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1.0  EXECUTIVE SUMMARY 
 
The waters of Sturgeon Bay (the Bay) and the ship canal connect Lake Michigan and Green Bay in central 
Door County.  The Bay is important to many diverse users including recreational boaters, fisherman, local 
businesses, swimmers, conservationists, and the commercial shipping industry.  The area relies heavily on 
tourism and navigation on the Bay is vital to that economy.  Sturgeon Bay began to experience nuisance 
aquatic plant growth which interfered with recreational uses of the Bay.  The City of Sturgeon Bay began an 
Aquatic Plant Management Program to help alleviate heavy plant growth.  Aquatic plant harvesting and 
chemical treatment in marinas are the management methods employed. 
 
In an effort to further understand the Bay ecosystem and aquatic plant problems, and to secure a long-term 
aquatic plant management permit, The City hired Northern Environmental Technologies to complete a 
resource inventory and develop an aquatic plant management plan.  This project included public education 
and involvement through a radio broadcast, newsletters, newspaper articles, open house information meetings, 
a public survey, and a television broadcast on Wisconsin Public Television’s Outdoor Wisconsin to be aired 
later in 2003.  The public listed water quality and aquatic plant growth as the most important concerns and the 
following project goals as most important: 
 

▲ Studying and understanding aquatic plant problems  
▲ Identifying pollutant sources 
▲ Identifying other APM strategies 
▲ Promoting voluntary pollution and runoff controls 

 
The results of this project’s aquatic resource inventory component indicate that the Bay receives water from a 
variety of sources including Lake Michigan, Green Bay, ground water, tributary streams, and urban storm 
sewer systems.  Water levels are variable following the long term rises and falls of Lake Michigan and are at a 
historic low.  The Bay ecosystem is important to a multitude of plants, fish, mammals, birds, crustaceans, 
mollusks, and insects, including several exotic plants and animals.  The Bay offers critical habitat for many 
fish species including yellow perch whose population has declined on Lake Michigan.  The introduction of 
exotic species from other parts of the world has contributed to the problems on the Bay.  Water quality of 
Sturgeon Bay varies with numerous factors but an overall assessment is good water quality.   Nutrients such 
as phosphorus and sediments are contributed to Sturgeon Bay from both rural and urban sources.   
 
Nuisance aquatic plant species including Myriophyllum spicatum (Eurasian watermilfoil), Potomageton 
crispus (Curly lead pondweed), and Elodea conadensis (Elodea) have grown to nuisance levels in the 
Sturgeon Bay APM management area, impeding navigation and recreation.  The prolific growth of these 
aquatic plants is attributed to a multitude of factors including: introduction of exotic plant species; lower 
water levels allowing light to penetrate to deeper areas; zebra mussel increasing water clarity; soft sediment 
substrate; and an adequate supply of nutrients from Green Bay, sediments, and storm water runoff.   
 
A comparison of aquatic plant management strategies concluded that continued selective aquatic plant 
harvesting and chemical treatment in marinas is the most appropriate aquatic plant management method at 
this time.  The APM Plan includes: depth restrictions, restrictions on harvesting in sensitive areas, multi-use 
priority channels, a shoreline navigation access request process, a special conditions process, continued 
herbicide treatment in marinas, public education; and record-keeping components.  Additional 
recommendations included: composting of harvested aquatic plant material; mandated and voluntary efforts to 
curb storm water runoff containing sediments and phosphorus; public education; continued aquatic plant and 
water quality monitoring; keeping informed of current research; and evaluating funding sources for 
monitoring or managing Sturgeon Bay’s aquatic resources.  
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2.0  INTRODUCTION AND PROJECT GOALS 
 
Sturgeon Bay (the Bay) splits the Door County, Wisconsin peninsula and in conjunction with the ship 
canal connects Lake Michigan’s main basin and Green Bay.  Sturgeon Bay is illustrated in Figure 1.  The 
Bay is a unique environmental ecosystem with habitat for warm, cool, and cold water fish species.  The 
Bay is important to various stakeholders and users, including, but not limited to: property owners; 
recreational boaters; swimmers; anglers; conservationists; and the commercial shipping industry.  
Government entities, including the City of Sturgeon Bay (the City), the Door County Soil and Water 
Conservation Department, the Bay-Lake Regional Planning Commission, and the Wisconsin Department 
of Natural Resources (WDNR) also have interests, as well as planning and management responsibilities 
for the Bay.   
 
As is the case with many water bodies near population 
centers, Sturgeon Bay’s natural resources (water quality, 
wildlife, and plant communities) have suffered since 
European settlement.  Approximately 15 years ago, changes 
in Sturgeon Bay were becoming evident, the most 
prominent change being excessive aquatic plant growth.  
Nuisance levels of aquatic plant growth restricted boat 
navigation.  Many issues are believed to have contributed to 
the current problems in Sturgeon Bay.   
 
In response to these problems, the City of Sturgeon Bay 
initiated an aquatic plant management (APM) program in 
which aquatic plants are harvested mechanically and treated w
department is responsible for providing APM services for boat
Bay.  The management area is illustrated in Figure 1.  The City
the City's management efforts, nuisance aquatic plant growth i
navigation.  The City and WDNR have expressed concern that
expand and the City is concerned that harvesting may be dama
are vital to sustaining sport fish populations.   

a 

The Wisconsin Department of Natural Resources (WDNR) rec
program for any management of aquatic plants.  The new rule 
developed (and approved by WDNR) prior to issuance of a lon
decided to complete an aquatic plant study and update their AP
received a coastal management grant to develop an updated co
plan.  The proposed project included identifying the aquatic pl
factors leading to nuisance plant growth, reviewing manageme
recommended APM plan.  The City’s Water Weeds Committe
developed the scope of the proposed study and identified the fo
 

▲ Map existing cutting areas and cutting patterns
 

▲ Incorporate the WDNR’s aquatic plant survey
 

▲ Identify critical fish and game habitat areas 
 

▲ Measure the spread of invasive aquatic species

 

Sturgeon Bay Mooring Are
ith herbicides.  The Parks and Recreation 
 navigation relief within select areas of the 
’s APM program is 10 years old.  Despite 

s prolific at times and impedes boat 
 aquatic harvesting areas continue to 
ging some critical fish nursery areas that 

ently developed a new regulatory permit 
requires that an APM Plan must be 
g-term APM permit.  Therefore, the City 
M Program.  The City applied for and 

mprehensive integrated long-term APM 
ants causing problems, evaluating potential 
nt alternatives, and providing a 
e and the Parks and Recreation department 
llowing initial project goals: 
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▲ Sediment collection and sampling 
 

▲ Collect depth soundings to correlate water d
plant growth 

 
▲ Evaluate the equipment and technology need

 
▲ Evaluate alternatives to cutting for invasive 

 
▲ Evaluate the success and value of restocking

 
▲ Map the city storm sewer system to evaluate

 
The City hired Northern Environmental Technologies, Incor
complete the project in conjunction with the WDNR and app
City and Northern Environmental developed a workplan to a
APM.  The workplan included the following elements. 

▲ Complete aquatic resource inventory 

▲ Evaluate existing APM Program 

▲ Map, model, and evaluate storm sewers 

▲ Evaluate alternative aquatic plant manageme

▲ Public Education and Involvement 

▲ Develop updated APM Plan 
▲ Provide recommendations for overall manag
 

This document is the culmination of the APM Plan developm
inventory of the Sturgeon Bay aquatic resource, summarizin
alternative APM methods, and providing a recommended ac
additional public education, continued monitoring, and dispo

 
3.0  PROJECT METHOD

 
The process of updating the APM program involved a numb
number of people from July of 2002 to April 2003.  This sec
complete the various components of this project. 
 
3.1  Public Education and Involvement 
 
The City realized that a comprehensive resource inventory a
be shared through public education and involvement.  The go
stakeholders to the realities and the challenges facing APM o
Environmental used a variety of media to distribute informat
following: 
 

 

epth and clarity measurements with spread of 

s  

plant control 

 native plants 

 nutrient loading 

porated (Northern Environmental) to 
licable City Parks and Recreation staff.  The 
ccomplish the above goals and update the 

nt options 

ement of Sturgeon Bay 

ent describing project methods, providing an 
g water quality, describing existing and 
tion plan for APM, storm water runoff, 
sal of harvested aquatic plants.     

OLOGIES 

er of tasks completed by a considerable 
tion briefly describes the methods used to 

nd updated APM process of this scale should 
al of the endeavor was to educate the 
n Sturgeon Bay.  The City and Northern 
ion to the public.  These efforts included the 
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▲ Semi-annual project newsletters 
▲ Open format public informational meetings 
▲ Solicitation of public comments from a questionnaire 
▲ Use of print media and radio/television announcements and feature stories 
▲ Creation of a web-based information and comment site 

 
Public education components are discussed in greater detail in Section 4.0. 
 
3.2  Resource Inventory 
 
3.2.1  Existing Data Collection 
 
A great deal of information has been collected over the years that benefit the project.  Information 
regarding the history and natural resources of Sturgeon Bay and watershed is available.  Varieties of 
resources were consulted to provide important data for the project, help focus tasks to gather needed 
information, and avoid duplication of effort.  This information helped the City and Northern 
Environmental make informed decisions for updating the APM Program.  Some of the primary 
information resources included: 
 

▲ Interviews with local government officials 
▲ Interviews with groups who have similar programs on other water bodies 
▲ Local topographic maps, and aerial photographs 
▲ Relevant predictive computer models 
▲ Ongoing, intended, and potential future research into APM strategies 
▲ Publications describing physiography, soils, geology, and hydrology of Sturgeon Bay area 
▲ Publications regarding both the species and distribution of terrestrial and aquatic flora and 

fauna 
▲ Publications identifying and evaluating potential sources of contaminants 
▲ Fish Surveys by WDNR 
▲ Aquatic Plant Surveys by WDNR  

 
Section 10.0 lists some of the important references used to produce the information database.  Some of 
the references are not cited in the report sections, but are believed to be relevant enough to be included in 
the reference list.  The data were used to generate much 
of the resource inventory reporting, aquatic water 
quality information, and plant management information 
in Sections 5.0, 6.0, and 7.0.   
 
3.2.2  Aquatic Plant Evaluation and Surveys 
 
Sturgeon Bay formerly had a rich assemblage of 
emergent, submergent, and floating-leaf aquatic plants.  
The introduction of exotic (non-native) aquatic plant 
species dramatically altered aquatic plant distribution 
and speciation.  To help evaluate the existing aquatic 
plant community, Northern Environmental completed a 
qualitative assessment of aquatic plant communities 
during the water quality sampling events. Aquatic 
plants were collected by hand or with a weed rake at sever

 

n 

 

Dense stand of aquatic vegetatio
al locations in the management portion of the 
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Bay.  Additionally, City harvesting crews provided records and notes on major species of plants harvested 
in several areas within the management zone.  Crew notes also described fish present if they were 
observed and then moved to other areas.     
 
The WDNR assisted in this project by completing two formal aquatic plant surveys on Sturgeon Bay in 
June 2002 and August 2002.  The 2002 WDNR survey was completed to compare changes in aquatic 
plant communities since the last aquatic plant survey in 1993.  The methods of these surveys are available 
in the WDNR survey reports.  At the time of this publication, the final 2002 aquatic plant survey report 
has not been completed., however Northern Environmental reviewed the data from the important surveys 
and incorporated it into the resource inventory and APM development.  The results are discussed in 
Section 5.6.   
  

y 

3.2.3  Water Quality Sampling 
 
Water quality information is useful to evaluate overall aquatic 
ecosystem health, its potential for change, and factors that may be 
sensitive to change.  To help evaluate Sturgeon Bay’s water quality, 
Northern Environmental collected surface water grab samples from 
select locations on July 19, 2002.  Sample locations were chosen to 
represent water quality near tributary streams, shallow bays, and the 
ship channel during mid- summer conditions.  One sample was 
collected at depth within the shipping canal using a Kemmerer water 
bottle.  Water was evaluated for temperature, oxygen, nutrients, 
chlorophyll a, and transparency.  Select samples were placed in 
appropriate sample containers and sent to Northern Lakes Laboratory in 
Crandon, Wisconsin for analysis.   
 
In addition to the sampling completed by Northern Environmental, City aq
collected surface water quality “grab” samples across Sturgeon Bay.  Selec
sampling included random locations within the aquatic plant harvesting are
streams, and at entrances to Sturgeon Bay (Lake Michigan side and Green 
evaluated for temperature, clarity, temperature, pH, alkalinity, and/or nutrie
analyzed for pH, alkalinity, and nutrients using HACH field test strips.  Se
appropriate sample containers and sent to Northern Lakes Laboratory in Cr
A map illustrating water quality sampling locations is included as Figure 2
length in Section 6.0. 
 
3.2.4  Sediment Sampling  
 
To help evaluate sediment and substrate conditions on Sturgeon Bay, North
sediment samples from select locations on July 19, 2002.  Sample locations
conditions near tributary streams and shallow bays.  Northern Environmen
using a stainless steel cylinder type soft sediment sampler.  Extension hand
sampler, which was manually driven into the sediments until firm resistanc
depth of water was greater than the handle extensions, the sampler was atta
from the side of the boat.  The sampling device was retrieved and the plasti
from the cylinder.  Sediment samples were evaluated for composition and t
Select sediment samples were placed in appropriate sample containers and 

 

Water Sampling on Sturgeon Ba
uatic plant harvesting crews 
ted locations of water quality 
as, at mouths of tributary 
Bay side).  Water was 
nts.  Random samples were 

lect samples were placed in 
andon, Wisconsin for analysis.  
.  The results are discussed at 

ern Environmental collected 
 were chosen to represent 

tal collected sediment samples 
les were attached to the 
e was encountered.  When the 
ched to a rope and dropped 
c sample liner was removed 
exture, nutrients, and minerals.  
sent to the UW Soil and Plant 
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Laboratory in Madison, Wisconsin for analysis.  Sediment sample locations are depicted in Figure 2.  The 
results are discussed in Section 6.2.  
 
3.2.5  Storm water Sampling 
 
Storm water quality information is useful to evaluate what tributaries are contributing to nutrient and 
sediment loading to the management area in Sturgeon Bay.  Storm water samples were collected from the 
following tributaries draining into the study area of Sturgeon Bay.   
 

▲ Little Creek 
▲ Big Creek 
▲ Samuelson’s Creek 
▲ Strawberry Creek 

 
The location of these creeks or streams is illustrated on Figures 1 and Figure 2.  Storm water quality 
information is useful to evaluate what tributaries are contributing nutrient and sediment loading to the 
management area in Sturgeon Bay.  The City of Sturgeon Bay collected storm water samples from 
tributaries on July 31, 2002.  Samples were collected at the stream’s lowermost road crossing, or the street 
nearest to Sturgeon Bay.  Storm water samples were visually described and evaluated for temperature and 
nutrients.  Select samples were placed in appropriate sample containers and sent to Northern Lakes 
Laboratory in Crandon, Wisconsin for analysis.  Storm water sample locations are depicted in Figure 3.  
The results are discussed at length in Section 6.2.  
 
 3.2.6  Land Use Characterization and Phosphorus Load Estimation 
 
The Sturgeon Bay watershed is composed of urban, agricultural, and rural residential land uses.  A 
detailed study of the entire watershed was outside the scope of this project, however an evaluation of land 
use within the management area (Figure 1) sub-watershed was completed.  The land area draining into the 
management area was evaluated for potential sediment and nutrient runoff into the management area.  
The sub-watershed is illustrated on Figure 3.   
 
