
LAKE MANAGEMENT STUDY 

PIGEON LAKE 
MANITOWOC COUNTY, WISCONSIN 

September 18, 1995 



A Northern Environmental" 
Hydrologists Engineers Geologists 

TABLE OF CONTENTS 

1.0 EXECUTIVE SUMMARY 

2.0 INTRODUCTION 

2.1 Background Information 

2.2 History 

2.3 Workplan 

3.0 METHODS OF INVESTIGATION 

3.1 Chemical and Physical Analyses 

3.2 Watershed Analyses 

3.3 Vegetation Survey 

3.4 Bathymetric Map Revision 

3.5 Public Opinion Survey 

3.6 Lake Management Plan 

4.0 RESULTS 

4.1 Chemical Characteristics 

4.2 Physical Characteristics 

4.3 Watershed Analysis 

4.3.1 Sensitive Areas 

4.3.2 Land Use 

4.3.3 Phosphorus Loading 

4.4 Vegetation Survey 

4.5 Bathymetric Map Revision 

4.6 Public Opinion Survey 

Milwaukee St. Au l  - Green Bay 



- - 

A Northern Environmental " 
I Hydrologists - Engineers Geologists 

TABLE OF CONTENTS - Continued 

5.0 CONCLUSIONS 

6.0 RECOMMENDATIONS: LAKE MANAGEMENT PLAN 

6.1 Watershed Management Techniques 

6.2 In-Lake Management Techniques 

6.3 Funding 

7.0 REFERENCES 

FIGURES 

Site Location and Local Topography 

Watershed Boundary 

Aquatic Macrophyte Sample Transects 

Revised Bathymetric Map 

Pigeon Lake Dissolved Oxygen Profile 

Little Pigeon Lake Dissolved Oxygen Profile 

Pigeon Lake Temperature Profile 

Little Pigeon Lake Temperature Profile 

TABLES 

Pigeon Lake Water Quality Data: August 1993 through June 1995 

Pigeon Lake Water Quality Data: August 1993 through June 1995 

Carlson Trophic State Index 

Lake Management Plan 

Best Management Practices 

Pane 

26 

28 

28 

2 8  

3 2  

3 4  

Milwaukee St. Wul Green Bay 



A Northern Envi~onmen&I" 
H~dmlogists Engineers Geologists 

TABLE OF CONTENTS - Continued 

Paae 

APPENDlCES 

A. Investigative Methods 

B. Pigeon and Little Pigeon Lake Aquatic Macrophyte Surveys 

C. Pigeon Lake Public Opinion Survey 

Milwauk~ St. hi11 Green Bay 

4 pages 

2 pages 

8 pages 



A Northern Environmental * 
tfvdrologists Engineers Geologists 

1214 West Venture Court 

Mequon, W153092 

Fax 1-414-241-8222 

1-414-241-3133 

1-800-776-7740 

On behalf of the Pigeon Lake Association (PLA), Northern Environmental Technologies, 
Incorporated (Northern Environmental) completed a lake management study of Pigeon 
LakeILittle Pigeon Lake under a Lake Management Planning Grant received by the Pigeon Lake 
Sanitary District (PLSD) during April 1993. Pigeon Lake is an 80-acre seepage lake with a 
single perennial outlet located in southwest Manitowoc County (Figure 1). The lake has a 
maximum depth of 6 8  feet, an average depth of 1 9  feet, 1.6 miles of  shoreline, about 8 0  
dwellings, and a 1569-acre watershed (Figure 2). Little Pigeon Lake is an adjacent drainage 
lake with a surface area of 8 acres and a maximum depth of 15 feet. The Little Pigeon Lake 
shoreline is populated w i th  purple loosestrife, an aggressive non-native plant. 

During 1993, Northern Environmental began a two-year lake management study. Specific 
areas of  investigation were chemical and physical characteristics of  Pigeon Lake and Little 
Pigeon Lake, the watershed, hydrophytic vegetation, bathymetric mapping, and public 
opinions. Final work products include detailed baseline-water quality data, an aquatic 
macrophyte survey, a revised bathymetric map, and a lake management plan. 

