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Macatawa Watershed Voluntary Agreement 

2015 Annual Report  
 

October 1, 2014 – September 30, 2015 
 
This annual report was prepared pursuant to the Macatawa Watershed Voluntary Agreement 
developed to show the commitment between the point and non-point 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 FY2015. 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 strategies are discussed on a regular basis. Meeting notes 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 phosphorus load in the Macatawa Watershed to be 126,000 pounds per year. The 
TMDL established a goal of an annual phosphorus load of 35,000 pounds per year, or a reduction 
of 91,000 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 original TMDL of an average of 50 ppb in Lake 
Macatawa. The management plan lays out a three pronged action plan, including an information 
and education strategy, structural best management practices and managerial best management 
practices, to address the goals of restoring designated uses, enhancing desired uses and 
protecting natural areas.  
 
Several Macatawa Area Coordinating Council (MACC) projects are currently underway to 
implement recommendations in the management plan.  
 
• The MACC finished an EPA Great Lakes Restoration Initiative (GLRI) grant to target best 

management practices (BMPs) in critical agricultural areas in the watershed. No additional 
BMPs were implement in FY15. 
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• The MACC is currently managing a Great Lakes Commission (GLC) GLRI Sediment 
Reduction Program. The grant provides cost-share to farmers in critical subwatersheds to 
implement conservation tillage, cover crops and gypsum application. In 2015, 286 acres of 
no-till were implemented and 54.5 acres of cover crops. Load reductions are provided in 
Table 1. 

• In June 2013, Project Clarity 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. As of September 2015, about 80% of the funds have been pledged 
by private citizens, local businesses and local units of government. Several projects were 
implemented in 2015 including 2 two-stage ditches, a system of water and sediment control 
basins and 25 acres of cover crops. Load reductions for these practices are included in Table 
1. There are two major wetland restorations that are in progress. Both are floodplain wetlands 
that will receive flood waters from the adjacent stream. There is not a readily available, east-
to-use pollutant load reduction model for this type of wetland. However, the Grand Valley 
State University Annis Water Resources Institute (GVSU-AWRI) has been conducting water 
quality water monitoring prior to construction and will continue to monitor post construction 
for the next several years. 

• In May 2014, the MACC was awarded a Stormwater, Asset Management and Wastewater 
grant to work with six local MS4 Phase II communities to update their Stormwater 
Management Plans to maintain compliance with the 2013 permit cycle. As these local 
communities work to improve their stormwater management, it will have positive impacts on 
the Macatawa Watershed and water quality of Lake Macatawa. 

 
Table 1: Summary of Nonpoint Source Phosphorus Reductions from Structural BMPs 
BMP Amt Erosion reduction 

(T/yr)* 
Phosphorus 
reduction (lb/yr) 

Cover Crops (GLC) 54.5 ac 27 26 
No Till (GLC) 286 ac 941 868 
Two-stage ditch (Project Clarity) 2,950 lf 160 134 
WASCOB (Project Clarity) 5 180 240 
Cover Crop (Project Clarity) 25 22 36 
TOTAL  1,330 1,304 

* RUSLE2 for cover crops and no-till; DEQ Pollutants Control Spreadsheet used for two-stage ditch: STEPL for 
WASCOB. 
 
Reported phosphorus reductions from 2012 BMPs implemented was 487.2 lb/yr.  
Reported phosphorus reductions from 2013 BMPs implemented was 1,579 lb/yr.  
Reported phosphorus reductions from 2014 BMPs implemented was 1,022 lb/yr 
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SUMMARY OF POINT SOURCE EFFLUENT DATA 
 
Table 2: FY2015 Point Source Phosphorus Effluent Totals 

Oct 1, 2014-Sept 30, 2015 
Point Source Total pounds of Phosphorus 
Holland BPW 11,360 
Zeeland Clean Water Plant 2,374 
Mead Johnson 755 

 
Please note that the data shown in the Figure 1 and Table 3 below represent annual totals 
(calendar year) and are not reported based on the fiscal year as noted in Table 2 above. 
 

 
Figure 1. Summary of point source phosphorus discharges in the Macatawa Watershed 
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Table 3: 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* 8866 1755  672 11293 

* 2015 totals only include January-September 
 
Point Source Updates 
 
The Zeeland Clean Water Plant, Holland Board of Public Works and Mead Johnson continue to 
reduce phosphorus loading when possible. No major changes occurred at any of the point source 
facilities during the last fiscal year. 
 
SUMMARY OF MONITORING DATA  
 
The most recent 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 2). 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). 
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Figure 2. Average historic spring phosphorus concentrations at Stations 1, 2 and 4 in Lake 
Macatawa (Holden, 2014). 
 
The Outdoor Discovery Center Macatawa Greenway, in partnership with Hope College, 
continues to collect and measure sediment at select locations in the watershed. Sediment 
sampling was conducted at eight (8) locations in the watershed during 2015. Data from both the 
2014 and 2015 sampling seasons has not yet been published. 
 
During the summer of 2015, 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 are under 
construction as of the time of this report. The 2015 monitoring is still continuing and data reports 
will not be publically available until sometime in January 2015. Fish monitoring was also 
completed in Lake Macatawa by the Institute during summer 2015. A final report is not yet 
available. The same monitoring efforts were completed in 2014, and copies of those reports are 
included in Attachment 2. 
 
REFERENCES 
 
Holden, S. January 2014. Monthly Water Quality Assessment of Lake Macatawa and its 
Tributaries April-September 2012. Michigan Department of Environmental Quality Water 
Resources Division Staff Report. 
  



6 
 

LIST OF ATTACHMENTS 

 

Attachment 1: Watershed Advisory Committee Meeting Notes .................................................. 7 

Attachment 2: Project Clarity 2014 Annual Monitoring Report .................................................. 21 



 

WATERSHED ADVISORY COMMITTEE 
Thursday, October 30, 2014 

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

 
MEETING NOTES 

 
I. IN ATTENDANCE: Daniel George, GVSU student; Bruce Washburn, MDEQ; 

Glenn Berghorst, City of Zeeland; Andy Kenyon, City of Holland; Steve Bulthuis, 
MACC; Randy Rapp, ACHD; Becky Huttenga, OCD; Nicki Arendshorst, Park 
Township; Dan Callam, ODCMG; Michelle Gibbs, Hope College and City of 
Holland Sustainability Institute; Carolyn Ulstad, MACC; Jim Bakker, Walters 
Gardens, Inc.; Aaron Spicer, MACC; Angela Walachovic, OCWRC; Lynn 
Kotecki, ODCMG; Julie Ornée, Hope College; Kelly Goward, MACC. 

 
II. GRANTS 

a. EPA-GLRI Model Subwatershed 
b. GLC-GLRI Sediment Reduction Program 

Aaron provided a brief update on the two agricultural grant and shared some 
pictures from a Fall Farm Tour that was recently completed. A tour was 
required for both grants, so a combined tour was held that addressed both. 

c. SAW Grant  
Kelly provided a brief update on the work that has been completed on the 
SAW grant by MACC staff and a volunteer. Most tasks continue to focus on 
pollution prevention good housekeeping activities at municipal facilities. 
Some work has also been done on updating discharge points or point sources 
of storm water. 

d. Review pending grant applications 
A proposal was submitted to the Clean Michigan Initiative funding to 
perform monitoring at the Middle Macatawa Wetland Restoration in 
partnership with the GVSU Annis Water Resources Institute and the 
ODCMG. Awards should be announced by April 2015. Kelly 
provided a brief explanation of the Regional Prosperity Initiative and a 
proposal that was submitted to the West Michigan Region by the 
MACC with support of the Grand Valley Metropolitan Council and 
the West Michigan Regional Shoreline Development Commission to 
work toward identifying a consistent, stable source of funding for 
watershed restoration and protection in West Michigan. Funding will 
likely be announced after the first of the year. 

 
III. PROJECT CLARITY UPDATE 

Dan provided an update on the funding status, the efforts to pull together an 
agricultural committee and progress in receiving permits for the Haworth and 
Middle Macatawa wetland restoration projects. Dan also shared pictures of a 
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project that was recently completed on a farm to repair a large gully from a farm 
field into the adjacent forested area. 

 
IV. PUBLIC EDUCATION SURVEY RESULTS  

Julie Ornée, from the Frost Center at Hope College, was present to discuss the 
results of a public education survey that they recently completed to assess 
watershed resident’s knowledge and attitudes toward the watershed and water 
quality. Overall, the survey showed that awareness of the Watershed Project and 
confidence in knowing how to define watershed and stormwater is increasing. 
People are more willing to take action to protect water quality on their property, 
but they are less willing to pay for those actions out of pocket than in the past. The 
survey results are available in hard copy or digital and will be posted on the 
MACC’s website. 

 
V. GROUP EXERCISE: public education plan review 

Attendees worked in four groups to further discuss the implications of the public 
education survey results and what they mean to our public education plan. A 
summary of their comments is attached. 
 

VI. OUTREACH AND EDUCATION ACTIVITES 
a. River Cleanup 
b. Wetland Tour 
c. Rain Barrel Workshop 
d. Others 
Kelly provided a brief summary and shared pictures from various educational 
activities that occurred over the past couple months. 
 

VII. PARTNER REPORTS 
Lynn Kotecki shared that she has been sending out dashboard reports to provide 
updates on Project Clarity activities. She asked that if anyone wanted to receive 
them to send her an email. They will be holding a series of breakfast meetings in 
November and December to share the story of Project Clarity with the public. 
 
Becky Huttenga provided an NRCS report on behalf of Heather Bartholomew 
who was unable to attend. The EQIP rollout will occur at the end of November. 
There will be a MAEAP dedicated fund code this year. Also, the CRP sign up is 
open. The Ottawa Conservation District receive a Hunting Access Program grant 
that will be administered by Jesse Grysen. The district is also involved in planning 
phragmites treatments and seeking grant funding in the Macatawa area. They are 
working on increasing promotion of their native plant and seedling sales.  
 