A relatively simple land management screening model, the Wisconsin Lake Modeling Suite (WiLMS 
Version 3.3.8), was used to estimate limited nutrient loading from the land area contributing storm water 
runoff to Sturgeon Bay’s aquatic plant management area.  The WiLMS model predicts phosphorus 
sediment delivery rates given certain land uses.  Unlike more complicated and thorough models, 
topography of the watershed is not considered.  Default data for Door County was used for net 
precipitation and annual runoff.  Results of the WiLMS model are discussed in Subsection 6.2.4. 
 
3.2.7  Storm Sewer Mapping   
 
Much of the storm water runoff within the City of Sturgeon Bay is drained by man-made storm sewer 
conveyances including open swales and underground concrete pipes.  Northern Environmental and City 
staff completed a comprehensive survey of storm sewers in the summer 2002.  The invert elevations and 
top elevations of catch basins, junctions, and outfalls were surveyed to the nearest 0.01-foot above mean 
sea level (msl) using the nearest vertical elevation control.  Storm sewer outfalls are illustrated on Figure 
4.   
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4.0  PUBLIC EDUCATION AND INVOLVEMENT 
 
Updating and developing a APM Program of this scale can potentially affect a variety of Bay users with 
differing opinions and ideas about managing aquatic plants.  The realities and challenges of a 
comprehensive APM Program may not be well understood.  Therefore, public education, involvement, 
and solicitation of public comments were incorporated into the project workplan from the start of the 
project.  These elements serve to identify the public’s concerns, goals and provide information to 
stakeholders about Sturgeon Bay’s ecosystem, feasible and realistic goals, APM program limitations, and 
sound ecosystem management.    
 
4.1  Radio Broadcast 
 
On July 19, 2002, a live radio interview and discussion was broadcast on AM WDOR “the Door” with 
City Parks and Recreation APM staff and Northern Environmental personnel.  The discussion covered 
what makes aquatic plants grow, the value of aquatic plants, aquatic plant problems on Sturgeon Bay, 
what the City does to manage aquatic plants, the APM Program update, and what the public can do to 
help prevent water quality and aquatic plant problems.   
 
4.2  Summer 2002 Open House 
 
A public meeting or “open house” was held at City Hall on July 31, 2002.  City staff discussed the history 
of the APM program and the new WDNR permit program for APM (NR 109 Wisconsin Administrative 
Code).    The meeting included a presentation by Northern Environmental on the habitats and values of 
aquatic plants, water quality, and potential aquatic plant problems, causes, and management techniques.  
At the end of the presentations, the audience was allowed to ask questions about the APM Program.   
 
4.3  Project Website 
 
Northern Environmental hosted and maintained a project website throughout the APM update process.  
The website located at www.northernenvironmental.com/sturgeonbay provided background information, 
included technical information, established links to other websites of interest, and included a place for 
public comments. 
 
4.4  Public Questionnaire 
 
After discussions at the summer 2002 open house meeting, a public questionnaire was distributed to 
audience members.  The questionnaire was used to solicit public opinion for the most important issues.  A 
survey such as this may often yield a large “wish list,” a list with conflicting issues and goals.  For 
example, fishermen may think that harvesting aquatic plants is harming a fishery, while boaters may 
believe that excessive vegetation is limiting their recreation opportunities.  Additionally, some individuals 
may unknowingly have unrealistic expectations, yielding spurious issues and goals.  Therefore, the survey 
asked people to rank a list of potential concerns and goals that were provided in the questionnaire.  
Respondents  were given the opportunity to write down comments or items that could be included as 
“additional or other” concerns and goals.  This questionnaire was also made available on the project 
website. A copy of this questionnaire is included in Appendix A.   
 

 

http://www.northernenvironmental.com/sturgeonbay
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A limited number of questionnaires were returned.  Most respondents (52%) were year round residents.  
Respondents used Sturgeon Bay for a variety of recreational activities including fishing, nature viewing, 
boating, and swimming.  46% of respondents used the Bay greater than 10 days per month and 67 % rated 
their experiences on the Bay as very enjoyable.  75 % of those surveyed strongly supported the City’s 
current APM program.   
 
A ranking of project concerns indicated that the following concerns were considered most important to 
respondents. 
  

▲ Water Quality 
▲ Aquatic Plant Growth 
 

A ranking of project goals indicated that the following goals were considered most important to 
respondents: 

 
▲ Studying and understanding aquatic plant problems 
▲ Identifying pollutant sources 
▲ Identifying other APM strategies 
▲ Promoting voluntary pollution and runoff controls 

 
The questionnaire results and ranking of concerns and goals were considered throughout the updating of 
the APM Program.  The results of the public questionnaires are presented in graphic form in Appendix A.    
 
4.5  Newsletters and Newspaper 
 
At the July 2002 open house, the Summer 2002 newsletter was distributed to attendees.  This newsletter 
summarized the history of the aquatic plant harvesting program and introduced the nuisance aquatic 
plants of concern in Sturgeon Bay.  In November 2002, an article was published in the Door County 
Advocate describing the aquatic plant problems and the APM Program update.  A second newsletter 
describing project progress was prepared by Northern Environmental and published in a City wide 
newsletter in April 2003.  Newsletters and newspaper articles were also made available on the project 
website.   
 
4.6  Television Broadcast 
 
A larger Wisconsin public audience will also be introduced to the recreation on Sturgeon Bay and 
challenges of Sturgeon Bay’s APM program through a feature story broadcast on Wisconsin Public 
Broadcast System “Outdoor Wisconsin” Television Program.  Host Dan Small interviewed City APM 
managers and Northern Environmental in the fall of 2002.  In the summer of 2003, City harvesting 
operations will be filmed and the story will be broadcast later in 2003.    

 
5.0  NATURAL RESOURCE CHARACTERISTICS 

 
5.1  Cultural 
 
Archaeological evidence suggests that the first humans to enter Wisconsin were big-game hunters and 
plant gatherers.  These Nomadic Tribes are referred to as Paleo Indians.  The evidence suggests that 
Native Americans first inhabited the area about 11,000 years ago (History of Peninsula State Park & 
Surroundings). 
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It appears that Native Americans lived and visited Door County up until the 1800’s.  During that time, the 
Native Americans were relocated by the US Government through the Indian Removal Act. 
 
In the 1800’s, many immigrants began to move to Wisconsin.  Door County was a popular place for the 
mostly European settlers.  These early settlers were mariners, fisherman, lumberjacks, and farmer.  
Tourism also became a part of the local economy. 
 
As the timber industry declined and lands were cleared, farming became a more important industry.  
Shipping also was becoming an important part of the local economy.  In 1873, work began on the 
Sturgeon Bay ship canal.  The Federal government purchased the canal in 1893 and placed its 
management under the authority of the US Corps of Engineering.  Shipbuilding became an integral part of 
the Sturgeon Bay economy. 
 
The 1900’s saw an increase in tourism, shipbuilding, and farming.  Apple and cherry orchards were 
planted throughout the area.  Later in the century, shipbuilding saw a drastic decline.  The number of 
farms decreased; as farm size in general has increased.  Residential development throughout the area has 
seen a dramatic growth, as many people have built second homes along the water and inland on previous 
farmed land. 
 
The last census identified that as much as half of the Sturgeon Bay work force, work in jobs directly 
related to the tourism industry.  The Department of Administration predicts almost no population growth 
for the city in the next 10 years.  Tourism will continue to be the number one industry for the community. 
 
5.2  Climate 
 
The climate in Wisconsin has never been static.  The climate has been considerably warmer and cooler in 
the past 15,000 years.  Climate change affects flora and fauna.  As a result, the vegetation present at the 
time of European settlement was not always present.  In fact, it is believed that the ranges of all plant and 
animal species were once compressed toward the equator and then expanded as the ice sheets melted 
northward (IAT, 2002).  The term “ice age” is generally used to describe long, generally cool intervals 
during which glaciers advance and retreat.  Many scientists believe that our current climate represents a 
very short, warm period between glacial advances (ISM, 2002). 
 
Temperatures change frequently in southern Door County although not as drastically as most of 
Wisconsin.  Temperature extremes are modified by Green Bay and Lake Michigan.  Spring is usually 
delayed slightly by the lakes modifying effects as is the onset of the first freeze.  Winters are generally 
long, cold, and snowy with average temperatures of 29° F.  Spring often contains both warm and cold 
temperatures, while summer is mostly warm with occasional hot and humid periods. The growing season 
is approximately 137 days long, and the average summer temperature is 65° F.  Fall extends from mid-
September through November.  The average date of the first frost is October 2 and the last day is May 17.  
Transitions between seasons can be abrupt and are usually accompanied by storms (USDA, 1980). 
 
Although the area is often dry during July and August, approximately 55 percent of the total annual 
precipitation falls between May and September.  The following table illustrates monthly precipitation 
averages for the area.  Snowfall averages 40.3 inches and occurs more frequently between the end of 
November and mid-February (USDA, 1980). 
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Annual Average Precipitation at Sturgeon Bay, Wisconsin 
 

Month Average (inches) 

January 1.19 
February 1.30 
March 1.73 
April 2.53 
May 2.65 
June 3.07 
July 2.87 
August 3.00 
September 3.18 
October 2.17 
November 2.30 
December 1.39 
Annual Average 27.20 

 
Source: WSCO, 2002 
 
Winds prevail from the northwest or southwest, except in spring when northeast winds are dominant.  
Average wind speed during April and November is 12 miles per hour (mph), making these the windiest 
months of the year. 
 
5.3  Physiography and Sturgeon Bay Morphology 
 
The study area consists of approximately 800 acres of the waters of Sturgeon Bay.  The approximate 
limits are Strawberry Creek Estates to the southeast to Bullhead Point to the northwest (Figure 1).  
Bottom sediments within this area consist of shallow soft sediments, silty sand, and dolomite bedrock.  
The center of the bay is a navigation channel that has been periodically dredged to depths of over 25 feet.  
Average depth outside the channel is 10-12 feet.  The current bathymetry of Sturgeon Bay is illustrated in 
Figure 5.  Shallow estuaries near the creek outlets are typically three feet deep and appear to be several 
acre fans of composed, soft, sediment.   
 
5.4  Geology 
 
Wisconsin bedrock geology is 
quite complicated.  In general, 
it is a series of sedimentary 
rocks which were formed in 
shallow sea over laying 
crystalline bedrock.  The 
sedimentary rock thickness 
varies, but it can be well over 
1,000 feet thick. 
 
 
 

 

Source:  USDA Soil Survey
Door County  
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The Niagara dolomite is the primary sedimentary unit exposed on the Door Peninsula.  This highly 
fractured rock is well known for its karst formations.  Primary fractions transect northwest to southeast 
with secondary fractures perpendicular to that.  Its westward terminus forms the bluffs along Door 
County’s Green Bay coast.  This fossil-rich dolomite is mined in several localities to be used in 
construction projects. 
 
Glacial till, drumlins, and beach sands cover large parts of the study area water shed.  In several locations, 
the till is very thin or absent, exposing the Niagara Dolomite at the surface.  The Niagara Dolomite is 
exposed in parts of Sturgeon Bay, itself, and is also exposed along the shores. 
 
5.5  Water Resources 
 
Water resources of the Sturgeon Bay area include precipitation, abundant ground water resources, Lake 
Michigan, Green Bay, surface streams, and wetlands.  All of these water resources are somehow related to 
Sturgeon Bay.  A comprehensive water budget was outside the scope of this project and would be 
extremely complex.  The following illustrates the components of a water budget. 
 

 
 
 
 
 
 
 
 
 

  Source: NALMS, Managing Lakes and Reservoirs  
 

The following discussions offer explanations of the various water resources contributing to Sturgeon Bay.    
 
5.5.1  Groundwater 
 
Groundwater in the area is generally found in the fractured dolomite and thicker glacial deposits.  It 
typically is 10 to 20 feet from the surface in the study area watershed.  Groundwater recharge typically 
occurs in  topographically higher upland areas with discharge occurring into topographically low areas 
such as wetlands, streams, and Sturgeon Bay,.  Because of the thin overburden aquifer recharge from 
surface water is quite rapid. 
 
The upper aquifer is quite susceptible to contamination from septic fields and farm fertilizers.  Many 
wells in the area have been found to have high levels of nitrates.  Discharge of the nitrate-rich 
groundwater into Sturgeon Bay is most likely one of many sources for nutrients reaching Sturgeon Bay 
water. 
 
5.5.2  Surface water and Hydrology 
 
Rain events and snow melt create rapid runoff in the City.  Localized flooding occurs in several areas of 
town.  Big Creek, Little Creek, Samuelson’s Creek, and Strawberry Creek also drain directly into the Bay.  
Little Creek has been channelized in the City of Sturgeon Bay and virtually all its watershed is within the 
city.  Prolific macrophyte growth occurs at the confluence with the Bay.  Big Creek has a relatively large 
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watershed.  The watershed encompasses portions of the city, wood lots, farm fields, and orchards.  
Aquatic plant growth can be heavy in the shallow estuary at the mouth of the creek.  This area is also a 
known fish spawning area.  Further discussions on surface water quality and storm water drainage 
through streams is provided in Section 6.0. 
 
Strawberry Creek is a very cold water creek on the south side of Sturgeon Bay.  Trout and other 
salmonoids migrate up this creek to spawn.  The WDNR captures fish in the creek to use in their stocking 
program.  The stream flow is augmented with flow from a WDNR owned high capacity well.  Aquatic 
plant growth was not extensive at the mouth of Strawberry Creek.  The watershed for Strawberry Creek 
includes residential properties and agricultural farm fields.   
 
Several areas around Sturgeon bay have wetlands with no apparent outlets and small creeks that appear to 
disappear.  This phenomenon is a function of the karst dolomite bedrock.  Water infiltrates to the bedrock,  
follows fractures within the dolomite, is ultimately discharged into Sturgeon Bay, Lake Michigan or 
Green Bay. 
 
Flow through Sturgeon Bay is typically from warm nutrient-rich Green Bay to clear, colder water of Lake 
Michigan.  However, when winds are from the east, this flow is reversed.  If strong winds are from the 
west, a seiche occurs on Sturgeon Bay.  Water is blown into Sturgeon Bay faster than it can exit through 
the shipping canal.  At times, this seiche can be over 3 feet high.  Further discussions on surface water 
quality of Lake Michigan and Green Bay is provided in Section 6.0. 
 
The following graph illustrates, lake elevations have fluctuated nearly 5 feet in the past 100 years.  
Currently, water levels are near a historic low.  Historically Lake Michigan water levels average 580 feet 
above msl.  Low water levels typically recover to normal elevations in less than five years, once water 
levels begin to rise.  This cycle may repeat in the future. 

 
Source:  Great Lakes Environmental Research Website, National Ocean and Atmosphere Administration 
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The following graph illustrates water levels on the Sturgeon Bay ship canal.  The fluctuation for the last 
25 years is similar to the Lake Michigan-Huron hydrograph above.   
 

5.5.3  Storm Sewer Improvements 

          Source:  Great Lakes Environmental Research Website, National Ocean and Atmosphere Administration 

 
Water from precipitation and snow melt infiltrates to ground water or occurs as overland runoff flow to 
the streams described above and ultimately Sturgeon Bay.  When urban areas are built, increases in the 
amount of impervious areas (e.g. parking lots, building roofs) and subsequent increases in storm water 
runoff are observed.  Municipal storm sewer conveyances such as underground concrete channels are 
often installed in urban areas to facilitate quick removal of the storm water runoff.  As part of the project, 
storm sewer mapping was completed.  Storm sewers drain directly into Sturgeon Bay.  The storm sewer 
locations are illustrated in Figure 4.  Storm water from municipal storm sewer systems has the potential to 
deliver significant nutrient and sediment loads to a waterway.  Nutrients and sediments contribute to 
aquatic plant growth and accumulations of sediments in the waterway.  Further discussions on storm-
water quality are provided in Section 6.2. 
  