Water quality analysis revealed that Pigeon Lake's water quality classifies it as a mesotrophic 
lake. Mesotrophic lakes have lower nutrient levels, less biologic productivity, and better water 
clarity than eutrophic lakes. The aquatic macrophyte survey revealed that milfoil is growing 
in 1 0 0  percent of  the vegetation sample transects in Pigeon Lake and Little Pigeon Lake. 
Thirty-three percent of the sample transects have Eurasian milfoil growth. Eurasian milfoil is 
an aggressive non-native submergent plant that is a common nuisance plant in shallow 
Wisconsin lakes. Northern water milfoil, a native Wisconsin species, accounts for 6 7  percent 
of all milfoil and is not as aggressive. Mechanical harvesting of Eurasian milfoil can decrease 
internal nutrient cycling and increase the recreational boating opportunities on Pigeon Lake. 
More importantly, purple loosestrife is growing in all of the sample transects on Little Pigeon 
Lake. Purple loosestrife is a state-regulated noxious plant which is illegal t o  possess or 
cultivate. 

The lake management plan provides a guideline for maximizing public use without 
compromising the lake's natural integrity, and addresses the physical and cultural concerns 
of the lake. Highlights of the plan include continuing best management practices, preserving 
the "Camp Bay" wetland area, protecting sensitive areas, distributing lake educational 
materials, experimenting with sediment covers, creating a fish management plan, completing 
a wetland restoration project (purple loosestrife control), appointing a volunteer lake monitor, 
recreational boat regulations (buoys and boating lanes), and forming lake committees. 
Implementing management plans will reduce negative cultural impacts on the lake by  
stabilizing and protecting water quality. 
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2.0 INTRODUCTION 

Pigeon Lake is an 80-acre seepage lake located in southwestern Manitowoc County, 
Wisconsin. The lake has a single perennial outlet, a maximum depth of 6 8  feet, an average 
depth of 1 9  feet, and 1.6 miles of shoreline with about 8 0  dwellings and one recreational 
camp. Pigeon Lake has a 1589 acre, primarily agricultural, watershed (Figure 2). The 
watershed to  lake ratio is 19.6 to  1. About 7 0  percent of the shoreline is developed, while 
the other 3 0  percent is undeveloped. Most of the undeveloped shoreline is occupied by the 
Camp, the boat landing, and t w o  small wetlands. 

2.2 History 

Pigeon Lake was formed at the end of the last Ice Age (about 10,000 years ago) in an area 
underlain by glacial outwash deposits adjacent to a northeast-southwest trending terminal 
moraine. A large piece of glacial ice probably was left behind, and when it melted formed 
Pigeon Lake. This type of lake is typically called a "Kettle Lake". The other small lakes and 
ponds in the watershed (including Little Pigeon Lake) were formed in the same manner but on 
a smaller scale. 

Today, Pigeon Lake suffers from post-settlement human activities. Land use changes from 
pre-settlement conifer-hardwood forest to  agriculture has increased nutrient and sediment 
loads t o  Pigeon Lake. Pigeon Lake is one of the more heavily used lakes in Manitowoc 
County. 

2.3 Workplan 

Durirlg April 1992, the Pigeon Lake Sanitary District (PLSD) received a Lake Management 
Planning Grant from the Wisconsin Department of Natural Resources (WDNR). The grant was 
to be used to evaluate Pigeon Lake's trophic state and Pigeon Lake's watershed. A n  aquatic 
macrophyte survey was also to  be completed and a revised bathymetric map produced. 

Northern Environmental Technologies, Incorporated (Northern Environmental) coordinated wi th 
the Pigeon Lake Association (PLA) to prepare the desired plan and was later contracted t o  
complete the study. The objectives of the project are listed below. 

A Evaluate physical and chemical characteristics of Pigeon Lake and Little Pigeon 
Lake 

A Identify non-point source pollution in the Pigeon Lake watershed 
A Inventory vegetation of Pigeon Lake and Little Pigeon Lake 
A Revise the Pigeon Lake bathymetric map 
A Produce a Lake Management Plan 

This report summarizes the methods used t o  conduct the study, presents the results, 
discusses significance of the results, and provides a Lake Management Plan. 
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3.0 METHODS OF INVESTIGATION 

A variety of methods were used to evaluate aquatic vegetation, water quality, and watershed 
characteristics. These methods are briefly discussed below, and are described in more detail 
in Appendix A. 