Bruce Washburn announced that there is a new staff person in the Grand Rapids 
DEQ office that will be handling the CAFO program for Ottawa County. Bruce 
will be giving a presentation on her behalf at the Ottawa County Water Quality 
Forum on November 7. The DEQ will be sending letters to all regulated farms in 
key watersheds about voluntary reporting of winter manure spreading. Bruce 
mentioned that the Macatawa is listed for DEQ water quality sampling in 2015.  
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VIII. DATES TO REMEMBER 

a. November 7, 8am-3:30pm: Ottawa County Water Quality Forum, Fillmore St 
Complex 

b. November 17, 7-8:30pm: Living Sustainably Along the Lakeshore, Herrick DL 
c. November 18, 3-4:30pm: Creating a Green Infrastructure Plan to Transform 

Your Community (webinar)  
d. December 3, 9am-4pm: MWEA 2014 Watershed Seminar, East Lansing 
 

IX. ANNUAL MEETING: December 4, 2014, 10am 
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2014 Annual Meeting 
 

December 4, 2014, 10am-12pm 
 

Hope College Student Presentations 
 

Analysis of particulate matter in the Lake Macatawa Watershed air 
Presented by Hanna Behrendt, Audrey LaRoche and Oliver Purcell 
 
Analysis of pH buffer capacity of soil in the Lake Macatawa Watershed. 
Presented by Mitchell Gage, Katie van Zytveld and Scott Warner 
 
Lake Macatawa dredging reuse analysis 
Presented by Evelyn Ritter, Drew Goodman and Daniel Leahy 
 
Preventing phosphorous from entering Lake Macatawa with the use of 
vegetative barriers 
Presented by Derek Karadsheh, Miranda Ulmer and Randy Wade 

 
Break 
 
Watershed Stakeholder of the Year Award 

Steve Bulthuis, MACC 
 
Watershed Volunteer Recognition 

Carolyn Ulstad, MACC 
 
Water Quality Monitoring Update 

Maggie Weinert, GVSU Annis Water Resources Institute 
 
Project Clarity 2014 Report of Accomplishments 

Dan Callam, Outdoor Discovery Center Macatawa Greenway 
 
2014 Report of Accomplishments 

Kelly Goward, MACC 
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WATERSHED ADVISORY COMMITTEE 
Thursday, February 12, 2015 

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

 
MEETING NOTES 

 
I. IN ATTENDANCE: Jesse Grysen, Ottawa CD; Jerry Olman, OCRC; Heather 

Bartholomew, NRCS; Glenn Berghorst, City of Zeeland; Becky Huttenga, Ottawa 
CD; Paul Lilly, Citizen; Jeff Hoekstra, Park Township; Steve Bulthuis, MACC; Justin 
Burchett, Allegan CD; Jim Bakker, Walters Gardens Inc; Tom VanDerKolk, Holland 
Charter Township; Graham Peaslee, Hope College; Dan Callam, ODCMG; Carolyn 
Ulstad, MACC; Aaron Spicer, MACC; Kelly Goward, MACC. 

 
II. GRANTS 

a. EPA-GLRI Model Subwatershed 
Aaron shared a summary of the grant progress to date including the type and 
amount of BMPs that have been implemented and the associated pollutant load 
reductions. The grant is scheduled to end in March 2015. 

b. GLC-GLRI Sediment Reduction Program 
Aaron provided a summary of the BMPs and load reductions that have been 
implemented under this grant. To date, 73 acres of no-till and 96 acres of cover 
crops have been implemented for a estimated soil erosion reduction of 381 tons 
per year. 

c. SAW Grant  
MACC staff is continuing to develop Pollution Prevention and Good 
Housekeeping handbooks for each permittee and has started to update the Illicit 
Discharge Elimination Plans for each. Some additional survey work will be 
completed for the Public Education Plan and then that document will be updated. 
The MACC and the County Drain and Water Resource Commissioners’ offices 
have started working with a contractor to update both County’s development 
standards to bring them into compliance with the post-construction stormwater 
control requirements of the MS4 permit. Max Boose had been working with the 
MACC as an intern, but has taken a permanent job with the Ottawa County Road 
Commission. The MACC is hoping to work with some GVSU students on some 
mapping project related to the SAW grant and is also looking to partnering with 
the City of Holland to employ a full time intern this summer. 

d. Review pending grant applications 
The MACC submitted a proposal to the Clean Michigan Initiative to fund AWRI 
monitoring of wetland restorations in the Macatawa Watershed, but awards have 
not yet been announced. The MACC, in partnership with the Grand Valley 
Metropolitan Council and the West Michigan Regional Shoreline Development 
Commission, submitted a proposal to the West Michigan Prosperity Alliance to 
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form a regional watershed collaborative and to fund a study of sustainable 
watershed funding opportunities. Funding decisions will be made later this month. 
The MACC is also working with the City of Holland to plan and implement a 
City-wide tree inventory. We will likely be seeking grant funds from the 
community foundation, the Michigan DNR and the Great Lakes Restoration 
Initiative. 

 
III. PROJECT CLARITY UPDATE 

Dan Callam provided and update and shared pictures from a two-stage ditch that is 
being implemented on a farm in Fillmore Township. Project Clarity has secured over 
$9 million in pledges and the ODCMG was recently awarded a $250,000 grant from 
the GLRI to fund the Middle Macatawa wetland restoration. An Agricultural 
Committee is in place and will be meeting periodically to review and make decisions 
on allocating funding to agricultural BMPs. The macatawaclarity website is being 
updated to include more information about the project and BMPs. 
 

IV. OUTREACH AND EDUCATION ACTIVITES 
a. I&E Team 2015 Plans 
Dan Callam mentioned that work has begun to plan the 2015 Water Festival. It will be 
used as a public launch for Project Clarity and is planned for July 25 at Windmill 
Island. The I&E Team met on January 23 and also discussed the possibility of 
pursuing cinema advertising this year. The Watershed Project will be participating in 
numerous events this year including Junior Achievement Reverse Job Shadow, the 
Holland Home and Garden Show, the Living Sustainably along the Lakeshore series, 
Kinderplaats during Tulip Time, spring and fall river cleanups, and spring and fall 
Macroinvertebrate monitoring. 
b. Water Words That Work 
Carolyn gave an overview of a webinar training series that she and Kelly have been 
participating in over the last couple weeks. The training is in 2 parts, with part 1 
completed in February and Part 2 through March. The training is helping us to think 
more about our audience, what they understand, how they receive messages, and how 
to craft messages for the audience. 
c. West Michigan Green Infrastructure Conference 
The MACC is working with GVMC, WMSRDC, and the DEQ to plan a West 
Michigan Green Infrastructure Conference that will be held in Grand Rapids on 
August 5. Tours will be organized prior to the conference on August 4 followed by an 
evening reception. The conference will feature plenary and concurrent sessions about 
policy and financing, low impact development and flood risk management and 
regional green infrastructure and placemaking. The conference will need volunteers to 
assist with moderating sessions and running A/V equipment. 
 

V. PARTNER REPORTS 
The Ottawa Conservation District annual meeting is on March 3 and will feature 
breakfast for dinner and a speaker from the Blanford Nature Center to discuss their 
sugar bush. Both the Ottawa and Allegan Conservation Districts have spring tree 
seedling sales coming up in April and they are accepting orders. The Ottawa 
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Conservation District is working in the Bass and Deer Creek subwatersheds on E. coli 
issues and recently sent out a septic mailer to landowners. Heather reported that 
enrollment is open for the Continuous Conservation Reserve Program. Paul Lilly 
reiterated that the Holland Sustainability Committee is holding a series of education 
events this year called Living Sustainably along the Lakeshore. 
 

VI. DATES TO REMEMBER 
a. Feb 25-27: Michigan Stormwater-Floodplain Association Annual Conference 
b. Mar 3, 6-8pm: Ottawa Conservation District Annual Meeting 
c. Mar 7-14: MSU Agriculture and Natural Resources Week 

i. Mar 6: Michigan Chapter SWCS program – A Matter of Balance: Feeding 
our Crops and Protecting our Water in a Changing Climate 

ii. Mar 11: Shoreline and Shallows Conference 
d. Mar 25: MWEA Watershed Summit 
e. April 13, 7pm: A Sustainable Review of our Water Resources, Yacht Basin 
f. May 1, 8:30-11:30am: LGROW Spring Forum 
g. May 16, 1-4pm: River Cleanup 

 
VII. NEXT MEETING: April 30, 1:30pm 
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WATERSHED ADVISORY COMMITTEE 
Thursday, April 30, 2015 

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

 
MEETING NOTES 

 
I. IN ATTENDANCE: Glenn Berghorst, City of Zeeland; Bruce Washburn, MDEQ; 

Carolyn Ulstad, MACC; Aaron Spicer, MACC; Tom VanDerKolk, Holland 
Township; Jerry Olman, Ottawa County Road Commission; Michelle Gibbs, 
Holland-Hope Sustainability Institute; Angela Walachovic, Ottawa County Water 
Resources Commissioner’s Office; Steve Bulthuis, MACC; Dan Callam; Outdoor 
Discovery Center Macatawa Greenway; Kelly Goward, MACC. 