5.6  Aquatic Vegetation 
 
Aquatic plants are vital to the health of a water body.  Unfortunately, much too often, people refer to all 
rooted aquatic plants as weeds and their ultimate goal is to eradicate them.  This line of thinking must be 
avoided when trying to manage an aquatic ecosystem.  Rooted aquatic plants are extremely important for 
the well being of the aquatic ecosystem and posses many positive attributes.  These attributes are what 
make the littoral zone the most important and productive aquatic habitat in freshwater lakes.  However, 
aquatic macrophytes can become a nuisance when native and exotic plant species occupy large portions 
of a water body.  Excessive aquatic plant growth can negatively affect navigational and recreational 
activities.  When “managing” aquatic plants, it is important to maintain a well-balanced, stable, and 
diverse aquatic plant community that contain high percentages of desirable native vegetation while 
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maintaining areas conclusive to many types of activities.  The overall health of the Green Bay aquatic  
ecosystem is dependent upon the high density aquatic plant habitat within Sturgeon Bay.  This area 
provides critical habitat for spawning, game nursery fish, forage fish production, and macroinvertebrate 
habitat which are vital to the aquatic food chain. 
 
5.6.1  The Ecological Role of Aquatic Plants 
 
Aquatic plants can be divided into two major groups: microphytes (phytoplankton and epiphytes) 
composed mostly of single-celled algae, and macrophytes that include macroalgae, flowering vascular 
plants, and aquatic mosses and ferns.  Wide varieties of microphytes co-inhabit all hospitable areas of a 
lake.  Their abundance depends solely on light, nutrient availability, and other environmental factors.  In 
contrast, macrophytes are predominantly found in distinct habitats in the littoral (shallow near shore) zone 
where sufficient light can penetrate to the lake bottom.  The littoral zone is subdivided into four distinct 
transitional zones: the eulittoral, upper littoral, middle littoral, and lower littoral (Wetzel, 1983). 

 
Eulittoral Zone: Includes the area between the highest and lowest seasonal water 

levels, and often contains many wetland plants. 
 

Upper Littoral Zone: Dominated by emergent macrophytes and extends from the water 
edge to water depths between 3 and 6 feet. 

 
Middle Littoral Zone: Occupies water depths of 3 to 9 feet, extending lakeward from 

the upper littoral zone.  The middle littoral zone is dominated by 
floating-leaf plants. 

 
Lower Littoral Zone: Extends to a depth equivalent to the limit of the photic zone, 

which is defined as percent of surface light intensity. 
 

  Relationship of phytoplankton and macrophyte communities. 
  Source:  WDNR 
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The abundance and distribution of aquatic macrophytes are controlled by other factors than dissolved 
nutrient availability.  These factors include light availability, lake trophic status as it relates to nutrients 
and water chemistry, sediment characteristics, and wind energy.  Lake morphology and watershed 
characteristics relate to these factors independently and in combination (NALMS, 1997). 

 
In many instances aquatic plants serve as indicators of water quality due to the sensitive nature of plants 
to water quality parameters such as water clarity and nutrient levels.  To grow, aquatic plants must have 
adequate supplies of nutrients.  Microphytes and free-floating macrophytes (e.g., duckweed) derive all 
their nutrients directly from the water.  Rooted macrophytes can absorb nutrients from water and/or 
sediment.  Therefore, the growth of phytoplankton and free-floating aquatic plants is regulated by the 
supply of critical available nutrients in the water column.  In contrast, rooted aquatic plants can normally 
continue to grow in nutrient-poor water if lake sediment contains adequate nutrient concentrations.  
Nutrients removed by rooted macrophytes from the lake bottom may be returned to the water column 
when the plants die.  Consequently, killing aquatic macrophytes may increase nutrients available for algal 
growth. 

 
In general, an inverse relationship exists between water clarity and macrophyte growth.  That is, water 
clarity is usually improved with increasing abundance of aquatic macrophytes.  Two possible 
explanations are postulated.  The first is that the macrophytes and epiphytes out-compete phytoplankton 
for available nutrients.  Epiphytes derive essentially all of their nutrient needs from the water column.  
The other explanation is that aquatic macrophytes stabilize bottom sediment and limit water circulation, 
preventing re-suspension of solids and nutrients (NALMS, 1997). 
 
If aquatic macrophytes are reduced in abundance, water clarity can suffer.  Water clarity reductions can 
further reduce the vigor of macrophytes by restricting light penetration, reducing the size of the littoral 
zone, and further reducing water clarity.  Studies have shown that if 30 percent or less of the area of a 
lake occupied by aquatic plants is controlled, water clarity will generally not be affected.  However, lake 
water clarity will likely be reduced if 50 percent or more of the macrophytes are controlled (NALMS, 
1997). 

 
Aquatic plants also play a key role in the ecology of a lake system.  Aquatic plants provide food and 
shelter for fish, wildlife and invertebrates.  Plants also improve water quality by protecting shorelines and 
the lake bottom from erosion due to boat wakes, improving water quality by providing dissolved oxygen 
and using nutrients otherwise available algae blooms.   
 
5.6.2 Aquatic Plant Survey 
 
Three particular species have grown to nuisance levels in Sturgeon Bay, impeding navigation and 
recreation.  Nuisance species include Myriophyllum spicatum (Eurasian watermilfoil), Potomageton 
crispus (Curly lead pondweed), and Elodea conadensis (Elodea).   
 
The WDNR completed an inventory of aquatic plants covering Sturgeon Bay in the summer of 2002.  
Eighteen species of floating leaved and submerged aquatic vascular plants and algae were identified 
during the surveys, however, only nine species of plants were present in June and fourteen species of 
plants were present in August.  Aquatic plant species identified in Sturgeon Bay are summarized in Table 
1.  June and August Distribution of aquatic plant species are illustrated in Figure 6 and Figure 7, 
respectively.  Plant survey information, including transect locations and species abundance ratings, from 
the 2002 aquatic plant surveys is included in Appendix B. 
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During the June and August 2002 survey, the most abundant species found in Sturgeon Bay was Elodea 
canadensis (Elodea) with an average 64 percent frequency of occurrence (percent of sample points 
containing that species) in June and 68 percent in August.  It is important to note that these percentages 
are an average frequency of occurrence for all transects and depths, including areas of Sturgeon Bay 
outside the City’s management area.  Myriophyllum spicatum (Eurasian watermilfoil) was the second 
most abundant species in the June survey with a 45 percent frequency of occurrence June.  Ceratophyllum 
demersum (Coontail) was the second most abundant species in the August survey with a 48 percent 
frequency of occurrence.   
 
Using relative frequency (the frequency of occurrence compared to the occurrence of all species) as a 
measure of aquatic plant abundance, Elodea had an average relative frequency (in June of 21 percent and 
22 percent in August.  Eurasian watermilfoil had a 13 percent relative frequency in June and Coontail had 
a 15 percent relative frequency in August.  Species abundance ratings are included in Table 2.  These 
abundance ratings include the aquatic plant survey data from across all of Sturgeon Bay.  While the 
survey data did not indicate curly leaf pondweed as abundant across Sturgeon Bay, it is abundant within 
the APM harvesting areas.  
 
Filamentous alagae (Amblostegia spp.) was identified in Sturgeon Bay.  Other forms of algae may also be 
present.  Filamentous algae mats form over dense stands of aquatic macrophytes.  Occasional uni-cellular 
algae blooms may also occur when high levels of nutrients become available in the water column.    
 
An aquatic plant survey was also previously completed in 1993.  In 1993, only eight species of aquatic 
macrophytes were identified.  This is compared to nine plant species in the June 2002 and fourteen 
species in the August 2002 survey.  Relatively the same levels of percent frequencies for aquatic 
macrophytes were seen in the two surveys conducted in 2002 and the survey completed in 1993.  
Myriophylum spicatum (Eurasian watermilfoil) and Elodea canadensis (Elodea) had the highest 
frequency of occurrence during both 1993 and 2002.  However, Elodea canadensis (Elodea) had the 
higher frequency of occurrence in 2002, while Myriophylum spicatum (Eurasian watermilfoil) had the 
highest frequency of occurrence in 1993.  A copy of the 1993 aquatic plant survey is also included in 
Appendix B.   
 
The littoral zone, the depth to which light penetrates permitting photosynthesis and colonization of 
aquatic macrophytes.  The littoral zone can fluctuate based on water quality and the amount of turbidity in 
the water, Areas of the littoral zone that are more conducive to supporting certain aquatic plant species.  
Sturgeon Bay has areas of soft sediments that are able to support higher numbers of aquatic macrophyte 
populations due to rich mineral content.  Most aquatic macrophytes are found growing in an area in which 
they are able to maximize their ability to absorb varying levels of light intensity.  These areas are 
generally composed of a substrate that is also most conducive to supporting aquatic macrophytes as well. 
 

5.6.2.1 Submergent Plants 
  

The submerged aquatic plant species identified during the 2002 aquatic plant surveys are 
listed in Table 1.  A brief description about these plants follows.   
 

Source:  UW Herbarium Website 

Eurasian watermilfoil 
 
Eurasian watermilfoil (EWM) is a submersed 
aquatic plant native to Europe, Asia and northern 
Africa.  It was introduced to the United States by 
early European settlers.  Eurasian watermilfoil has 
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proliferated in waterways across North America.  Eurasian watermilfoil was first detected in 
Wisconsin lakes during the 1960's.  In the past three decades, this exotic species has 
significantly expanded its range to about 310 lakes in 54 of Wisconsin's 72 counties. The 
range of Eurasian watermilfoil continues to expand in Wisconsin from 1994 to 2001 (DNR, 
2002).  Because of its potential for explosive growth and its incredible ability to regenerate, 
Eurasian watermilfoil can successfully out compete most native aquatic plants, especially in 
disturbed areas.  
 
Eurasian watermilfoil shows no substrate preference, and can grow in water depths greater 
than 4 meters (Nichols, 1999).  Eurasian watermilfoil does not rely on seed for re-production; 
its seeds germinate poorly under natural conditions.  It reproduces vegetatively by 
fragmentation, allowing it to disperse over long distances.  The plant produces fragments 
after fruiting once or twice during the summer.  These shoots may then be carried down or up 
the Bay by water currents or inadvertently picked up by boaters.  EWM is readily dispersed 
by boats, motors, trailers, bilges, live wells, or bait buckets, and can stay alive for weeks if 
kept moist.  Once established in an aquatic community, milfoil reproduces from shoot 
fragments and stolons (runners that creep along the substrate). 
 
As an opportunistic species, Eurasian watermilfoil is adapted for rapid growth early in spring.  
Stolons, lower stems, and roots persist over winter and store the carbohydrates that help 
milfoil claim the water column early in spring, photosynthesize, divide, and form a dense leaf 
canopy that shades out native aquatic plants.  Its ability to spread rapidly by fragmentation 
and effectively block out sunlight needed for native plant growth often results in monotypic 
stands. Monotypic stands of Eurasian watermilfoil provide only a single habitat, and threaten 
the integrity of aquatic communities in a number of ways.  For example, dense stands disrupt 
predator-prey relationships by fencing out larger fish, and reducing the number of nutrient-
rich native plants available for waterfowl (DNR 2002).   
 
Elodea 
  

Source:  UW Herbarium Website 

Elodea or common waterweed (Elodea canadensis) is an 
abundant native plant species that is distributed statewide.  It 
prefers soft substrate and water depths to 3.9 meters (Nichols, 
1999).  Elodea reproduces by seed and sprigs (USDA, 2002).  
Elodea offers critical spawning habitat for perch and other 
fish.  The stems of elodea offer shelter and grazing to fish, but 
very dense elodea can interfere with fish movement.  Elodea 
can be considered invasive at times and out-competes other 
more desirable plants.  After the 2002 curly leaf pondweed 
bloom subsided, elodea was the predominant vegetation 
removed by harvesting.  

 
Curly leaf Pondweed 
 
Curly leaf pondweed (Potamogeton crispus) is also an exotic 
plant of eurasian origin that forms surface mats that interfere 
with aquatic recreation.  Curly-leaf pondweed was the most 
severe nuisance aquatic plant in the Midwest until Eurasian 
watermilfoil appeared.  Curly-leaf pondweed grows under the 

 

Source:  UW Herbarium Website 
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ice, but dies back relatively early, releasing nutrients to the water column in summer possibly 
leading to algal blooms.  It provides cover and foraging opportunities to fish and 
invertebrates.  It also provides critical spawning habitat for perch in March and April.  The 
plant usually drops to the lake bottom throughout July. It prefers soft substrate and shallow 
water depths (Nichols, 1999). Curly leaf pondweed reproduces by seed and vegetative buds 
called turions.  Seeds play a relatively small role in reproduction compared to germination of 
turions.  Curly leaf pondweed can also out-compete more desirable native plant species.  In 
2002, early cutting operations saw an increase in the overall amounts of curly leaf pondweed 
harvested.   
 
Coontail 

l 

 
Coontail (Ceratophyllum demersum), a submergent aquatic plant.  
Unlike most other submergent aquatic plants, coontail is not 
rooted and can drift, making it tolerant to higher water levels.  
Because it does not have roots, it absorbs nutrients dissolved in 
the lake water.  Coontail provides excellent shelter and foraging 
opportunities for fish and invertebrates, and waterfowl consume 
its foliage and fruit (Borman, et al., 1997). 
 
 
Sago Pondweed 

 

d 

Sago pondweed (Pomatogeton pectinatus) was found in scattered 
locations throughout Sturgeon Bay with the densest stands being 
found in the 1.75 to 5.0 foot depth zone.  Sago pondweed 
resembles two other pondweeds with needle-like leaves, but sago 
pondweed tends to be much more common. The fruit and tubers 
of sago pondweed are very important food sources for waterfowl, 
while leaves and stems provide shelter for small fish and 
invertebrates (Borman, et al., 1997). 
 
Leafy Pondweed 
 
Leafy pondweed (Pomatogeton foliosus) is a freely branched stems t
rhizomes.  This plant is easily identifiable by a stipule that is found w
However, leafy pondweed can be confused with small pondweed.  L
bloom early in the season with a short flower stalk and a tight cluster
eat the fruits of this early to mature aquatic and can be of local impor
and deer eat the foliage and fruit. Invertebrates and fish forage and h
(Borman, et al., 1997). 
 
Small Pondweed 
 
Small pondweed (Potamogeton pusillus) has small slender stems and
rhizome and branch repeatedly near the ends.  Small pondweed overw
winter buds.  There is some limited reproduction by seed with leavin
with buds in the sediments.  Small pondweed can be locally importan
variety of wildlife.  Waterfowl tend to feed on small pondweed as we
other small fish (Borman, et al., 1997). 
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Flat-stem pondweed 
 
Flat stem pondweed (Potamogeton zosteriformis) is easily identifiable from other pondweeds 
by its flattened stem and noticeable stipules.  Flat stem pondweed grows in a variety of water 
depths and is usually found in soft sediments.  Flowering occurs early in the growing season 
with leaves dieing back in the fall and leaf fragments overwintering on the sediment.  This 
plant to can be locally important to many types of wildlife (Borman, et al., 1997). 
 
