with the Bolt decision and 
Headlee Amendment
• Opt-out

• Voter approval

• House Bill 5991 introduced by Rep. McCready 10/19/2016 and 
referred to Committee on Local Government

ATTACHMENT 1

LAKE MACATAWA TMDL REPORT 2017 -  Page 23



10/24/2017

11

pscinc.com

Watershed Management Districts

• West Michigan Watersheds have a diversity of
• Land use types

• Water quality conditions

• Management and funding needs

• Approach would raise funds based on unique needs of each 
watershed

• Similar approach used for
• Lake management

• County drainage districts

pscinc.com

Current Water Resource Management Framework

• Existing legislation provides examples that could illustrate how to 
structure programs:
• Inland Lakes Improvement Act

• Public Improvements Act

• Michigan Drain Code

• Watershed Alliance Act

ATTACHMENT 1
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A New Framework to Support Watershed 
Management

• Approach would require new legislation

• Potential to draw on successful elements of current water 
resource management framework
• Enable local communities to form watershed coalitions at a scale that 

makes sense for them

• Develop a framework for a governance structure

• Establish a mechanism to raise revenue based on watershed needs and 
contributions from individual properties

pscinc.com

Watershed Management District Funding

• Funding could be established using a special assessment district 
at a watershed scale

• Assessing properties based on their individual contributions 
through an assessment formula

• Similar approach is currently used in Michigan
• Ann Arbor stormwater management

• Van Buren County drain office pilot project

ATTACHMENT 1
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Watershed Management District Funding 
Formula

• Many elements could be included in an assessment formula
• Land Use (Residential, Agricultural, Commercial, etc)

• Soil types (well-drained & not well drained)

• Management practices
 Impervious surface

 Nutrient management

• Total acreage

• Others

• Balancing complexity with equity

pscinc.com

Muskegon Lake Watershed Example

• Developed a hypothetical assessment formula

• Assessment = Base Rate * Land Use * Soil Type * Management 
Practices * Acreage

• Different weights applied to each input

• Base rate: $75/ acre (decreased using credits)
• Land use

 Natural areas (65 percent credit)

 Low-intensity agricultural areas (50 percent credit)

 High-intensity agriculture not adjusted on land use

 Commercial, residential, and industrial not adjusted on land use

ATTACHMENT 1
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Muskegon Lake Watershed Example

• Soil type
• Poorly drained soils are not adjusted

• Well drained soils (30 percent credit)

• Urban management practices
• Percent impervious surface

• Agricultural management practices
• Conservation management plan (15 percent credit)

• Nutrient management plan (25 percent credit)

• Additional credits for best management practices

pscinc.com

Muskegon Lake Watershed Example

• Analyzed a hypothetical funding scenario using these inputs 
• Parcel data provided by WMSRDC

 Land use type (residential, commercial, etc)

 Parcel size

• Made a series of assumptions to illustrate how the approach could work

• Figures could be significantly different with more rigorous GIS analysis

ATTACHMENT 1
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Muskegon Lake Watershed Example:
Hypothetical Results

Land Use Type Parcels
Hypothetical 
Assessment

Residential Assessment 16,686 $380,235
Commercial Assessment 1,667 $93,114
Industrial Assessment 187 $54,720
Low Intensity Agriculture 
Assessment

77 $117,994

High-intensity agriculture 
assessment

80 $244,913

Total 18,697 $890,976

pscinc.com

Pay for Success Bonds

• Emerging financing approach to support government programs 

• Leverages private investments to support public outcomes

• Government compensates investors to assume risk of trying 
something new

• Requires revenue to repay the investors

• Ideal for innovative solutions to societal issues

ATTACHMENT 1
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Pay for Success Bond Partners

• Investors: Entities provide the funding for the program
• Intermediaries: Organizations that help connect investors, 

private service providers, and government entities
• Service providers: Organizations that deliver the public service 

funded by PFS Bond
• Governmental units: The agency that contracts with either the 

service provider or the intermediary that will benefit if the program 
is successful 

• Evaluators: Neutral third parties that determine whether or not 
the outcomes have been successfully achieved.

pscinc.com

Pay for Success Bond Structure

ATTACHMENT 1
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Why would investors use PFS Bonds?

• PFS Bond market likely dominated by foundations and 
philanthropically minded people

• Enables these groups to leverage resources further than solely for 
grantmaking

• Some portfolios require investment in environmental causes

pscinc.com

Why would government use PFS Bonds?

• Conceptually, PFS Bonds seem like a way to increase 
government funding

• If programs are successful PFS funding is more expensive than if 
the project were funded directly 

• Enables government to sell its risk for demonstration projects or 
where outcomes are uncertain

• Investors in turn buy the risk when they think the program will be 
successful
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pscinc.com

Using PFS Bond

• Emerging mechanism with few examples nationally

• First used in social sectors
• New York prison recidivism

• West Michigan child mortality

• Beginning to be used in environmental sectors
• Forest resilience bonds in western states

pscinc.com

Using a PFS Bond in West Michigan:

• PFS Bonds have yet to be used for watershed management 
purposes in Michigan 

• Evaluated the Muskegon Lake Restoration Projects to 
demonstrate how it could be used
• Federal funding provided $10 million for habitat restoration

• GVSU evaluated social and economic impacts of the restoration
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pscinc.com

Muskegon Lake Case Study

• Environmental Outcomes
• 27 acres of wetland restoration

• 10,000 feet of shoreline restoration

• 180,000 tons of dredged material

• Economic Outcomes
• $12 million of increased property values

• $600,000 of increased property tax revenue annually

• $1 million of increased recreational spending annually

• $66 million in increased economic benefits over ten years 

pscinc.com

PFS Funding Scenario 

Funding Scenario
Investment 
& Return

Initial investment $10 million

Example ROI 10%

Total return to investors $11 million

Net ROI $1 million

Return to local government 
(increased property taxes)

$600,000 
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pscinc.com

Potential PFS Bond Projects

• Stormwater management projects when there is a source of 
revenue available to repay the bond.
• Wetland restoration 

• Shoreline restoration 

• Green roofs

• Rain gardens 

• Filter strips

• Others

pscinc.com

Funding Alternatives Review

• Millages
• Commonly used and well known by voters
• Track record of support for local millages
• Could be implemented in the near term

• Flat Fees
• Requires new legislation
• Relatively simple
• Used to support other initiatives in Michigan
• Needs to be structured to comply with Bolt decision and Headlee

Amendment
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pscinc.com

Funding Alternatives Review

• Watershed Management Districts
• Requires new legislation 
• More complex than other approaches
• Potential for greater equity
• Addresses issues raised by Bolt decision

• Pay for success
• Provides financing for new approaches
• Requires complex business agreements
• Best suited to large scale projects
• Potential to achieve cost savings

pscinc.com

Next Steps

• Work with stakeholders to review alternatives 

• Public and stakeholder engagement is critical regardless of which 
approach is advanced
• Consider a public opinion survey

• Reach consensus on an approach

• Work with community partners to advance a sustainable funding 
approach
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GRANT UPDATES

Great Lakes Commission

• Extended through December 2016
• Cover crops – 741.97 acres
• Gypsum – 413.78 acres
• As of September 2016

• 988.46 acres of notill
• 865.64 acres of cover crops
• 808.76 acres of gypsum
• 4,849 T soil/yr (660 T sediment/yr)
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Great Lakes Restoration Initiative

• Cover Crop contracts: 569.33 
acres

• Residue management contracts: 
776.22 acres

• Experiential learning program 
with Holland Christian 
Homeschool Connection and 
Critter Barn 

SAW grant

• Public Education Plan update was approved 9/28/2016
• Training website is live, need to build content
• Progress on BMP maintenance manual
• Updates of PPGH handbooks submitted to DEQ

• Assemble final SAW Stormwater Management Plan
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Road‐Stream Crossing Grant

• 7 events, 25 unique volunteers, 40 sites completed (out of 56)

• Presentation at the annual MiCorps Conference November 2&3 

• Winter: develop plan to inventory more sites
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PROJECT CLARITY UPDATE

OUTREACH AND EDUCATION ACTIVITIES

ATTACHMENT 1

LAKE MACATAWA TMDL REPORT 2017 -  Page 38



10/24/2017

26

Public Education Activities

• September 20 – Macroinvertebrate monitoring

• September 24 – Macatawa River Cleanup

• October 7 – Pumpkinfest (fishing game)

• October 21 – Treats & Trails 

Macatawa River Cleanup

• MiCorps Grant covered supplies, appreciation gifts
• Saturday, Sept 24, 1‐4pm
• 30 volunteers (9 children)
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PARTNER REPORTS
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Upcoming Events

• October 27: Unplug, Upcycle, & Upgrade (Tonight)

• Nov 2‐3: MiCorps Annual Conference

• Nov 21: Ottawa County Water Quality Forum

• Dec 15: Watershed Annual Meeting

Next Meeting

February 16, 2017
1:30‐3:00pm

Location to be determined
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WATERSHED ADVISORY COMMITTEE 
Thursday, January 26, 2017 

1:30 PM – 3:00 PM 
Howard Miller Library, 14 S. Church St, Zeeland 

 
AGENDA 

 
I. INTRODUCTIONS 

 
II. GREEN INFRASTRUCTURE SUITABILITY MAP REVIEW AND 

DISCUSSION 
 

III. GRANT UPDATES 
a. GLC and GLRI Agricultural Grants 
b. SAW Grant 
c. Regional Prosperity Initiative 

 
IV. ROAD-STREAM CROSSING INVENTORY PRIORITIZATION EXERCISE 

 
V. PARTNER REPORTS 

 
VI. DATES TO REMEMBER 

a. February 28-March 3: Michigan Floodplain and Stormwater Conference, 
Lansing 

b. March 3: SWCS Agriculture and Natural Resources Week Program, Lansing 
c. March 7: Ottawa Conservation District Annual Meeting 
d. March 9: Shoreline and Shallows Conference, Lansing 
e. March 14-15: Midwest Cover Crop Council Annual Meeting, Grand Rapids 
f. April 13: LGROW Spring Forum 
g. April 29: River Cleanup 

 
VII. NEXT MEETING: April 27, 2017, 1:30-3pm, location TBD 

 

Policy Board 
 
Howard Baumann, Jr. 
Joseph Baumann 
Thomas Bird 
Nancy DeBoer 
Ken DeWeerdt 
Terry Hofmeyer 
Gerald Hunsburger 
John Kleinheksel 
Kevin Klynstra 
John Lanum 

 Hannes Meyers, Jr. 
Terry Nienhuis 
Glenn Nykamp 

 Pankaj Rajadhyaksha, Chair 
Jim Storey 
Russ Te Slaa 

 David Van Ginhoven 
Todd Wolters 
 

 Executive Committee 
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Macatawa Watershed 
Advisory Committee

January 26, 2017

Agenda

• GI suitability map review and discussion
• Grant updates
• Road‐stream crossing inventory prioritization exercise
• Partner reports
• Dates to remember
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GI Suitability Map

• CFHZ grant
• Model: Berlin, MD

Weight Criteria High (3) Medium (2) Low (1) N.S. (0)

1 Soil Hydrologic Group A B C or D ND

1 Slope 2‐5% 5‐8% 0‐2% >8%

1 Depth to Groundwater >2m 1‐2m 0‐1m <0m

1 Proximity to structures >15ft 10‐15ft 0‐10ft 0ft

Data Sources

• Soil – ArcGIS SSURGO Downloader
• Slope – LiDAR

• Ottawa County – from Ottawa County GIS
• Allegan County – Project Clarity purchased

• Depth to Groundwater – Michigan CGI (free download)
• Proximity to Structures

• Ottawa County – from Ottawa County GIS
• Not available for Allegan County
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Hydrologic Soil 
Group
• C/D = low (1)
• B = medium (2)
• A = high (3)

Slope

• >8% = N.S. (0)
• 0‐2% = low (1)
• 5‐8% = medium (2)
• 2‐5% = high (3)
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Depth to 
Groundwater
• ‐17‐0m = N.S. (0)
• 0‐1m = low (1)
• 1‐2m = medium (2)
• >2m = high (3)

Proximity to 
Structures
• Building = N.S. (0)
• 0‐10ft = low (1)
• 10‐15ft = medium (2)
• >15ft = high (3)

ATTACHMENT 1

LAKE MACATAWA TMDL REPORT 2017 -  Page 47



10/24/2017

5

Map Algebra

• Simple addition of 4 layers
• Each have possible values of 0 to 3
• Output of map algebra has possible values of 0 to 12
• Reclassify into 4 categories of N.S., low, medium, high

• 0 = N.S. (0)
• 1‐4 = low (1)
• 5‐8 = medium (2)
• 9‐12 = high (3)

GI Suitability 
Map: Take 1
• 0 = N.S. (0)
• 1‐4 = low (1)
• 5‐8 = medium (2)
• 9‐12 = high (3)
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Stormwater Committee Comments

• Soil layer
• Higher weight in the calculator
• Give A soils a higher value? Did not do
• Do we have actual infiltration rates? No

• Buildings
• use if, then statement to exclude 0 values from the output? Doesn’t work that way
• Reclass the 0‐10ft to not suitable

• Slope layer – lower weight in the calculator

• Depth to water table – check against well data, exclude if not accurate
• Floodplains and wetlands – exclude from calculator?
• Transportation/roads – exclude from calculator?
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Weighting: .25 * building + .5 * soil + .25 * slope Original: building + soil + slope + DWT

Exclude 
buildings
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GI Suitability 
Map 1 
Exclude buildings and lake
Original slope
Original soil
No weighting

Soil Factors: Natural Drainage Class
Poorly = N.S (0)
Very poorly/somewhat poorly = low (1)
Moderately well/well = medium (2)
Somewhat excessively/excessively = high (3)

HSG
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GI Suitability: 
Map 2.1 
Exclude buildings and lake
Original slope
New soil – drainage classes
No weighting

GI Suitability 
Map 2.2 
Exclude buildings and lake
Original slope
Original soil (HSG)
New soil – drainage classes
No weighting
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Discussion

• Should any of the factors be adjusted (low, medium, high)?
• Should any factors be added?
• Should any factors be weighted differently in map algebra?

• What other factors should be taken into account for prioritization?
• High impervious surface
• High pollutant loading
• Existing storm sewer infrastructure
• Landuse classification/zoning
• Land ownership

Grant Updates – Agricultural 

• Great Lakes Commission
• Extended through September 2017
• As of December 2016:

• 15 contracts, $115,056.05
• 989 ac residue management, 1,077 ac cover crops, and 1,438 ac gypsum
• 755.6 tons of sediment
• Remaining funds for BMPs: $24,943.95

• Great Lakes Restoration Initiative
• $10,322.26 grant funds expended, $5,024.16 Project Clarity match
• 359 acres residue management, 132 acres cover crops
• $307,271 total grant funds for BMPs
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SAW Grant

• Draft SAW Stormwater Management Plan submitted to DEQ in Dec
• Final plan due May 2017
• BMP Maintenance Guide
• Stormwater Training Website

Regional Prosperity Initiative

• Received funding for next phase of project
• Develop implementation plan
• Sub‐regional facilitated meeting
• Continue working with PSC
• Healthy Watershed Consortium grant application

• Additional funding for above (GVMC & WMSRDC) plus develop 
communication strategy (WMSRDC)

• Landowner resource guide for land protection (WMEAC)
• Healthy Watershed Assessment Model (DEQ, GVMC)
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Road‐Stream Crossing Inventory

• May 2016‐May 2017
• 40 sites inventoried in 2016
• 16 remaining (6 covered by volunteer)
• Early April

• Data entry!
• MACC database?
• Long‐term plan

RSC Inventory Plan

• Map of all known crossings
• Procedure for prioritizing the inventory

• Annual goal for completion plus timeline

• Procedure for following up with problematic crossings
• Evaluation of the program
• Guidelines for expanding volunteer program to county
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Possible Inventory Prioritization Scenarios

1. By Township

2. By subwatershed

3. By stream

4. Others?

Partner Reports
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Dates to Remember

• Feb 28‐Mar 3: MI Floodplain & Stormwater Conference
• Mar 3: SWCS ANR Week program
• Mar 7: Ottawa Conservation District Annual Meeting
• Mar 7: Where is our Starry Night? (Living Sustainably Along the Lakeshore)
• Mar 9: Shoreline & Shallows Conference
• Mar 14‐15: Midwest Cover Crop Council Annual Meeting
• Apr 13: LGROW Spring Forum
• Apr 21: OCD Tree Seedling Sale
• Apr 22: ACD Tree Seedling Sale (orders due Mar 31)
• Apr 29: River Cleanup; OCD Native Plant Workshop

Next Meeting
April 27, 2017, 1:30‐3pm
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WATERSHED ADVISORY COMMITTEE 
Thursday, April 27, 2017 

1:30 PM – 3:00 PM 
Howard Miller Library, 14 S. Church St, Zeeland 

 
AGENDA 

 
I. INTRODUCTIONS 

 
II. GRANT UPDATES 

a. GLC and GLRI Agricultural Grants 
b. Road-stream Crossing Grant 
c. Regional Prosperity Initiative 
d. CFHZ – Green Infrastructure 
e. SAW Grant 

 
III. BMP MAINTENANCE GUIDEBOOK WORK SESSION 

 
IV. PUBLIC OUTREACH AND EDUCATION 

 
V. PROJECT CLARITY UPDATE 

 
VI. PARTNER REPORTS 

 
VII. DATES TO REMEMBER 

a. April 29, 1-4pm: River Cleanup 
b. May 6-7: Kinderplaats 
c. May 9-11: River Rally 
d. May 12, 1-5pm: Road-stream Crossing Inventories 
e. May 23, 1-4pm: Macroinvertebrate monitoring 
f. May 26, 8:30am-noon: Smallenburg Park Rain Garden Maintenance 
g. May 31-June 2: Great Lakes and St. Lawrence Green Infrastructure 

Conference, Detroit 
 

VIII. NEXT MEETING: June 22, 2017, 1:30-3pm, location TBD 
 

Policy Board 
 
Howard Baumann, Jr. 
Joseph Baumann 
Thomas Bird 
Nancy DeBoer 
Ken DeWeerdt 
Terry Hofmeyer 
Gerald Hunsburger 
John Kleinheksel 
Kevin Klynstra 
John Lanum 

 Hannes Meyers, Jr. 
 Terry Nienhuis 

Glenn Nykamp 
 Pankaj Rajadhyaksha, Chair 

Jim Storey 
Russ Te Slaa 

 David Van Ginhoven 
Todd Wolters 

 
 Executive Committee 
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Watershed Advisory 
Committee Meeting

APRIL 27, 2017

Agenda
• INTRODUCTIONS

• GRANT UPDATES

• BMP MAINTENANCE GUIDEBOOK WORK SESSION

• PUBLIC OUTREACH AND EDUCATION

• PROJECT CLARITY UPDATE

• PARTNER REPORTS

• DATES TO REMEMBER
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Grant Updates
• GLC and GLRI Agricultural Grants

• Road-Stream Crossing Grant

• Regional Prosperity Initiative

• CFHZ – Green Infrastructure

• SAW Grant

GLC and GLRI Grant Updates
• GLC – Ending in September

• 1139 acres of Cover Crops
• 988 acres of Residue Management
• 1347 acres of Gypsum 

• GLRI
• 15 growers 22 contracts signed. 
• 6 Cover Crop contracts with 2 pending  - 1,329 acres
• 4 Gypsum contracts  - 576 acres
• 9 Residue Management contracts – 1,207 acres
• 1 WASCOB Contract – Currently under engineering 
• 52% of budget allocated to BMPs 
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Road-Stream Crossing Grant
• 3 April events cancelled due to weather 

0.76
”

0.64
”

1.01
”

~1”
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Road-Stream Crossing Grant
• 3 April events cancelled due to weather 

• 10 more sites to finish – May 12

• Data entry

• May 9 – presentation at River Rally

• May 31 – grant ends

• Beyond the grant – summer interns

Regional Prosperity Initiative
• Phase II is about to start

• Healthy Watershed Consortium Grant – not funded

• Sub-regional facilitated stakeholder meetings – summer 
• Kalamazoo/Macatawa
• Lower Grand
• Muskegon/White/Pere Marquette

• Implementation strategy – October

• Final report and presentation – November 
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CFHZ – Green Infrastructure
• Mapping project still underway

• GI Seminar: Making the Case for Green Infrastructure

• August 22, 9am-3:30pm

• Haworth Inn and Conference Center

• Registration will open in mid-May ($50)

• Website page

SAW Grant
• Ends May 2017

• Updates to stormwater permit components

• Additional stormwater management plan components

• Stormwater BMP maintenance guide
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BMP Maintenance Guide Work Session!