 
II. GRANTS 

a. EPA-GLRI Model Subwatershed 
This grant ended in March 2015. A summary of the grant accomplishments 
was presented and discussed. There were 12 participating producers that 
installed 500 acres of cover crops, 1,250 acres of conservation tillage, one 
earthen berm, one drainage water management system, and completed soil 
tests on 517 acres. Other accomplishments included MAEAP verifications, 
cover crop demonstration plots and on-farm meetings and tours. Practices 
implemented under the grant reduced phosphorus loading into Lake Macatawa 
by 2,384 pounds per year. 

b. GLC-GLRI Sediment Reduction Program 
Aaron Spicer provided an update on this grant, which is funded through 
September 2016. To date, 96 acres of cover crops and 80 acres of residue 
management have been implemented. These practices reduced phosphorus 
loading into Lake Macatawa by 958 pounds. There are additional contracts for 
cover crops and residue management that have been signed but not 
implemented, plus additional pending contracts for these practices and gypsum 
application. 

c. SAW Grant  
MACC staff have developed draft Pollution Prevention and Good 
Housekeeping Guidebooks for the Ottawa County Road Commission and the 
City of Zeeland. A guidebook has been started for Ottawa County. FTC&H 
continues to work with Ottawa and Allegan County to update the county 
development standards to incorporate the MS4 post-construction storm water 
requirements. MACC staff is working with each MS4 permittee to update the 
Illicit Discharge Elimination Program plans. 

d. Regional Prosperity Initiative 
The MACC and its partners were awarded funding for their Regional 
Prosperity Initiative Project in February. Work has begun to identify the 
regional watershed partners and to plan an initial meeting of the group. 
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e. Others 

The MACC did receive notification that their application to the CMI program 
for wetland restoration monitoring was not funded. The MACC assisted the 
City of Holland in preparing and submitting an application to the Michigan 
DNR for funding under the Great Lakes Restoration Initiative to mitigate the 
impacts of emerald ash borer. Funding would be used to plant trees and 
conduct outreach and education to key neighborhoods where there is potential 
to increase the tree canopy as determined by the urban tree canopy assessment 
completed by GVSU-AWRI. 
 

III. MACATAWA WATERSHED STORMWATER GUIDEBOOK 
The MACC worked with the original designer of the Rogue River Watershed 
Stormwater Guidebook to modify it for use in the Macatawa Watershed. The 
Guidebook was completed in February. Copies of the Guidebook have been given 
to the Zeeland Charter, Holland Charter and Park Township Boards and the Park 
Township Planning Commission. 

 
IV. PROJECT CLARITY UPDATE 

Dan Callam shared pictures and discussed a two-stage ditch project that was 
recently installed. Another two-stage ditch project is planned this spring. The 
Agricultural Committee held a meeting with area farmers on March 10 to promote 
Project Clarity and the available funding. The committee has been meeting on a 
regular basis to review and approve applications for funding. Two project have 
been approved and numerous applications are in process. There are three wetland 
restoration projects that are planned for this summer: Haworth restoration that will 
begin in June, the Middle Macatawa Wetland that will begin in July and the Lumir 
property (in partnership with MDOT and the Allegan County Drain 
Commissioner) that will possibly be constructed in late summer. Dan also 
provided some information about the 2015 Macatawa Water Festival that will be 
held on July 25. 

 
V. OUTREACH AND EDUCATION 

a. Macatawa Water Festival 
The 2015 water festival is planned for Saturday, July 25 and will be at 
Windmill Island. There will be 6 major activity areas: Family Picnic Area, 
Restoring Our Watershed, Rain Barrel Workshop, Cultural History of Our 
Watershed, Lake and Water Activities, and the Living Watershed.. 

b. West Michigan Green Infrastructure Conference 
The MACC is working with the DEQ and other local partners to plan a green 
infrastructure conference in Grand Rapids on August 5. Sessions will focus on 
finance and policy, stormwater and flood management and green 
infrastructure at the regional scale. Pre-conference tours will be held the 
afternoon of August 4 in Holland, Muskegon and Grand Rapids. An evening 
reception will also be held on August 4 in Grand Rapids. Registration will 
open in early June. 
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c. West Ottawa HS Government Class 

The MACC worked with the West Ottawa HS Government Class again this 
semester on a project based learning assignment. This was a repeat of a project 
that was done last fall. More guidance was provided and less bias toward the 
watershed project. Many of the student projects were transportation focused. 
 

VI. GROUP EXERCISE (based on Government Class project) 
Meeting attendees were divided into 2 groups and asked to complete the following 
exercise: 
Based on what you know about the Macatawa Watershed and the Watershed 
Management Plan: 
1. Identify a problem or challenge with implementation 

a. Use/implementation of land use/BMPs 
b. Sediment and nutrient loads in the storm water drains (grass clippings, 

yard waste, leaves). Spring cleanup, fall cleanup, can cause a driving 
hazard too. 

2. Tell us what we can do to solve the problem 
a. Land use inventory, agricultural field specific 
b. Work with the city residents to create zones, set up drop spots for yard 

waste 
3. Tell us why your solution solves the problem 

a. What is/is not having an impact, target funding 
b. Educate people, reduce the nutrient levels getting into the water 

4. Tell us how we can do it 
a. Fly over plus interpretation (fall); agronomist sit down, identify field 

by field 
 

VII. PARTNER REPORTS 
 

VIII. DATES TO REMEMBER 
a. May 1, 8:30-11:30am: LGROW Spring Forum 
b. May 16, 1-4pm: River Cleanup 
c. May 27, 8am-noon: Smallenburg Park work day 
d. June 3, 1-4pm: Macroinvertebrate monitoring 

 
IX. NEXT MEETING: June 25, 1:30pm 
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WATERSHED ADVISORY COMMITTEE 
Thursday, June 25, 2015 

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

 
MEETING NOTES 

 
I. IN ATENDANCE: Dyon Dubero, MACC; Glenn Berghorst, City of Zeeland; 

Angela Walachovic, Ottawa County Resource Commissioner’s Office; Steve 
Bulthuis, MACC; Ton VanDerKolk, Holland Charter Township; Judy Visscher, 
Holland BPW; Steven McConnell, Holland BPW; Dan Callam, Outdoor 
Discovery Center Macatawa Greenway; Jerry Olman, Ottawa County Road 
Commission; Kelly Goward, MACC. 

 
II. GRANTS 

a. GLC-GLRI Sediment Reduction Program 
Aaron Spicer provided an update on the progress on this grant. This spring, 
100 acres of no-till was verified. There are a couple contracts for cover crops 
that will be implemented this fall. 

b. SAW Grant  
MACC staff have continued to work on pollution prevention good 
housekeeping handbooks and progress has been made on the update of county 
development standards. The MACC was able to hire an intern for the summer 
and fall and he has been working on verifying the mapping of the city of 
Zeeland’s storm sewer system as well as mapping major storm water ponds in 
the urbanized areas. 

c. Regional Prosperity Initiative: West Michigan Watershed Collaborative 
The project management team (MACC, GVMC and WMSRDC) gave a 
project update presentation to the West Michigan Prosperity Alliance Steering 
Committee meeting on June 22. The first meeting of the West Michigan 
Watershed Collaborative was held on June 23. The watershed partners 
reviewed and provided input on what information should be gathered from the 
watersheds for inclusion in a regional plan. The management team will update 
a form to gather information, distribute it to the watershed partners and 
develop a regional plan from the information that is provided by the watershed 
partners. Once the plan is complete, and RFP will developed for a funding 
feasibility study. 

 
III. PROJECT CLARITY UPDATE 

Dan Callam shared some pictures and provided an update on the recent projects 
that have been implemented, including a system of water and sediment control 
basins and a two-stage ditch. A press conference was held on June 23 for the 
groundbreaking of the Haworth wetland restoration and construction will begin 
next Monday. Bids have been received for the Middle Macatawa Wetland 
restoration and construction will begin the second week of July. The Agricultural 
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Committee has approved 2 additional projects and there are 6 new projects 
pending applications. 

 
IV. OUTREACH AND EDUCATION ACTIVITIES 

a. May 16: River Cleanup – Two small groups of volunteers worked along the 
shores of Kollen Park and Dunton Park. 

b. May 18: Great Lakes Elementary rain garden maintenance – MACC staff and 
WMEAC staff worked with 5th graders to pull weeds in the existing rain 
garden. MACC staff intend to continue monthly monitoring of the rain garden 
and will take pictures to document the changes that occur throughout the 
growing season. 

c. May 27: Smallenburg Park rain garden maintenance – MACC staff and one 
volunteer spent a half day pulling weeds in the rain gardens at Smallenburg 
Park. 

d. May 28: Paw Paw Footbridge streambank planting – Eight Herman Miller 
employees and eight Zeeland Christian Middle School students volunteered to 
pull weeds and plant a section of slope at the Paw Paw Footbridge Park. The 
volunteers were not able to complete the planting, but it was later completed 
by MACC staff. 

e. June 1: Macroinvertebrate sampling – MACC and ODCMG staff along with 
several volunteers completed the spring macroinvertebrate sampling and 
calculation of scores. The fall sampling is scheduled for September 9. 

f. June 13: Multicultural Festival – The MACC set up both watershed and clean 
air action displays at the Multicultural Festival at Kollen Park. 

 
V. PARTNER REPORTS 

 
VI. DATES TO REMEMBER 

a. July 4: Fourth of July celebration at Kollen Park 
b. July 13: Charity for Clarity 
c. July 17-18: Water Quality Boat Tours 
d. July 25: Macatawa Water Festival – The Festival will be held on Windmill 

Island from 11:30am-5pm. There will be a lunch buffet for purchase that will 
include all locally sourced food. Activities will be set up in three educational 
areas: Cultural History, Restoring the Watershed and the Living Watershed. 
Land and Water activities will include kayaking, bicycling and the 
Gabagouache. Workshops will include rain barrels, water and bike safety and 
backpacking. 

e. Aug 5: West Michigan Green Infrastructure Conference – Will be held at the 
Eberhard Center in Grand Rapids from 8:30am-3:45pm. The conference will 
include plenary sessions and three breakout tracks. 

i. Aug 4: green infrastructure tours – Pre-conference tours will be held 
in Grand Rapids, Holland and Muskegon and are included in the 
conference registration. An evening reception will follow. 

f. Aug 24: Zeelmania Science Night 
 

VII. NEXT MEETING: August 27, 1:30pm 
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WATERSHED ADVISORY COMMITTEE 
Thursday, August 27, 2015 

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

 
MEETING NOTES 

 
I. IN ATTENDANCE: Bruce Washburn, MDEQ; Glenn Berghorst, City of Zeeland; 

Dennis Gebben, Interface H2O; Steve Bulthuis, MACC; Deena Roberson, Holland 
BPW; Joe Bush, Ottawa County Water Resource Commissioner; Carl VanFaasen, 
Holland Public Schools; Jerry Olman, Ottawa County Road Commission; Paul Lilly, 
Citizen; Michelle Gibbs, Holland-Hope Sustainability Institute; Dan Callam, Outdoor 
Discovery Center Macatawa Greenway; Angela Walachovic, OCWRC’s Office; 
Aaron Spicer, MACC; Dyon Dubero, MACC; Kelly Goward, MACC. 