Variable pondweed 
 
Variable pondweed (Potamogeton diversifolius) or water-thread pondweed is a freely branched 
plant with an obvious midvein bordered by single row lacunar cells on both sides of the stem.  
New shoots are produced in spring form overwintering rhizomes.  Flowering occurs by 
midsummer with fruiting structures becoming evident in late summer.  A locally important 
food source for a variety of wildlife from waterfowl to small mammals (Borman, et al., 1997).   
Clasping-leaf pondweed 
 
Clasping-leaf pondweed (Potamogeton richardsonii) is often found growing with coontail and 
small pondweed.  Stems emerge in spring form overwintering rhizomes and flowers appear by 
midsummer.  Fruit develops by mid-growing season and are feed on by waterfowl.  Leaves 
also are colonized by invertebrates and offer foraging opportunities and cover for fish 
(Borman, et al., 1997). 
 
Muskgrass 
 
Although muskgrass (Chara, spp.) looks like a higher plant, it actually is a multi-celled algae. 
According to many people familiar with Rush Lake, muskgrass was once very common, if 
not overly abundant. During the 2001 plant reconnaissance, muskgrass was only found in 
clearer water in protected bays and near creek mouths.  Waterfowl eat muskgrass spores.  
Muskgrass beds provide valuable habitat for small fish and invertebrates (Borman, et al., 
1997). 
 
Slender Naiad 

d 

 
Slender Naiad (Najas flexilis) or sometimes called bushy pondweed has 
fine branched stems that emerge from a slight rootstalk.  Leaves are 
paired, but there are some sometimes bunches of smaller leaves.  
Slender Naiad can grow in very shallow to several meters in depth. 
Waterfowl, marsh birds, and muskrats consume the stems, leaves, and 
seeds of naiads.  The foliage produces forage and shelter opportunities 
for fish and invertebrates (Borman, et al., 1997). 

 
White-stem Pondweed 
 
White-stem pondweed (Potamogeton praelongus) can be easily confused w
pondweed, however, clasping leaf has smaller leaves that are not boat-shap
fruit do not have a sharp dorsal ridge.  White-stemmed pondweed is consid
that is sensitive to water quality changes.  Some researchers have shown th
pondweed can not tolerate turbid water.  This plant can be considered an in
degrading water quality (Borman, et al., 1997).  
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Wild Celery 
 
Wild celery (Valisneria americana) or also commonly called eel-grass or tape-grass has 
ribbon like leaves that tend to grow till they emerge in clusters along the waters surface.  
Wild celery is a premiere source of food for waterfowl.  All portions of the plant are 
consumed.  This plant is an extremely important food source for canvasbacks which feed on 
the tubers of this plant.  Beds of wild celery are also considered good fish habit providing 
shade, shelter and feeding opportunities.   
 
Creeping spearwort 
 
Creeping spearwort (Ranunculus sp.) is a small plant that is found growing near the lakes 
bottom.  It is found commonly in shallow waters and provides habitat for valuable 
invertebrates.   
 
Nitellas 

 
Nitella (Nitella sp.) is a type of algae that looks like a higher plant.  This plant has no 
conductive tissue and has simple anchoring structures called rhizoids rather than true roots.  
Nitella is similar in appearance to muskgrass and is often found in similar habitats.   

 
Northern watermilfoil 
 
Northern watermilfoil (Myriophyllum sibiricum) was found in 
Sturgeon Bay, however not at nuisance levels like Eurasian 
watermilfoil (Myriophyllum spicatum).  Northern watermilfoil 
can also reach nuisance levels posing problems for 
recreational and navigational patron.  Waterfowl eat the 
foliage and fruit of northern watermilfoil, while beds of this 
plant provide cover and foraging opportunities for fish and 
invertebrates.   

 
5.6.2.2 Floating-Leaf Plants l 
No species of floating leaf plants were identified by the WDNR 
However, floating leaf plant species such as white water lily and
shallow water areas of Sturgeon Bay along undeveloped shorelin
 
5.6.2.3  Free-Floating Plants 
No species of free floating leaf plants were identified by the WD
2002.  However, free floating plant species such as duckweed (le
Sturgeon Bay.   

 
5.6.2.4  Emergent Plants 

 
No species of emergent plants were recorded by the WDNR aqua
However, emergent plant species are present in undeveloped sho
Sturgeon Bay.     
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5.6.3  Sensitive Areas 
 
Based upon the 2002 aquatic plant survey, WDNR designated approximately 260 acres of the Bay’s 
management area as a “Sensitive Area”.  Sensitive areas are areas of aquatic vegetation identified by the 
WDNR as offering critical or unique fish and wildlife habitat, including seasonal or lifestage 
requirements, or offering water quality or erosion control benefits to the body of water.  The sensitive 
areas in the APM area are depicted in Figure 8.    
 
5.7 Wildlife 
 
Sturgeon Bay is important for area wildlife, including: fish; birds; mammals; amphibians and reptiles; 
crustaceans and mollusks; and insects.  Urban areas of the Bay have developed much of the suitable 
habitat for wildlife.  Animals that are not completely aquatic are generally limited to any remaining 
wetland and woodlands adjacent to the urban areas.  No known threatened and endangered species are 
known to occur within the aquatic plant management area. 
 
5.7.1  Fish 
 
The Bay contains habitat for warm, cool, and cold water fish species.  The following lists fish species 
observed at six locations within the Sturgeon Bay management area following electroshocking by the 
WDNR during the fall of 2002.   
 

Common Name  Scientific Name 
 

Bullhead  Ictalurus spp. 
Channel Catfish  Ictalurus punctatus 
Carp  Cyprinus carpio 
White Sucker  Catostomus commersoni 
Gizzard Shad  Dorosoma cepedianum 
Pumpkin Seed  Lepomis gibbosus 
Sunfish  Lepomis spp. 
Small Mouth Bass Micropterus dolomieui 
Rock Bass  Ambloplites rupestris 
Yellow Perch  Perca flavescens 
Freshwater Drum  Aplodinotus grunniens 
Northern Pike  Esox lucius 
Bowfin  Amia calva 

 
  Source: Toneys, 2002 
 
Bullheads, catfish, and non-native carp, favor warm water, however they as well as white suckers are 
hardy fish that can tolerate a wide variety of conditions, including low oxygen and high pollutant 
concentrations.  Carp are known to degrade water quality by uprooting vegetation, consuming desirable 
plants, and re-suspending sediments during bottom feeding and spawning.  White suckers and gizzard 
shad are important food sources for larger fish.  Members of the sunfish family (including pumpkinseed, 
small mouth bass, and rock bass) are among the most common fish found in Wisconsin.  They prefer cool 
to moderately warm water of rivers, ponds, and lakes with moderate amounts of vegetation.  Northern 
pike are also found in cool to moderately warm waters, but have a preference for dense vegetation.  The 
freshwater drum is commercially fished in Green Bay.  It prefers turbid water and is seldom found in 
shallow weedy areas.  The bowfin, however, prefers clear water and abundant vegetation.  Yellow perch 
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are most often found in moderate amount of vegetation, but their range is limited by high summer 
temperatures (Becker, 1983).   
 
Other fish species known to inhabit Sturgeon Bay include the following. 
 

Common Name  Scientific Name 
 

Walleye   Stizostedion vitreum 
Bluegill   Lepomis macrochirus 
Muskellenge   Esox masquinongy 
Round Goby   Neogobius melanostomus 

 
While the electroshock fish survey did not identify round gobies, significant numbers of gobies have been 
documented in Sturgeon Bay. Gobies probably were not affected by the eleoctroshocking due to their 
proximity to the bottom and possibility of being buried within sediments and under rocks (Toneys, 2003).  
Two species of special concern, banded killifish and lake sturgeon, may also occur in the Bay (Becker, 
1983).  Since the Bay is linked to Green Bay and Lake Michigan, other great lake fish such as coho 
salmon (Oncorhynchus kisutch) and chinook salmon (Oncorhynchus tshawytscha) are also likely to be 
present and  reportedly spawn in Strawberry Creek.   
 

5.7.1.1  Yellow Perch 
 

Yellow perch were once common to Green Bay and 
Lake Michigan, and the species was valuable to both 
the sport and commercial fishing industries (Becker, 
1983).  However, yellow perch numbers have been 
declining since the late 1980’s (Horns, 2001).  The 
WDNR believes sensitive habitat for yellow perch is 
present in Sturgeon Bay.  Relevant aspects of the perch 
life history will be discussed in detail below.   

 
Yellow perch reach maturity after 2-3 years (Holtan, 
1990).  Spawning occurs shortly after ice-out (approximately during April or early May) at water 
temperatures of 45-52 oF.  Yellow perch are random spawners that do not construct nests or guard 
their eggs.  Eggs are generally deposited at night, over submergent vegetation, or gravel, sand, or 
rubble bottoms at depths of 2-9 feet (Becker, 1983).  The number of eggs produced depends on 
the age and size of the fish.  Yellow perch can produce as many as 210,000 eggs, but the average 
is 28,000 eggs.  Eggs are held together in a distinctive strand with accordion folds (Holtan, 1990).   

Yellow Perch 

 
It can take anywhere from 8 days to a month for eggs to hatch, depending on water temperature.  
For 3-5 days, the fry survive on the yolk sack.  Then they begin eating zooplankton and later 
small insects.  Perch grow rapidly in length during their first two years.  Then they grow more in 
weight than length.  As they grow, minnows and other small fish make up more of their diet 
(Holtan, 1990). 

 
Perch form schools of fish the same size and age.  Smaller fish tend to stay in shallower water 
near vegetation.  Larger fish move into open water.  Generally, perch move toward shore in 
spring to spawn, out to deeper water during summer as temperatures increase, and into very deep 
water during winter.  Yellow perch populations tend to do best in clear water with moderate 
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amounts of vegetation.  Lack of good cover for spawning habitat can reduce populations (Holtan, 
1990).   

 
The reason for the Green Bay perch population decline is not currently known.  Some causes may 
include the following or a combination of the following:  presence of exotic species (zebra 
mussels, alewife, white perch); reduction of quality/quantity of spawning and nursery habitats; 
cormorant populations; natural population dynamics; and low water levels (Horns, 2001), (Cahoe, 
2003).  

 
5.7.2  Amphibians and Reptiles 
 
Several herptile species may be located in the vicinity of the Bay.  If enough suitable wetland and 
woodland habitat occurs adjacent to the Bay, habitat may be present for American toads, green frogs, 
Eastern gray tree frogs, Northern spring peepers, or Northern Leopard frogs.  The common mudpuppy is 
an aquatic salamander common to Wisconsin lakes and rivers.  The common snapping turtle and painted 
turtle are probably located in the Bay as well.  Both turtles are found in most permanent water bodies in 
the state.  The painted turtle is able to survive in heavily urbanized areas and degraded wetlands (Casper, 
1996) (Korb, 2001).  Two snakes, common garter snake and northern water snake, may also occur nearby. 
The common garter snake can generally be found in nearly every type of habitat throughout the state.  
The Northern water snake prefers rivers, but can generally be found close to any permanent water body 
(Christoffel, et al., 2000) 
 

5.7.3  Birds 
 
It is believed that many migratory birds may use the Niagara Escarpment as a landmark during their 
spring and fall migrations (WDNR, 2003).  Nearly 100 species of birds, mostly migratory, have been 
confirmed in the greater Sturgeon Bay area (WBBA, 2003).  Most of these prefer more rural and wooded 
areas.  However, a number may be found in the project area and nearby shore.  The following birds are 
likely to use Sturgeon Bay in the management area: 
 
Birds That May Inhabit the Sturgeon Bay Area 
 
Pied-billed Grebe Ring Billed Duck Chipping Sparrow 
Canada Goose Killdeer Red-winged Blackbird 
Mallard Duck Black Tern Brown-headed Cowbird 
Blue-winged Teal Herring Gull House Finch 
Green Wing Teal Chimney Swift House Sparrow 
Wood Duck Cliff Swallow Greater Scaup 
Red Head Duck American Robin Lesser Scaup 
Canvasback American Crow European Starling 
Cedar Waxwing   
 
Large numbers of Canada geese and herring gull occur in urban area lakes as well as smaller numbers of 
mallards and black tern.  Killdeer may be found on the beaches and parking lots nearby.  Lakes with 
adjacent wetland may attract pied-billed grebes and blue-winged teal.  Many species of birds have 
adapted to living near humans.  Rock dove, cliff swallow, American crow, and brown-headed cowbird are 
frequently found near buildings, bridges, or cities.  Others such as American robin, chipping sparrow, 
house sparrow, and house finch often inhabit quieter residential areas (ODNR, 2003)(INHS, 2003).  The 
greater Sturgeon Bay ecosystem is also a resting place for a wide variety of migratory waterfowl.   
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5.7.4  Mammals 
 
The following mammals occur in Door county where appropriate wetland or woodland habitats border a 
waterbody: short-tailed shrew, meadow vole, common muskrat, raccoon, New York long-tailed weasel, 
and otter.  Although the Norway rat and house mouse do not favor aquatic environments, they are 
common to urban areas (Jackson, 1961), and may be found along the shoreline of Sturgeon Bay. 
 
5.7.5  Crustaceans and Mollusks 
 
Crustaceans are a group of aquatic organisms that include shrimp, crab, lobster, crayfish, and 
zooplankton.  Crustaceans that occur in Wisconsin include crayfish and zooplankton.  Zooplankton are 
microscopic or barely visible animals that often eat algae.  They are an important component of the lake 
food chain, because they are a primary source of food for fish (Shaw, et al., 1994).  Eight species of 
crayfish are known to occur in Wisconsin (BYU, 2003). Orconectes propinquus (threatened) and 
Orconectes virilus are two native species that inhabit lakes.  Rusty crayfish (Orconectes rusticus), an 
aggressive invasive species that is known to displace native crayfish, also inhabits many lakes and 
streams throughout the state and have been found in Sturgeon Bay (Stocker, 2003) (Gunderson, 2003).  
 
Freshwater mollusks of Wisconsin include mussels and snails.  Mussels are a food source for many 
animals, including muskrat, otters, and birds.  Fatmucket (Lampsilis siliquoidea) and giant floater 
(Pyganodon grandis) are commonly located in the mud, sand, or gravel bottoms of Wisconsin lakes.  
Spike mussels (Elliptio dilatata) also occur in lakes with mud or gravel bottoms, but their distribution in 
Wisconsin is sporadic (Cummings and Mayer, 1992).  It is not known what snail species may occur in the 
Bay.  
 
Zebra mussels (Dreissena polymorpha) have invaded Lake Michigan, Green Bay, and increasing numbers 
of inland lakes.  Zebra mussels were transported from the Caspian Sea in ship’s ballast water.  They have 
been documented in Sturgeon Bay.  Zebra mussels are able to attach to nearly any hard surface, including 
other mussels (Cummings and Mayer, 1992).   

 
6.0  WATER QUALITY 

 
6.1  Surface Water 
 
Water quality is very dynamic and varies greatly from day to day and from season to season.  Water in 
Sturgeon Bay comes from a variety of sources including ground water, surface runoff, tributaries, 
precipitation, Green Bay, and Lake Michigan.  The following explains water quality parameters collected 
as part of the 2002 aquatic plant study.  Data that is specific to Sturgeon Bay were collected during 
summer 2002 by Northern Environmental personnel and/or City of Sturgeon Bay aquatic plant harvesting 
crews.  The locations of water quality samples collected for laboratory analysis are located in Figure 2.  
Results of these water quality samples are summarized in Table 3.  The laboratory analytical reports for 
water sampling are included in Appendix C. 
 
Furthermore, the City collected various important data on water clarity, water depth, pH, alkalinity, type 
of aquatic plants harvested, etc.  A summary of their data collection efforts is included in Appendix D.    
 