Outreach and Education
• March 7: Ottawa CD Annual Meeting

• March 21: I&E Team meeting
• Car wash/powerwashing tip sheet
• Industrial/commercial PPGH tip sheets

• March 28 – soil erosion presentation to Natural 
Resources and Env. Sci. class at Tech Center

• April 18 – butterfly, sustainable gardening and 
invasive plant presentations to Garden Club 
Env. School

• April 20 – soil erosion presentation to ACRC 
staff

• April 21 – Hudsonville Earth Day Expo
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Project Clarity Update
DAM CALLAM, ODCMG

Partner Reports
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Dates to Remember
• April 29, 1-4pm: River Cleanup

• May 6-7: Kinderplaats

• May 9-11: River Rally, Grand Rapids

• May 12, 1-5pm: Road-stream Crossing Inventories

• May 23, 1-4pm: Macroinvertebrate monitoring

• May 26, 8:30am-noon: Smallenburg Park Rain Garden Maintenance

• May 31-June 2: Great Lakes and St. Lawrence Green Infrastructure 
Conference, Detroit

June 22, 2017
NEXT MEETING
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WATERSHED ADVISORY COMMITTEE 
Thursday, June 22, 2017 

1:30 PM – 3:00 PM 
MACC Office, 301 Douglas Ave, Holland 

 
AGENDA 

 
I. INTRODUCTIONS 

 
II. GRANT UPDATES 

a. GLC and GLRI Agricultural Grants 
b. Regional Prosperity Initiative 
c. CFHZ – Green Infrastructure 
d. Road-stream Crossing Grant 
e. SAW Grant 
f. Grant applications 
 

III. PUBLIC OUTREACH AND EDUCATION 
 

IV. PROJECT CLARITY UPDATE 
 

V. PARTNER REPORTS 
 

VI. DATES TO REMEMBER 
a. June 15, 9am-1pm: Water Festival, Windmill Island 
b. August 22, 9am-3:30pm: Making the Case for Green Infrastructure, Haworth 

Inn and Conference Center 
 

VII. NEXT MEETING: August 24, 2017, 1:30-3pm, location TBD 
 

Policy Board 
 
Howard Baumann, Jr. 
Joseph Baumann 
Thomas Bird 
Nancy DeBoer 
Ken DeWeerdt 
Terry Hofmeyer 
Gerald Hunsburger 
John Kleinheksel 
Kevin Klynstra 
John Lanum 

 Hannes Meyers, Jr. 
 Terry Nienhuis 

Glenn Nykamp 
 Pankaj Rajadhyaksha, Chair 

Jim Storey 
Russ Te Slaa 

 David Van Ginhoven 
Todd Wolters 

 
 Executive Committee 
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Macatawa Watershed 
Advisory Committee

JUNE 22, 2017
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Agenda
• Introductions

• Grant Updates

• Public Outreach and Education

• Project Clarity Update

• Partner Reports

• Dates to Remember
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Agricultural Grants
• Great Lakes Commission

• Ends September 2017

• New residue management contract spring 2017 
($4270)

• $8,457.40 remaining cost share

• Great Lakes Restoration Initiative
• Spring residue counts completed

• 547 acres, $13,002 grant, $6,499 PC

• WASCOB and grassed waterway
• $13,267 grant, $6,633 PC

• $269,830 in unobligated funds
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Regional Prosperity Initiative
• Sustainable Watershed Funding

• Series of facilitated discussions June-July with small groups of stakeholders

• Consensus building meeting in mid August

• Draft strategy mid September

• Final presentation by end of November
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CFHZ Green Infrastructure Project
• GI Suitability Mapping

• GI Prioritization

• 10-12 conceptual designs by Keiser & Associates

• August 22 GI Seminar

• Neighborhood community conversations – Holland Heights

• Green Infrastructure Vision for the Macatawa Watershed

• Final report due by December 1
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GI Suitability
• Soil hydrologic group
• Soil drainage class
• Slope
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GI Prioritization
• High priority urban areas = subwatersheds with ≥25% impervious surface

• Publically owned land (tax exempt)

• What is the average suitability score for each parcel?
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Road-Stream Crossing Grant
• May 9: River Rally presentation

• Ended May 31

• Completed 58 sites

• 8 events, 33 unique volunteers

• Long-term plan for next 10 years
• South Branch
• North Branch
• Direct Lake Drainage
• Noordeloos Creek
• Upper Macatawa
• Peters Creek
• Lower Macatawa
• Pine Creek
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SAW Grant
• Ended May 31

• Final SAW Stormwater Management Plan delivered to Lansing May 30

• Included draft, unapproved MS4 permit components

• Continuing to work through updates to the MS4 permits beyond the scope of the 
grant
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Grant Applications
• Great Lakes Commission

• Small project: streambank stabilization
• $49,707 grant, $16,607 match ($8,400 PC)

• 750 feet

• 2 sites in Peters Creek, 1 in Noordeloos

• Small project: 2-stage ditches
• $49,967 grant, $17,918 match ($4,000 PC)

• 1,650 feet

• Locations to be determined: Peters Creek, Upper Mac, Noordeloos

• October 2017-September 2019

• Great Lakes Emerging Champions Mini-grant, Green Infrastructure Champions
• Ordinance review with at least one township to identify barriers to GI

• Application due July 31
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Public Education and Outreach
• April 29: River Cleanup

• May 6-7: Kinderplaats

• May 23: Macroinvertebrate monitoring

• May 26: Smallenburg Park rain garden maintenance

ATTACHMENT 1

LAKE MACATAWA TMDL REPORT 2017 -  Page 84



April 29: River Cleanup May 6-7: Kinderplaats

May 23: Macroinvertebrates May 26: Smallenburg Park
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Scheduled Events
• June 24: Herrick Fest

• June 28: Kids Day at the Farmer’s Market

• June 29: Laketown Concert Series

• July 10: Zeelmania

• July 15: Water Festival

• July 20: Zeeland Pig Out

• August 1: National Night Out

• August 19: Drenthe BBQ (tent.)
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DAN CALLAM, ODCMG
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Partner Reports
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Dates to Remember
• July 15: Macatawa Water Festival

• August 22: Making the Case for Green Infrastructure
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August 24, 2017
NEXT MEETING
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WATERSHED ADVISORY COMMITTEE 
Thursday, August 24, 2017 

1:30 PM – 3:00 PM 
Holland Energy Park 

 
AGENDA 

 
I. INTRODUCTIONS 

 
II. GRANT UPDATES 

a. GLC and GLRI Agricultural Grants 
b. Regional Prosperity Initiative 
c. CFHZ – Green Infrastructure 
d. Grant applications 
 

III. PUBLIC OUTREACH AND EDUCATION 
a. Activities completed 
b. Review new brochures 

 
IV. PROJECT CLARITY UPDATE 

 
V. PARTNER REPORTS 

 
VI. DATES TO REMEMBER 

a. September 16 – River Cleanup 
b. September 21 – Macroinvertebrate monitoring 

 
VII. FACILITY TOUR 

 
VIII. NEXT MEETING: October 26, 2017, 1:30-3pm, location TBD 

 

Policy Board 
 
Howard Baumann, Jr. 
Joseph Baumann 
Thomas Bird 
Nancy DeBoer 
Ken DeWeerdt 
Terry Hofmeyer 
Gerald Hunsburger 
John Kleinheksel 
Kevin Klynstra 
John Lanum 

 Hannes Meyers, Jr. 
 Terry Nienhuis 

Glenn Nykamp 
 Pankaj Rajadhyaksha, Chair 

Jim Storey 
Russ Te Slaa 

 David Van Ginhoven 
Todd Wolters 

 
 Executive Committee 
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10/24/2017
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August 24, 2017

Macatawa Watershed 
Advisory Committee

 Introductions
Grant Updates
 Public Outreach and Education
 Project Clarity Update
 Partner Reports
Dates to Remember
 Facility Tour

Agenda
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10/24/2017
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• GLC – Received permission to increase cost share rate to 
match GLRI rates

• GLRI
• Residue Management – 1274 acres – lost acres, gained  110 

acres through new farmers participating.
• Gypsum – 644 acres – additional 148 acres

• 32 acres applied 
• Cover Crops 1903 acres – lost acres, additional 912 acres 

• 72 acres planted after wheat
• 130 acres planned to be flown on in the next few weeks

Agricultural Grants

Cover Crops 

Tillage Radish

Tillage Radish/Oats
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WASCOB and Waterway

• Drainage area is 
approximately 49.5 acres.

• Designed to release 10 year 
rain event in 48 hours. 

 6 round table discussions – Grand Rapids, Grant, Hamilton, 
Lowell, Muskegon, Walker (45 participants)
Highlights
 New funding approach is needed
 We’re stronger together
 Willingness to pursue new legislation if necessary
 Many questions emerged regarding administration of funds and 

scale of organization
 Hybrid approach? Voluntary fee managed at a watershed scale

Watershed partner meeting next week

Regional Prosperity Initiative
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GSI suitability and priority mapping
 Kieser & Associates – conceptual designs
August 22 – Making the Case for Green Infrastructure
Neighborhood community conversations – Holland 

Heights – by end of September
Green Stormwater Infrastructure Vision for the Macatawa 

Watershed – draft by end of October
 Final report due by December 1

CFHZ GSI Project
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Great Lakes Commission
 Small project: streambank stabilization

 $49,707 grant, $16,607 match ($8,400 PC)
 Potential sites: 2 in Peters Creek, 1 in Noordeloos

 Small project: 2-stage ditches
 $49,967 grant, $17,918 match ($4,000 PC)
 Locations to be determined: Peters Creek, Upper Mac, Noordeloos

 October 2017-September 2020

Grant Awards
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 Submitted notice of intent to DEQ 319 grant program
GSI installations at 2 sites (public schools)
Community conversations
 1 acre of BMPs, 18.5 acres of land, 32 ac-ft of runoff
 28 lbs P, 4 tons TSS
 ~$500,000 grant, ~$167,000 match
 Full proposal due October 13

Grant Application

 June 24: Herrick Fest
 June 28: Kids Day at Farmer’s Market
 June 29: Laketown Concert Series
 July 14: HPS Summer School
 July 15: Water Festival
 July 20: Zeeland Pig Out
 July 21: Innotec volunteer day
Aug 1: National Night Out
Aug 19: Drenthe BBQ

Outreach & Education
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June 24: Herrick Fest

June 26: Kids Day

June 29 Laketown Concert SeriesJuly 20: Pig Out

Aug 1: National Night Out

Aug 19: Drenthe BBQ

July 15: 
Macatawa 

Water Festival
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July 21: Innotec Volunteer Day

Dan Callam, Outdoor Discovery Center Macatawa Greenway

Update
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319 Grant

• Awarded (!) $251K 
from DEQ

• Streambank 
restoration along 
Peters Creek

• Ag BMPs – wetland 
and tillage reductions

Twisthink
Collaboration

• Exploring capabilities 
for real‐time water 
quality data 
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Partner Reports

 Sept 2: Hope College Time to Serve (RSX inventories)
 Sept 12, 6:30-8pm: Living Sustainably Along the Lakeshore 

Quality of Life – Macatawa Watershed (WMEAC)
 Sept 16, 1-4pm: River Cleanup
 Sept 21, 1-4pm: Macroinvertebrate monitoring
Oct 6-7: Pumpkinfest
Oct 14: Holland Fall Fest

Dates to Remember
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Next Meeting

October 26, 2017
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Kelly Goward

From: Dennis Cole <dcole@miottawa.org>
Sent: Wednesday, October 18, 2017 12:28 PM
To: Kelly Goward
Cc: Carolyn Ulstad
Subject: RE: Progress report reminder - due October 20

Hi Kelly! 
 
Here’s a short(!) list of relevant projects within the Macatawa Watershed from a development standpoint: 
 

1. North Holland Commerce Park – 2,600 l.f. of 2-stage ditch construction – S. of New Holland St, W. of 124th Ave. 
2. Westshore Mall - 15± ac. of parking lot / new buildings directed to leach basins / infiltrative pipes – US-31 N. of 

James St. 
3. Waverly Shores Village - 2016 Expansion - 36± ac. former farm runoff now controlled within an expanded 

detention pond w/ restricted outlet – 120th Ave N. of Riley St. 
4. Zeeland Public Schools - New Groningen Addition 2016 – 7,500 sq. ft. addition controlled by leach basins / 

infiltration areas – Chicago Dr W. of 104th Ave. 
5. West Ottawa Public Schools - Macatawa Bay M.S. Addition & Remodel – Significant areas of infiltration to 

compensate for the new buildings and parking areas – 136th Ave N. of Riley St. 
6. West Ottawa Public Schools - Waukazoo Elementary Secure Entry Addition – 1± ac. of building and reconfigured 

parking area controlled by leach basins – Lakewood Blvd. W. of 152nd Ave. 
7. Holland Energy Park – ‘nuff said(!) – Chicago Dr W. of US-31 
8. 471 Howard Avenue – 27± ac. of new storage buildings all go through hydrodynamic separators to settle out 

sediment before discharging into Lake Macatawa – Howard Ave W. of Aniline Ave. 
9. Douglas Plaza – 3.5± ac. of new buildings controlled by infiltration – Douglas St W. of Aniline Ave. 
10. Tulip City Storage – 7.5± ac. of new storage buildings controlled by infiltration – James St & 132nd Ave. 
11. GDW Farms – 27,560 sq. ft. turkey barns controlled by on-site detention – New Holland St E. of 120th Ave. 
12. Hickorywoods Farm No. 4 – 16.75 ac. subdivision controlled by on-site detention – Quincy St E. of 120th Ave. 
13. Crown Toyota – 25,340 sq. ft. new building and reconfigured parking areas controlled by hydrodynamic separator 

and catch basin energy dissipaters – 112th Ave S. of Chicago Dr. 
14. Staybridge Suites Hotel – 8.78 ac. site controlled by underground detention and hydrodynamic separator – James 

St W. of 120th Ave. 
15. Timberline Acres West #5 & #6 + Timberline Acres North - 60± ac. subdivisions controlled by on-site detention 

and water quality basins – S. of Riley St btwn 144th & 152nd Aves. 
16. Stow Company - Phase 2 – 180,000 sq. ft. building expansion controlled by on-site detention – Windquest Dr N. of 

Riley St. 
17. Northpointe Apartments - Phase 2 – 4 new apartment buildings controlled by on-site detention as well as 

providing increased floodplain storage for the Bareman Drain – 120th Ave btwn Greenly & Quincy Sts. 
18. JR Automation – Quality Drive – 200,000± sq. ft. buildings and parking areas controlled by on-site detention – 

136th Ave N. of Quincy St. 
19. Westshore Design – 48,000 sq. ft. buildings and parking areas controlled by on-site detention and increased 

floodplain storage for the No. 8 & North Holland Drain – Windquest Dr N. of Riley St. 
20. Gentex Corporation 475 Centennial Parking Lot – 192,120 sq. ft. parking lot controlled by on-site detention and 

wetlands – Centennial St N. of E. Roosevelt Ave. 
21. Mead Johnson – Storm water management upgrades to accommodate existing and future improvements on 22± 

ac. – E. Main & N. Fairview St. 
22. North Holland Reformed Church - Building Addition - 1± ac. building and parking area expansion controlled by 

on-site detention – New Holland St & 120th Ave. 
23. White Oaks – 21 ac. subdivision controlled by on-site detention – N. Division Ave N. of Douglas Ave. 
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24. Salvation Army – 2.72 ac. site controlled by infiltration – Clover Ave, S. of Chicago Dr, W. of US-31. 
25. Springhill Suites Hotel – 3 ac. site controlled by underground detention and hydrodynamic separator – West Side 

Dr S. of Riley St. 
26. Buchanan Substation – Consumers Energy – 0.6 ac. site controlled by infiltration – Quincy St E. of 168th Ave. 
27. ESS TEC and Brawn Mixer Expansions – 40,000 sq. ft. building additions controlled by on-site detention – 128th Ave 

N. of Riley St. 
 
I’ve also asked Chris Machiela to provide additional information about the dozen or so drain improvements within the 
watershed performed this past year.  Please let me know if you have any questions or need additional information. 
 
Dennis R. Cole, PE, LEED® AP 
Civil Engineer | County of Ottawa | Office of the Water Resources Commissioner 
12220 Fillmore | Room 141 | West Olive, MI 49460 
dcole@miottawa.org | d 616.994.4523 | f 616.994.4529  
www.miOttawa.org/Departments/Drain/ 

 
 
From: Kelly Goward [mailto:kgoward@the-macc.org]  
Sent: Tuesday, October 17, 2017 2:17 PM 
To: Aric Thorne; Brian White (b.white@cityofholland.com); Craig Atwood (rccraig@alleganroads.org); Denise Medemar; 
Dennis Cole; Doug Engelsman; 'Jason Edwards'; Jerry Olman; Jon Braxmaier; Linda Brown; 'Michael Horgan'; Scott 
Nienhuis 
Subject: Progress report reminder - due October 20 
Importance: High 
 
Caution!  This email is from an external address and contains a link. Use caution when following links as they could open malicious web sites. 

Hello everyone, 
 
Just a quick reminder that I need the information for your MS4 (Phase II) progress reports by this Friday, October 20. I do 
have 2016 reports from Ottawa County, OCRC, Allegan County, and ACRC. I also have received 2017 reports for Allegan 
County and ACRC and the Lower Grand PEP reports for Ottawa County and OCRC. If you have not submitted your 
information to me yet, please let me know if you have questions or if there is anything I can do to help you gather the 
information. 
 
Related to this, a reminder about relaying information to me about any projects you are aware of that were installed 
over the last year that would have resulted in a sediment/phosphorus reduction to Lake Macatawa. This could include 
streambank stabilizations, 2‐stage ditch construction, other erosion control projects (grassed waterways, buffer strips), 
green stormwater infrastructure installations, wetland restorations, etc. I need the type of practice, the size (acres, 
square feet, linear feet), and a general location. From that information, I can estimate the load reductions. 
 
Again, let me know if you have any questions or need help gathering the required information. 
 