 
II. GRANTS 

a. GLC-GLRI Sediment Reduction Program 
Aaron Spicer provided an update on the progress on this grant and a summary of 
the contracts that have been signed or are pending. The grant ends in September 
2016. 

b. SAW Grant  
MACC staff continue to make progress on the pollution prevention good 
housekeeping handbooks and have started working on updating the illicit 
discharge elimination program plans and the public education plan. The update of 
the county development standards is also progressing and is on track to be 
completed this fall. The City of Zeeland storm sewer mapping has been completed 
but needs to be reviewed by the City. 

c. Regional Prosperity Initiative: West Michigan Watershed Collaborative 
The MACC has started receiving information from the regional watershed 
partners and is working to summarize that information for inclusion in a regional 
water quality plan. 

 
III. PROJECT CLARITY UPDATE 

Dan Callam shared some pictures and reported on the progress of the wetland 
restorations at the Haworth and Middle Macatawa sites. Both projects are progressing 
well, though rain and ponding has been an issue at the Haworth site. Dan also shared 
some pictures from the Macatawa Water Festival and acknowledged all the exhibitors 
and volunteers that made the event possible. 

 
IV. RED SWAMP CRAYFISH 

The red swamp crayfish is a potential invasive species that is not yet established in 
Michigan, but is known to be present in live food markets and to be used as bait by 
local fishermen. DNR Conservation Officers first found fishermen using live red 
swamp crayfish as bait in Lake Macatawa in 2013. The DNR, in partnership with 
MSU, have been monitoring Lake Macatawa and other inland lakes for invasive 
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crayfish since then. During a spring 2015 visits to Lake Macatawa, some dead red 
swamp crayfish were found, likely discarded bait. That triggered increased sampling 
of Lake Macatawa and increased public outreach efforts. The DNR reached out to the 
MACC as a local partner to assist with outreach and education efforts. The DNR 
developed educational signs and placed them at public access sites around Lake 
Macatawa. The DNR is also working with the live food markets to make sure live red 
swamp crayfish are not available for sale. 
 

V. TMDL ANNUAL REPORT 
The TMDL annual report is due November 1 to report on progress toward phosphorus 
load reductions made during the reporting period of October 2014-September 2015. 
This includes all BMPs that have been implemented through MACC grants, Project 
Clarity or other initiatives in the watershed. The report will also include phosphorus 
data from the point source discharges and any monitoring that has occurred. Anyone 
that knows of additional projects were asked to provide information to the MACC. 
 

VI. OUTREACH AND EDUCATION ACTIVITIES 
Pictures and summaries of the following events were shared: 
a. July 4: Kollen Park Celebration Freedom – promotion of Water Festival 
b. July 16: Zeeland Fire-Rescue Pig Out 
c. July 17-18: Water Quality Boat Tours – 100 people attended 
d. July 25: Water Festival – over 1,200 people attended 
e. July 28: Habitat Assessments 
f. Aug 4-5: West Michigan Green Infrastructure Conference – There were 170 

registered attendees.  
g. Aug 22: Park Township Centennial Celebration 
h. Aug 24: Zeelmania 

 
VII. PARTNER REPORTS 

Bruce Washburn shared that the DEQ Nonpoint Source Plan has been updated and is 
open for comment. Carl VanFassen asked for ideas for projects that AP Biology and 
Chemistry students can work on the 3 weeks following their exams. The ODCMG 
visitor’s center construction is almost complete and a grand opening celebration will 
be held on September 29. The Holland Hope Sustainability Institute is holding a video 
contest for students and an award ceremony will be held on October 8. 
 

VIII. DATES TO REMEMBER 
a. Sept 1, 5:30-7:30pm: Paw Paw Park Party 
b. Sept 4, 8:30-10pm: Clarity viewing at Holland State Park 
c. Sept 9, 1-4pm: Macroinvertebrate monitoring 
d. Sept 25, 6-9pm: Allegan Conservation District 75th Anniversary Celebration 

Fundraiser, Annual Meeting and Election 
e. Sept 26, 1-4pm: Fall River Cleanup 
f. Oct 2-3: Pumpkinfest 

 
IX. NEXT MEETING: October 15, 1:30pm 
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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 by a diverse and dedicated team in a public-private 

partnership. Once watershed remediation is complete, 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 at the terminus of a highly degraded ecosystem 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 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 

for the Macatawa watershed. The TMDL estimated that it would require a 72% reduction in 

phosphorus loads from the watershed (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) and Hope College, is 

working on a long-term monitoring initiative in the Lake Macatawa watershed.  The study will 

provide critical information on the performance of restoration projects that are part of Project 

Clarity, as well as the water quality 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 2013 and 2014, which represent pre-

restoration conditions. Although it will take a number of years before the benefits of 

restoration actions in the watershed are expressed in the lake, these initial results will establish 

the baseline conditions against which we can assess future changes (cf. Steinman et al. 2008; 
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Bhagat and Ruetz 2011).  

 

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 accounted for 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 (Figures 1, 2) and 2) Lake Macatawa (Figure 3).  Details on these two 

efforts are provided below. 

2.2 Wetland Restoration: Middle Macatawa & Haworth Properties 

2.2.1 Monitoring & Data Collection  

Wetland restoration activities are planned for two properties that were acquired as part of 

Project Clarity. Restored wetlands on the Middle Macatawa and Haworth properties are being 

designed to slow the flow of water in the Macatawa River and its tributaries, particularly during 

high flow events, thus trapping and retaining suspended sediments and nutrients.   

Both properties have sampling sites located upstream and downstream of the restoration area.   

The Middle Macatawa study area (Figure 1) has two upstream sites (Macatawa River and 

Peter’s Creek, which flows into the Macatawa River) and two downstream sites (Macatawa 

River at the USGS gauging station [Macatawa Down USGS] and at Adams Street Landing 

[Macatawa Down Adams]).   The Haworth study area (Figure 2) consists of sampling locations 

upstream and downstream of the restoration area, on the North Branch of the Macatawa River. 

Water quality and hydrologic monitoring began on these properties in April 2014. Sampling 

occurred monthly during base flow conditions and during 4 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 conductance, total 

dissolved solids [TDS], redox potential [ORP], and turbidity) were measured using a YSI 6600 

TMDL Report - Page 23



4 
 

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 during every storm event.  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.  

Water for SRP and NO3 analysis was syringe-filtered through 0.45-µm membrane filters into 

scintillation vials and 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 are in the process of being developed for each monitoring location. Water 

level loggers and staff gauges were installed at permanently-established transects at each of 

the 6 monitoring locations.  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 anticipate having sufficient high flow measurements by summer of 

2015 to develop the discharge models. 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 in November 2014.  The sensors log turbidity 

measurements every hour. 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 during winter and will be replaced before the snow 

melt in spring 2015. Because only 4 weeks of data were recorded in 2014, turbidity data will be 

included in the 2015 annual report. 

TMDL Report - Page 24



5 
 

2.2.2 Data Analysis 

Because wetland restoration has not yet begun at the study sites, we cannot compare pre vs. 

post-restoration differences. Rather, our analysis focuses on characterizing water quality at the 

two properties, and identifying 1) upstream-downstream differences and 2) baseflow-storm 

flow differences in nutrients and turbidity. Identification of any patterns prior to restoration will 

aid in distinguishing restoration effects from inherent variability in the future.  

Upstream-downstream differences between site pairs (e.g., Macatawa Up vs. Macatawa Down 

[USGS]) 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 pair. Baseflow-storm flow differences at 

each sampling location were statistically compared using either a two-tailed t-test (normally-

distributed data with equal variance) or Mann-Whitney rank sum test (non-normally distributed 

data and/or unequal variance). Normality was tested using the Shapiro-Wilk test and equal 

variance was tested using the Brown-Forsythe test. Statistical significance was indicated by p-

values < 0.05. All statistical tests were performed using SigmaPlot 13.0. 

 

 
Figure 1. The Middle Macatawa wetland restoration study area. Sampling locations (n=4), located on 
Peter’s Creek and the Macatawa River, are indicated with red dots.  
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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.  

 

2.3 Lake Macatawa: Long-Term Monitoring 

Water quality monitoring was conducted at 5 sites during summer and fall 2013 and during 

spring, summer, and fall 2014 (Figure 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 conductance, 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. 

Water for SRP analysis was syringe-filtered through 0.45-µm membrane filters into scintillation 

vials and frozen 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 2014. A full report on this effort is included in Appendix 

A. 

TMDL Report - Page 26



7 
 

Our pre-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.  