 



 Page 25 
Sturgeon Bay – Resource Inventory and Aquatic Plant Management Plan July 15, 2003   
 
 
6.1.1  Temperature 
 
Water temperature profoundly affects a water body’s characteristics.  Temperature influences water 
circulation patterns, solubility of various compounds, chemical reaction rates, and species and distribution 
of aquatic plants and animals.  The temperature regimens of a water body are controlled by climatic and 
wind conditions, basin morphology, surrounding topography and vegetation, water inflows and outflows, 
and water chemistry. 
 
Surface water temperatures were collected on Sturgeon Bay throughout June, July, and August 2002.  
Surface water temperatures in June ranged from 57 degrees Fahrenheit (o F) to 80 o F with most 
temperatures in the 60 o F range.  Surface water temperatures in July ranged from 56 o F to 90 o F with 
most temperatures in the 60 o F and 70 o F ranges. Surface water temperatures in August ranged from 65 o 

F to 77 o F with most temperatures in the 70 o F range.  Temperature data indicate that bays and protected 
near-shore areas were generally warmer than open channel areas, indicating that wind mixing or a seiche 
effect may play a role in mixing the waters of Sturgeon Bay, but at the same time sheltered areas may not 
mix completely with the middle open water areas of Sturgeon Bay.  
 
Temperature measurements from outside the ship canal in Lake Michigan were consistently lower than 
measurements in Sturgeon Bay.  Green Bay water was also cooler than Sturgeon Bay water, however not 
as cool as Lake Michigan water.     This data suggests that  Sturgeon Bay may act as a “mixing” zone 
between Green Bay and the Lake Michigan basin.    
 
Most deeper water bodies in Wisconsin thermally stratify.  Temperature-induced density changes cause 
the waterbody to develop three distinct temperature zones.  During summer, these zones include the 
epilimnion (warm surface layer), metalimnion (transitional layer), and the hypolimnion (cold bottom 
layer).  Little mixing occurs between these layers while the waterbody is stratified.  Since the 
hypolimnion is not exposed at the lake surface, it does not exchange gases with the atmosphere.  In 
eutrophic lakes, decomposing organic debris in the hypolimnion can deplete oxygen, leading to an anoxic 
hypolimnion.  Anoxic water is not habitable for most desirable aquatic life and encourages dissolution of 
phosphorus from bottom sediment (Shaw, et al., 1994). 

 
In most water bodies, thermal stratification breaks down each fall as the atmosphere cools, allowing 
deeper water formerly trapped in the hypolimnion to mix with surface layers.  During winter, many water 
bodies again stratify.  Since water reaches its maximum density at 4° centigrade (a temperature slightly 
above the freezing point of water), warmer water is found at depth, while cooler, near-freezing water is 
found directly below the ice.  This inverse temperature stratification is easily disrupted, and the water 
bodies usually mix during spring.  Mixing can bring large amounts of nutrients to the surface of a lake, 
enhancing productivity.  Water bodies that stratify and undergo two periods of mixing are termed 
“dimitic.” 
 
Temperature/depth information was collected in July 2002 in the navigation channel just north of the Bay 
View bridge.  This measurement indicated that the Bay was not thermally stratified.  This observation was 
taken after a large seiche occurred, which may have mixed any stratified layers.  Observations of secchi 
disk measurements taken during this sampling event indicated that the disk was had drifted at least 15 
degrees from perpendicular away from the boat.  This observation suggests that there was an appreciable 
current in the Bay moving from Lake Michigan to Green Bay (northwest).  Conversations with City 
aquatic plant harvesting staff indicates that there is indeed a considerable seiche effect at times and Bay 
currents are affected by the wind. 
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Even though thermal stratification normally occurs in deeper water, relatively shallow areas protected 
from the wind and current and/or fed by large amounts of ground water can stratify during hot weather 
under some instances.  For example, shallow protected bays could conceptually stratify if the wind is 
minimal for several days. Given the higher surface water temperatures collected in shallow areas and the 
fact that significant amounts of ground water discharge contributes to Sturgeon Bay, it is likely that some 
or all of the Bay can stratify in some instances.       

 
6.1.2  Oxygen 

 
Oxygen solubility varies with temperature, water purity, and atmospheric pressure.  More oxygen can 
dissolve into pure cold water at low elevations.  Increasing water temperature, salinity, and elevation 
decrease oxygen saturation potential.  Dissolved oxygen is also affected by biological productivity.  
Aquatic plants produce oxygen, but plant and animal decomposition and respiration use oxygen.  When 
respiration and decomposition use more oxygen than can be replenished by exchange with the atmosphere 
and plant oxygen production, oxygen levels decrease.  Oxygen can be exhausted in some cases, especially 
when water cannot freely mix and exchange gases with the atmosphere.  Fish kills can occur during 
winter because ice does not allow air to water oxygen transfer while ice and snow limit light penetration, 
hindering photosynthetic oxygen production.  Although less common, excessive aquatic plant growth and 
subsequent decomposition of dead organic matter can also cause excessively low dissolved oxygen 
concentrations.  This can cause fish mortality in species inhabiting the cold water portions of a lake.  In 
some lakes, abundant aquatic plant growth can cause dissolved oxygen concentrations to rise above 
saturation values.  Supersaturated oxygen concentrations can also be detrimental to aquatic organisms. 

 
Summer stratified dissolved oxygen levels vary greatly throughout a 24-hour period.  Higher DO 
concentrations will be found in the afternoon because of a peak in photosynthetic activity by aquatic 
plants.  The lowest DO concentrations will be found in the hours just before daylight due to respiration by 
these plants. 

 
Water should contain at least 5 milligrams per liter (mg/l) oxygen to support a healthy warm-water 
fishery.  To support trout, at least 7 mg/l oxygen should be present.  Even though fish can tolerate lower 
oxygen concentrations for variable periods, low oxygen levels stress the fish, and often promote the 
success of less desirable species, such as carp and bullheads. 

 
Dissolved oxygen (DO) levels measured during July 2002 indicate that the surficial waters of Sturgeon 
Bay become supersaturated with oxygen at the surface.  Oxygen super-saturation normally results from 
prolific growth of aquatic plants, wind, or rapidly increasing water temperature thus decreasing the 
oxygen saturation potential.  It is probable that excessive macrophyte growth is contributing to oxygen 
super-saturation on Sturgeon Bay.  This phenomenon is accompanied by depressed oxygen at night (very 
early morning hours being the worst).  It does not appear the supersaturation of oxygen or depressed 
oxygen levels at night are harmin fish in Sturgeon Bay.  Adequate oxygen is present to support the 
fishery.   
 
 
Oxygen profiles measured during July 2002 suggest that the deepest portions of Sturgeon Bay contains 
sufficient oxygen to support fish life.  As mentioned above, sheltered areas of Sturgeon Bay have the 
potential to thermally stratify.  Therefore, anoxic conditions could occur, however these areas would soon 
become mixed from water movement through the Sturgeon Bay ship canal.  In conclusion, anoxic 
conditions do not appear to be harming the fishery in Sturgeon Bay. 
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6.1.3  Nutrients 

 
Nitrogen and phosphorus are macronutrients essential to plant growth.  While plants require many 
compounds to live, most are readily available in sufficient quantities to allow growth.  Nitrogen and 
phosphorus are typically not as available, and the concentrations of one or the other usually limit aquatic 
plant growth.  Consequently, knowing the concentration of these compounds in water can help us identify 
current and potential aquatic plant growth limitation factors. 

 
6.1.3.1 Phosphorus 
 
Phosphorus is the key nutrient controlling 
aquatic plant growth in 80 percent of 
Wisconsin lakes (Shaw, et al., 1994).  Lake 
water phosphorus concentrations are usually 
measured as soluble reactive phosphorus and 
total phosphorus.  Soluble reactive 
phosphorous is readily available to plants.  
Consequently, its concentration can vary 
widely over short periods.  A potentially better 
measure of lake water phosphorus level is total 
phosphorus, which measures dissolved 
phosphorus as well as phosphorus in plants and 
animal fragments suspended in lake water. 

 
Phosphorus is very reactive in the environment, 
being absorbed by plants and attaching itself 
tightly to sediments.  Consequently, sediments 
carried by surface water are typically the 
largest external source of phosphorus to lakes.  
Phosphorus does not readily dissolve in lake 
water, forming insoluble precipitate with iron, 
calcium, and aluminum.  Consequently, most 
fully oxygenated waters with abundant calcium 
or iron ions have a net flux of phosphorus to 
the lake bottom.            Source: UW Extension, Understanding Lake Data 
  
Rooted aquatic plants still can obtain phosphorus from sediments, therefore, hard water lakes may 
have clear water, but still be weedy.  However, if water lacks oxygen, iron precipitates become 
unstable and release phosphorus to the overlying water.  The hypolimnia in eutrophic lakes are 
often devoid of oxygen during summer, increasing the concentration of dissolved phosphorus 
available to plant growth. 
 
Waters with total phosphorous levels below 20 micrograms per liter (ug/l) will generally not have 
nuisance algae blooms (Shaw, et al., 1994).  It should be noted that phosphorus levels are 
discussed in here in ug/l while other water quality parameters are expressed milligrams per liter 
(mg/l).  There are 1,000 micrograms in a milligram.   
 
The median total phosphorous concentration measured in 242 northeastern Wisconsin lakes is 16 
ug/l (Lillie and Mason, 1983).  According to EPA Great Lakes monitoring data from the nearest 
monitoring point, 1990 to 1999 total phosphorus levels in Lake Michigan average between 10 and 
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20 ug/l.   Phosphorus concentrations were determined from surface water samples collected in 
selected areas across Sturgeon Bay.  One sample was also collected near the Sturgeon Bay 
channel bottom (25 feet).         
 
Total phosphorus levels ranged from 17 ug/l to 86 ug/l with most results in the 20 to 50 ug/l range 
(Table 3).  The higher than average phosphorus concentrations found in Sturgeon Bay may be 
attributed to any one or a combination of the following: 
 

▲ External sources of phosphorus (see storm water discussion later) 
 
▲ Internal cycling from sediments (see above discussions on stratification and 

mixing) 
 
▲ Aquatic plants dying and subsequently releasing phosphorus into the water 

column.  
 
One sample collected from Purves lagoon contained a particularly high concentration of 
phosphorus (86 ug/l). According to City aquatic plant program staff, this area was recently 
chemically treated with herbicides for aquatic plants.   This high level of phosphorus may be 
attributed to the dead aquatic plants releasing the phosphorus from their tissue into the water 
column. (See discussions later on chlorophyll a, Secchi disk measurements, and water clarity).  
 
A sample collected from the Green Bay side of Sturgeon Bay (off Sherwood Point) contained 23 
ug/l total Phosphorus.  Comparatively, a sample collected in Lake Michigan on the other side of 
Sturgeon Bay (at Coast Guard Station) contained a non-quantifiable amount of Phosphorus.  This 
suggests that Green Bay water may be more nutrient enriched than Lake Michigan waters.  
Sturgeon Bay contains higher levels of Phosphorus than both Green Bay and Lake Michigan, 
suggesting that external sources of phosphorus are present within Sturgeon Bay.  
 
6.1.3.2  Nitrogen 

 
Nitrogen is another nutrient limiting the growth of aquatic plants, usually second in importance to 
phosphorus.  Nitrogen limits the growth of plants in a few Wisconsin lakes. Nitrogen can enter a 
lake via precipitation (which can have concentrations of nitrogen as high as 0.5 mg/l), breakdown 
of organic compounds (forming ammonia), and human-induced sources of nitrogen such as 
fertilizers, sewage effluent, and animal waste.  Even though nitrogen demand in vegetated 
terrestrial soils is high during active growing periods, nitrogen can move through soil and reach 
ground water if: 
 
▲ Vegetation is not actively growing 
▲ Nitrogen supply exceeds vegetative demand 
▲ Nitrogen is injected directly to subsurface sediment (e.g., septic system drainfields) 

  
Once nitrogen “leaches” to the ground-water table, it can migrate freely with ground water 
moving towards discharge points such as surface waters, wetlands, and drinking water wells. 
 
Various forms of nitrogen can be found in soils, surface water and ground water.  Water samples 
are commonly collected and analyzed for these nitrogen forms to determine nutrient cycles, 
budgets, or limiting nutrients.  These forms of nitrogen include: 
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▲ Nitrate (NO3
-)  - leaches readily into ground water 

▲ Nitrite (NO2
-) - usually present in only trace quantities and is readily transformed 

to nitrate in oxygenated water.   
 
▲ Ammonia – Produced by bacteria during decomposition of nitrogen containing 

organic matter.  Ammonia in water is measured as the total of ammonium ion 
(NH4

+) and ammonia gas (NH3)  
 
▲ Ammonium – (NH4+) is an ionic form of ammonia in water  
 
▲ Total Kjeldal Nitrogen (TKN) – Sum of nitrogen in suspended organic matter 

and ammonium 
 
▲ Total Inorganic Nitrogen – Sum of Nitrate (NO3), Nitrite (NO2), and 

Ammonium (NH4+) 
 
▲ Total Organic Nitrogen – TKN minus Ammonium (NH4+) 
 
▲ Total Nitrogen – Sum of TKN, Nitrate (NO3), and Nitrite (NO2) 

 
Nitrogen levels were measured in Sturgeon Bay for ammonia-nitrogen, nitrate, nitrite, and TKN.   
 
According to EPA Great Lakes monitoring data from the nearest monitoring point, 1990 to 1999 
nitrite + nitrate levels in Lake Michigan average between 0.2 to 0.3 mg/l and according to the 
UW Extension, if spring inorganic nitrogen levels are below 0.3 mg/l, summer algae blooms are 
less likely (Shaw, et al., 1994).    Sturgeon Bay samples contained inorganic nitrogen ranging 
from 0 to 0.384 mg/l, most of which was ammonia and nitrate.  Most samples contained less than 
0.1 mg/l inorganic nitrogen.  The highest inorganic nitrogen samples were collected from a depth 
of 25 feet in the ship canal and at the mouth of Big Creek (Table 3).       
 
The mean total nitrogen concentration in a study of 243 northeastern Wisconsin lakes was 0.66 
mg/l  (Lillie and Mason, 1983).  A sample collected from the Green Bay side of Sturgeon Bay 
contained 1.3 mg/l total Nitrogen.  Comparatively, a sample collected in Lake Michigan on the 
other side of Sturgeon Bay contained 0.4 mg/l total Nitrogen.  This indicates that Green Bay 
waters may be more nutrient enriched than Lake Michigan waters.  Total nitrogen concentrations 
for water samples collected in Sturgeon Bay in 2002 ranged from 0.39 mg/l to 1.22 mg/l.  
Sturgeon Bay’s nitrogen levels may be indicative of a mixing effect between the waters of Green 
Bay and Lake Michigan.   
 
6.1.3.3  Nitrogen/Phosphorous Ratio 

 
When the ratio of total nitrogen to total phosphorus is greater than 15 to 1, plant and algal growth 
in a lake is controlled by the amount of phosphorus available and is considered “phosphorus-
limited.”  When the ratio is below 10 to 1, nitrogen is the limiting nutrient for plant and algae 
growth; values between 10 to 1 and 15 to 1 are considered transitional (Shaw, et al., 1994).  Most 
Wisconsin lakes are phosphorus-limited. 
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During July and August 2002, the total nitrogen to total phosphorus ratios (N:P) of Sturgeon Bay 
ranged from 5:1 to 28:1 with most ratios in the 13:1 to 17:1 range.  The water exhibiting the 5:1 
nutrient ratio was collected from a lagoon at Samuelson’s Creek.  This nitrogen-limited water 
may be contributed to an algal bloom that was apparent in this area at that time (see above 
discussion of phosphorus and below discussion of chlorophyll a).  Several samples collected in 
July and most samples collected in August 2002 indicated that Phosphorus was the limiting 
nutrient.  Therefore, adequate nitrogen was present in these areas at this time to support aquatic 
plant growth.  Additional phosphorous will fuel additional plant growth. 