Thanks, 
Kelly 
 
~~~ 
 
Kelly Goward 
Macatawa Watershed Project Manager 
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Introduction 

As part of Project Clarity, Grand Valley State University’s Annis Water Resources Institute (AWRI) 
established a monitoring program on Lake Macatawa in 2013. The goal of the monitoring program is to 
evaluate and document the progress toward achieving Project Clarity’s goal of improved water quality in 
Lake Macatawa.  The monitoring program involves sampling the lake 3 times per year for a suite of 
biological, physical, and chemical parameters. 

Key water quality indicators were selected from the many parameters that are monitored to create a 
water quality dashboard for Lake Macatawa (please see full annual report for all parameters). The goal 
of the dashboard is to provide a visual representation of the current status and historical trends in Lake 
Macatawa water quality, by rating each indicator along a scale from desirable (green) to undesirable 
(red) conditions. Each scale also includes a category that indicates the water quality goal for the lake is 
being met (yellow). The indicators that were chosen are commonly used to assess lake health: total 
phosphorus, chlorophyll a, and Secchi disk depth (water clarity). Each indicator is described in more 
detail below.  

Historical data are included in the dashboard to facilitate comparison of current findings with past status 
of the selected water quality indicators. Sources for historical data include U.S. EPA (1972; STORET), 
Michigan Department of Environmental Quality (1982-2012; S. Holden, personal communication), and 
AWRI (since 2013). All current and historical data shown represent the annual average value of an 
indicator across Sites 1 (east basin), 2 (central basin), and 4 (west basin; see map below).  

 
Map of Lake Macatawa showing the 5 sampling locations (green dots) for long-term water quality monitoring.  
Dashboard indicators were calculated based on data from Sites 1, 2, and 4. 
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Total Phosphorus 
 

Phosphorus (P) is an essential element for living organisms.  In many freshwater systems, P is the 
element that limits algal growth. However, when it becomes too abundant, it can help stimulate 
undesirable algal blooms.  Phosphorus comes in many forms; total phosphorus (TP) was chosen for the 
dashboard indicator. TP, as the name suggests, includes all the forms of P in the lake (i.e., particulate 
and dissolved).  Some indices use dissolved inorganic phosphorus (DIP), which is the form readily 
available for algal use. However, DIP can be misleading. A lake with very low DIP in the water still can 
have a massive algal bloom because all the DIP has been taken up by the algae.  
 
Lake Macatawa has a history of extremely high TP concentrations (i.e., > 100 µg/L), placing it in the 
“hypereutrophic” trophic state. As a result of this nutrient enrichment, the State of Michigan has 
established an interim target TP concentration of 50 µg/L in Lake Macatawa. Thus, the TP dashboard 
shows the water quality goal as being met when TP concentrations are < 50 µg/L. While attaining this 
goal would be a significant improvement in water quality from current conditions, Lake Macatawa 
would still be in an impaired “eutrophic” state, which we define as TP concentration > 24 µg/L. 
Therefore, the TP dashboard shows the ultimate desired TP concentration as < 24 µg/L.   
 
The current status for the total phosphorus indicator is Undesirable, meaning that the average TP 
concentration in 2016 exceeded the water quality goal. The increase in TP compared to last year is 
indicative that systems vary naturally from year to year, and that it will take time before the restoration 
efforts in the watershed will result in sustained lower TP concentrations in Lake Macatawa.  
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Chlorophyll a 
 

 

Chlorophyll a is the green pigment found in photosynthetic plants and algae. Measuring chlorophyll a is 
a relatively simple way to estimate the amount of algal biomass present in lake water, although it has 
some limitations.  First, chlorophyll a does not provide information on the type of algae present (e.g., is 
it a harmful species or not?). Second, chlorophyll concentrations can change depending upon 
environmental conditions, such as light or nutrient level. Finally, chlorophyll a concentrations may be 
low due to very active predation by grazers, so the measurement may give an underestimate of how 
much algal biomass would otherwise be present.  
 
Lake Macatawa has a history of excess algal biomass and high chlorophyll a concentrations, typically 
exceeding the “hypereutrophic” threshold commonly used by MDEQ (22 µg/L) in its assessments of the 
lake. The chlorophyll a dashboard shows that the concentration will meet the water quality goal once it 
is < 22 µg/L. Although meeting the chlorophyll a goal would be a significant improvement in water 
quality, Lake Macatawa would still be categorized as “eutrophic” (i.e., > 7 µg/L chlorophyll a). Thus, the 
chlorophyll a dashboard shows that the ultimate desired chlorophyll a concentration is < 7 µg/L.  
 
The current status for the chlorophyll a indicator is Undesirable, meaning that the average 
chlorophyll a concentration in 2016 exceeded the water quality goal. The current concentration far 
greatly exceeds chlorophyll a concentrations from the past two years, but similar to TP, is reflective of 
natural variation in the system; with only 3 sampling dates per year, chlorophyll levels can be 
disproportionately high if our sampling corresponds to a bloom period, or vice versa. 
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Secchi Disk Depth (Water Clarity) 
 
 

 
 
Secchi disk depth is an estimate of water clarity.  It is measured using a standard black and white disk, 
named after Angelo Secchi, who first used an all-white disk for marine waters in 1865. Lake ecologists 
modified it to black and white in the late 1800s. The Secchi disk is a simple and easy way to measure 
water clarity, although if waters are cloudy, the disk depth tells you nothing about why the lake is turbid 
(e.g., is it due to suspended algae or suspended sediment?).  
 
Along with excess phosphorus and chlorophyll a concentrations, Secchi depths have historically 
reflected extremely impaired conditions in Lake Macatawa.  Oligotrophic lakes, such as Lake Tahoe, have 
Secchi disk depths down to 21 m (~70 ft) or deeper. Conversely, hypereutrophic lakes, such as Lake 
Macatawa, typically have Secchi depths shallower than 1 m. The water clarity goal for Lake Macatawa is 
modest, with a Secchi depth > 1 m. Because Secchi depths between 1 and 2 m are indicative of a 
eutrophic state, a desirable Secchi depth is > 2 m.  
 
The current status for the Secchi depth indicator is Undesirable, meaning that the average Secchi 
depth in 2016 was shallower (i.e., less clear) than the water quality goal. While it is encouraging that 
average Secchi disk depth has continued to increase since 2013, indicating water clarity is improving, 
Lake Macatawa water in 2016 is still more turbid than is desirable.  
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1. Overview 

Project Clarity is a large-scale, multidisciplinary, collaborative watershed remediation project aimed at improving water 
quality in Lake Macatawa. A holistic approach that includes wetland restoration, in-stream remediation, Best 
Management Practices (BMPs), and community education is being implemented as part of a multimillion dollar public-
private partnership. The project is expected to have many economic, social, and ecological benefits – while achieving the 
ultimate goal of improved water quality in Lake Macatawa. 

Lake Macatawa is the terminus of a highly degraded watershed and has exhibited the symptoms of a hypereutrophic 
lake for more than 40 years (MWP 2012, Holden 2014). Extremely high nutrient and chlorophyll concentrations, 
excessive turbidity, low dissolved oxygen, and a high rate of sediment deposition make it one of the most 
hypereutrophic lakes in Michigan (MWP 2012, Holden 2014). Nonpoint source pollution from the watershed, particularly 
agricultural areas, is recognized as the primary source of the excess nutrients and sediment that fuel hypereutrophic 
conditions in Lake Macatawa (MWP 2012). 

Because of this nutrient enrichment, Lake Macatawa and all of its tributaries are included on Michigan’s 303(d) list of 
impaired water bodies, prompting the issuance of a phosphorus Total Maximum Daily Load (TMDL) for Lake Macatawa 
in 2000. The TMDL set an interim target total phosphorus (TP) concentration of 50 μg/L in Lake Macatawa (Walterhouse 
1999). In recent years, monthly average TP concentrations were greater than 125 μg/L, and at times exceeded 200 μg/L 
(Holden 2014). Thus, meeting the TMDL target represents a major challenge in the Macatawa watershed. The TMDL 
estimated that a 72% reduction in phosphorus loads from the watershed would be required to meet the TP 
concentration target (Walterhouse 1999). Through remediation projects and BMPs focused on key areas in the 
watershed, Project Clarity is focused on reducing P loads and working to meet the TMDL target for Lake Macatawa. 

The Annis Water Resources Institute (AWRI) at Grand Valley State University, in cooperation with the Outdoor Discovery 
Center Macatawa Greenway (hereafter, ODC), the Macatawa Area Coordinating Council, and Niswander Environmental, 
has initiated a long-term monitoring program in the Lake Macatawa watershed. This effort provides critical information 
on the performance of restoration projects that are part of Project Clarity, as well as the ecological status of Lake 
Macatawa. The goal of the monitoring effort is to measure pre- and post-restoration conditions in the watershed, 
including Lake Macatawa. This report documents AWRI’s monitoring activities in 2016, which represent the first year of 
post-restoration conditions, in combination with data reported previously from 2013-2015. Although it will likely take 
many years before the benefits of restoration actions in the watershed are expressed in the lake, these initial results 
help establish the baseline conditions against which we can assess future changes, similar to what is being done in 
Muskegon Lake (cf. Steinman et al. 2008; Bhagat and Ruetz 2011; Ogdahl and Steinman 2014). We also briefly report on 
complementary studies conducted by AWRI that are not part of the monitoring program, and which are funded by 
sources external to Project Clarity.  

2. Methods 

2.1 Overall site description 

The Macatawa watershed (464 km2/114,000 acres) is located in Ottawa and Allegan Counties and includes Lake 
Macatawa, the Macatawa River, and many tributaries. It is dominated by agricultural (46%) and urban (33%) land uses, 
which have contributed to the loss of 86% of the watershed’s natural wetlands (MWP 2012). The watershed includes the 
Cities of Holland and Zeeland and parts of 13 townships (MWP 2012). Lake Macatawa is a 7.2 km2/1,780 acre drowned 
river mouth lake. It is relatively shallow, with an average depth of 3.6 m/12 ft and a maximum depth of 12 m/40 ft in the 
western basin. The Macatawa River, the main tributary to the lake, flows into the lake’s shallow eastern basin. A 
navigation channel in the western end of the lake connects Lake Macatawa with Lake Michigan. AWRI’s monitoring 
initiative is focused on 1) two key wetland restoration areas in the Macatawa watershed (Figs. 1, 2) and 2) Lake 
Macatawa (Fig. 3). Details on these two efforts are provided below.  
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Figure 1. The Middle Macatawa wetland restoration study area. Sampling locations (n=3), located on Peter’s Creek and 
the Macatawa River, are indicated with red dots. 

 
Figure 2. The Haworth wetland restoration study area. Sampling locations (n=2), located on the North Branch of the 
Macatawa River, are indicated with red dots. 
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2.2 Wetland Restoration: Middle Macatawa & Haworth Properties  

2.2.1 Monitoring & Data Collection  

The Middle Macatawa and Haworth properties were acquired as part of Project Clarity and designated for wetland 
restoration. Restoration goals included slowing the flow of water in the Macatawa River and its tributaries, particularly 
during high flow events, thus trapping and retaining suspended sediments and nutrients. Restoration construction at 
Middle Macatawa and Haworth was completed in late September and early October 2015, respectively.  

AWRI established monitoring sites upstream and downstream of each restoration area (Figs. 1 and 2). The Middle 
Macatawa study area (Fig. 1) has two upstream sites (Macatawa River [Macatawa Up] and Peter’s Creek, which flows 
into the Macatawa River) and one downstream site (Macatawa River at the USGS gauging station [Macatawa Down]). 
Sampling at Adams Street Landing was discontinued in March 2015 due to concerns that the Adams sampling site was 
too far downstream from the restoration area (~1.5 river miles) to accurately reflect the effect of restoration, so it has 
been dropped from this 2016 and all future reports. The Haworth study area (Fig. 2) consists of monitoring locations 
upstream and downstream of the restoration area on the North Branch of the Macatawa River. 

 

 

Figure 3. Map of Lake Macatawa showing the 5 sampling locations (green dots) for long-term water quality 
monitoring. 

 

Water quality and hydrologic monitoring are ongoing and this report includes data from December 2015 through 
November 2016. Sampling occurred monthly during base flow conditions and during 3 storm events (~≥ 0.5 inches of 
rain proceeded by 72 hours of dry weather; Table 1). During each monitoring event, general water quality parameters 
(dissolved oxygen [DO], temperature, pH, specific conductivity, total dissolved solids [TDS], redox potential [ORP: 
oxidation-reduction potential—the degree to which a substance is capable of oxidizing or reducing another substance], 
and turbidity) were measured using a YSI 6600 sonde. Grab samples were collected for analysis of phosphorus (soluble 
reactive phosphorus [SRP], total phosphorus [TP]) and nitrogen (ammonia [NH3], nitrate [NO3-], and total Kjeldahl 
nitrogen [TKN]) species. All water quality measurements and sample collection took place in the thalweg of the channel 
at permanently-established transects. Duplicate water quality samples and sonde measurements were taken every 
other month during base flow conditions and storm events. All samples were placed in a cooler on ice until received by 
the AWRI lab, usually within 4 hours, where they were stored and processed appropriately (see below). 
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Table 1. Precipitation summary for storm events sampled by AWRI in 2016. 
  3/14/16 8/12/16 10/27/16 

Rainfall (in) 0.63 2.78 0.82 
Duration (h) 18.22 12.82 18.00 

Intensity (in/h) 0.03 0.22 0.05 
 

Water for SRP and NO3 analysis was syringe-filtered through 0.45-μm membrane filters into scintillation vials; SRP was 
refrigerated and NO3 frozen until analysis. NH3 and TKN were acidified with sulfuric acid and kept at 20°C until analysis. 
SRP, TP, NH3, NO3, and TKN were analyzed on a SEAL AQ2 discrete automated analyzer (U.S. EPA 1993). Any values 
below detection were calculated as ½ the detection limit. 

Stream hydrographs were installed at each monitoring location. Water level loggers and staff gauges were installed at 
permanently established transects at 4 of the monitoring locations (the Macatawa Down (USGS) site did not require one 
because we use the USGS gauge).  Manual water velocity (using a Marsh McBirney Flow-mate 2000) and stage 
measurements were taken at each transect during each baseflow sampling event and over a range of high flow 
conditions to develop stage-pressure, stage-discharge, and pressure-discharge relationships. We still require additional 
high flow measurements at some sites to complete the discharge model; weather permitting, we anticipate having 
enough samples to complete the model after the 2017 field season. Once calibrated, these models will be applied to the 
high-frequency pressure data recorded by the water level loggers to develop a stream hydrograph at each location (Chu 
and Steinman 2009).  

Suspended sediment load associated with high flow events was quantified using PVC sediment collection tubes, which 
were designed and used by Hope College in previous studies in the Macatawa watershed. Sediment collection tubes 
were installed near each of the monitoring locations. Sediment samples were collected from the tubes after each high 
flow event, defined when the USGS gauge station on the Macatawa River reaches 300 cfs, and processed by ODC and/or 
Hope College staff. The suspended sediment load results will be reported separately by the ODC.  

Turbidity sensors (YSI 600OMS V2) were deployed at the upstream and downstream locations on the main branch of the 
Macatawa River before snowmelt in March 2016. The sensors log turbidity measurements every 30 minutes. These 
sensors will complement the sediment load data obtained from the passive PVC sediment sampler tubes, capturing 
smaller storm events and base flow events. The turbidity sensors were removed in December 2016 to avoid possible ice 
damage and will be returned to their former locations before the final snowmelt in spring of 2017. Concerns arose in the 
2015 Project Clarity report from turbidity and precipitation data not consistently aligning; this was found to be caused by 
a graphical programming error in Microsoft Excel and all precipitation figures in the 2016 report were created in 
SigmaPlot 13.0 to remedy this. 

 

2.2.2 Data Analysis  
Our analysis focuses on characterizing water quality at the two restored wetlands, and identifying 1) upstream-
downstream differences during baseflow and storm flow conditions, and 2) pre- and post-restoration differences in 
nutrients and turbidity. 

 

 

Upstream vs. Downstream:  

Upstream-downstream differences between site pairs (e.g., North Up vs. North Down) within 2016 at baseflow and at 
storm flow were statistically tested using either a two-tailed paired t-test (normally-distributed data) or Wilcoxon signed 
rank test (non-normally distributed data). Baseflow and storm flow conditions were evaluated separately for each site 
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pair. A one-way analysis of variance test (ANOVA; normally distributed data) or Kruskal-Wallis test (one-way ANOVA on 
ranks; non-normally distributed data) was used to compare data from the three Middle Macatawa sites simultaneously. 
ANOVAs that detected significant differences were followed by post-hoc Tukey pairwise comparison tests. 

Pre- vs. Post-Restoration: 

Pre- and post-restoration differences were statistically tested separately for each site using two-tailed paired t-tests at 
baseflow and either two-tailed unpaired t-tests (normally distributed data) or Mann-Whitney rank sum tests (non-
normally distributed data) at storm flow. In order to remove seasonality as a potentially biasing factor in analyses and 
because not all samples were taken at the same time from all sites, paired t-tests for baseflow incorporated an equal 
number of samples (n = 10) from identical months in pre- and post-restoration periods (Jan., Feb., Mar., Apr., Jun., Jul., 
Sep., Oct., Nov., Dec.). Storm flow analyses incorporated all possible sampled storm events (pre-restoration: n = 4 [North 
Up] or n = 5 [North Down, all Middle Macatawa sites]; post-restoration: n = 3 [all Haworth and Middle Macatawa sites]). 

Normality was tested using the Shapiro-Wilk test and equal variance was tested using the Brown-Forsythe test. Data not 
meeting test assumptions of normality and equal variance were transformed prior to analysis. Statistical significance was 