 

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

 

3. Results 

3.1 Wetland Restoration: Middle Macatawa Property 

General water quality parameters measured during the 2014 monitoring period reflect 

degraded water quality conditions and the effects of storm events at the Middle Macatawa 

sampling locations. In-stream concentrations of dissolved oxygen (DO) were high (i.e., good) 

during baseflow, but fell to the 5-6 mg/L range at most sites during storms (Table 2). DO 

concentrations < 5 mg/L are indicative of impaired water quality and can be harmful to aquatic 

life. Average specific conductance was greater than 600 µS/cm at all sites during baseflow, 

reflecting human-induced stress in the system (Table 2). Specific conductance and total 

dissolved solids (TDS), which is derived from specific conductance, were both lower during 

storms than baseflow (Table 2); this is expected due to dilution effects associated with 

TMDL Report - Page 27



8 
 

rainwater’s low conductivity. Average water temperature was 2-3 °C higher during storms than 

during baseflow (Table 2). Although this difference may be inflated due to a greater proportion 

of storms occurring during warmer months, the raw data generally show a 1-2 °C increase in 

water temperature during storms when compared to contiguous baseflow measurements. 

Turbidity measurements provide an indication of sediment levels in the system. Elevated 

turbidity (> 10 NTU) was not uncommon during baseflow, while storm flow turbidity exceeded 

250 NTU during the 15 October 2014 storm. Average turbidity was ~10-20 × higher during 

storms than baseflow (Table 2), but high variability and a low sample number (n=2 for storms) 

resulted in statistical significance in baseflow vs. storm flow turbidity only at the Macatawa Up 

and Macatawa Down (USGS) sites.  

There were no statistically significant upstream-downstream differences in general water 

quality parameters during baseflow or storm conditions, with the exception of lower turbidity 

at the Macatawa Down (Adams) site than at the Macatawa Up site during baseflow (p < 0.05) 

(Table 2).  

Similar to general water quality parameters, nutrient (N and P) concentrations also reflect 

degraded water quality conditions and the effects of storm events at the Middle Macatawa 

property. Average TP concentrations during baseflow conditions were greater than 100 µg/L in 

the Macatawa River and at all sites were significantly higher during storms (p < 0.05), when TP 

concentrations increased by ~5-8 × (Table 3; Figure 4). SRP concentrations also increased 

dramatically and significantly during storms (Table 3; Figure 4), although this increase was not 

significant at the Macatawa Down (Adams) site. Increased TP and SRP concentrations were 

observed during all monitored storms, with the exception of the 23 July 2014 storm, which had 

the shortest rainfall duration (Table 1; Figure 4). The TP and SRP increase during storms was 

most pronounced during the 15 October 2014 storm, which was the storm with the greatest 

rainfall total (Table 1; Figure 4). TP concentrations in the Macatawa River and Peter’s Creek 

exceeded the 50 µg/L interim TMDL target for Lake Macatawa by ~2 × during baseflow and by 

12-17 × during storms (Table 3), reaching as high as 1,700 µg/L in the Macatawa River (Figure 

4B). No upstream-downstream differences in P concentrations emerged during the 2014 

monitoring period (Table 3; Figure 4).  

Nitrogen concentrations also were high at the Middle Macatawa property during the 2014 

monitoring period (Table 3; Figure 6). The natural level of nitrate in surface water is typically 

low (less than 1 mg/L); excess nitrates can cause hypoxia (low levels of dissolved oxygen) and 

can become toxic to warm-blooded animals at higher concentrations (10 mg/L) under certain 

conditions. Average nitrate concentrations exceeded 3 mg/L in Peter’s Creek and the Macatawa 

River during both baseflow and storms (Table 3). Peter’s Creek had significantly greater nitrate 

than the Macatawa River sites during both baseflow and storms (p < 0.05), with concentrations 
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above or approaching 10 mg/L during all but the spring baseflow events and the 15 October 

2014 storm (Figure 6A). Average nitrate concentrations were greater at the Macatawa River 

downstream sites than at the Macatawa Up site (Table 3), suggesting an impact from Peter’s 

Creek, but the difference was statistically significant only at the Macatawa Down (Adams) site 

(p < 0.005).  

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). All ammonia concentrations 

measured at the Middle Macatawa sites were ≥ 0.1 mg/L and most were ≥ 0.2 mg/L (Figure 6B). 

Ammonia and TKN were very high (> 8 mg/L) in Peter’s Creek during the 4 November 2014 

baseflow sampling event, with concentrations ~10 × greater than other sampling dates, 

producing high variability in average concentrations at Middle Macatawa sites (excluding 

Macatawa Up) during baseflow and increased concentrations downstream (Table 3; Figure 

6B,C). There were no statistically significant upstream-downstream differences in ammonia or 

TKN concentrations at the Middle Macatawa sites.  

Nitrogen concentrations were influenced by high flow conditions, but not to the degree that 

was observed in P concentrations (Table 3). Ammonia and TKN were significantly higher during 

storms than during baseflow at the Macatawa Up site (p < 0.05) (Table 3); although the other 

sites also had increased TKN during storms, the differences from baseflow were not statistically 

significant (Figure 6C). There was evidence for increased nitrate with high flow only during the 

12 June 2014 storm (Figure 6A).  

 

3.2 Wetland Restoration: Haworth Property 

General water quality parameters measured in the North Branch at the Haworth property 

showed impacts similar to those observed at the Middle Macatawa property. Storm events 

resulted in decreased DO concentrations and increased water temperatures (Table 2). Average 

specific conductance was greater than 850 µS/cm during baseflow, but decreased during 

storms due to dilution from rainwater (Table 2). Average turbidity was low (<7 NTU) at both 

Haworth sites during baseflow, but increased significantly during storms at both sites (p < 0.05), 

with average values greater than 60 NTU (Table 2).  There were no statistically significant 

upstream-downstream differences in turbidity at the Haworth site.  

Phosphorus concentrations in the North Branch at the Haworth property were indicative of a 

moderately nutrient-enriched system, with average baseflow TP concentrations of ~ 50 µg/L 

(Table 3). TP concentrations were significantly higher at the upstream than downstream site 

during baseflow (p < 0.05) (Table 3). Only the 15 October 2014 storm, which was the storm with 

the greatest rainfall total, elicited an increase in TP concentration; this increase was 7-10 × 
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greater than average baseflow concentrations (Figure 5B). SRP concentrations were < 40 µg/L 

at the Haworth sites throughout the monitoring period, with the exception of the 15 October 

2014 storm, when concentrations were greater than 120 µg/L (Figure 5A). There were no 

statistically significant differences in baseflow vs. storm flow P concentrations at either 

Haworth site. 

Nitrogen enrichment less apparent at the Haworth property than at the Middle Macatawa 

property. Average nitrate concentrations were moderate (1 to 1.5 mg/L) during baseflow (Table 

3). In contrast to the Middle Macatawa sites, nitrate at the Haworth sites was lower during 

storms than during baseflow (Table 3), but this difference was statistically significant only at the 

upstream site (p < 0.05). Average ammonia concentrations were low (≤ 0.06 mg/L) (Table 3), 

but did exceed 0.1 mg/L in June 2014 during baseflow and a storm (Figure 7B). TKN was the 

only nitrogen species that responded positively to flow, but this occurred only during the 15 

October 2014 storm event (highest rainfall) (Figure 7C). The only statistically significant 

upstream-downstream difference in N concentrations was found for nitrate, which was greater 

at the upstream site than at the downstream site (p < 0.001) (Table 3).  

 

Table 1. Precipitation summary for storm events monitored in 2014.  

 

6/12/14 6/18/14 7/23/14 10/15/14

Rainfall (in) 0.47 0.80 0.76 1.09

Duration (h) 10.23 3.03 1.63 10.05

Intensity (in/h) 0.05 0.26 0.47 0.11

Storm Event
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Table 2. Average and standard deviation of select general water quality parameters recorded at each of the monitoring stations during baseflow 
(n=8, except for Macatawa Down [Adams] where n=6) and storm conditions (n=2). Water quality during storms was measured during only 2 of 
the 4 storms that were monitored: 23 July 2014 and 15 October 2014.   

  
 
Table 3. Average and standard deviation of nutrient concentrations measured at each of the monitoring stations during baseflow (n=8, except 
for Macatawa Down [Adams] where n=6) and storm (n=4) events.  

  

Year Flow Property Site Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev.

North Up 14.60 4.40 10.25 3.98 855 159 0.555 0.103 6.4 3.1

North Down 14.38 4.62 9.48 3.19 881 184 0.573 0.120 6.4 2.8

Macatawa Up 14.15 5.18 9.23 2.06 683 170 0.444 0.110 16.4 15.5

Peter's Creek (Up) 14.18 5.34 9.10 1.95 733 115 0.477 0.075 11.4 5.5

Macatawa Down (USGS) 14.12 5.27 9.24 1.74 717 74 0.466 0.048 9.7 5.6

Macatawa Down (Adams) 15.91 4.49 7.75 1.40 752 50 0.489 0.032 8.0 6.7

North Up 16.90 3.54 6.49 0.74 513 347 0.333 0.226 77.0 90.0

North Down 16.99 3.54 6.55 0.89 536 158 0.348 0.103 65.0 74.2

Macatawa Up 17.71 4.55 5.89 0.06 519 228 0.338 0.148 183.0 142.0

Peter's Creek (Up) 17.00 3.75 7.49 0.81 460 201 0.299 0.130 141.6 182.5

Macatawa Down (USGS) 17.41 4.37 6.49 0.40 533 254 0.347 0.165 194.2 147.3

Macatawa Down (Adams) 17.61 4.66 6.40 0.16 511 215 0.332 0.140 182.6 229.0

2014

Base

Storm
Middle 

Macatawa

Haworth

Middle 

Macatawa

Haworth

Temp (C ) DO (mg/L) SpCond (µS/cm) TDS (g/L) Turbidity (NTU)

Year Flow Property Site Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev.