 
6.1.4  Chlorophyll a 
 
Chlorophyll a concentrations correspond to the abundance of suspended algae in natural waters.  
Chlorophyll a concentrations respond to seasonal light changes, water nutrient content, transparency, 
aquatic macrophyte growth, temperature, and zooplankton abundance.  High chlorophyll a concentrations 
relate to algal blooms.  Algal blooms most often occur after spring and fall turnovers in lakes with anoxic 
hypolimnia.  Algal blooms can also occur when other events liberate nutrients into the surface water 
system or otherwise upset nutrient equilibrium.  Examples of events that could cause an algal bloom are: 
 

▲ Severe thunderstorms washing nutrient-laden water or sediment into a lake 
▲ Mid-season circulation of the hypolimnion caused by storms, flood flows, etc. 
▲ Decrease in zooplankton abundance 
▲ Anoxic water conditions destabilizing phosphorus bound in bottom sediments 
▲ Significant manipulation of the macrophyte community 

 
If macrophytes are destroyed, the demand for limiting nutrients is decreased, and nutrients are returned to 
the water from decomposing aquatic plants.  This chain of events can cause algal blooms. 
 
During summer 2002, chlorophyll a concentrations ranged from 0.84 to 83 ug/l with most results in the 5 
to 10 ug/l range (Table 3).  Northeastern Wisconsin lakes median chlorophyll a concentration is 6.7 µg/l.  
Values of 10 ug/l or higher are associated with algae blooms.  Chlorophyll a readings less than 5 ug/l 
indicate very good water quality, while values less than 1 µg/l are indicative of excellent water quality 
(Lillie and Mason, 1983).    
 
Chlorophyll a concentrations on Sturgeon Bay are generally within the range indicating normal to good 
water quality.  One sample however indicated an algal bloom.  The highest chlorophyll a concentration 
(83 ug/l) was from a sample collected in Purves lagoon.  According to City aquatic plant program staff, 
this area was recently chemically treated with herbicides for aquatic plants.  This likely resulted in the 
release of Phosphorus from the dead plant material into the water column, which caused increased algae 
growth.  The high chlorophyll a, somewhat higher level of phosphorus, and reduced water clarity support 
this determination (see also sections discussing phosphorus and water clarity). 
 
A sample collected from the Green Bay side of Sturgeon Bay contained 6.1 ug/l chlorophyll a.  
Comparatively, a sample collected in Lake Michigan on the other side of Sturgeon Bay contained 0.84 
ug/l chlorophyll a.  This indicates that Green Bay water is potentially more nutrient enriched and 
supportive of algae than Lake Michigan waters (see also discussions about phosphorus and water clarity 
or transparancy).  
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6.1.5  Alkalinity and pH 
 
Surface water alkalinity is largely attributable to bicarbonate and carbonate that are typically released 
from dissolution of calcite and dolomite.  Dissolution of calcite and dolomite also releases calcium and 
magnesium, producing hard water.  Median alkalinity concentration in 243 northeastern Wisconsin lakes 
is 22 mg/l.  Alkalinity buffers the effects of acidic rainfall by neutralizing low pH. 
 
In hard waters where limestone is dissolved in the water, marl (calcium carbonate) forms a precipitate and 
falls to the bottom sediments (Shaw, et al., 1994).  Lakes with abundant plant growth and high alkalinity 
water often have marl deposits.  Marl is composed primarily of calcium carbonate but also includes 
phosphorus.  Plant growth fosters marl formation by removing carbon dioxide from the water, increasing 
pH.  Marl in often visible on the leaves of certain aquatic macrophytes. 
 
The summer 2002 water samples collected from Sturgeon Bay had alkalinity values ranging from 80 mg/l 
to 240 mg/l with most results in the 100 to 200 mg/l range.  The high alkalinity means that the water 
likely has equivalently high hardness values.  The high alkalinity of Sturgeon Bay protects it from acid 
rain.  Sturgeon Bay’s high alkalinity and abundant macrophyte growth encourages marl formation.  Marl 
formation is likely a sink for phosphorous dissolved in the water.  The high alkalinity of Sturgeon Bay is 
most likely a direct result of ground-water discharge to the Sturgeon Bay from dolomite bedrock aquifers 
underlying Door County. 
 
pH is an exponential index of hydrogen ion concentration used to measure acidity.  pH is represented on a 
logarithmic scale from 1 to 14, 7 being neutral.  Readings above 7 have less hydrogen ions and are basic 
(alkaline); readings below 7 have more hydrogen ions and are considered acidic.  The Sturgeon Bay water 
pH readings ranged from 6.5 to 9 with most results between 8 and 9.  These data are reasonable given the 
high alkalinity of the water and abundant aquatic plant growth.  The median pH of 243 northeastern 
Wisconsin lakes is 7.1.  Lower pH measured may result from abundant rainfall.  Rainfall in southeastern 
Wisconsin is acidic, having a pH of about 4.4. 

 
6.1.6  Transparency 
 
Transparency is a function of water color and turbidity 
and is usually measured with a secchi disk.  A secchi disk 
is an 8-inch circular plate with alternating black and 
white quadrants fixed to a length of graduated cord.  
During the middle of the day, the disk is lowered on the 
shaded side of the boat until an observer can no longer 
see the secchi disk.  The depth is noted, the disk is then 
raised until it just again is visible, and the depth again is 
noted.  The two measurements are averaged to give a 
reading.  The deeper the secchi disk reading, the clearer 
the water.  High concentrations of algae or suspended sediment usually account for shallow secchi disk 
readings.  In some instances, colored water can also account for low secchi readings. 

Source:  UW Extension, Understanding Lake Data 

The summer 2002 secchi disk readings were variable across Sturgeon Bay.  Secchi disk readings ranged 
from 1.5 feet to over 16 feet with most results in the 5 to 10 foot range.  Water clarity of 10 feet or greater 
is considered “good” while 7 feet or less would be considered “fair or poor” (Shaw, et al., 1994).  
Sturgeon Bay is generally more transparent than the median of 8.8 feet for northeastern Wisconsin lakes.   
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As previously mentioned in the aquatic plant discussion, the photic zone is the depth at which light can 
penetrate to the bottom of the water column.  This area is the limit of rooted aquatic plant (macrophyte) 
growth.  Good water clarity (indicated by greater secchi depth readings) results in an increased photic 
zone.  That is, rooted aquatic macrophytes can colonize deeper water areas.   
 
The results of Secchi depth readings on Sturgeon Bay indicate that water clarity varies from good to poor.  
Secchi depth measurements are summarized on Table 3.  Certainly, many factors contribute to these water 
clarity measurements.  Generally, the benefits of water clarity information derived from secchi disk 
readings may be observed in the long-term.  Weekly secchi depth readings collected over a number of 
years during open water periods provide an excellent, low-cost method to evaluate changes in water 
clarity that may relate to other biological and/or chemical changes in Sturgeon Bay’s conditions.  Long-
term lower average secchi disk readings may be an indicator of increased nutrient loading, increased algal 
productivity, increased runoff or erosion, reduction in zebra mussels, etc.  Increased secchi disk depths 
may be an indicator of reduced nutrient loading, decreased erosion, or an increase in zebra mussel activity 
and other factors.  Long-term secchi monitoring trends can be an important tool in determining changes in 
Sturgeon Bay and developing management strategies.   

   
6.1.7  Chloride 
 
Under natural conditions, chloride concentrations in natural surface water in Wisconsin should be quite 
low.  For example, in sparsely populated northern Wisconsin, median lake water chloride concentrations 
are between 1 and 2 mg/l.  The presence of high chloride levels usually is accountable to human 
pollutants like road salt, fertilizers (potash), septic system effluent, and animal wastes.  Septic effluent 
commonly contains 50 to 100 mg/l chloride (Shaw, et al., 1994).  The Door County peninsula is home to 
agriculture and large numbers of summer residents.  Additionally, bedrock aquifers in some portions of 
eastern Wisconsin have brackish water.  Therefore, this area’s surface waters may contain more chlorides 
than other parts of the state.   
 
Mean chloride concentration of northeastern Wisconsin lakes is 2 mg/l (Lillie and Mason, 1983).  
According to EPA Great Lakes monitoring data, 1990 to 1999 chloride levels in Lake Michigan average 
between 5 to 10 mg/l.  Chloride concentrations in water from Sturgeon Bay ranged from 11 to 33 mg/l 
chloride with most concentrations between 11 and 15 mg/l (Table 3).  These concentrations are higher 
than typical for northeastern Wisconsin lakes and Lake Michigan suggesting human pollutant sources. 

 
The water sample collected from the mouth of Big Creek contained elevated chloride levels (24 mg/l on 
July 19, 2002 and 33 mg/l on August 7, 2002).  This creek drains a rural watershed.  Potential sources of 
the elevated chloride include rural residential septic systems, agricultural/orchard fertilizers, and/or 
animal waste.  Higher chloride levels in Sturgeon Bay suggest that elevated concentrations of other man-
induced chemicals may also be entering surface water (Shaw, et. al., 1994).  The full effects of chloride 
on aquatic plant growth or the fishery are not known, however current chloride levels do not appear to be 
harmful to aquatic plants or fish in Sturgeon Bay.  Since natural waters vary in natural chloride content, it 
is important to have an adequate level of background data or a long-term database to document changes.   
 
6.1.8  Trophic Status 
 
Total phosphorus, chlorophyll a, and secchi disk depths are collectively used to classify the trophic state 
of a surface water body, typically lakes.  A trophic state is an indicator of water quality.  Reviewing the 
July and August 2002 data for Sturgeon Bay - total phosphorus concentrations of 0.03 to 0.05 mg/l, 
chlorophyll a concentrations of 5 to 10 µg/l, and secchi depths of 5 to 10 feet classify the water body as 
mesotrophic (Shaw et al., 1994).  Mesotrophic waters typically have moderately clear water, can develop 
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anoxic hypolinia during the summer, may have excessive aquatic macrophytes, and will normally only 
support warm-water fisheries.  According to the EPA’s Great Lakes monitoring data, the trophic status of 
Lake Michigan is oligotrophic.  Therefore, looking at water quality parameters collectively, the water 
quality of Sturgeon Bay is poorer than that of Lake Michigan.    
 
Reviewing the trophic state parameters individually, total phosphorus concentration is the most eutrophic 
parameter.  Sturgeon Bay generally has higher water transparency than would be expected given the total 
phosphorus levels measured.  This may partially be attributed to the zebra mussels, which feed on 
phytoplankton causing increased water clarity.  Water clarity and chlorophyll a concentrations indicate 
mesotrophic conditions.  In other words, the total phosphorus values may skew the results suggesting 
worse than actual water quality.    

      Source: UW Extension, Understanding Lake Data 
 
The fact that total phosphorus indicates poorer water quality than secchi transparency and chlorophyll a 
may also partially be explained by the fact that numerous secchi depth readings were collected at 
locations across Sturgeon Bay throughout a large geographic range and over the course of the entire 
summer, therefore many variables resulted in a wide range of secchi readings.  Comparatively, relatively 
few water samples were submitted for Phosphorus analysis.  These samples were collected at pre-
determined locations for phosphorus analysis due to their potential for being Phosphorus source areas (i.e. 
at the mouths of creeks and in relatively shallow sheltered areas.  Based upon the general water quality 
parameters collectively, Sturgeon Bay would fit the mesotrophic water quality category.   
 
An exception to the mesotrophic trophic status determination was apparent at the lagoon at Samuelson’s 
Creek.  The sample collected after herbicide treatment of aquatic macrophytes in the lagoon at 
Samuelson’s Creek contained 0.086 mg/l P, 83 ug/l chlorophyll a, and had a secchi depth reading of 3.5 
feet.  These measurements indicate that this area was eutrophic.  Eutrophic waters typically have poor 
water quality exhibiting lower secchi disk depths, higher chlorophyll a results, and higher total 
phosphorus concentrations.  It is probable that at times areas of Sturgeon Bay exhibit eutrophic conditions 
due to dying off of excessive aquatic macrophytes and a subsequent release of phosphorus.  
 
6.2 Storm water Runoff 
 
As described earlier, nutrients are essential to aquatic plant growth.  The amount of nutrients entering an 
aquatic ecosystem can have profound effects on water quality and the amounts and types of aquatic 
vegetation.  Tributary streams, surface runoff, and/or storm sewer conveyances can deliver storm water 
carrying nutrients and sediments.  The following describes nutrients contained in storm water and 
sediments.   
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6.2.1  Nutrients 
 
Storm water samples were collected during a rain event on July 31, 2002.  Samples were collected from 
the following tributaries and analyzed for nutrients.     
 

▲ Little Creek – A small stream draining an urban landscape   
▲ Big Creek – An urban and rural drainage 
▲ Samuelson’s Creek- An urban drainage 
▲ Strawberry Creek – A rural stream 

 
Streams sampled are illustrated on Figures 1 and 2.  Samples were collected from the lowermost street 
crossing.  One sample was also collected from a PVC drain pipe located in the lagoon near Samuelson’s 
Creek.  Storm water from Big Creek contained the highest reported nitrogen (NO3 + NO2) results at 4.6 
mg/l.  Storm water from Little Creek contained the highest reported total phosphorus concentrations at 
110 ug/l.  Both of these streams drain urban watersheds.  This limited storm water sampling illustrates 
that the urban streams within Sturgeon Bay potentially contribute more nutrients to Sturgeon Bay than do 
rural tributaries.  Phosphorus appears to be the plant growth-limiting nutrient in Sturgeon Bay.  Little 
Creek contained the most phosphorus in collected storm water samples.  The storm water sample results 
are summarized on Table 4.  A copy of the laboratory analytical reports for storm water samples is 
included in Appendix C. 
 
The drain pipe in Purves lagoon sampled contained 1.1 mg/l of nitrogen and 22 ug/l total phosphorus.  
The source of this pipe is unknown but could be basement foundation / sump pump drains.  The source of 
the pipe should be located.  The WDNR does not allow non-storm water discharges to waters of the State 
without a permit.  If this is indeed a basement drain, then it may be a permitted discharge, however if it is 
wash water or wastewater, then it is an illegal discharge and must be connected to the City sanitary sewer 
system.   
 
6.2.2  Sediments 
 
Sediments carried by surface water are typically the largest external source of phosphorus in lakes (see 
Subsection 6.1.3.1 for additional information).  Besides delivering excess nutrients, sediments also 
decrease water clarity and deposit themselves over natural lake bottom sediments.  As discussed earlier, 
phosphorus appears to be the aquatic plant growth limiting nutrient in Sturgeon Bay.  Phosphorus has a 
high affinity for soil particles and is contributed to an aquatic ecosystem primarily through sediment-
laden storm water runoff.   
 
Soft sediment accumulation on the bottom offers suitable habitat for rooted aquatic plants.  Excessive 
nutrient levels in these sediments can support prolific aquatic plant growth.  Furthermore, the  oxygen 
levels, pH, and alkalinity water quality data collected suggest that dissolved phosphorus in the water is 
likely precipitated out of the water column into the sediments.   
 