indicated by p-values < 0.05. Trends of marginal significance were indicated by p-values < 0.10. All statistical tests were 
performed using SigmaPlot 13.0. 

Upstream and downstream streambank reaches were analyzed with Light Detection and Ranging (LIDAR) technology to 
measure sediment erosion and deposition. A full report on this effort is included in Appendix A. 

 

2.3 Lake Macatawa: Long-Term Monitoring 

Water quality monitoring in the lake was conducted at 5 sites during spring, summer, and fall 2016 (Table 2, Fig. 3). The 
sampling sites correspond with Michigan Department of Environmental Quality (MDEQ) monitoring locations to 
facilitate comparisons with recent and historical data. At each sampling location, general water quality measurements 
(DO, temperature, pH, specific conductivity, TDS, ORP, turbidity, chlorophyll a, and phycocyanin [cyanobacterial 
pigment]) were taken using a YSI 6600 sonde at the surface, middle, and near bottom of the water column. Water 
transparency was measured as Secchi disk depth. Water samples were collected from the surface and near-bottom of 
the water column using a Van Dorn Bottle and analyzed for SRP, TP, and chlorophyll a. Samples also were taken for 
phytoplankton community composition and archived for possible future analysis. 
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Table 2. Location and water column depth at Lake Macatawa long-term monitoring locations. 
Site Latitude Longitude Depth (m) 

1 42.7913 -86.1194 8.5 
2 42.7788 -86.1525 5.3 
3 42.7872 -86.1474 3.7 
4 42.7755 -86.1822 10.2 
5 42.7875 -86.1820 4.4 

 

Water for SRP analysis was syringe-filtered through 0.45-μm membrane filters into scintillation vials and refirgerated 
until analysis. SRP and TP were analyzed as previously described. Chlorophyll a samples were filtered through GFF filters 
and frozen until analysis on a Shimadzu UV-1601 spectrophotometer (APHA 1992).  

The fish community was sampled in fall 2016. A full report on this effort is included in Appendix B. 

This first year of post-restoration analysis of lake monitoring data is focused on characterizing the water quality status of 
the lake, including comparisons to established water quality targets, and identification of seasonal trends. 
Understanding and documenting these baseline characteristics will facilitate the detection of future changes due to 
restoration.  

 

2.4 Macatawa Watershed Phosphorus – Precipitation Analysis 

Phosphorus concentrations in Lake Macatawa are influenced by many variables, but one of the most significant is 
precipitation because rain and snow events create surface and subsurface runoff from farms and developed areas, as 
well as generate atmospheric deposition. As a consequence, it is of interest to know if changes in lake phosphorus 
concentrations are related more to precipitation, land use changes, or a combination of the two.  

Sophisticated (i.e., computationally intensive) watershed models are often used for this kind of analysis, but developing 
those models was outside our scope of work. Rather, we took a coarse-level approach to look at how total phosphorus 
(TP) concentrations near the Middle Macatawa restored wetland and in Lake Macatawa compared to precipitation data 
from the Tulip Airport in Holland using data from MDEQ, AWRI, the National Climatic Data Center (NCDC), and Weather 
Underground. Linear regressions on TP and precipitation data were conducted in SigmaPlot 13.0. 

 

  

ATTACHMENT 2

LAKE MACATAWA TMDL 2017 REPORT - Page 122



3. Results and Discussion 

3.1 Wetland Restoration: Middle Macatawa Property  

3.1.1 Sampling Year 2016 

Baseflow:  Baseflow concentrations of dissolved oxygen (DO) were high (i.e., good), with both baseflow and storm 
conditions averaging 9-11 mg/L (Table 3). DO concentrations < 5 mg/L are indicative of impaired water quality and can 
be harmful to aquatic life, which we did not observe in our samples. Specific conductivity was high, > 600 µS/cm at all 
sites during baseflow (Table 3); concentrations above this level are generally indicative of human-induced stress in 
aquatic ecosystems (cf. Steinman et al. 2011).  Turbidity measurements provide an indication of sediment levels in the 
system. Mean turbidity concentrations were < 10 NTU during baseflow (Table 3).   

Nutrient concentrations were high during baseflow at all three sites, with SRP ranging between 22 and 32 µg/L, and TP 
ranging between 63 and 84 µg/L (Table 4, Fig. 6a,c), indicative of highly eutrophic conditions. Nitrate concentrations also 
were very high during baseflow (Table 4, Fig. 7a); the natural level of nitrate in surface water is typically low (less than 1 
mg/L), but excess nitrates can lead to hypoxia (low levels of dissolved oxygen) and can become toxic to warm-blooded 
animals at higher concentrations (10 mg/L) under certain conditions. Baseflow concentrations of ammonia and TKN 
were much lower than nitrate (Table 4, Fig. 7c,e), but still potentially problematic.   Ammonia levels of 0.1 mg/L usually 
indicate polluted surface waters, whereas concentrations > 0.2 mg/L can be toxic for some aquatic animals (Cech 2003). 
As seen in previous years, all ammonia concentrations measured at the Middle Macatawa sites were ≥ 0.1 mg/L and 
most were ≥ 0.2 mg/L (Figs. 7c,d). TKN is the sum of nitrogen as ammonia, ammonium, and organic substances. TKN 
reached a Project Clarity record high of 13.5 mg/L during the October 2016 storm sample at the Macatawa Up site, of 
which 50% was in the form of ammonia (Table 4, Figs. 7f and 8j). 

With the exception of nitrate, the poorest water quality during baseflow generally was at the Macatawa Up site; while 
still degraded, Peter’s Creek water was in relatively better shape than Macatawa Up, so after their confluence, there was 
dilution resulting in Macatawa Down water quality being intermediate between Peter’s Creek and Macatawa Up on 
most sampling dates (Fig. 7a,c,e).  However, the only two statistically significant differences among these three sites 
were for: (1) nitrate, where Macatawa Up had anomalously low concentrations indicating Peter’s Creek continues to be 
a source of high nitrate concentrations to the Macatawa Down site (Table 4, Figs. 7a,b and 8e,f); and (2) TKN where 
Macatawa Up was greater than Peter’s Creek, but neither was different than the downstream site (Table 5).   

Storm Flow: There were no statistically significant differences in any of the water quality parameters (physical or 
chemical) among the three sites during our measured storm events (Table 5).  This suggests that the effect of storms 
overwhelms this system so local effects are not distinguishable.  Storm runoff increased water temperatures to a small 
degree relative to baseflow (Table 3), but diluted the concentrations of DO (although they still averaged > 9 mg/L), 
specific conductivity, and TDS. In contrast, turbidity increased dramatically at all sites compared to baseflow, as runoff 
liberated suspended sediment (Table 3).  

Given the importance of sediment in the Macatawa watershed, we supplemented our discrete storm event sampling (n 
= 3) with in situ turbidity sensors. These in situ turbidity sensors provide a more thorough account of stream turbidity 
than can be provided by monthly baseflow sampling. Data gaps in summer and fall (Fig. 4a) were caused by equipment 
error and the natural formation of a sandbar at the turbidity sensor station. The in situ meters detected two classes of 
higher turbidity events that were not captured during monthly sampling: high turbidity events ranging ~700-1300 NTU 
and medium turbidity events ranging ~150-600 NTU (Fig. 4a). The turbidity peaks align well with storm events, as 
evidenced by 2016 precipitation data collected from the National Climatic Data Center (NCDC) website for Tulip City 
Airport (Fig. 4b).  In situ sensors also measured specific conductivity in 2016, which peaked at ~600-800 µS/cm during 
storm events and declined to ~200-400 µS/cm during periods of low rain (Fig. 5).  
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Nutrient concentrations changed considerably with storm runoff, with SRP, TP, ammonia, and TKN increasing 
substantially relative to baseflow but nitrate declining (although still high) especially at the Peter’s Creek and Macatawa 
down sites (Table 4, Figs. 6-8).  Indeed, mean SRP concentrations ranged between 494 and 677 µg/L while mean TP 
concentrations were well above 1,000 µg/L (Table 4, Fig. 6), which is 20× the interim TMDL target (Fig. 6b).  These data 
are clear indications that storm events can have disproportionately large impacts on water quality at these sites.   

 

Table 3. Mean (1 SD) values of selected water quality parameters at the Middle Macatawa wetland restoration site 
during the 2016 post-restoration sampling year (Dec. 2015 – Nov. 2016). Note that the number of observations (n) 
changes between baseflow and storm flow regimes. 

Flow Site N Temp. (C) DO (mg/L) SpCond (μS/cm) TDS (g/L) Turbidity (NTU) 

Base 
Mac. Up 10 12.35 (8.80) 10.15 (3.02) 806 (100) 0.524 (0.065) 9.8 (3.7) 

Peter's Creek 10 11.75 (7.93) 10.68 (2.51) 636 (240) 0.459 (0.058) 9.1 (5.2) 
Mac. Down 10 11.45 (8.23) 10.56 (2.73) 747 (80) 0.486 (0.052) 7.7 (3.6) 

Storm 
Mac. Up 3 12.82 (9.56) 9.07 (3.08) 456 (128) 0.296 (0.083) 264.3 (62.4) 

Peter's Creek 3 12.88 (9.16) 9.43 (3.49) 344 (135) 0.224 (0.088) 264.0 (48.3) 
Mac. Down 3 12.82 (9.23) 9.34 (2.92) 393 (164) 0.256 (0.106) 243.6 (41.6) 

 

Table 4. Mean (1 SD) values of selected water chemistry parameters at the Middle Macatawa wetland restoration site 
during the 2016 period of record (Dec. 2015 – Nov. 2016). Data are divided into baseflow and storm flow conditions. 

Flow Site n SRP (μg/L) TP (μg/L) NO3
- (mg/L) NH3 (mg/L) TKN (mg/L) 

Base 
Mac. Up 10 24 (25) 80 (34) 4.78 (3.03) 0.29 (0.20) 1.37 (0.24) 

Peter's Creek 10 22 (22) 63 (24) 10.72 (2.98) 0.31 (0.30) 1.02 (0.22) 
Mac. Down 10 32 (30) 84 (36) 8.17 (2.75) 0.24 (0.14) 1.23 (0.27) 

Storm 
Mac. Up 3 677 (504) 1512 (504) 4.70 (1.84) 2.45 (3.78) 6.58 (6.07) 

Peter's Creek 3 661 (278) 1238 (238) 5.23 (1.55) 0.84 (1.12) 4.27 (1.28) 
Mac. Down 3 494 (271) 1204 (282) 4.65 (1.53) 1.15 (1.71) 4.36 (3.30) 
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Table 5. Statistical analysis results of 2016 sampling at Middle Macatawa sites at baseflow and storm flow. Parameter 
column indicates water quality parameter and transformation used to meet assumptions of normality and variance. 
Data were analyzed using either 1-way ANOVA (1WA) or Kruskal-Wallis 1-way ANOVA on ranks (r). Significant 
differences (p-values < 0.05) between sites are indicated with bold text and not significantly different data are in plain 
text. 

Flow Parameter Test Site Notes 

Base 

log SRP 1WA 0.735 NS 
TP 1WA 0.314 NS 

NO3
- 1WA < 0.001 P. Creek > Mac Up 

Mac Down > Mac Up 
log NH3 1WA 0.767 NS 

TKN 1WA 0.012 Mac Up > P.Creek 
log Turbidity 1WA 0.581 NS 

Storm 

SRP r 0.439 NS 
TP 1WA 0.553 NS 

NO3
- 1WA 0.896 NS 

NH3 1WA 0.716 NS 
TKN 1WA 0.743 NS 

Turbidity 1WA 0.857 NS 
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Figure 4. Daily precipitation and turbidity (NTU) during 2016 sampling season at the Middle Macatawa Upstream and 
Downstream sites. (A) Turbidity data were collected continuously every half hour via in situ sensors. (B) Discrete monthly 
baseflow and storm turbidity measurements taken with YSI 6600. Turbidity lines indicate that sensors were actively 
recording data, but turbidity symbols represent time points verified to be submerged in river water by conductivity 
meter (Fig. 5). In situ turbidity meter data gaps in summer and fall are due to both the natural formation of a sandbar at 
the sonde location and sensor error. Hourly precipitation data (panels A and B) were retrieved from the National 
Climatic Data Center website and summed by day. Note different scales for turbidity on y-axes in panels. 
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Figure 5. Specific Conductivity and daily precipitation data during 2016 sampling season at the Middle Macatawa 
Upstream and Downstream sites. Rain data taken from National Climatic Data Center website. Specific conductivity data 
series were collected every half hour via in situ sensors. Conductivity lines indicate that sensors were actively recording 
data, but conductivity symbols represent time points verified to be submerged in river water. In situ specific conductivity 
meter data gaps in early summer and fall are due to both the natural formation of a sandbar at the sonde location and 
sensor error. 
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Figure 6. Soluble reactive phosphorus (SRP) (A, B) and total phosphorus (TP) (C, D) concentrations measured at Middle 
Macatawa wetland within 2016 (A, C) and total project history (B, D). Colored data lines in A and C magnify the 2016 
baseflow data shown in B and D, which allow us to include both baseflow and storm event concentrations in same 
graph; Symbols represent storm events. Note changes to scales of y-axes. Legend in A, C also applies to B, D. Vertical 
dotted line in October 2015 represents approximate completion date of wetland restoration construction. 
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Figure 7. Nitrate (NO3

-) (A, B), ammonia (NH3) (C, D), and total Kjeldahl nitrogen (TKN) (E, F) 
concentrations measured at the Middle Macatawa wetland for 2016 (A, C, E) and total project history (B, 
D, E). Colored data lines in A, C, and E magnify 2016 baseflow data shown in B, D, and F, which allow us 
to include both baseflow and storm event concentrations in same graph; dots represent storm events. 
Vertical dotted lines at October 2015 date represent approximate completion date of wetland 
restoration construction. Note changes to scales of y-axes. Legend in A, C, E also applies to B, D, F.
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Figure 8. Middle Macatawa mean (1 SD) water chemistry at baseflow (A, C, E, G, I) and storm flow (B, D, F, H, J) for 2016 
sampling year. Note that scales change in y-axes between flow regimes and water quality parameters. River water from 
Macatawa Up and Peter’s Creek sites flow together and combine before reaching Macatawa Downstream site. 
Note change in y-axis scale between baseflow (left side) and storm flow (right side). 
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3.1.2 Pre- vs. Post-Restoration Comparison 

Baseflow: A qualitative review of the mean water quality values during baseflow, based on the pre-restoration and post-
restoration time periods, reveals generally similar patterns at all three sites (Tables 6,7; Figs. 9,10).  Temperature, DO, 
specific conductivity, and TDS were all slightly lower in the post-restoration period compared to the pre-restoration 
period (Table 6).  In addition, turbidity SRP, TP, ammonia, and TKN concentrations all had more substantial declines 
following restoration (Tables 6,7) during baseflow. Only nitrate showed an increase following restoration, which was 
evident at all three sites (Table 7).   

Storm flow: Water quality trends were more complex when comparing pre- vs. post-restoration periods during storm 
events. All three sites had lower temperature and higher DO in the post-restoration period (Table 6), but specific 
conductivity and TDS were slightly higher following restoration at the Macatawa Up site, whereas they were 
substantially lower at the other two sites (Table 6). Turbidity, on the other hand, was higher at the Peter’s Creek site 
during the post-restoration period, but lower at the other two sites following restoration (Table 6). Indeed, Peter’s Creek 
appears to behave like an outlier in the post-restoration period, showing a decline in TP and TKN, but only a slight 
increase in ammonia, in contrast to the other two sites (Table 7). All three sites did show a substantial increase in SRP 
and a relatively small decline in nitrate during the post-restoration period (Table 7).  

We used a subset of our overall data set to determine if the differences in water quality between the pre- vs. post-
restoration periods were statistically significant (Table 8). We chose not to use the entire data set for this analysis 
because there were differences in the number of sampling dates in the pre- and post-restoration periods, which could 
introduce bias due to season. Instead, we selected 10 baseflow sampling dates and 3-5 stormflow sampling dates that 
corresponded in sampled date between the pre- and post-restoration monitoring periods at each site, and compared 
differences using inferential statistics.  The results show few statistically significant differences, which is not surprising 
given that the wetland restoration was only recently completed.  For baseflow periods, TP was marginally greater (p < 
0.10) in the pre- vs. post-restoration period at the Peter’s Creek site, but was not different at the other two sites (Fig. 
9b); nitrate was significantly greater in the post- compared to the pre-restoration period at the Macatawa Up and Down 
sites (Table 8; Fig. 9c). Ammonia and TKN were marginally greater in pre- vs. post-restoration periods at Peter’s Creek, 
but not different at the other two sites.  The only difference for turbidity was at Macatawa Up, where it was significantly 
greater in the pre- vs. post-restoration period.  

To summarize baseflow, out of 18 possible results, only 6 were even marginally statistically different—4 of the 6 were 
lower following restoration and of those four only one was the downstream site (where we would expect to see a 
decline) but at this site, nitrate levels actually increased following restoration.  During stormflow, there was only one 
significant result, with SRP greater post-restoration vs pre-restoration (p < 0.10) (Table 8).  The small number of 
observations combined with the variability that accompanies storm events contributed to our limited ability to detect 
change.   
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Table 6. Grand means (1 SD) of selected water quality parameters at the Middle Macatawa wetland restoration site. 
Each cell has two rows per column: data in the top row represent entire pre-restoration period of record (Apr. 2014 – 
Sept. 2015); data in the bottom row represent entire post-restoration period of record (Oct. 2015 – Nov. 2016). Note 
that the number of observations (n) changes between flow regimes and restoration periods. 

Flow Site Period N Temp. (C) DO (mg/L) SpCond 
(μS/cm) TDS (g/L) Turbidity 

(NTU) 

Base 

Mac. Up 
Pre 18 12.17 (7.40) 10.53 (2.39) 765 (240) 0.497 (0.156) 10.5 (6.9) 
Post 12 11.55 (7.46) 10.45 (2.48) 746 (75) 0.485 (0.048) 6.9 (3.8) 

Peter's Creek 
Pre 18 12.35 (7.38) 10.45 (2.39) 665 (163) 0.432 (0.106) 11.3 (6.6) 
Post 12 11.79 (7.19) 10.43 (2.34) 633 (217) 0.449 (0.057) 7.8 (5.5) 

Mac. Down 
Pre 18 12.17 (7.40) 10.53 (2.39) 765 (240) 0.497 (0.156) 10.5 (6.9) 
Post 12 11.55 (7.46) 10.45 (2.48) 746 (75) 0.485 (0.048) 6.9 (3.8) 

Storm 

Mac. Up 
Pre 3 14.26 (6.78) 7.43 (2.68) 444 (207) 0.288 (0.135) 581.7 (697.8) 
Post 3 12.82 (9.56) 9.07 (3.08) 456 (128) 0.296 (0.083) 264.3 (62.4) 

Peter's Creek 
Pre 2 17.00 (3.75) 7.49 (0.81) 460 (201) 0.299 (0.130) 141.6 (182.5) 
Post 3 12.88 (9.16) 9.43 (3.49) 344 (135) 0.224 (0.088) 264.0 (48.3) 

Mac. Down 
Pre 3 14.00 (6.66) 7.88 (2.42) 481 (201) 0.313 (0.130) 462.2 (475.9) 
Post 3 12.82 (9.23) 9.34 (2.92) 393 (164) 0.256 (0.106) 243.6 (41.6) 

 

 

Table 7. Grand means (1 SD) of selected water chemistry parameters at the Middle Macatawa wetland restoration site. 
Each cell has two rows per column: data in the top row represent pre-restoration period of record (Dec. 2014 – Sept. 
2015); data in the bottom row represent post-restoration period of record (Oct. 2015 – Nov. 2016). Data are divided into 
baseflow and storm flow conditions. Data are divided by baseflow and storm flow conditions and by pre- and post-
restoration periods, respectively. 

Flow Site Period N SRP (μg/L) TP (μg/L) NO3
- (mg/L) NH3 (mg/L) TKN (mg/L) 

Base 

Mac. Up 
Pre 18 27 (19) 101 (44) 2.90 (2.00) 0.32 (0.25) 1.41 (0.46) 