North Up 54 21 19 13 1.58 0.41 0.06 0.04 0.80 0.13

North Down 49 20 17 13 1.20 0.36 0.05 0.04 0.75 0.12

Macatawa Up 109 44 31 17 3.34 2.68 0.31 0.17 1.29 0.30

Peter's Creek (Up) 84 39 27 19 8.21 2.51 1.27 3.05 2.21 3.24

Macatawa Down (USGS) 106 27 40 24 4.90 1.41 0.60 1.08 1.62 1.10

Macatawa Down (Adams) 113 26 51 25 5.43 1.38 0.65 1.16 1.67 1.28

North Up 193 240 60 71 0.79 0.56 0.06 0.05 1.20 0.82

North Down 133 152 44 53 0.90 0.28 0.06 0.05 1.19 0.73

Macatawa Up 855 651 337 375 5.93 4.96 0.72 0.47 4.33 1.97

Peter's Creek (Up) 685 453 254 261 10.28 6.14 0.49 0.39 3.45 1.96

Macatawa Down (USGS) 625 458 271 284 5.79 5.63 0.46 0.29 2.59 1.09

Macatawa Down (Adams) 583 519 241 238 5.85 5.19 0.45 0.32 2.87 1.52

2014

SRP (µg/L)TP (µg/L) NO3 (mg/L) NH3 (mg/L)

Base

Storm

TKN (mg/L)

Haworth

Middle 

Macatawa

Haworth

Middle 

Macatawa
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Figure 4. Soluble reactive phosphorus (SRP) (A) and total phosphorus (TP) (B) concentrations measured 
at the Middle Macatawa property from April through November 2014. Filled symbols represent 
baseflow conditions, open symbols represent storm conditions.  
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Figure 5. Soluble reactive phosphorus (SRP) (A) and total phosphorus (TP) (B) concentrations measured 
at the Haworth property from April through November 2014. Filled symbols represent baseflow 
conditions, open symbols represent storm conditions.  
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Figure 6. Nitrate (NO3) (A), ammonia (NH3) (B), and total Kjeldahl nitrogen (TKN) (C) concentrations 
measured at the Middle Macatawa property from April through November 2014. Filled symbols 
represent baseflow conditions, open symbols represent storm conditions.  
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Figure 7. Nitrate (NO3) (A), ammonia (NH3) (B), and total Kjeldahl nitrogen (TKN) (C) concentrations 
measured at the Haworth property from April through November 2014. Filled symbols represent 
baseflow conditions, open symbols represent storm conditions.  
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3.3 Lake Macatawa: Long-Term Monitoring 

Seasonal water column mixing and stratification was evident from temperature and DO data. 

The water column was well-mixed (i.e., consistent temperature and DO with depth) during 

spring and fall monitoring events (Table 5). Thermal stratification was evident during the 

summer sampling in 2013 and 2014, with colder water temperatures at the near-bottom (Table 

5). Hypolimnetic (i.e., deep-water) hypoxia was measured at all sites during summer 2013, but 

only at the two deepest sites (Sites 1 and 4; Table 4) during summer 2014 (Table 5).  

Specific conductance was ≥ 600 µS/cm at sites 1, 2, and 3 during spring and summer 2014, but 

lakewide averages were ≥ 600 µS/cm only during spring 2014 (Table 5). As stated above, 

specific conductance values ≥ 600 µS/cm indicate human-induced stress in the system. Average 

turbidity values were elevated during all monitoring events in 2013 and 2014, with the highest 

values in the fall and the lowest in the spring (Table 5). The high turbidity was reflected in low 

water transparency, measured as Secchi disk depth, which ranged from 0.3 to 0.5 m throughout 

the monitoring period (Table 5).  Secchi depths less than 1 m are characteristic of 

hypereutrophic lakes (Fuller and Minnerick 2008).  

Total phosphorus concentrations were high during all monitoring events, with all samples equal 

to or exceeding the 50 µg/L interim TMDL target for Lake Macatawa; the only samples equal to 

the 50 µg/L target concentration were taken at sites 4 and 5 (surface) during spring 2014 

(Figure 8C). Lakewide average TP concentrations were the greatest in summer 2013 and fall 

2014 (160 to 180 µg/L) (Table 6). Site 1 had exceptionally high TP concentrations during those 

seasons, exceeding 250 µg/L at the water surface (Figure 8C). SRP was also very high at sites 1 

and 2 during fall 2014, when concentrations were greater than 100 µg/L (Figure 8A, B). 

Phosphorus concentrations were frequently greater in near-bottom samples than in surface 

samples, suggesting possible P release from the sediments (i.e., internal P loading) (Figure 8A, 

B, C, D).  

Chlorophyll a concentrations were also high during all monitoring events. During all seasons 

and at both sampling depths, lakewide average chlorophyll a exceeded the 22 µg/L 

hypereutrophic threshold commonly used by MDEQ in its assessments of Lake Macatawa 

(Holden 2014) (Table 6).  Only 1 surface sample and 4 near-bottom samples were below this 

threshold during the monitoring period (Figure 8E, F). Similar to TP, excessively high chlorophyll 

a (> 200 µg/L) was measured at site 1 during summer 2013 (Figure 8E).  
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Table 4. Location and water column depth at Lake Macatawa long-term monitoring locations. 

 

  

 

Site Latitude Longitude Depth (m)

1 42.7912 -86.1195 7.5

2 42.7788 -86.1525 4.8

3 42.7871 -86.1474 3.2

4 42.7755 -86.1821 9.7

5 42.7875 -86.1820 4.0
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Table 5. Lakewide average and standard deviation (n=5) of select general water quality parameters recorded during 2013 and 2014 monitoring 
events.  

 
 
Table 6. Lakewide average and standard deviation (n=5) of nutrient concentrations, chlorophyll a, and Secchi depths measured during 2013 and 
2014. Grand means (all sites and seasons pooled) were calculated for 2014 only.  

 

Year Season Depth Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev.

Top 21.32 0.49 10.72 2.21 8.42 0.47 473 64 382 40 0.31 0.04 22.1 1.8

Mid 20.05 1.41 5.67 1.72 7.80 0.33 461 72 386 39 0.30 0.05 19.4 3.0

Bottom 17.93 1.83 0.98 0.67 7.38 0.15 399 28 354 13 0.26 0.02 34.0 9.8

Top 16.20 0.31 9.80 0.78 8.38 0.37 491 68 406 9 0.32 0.04 26.0 2.8

Mid 16.15 0.32 9.13 0.75 8.31 0.34 496 66 406 9 0.32 0.04 27.9 2.2

Bottom 16.01 0.44 8.69 0.60 8.25 0.33 499 69 405 9 0.32 0.05 33.3 5.1

Top 12.54 0.84 11.67 0.47 8.54 0.16 605 107 395 30 0.39 0.07 13.4 1.9

Mid 12.25 0.97 11.52 0.49 8.47 0.18 610 110 396 30 0.40 0.07 14.4 2.7

Bottom 12.07 0.91 11.10 0.64 8.38 0.23 613 114 390 25 0.40 0.07 19.6 6.3

Top 21.56 1.65 10.15 1.78 8.27 0.47 562 100 352 16 0.37 0.06 17.5 2.6

Mid 20.75 2.08 8.34 1.70 8.10 0.40 547 107 355 16 0.36 0.07 17.3 2.7

Bottom 17.89 3.68 4.63 3.83 7.72 0.54 471 82 335 44 0.31 0.05 19.0 6.5

Top 13.36 0.37 9.31 0.75 8.12 0.23 530 52 367 18 0.34 0.03 29.1 5.3

Mid 13.30 0.36 9.13 0.82 8.06 0.28 529 54 370 18 0.34 0.04 29.6 5.3

Bottom 13.06 0.75 8.91 1.15 8.00 0.39 536 67 368 14 0.35 0.04 31.3 4.0

2013

2014

Summer

[8/1/13]

Fall

[10/15/13]

Spring

[5/8/14]

Summer

[7/29/14]

Fall

[10/7/14]

Temperature (C) DO (mg/L) SpCond (µS/cm) ORP (mV) TDS (g/L) Turbidity (NTU)pH

Year Season Depth Avg. St. Dev. Avg. St. Dev. Avg. St. Dev. Avg. St. Dev.

Top 9 8 178 70 108.95 62.33

Bottom 38 10 162 15 36.43 16.72

Top 3 0 128 13 111.32 16.38

Bottom 3 0 136 9 99.81 10.48

Top 3 0 68 16 28.50 11.37

Bottom 3 0 76 21 25.64 4.76

Top 6 4 104 26 62.25 9.87

Bottom 5 5 96 25 42.10 26.51

Top 24 48 160 58 29.97 9.28

Bottom 26 52 162 74 31.10 15.91

Top 11 27 111 53 40.24 18.69

Bottom 11 30 111 57 32.95 18.16

Summer

[7/29/14]

Fall

[10/17/14]

2013

SRP (µg/L)

2014

Grand Mean

0.50 0.10

TP (µg/L) Chl (µg/L)

Summer

[8/1/13]

Fall

[10/15/13]

Spring

[5/8/14]

Secchi depth (m)

0.000.30

0.30 0.00

0.40 0.10

0.40 0.00

0.45 0.08
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Figure 8. Phosphorus (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 and 2014. 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-axis of panels.  
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4. Summary 

The results of the 2013-2014 monitoring effort confirmed what has been previously 

documented for Lake Macatawa and its watershed. Severely degraded conditions were 

observed in both the watershed and lake throughout the monitoring period.  

MDEQ has reported a strong positive relationship between flow and TP concentrations in 

Macatawa watershed tributaries, with even minimal increases in flow resulting in substantial 

increases in TP concentration (Holden 2014). Tributary monitoring at the wetland restoration 

sites demonstrated the relationship between flow and degraded water quality, with storm 

events resulting in low dissolved oxygen, increased water temperature and nutrient 

concentrations, and very high turbidity. With TP concentrations climbing over 1,000 µg/L in 

the Macatawa River during storms, it is clear that the watershed is having a tremendous 

impact on Lake Macatawa during these episodic events. Indeed, modeled relationships by 

MDEQ revealed that flows > 100 cfs can cause TP concentrations to exceed 300 µg/L in Lake 

Macatawa (Holden 2014).  High SRP concentrations in the Macatawa River during storms 

mean that a considerable fraction of the P entering Lake Macatawa is bioavailable and can be 

rapidly taken up by algae, often resulting in algal blooms. 