Sediments contained an average of 348 milligrams per kilogram (mg/kg) phosphorus.  Nutrient and 
mineral analysis of sediments suggests that ample phosphorus is available in the sediments to promote 
rooted aquatic plant growth.  Sediment sample locations are illustrated in Figure 2.  The results of 
sediment sampling are included in Table 5.  Laboratory analytical reports for sediment sampling are 
included in Appendix E.  
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6.2.3  Storm Sewers 
 
The City of Sturgeon Bay drains urban areas through man–made storm sewer conveyances.  A formal 
survey of the storm sewer system was completed.  These storm sewers drain into tributary streams of 
Sturgeon Bay and the Bay itself discharging sediment and nutrients to Sturgeon Bay as described above.  
A map of the storm sewer outfalls is included as Figure 4.  Elevation data collected during the storm 
sewer mapping was submitted to the City Engineer under separate cover.  This information will be useful 
should the City decide to install storm water detention ponds or other best management practices in the 
future.  Storm water from storm sewer conveyances was not sampled, however water quality of storm 
water from these conveyances would most likely be similar or worse than that reported for storm water 
samples from the streams described above.    
 
6.2.4 Phosphorus Load Estimation and WiLMS Model 
 
Considering the land use, water 
quality, storm water sampling, 
and sediment sampling data 
collectively, nutrients are being 
contributed to Sturgeon Bay 
from storm water runoff, through 
internal cycling, streams, and 
improved storm sewer structures.  
Since phosphorus is the limiting 
nutrient, increases in phosphorus 
loading will likely result in 
increases in aquatic plant growth.  
A comprehensive phosphorus 
budget was outside the scope of this project and would be extremely complex.  The figure to the right  

Source:  NALMS, Managing Lakes and Reservoirs 

illustrates the components of a phosphorus budget.    
 
Increased sediments carried into a body of water due to high runoff levels will also increase the nutrients 
brought into that body of water.  The management area within Sturgeon Bay is not well buffered from 
potential contribution of nutrients and sediments; some of the streams discharging into Sturgeon Bay do 
carry sufficient nutrient loads.  The stream water-quality monitoring data suggests some impact from the 
uplands.  External loads of phosphorus are therefore, a source of phosphorus in addition to the nutrient 
cycling that occurs within a water body (See also Sections 6.1.1 through 6.1.3).  A computer model (the 
WiLMS model) was used to estimate phosphorus loading to the management area of Sturgeon Bay based 
on existing land uses   
 
The entire Sturgeon Bay watershed was not used in the model.  An imaginary boundary was chosen for 
the Sturgeon Bay Aquatic Plant management area (Figure1) and a corresponding watershed was 
delineated on a USGS topographic map.   The Sturgeon Bay management area sub-watershed is 
approximately 21,500 acres in size (including the water surface) and is illustrated on Figure 3.  
Development within the watershed is diverse and incorporates a variety of land uses.  Based on 
information from the Wisconsin Department of Natural Resources WISCLAND Data CD, the watershed 
has the following land uses (May, 1993): 
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▲ Residential      1,690 acres (7.9 %) 
▲ Commercial and Services    654 acres (3.0 %) 
▲ Industrial      167 acres (0.8 %) 
▲ Transportation, Communications and Utilities  269 acres (1.3 %) 
▲ Other Built-Up Land     199 acres (0.9 %) 
▲ Cropland and Pasture     11,947 acres (55.8 %) 
▲ Orchards, Groves, Vineyards and Nurseries  974 acres (4.5 %) 
▲ Deciduous Forest Land     203 acres (0.9 %) 
▲ Evergreen Forest Land     282 acres (1.3 %) 
▲ Mixed Forest Land     1,586 acres (7.4 %) 
▲ Streams and Canals     1,045 acres (4.9 %) 
▲ Forested Wetlands     2,028 acres (9.5 %) 
▲ Strip Mines, Quarries and Gravel Pits   215 acres (1.0 %) 
▲ Transitional Areas     157 acres (0.7 %) 

 
Phosphorus is typically an important nutrient to a lake’s biological dynamics (see also section 6.3.1).  
Phosphorus can be contributed to a lake ecosystem through storm water runoff.  Existing land uses 
within the watershed were modeled to allow current phosphorus loading to be estimated.  Several land 
use categories were also determined based on Wisconsin Department of Natural Resources 
WISCLAND Data CD.  These land use categories were assigned a general land use that could be used 
in the WiLMS model to evaluate phosphorus loading.  The data categories and corresponding model 
land uses follow: 
 

WISCLAND Data CD     WiLMS Model Land Use 
 

Residential      High Density Urban 
Commercial and Services    High Density Urban 
Industrial      High Density Urban 
Transportation, Communications and Utilities  High Density Urban 
Other Built-Up Land     Middle Density Urban  
Cropland and Pasture     Mixed Agricultural 
Orchards, Groves, Vineyards and Nurseries  Mixed Agricultural 
Deciduous Forest Land     Forest 
Evergreen Forest Land     Forest 
Mixed Forest Land     Forest 
Streams and Canals     Lake Surface 
Forested Wetlands     Wetlands 
Strip Mines, Quarries and Gravel Pits   Quarries 
 

Land uses are illustrated in the following figure. 
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In addition to Sturgeon Bay management area water surface, the above land use categories were analyzed 
for current phosphorus loading.  One point source contribution, the Sturgeon Bay Municipal Wastewater 
Treatment Plant, was also entered into the model using recent effluent records.  Records were analyzed 
for effluent flow rate and phosphorus based on an average yearly flow rate of 523.7 million gallons per 
year and an average yearly discharge of 0.4 mg/L of Total phosphorus.  Flow rate and phosphorus levels 
were based on Wastewater Discharge Monitoring Reports from May 2001 to June 2002. 
 
Model results indicate that approximately 15,600 pounds of phosphorus are contributed from the 
Sturgeon Bay management area sub-watershed.  Mixed agricultural is the largest land use in the sub-
watershed (12,922 acres) and contributes approximately 59.1 percent (9,226 pounds) of phosphorus 
entering the management area.  High density urban land use encompasses 2,781 acres and contributes 
23.8 percent (2,480 pounds) of the phosphorus loading to the management area.  The Sturgeon Bay 
Municipal Wastewater Treatment Plant in an average year is contributing 12.4 percent (1930.4 lbs.) of the 
phosphorus load to the management area.   
 
The remaining land use categories collectively contributed less than 4.7 percent of phosphorus entering 
the Management Area.  Model results are included in Appendix F. 

 



 Page 38 
Sturgeon Bay – Resource Inventory and Aquatic Plant Management Plan July 15, 2003   
 
 
Of course, Sturgeon Bay has a “flow through” effect, receiving water from Green Bay and Lake Michigan 
depending on wind and current conditions.  Therefore nutrients are also contributed from these sources. 
 

7.0  AQUATIC PLANT MANAGEMENT 
 
7.1  Existing Aquatic Plant Management Program 
 
7.1.1 History 
 
In the early 1980’s, Sturgeon Bay began to 
experience aquatic plant problems.  In 1985 
a group of private citizens contracted with 
an aquatic plant harvesting company to cut 
and remove plants from specific locations 
in the bay.  This practice continued until 
1989.  No harvesting was completed in 
1990 and dense stands of aquatic plants 
inhibited navigation.  The City then 
contracted with a plant harvesting 
company.  This company completed the 
harvesting for 1991 and 1992.  In 1993 the 
city bought its first harvester and shore conveyor.  As aquatic plant growth became more of a problem, 
additional costs and personnel were added to the program.  Two more harvesters were purchased and the 
tonnage of plants harvested have increased.  The following graph illustrates the harvested amounts of 
aquatic plants since 1992.  Data from 1997 and 1999 were unavailable.  Current aquatic plant 
management in Sturgeon Bay is a combination of harvesting and chemical treatment.  

HARVESTED AQUATIC PLANTS - 1991 TO 2002

0

1,000

2,000

3,000

4,000

5,000

6,000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

YEAR

TO
N

S

 
In 2002, the Wisconsin Department of Natural Resources established a new permitting process for the 
harvesting of aquatic plants (NR 109).  The primary goals of the program are to protect fish spawning 
areas, reduce lake bottom disturbance, reduce shoreline erosion and protect endangered species.  The new 
permit for Sturgeon Bay has reduced the acreage, locations and depths of the city’s mechanical harvesting 
program.  Also, the new rule does not affect individuals from harvesting aquatic plants by hand in a 30 
foot or less zone by their pier, dock, or swimming raft.  Any removal greater than 30 feet requires a 
permit.     
 
7.1.2  Harvesting Operations 
 
City crews operate three aquatic plant harvesters.  Harvested plants are transferred from the harvesters to 
either a transport barge or directly to a shore conveyor for unloading.  The transport barge can also 
connect directly to the shore conveyor.  The shore conveyor loads aquatic plants into trucks for disposal.  
Trucks then haul the harvested plant material to the disposal site. The City will also transport full loads of 
fresh harvested aquatic plant material to nearby locations at no charge (see following discussion on value 
of harvested plant material) provided a holds harmless agreement is signed.  Harvesting occurs within 
open water areas where boat navigation and mooring is impeded by excessive plant growth.  The 
approved aquatic plant management areas are illustrated in Figure 9.   
 
The aquatic plant harvesting is now subject to the WDNR requirements of Chapter NR 109, Wisconsin 
Administrative Code.  NR 109 was passed as an emergency rule in 2002 and is effective as a final rule for 
any APM in 2003. Essentially, the code requires that an APM Plan be developed by the applicant and 
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approved by the WDNR before an APM permit for any management activities is issued.  See also 
discussion in subsection 8.2.1.1 about the proposed APM Permit.    

 
7.1.3  Nutrient Removal from Harvesting  
 
The City is removing nutrients from the Bay’s 
management area through aquatic plant 
removal by harvesting.  A detailed nutrient 
budget is outside the scope of this project and 
inputs of phosphorus on a complex aquatic 
ecosystem like Sturgeon Bay would be difficult 
to quantify.  However, the amounts of nutrients 
removed through harvesting can be quantified 
from the amounts of aquatic plants removed.   
 
In 2002, approximately 1,900 tons of aquatic 
plants were removed from the Bay through 
harvesting.  This plant material was sampled 
and contained 92 percent water and 251 ppm of 
phosphorus.  Approximately 1,000 pounds of phosphorus were removed from the Bay through harvesting 
in 2002.   
 
7.1.4  Disposal Operations 
 
Harvested plants are currently composted at a disposal site.  The harvested plant material is dumped into 
piles and allowed to dry and decompose at the composting site.  Fresh plant material can contain long 
stems and is mostly water weight.  A sample was collected from freshly harvested aquatic plant material 
(primarily elodea) on July 19, 2002 for laboratory analysis of solids and nutrients.  Results demonstrate 
that the freshly harvested material contains approximately 92 percent water.  This finding indicates that 
the material would make excellent mulch capable of maintaining moisture in soil.  Aquatic plants also 
have the potential to uptake significant amounts of nutrients and minerals.  Sample results indicate that 
large amounts of nitrogen, phosphorus and potassium (macronutrients essential for plant growth) are 
present in the harvested plant tissue.  Therefore, this freshly harvested material also has a nutrient value 
making the material desirable for gardens, orchards, etc.  Composted plant material that had decomposed 
for a year was also sampled.   Sample results indicate that the composted plant material also contains 
large amounts of nitrogen and phosphorus indicating that harvested plants would make a good slow-
release fertilizer and long-term soil conditioner.  Nutrient and mineral composition of aquatic plant 
material is summarized in Table 6.  Laboratory analytical reports for plant sampling are included in 
Appendix E.   
 
While some area residents know the benefits of this material, much of it is un-used.  The material is made 
available to area residents free of charge if they wish to load it from the composting site.  Furthermore, 
the City will transport full truck loads to nearby locations at no cost.   
 
7.1.5  Chemical Treatments 
 
The current APM program also uses a contract chemical APM applicator to manage nuisance levels of 
aquatic plants in areas where the harvester cannot operate.  Docking areas and marinas are examples.  The 
application of chemicals for APM has historically been regulated under Chapter NR 107, Wisconsin 
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Administrative Code “Aquatic Plant Management”.  The application of herbicides varies from year to 
year based on the number of marina or riparian owners that sign up for treatment.  Only chemicals 
registered with the EPA’s pesticide program and approved by WDNR for aquatic use are used in Sturgeon 
Bay.       
 
7.2  Dane County, Wisconsin Aquatic Plant Management 
 
A newspaper article reported about the APM Program in Dane County managed by the Dane County 
Parks and Recreation Department.  Realizing the Dane County program’s similarities in aquatic plant 
problems and existing management practices, the City and Northern Environmental arranged for a field 
trip to Madison to discuss the operation with the Dane County staff.  The City and Northern 
Environmental traveled to Dane County in February 2003 to review the Dane County Parks and 
Recreation Department’s approach to aquatic plant harvesting.  Dane County provides navigation and 
nuisance relief for several high use lakes in the Madison area.  Ideas were shared on equipment selection 
and maintenance.  Dane County manufactures much of their own conveyors and harvesting equipment on 
barges. 
 
Perhaps of most interest was their aquatic plant disposal operation.  Dane County staff transport freshly 
harvested aquatic plants to nearby agricultural fields.  There is a local demand for a large amount of the 
harvested material.  Harvested plant material that is not applied to fields is composted in the same manner 
that is completed at Sturgeon Bay’s disposal site (See section 7.1.3).  Dane County also makes the 
material available to county residents free of charge.  Dane County, however, does charge residents for 
yard waste and brush that has been screened or ground.  Dane County is considering a similar program to 
charge a fee for “processing” harvesting aquatic plant material.  This may be of interest to the City’s 
program if there were a demand for harvested aquatic plant material.   
 
7.3  Other Aquatic Plant Management Strategies 
 
The updating of the APM program included an evaluation of alternative APM strategies.  Existing 
management techniques and current available research were reviewed in detail.  A comprehensive 
comparision of APM techniques and methods was completed.  Detailed description of each of these 
potential management methods, describing the technology, benefits, drawbacks, and costs is included in 
Appendix G.  Based on these comparisons and the specific aquatic plant problems on Sturgeon Bay, the 
following potential management strategies were considered.     
 
7.3.1 Chemical Treatment  
 
Chemical herbicides for aquatic plants can be divided into two categories, systemic and contact 
herbicides.  Systemic herbicides are absorbed by the plant, translocated throughout the plant, and are 
capable of killing the entire plant, including the roots and shoots.  Contact herbicides kill the plant surface 
in which it comes in contact, leaving roots capable of re-growth.  Systemic herbicides are not appropriate 
for use in Sturgeon Bay due to the effects of wind and current mixing water and diluting the applied 
chemical to ineffective concentrations.      
 
Contact herbicides may provide seasonal relief of an aquatic plant nuisance problem, however the 
application of chemicals for aquatic plant control in Sturgeon Bay has several drawbacks.  The 
widespread use of contact herbicides on Sturgeon Bay may not be feasible for the following reasons. 
 

▲ Widespread nuisance aquatic plant growth over numerous acres and in high use areas 
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▲ Recreational water use restrictions may apply after application, therefore swimming, 

boating, and fishing restrictions would need to be placed on Sturgeon Bay during and 
after chemical treatment.  Therefore, it would not be feasible to restrict the use of the 
entire management area, however smaller areas of restriction would be acceptable.   
 

▲ Chemical treatment of a large scale can be cost prohibitive (Appendix G) 
 

▲ Different types of aquatic plants growing at different times of the year. 
 

▲ Not one herbicide or one treatment would control, all of the nuisance plant growth 
throughout the summer.  Multiple chemical treatments would be required to address 
multiple species problems at different times of the year.  For example, one may need to 
chemically treat curly leaf pondweed early in the year and provide a follow up treatment 
for Eurasian watermilfoil or elodea later in the summer.     