Post 12 22 (24) 77 (31) 4.24 (3.03) 0.25 (0.20) 1.31 (0.27) 

Peter's Creek 
Pre 18 30 (26) 88 (53) 8.54 (2.19) 1.05 (2.06) 1.98 (2.26) 
Post 12 20 (20) 63 (23) 10.36 (2.82) 0.27 (0.29) 0.97 (0.24) 

Mac. Down 
Pre 18 37 (27) 104 (51) 5.20 (1.51) 0.56 (0.87) 1.59 (1.02) 
Post 12 28 (29) 81 (33) 7.12 (3.57) 0.21 (0.15) 1.17 (0.31) 

Storm 

Mac. Up Pre 5 381 (339) 1320 (1181) 5.35 (4.49) 0.71 (0.41) 5.47 (3.07) 
Post 3 677 (504) 1512 (504) 4.70 (1.84) 2.45 (3.78) 6.58 (6.07) 

Peter's Creek Pre 5 381 (339) 1320 (1181) 5.35 (4.49) 0.71 (0.41) 5.47 (3.07) 
Post 3 661 (278) 1238 (238) 5.23 (1.55) 0.84 (1.12) 4.27 (1.28) 

Mac. Down Pre 5 248 (251) 860 (657) 5.31 (4.99) 0.48 (0.25) 3.62 (2.48) 
Post 3 494 (271) 1204 (282) 4.65 (1.53) 1.15 (1.71) 4.36 (3.30) 
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Table 8. Pre- and post-restoration statistical analyses of water quality at Middle Macatawa sites at baseflow (pre-, post- n = 10, 10) and storm flow (pre-, post 
water chemistry n = 5, 3 and turbidity n = 2, 3). In order to remove potential bias of pre- vs. post-restoration samples collected from different time periods, 
baseflow tests incorporated an equal number of samples from identical months in pre- and post-restoration periods (Jan., Feb., Mar., Apr., Jun., Jul., Sep., Oct., 
Nov., Dec.). Storm flow tests incorporated all possible sampled storm events. All tests performed are either paired t-tests (baseflow) or unpaired t-tests (storm 
flow), with the exception of storm flow turbidity at Peter’s Creek (Mann-Whitney rank-sum test). Parameter indicates water quality metric. Transformation 
column indicates pre- and post- data that were transformed to meet test assumptions. Significant differences (p < 0.05) are indicated with bold text, marginally 
significant differences are indicated with italics, and not significantly different results are in plain text. 

  Mac. Up Peter's Creek Mac. Down 
Flow Parameter Transform p-value Notes Transform p-value Notes Transform p-value Notes 

Base 

SRP - 0.768 NS sqrt 0.625 NS - 0.702 NS 
TP - 0.186 NS - 0.089 pre > post - 0.277 NS 
NO3

- - 0.009 post > pre - 0.151 NS - 0.041 post > pre 
NH3 - 0.447 NS log 0.066 pre > post sqrt 0.186 NS 
TKN - 0.275 NS log 0.052 pre > post - 0.135 NS 
Turbidity - 0.050 pre > post log 0.240 NS sqrt 0.185 NS 

Storm 

SRP sqrt 0.318 NS - 0.062 post > pre - 0.241 NS 
TP - 0.803 NS - 0.617 NS - 0.433 NS 
NO3

- - 0.824 NS - 0.336 NS sqrt 0.988 NS 
NH3 - 0.322 NS - 0.588 NS - 0.394 NS 
TKN - 0.736 NS - 0.881 NS - 0.727 NS 
Turbidity - 0.476 NS - 0.400 NS - 0.472 NS 
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Figure 9. Middle Macatawa pre- and post-restoration water chemistry comparison at baseflow as of 2016 sampling year. 
Error bars represent 1 SD. Values in top left corner of each panel are p-value results from statistical analysis (Table 8). 
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Figure 10. Middle Macatawa pre- and post-restoration water chemistry comparison at storm flow as of 2016 sampling 
year. Error bars represent 1 SD. Values in top right corner of each panel are p-value results from statistical analysis 
(Table 8). 
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3.2 Wetland Restoration: Haworth Property 

3.2.1 Sampling Year 2016 

Baseflow:  Baseflow water quality parameters measured in the North Branch at the Haworth site were generally similar 
to baseflow observations at the Middle Macatawa property. DO concentrations were indicative of generally healthy 
conditions, averaging > 10 mg/L, but specific conductivity was high, while TDS and turbidity were < 0.6 g/L and ~7-8 NTU, 
respectively (Table 9).   

Nutrient concentrations at baseflow were lower than those observed at the Middle Macatawa property, although 
absolute concentrations of P and nitrate were still high, and indicative of eutrophic conditions.  SRP concentrations 
averaged 17 and 19 µg/L at the up and down sites (Fig. 11a), respectively, while mean TP concentrations were 54 µg/L at 
the up and down sites (Table 10, Fig. 11c), slightly greater than the TMDL target for the lake.  The only even marginally 
significant difference between up- and downstream sites was for nitrate, which was marginally greater at the upstream 
site (Table 11, Fig. 12a).   

Storm flow: Similar to the Macatawa site, there were no statistically significant differences in any of the water quality 
parameters (physical or chemical) during our measured storm events (Table 11), suggesting that the effect of runoff is 
overwhelming any localized impact of restoration to date.  Storm runoff increased water temperatures by more than 
2⁰C compared to baseflow (Table 9), but diluted the levels of DO, specific conductivity, and TDS. In contrast, turbidity 
increased at both sites compared to baseflow, although not to the same degree observed at the Macatawa site (Table 9 
vs. Table 5).   

 

3.1.2 Pre- vs. Post-Restoration Comparison 

Baseflow: A qualitative review of the mean water quality values during baseflow, based on the pre-restoration and post-
restoration time periods, reveals generally similar patterns at both the up- and downstream sites (Tables 12, 13; Figs. 14, 
15).  Mean temperature, DO, specific conductivity, and TDS values were all slightly lower in the post-restoration period 
compared to the pre-restoration period (Table 12).  In contrast, turbidity SRP, TP, and ammonia concentrations were 
slightly elevated following restoration (Tables 12, 13, Fig. 14), unlike the trend in the Middle Mac, where they declined 
following restoration; again, none of these contrasts were statistically different from one another (Table 14).   

Storm flow: Water quality trends were more complex when comparing pre- vs. post-restoration periods during storm 
events. Both sites had lower temperature and turbidity but higher DO, conductivity, and TDS in the post-restoration 
period (Table 12). Mean SRP concentrations increased substantially in the post- vs. pre-restoration periods (Table 13, 
Fig. 15), and the difference was marginally significant (p < 0.10) for the North Down site (Table 14).  TP also increased 
substantially in the post-restoration period at the North Down site (although not statistically significant; Table 14; Fig. 
15), but actually increased at the North Up site (Tables 13, 14; Fig. 15).  Both mean SRP and TP concentrations reached 
very high levels (Table 13) following storms in the post-restoration period. It is unclear if this may be related to 
construction activity, in which case these concentrations should decline over time. Mean ammonia concentrations also 
increased in the post-restoration period, but the change was not statistically significant (Tables 13, 14; Fig. 15).  

To sum these results, out of 12 possible statistical tests, only 1 was even marginally statistically different—SRP during 
storm flow at the downstream site, with SRP greater post-restoration vs pre-restoration, which is the opposite of what 
we’d expect following restoration but is consistent with the results at the Macatawa Down site.  
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Table 9. Mean (1 SD) values of selected water quality parameters at the Haworth wetland restoration site for the 2016 
sampling year. Data are divided into baseflow and storm flow conditions. 

Flow Site n Temp. (C) DO (mg/L) SpCond (μS/cm) TDS (g/L) Turbidity (NTU) 

Base 
North Up 10 10.85 (8.64) 10.66 (2.73) 807 (139) 0.525 (0.090) 7.0 (4.8) 

North Down 10 10.93 (9.02) 10.23 (2.72) 815 (78) 0.529 (0.050) 8.2 (8.1) 

Storm 
North Up 3 13.14 (9.47) 8.83 (3.19) 471 (28) 0.306 (0.018) 89.2 (29.2) 

North Down 3 13.27 (9.57) 8.70 (3.66) 499 (29) 0.324 (0.019) 102.0 (30.8) 
 

 

Table 10. Table 6. Mean (1 SD) values of selected nutrient concentrations at the Haworth restoration site for the 2016 
sampling year. Data are divided into baseflow and storm flow conditions. 

Flow Site n SRP (μg/L) TP (μg/L) NO3
- (mg/L) NH3 (mg/L) TKN (mg/L) 

Base 
North Up 10 19 (24) 54 (39) 2.05 (1.45) 0.09 (0.12) 0.82 (0.18) 

North Down 10 17 (18) 54 (38) 1.85 (1.32) 0.08 (0.12) 0.86 (0.22) 

Storm 
North Up 3 116 (42) 329 (70) 1.14 (0.77) 0.13 (0.03) 1.93 (0.23) 

North Down 3 224 (157) 480 (150) 0.91 (1.02) 0.27 (0.25) 2.27 (0.41) 
 

Table 11. Statistical analysis results of 2016 sampling at Haworth sites at baseflow and storm flow. Parameter column 
indicates water quality parameter and transformation used to meet assumptions of normality and variance. All data 
were analyzed using either 2-tailed t-tests (t) or Wilcoxon signed-rank tests (W). Marginally significant differences (0.05 
< p < 0.10) between sites are indicated with italic text and not significantly different data are in plain text. 

  Test Site Notes 

Base 

SRP W 0.195 NS 
log TP t 0.980 NS 
NO3

- t 0.100 up > down 
log NH3 t 0.416 NS 
TKN t 0.436 NS 
Turbidity t 0.737 NS 

Storm 

SRP t 0.337 NS 
TP t 0.339 NS 
log NO3

- t 0.829 NS 
NH3 t 0.441 NS 
TKN t 0.464 NS 
Turbidity t 0.345 NS 
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Figure 11. Soluble reactive phosphorus (SRP) (A, B) and total phosphorus (TP) (C, D) concentrations measured at 
Haworth wetland for 2016 (A, C) and total project history (B, D). Colored data lines in A and C magnify 2015 baseflow 
data shown in B and D, which allow us to include both baseflow and storm event concentrations in same graph; symbols 
represent storm events. Dotted line represents completion of wetland restoration. Note changes to scales of y-axes. 
Legend in A, C also applies to B, D.
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Figure 12. Nitrate (NO3
-) (A, B), ammonia (NH3) (C, D), and total Kjeldahl nitrogen (TKN) (E, F) concentrations measured at 

the Haworth wetland for 2016 (A, C, E) and total project history (B, D, E). Colored data lines in A, C, E magnify 2016 
baseflow data shown in B, D, F, which allow us to include both baseflow and storm event concentrations in same graph; 
symbols represent storm events. Dotted line represents completion of wetland restoration. Note changes to scales of y-
axes; and that y-axis scales are much lower than Middle Macatawa sites (Fig. 7). Legend in A, C, E also applies to B, D, F. 
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Figure 13. Mean (1 SD) water quality values at Haworth sites for 2016 sampling year at baseflow (A, C, E, G, I) and storm 
flow (B, D, F, H, J). Note that scales change in y-axes between flow regimes and water quality parameters. 
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Table 12. Mean (1 SD) values of selected water quality parameters at the Haworth wetland restoration site in pre- and 
post-restoration sampling periods. Grand Mean cells have two rows per column: data in the top row represent pre-
restoration sampling (Apr. 2014 – Sept. 2015) and data in bottom row represent post-restoration sampling (Oct. 2015 – 
Nov. 2016). Data are divided into baseflow and storm flow conditions. 

Flow Site Period n Temp. (C) DO (mg/L) SpCond (μS/cm) TDS (g/L) Turbidity (NTU) 

Base 
North Up Pre 18 12.38 (7.11) 11.02 (3.89) 843 (144) 0.548 (0.093) 6.4 (3.6) 

Post 12 10.96 (7.83) 10.07 (2.86) 829 (140) 0.539 (0.091) 6.4 (4.6) 

North Down Pre 18 11.93 (6.96) 10.32 (3.36) 844 (194) 0.549 (0.126) 5.6 (3.0) 
Post 12 11.02 (8.18) 9.81 (2.80) 839 (105) 0.546 (0.068) 7.5 (7.5) 

Storm 
North Up Pre 3 13.80 (5.92) 7.77 (2.29) 432 (283) 0.281 (0.184) 200.7 (223.6) 

Post 3 13.14 (9.47) 8.83 (3.19) 471 (28) 0.306 (0.018) 89.2 (29.2) 

North Down Pre 3 13.80 (6.06) 7.84 (2.32) 478 (150) 0.310 (0.098) 143.6 (146.0) 
Post 3 13.27 (9.57) 8.70 (3.66) 499 (29) 0.324 (0.019) 102.0 (30.8) 

 

 

Table 13. Mean (1 SD) values of selected nutrient concentrations at the Haworth restoration site in pre- and post-
restoration sampling periods. Grand Mean cells have two rows per column: data in the top row represent pre-
restoration sampling (Apr. 2014 – Sept. 2015) and data in bottom row represent post-restoration sampling (Oct. 2015 – 
Nov. 2016). Data are divided into baseflow and storm flow conditions. 

Flow Site Period n SRP (μg/L) TP (μg/L) NO3
- (mg/L) NH3 (mg/L) TKN (mg/L) 

Base 
North Up Pre 18 14 (11) 48 (21) 1.51 (0.38) 0.06 (0.04) 0.84 (0.15) 

Post 12 18 (22) 54 (36) 1.88 (1.39) 0.08 (0.11) 0.81 (0.17) 

North Down Pre 18 13 (10) 44 (19) 1.17 (0.50) 0.06 (0.04) 0.80 (0.15) 
Post 12 16 (16) 55 (34) 1.58 (1.34) 0.08 (0.11) 0.84 (0.21) 

Storm 
North Up Pre 4 74 (64) 387 (435) 0.88 (0.49) 0.09 (0.07) 2.03 (1.77) 

Post 3 116 (42) 329 (70) 1.14 (0.77) 0.13 (0.03) 1.93 (0.23) 

North Down Pre 5 53 (49) 233 (263) 0.92 (0.24) 0.08 (0.06) 1.65 (1.22) 
Post 3 224 (157) 480 (150) 0.91 (1.02) 0.27 (0.25) 2.27 (0.41) 
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Table 14. Pre- and post-restoration statistical analyses of water quality at Haworth sites at baseflow (pre-, post- n = 10, 
10) and storm flow (pre-, post- water chemistry n = 5, 3 and turbidity n = 3, 3). In order to remove potential bias of pre- 
vs. post-restoration samples collected from different time periods, baseflow tests incorporated an equal number of 
samples from identical months in pre- and post-restoration periods (Jan., Feb., Mar., Apr., Jun., Jul., Sep., Oct., Nov., 
Dec.). Storm flow tests incorporated all possible sampled storm events. All tests performed are either paired t-tests 
(baseflow) or unpaired t-tests (storm flow). Parameter indicates water quality metric. Transformation column indicates 
pre- and post- data that were transformed to meet test assumptions. Significant differences (p < 0.05) are indicated with 
bold text, marginally significant differences are indicated with italics, and not significantly different data are in plain text. 

  North Up North Down 
Flow Parameter Transform p-value Notes Transform p-value Notes 

Base 

SRP sqrt 0.218 NS sqrt 0.244 NS 
TP sqrt 0.296 NS - 0.251 NS 
NO3

- - 0.353 NS - 0.105 NS 
NH3 1/sqrt 0.857 NS log 0.677 NS 
TKN - 0.946 NS - 0.434 NS 
Turbidity - 0.787 NS - 0.218 NS 

Storm 

SRP - 0.378 NS - 0.057 post > pre 
TP - 0.834 NS - 0.195 NS 
NO3

- - 0.599 NS - 0.994 NS 
NH3 - 0.404 NS - 0.156 NS 
TKN - 0.931 NS - 0.444 NS 
Turbidity - 0.440 NS - 0.654 NS 
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Figure 14. Haworth pre- and post-restoration water chemistry comparison at baseflow as of 2016 
sampling year. Error bars represent 1 SD. Values in top left corner of each panel are p-value results from 
t-tests analyzing difference between restoration periods (Table 14). 
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Figure 15. Haworth pre- and post-restoration water chemistry comparison at storm flow as of 2016 
sampling year. Error bars represent 1 SD. Values in top left corner of each panel are p-value results from 
t-tests analyzing difference between restoration periods (Table 14). 
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3.3 Lake Macatawa: Long-Term Monitoring  

3.3.1 Sampling Year 2016  

The water column in Lake Macatawa was reasonably well-mixed during all three sampling seasons.  Temperatures did 
not change very much with depth on any date, although there was a slight gradient in fall, where bottom temperatures 
were ~2.5°C cooler than at surface (Table 15). Bottom water DO was reduced to ~1/2 of surface water concentrations in 
summer and fall; although mean DO concentrations never were < 4 mg/L, some individual sites did have low 
concentrations during the summer sampling campaign. Sites 1, 2, and 4 DO concentrations were 1.08, 2.59, and 0.72, 
respectively (data not shown). Low DO also occurred at sites 1 and 4 in summer 2014 and 2015, which are the two 
deepest Lake Macatawa sites that were sampled (~7m and 9.5m, respectively).  This suggests that hypoxic conditions 
can set up in the deeper portions of Lake Macatawa, at least for certain periods of the summer.  This is important 
because hypoxia not only reduces habitat quality for desirable invertebrate and fish communities, it also can lead to the 
release of phosphorus from the sediments (internal loading; Steinman et al. 2004, Steinman and Ogdahl 2012). 

Lake-wide means of specific conductivity were < 600 μS/cm and declined through the sampling year, consistent with TDS 
values (Table 15).  Lake-wide mean turbidity values were ≤ 15 NTU at the surface but were 2-5× greater at the bottom, 
presumably due to turbulence that stirred up flocculent sediments (Table 15).   

Surface SRP concentrations remained < 10 μg/L at all sites in 2016 (Table 16, Fig. 16a). Caution should be exercised when 
looking at SRP values, as SRP is the bioavailable form of P, so low SRP concentrations may simply be due to it being taken 
up by the algae, and now most of it is in the form of particulate P.  In that sense, total P gives a better indication of lake 
trophic status.  Mean surface TP ranged from 56-103 µg/L (Table 16), and concentrations declined as one moved 
westward in the lake regardless of season (Fig. 16c), presumably due to the settling out of particles and dilution from 
high quality Lake Michigan water advecting into the western end of Lake Macatawa. Nonetheless, these TP 
concentrations still exceed the 50 μg/L interim TMDL target for Lake Macatawa. Despite occasional spikes in bottom 
water SRP and TP (e.g., spring site 1 and summer site 4; Fig. 16b,d), overall there was no evidence of systemic internal P 
loading in Lake Macatawa, which if present, would be indicated by very high concentrations of SRP and/or TP (> 400 
µg/L) in bottom waters, as we have measured in Mona Lake (Muskegon County, MI; Steinman et al. 2009).   

Mean surface chlorophyll concentrations peaked in summer (Table 16), and were lowest at the site closest to Lake 
Michigan (Fig. 16e).  Concentrations exceeded the 22 μg/L hypereutrophic threshold commonly used by MDEQ in its 
assessments of Lake Macatawa (Holden 2014), with one very high (202 µg/L) measurement at site in summer, during 
bloom conditions (Fig. 16e).  Secchi depths became shallower through the year, indicating less clear waters in fall than 
spring; transparency was low, in general, near or less than 1 m (Table 16), indicating eutrophic to hypereutrophic 
conditions (Fuller and Minnerick 2008). 

3.3.2 Pre- vs. Post Restoration Comparison 

A qualitative assessment of lake conditions reveals no consistent evidence that lake condition has improved yet (Table 
17, Fig. 17).  Of course, this is not surprising, as it often takes years, if not decades, for lake conditions to improve once 
the stressors are removed, and in many cases, the stressors remain in place but at reduced levels, exacerbating lake 
impairment (Carpenter 2005, Sharpley et al. 2013).  

One metric worth noting is chlorophyll a. The concentrations in 2016 exceeded 2015 measurements in all depths and 
seasons, with a maximum of 204 μg/L at site 1 near the mouth of the Macatawa River (Table 16; Figs. 16e,17e).  
Averaging all sites and depths per year shows average 2016 chlorophyll a increased 20 μg/L (63%); however, 2016 values 
are comparable and within range of previous Project Clarity chlorophyll a measurements in summer 2013 (Fig. 17e). 
Chlorophyll concentrations are highly dynamic in lakes, as blooms can be easily disrupted by storm conditions; hence, 
time of sampling can heavily influence these numbers.  As a consequence, we are recommending a citizen science 
initiative in Lake Macatawa, where shoreline residents conduct weekly assessments of lake color, using a standardized 
color spectrum.  We will then use those data to help “fill in the gaps” in our more rigorous, but less frequent, chlorophyll 
a sampling.  
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Table 15. Lake-wide means (1 SD) of select general water quality parameters recorded during 2016 monitoring year. 
Within 2016, n is the number of lake sites composing the seasonal mean at each depth. 

Season Depth n Temp. (C) DO (mg/L) SpCond (μS/cm) TDS (g/L) Turbidity (NTU) 

Spring 
Top 5 11.62 (0.43) 11.61 (0.63) 575 (78) 0.374 (0.050) 13.0 (3.1) 

Middle 5 11.28 (0.42) 11.04 (0.76) 580 (81) 0.377 (0.053) 15.8 (7.1) 