Degraded baseflow conditions reflect the chronic human-induced stress that the system is 

experiencing.  Nutrient concentrations and specific conductance were both consistently high 

during baseflow, with TP averaging more than 100 µg/L in the Macatawa River. Nitrogen was 

perhaps an even greater concern during baseflow, with extremely high concentrations 

originating in Peter’s Creek leading to high concentrations in the Macatawa River downstream 

of the confluence. Although nutrient reduction efforts are focused on phosphorus, there is 

evidence for co-limitation of algal growth by both nitrogen and phosphorus in Lake Macatawa 

during summer and fall (Holden 2014). Co-limitation of algae by nitrogen and phosphorus is 

gaining greater recognition in water bodies throughout the world (Conley et al. 2009). Thus, 

the high nitrogen concentrations in Peter’s Creek warrant future monitoring and 

consideration.  There were no other site-specific trends observed in the tributary data that 

may influence future restoration evaluation.  

MDEQ has been monitoring Lake Macatawa regularly (every 1-2 years) since 1996 to assess 

progress toward achieving the phosphorus TMDL target. They have consistently documented 

hypereutrophic conditions, including excessively high TP and chlorophyll concentrations, low 

DO, high turbidity, and shallow Secchi depths (Holden 2014). The 2013-2014 long-term 

monitoring results support MDEQ’s findings. As noted also by MDEQ, the eastern basin (i.e., 

site 1) is more highly degraded than the rest of the lake, reflecting the localized negative 
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impact of the Macatawa River (Holden 2014). The periodic increased P concentrations in 

near-bottom samples point to intermittent internal P loading from the sediments. However, 

given the excessive P loads entering the lake from Lake Macatawa, the external loads of P 

need to be controlled prior to considering any in-lake P mitigation.  

These pre-restoration baseline conditions 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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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 for this first year of sampling was 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 

2014).  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 km
2
, 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). 

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

electrofishing.  Fyke nets were set on 8 September 2014 during daylight hours (i.e., between 

1030 and 1330) and fished for about 24.6 h (range = 24.2-24.9 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 the other 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 11 September 2014.  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 and one measurement at the beginning of each 

electrofishing transect.  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 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 & 3). 

The mean water depth where we set fyke nets was 86 cm (Table 2).  Water temperature was 

slightly (~2.9 °C) warmer when we conducted fyke netting compared with boat electrofishing 

(Tables 2 & 3).  We observed few aquatic macrophytes during fish sampling.  During fyke 

netting, % cover of macrophytes was zero at every site except site #2, which was estimated to be 

1% cover.  Similarly, during electrofishing transects, we visually estimated % macrophyte cover 

to be near zero, with estimates of 5% cover at sites #2 and #4 (and zero at the other two sites). 

The lack of macrophytes is presumably because of insufficient light penetrating the water 

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

abundant phytoplankton growth in the lake water column can reduce light penetration.  Given the 

importance of aquatic macrophytes as habitat for fish (e.g., Radomski and Goeman 2001), their 

return is an important goal for the restoration of natural fish communities in Lake Macatawa. 

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 2014).  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 2014). 
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We captured 1,127 fish comprising 28 species
2 

in Lake Macatawa (Table 4).  The most 

abundant fishes in the combined catch of both gears (fyke netting and boat electrofishing) were 

gizzard shad (39%), white perch (15%), yellow perch (9%), and spottail shiner (8%), which 

composed 71% of the total catch (Figure 2A).  Gizzard shad—the most abundant species in our 

catch—is an important forage fish (especially smaller individuals), and high turbidity is one of 

the conditions associated with optimal habitat of this species (Becker 1983).  Three of the 28 

species we captured were non-native to the Great Lakes basin (Bailey et al. 2004)—alewife 

(2%), round goby (5%), and white perch (15%)—which composed 22% of the total catch (Table 

4).  More than twice as many individuals were captured in fyke netting than boat electrofishing 

(Table 4).  Similarly, more fish species were captured in fyke netting (23 species) than boat 

electrofishing (19 species).  Nine fish species were collected only by fyke netting, and five 

species were collected only by boat electrofishing.  Thus, using both sampling gears provided a 

better characterization of the littoral fish assemblage of Lake Macatawa than either gear by itself. 

This finding was consistent with research in Muskegon Lake that found a similar pattern 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 (56%), white perch (10%), round goby (6%), and spottail 

shiner (6%) were the most abundant fishes captured, which composed nearly 78% of the total 

fish captured (Figure 2B).  Janetski and Ruetz (2014) found that gizzard shad was associated 

with high turbidity among six drowned river mouths and was most abundant in Kalamazoo Lake, 

which is the drowned river mouth that had the most similar water quality to Lake Macatawa.  In 

Muskegon Lake, both gizzard shad and white perch were associated with autumn sampling (as 

 
2 

We did not include the unknown species of sunfish captured during boat electrofishing in any of our reports of 

species richness (see Table 4). 
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opposed to spring or summer; Bhagat and Ruetz 2011), which corresponded to the time of our 

sampling in Lake Macatawa.  Although gizzard shad was most abundant at each site, the next 

most abundant species varied among sites, with white perch being the next most abundant at site 

#1, bluegill at site #2, alewife at site #3, and round goby at site #4 (Table 5).  There was variation 

in total catch among the sites, with site #4 having the highest catch and site #2 having the lowest 

catch (Table 5).  As we continue our monitoring of Lake Macatawa, we will be able to assess 

whether these spatial patterns among sites are stable or dynamic over time. 

In boat electrofishing, the most abundant fishes captured were white perch (27%), yellow 

perch (21%), pumpkinseed (12%), and spottail shiner (12%), which composed 71% of the total 

catch (Figure 2C).  The fish assemblage was not dominated by a single fish species at every site 

in contrast to what was observed in the fyke netting.  White perch was the most abundant species 

in the catch at sites #1 and #2, whereas spottail shiner was most abundant at site #3 and spottail 

shiner and yellow perch were most abundant at site #4 (Table 6).  Total catch varied among sites, 

with the most fish captured at site #2 and the least at site #3 (Table 6).  Finally, there was not a 

positive association in total catch across sites between the two gears (Tables 5 & 6). 

In conclusion, the observations reported here provide the first year of a 5 year 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 watershed.  Once we accumulate multiple years of observations, we will be able to 

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

of assessing the baseline and change over time) as well as how the assemblage compares with 

other drowned river mouth lakes in the region. 
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Table 1. Locations (latitude and longitude) for each fish sampling site; coordinates are the 

mean of the three fyke nets and the start and end of each boat electrofishing transect. 

Boat Electrofishing 

Fyke netting Start End 

 

Site Lat (°) Long (°) Lat (°) Long (°) Lat (°) Long (°) 

1 42.79566 86.12238 42.79533 86.12370 42.79612 86.11992 

2 42.78934 86.14403 42.78811 86.14484 42.79020 86.14384 

3 42.78639 86.17498 42.78535 86.17406 42.78721 86.17584 

4 42.77973 86.19631 42.77896 86.19792 42.78045 86.19536 
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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 8 September 2014.  Site locations are depicted in Figure 1. 

 
Depth 

Water 

Temperature 

Dissolved 

Oxygen 

Specific 

% Dissolved Conductivity 

Total 

Dissolved 

 
Turbidity 

Oxidation 

Reduction Chlorophyll a 

Site (cm) (°C) (mg/L) Oxygen (uS/cm) Solids (g/L) (NTU) pH Potential (ug/L) 

1 89±1 24.15±0.02   10.69±0.07    127.5±0.9 591±1 0.385±0.000   23.9±1.8   8.19±0.01 323±4 36.3±3.3 

2 97±1 24.51±0.06   15.09±0.33    181.1±3.9 503±0 0.327±0.000   25.3±3.1   9.06±0.01 286±5 35.4±7.3 

3 79±1 23.26±0.03   13.76±0.18    161.4±2.1 432±0 0.281±0.000   24.6±0.8   9.18±0.01 303±1 17.4±0.6 

4 79±2 23.87±0.02   12.61±0.17    149.5±2.0 416±0 0.270±0.000   19.0±0.1   9.11±0.01 242±6 11.4±0.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3. Water quality variables at fish sampling sites in Lake Macatawa.  Measurements  were made during nighttime 

boat electrofishing on 11 September 2014.  Site locations are depicted in Figure 1. 
 

 
 

Site 

Water 

Temperature 

(°C) 

Dissolved 

Oxygen 

(mg/L) 

% 

Dissolved 

Oxygen 

Specific 

Conductivity 

(uS/cm) 

Total 

Dissolved 

Solids (g/L) 

 
Turbidity 

(NTU)  pH 

Oxidation 

Reduction 

Potential (mV) 

 
Chlorophyll a 

(ug/L) 

1  21.85  8.97  102.5  628  0.408  24.2  7.80  333  18.7 

2  20.70  8.69  97.0  504  0.328  26.3  8.49  338  18.4 

3  20.82  11.39  127.5  433  0.281  22.6  8.93  286  17.9 

4  20.97  8.12  91.1  406  0.264  17.9  8.54  338  13.8 
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Table 4. Number and mean total length (TL; ranges reported parenthetically) of fish captured by fyke netting 

(n = 12 nets) on 9 September 2014 and boat electrofishing (n = 4 transects) on 11 September 2014 at four 

sites in Lake Macatawa. 