3.1 Chemical and Phvsical Analvses 

Northern Environmental personnel collected ten water quality samples over a two-year period. 
Two water samples were taken from Pigeon Lake's deepest point (one meter below surface 
and one meter above and the bottom). One water sample was collected at mid depth at the 
deepest point of Little Pigeon Lake. This site was selected so water samples could be taken 
while collecting physical data which requires evaluation of the entire water column at the 
deepest point of the lake. Chemical tests were performed to determine levels of nutrients, 
alkalinity, and algae. Dissolved oxygen content, temperature, conductivity, and transparency 
were measured to classify Pigeon and Little Pigeon Lakes' trophic state. All laboratory tests 
were performed by the State Laboratory of Hygiene in Madison. 

3.2 Watershed Analvses 

Pigeon Lake's watershed was examined using topographic maps, Soil Conservation Service 
soil surveys, meteorologic and hydrologic data, and watershed modeling. Data was first 
examined and then field verified. A watershed survey was conducted to determine point 
source pollution, identifiable discharges and non-point source pollution, and agricultural runoff 
into Pigeon Lake. 

3.3 Veaetation Survey 

Vegetation surveys were conducted to  identify and evaluate the plant species present in 
Pigeon Lake. The Pigeon Lake vegetation survey was completed on August 3 and 4, 1994. 
Vegetation surveys are used to assess the quality and function of the lake system. All species 
were identified to both genus and species level whenever possible. A base map was drawn 
with twenty points or transects distributed around the perimeter of Pigeon Lake (Figure 3). 

The transects extended perpendicular to the shoreline for a distance calculated by dividing the 
total shoreline length by the number of established transects. The length of each transect was 
either the calculated distance or the distance from the shoreline to the maximum rooting depth 
determined by the following equation (Reference 8). 

maximum rooting depth (feet) = 2.73 + 1.22 (mean secchi disk depth in feet) 

'The latitude and longitude at the intersection of the shoreline and transect were measured with 
a Magellan Global Positioning System. A Silva compass was used to determine transect 
bearings. The transects proceeded in the direction of the established bearing. The following 
measurements were recorded at the end of each transect: 
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r Distance t o  the starting point (the shoreline) 
r Latitude and longitude 
r A compass bearing back t o  the starting point 

Along each transect, a ten-foot diameter circle was randomly selected in each of the 
corresponding depth ranges: 

FREQUENCY OF OCCLIRRENCE 

Depth Code D e ~ t h  Ranae (feet) 

The circle was subdivided into four quadrants. A density rating was determined for each 
quadrant by eye or with a modified rake. In areas where the bottom could be clearly observed 
(i.e., in water less than 1.75 feet), visual means were used. A dragging test was necessary 
t o  correlate visual and rate density ratings. The test was performed in shallow water t o  
determine how much plant matter would be collected by the teeth of the rake. A rake wi th  
an extended handle was used in depths too great for visual observations. The rake was 
thrown into each quadrant, allowed to settle, and was slowly retrieved wi th  a rope. A density 
rating, based on the following criteria, and observations regarding substrate type, were 
recorded along wi th the depth in feet. 

SPECIES MEAN DENSITY RATING 

Recovery S ~ e c i e s  Densitv Ratinq 

Rake teeth full in all four quadrants 5 

Rake teeth partially full 

A In four quadrants 

A In three quadrants 
A In t w o  quadrants 
A In one quadrant 

3.4 Bathvmetric Map Revision 

During June 1995, depths to  bottom in Pigeon Lake were measured. Depths were measured 
using a grid method and two  sonar depth finders. Depths measured were compared t o  the 
WDNR Lake Survey Map for Pigeon Lake. Significant differences were noted and changes 

made to the bathyrnetric map (Figure 4). The sonar's precision was checked with a standard 
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