Bottom 5 11.03 (0.51) 9.57 (0.88) 579 (83) 0.376 (0.054) 38.0 (23.4) 

Summer 
Top 5 27.34 (0.64) 12.06 (0.56) 505 (71) 0.328 (0.046) 15.2 (2.1) 

Middle 5 26.98 (0.80) 8.47 (3.15) 500 (84) 0.325 (0.055) 11.0 (3.9) 
Bottom 5 25.99 (1.45) 4.30 (4.55) 497 (67) 0.323 (0.043) 28.6 (20.9) 

Fall 
Top 5 17.40 (0.31) 9.08 (1.11) 489 (70) 0.318 (0.046) 9.9 (1.9) 

Middle 5 16.74 (1.01) 6.62 (2.12) 490 (86) 0.319 (0.056) 13.7 (8.4) 
Bottom 5 14.91 (2.32) 5.20 (2.32) 426 (68) 0.277 (0.044) 46.4 (26.6) 

 

Table 16. Lake-wide means (1 SD) of phosphorus concentrations, chlorophyll a, and Secchi depths measured during 2016 
monitoring year. Within 2016, n is the number of lake sites composing the seasonal mean at each depth. 

Season Depth n SRP (μg/L) TP (μg/L) Chl (μg/L) Secchi depth (m) 

Spring 
Top 5 8 (8) 103 (57) 34.18 (6.99) 1.1 (0.2) 

Bottom 5 5 (1) 68 (17) 25.62 (6.75) 

Summer 
Top 5 5 (3) 56 (28) 111.17 (57.25) 0.7 (0.1) 

Bottom 5 13 (18) 71 (45) 28.11 (27.12) 

Fall 
Top 5 6 (4) 87 (30) 60.52 (21.67) 0.5 (0.1) 

Bottom 5 7 (2) 65 (21) 51.24 (22.97) 
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Table 17. Lake-wide grand means (1 SD) of phosphorus concentrations, chlorophyll a, and Secchi depths 
measured during multi-year project history. Grand mean cells have two rows per cell: data in the top 
row represent pre-restoration sampling (Spring 2014 – Fall 2015) and data in bottom row represent 
post-restoration sampling (Spring 2016 – Fall 2016). For Grand Mean, n is the number of years each 
season was sampled in pre- or post-restoration periods. 

Season Depth Period n SRP 
(μg/L) 

TP 
(μg/L) Chl (μg/L) Turbidity 

(NTU) 
Secchi 

depth (m) 

Spring 
Top 

Pre 2 3 (0) 66 (4) 25.42 (4.36) 9.0 (6.2) 
13.0 (ND) 

0.6 (0.1) 
Post 1 8 (ND) 103 (ND) 34.18 (ND) 1.1 (0.2) 

Bottom 
Pre 2 3 (1) 98 (30) 23.64 (2.82) 16.9 (3.0) 

38.0 (ND) 

 

Post 1 5 (ND) 68 (ND) 25.62 (ND)  

Summer 
Top 

Pre 3 6 (3) 110 (66) 67.31 (39.36) 16.2 (6.6) 
15.2 (ND) 

0.4 (0.1) 
Post 1 5 (ND) 56 (ND) 111.17 (ND) 0.7 (0.1) 

Bottom 
Pre 3 17 (18) 107 (49) 31.65 (13.49) 22.1 (10.7) 

28.6 (ND) 

 

Post 1 13 (ND) 71 (ND) 28.11 (ND)  

Fall 
Top 

Pre 3 10 (12) 134 (23) 62.92 (42.82) 25.5 (3.9) 
9.9 (ND) 

0.4 (0.1) 
Post 1 6 (ND) 87 (ND) 60.52 (ND) 0.5 (0.1) 

Bottom 
Pre 3 11 (13) 158 (19) 60.81 (35.29) 30.7 (2.8) 

46.4 (ND) 

 

Post 1 7 (ND) 65 (ND) 51.24 (ND)  
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Figure 16. Soluble reactive phosphorus [SRP]: A, B; total phosphorus [TP]: C, D) and chlorophyll a (E, F) concentrations 
measured at the 5 monitoring stations in Lake Macatawa during in 2016. The red horizontal line on the TP figures (C, D) 
indicates the interim TMDL goal of 50 μg/L (Walterhouse 1999). The red horizontal line on the chlorophyll figures (E, F) 
indicates the hypereutrophic boundary of 22 μg/L used by MDEQ for assessing chlorophyll in Lake Macatawa (Holden 
2014). Note scales change on y-axes. 
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Figure 17. Soluble reactive phosphorus [SRP]: A, B; total phosphorus [TP]: C, D) and chlorophyll a (E, F) concentrations measured at the 5 
monitoring stations in Lake Macatawa during 2013 through 2016. The red horizontal line on the TP figures (C, D) indicates the interim TMDL goal 
of 50 μg/L (Walterhouse 1999). The red horizontal line on the chlorophyll figures (E, F) indicates the hypereutrophic boundary of 22 μg/L used by 
MDEQ for assessing chlorophyll in Lake Macatawa (Holden 2014). Note scales change on y-axes. 
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3.4 Lake Macatawa Watershed: Phosphorus – Precipitation Analysis 

It is well known that precipitation will influence lake condition because runoff carries nutrients and 
sediment, which ultimately reach the downstream receiving water bodies.  Hence, when examining lake 
condition in a particular year, it makes sense to compare the lake health to the precipitation regime in 
that year.  This has been clearly shown in the western basin of Lake Erie, where heavy spring rains 
transported recently applied fertilizer into the Maumee River, and eventually Lake Erie, triggering 
massive harmful algal blooms (Michalak et al. 2013). Hence, years with anomalously good or bad lake 
condition may be driven largely by the precipitation.   

In Lake Macatawa, the relationship between lake TP and precipitation has not been clear-cut. Between 
1972 and 2016, the relationship between precipitation and TP concentration in the lake was not 
statistically significant (Fig. 18; R2 = 0.122; p > 0.10). For example, some years have very high TP 
concentrations but relatively low precipitation (e.g., 2000 and 2004), whereas other years have modest 
levels of TP but relatively high precipitation (e.g., 2008). Interestingly, the relationship between TP and 
precipitation is much stronger since 2013, and is marginally significant (R2 = 0.836; p = 0.085). However, 
this relation is based on only 4 data points, so it should be viewed cautiously. 

Overall precipitation in 2016 was within the range that has been measured over the past 11 years (i.e., 
blue triangles generally fall within the gray bars) (Fig. 19). There was not a consistent relationship 
between precipitation and total phosphorus at the Middle Macatawa downstream site in 2016 (i.e., the 
blue and red triangles only rarely co-locate, and during high precipitation months they are usually far 
apart (e.g., June, September, December). We view these data as appropriate for screening purposes 
only, as the TP concentrations are single sampling events, which may miss pulses of high P 
concentrations after storm events. 
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Figure 18. Lake Macatawa TP and precipitation dashboard summary. TP bars average data from top 
depths at sites 1, 2, and 4 to represent a continuum of water moving through Lake Macatawa in the 
east, central, and west basins, respectively. Yellow and red portions of the TP axis indicate averages 
meeting or exceeding the interim TMDL goal of 50 μg/L, respectively. Precipitation data represent 
annual sums of hourly precipitation at Tulip Airport in Holland. Historical TP data sources include U.S. 
EPA (1972; STORET), Michigan Department of Environmental Quality (1982-2012; S. Holden, personal 
communication), and AWRI (since 2013).  Precipitation data sources include the National Climatic Data 
Center (2005-2016; NOAA) and Weather Underground (1972-2004; The Weather Company). 
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Figure 19. Box and whisker plot showing precipitation data for each month between 2005 and 2015 
(gray bars), cumulative precipitation for each month in 2016 (blue triangles), and TP concentration from 
the Middle Macatawa downstream sampling point for each month we sampled baseflow in 2016 (red 
triangles; no baseflow samples were taken in May and August). The far right box and whisker show the 
average 2016 precipitation and TP data.  Precipitation data are from the National Climatic Data Center 
(2005-2016; NOAA). 
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4. Additional Studies 

AWRI also is engaged in a number of research projects to help inform management decisions for Project 
Clarity. Appendix A contains the report covering our high-resolution terrestrial Lidar study measuring 
bank erosion in the Macatawa Watershed, while Appendix B contains the report on Year 3 of fish 
monitoring in Lake Macatawa. The three student research projects are briefly described below.  

4.1 Tile Drains as a Source of Phosphorus 

Delilah Clement successfully defended her Master of Science degree at AWRI in May, 2016.  Her 
research examined the phosphorus concentrations in tile drain effluent, and their effect on algal growth 
in laboratory bioassays.  Her research was recently published (Clement and Steinman 2017). The key 
findings from her research include: 1) SRP and TP concentrations in the tile drain effluent were greatest 
during the non-growing season, a finding recently corroborated (Van Esbroeck et al. 2016); 2) overall 
SRP and TP concentrations in the tile drain runoff could get as high as 450 and 560 µg/L, respectively; 
and 3) SRP, the most bioavailable form of phosphorus, accounted for 60% of the total phosphorus. The 
key management recommendation is to focus on P retention in winter and spring, when runoff 
concentrations are highest.   

4.2 Two-Stage Ditches as Phosphorus Retention Devices 

This study is being conducted by Emily Kindervater as part of her Master of Science degree at AWRI. The 
work is focused on how effective two-stage ditches are at retaining phosphorus compared to traditional, 
trapezoidal-shaped ditches. For this project, Emily: 1) monitored water quality monthly, including TP, 
SRP, and turbidity, 2) conducted spring and fall sediment analyses to determine general sediment P 
content variability, most abundant fraction, and the equilibrium P concentration (EPC), 3) sampled 
benthic periphyton monthly for analysis of community structure and P content, and 4) conducted an 
end-of-growing-season aboveground vegetation survey for ground cover estimation and P content. 
Sediment TP content varied between 95 and 950 mg/kg dry sediment and tended to be lower in the 
two-stage reach. In both spring and fall, the major fraction of P was the Al-bound fraction in one ditch 
system and both Al-bound and Ca-bound fractions in the other system. EPC values suggest that in the 
spring, the sediment in one ditch system was retaining phosphorus but in the two-stage and reference 
of the other system, there was both potential retention and release at certain sites. During the fall, in 
both systems, the reference site had potential release of P while the two-stage was retaining P. 
Periphyton and vegetation analyses are currently being finalized. This work will be completed in 2017. 

4.3 Summer Undergraduate Intern Project 

Muhidin Abdimalik was an undergraduate summer intern from the University of Missouri-St. Louis, who 
worked in the Steinman lab in 2015.  Muhidin examined the role of light and nutrients in controlling the 
growth of attached vs. floating algae in Lake Macatawa. We conducted this experiment using the dock 
of the Koster family in Pine Bay (Fig. 20). Attached algal growth was co-limited by both nitrogen and 
phosphorus, while floating algae were limited by phosphorus. Light was not a limiting resource, perhaps 
because the arrays were deployed in relatively shallow water. Implications from this study indicate that 
both phosphorus and nitrogen need to be managed in the watershed. The experiment resulted in a 
publication (Steinman et al. 2016).  
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Figure 20. Experimental arrays in Pine Bay to examine competition between attached vs. floating algae 
for nutrients and light.   

 

5. Summary 

The results of the 2016 monitoring effort were consistent with prior findings for Lake Macatawa and its 
watershed, indicating that water quality is still severely impaired in this system (Holden 2014; Hassett et 
al. 2016).  This is the first full year of post-restoration monitoring at the Middle Macatawa and Haworth 
sites, so our focus was on assessing both 2016 conditions and comparing pre- vs. post-restoration water 
quality conditions at these restoration sites and in Lake Macatawa.  

Water quality has not improved in 2016 in Lake Macatawa and its watershed.  Phosphorus 
concentrations are too high throughout the system, far in excess of the TMDL target, and water 
transparency, while anecdotally improved in 2016, actually was quite poor based on our discrete 
measurements. Occasional hypoxic conditions during the summer at the deeper lake sites also suggest 
degraded conditions and bear watching in the future.   

We did not observe any water quality benefits in 2016 from the restoration activities.  This is not 
particularly surprising, for at least three reasons: 1) restoration is still very recent, and until the restored 
sites are fully functional, which should take a number of years, it is unreasonable to expect a 
demonstrable change; 2) the restoration sites have relatively small footprints and volume holding 
capacity, so given the volume of water moving through the Macatawa River, especially during storm 
events, the ability to detect a signal from the noise may be very difficult at any one particular site; and 3) 
the natural environmental is variable, so it will take a number of years to detect a robust trend at any 
site, regardless of direction.   

In addition to elevated P concentrations, high nitrate concentrations are a concern, especially in the 
Peter’s Creek sub-basin; we identified this problem last year, but concentrations continue to be 
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extremely high, in some cases above human health thresholds. The finding that growth of at least some 
algae in Lake Macatawa are co-limited by nitrogen (Steinman et al. 2016) indicates that nutrient 
management should focus on both nitrogen and phosphorus (cf. Conley et al. 2009).  

Agricultural BMPs are being implemented in the Macatawa watershed, and are clearly needed to reduce 
P, N, and sediment loading; tile drain effluent appears to be an additional source of P (and maybe N) 
that has not received adequate attention in the past but is now being recognized as a factor contributing 
to toxic algal blooms in the western basin of Lake Erie (Lam et al. 2016, Van Esbroeck et al. 2016).  

Our 2016 results underscore the dire need for remediation in the Macatawa watershed. The magnitude 
of nutrient reduction that is necessary to satisfy the phosphorus TMDL and result in a healthy Lake 
Macatawa will require long-term and sustainable dedication, coordination, and cooperation among 
stakeholders and professionals. The successful execution of Project Clarity is a major step toward 
realizing the goals for Lake Macatawa. Continued monitoring as part of the project will document 
progress along the way. 
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Using High-Resolution Terrestrial Lidar to Measure Bank Erosion

Kurt Thompson and James N. McNair, Annis Water Resources Institute

Introduction and Overview

Bank erosion is a significant contributor to sediment loads in many streams in the northern U.S.
It accounts for 31 to 44% of the suspended sediment load of the Blue Earth River in Minnesota
(Sekely et al. 2002), an average of 45% of the suspended sediment load of streams throughout
Iowa  (Odgaard  1984),  and  up  to  79%  of  mean  annual  sediment  loads  measured  in  29
experimental catchments scattered across Pennsylvania (Evans et al. 2003). It is thought to be
the dominant source of stream sediment loads in most lowland catchments (Kiesel et al. 2009)
and tends to be particularly  important  in  catchments  that  are  highly  urbanized,  or  that  are
primarily  agricultural  but  with  significant  densities  of  grazing  animals  or  an  admixture  of
urbanized areas. All of these patterns suggest that bank erosion probably is an important source
of suspended sediment in streams flowing into Lake Macatawa.

Despite the potential importance of bank erosion as a contributor to sediment loads in streams,
most models used by watershed managers to estimate annual sediment loads from catchments
fail to account for it. Traditional field survey methods, such as installing erosion pins or using
electronic total-station survey instruments to characterize changes in stream bank topography,
are labor- and time-intensive,  which limits the interest  of  watershed managers in employing
these techniques across multiple catchments within a given watershed. In addition, erosion pins
are invasive in the sense that they must be driven into the stream bank and therefore are likely
to alter the erosion process by weakening the soil and creating artificial eddies that modify the
scouring process during high-flow events.

In this pilot  project,  we applied a relatively new technology called a  terrestrial laser scanner
(TLS)  to  the  problem  of  detecting  and  quantifying  bank  erosion  in  the  Lake  Macatawa
watershed. The project was designed to capture a temporal sequence of high-resolution 3D
digital  scans from six individual stream banks within three sub-catchments of the Macatawa
watershed over the course of a year. Lidar-based measurement has been determined to have
numerous advantages over commonly-used survey methods such as erosion pins and total-
station transects, including non-invasiveness, greater accuracy, greater simplicity, and reduced
field  effort.  The  sites  selected  for  the  project  were  in  three  separate  but  adjacent  sub-
catchments of the watershed and were located (1) on the Macatawa River near the USGS flow
gauge, (2) on the Black River in Poppen Woods, and (3) on Peter’s Creek (Fig. 1). Two banks
were scanned at each site.

The study sites were selected based on an initial investigation of multiple locations within the
watershed because of (a) the apparent degree of bank erosion at each site (ranging from low to
extreme),  (b)  the  accessibility  of  the  locations  throughout  the  year-long  project,  (c)  the
sparseness of existing vegetation on the bank slopes at the time of the initial lidar survey (dense
vegetation cover prevents accurate scanning of the bank’s soil surface), and (d) other field work
that was being done concurrently by AWRI for Project Clarity at two of the sites (USGS and
Poppen Woods), reducing cost, travel time, and number of field personnel. 

1
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Figure 1. Lidar stream-bank sites in the Lake Macatawa watershed.

As noted above, the TLS’s main advantage is its unique ability to easily acquire high-resolution
digital 3D point data, creating a digital “snapshot” of the physical characteristics of the banks at
a particular moment in time with millimeter accuracy in all dimensions. The current generation of
TLS devices have been developed for ease of use and are lightweight and battery powered, can
attach directly to standard survey tripods, are controlled by an integrated touch-screen computer
interface, and come with multiple, automated sensors for precise leveling and orientation. Once
a series of 3D digital lidar scans are captured and are registered to one another using lidar
processing software, other tools can be used to detect and quantify even very slight physical
changes in the surface of the banks over time.

Methods

Lidar  data  were collected from the six  stream banks during  three time  periods:  April  2015
(spring), December 2015 (late fall/early winter),  and April  2016 (spring). All  lidar scans were
performed under  base-flow conditions.  The first  scan (April  2015)  served as a baseline  for
comparison with the two subsequent scans. Changes in stream-bank surfaces between the first
and third scans reflect changes over an entire year. Changes between the first and second
scans make it possible to determine how much of the annual change occurred before versus
after the winter-spring transition. We focus on the first and third scans in this report, since these
cover the longest period of time and include a complete seasonal cycle.

The TLS used in this project was a Trimble TX5 laser scanner, which collects lidar data at a
continuous  rate  of  488,000  points  per  second, automatically  saving  the  3D data  to  64-GB
secure digital (SD) memory cards for easy transfer to desktop computers for processing with
Trimble RealWorks software. The typical setup time for the TX5 at the target bank site was
approximately 10 minutes, which included installing the TX5 on the survey tripod and leveling
and orienting the device using an integrated dual-axis compensator (inclinometer),  altimeter,
and electronic compass. Once the TX5 was leveled, a preliminary 5- to 7-minute preview scan
was run to determine parameters of the target  bank so scanning could be restricted to the

2