Total Fyke netting  Electrofishing 

Common name  Scientific name  Catch Catch   TL (cm)  Catch  TL (cm) 

alewife  Alosa pseudoharengus   22  22  5.9 (3.3-10.0)   0     -- 

black bullhead  Ameiurus melas    1   1     2.6   0     -- 

yellow bullhead  Ameiurus natalis    1   1    25.0   0     -- 

bowfin  Amia calva    1   0     --   1   46.5 

freshwater drum  Aplodinotus grunniens  2  0  --  2  15.3 (9.3-21.3) 

quillback  Carpiodes cyprinus  2  1  12.9  1  29.5 

white sucker             Catostomus commersonii            10        3      34.2 (21.1-40.9)       7      31.6 (18.5-46.5) 

common carp           Cyprinus carpio                           4         0                  --                  4      66.7 (61.2-74.0) 

gizzard shad             Dorosoma cepedianum             445     433      8.6 (5.1-19.3)        12      11.2 (7.0-17.3) 

northern pike            Esox lucius                                   1         1                84.0                0                 -- 

banded killifish  Fundulus diaphanus   1   0   --  1  9.0 

channel catfish  Ictalurus punctatus   4   4  52.6 (49.5-58.9)  0   -- 

brook silverside  Labidesthes sicculus  17  17    6.7 (5.4-7.8.8)  0   -- 

pumpkinseed  Lepomis gibbosus  57  15  15.6 (12.0-17.5)  42  13.8 (6.6-18.0) 

bluegill  Lepomis macrochirus  42  34    4.4 (2.6-14.8)   8  13.4 (6.5-20.2) 

unknown sunfish
1  

Lepomis spp.   1   0   --   1   17.1 

longnose gar  Lepisosteus osseus   2   2  43.8 (40.5-47.0)   0     -- 

largemouth bass  Micropterus salmoides  30  10   15.7 (6.5-33.1)  20  18.3 (6.5-44.5) 

white perch  Morone americana  174  78  11.5 (5.5-28.0)  96  10.6 (7.6-19.6) 

golden redhorse  Moxostoma erythrurum    1   0    --   1   43.1 

shorhead redhorse  Moxostoma macrolepidotum    1   1   42.4   0     -- 

round goby  Neogobius melanostomus  52  49    4.3 (2.5-8.0)   3     7.2 (6.9-7.5) 

emerald shiner  Notropis atherinoides  23   9   8.6 (4.9-10.9)  14    9.5 (7.0-11.2) 

golden shiner  Notemigonus crysoleucas  10   3   8.4 (4.1-11.3)   7   13.0 (8.8-21.5) 

spottail shiner  Notropis hudsonius  86  44   7.8 (4.0-11.4)  42   10.0 (7.5-12.1) 

yellow perch  Perca flavescens  97  23  11.7 (8.0-23.9)  74   10.4 (8.3-22.4) 

bluntnose minnow  Pimephales notatus  19  15   6.9 (4.2-9.2.2)   4     8.1 (6.6-9.5) 

black crappie  Pomoxis nigromaculatus   4   4  15.6 (5.3-24.5)   0    -- 

walleye Sander vitreus  17   1   17.3  16  18.9 (16.0-22.5) 

Total  1127  771  356 

1
Unknow sunfish was likely a hybrid between longear sunfish (Lepomis megalotis ) and green sunfish (L. 

cyanellus ). 
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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 9 September 2014.  Site locations are depicted in Figure 1. 

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

Common name  Scientific name  Catch  TL (cm)  Catch  TL (cm)  Catch   TL (cm)  Catch   TL (cm) 

alewife  Alosa pseudoharengus   1   4.6   1      4.5     17  5.8 (3.3-10.0)   3  7.1 (4.9-9.5) 

yellow bullhead  Ameiurus natalis   0    --   0   --   1    25.0   0    -- 

black bullhead  Ameiurus melas  0  --  1   2.6  0  --  0   -- 

quillback  Carpiodes cyprinus  0  --  1  12.9  0  --  0   -- 

white sucker  Catostomus commersonii  2    40.7 (40.5-40.9)  0   --  0  --  1  21.1 

gizzard shad  Dorosoma cepedianum  139     8.6 (6.8-16.3)  28   9.7 (6.8-16.8)     106    9.2 (5.7-19.3)     160    8.0 (5.1-11.8) 

northern pike  Esox lucius    0  --   0    --  0  --  1  84 

channel catfish  Ictalurus punctatus    0  --   2  54.2 (49.5-58.9)     2    50.9 (50.3-51.5)     0  -- 

brook silverside  Labidesthes sicculus   1   7.8   0     --  7    6.5 (5.5-7.5)  9   6.7 (5.4-7.7) 

pumpkinseed  Lepomis gibbosus   3    16.5 (15.5-17.5)   5  14.4 (12.0-16.8)     3    16.7 (16.5-17.1)     4    15.6 (13.5-17.2) 

bluegill  Lepomis macrochirus   7   6.3 (2.9-14.8)  27   4.0 (2.6-11.4)  0   --  0   -- 

longnose gar  Lepisosteus osseus   2    43.8 (40.5-47.0)   0     --  0   --  0   -- 

largemouth bass  Micropterus salmoides   6  20.0 (7.8-33.1)   0     --  2  10.5 (7.9-13.0)  2   8.0 (6.5-9.5) 

white perch  Morone americana  40  10.5 (7.5-19.3)  20    13.5 (5.5-28.0)     12    11.6 (5.5-21.9)  6  9.4 (7.4-13.6) 

shorhead redhorse  Moxostoma macrolepidotum   0    --   1    42.4  0   --  0   -- 

round goby  Neogobius melanostomus  5    4.1 (2.5-8.0)  0    --  10   5.1 (4.0-7.1)  30   4.1 (2.9-6.0) 

emerald shiner  Notropis atherinoides  2    5.2 (4.9-5.4)  1    9.6   4  9.7 (8.5-10.9)   2   9.3 (9.0-9.5) 

golden shiner  Notemigonus crysoleucas  3   8.4 (4.1-11.3)  4  4.35 (3.4-6.0)   0    --   0    -- 

spottail shiner  Notropis hudsonius  1   11.4  8  8.1 (4.1-11.0)   9  9.2 (7.0-11.2)  26  7.1 (4.0-10.6) 

yellow perch  Perca flavescens  8  14.0 (9.6-23.9)  0      3    16.6 (10.5-22.3)    12   8.9 (8.0-9.8) 

bluntnose minnow   Pimephales notatus  2    7.7 (7.0-8.4)  7   6.6 (4.2-7.3)   1   6.0   5   7.0 (5.5-9.2) 

black crappie  Pomoxis nigromaculatus  4   15.6 (5.3-24.5)  0    --   0    --   0    -- 

walleye  Sander vitreus  0     --  0    --   0    --   1   17.3 

Total  226  106  177  262 
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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 11 September 2014.  Site locations are depicted in Figure 1. 

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

Common name Scientific name Catch TL (cm) Catch  TL (cm) Catch TL (cm) Catch TL (cm) 

bowfin Amia calva  0  --  0    --  0  --  1    46.5 

freshwater drum   Aplodinotus grunniens  0  --  2 15.3 (9.3-21.3)  0  --  0  -- 

quillback Carpiodes cyprinus  0  --  1   29.5  0  --  0  -- 

white sucker Catostomus commersonii  0    --  1  27.0 2 44.7 (42.8-46.5) 4 26.3 (18.5-45.7) 

common carp Cyprinus carpio  0    --  2 64.1 (61.2-67.0) 0    -- 1  74.0 

gizzard shad Dorosoma cepedianum  1  64.5  4  12 (11.0-13.2) 3  10.8 (7.0-16.3) 1  17.3 

banded killifish Fundulus diaphanus  4   9.2 (9.0-9.6)  0   -- 1   9.0 0   -- 

pumpkinseed Lepomis gibbosus 10 14.4 (10.8-17.5) 25  12.7 (6.6-15.9) 1   13.4 6 17.1 (16.2-18.0) 

bluegill Lepomis macrochirus  1  14.0  6 14.4 (12.7-20.2) 0    -- 1   6.5 

unknown sunfish1    Lepomis spp. 0 -- 1 17.1 0 -- 0 -- 

largemouth bass    Micropterus salmoides            2      17.7 (10.6-24.8)      7      20.4 (9.4-27.3)      4      21.8 (6.5-34.8)      7       14.3 (6.5-44.5) 

white perch           Morone americana                 43      10.2 (8.3-19.6)      41     11.4 (8.2-18.5)      6        8.3 (7.6-9.3)        6       11.4 (8.2-14.5) 

golden redhorse     Moxostoma erythrurum           1               43.1               0                --                 0                --                 0                -- 

round goby Neogobius melanostomus  0    --  0  --  0   --  3    7.2 (6.9-7.5) 

emerald shiner Notropis atherinoides  2 10.2 (10.0-10.3)  3 13.2 (10.2-19.0)  5  10.0 (9.0-11.2)  7   9.0 (7.0-10.2) 

golden shiner Notemigonus crysoleucas  1  11.1  0  --  1  21.5  2   9.4 (8.8-10.0) 

spottail shiner Notropis hudsonius  2  12.1  8   9.7 (8.2-12.1) 19  10.1 (7.5-22.4) 13   9.9 (8.0-11.9) 

yellow perch Perca flavescens 16  11.2 (9.3-18.1) 33   9.6 (8.3-11.2) 12  11.0 (9.1-22.4) 13  10.7 (8.5-18.0) 

bluntnose minnow Pimephales notatus  1   6.6  1   7  0   --  2    9.5 (9.4-9.5) 

walleye Sander vitreus  3 20.6 (17.2-22.5)  3 19.0 (18.7-19.2)  5 18.0 (16.8-20.5)  5 18.6 (16.0-21.0) 

Total 87 138 59 72 
1
Unknow sunfish was likely a hybrid between longear sunfish (Lepomis megalotis ) and green sunfish (L. cyanellus ). 
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Figure 1.  Map of Lake Macatawa (Ottawa County, Michigan) showing fish sampling sites.  The 

orange transects depict 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.  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 2014.  Catch data, including the species 

pooled in the “other” category, are reported in Table 4. 
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