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selected area. The high resolution scan took about 20 to 25 minutes to complete at each site.
The digital scan files saved on the SD cards were approximately 1 to 2 GB in size, containing
about 13 to 15 million 3D (x, y, z) points. A 70-megapixel digital image of the target bank site
was also automatically collected by the TX5 at the end of the scan and saved to the SD card.

During the first lidar field survey in April 2015, a hand-held laser rangefinder was employed at
the TX5 setup position on the bank opposite the target bank (at approximately the mid-point of
the  target  bank)  to  measure  the  distance  from  the  position  of  the  TX5  to  the  proposed
boundaries of the target bank scan. The total distance from the scanner to the target bank was
intentionally limited to 20 meters or less to eliminate ranging noise (0.5 mm at 90% reflectivity
and 1.1 mm at 10% reflectivity at 25 meters). The potential ranging noise introduced to the lidar
scans depends on the ambient light conditions at the time of the actual survey and increases
with the distance the laser light has to travel between the scanner and the target. The TX5 was
rated to capture scans at distances of up to 120 m, so restricting the project scan distance to 20
meters or less, regardless of ambient light conditions, minimizes the scan noise.

Figure 2. Trimble TX5 terrestrial laser scanner.

At each of the target bank sites, two 4-ft long iron rebar stakes with aluminum and steel survey
caps were driven into the ground at the boundary edges to delineate the scan capture area with
an unobstructed sight line back to the TX5 setup position. Another iron stake and survey cap
was driven into the ground at the TX5 setup site, so that the TX5 would be set up precisely in
the same location for all the remaining project scans. The target bank boundary stakes allowed
for the temporary placement of two magnetic spheres as laser targets (Fig. 3a, b). These target
spheres were included in every lidar scan so they could be used by the Trimble RealWorks
software in processing the lidar scans from each bank to assist in accurately registering scans
from the three collection times to each other.

Lidar scans were collected for all three time periods at each of the six stream banks. The digital
files  were then transferred to  a  computer  to  be opened in  Trimble  RealWorks  software for
registration. An example of a raw lidar scan and the remarkable detail that the TX5 captures is
shown in Fig. 4. The 70-megapixel full-color image that was captured directly after the collection
of the lidar scan is shown in Fig. 5.

Using the Trimble RealWorks software, the April  2015 and the April  2016 lidar scans where
imported into a project file as individual raw scans. Each of these scans was then re-sampled to
form individual 3D point  clouds of  the (x,  y, z)  data (Figs. 6, 7).  Once the raw scans were
converted to point clouds, the scans were registered to one another using the automatic target
registration module. The April 2015 scan was selected first, and the registration module was
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   a)                  b)    

Figure 3. Magnetic sphere shown (a) schematically and (b) as a registered 3D target
in the lidar software.

Figure 4. A raw lidar scan taken on April 2015 at the USGS upstream bank site.

Figure  5. A high-resolution  color  image  of  the  USGS upstream bank  site   taken
immediately after the lidar scan shown in Fig. 4.
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activated and set to search for the (two) 139-mm target spheres digitally embedded in the scan.
The registration module correctly detected the two target spheres within the scan, and these 3D
objects were stored as assigned targets, uniquely identifying them as registration controls in the
April 2015 scan. This process was repeated for the April 2016 scan. The four target spheres
(two from April 2015 and two from April 2016) were then matched to their positional counterpart
in each scan; specifically, the number 1 target sphere in the April 2015 scan was matched to the
number 1 target sphere by position in the April 2016 scan, and this procedure was repeated for
the number 2 target sphere in both scans.

The registration module required that each scan have at least three known positional elements
(3D objects) within the data to register the point clouds to one other. The first two objects for
each scan were the two 139-mm target spheres, while the third object was the TX5 instrument’s
physical  origin  position  (leveled and  oriented),  which  was  exactly  the  same in  both  scans.
Having met the minimum criteria for positional objects within both scans, the registration module
was able to register the April 2015 and April 2016 scans and point clouds together (Fig. 8).

Figure 6. Lidar scan of the Peter’s Creek downstream bank site in April 2015, in shades of yellow.

Figure 7. Lidar scan of the Peter’s Creek downstream bank site in April 2016, in shades of magenta.

Figure 8. Overlay of registered lidar scans of the Peter’s Creek downstream bank site in April 2015 and
April 2016. The color that is visible at each point on the bank indicates whether the bank surface there
was closer to the laser scanner in April 2015 (yellow) or in April 2016 (magenta), which in turn indicates
whether net erosion (yellow visible) or deposition (magenta visible) occurred. The residual measurement
error was 1.12 mm, so points with little or no change (e.g., tree trunks) may be colored incorrectly.

5
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A report (Fig. 9) was generated after registration was completed to document the residual error
in distance measurements, based on the known target locations. The target-based registration
process was applied to all six pairs of scans from April 2015 and April 2016.

After all scans were registered together, a segmentation module was used to remove vegetation
around the targeted bank area for  each April  2015 and April  2016 point cloud.  An example
showing the result of this process is displayed in Fig. 10. After segmentation was completed, the
measurement module was used to determine the physical characteristics of the “clean” targeted
bank areas in preparation for comparing the (x, y, z) surface of each bank in April 2015 and April
2016 and calculated the volume of change due to erosion and deposition.

To quantify the erosional and depositional changes at each of the six stream bank locations, the
registered pairs of point clouds for the April 2015 and April 2016 time periods were analyzed
together using a 3D volume-comparison module called Volume Calculation. The module was
run on all 3 pairs of point clouds, with April 2015 as the beginning (reference) surface and April
2016 as the comparison surface.

Figure  9. Report  for  target-based  registration  of  scans  and  point  clouds  from  the  Peter’s  Creek
downstream bank for April 2015 and April 2016 (residual error = 1.12 mm). 

Figure 10. Overlay of registered lidar scans of the Peter’s Creek downstream bank for April 2015 and
April 2016 with extraneous vegetation segmented out. Color interpretation is the same as in Fig. 8.
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Figure  11. Schematic  representation  of  the  method  used  by  the  Volume
Calculation  module  to  compute  separate  volumes  of  soil  deposition  and  soil
erosion  for  different  portions of  the  same stream bank.  Portions of  the bank
where the surface was higher or closer to the lidar scanner in April 2016 than in
April 2015 (shown in magenta) are assumed to have been filled with deposited
soil; portions of the bank where the surface was lower or farther from the scanner
in April 2016 (shown in yellow) are assumed to have been cut out by erosion.

The  Volume  Calculation  module  estimates  volumes  of  eroded  and  deposited  sediment  as
follows. Each scan defines an (x, y, z) surface in 3-dimensional space. After the scans acquired
on different dates at a given bank are registered, horizontal and vertical distances on these
surfaces share the same origin and therefore can be compared. Portions of the bank surface
that were higher or closer to the lidar scanner in April 2016 than in April 2015 (“fill” locations)
were assumed to have incurred soil deposition, while portions that were lower or farther from
the scanner (“cut” locations) were assumed to have incurred erosion (see Fig. 11). The Volume
Calculation module determines the volumes of these depositional and erosional portions of each
bank by calculating volumes of the “gaps” between the bank surfaces for the two dates being
compared. Volumes of deposited soil are given a positive sign, while volumes of eroded soil are
given a negative sign. The difference between the volumes of deposited and eroded sediment
for a given bank is the net change in soil volume between the two dates. If the net change is
positive, the bank showed overall net deposition; if the net change is negative, the bank showed
overall net erosion.

Results and Discussion

The physical characteristics of the segmented banks are summarized in Table 1, along with the
residual error for each pair of registered scans. The majority of the registered pairs had very low
residual errors (< 2.5 mm). The USGS upstream site, however, had an error  of  13.85 mm,
nearly seven times the size of the closest residual error of 2.08 mm for the USGS downstream
site. We believe that the survey stake for the target sphere at the downstream end of the USGS
upstream site was physically levered upward about 10 mm from its original position by the root
ball of a tree that fell into the Macatawa River a few feet from the stake. The large residual error
reported for this scan is due specifically to this target sphere. Careful examination of other non-
moving objects such as tree trunks and large branches indicated that the overall residual error
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for the upstream bank at the USGS site was indistinguishable from the overall residual error in
the other scans. We recommend that in the future, multiple targets (more than 2) should be
used for registering scans so that any anomalous targets can be deleted prior to registration.

Results of the volume-change analysis are shown in Table 2. A portion of each bank showed
sediment gain (positive volume between the 2015 and 2016 surfaces) and the rest showed
sediment  loss  (negative  volume  between  surfaces).  These  gains  and  losses  are  reported
separately in Table 2. The difference between the gains and losses for each bank is the net total
change in sediment volume between April 2015 and April 2016. Negative values of the net total
change indicate net erosion from the bank, while positive values indicate net deposition.

The results in Table 2 show that both banks at the USGS and Poppen Woods sites exhibited net
erosion, and that erosion was especially prevalent for the upstream bank at the USGS site (net
loss  of  10.49  m3 of  sediment).  The  upstream  bank  at  the  Peter’s  Creek  site  showed  net
deposition, while the downstream site showed essentially no net change.

The results of this pilot project confirm the utility of high-resolution terrestrial lidar as a method
for measuring stream bank erosion. The spatial resolution of this technique vastly surpasses
that of the traditional alternatives (e.g., erosion pins, total-station transects), as does its ease of
use. The main issue with this relatively new technology at the present time is the high purchase
price. This issue makes it necessary to rent rather than purchase the instrument and software.
While this, too, is relatively expensive (roughly $500 per day), several sites can be scanned in a
single day and only a small number of scan dates per year (as few as one) are required for most
purposes. We therefore believe that this promising technology is cost-effective with adequate
planning.

Table 1. Physical characteristics of the April 2015 and April 2016 banks after target sphere registration
and segmentation to remove extraneous vegetation. 

Bank Location
USGS Poppen Woods Peter’s Creek

Up Down Up Down Up Down
Bank erosion condition Extreme Moderate Extreme Low Extreme Moderate
Bank height, m 2.87 2.06 2.15 1.54 1.34 1.53
Bank length, m 26.07 23.58 19.82 19.70 20.31 19.46
Average bank slope, degree 58.51 36.65 49.73 34.22 44.59 22.67
Registration residual error, mm 13.85 2.08 0.71 1.26 0.88 1.12

Table 2. Volume comparison of 3D point cloud surfaces from April 2015 to April 2016 (in m3) for all six
project bank locations. Numbers shown represent the calculated volume between the bank surfaces for
the two scan times. Positive volumes apply to areas of each bank that experienced deposition, while
negative volumes apply to areas that experienced erosion. The difference between the two (net total
change) is the net change in volume of soil  for each bank, which can be positive (net deposition) or
negative (net erosion).

Bank Location
USGS Poppen Woods Peter's Creek

Up Down Up Down Up Down
Bank erosion condition Extreme Moderate Extreme Low Moderate Moderate
Positive volume (gain), m3 1.05 2.20 1.50 2.26 1.93 3.81
Negative volume (loss), m3 11.54 4.55 4.54 4.20 1.91 1.06
Net total change, m3 -10.49 -2.35 -3.04 -1.94 0.02 2.75
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Additional studies will be required to realize the full potential of this technology as a method for
estimating the contribution of  bank erosion to catchment-scale sediment loads.  Future work
should focus on two key tasks: (1) developing a GIS-based method for scaling up site-specific
measurements  of  bank  erosion  and  deposition  to  entire  catchments  and  (2)  developing  a
method for estimating the annual catchment-scale sediment yield (i.e., eroded sediment that
actually  exits  the  catchment)  resulting  from  net  bank  erosion  measured  at  the  site  scale.
Accomplishing these two tasks will make it feasible to calculate estimates of annual catchment-
scale sediment loads derived from bank erosion that correspond to readily available estimates
of loads derived from field erosion. This will make it possible to objectively identify the relative
contributions  of  these  two  major  sources  of  sediment,  which  is  necessary  in  order  to
appropriately prioritize management efforts to reduce total  sediments load exported to Lake
Macatawa.
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Introduction 

This study was initiated to provide critical information on littoral fish populations that 

will be used to evaluate the performance of watershed restoration activities that are part of 

Project Clarity.  Although we do not expect the benefits of the restoration activities in the 

watershed to be expressed in Lake Macatawa immediately, establishing baseline conditions in 

Lake Macatawa will be critical for evaluating ecological change over time.  In autumn 2014, we 

initiated a long-term monitoring effort of the littoral fish assemblage of Lake Macatawa.  Our 

fish sampling plan for Lake Macatawa is similar to our ongoing, long-term (since 2003) 

monitoring effort in Muskegon Lake (Bhagat and Ruetz 2011).  By using the same monitoring 

protocols in each water body, Muskegon Lake can serve as a “control” to evaluate temporal 

changes in Lake Macatawa in an effort to assess how the lake is responding to watershed 

restoration activities.  Our primary objective in the third year of sampling was to continue to 

characterize the pre-restoration (baseline) littoral fish assemblage.  We made preliminary 

comparisons with our ongoing work in Muskegon Lake (see Ruetz et al. 2007; Bhagat and Ruetz 

2011) as well as with six Lake Michigan drowned river mouths for which we have data (see 

Janetski and Ruetz 2015).  However, the true value of this fish monitoring effort will come in 

future years as we examine how the littoral fish assemblage responds to restoration activities in 

the watershed.  

 

Methods 

Study sites.—Lake Macatawa is a drowned river mouth lake in Holland, Michigan that is 

located on the eastern shore of Lake Michigan in Ottawa County.  Lake Macatawa has an area of 

7.20 km2, mean depth of 3.66 m, and maximum depth of 12.19 m (MDNR 2011).  The shoreline 

has high residential and commercial development, and the watershed consists mainly of 
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agricultural land (MDNR 2011).  Fish sampling was conducted at four littoral sites in Lake 

Macatawa that represented a gradient from the mouth of the Macatawa River to the connecting 

channel with Lake Michigan (Figure 1; Table 1).  In 2016, much of the riparian vegetation was 

removed at site #2 (Figure 2). 

Fish sampling.—At each study site, we sampled fish via fyke netting and boat 

electrofishing.  Fyke nets were set on 6 September 2016 during daylight hours (i.e., between 

0900 and 1300) and fished for about 25.7 h (range = 22.9-29.2 h).  Three fyke nets (4-mm mesh) 

were fished at each site; two fyke nets were set facing each other and parallel to the shoreline, 

whereas a third fyke net was set perpendicular to the shoreline following the protocol used by 

Bhagat and Ruetz (2011).  A description of the design of the fyke nets is reported in Breen and 

Ruetz (2006).  We conducted nighttime boat electrofishing at each site on 8 September 2016.  A 

10-min (pedal time) electrofishing transect was conducted parallel to the shoreline at each site 

with two people at the front of the boat to net fish.  The electrofishing boat was equipped with a 

Smith-Root 5.0 generator-powered pulsator control box (pulsed DC, 220 volts, ~7 amp).  For 

both sampling methods, all fish captured were identified to species, measured (total length), and 

released in the field; however, some specimens were preserved to confirm identifications in the 

laboratory.  We also measured water quality variables (i.e., temperature, dissolved oxygen, 

specific conductivity, total dissolved solids, turbidity, pH, oxidation-reduction potential, and 

chlorophyll a) in the middle of the water column using a YSI 6600 multi-parameter data sonde.  

We made one measurement at each fyke net (n = 12) and one measurement at the beginning of 

each electrofishing transect (n = 4).  We measured the water depth at the mouth of each fyke net 

and visually estimated the percent macrophyte cover for the length of the lead between the wings 

of each fyke net (see Bhagat and Ruetz 2011).  We also visually estimated the percent 

macrophyte cover for the length of each electrofishing transect during fish sampling. 
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Results and Discussion 

We characterized water quality variables at each site during fish sampling (Tables 2 and 

3).  The mean water depth at fyke nets was 85 cm (Table 2).  Water temperature was similar (at 

about 24 °C) when we conducted fyke netting and boat electrofishing (Tables 2 and 3).  At fyke 

nets, mean % cover of macrophytes was zero at sites #1 and #3, whereas mean % cover of 

macrophytes was 13% and 8% at sites #2 and #4, respectively.  Conversely, we visually 

estimated macrophyte cover at electrofishing transects to be 5% at site #1, 35% at site #2, 85% at 

site #3, and 90% at site #4, which was greater than our estimates at fyke nets.  The visual 

estimates of % macrophyte cover for electrofishing is over a greater area at each site than 

estimates for fyke netting, which accounts for the differences.  For instance, we observed 

extensive macrophyte beds at site #3 that were in deeper water than we were able to fish fyke 

nets but were part of the electrofishing transect.  The % macrophyte cover in 2016 was higher 

than the two previous years, especially when macrophyte cover was assessed during boat 

electrofishing transects (Figure 3).  We hypothesized that low densities of macrophytes in Lake 

Macatawa during 2014 and 2015 were caused by insufficient light penetrating the water column 

to allow submersed plants to grow; both turbidity from inflowing sediment and abundant 

phytoplankton growth in the lake water column can reduce light penetration.  Moreover, as stated 

in past reports, aquatic macrophytes are important habitat for fish (e.g., Radomski and Goeman 

2001), and their return is an important goal for the restoration of natural fish communities in 

Lake Macatawa.  The presence of macrophyte beds in the vicinity of our fish sampling sites were 

likely related to the lower turbidity we observed in the lake in 2016 compared with previous 

years (Figure 4B); however, the low turbidity in 2016 was likely the result of natural inter-annual 

variation in the system. 
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Compared to six Lake Michigan drowned river mouths, water quality in Lake Macatawa 

was most similar to Kalamazoo Lake, especially with respect to high turbidity and specific 

conductivity (Janetski and Ruetz 2015).  Turbidity and specific conductivity were higher in Lake 

Macatawa than Muskegon Lake, the drowned river mouth lake that we have the longest time 

series of water quality observations (Bhagat and Ruetz 2011).  High levels of turbidity and 

specific conductivity often are associated with relatively high anthropogenic disturbance in Great 

Lakes coastal wetlands (Uzarski et al. 2005).  Thus, the water quality we measured in Lake 

Macatawa appears on the degraded side of the spectrum among Lake Michigan drowned river 

mouths (see Uzarski et al. 2005, Janetski and Ruetz 2015).  Nevertheless, turbidity and, to a 

lesser degree, specific conductivity were lower in 2016 than in the previous two years (Figure 4).  

In fact, turbidity was lowest at every site in 2016 (when compared to the previous two years; 

Figure 4B), whereas specific conductivity showed a clear decrease at only site #1 (Figure 4A), 

which is closest to the mouth of the Macatawa River (Figure 1).  As expected, we found a 

negative correlation between % macrophyte cover and turbidity (Figure 5), although we caution 

that this relationship is based on observations at only four sites during a single year in autumn. 

We captured 1,648 fish comprising 24 species in Lake Macatawa during the 2016 

sampling surveys (Table 4).  Although we captured fewer fish species in 2016 than in previous 

years (2014: 28 species; 2015: 30 species), we captured more individuals in 2016 (2014: 1,127 

fish; 2015: 537 fish).  The most abundant fishes in the combined catch of both gears (fyke 

netting and boat electrofishing during 2016) were gizzard shad (28%), yellow perch (23%), 

bluegill (11%), white perch (9%), largemouth bass (8%), and pumpkinseed (7%), which 

composed 86% of the total catch (Figure 6A).  Three of the 24 species captured during 2016 

were non-native to the Great Lakes basin (Bailey et al. 2004)—alewife (<1%), white perch (9%), 

and round goby (1%)—which composed 10% of the total catch (Table 4).  For the first time 
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during this study, we captured a native logperch (Bailey et al. 2004), which is a small benthic 

species that is often displaced by the invasive round goby (e.g., Balshine et al. 2005, Bergstrom 

and Mensinger 2009). 

We captured about 1.5 times as many fish in fyke netting as boat electrofishing (Table 4), 

but the number of fish species captured in fyke netting (22 species) was similar to boat 

electrofishing (21 species).  Three fish species were captured only by fyke netting (i.e., alewife, 

green sunfish, and bluntnose minnow), whereas two species were captured only by boat 

electrofishing (i.e., logperch and walleye).  However, the difference in catch between the two 

gears was less pronounced in 2016 compared with the previous two years.  Nevertheless, using 

both sampling gears likely provide a better characterization of the littoral fish assemblage of 

Lake Macatawa than either gear by itself, which is consistent with findings in Muskegon Lake 

where small-bodied fishes were better represented in fyke netting and large-bodied fishes were 

better represented in nighttime boat electrofishing (Ruetz et al. 2007). 

In fyke netting, gizzard shad (37%), bluegill (16%), yellow perch (13%), white perch 

(8%), and pumpkinseed (8%) were the most abundant fishes captured, which composed 81% of 

the total fish captured (Figure 6B).  Although gizzard shad was the most abundant species in the 

catch at sites #1 and #3, bluegill was most common at site #2 and pumpkinseed was most 

common at site #4 (Table 5).  The next most abundant species in the catch at each site were 

white perch and bluegill at sites #3, yellow perch and spotfin shiner at site #2, bluegill and 

yellow perch at site #1, and yellow perch at site #4 (Table 5).  There also was variation in total 

catch among the sites, with more fish captured at sites #1 and #3 than sites #2 and #4 (Table 5; 

Figure 7A).  Compared with the previous two fyke netting surveys, the most abundant species in 

the catch varied among years (Figure 8) as did the patterns in total catch among sites (Figure 

7A).  The main differences in the relative abundance (i.e., percentage of a fish species in the total 
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catch for a given year) were that we captured fewer round goby and more yellow perch in 2016 

than the previous two years (Figure 8).  The relative abundance of gizzard shad in 2016 was 

intermediate compared with the other two years (Figure 8).  However, as we continue our 

monitoring of Lake Macatawa, we will be better able to assess how dynamic these spatial 

patterns among sites are over time and whether the observed patterns are associated with other 

environmental variables. 

In boat electrofishing, the most abundant fishes captured were yellow perch (37%), 

largemouth bass (17%), gizzard shad (15%), white perch (10%), pumpkinseed (7%), bluegill 

(4%), and brook silverside (2%), which composed 92% of the total catch (Figure 6C).  Yellow 

perch was most abundant in the catch at sites #4 and #3, and largemouth bass was most abundant 

in the catch at sites #2 and #1 (Table 6).  The next most abundant species in the catch was 

gizzard shad at sites #3, #4, and #1, whereas yellow perch and white perch were nearly equally 

abundant in the catch at site #2 (Table 6).  Total catch also varied among sites.  In 2016, total 

catch at sites #2, #3, and #4 were among the highest during this study, whereas catch at site #1 

was among the lowest (Figure 7B).  Thus, there was not a positive association in total catch 

across sites between the two sampling gears in 2016 (Figure 7).  Compared with the two 

previous boat electrofishing surveys, the most abundant species in the catch varied among years 

(Figure 9), although the pattern was weaker than what was observed for fyke netting (Figure 8).  

The main difference in the littoral fish assemblage among annual electrofishing surveys was that 

gizzard shad and largemouth bass were more common and spottail shiner was less common in 

2016 compared with the two previous years (Figure 9). 

 In conclusion, the observations reported here are the third year of an effort to characterize 

the littoral fish assemblage of Lake Macatawa.  This monitoring effort will provide a baseline to 

assess how the fish assemblage responds to restoration activities in the Lake Macatawa 
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watershed.  Although we have completed only three years of fish monitoring, we observed 

differences in total catch (Figure 7) and fish species composition of the catch among years 

(Figures 8 and 9).  Water clarity was higher (i.e., lower turbidity; Figure 4B) and macrophytes 

were more common at our sampling sites in 2016 than in previous years (Figure 3).  These 

environmental conditions were likely, in part, responsible for the higher total catch of fish in 

2016.  Nevertheless, not too much weight should be attributed to differences among only three 

sampling years.  Once we accumulate several years of observations, we will be able to make 

more robust inferences about the littoral fish assemblage of Lake Macatawa (in terms of 

assessing the baseline, evaluating change over time, and comparing abiotic and biotic variables 

with other drowned river mouth lakes in the region) and better identify likely underlying 

mechanisms driving spatiotemporal patterns. 
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Site Lat (°) Long (°) Lat (°) Long (°) Lat (°) Long (°)
1 42.79586 86.12163 42.79548 86.12354 42.79600 86.12086
2 42.78896 86.14401 42.78809 86.14471 42.78959 86.14384
3 42.78642 86.17484 42.78544 86.17400 . .
4 42.77993 86.19643 42.77910 86.19769 42.77985 86.19606

Table 1. Locations (latitude and longitude) for each 2016 fish sampling site; coordinates are the mean of the three fyke 
nets and the start and end of each boat electrofishing transect.  Site locations are depicted in Figure 1.  The coordinates 
at the end of transect at site #3 were not recorded.

Electrofishing 
Fyke netting Start End

Depth
Site (cm) pH
1 91±2 23.96±0.02 9.01±0.04 107.1±0.5 543±1 0.353±0.000 17.9±0.5 7.93±0.01 398±1 56.1±3.7
2 89±6 24.26±0.02 8.92±0.16 106.6±1.9 492±0 0.320±0.000 15.9±2.8 8.24±0.03 381±1 46.3±2.8
3 82±4 24.41±0.01 9.98±0.10 119.6±1.2 449±1 0.292±0.000 8.3±1.8 8.70±0.01 366±3 34.8±2.0
4 79±7 24.00±0.11 10.58±0.08 125.8±0.8 426±1 0.277±0.000 6.6±1.2 8.75±0.01 378±3 24.0±0.8

Turbidity 
(NTU)

Oxidation 
Reduction 
Potential 

Chlorophyll a 
(ug/L)

Table 2. Mean ± 1 standard error (n  = 3) of water quality variables at fish sampling sites in Lake Macatawa. Measurements were made 
during fyke netting on 6 September 2016 with a YSI sonde. 

Water 
Temperature 

(°C)

Dissolved 
Oxygen  
(mg/L)

% Dissolved 
Oxygen

Specific 
Conductivity 

(uS/cm)

Total 
Dissolved 

Solids (g/L)

Site pH
1 24.40 8.16 97.80 542 0.352 16.4 7.89 413 41.4
2 24.52 9.16 110.00 489 0.318 11.2 8.24 374 69.8
3 24.23 9.82 117.30 424 0.276 8.9 8.93 352 21.3
4 22.77 8.36 97.20 429 0.279 5.9 8.41 381 25.5

Turbidity 
(NTU)

Oxidation 
Reduction 

Potential (mV)
Chlorophyll a 

(ug/L)

Table 3. Water quality variables at fish sampling sites in Lake Macatawa. Measurements were made during nighttime boat 
electrofishing on 8 September 2016 with a YSI sonde.

Water 
Temperature 

(°C)

% 
Dissolved 
Oxygen

Dissolved 
Oxygen  
(mg/L)

Specific 
Conductivity 

(uS/cm)

Total 
Dissolved 

Solids (g/L)
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Total
Common name Scientific name Catch Catch TL (cm) Catch TL (cm)
alewife Alosa pseudoharengus 1 1 7.9 0 --
bowfin Amia calva 6 3 48.9 (43.6-54.8) 3 46.7 (43.2-50.0)
freshwater drum Aplodinotus grunniens 15 7 10.5 (9.5-12.3) 8 17.9 (10.7-39.5)
white sucker Catostomus commersoni 16 5 39.9 (33.9-45.1) 11 35.6 (24.2-43.6)
common carp Cyprinus carpio 10 3 66.1 (64.2-69.6) 7 57.3 (37.4-68.2)
spotfin shiner Cyprinella spiloptera 67 61 8.0 (5.5-10.1) 6 7.9 (7.0-8.6)
gizzard shad Dorosoma cepedianum 462 359 9.6 (5.1-17.2) 103 12.3 (8.0-17.6)
banded killifish Fundulus diaphanus 4 3 8.4 (7.0-10.7) 1 6.5
channel catfish Ictalurus punctatus 7 6 34.2 (7.2-57.8) 1 51.0
brook silverside Labidesthes sicculus 26 11 7.2 (6.4-7.8) 15 7.1 (4.6-8.0)
green sunfish Lepomis cyanellus 1 1 6.0 0 --
pumpkinseed Lepomis gibbosus 122 75 9.5 (5.4-17.8) 47 9.2 (5.6-17.7)
bluegill Lepomis macrochirus 183 156 6.8 (2.5-20.8) 27 9.0 (4.3-18.7)
hybrid sunfish Lepomis sp.1 8 8 16.4 (14.5-18.8) 0
largemouth bass Micropterus salmoides 137 22 11.0 (6.1-25.4) 115 16.5 (5.3-41.1)
white perch Morone americana 141 78 9.3 (7.3-10.8) 63 9.9 (6.7-22.5)
round goby Neogobius melanostomus 18 15 6.5 (3.8-9.7) 3 9.8 (8.7-11.2)
emerald shiner Notropis atherinoides 4 3 8.9 (8.3-9.6) 1 8.9
golden shiner Notemigonus crysoleucas 12 11 9.3 (7.7-10.8) 1 7.2
spottail shiner Notropis hudsonius 18 11 8.5 (6.8-10.7) 7 9.6 (8.0-12.4)
yellow perch Perca falvescens 374 129 12.5 (5.6-24.0) 245 10.1 (7.7-25.9)
logperch Percina caprodes 1 0 -- 1 12.2
bluntnose minnow Pimephales notatus 2 2 8.0 (7.0-8.9) 0 --
black crappie Pomoxis nigromaculatus 12 9 9.8 (7.1-20.2) 3 7.6 (6.2-9.6)
walleye Sander vitreus 1 0 -- 1 35.5

Total 1648 979 669

Fyke netting Electrofishing

Table 4. Number and mean total length (TL; ranges reported parenthetically) of fish captured by fyke netting 
(n = 12 nets) on 7 September 2016 and boat electrofishing (n  = 4 transects) on 8 September 2016 at four 
sites in Lake Macatawa.  Total catch combined both gears.

1The hybrid sunfish was likey a cross between a pumpkinseed and green sunfish. We did not include this taxon 
in our counts when we report species richness.
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Common name Scientific name Catch TL (cm) Catch TL (cm) Catch TL (cm) Catch TL (cm)
alewife Alosa pseudoharengus 1 7.9 0 -- 0 -- 0 --
bowfin Amia calva 1 43.6 0 -- 2 51.5 (48.2-54.8) 0 --
freshwater drum Aplodinotus grunniens 2 10.4 (10.3-10.6) 1 12.3 3 10.0 (9.5-10.9) 1 10.3
white sucker Catostomus commersoni 1 33.9 2 40.4 (38.0-42.7) 1 40.0 1 45.1
common carp Cyprinus carpio 0 -- 0 -- 2 66.9 (64.2-69.6) 1 64.5
spotfin shiner Cyprinella spiloptera 19 7.4 (5.5-9.8) 32 8.1 (6.6-10.1) 6 8.8 (6.1-10.1) 4 9.2 (8.5-9.8)
gizzard shad Dorosoma cepedianum 279 9.2 (5.1-14.3) 6 12.4 (10.9-15.2) 68 10.8 (7.8-14.5) 6 13.9 (11.0-17.2)
banded killifish Fundulus diaphanus 0 -- 0 -- 3 8.4 (7.0-10.7) 0 --
channel catfish Ictalurus punctatus 2 23.6 (7.2-40.1) 0 -- 2 26.0 (18.6-33.4) 2 53.0 (48.1-57.8)
brook silverside Labidesthes sicculus 1 7.5 7 7.5 (6.9-7.8) 2 6.5 (6.4-6.5) 1 6.4
green sunfish Lepomis cyanellus 0 -- 0 -- 0 -- 1 6.0
pumpkinseed Lepomis gibbosus 11 9.0 (6.2-15.9) 13 14.4 (7.6-17.7) 23 7.4 (5.5-13.2) 28 9.1 (5.4-17.8)
hybrid sunfish Lepomis sp.1 0 -- 0 -- 0 -- 8 16.4 (14.5-18.8)
bluegill Lepomis macrochirus 37 6.2 (2.6-16.4) 49 6.9 (3.5-18.8) 53 6.4 (4.2-14.7) 17 8.5 (2.5-20.8)
largemouth bass Micropterus salmoides 4 14.4 (6.6-25.4) 8 10.1 (8.2-12.7) 3 11.8 (11.1-13.0) 7 9.7 (6.1-15.7)
white perch Morone americana 3 8.9 (7.8-10.0) 3 10.0 (9.2-10.6) 60 9.4 (7.4-10.8) 12 8.9 (7.3-10.1)
round goby Neogobius melanostomus 1 5.7 1 3.8 8 6.4 (5.5-8.4) 5 7.3 (6.4-9.1)
emerald shiner Notropis atherinoides 0 -- 2 9.2 (8.9-9.6) 1 8.3 0 --
golden shiner Notemigonus crysoleucas 5 8.9 (7.7-10.8) 5 9.6 (8.1-10.7) 1 10.0 0 --
spottail shiner Notropis hudsonius 0 -- 0 -- 11 8.5 (6.8-10.7) 0 --
yellow perch Perca falvescens 26 12.6 (9.2-22.9) 35 17.2 (9.7-21.1) 46 9.8 (6.4-20.1) 22 10.8 (5.6-24.0)
bluntnose minnow Pimephales notatus 1 7.0 0 -- 1 8.9 0 --
black crappie Pomoxis nigromaculatus 3 4.3 (7.1-20.2) 1 11.9 1 8.5 4 8.2 (7.4-8.7)

Total 397 165 297 120
1The hybrid sunfish was likey a cross between a pumpkinseed and green sunfish.

Site #1 Site #2 Site #3 site #4

Table 5. Number and mean total length (TL; range reported parenthetically) of fish captured by fyke netting (n = 3 nets per site) at four sites in Lake 
Macatawa on 7 September 2016. Site locations are depicted in Figure 1.
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Common name Scientific name Catch TL (cm) Catch TL (cm) Catch TL (cm) Catch TL (cm)
bowfin Amia calva 0 -- 0 -- 1 43.2 2 48.8 (47.7-50.0)
freshwater drum Aplodinotus grunniens 3 26.3 (19.4-39.5) 3 13.5 (10.7-18.8) 2 11.9 (11.1-12.7) 0 --
white sucker Catostomus commersoni 3 38.3 (34.9-42.6) 2 26.7 (24.2-29.2) 3 37.0 (30.5 -43.6) 3 37.6 (28.5-42.2)
common carp Cyprinus carpio 2 59.1 (50.5-67.6) 1 37.4 4 61.4 (52.6-68.2) 0 --
spotfin shiner Cyprinella spiloptera 0 -- 6 7.9 (7.0-8.6) 0 -- 0 --
gizzard shad Dorosoma cepedianum 8 10.5 (8.0-14.7) 13 11.7 (9.7-15.0) 45 12.1 ( 8.2-15.8) 37 13.1 (10.6-17.6)
banded killifish Fundulus diaphanus 0 -- 1 6.8 0 -- 0 --
channel catfish Ictalurus punctatus 0 -- 1 51.0 0 -- 0 --
brook silverside Labidesthes sicculus 0 -- 8 7.2 (4.6-8.0) 1 6.5 6 7.1 (6.7-7.5)
pumpkinseed Lepomis gibbosus 4 12.4 (7.7-17.0) 15 10.7 (7.5-17.0) 3 9.8 (7.7-13.5) 25 7.8 (5.6-17.7)
bluegill Lepomis macrochirus 0 -- 23 9.4 (4.3-18.7) 0 -- 4 6.4 (5.5-7.1)
largemouth bass Micropterus salmoides 10 18.6 (12.7-25.6) 53 20.0 (9.7-41.1) 31 13.6 (9.4-25.1) 21 11.1 (5.3-15.5)
white perch Morone americana 3 17.0 (9.2-22.5) 45 9.7 (7.9-11.9) 8 9.6 (7.7-10.5) 7 8.1 (6.7-9.9)
round goby Neogobius melanostomus 0 -- 1 11.2 1 8.7 1 9.6
emerald shiner Notropis atherinoides 1 8.9 0 -- 0 -- 0 --
golden shiner Notemigonus crysoleucas 0 -- 1 7.2 0 -- 0 --
spottail shiner Notropis hudsonius 0 -- 1 11.5 2 8.4 (8.2-8.5) 4 9.7 (8.0-12.4)
yellow perch Perca falvescens 5 9.8 (8.7-10.5) 47 11.4 (8.0-25.9) 65 9.6 (8.1-20.0) 128 9.8 (7.7-22.6)
logperch Percina caprodes 0 -- 0 -- 1 12.2 0 --
black crappie Pomoxis nigromaculatus 0 -- 1 9.6 0 -- 2 6.6 (6.2-7.1)
walleye Sander vitreus 0 -- 1 35.5 0 -- 0 --

Total 39 223 167 240

Site #1 Site #2 Site #3 Site #4

Table 6. Number and mean total length (TL; range reported parenthetically) of fish captured by nighttime boat electrofishing (n  = 1 transect per 
site) at four sites in Lake Macatawa on 8 September 2016. Site locations are depicted in Figure 1.
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Figure 1.  Map of Lake Macatawa (Ottawa County, Michigan) showing fish sampling sites.  The 
orange transects depict approximately where boat electrofishing was conducted at each site.  Site 
#1 is closest to the Macatawa River and site #4 is closest to Lake Michigan. 
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Figure 2.  Photographs of riparian area at site #2 in (A) 2014 and (B and C) 2016 showing 
change in raparian area.  Note that pictures A and B were taken with the photographer looking in 
a southernly direction.  The riparian area looked similar in 2014 and 2015 (not shown). 
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Figure 3.  Mean (±1 standard error) % macrophyte cover visually estimated at (A) fyke net 
locations and (B) boat electrofishing transects in Lake Macatawa (n = 4 sites per year).  Note that 
the y-axis varies by an order of magnitude between the two panels.  The area where macrophyte 
cover is assessed during fyke netting is much less compared with a boat electrofishing transect.
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Figure 4.  Mean (A) specific conductivity and (B) turbidity measured during fyke netting in 
Lake Macatawa.  Error bars represent ±1 standard error (n = 3 nets per site), although they may 
be too small to be visible for some means.  
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Figure 5.  A significant negative correlation was detected between % macrophyte cover and 
turbidity (r = -0.95, P = 0.049).  Variables were measured during nighttime boat electrofishing 
surveys in Lake Macatawa during 2016 (Table 3).  Each point represents a single fish sampling 
site.  
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Figure 6.  Fish species captured in littoral habitats of Lake Macatawa by (A) fyke netting and 
boat electrofishing (i.e., combined catch), (B) fyke netting (n = 12 nets), and (C) boat 
electrofishing (n = 4 transects) during September 2016.  Catch data, including the species pooled 
in the “other” category, are reported in Table 4. 
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Figure 7.  (A) Mean number (±1 standard error) of fish captured in fyke nets (n = 3 nets per site) 
and (B) number of fish captured during a boat electrofishing transect (n = 1 transect per site) in 
Lake Macatawa. 
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Figure 8.  Fish species composition (pooled across sites) in fyke netting surveys for each 
sampling year.  Note that the number of fish captured differed among years, which is reported at 
the top of each bar.  
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Figure 9.  Fish species composition (pooled across sites) in boat electrofishing surveys for each 
sampling year.  Note that the number of fish captured differed among years, which is reported at 
the top of each bar. 
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