 
7.3.2 Biological Controls 
 
Biologic controls include herbivorous fish, herbivorous insects, and native plantings.  Herbivorous fish 
are not feasible in Sturgeon Bay because they cannot be contained within the treatment area.  The native 
milfoil weevil has shown the most promise of herbivorous insects (Appendix G).  Weevils currently cost 
approximately $1.00 each and it may be appropriate to use 5 to 7 weevils per stem.  Dense stands of 
milfoil may contain 1 to 2 million stems per acre.  Therefore, costs of this new technology are currently 
prohibitive.  Furthermore, the milfoil weevil would have no effect on other nuisance aquatic plants such 
as curly leaf pondweed. 
 
Native plantings involve removing the nuisance plant species through chemical or physical means and re-
introducing seeds, cuttings, or whole plants of desirable species.  Considering how opportunistic the 
Eurasian watermilfoil and curly leaf pondweed are, and how widespread they are across Sturgeon Bay, it 
is unlikely that native plantings could out-compete these nuisance plants  (Appendix G).  Furthermore, the 
greater depths at which the nuisance aquatic plants are actively growing would require that plantings be 
done with SCUBA divers, a costly and labor-intensive endeavor.   
 
7.3.3 Harvesting 
 
Harvesting is suited for large open areas with dense stands of exotic or nuisance plant species (Appendix 
G).  The harvester can be moved to where it is needed, when it is needed, and used to target problem areas 
and problem plant species.  This technique is suitable for Sturgeon Bay since there is a large management 
area to cover.  Costs are variable depending on program scale.  The City has, however, already made 
equipment investments for previous APM techniques, increasing the cost effectiveness of this technique 
for use on Sturgeon Bay.   
 

 



 Page 42 
Sturgeon Bay – Resource Inventory and Aquatic Plant Management Plan July 15, 2003   
 
 

8.0  CONCLUSIONS AND RECOMMENDED ACTION PLAN 
 

The following discussion provides conclusions for the public education and resource inventory 
components of the overall updating of the APM Program.  The discussion is limited to the most important 
components of the resource inventory relating to aquatic plant growth and APM within the management 
area of Sturgeon Bay.  This section also provides a recommended action plan for the aquatic plant 
management program on Sturgeon Bay.    
 
8.1  Conclusions of Public Involvement and Resource Characteristics 
 
8.1.1  Public Involvement 
 
Public education, involvement, and solicitation of public comments were incorporated into the project 
workplan from the start of the project.  Public education was promoted through a radio broadcast, open 
house meetings, a project website, news articles and newsletters, and a television broadcast (to be aired 
later in 2003).  A questionnaire was distributed to solicit public opinion for the most important issues.  
Respondents stated that water quality and aquatic plant growth were their most important concerns.  
Respondents also stated that studying and understanding current aquatic plant problems, and identifying 
pollutant sources were the most important goals of updating the APM Program.  
 
8.1.2  Water Resources  
 
The aquatic ecosytem of Sturgeon Bay is not a “closed” system, such as a seepage lake with a defined 
watershed.  Sturgeon Bay receives water from ground water, storm water runoff, streams, storm sewers, 
precipitation, Lake Michigan, and Green Bay.  Water levels on Sturgeon Bay fluctuate over time and are 
currently approaching a historic low.   
 
8.1.3 Aquatic Plants 
 
Aquatic plants are vital to the health of a water body.  Rooted aquatic plants are important for the health 
of an aquatic ecosystem and fishery.  However, aquatic macrophytes can become a nuisance when native 
and exotic plant species occupy large portions of a water body.  Exotic plants that replace more desirable 
native aquatic plants may still offer some benefits to aquatic organisms such as shelter from predators.  
However, excessive aquatic plant growth can also negatively affect the ecosystem and impede 
navigational and recreational activities.    When “managing” aquatic plants, it is important to maintain a 
well-balanced, stable, and diverse aquatic plant community that contain high percentages of desirable 
native vegetation if possible.    
 
In 1992, the two most abundant aquatic plants were Elodea canadensis (Elodea) and Myriophyllum 
spicatum (Eurasian watermilfoil).  During the June and August 2002 survey, the most abundant species 
found in Sturgeon Bay was Elodea canadensis (Elodea).  Myriophyllum spicatum (Eurasian watermilfoil) 
was the second most abundant species in the June survey.  Ceratophyllum demersum (Coontail) was the 
second most abundant species in the August survey.  Several other aquatic plant species were identified in 
the aquatic plant surveys, many of which are important for fish and wildlife habitat (i.e. Pondweeds - 
Potamogeton spp. and Wild celery – Valisneria americana). 
 
Three particular aquatic plant species have grown to nuisance levels in the Sturgeon Bay APM 
management area, impeding navigation and recreation.  Nuisance species include Myriophyllum spicatum 
(Eurasian watermilfoil), Potomageton crispus (Curly lead pondweed), and Elodea conadensis (Elodea).  
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Large dense stands of nuisance aquatic plant vegetation form and cause further problems when they break 
off causing floating vegetation mats, or “floaters” that drift with the wind or seiche.   
 
Prolific aquatic plant growth in Sturgeon Bay is likely attributed to a combination of all the factors listed 
above (i.e. lower water levels, increased water clarity, nutrients in storm water runoff, seiche etc.).  
Indeed the fact that Sturgeon Bay receives nutrient rich waters from Green Bay, surface streams, and 
storm sewers can increase the potential for nuisance aquatic plant growth.  Their potential growth areas 
are further expanded with increased water clarity, and decreased water levels.    
 
8.1.4 Fish 
 
The Bay contains habitat for warm, cool, and cold water fish species.  The Sturgeon Bay area offers a 
renowned fishery.  Of particular concern in this fishery and Lake Michigan as a whole, is the yellow 
perch. 
 
Yellow perch were once common to Green Bay and Lake Michigan, and the species was valuable to both 
the sport and commercial fishing industries, however, yellow perch numbers have been declining since 
the late 1980’s.  The WDNR believes sensitive habitat for yellow perch is present within Sturgeon Bay.  
Aquatic plant management activities within the City’s management area can potentially affect young of 
year perch.   
 
8.1.5 Water Quality 
 
Sturgeon Bay water quality varies with many factors.  Water quality varies on an annual, seasonal, 
monthly, weekly, and even a daily basis.  Storm events and/or a significant seiche effect can have 
dramatic effects on water quality.  An overall evaluation of water quality parameters measured throughout 
2002 suggests that Sturgeon Bay’s water quality is good and that the trophic status of Sturgeon Bay is 
mesotrophic.  Sheltered areas of Sturgeon Bay may potentially thermally stratify during long periods of 
calm hot weather.  However wind and currents would most likely disrupt this stratification fairly easily. 
 
Phosphorus was determined to primarily be the limiting nutrient for aquatic plant growth.  Increases in 
phosphorus to the aquatic ecosystem can fuel additional aquatic plant growth. 
 
The waters of Sturgeon Bay are mixed through movement of water through the ship canal.  When winds 
are out of the northwest, Green Bay water enters Sturgeon Bay and exits through the ship canal.  When 
the wind direction is reversed, Lake Michigan water enters Sturgeon Bay.  Therefore, there is 
considerable water flow through the Bay and water residence time in Sturgeon Bay is most likely short.  
However, waters in sheltered areas such as marinas or protected bays can thermally stratify if there is 
calm and hot weather period.   
 
Green Bay’s water appeared more nutrient enriched, while Lake Michigan water was clearer, colder, and 
contained less nutrients.  Water clarity has increased in the Great Lakes over the last 20 or more years due 
to pollution prevention and the invasion of the zebra mussel.  This increased water clarity has most likely 
contributed to an increase in the photic zone of Sturgeon Bay, thus allowing rooted aquatic plant growth 
in deeper areas of the Bay.   Recommendations for continued monitoring of water quality are included in 
Section 8.2 (recommendations) of this report. 
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8.1.6  Storm water Runoff 
 
Storm water enters the Bay from storm water runoff, tributary streams, and urban storm sewer 
conveyances.  Storm water affects water quality within Sturgeon Bay.  Storm water delivers phosphorus 
to Sturgeon Bay, which can precipitate out of the water and is available for rooted plant growth.  A simple 
computer model predicted that agricultural land uses contribute the most phosphorus to Sturgeon Bay’s 
management area.  Storm water runoff also contributes sediments to Sturgeon Bay, which can alter 
substrate habitat and promote nuisance rooted aquatic plant growth in expanded soft sediment areas.   
 
8.1.7 Nutrient Considerations 
 
The nutrient loading model indicates that approximately 15,600 pounds of phosphorus are delivered to the 
Sturgeon Bay management area each year.  Approximately 1,000 pounds are removed through harvesting 
each year.  Inputs exceed what is removed from plant harvesting.  The amount of phosphorus stored in the 
sediments is unknown.  Inputs of phosphorus should be reduced to help reduce nutrient availability to 
aquatic plant growth. 
 
8.2  Recommended Action Plan 
 
The following components of the recommended action plan describe not only the APM plan, but 
additional activities to support protection of Sturgeon Bay and recreation on the Bay.  These additional 
items are for the City’s consideration to improve the Sturgeon Bay resource.    
 
8.2.1 Aquatic Plant Management Plan 
 
Based on the review of aquatic plant management alternatives in Section 7.0, The recommended APM 
techniques are continued aquatic plant harvesting using City equipment and selective treatment with 
aquatic herbicides in marinas.  This recommendation was based on the extent and type of aquatic plant 
problems on Sturgeon Bay, the discussions above, and the more thorough comparisons provided in 
Appendix G.   
  

8.2.1.1  APM Permit 
 

The City should obtain a 5-year APM permit from the WDNR.  An approved APM Plan is 
required prior to issuance of a harvesting APM permit.  A letter from Jim Cahow of WDNR 
listing WDNR positions, concerns, and recommended elements of the APM Plan is included in 
Appendix H.  These items are numerous but have been summarized here for convenience.    

 
▲ Mapping different use areas, aquatic plant sensitive areas, and critical habitat 

areas 
▲ Education of all user groups 
▲ Map of approved priority navigation channels 
▲ Map of approved areas of chasing floaters 
▲ Map of approved herbicide treatments 
▲ Map of conflicting use areas 
▲ Protection of critical habitat for perch 
▲ Consider reduction of mooring by attrition or moving mooring 
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▲ If Riparian landowners would like to remove or reduce vegetation, they should 
first consider the feasibility of hand raking or pulling.  If hand raking or pulling is 
feasible, they should not pursue mechanical or chemical treatments  

▲ Harvesting should be restricted to areas required for public navigation 
▲ The decision for vegetation removal in front of private property should be left to 

owner 
▲ Private landowner should request clearing of vegetation 
▲ City should provide landowner with informational handout explaining aquatic 

plant benefits 
▲ Exotics may also provide habitat functions 
▲ Must allow chasing floaters in shipping channel and designated priority 

navigation channels 
▲ Halt harvesting operations if moderate numbers of fish are encountered 
▲ Report an incident with such fish encounters to WDNR 
▲ Discussion about water levels in Lake Michigan 
▲ Additional aquatic plant surveys to update APM Plan 
▲ Rock rubble habitat identified by WDNR fisheries staff included in larger 

management plan 
▲ Harvesting only operated in approved areas 
▲ Harvesting to mid-depth of water column.   
▲ No harvesting in areas less than 2 feet 
▲ Systemic herbicides should not be used 
▲ Copper containing algacides restricted to nuisance algae blooms of appropriate 

target species 
▲ Mapping non-point source problem areas 
▲ Develop integrated storm water management plan 
▲ Restore shoreline buffers 
▲ Protect other critical habitat for spawning fish 
▲ Restoration and protection of green space  
  

The above concerns, guidances, practices, and recommendations were ultimately considered 
when developing this APM Plan.  The revised APM Plan (Section 8.2.1) provided has 
incorporated the above issues, concerns, and recommended components listed above.     
 
The WDNR is also preparing a “Sturgeon Bay Lake Sensitive Area Survey Report and 
Management Guidelines” Report to discuss the importance of the sensitive areas.  Once available, 
the APM Program staff will review this document and consider its elements in management 
decisions.  A copy of this document will be included in Appendix H.  A companion document 
“Guidelines for Protection, Maintaining, and Understanding Lake Sensitive Areas and Critical 
Habitat” is included in Appendix H.  Again the key points in this document were considered 
throughout development of this APM Plan.     
  
8.2.1.2  Harvesting Operations 

 
The City, while recognizing the importance of aquatic plants to Sturgeon Bay and the important 
items listed above, ultimately has responsibilities to Bay users to provide access and navigation 
through dense stands of aquatic plants.  The City recognizes that the fishery is extremely 
important and will strive to protect sensitive areas and critical habitat.  However, Sturgeon Bay 
also has many other Bay users other than anglers that are essential to the local tourism industry 
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and vital to the community.    The surveys distributed last summer indicated that the number one 
concern in Sturgeon Bay was nuisance aquatic plant growth.  Therefore, the WNDR must also 
recognize that there is such a phenomenon as nuisance aquatic plant growth and that there is an 
important need for nuisance aquatic plant relief for navigational access and recreation.  Sturgeon 
Bay has and will continue to implement educational efforts about the value of aquatic plants.     
  
The following is the proposed method of completing aquatic plant harvesting in the Sturgeon Bay 
APM area.  The harvesting operations will be completed according to the following harvesting 
guidelines.  These guidelines incorporate the 2002 WDNR permit guidance.  
  
Harvesters 
 
Initially, approved aquatic plant harvesting areas are located with GPS equipment and marked 
with buoys if needed.  Water depths in approved areas are measured prior to harvesting in 
approved harvesting areas.  Furthermore, a bathymetric map of Sturgeon Bay management area is 
included on the harvester as an additional tool to determine depth in approved harvesting areas.  
The harvesters are also equipped with depth gauges along the cutter head to know the cutter head 
depth.  A copy of the APM permit is maintained and updated on each harvester.  During 
harvesting, aquatic plant fragments are recovered by the harvester to the maximum extent 
practicable.   

 
Operators 

 
Prior to each harvesting season, each operator is required to review the APM Permit and 
conditions of the permit.  Harvester operators as well as APM Program managers learn to identify 
the common nuisance aquatic plants in Sturgeon Bay.  More aquatic plant information is 
available in section 5.6 of this report, on the project website, or from Northern Environmental 
upon request. 

 
Harvesting operations are completed in two shifts each day.  Operators are relieved from their 
shift mid-day.  Harvesting operators receive clear instructions at each shift change about their 
assigned harvesting route.   

 
Harvester operators are trained to know the limitations of harvesting (areas and depths).  
Harvester operators are also trained to stop harvesting if the bottom or moderate numbers of fish 
are encountered.  Harvester operators are trained to recognize and gauge the cutter head depth. 

 
Fish 

 
If moderate numbers of any gamefish or young of year perch are encountered, harvesting is 
stopped, the location recorded, and reported to WDNR.  The harvester moves to another approved 
cutting area.  The area will be checked for fish prior to continued harvesting.  This applies to 
management in all areas. 

 
Depth 

 
Harvesters do not harvest aquatic plants in less than 2 feet of water to prevent disruption of the 
bottom sediments, turbidity, and/or damage to the cutting head.   
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Harvesters cut approved harvesting areas at half the water column depth unless requested as a 
“special condition”.  Full cutter depth (5 feet) is only operated at water depths of 10 feet or 
greater.  Depth poles will be used periodically to identify depths.  If any sediments are 
encountered, the cutter head is raised immediately and re-set to an appropriate depth using the 
depth measuring device on the cutting head.  These guidelines apply to harvesting in all areas. 

 
Areas 

 
A. Management Area [A] 
 

The amount of boat traffic, level of invasive plant species, and lack of undeveloped 
shoreline allow for aquatic plant management in the area labeled as management area [A].  
This area is illustrated on Figure 9.  Aquatic plant harvesting in this area is unrestricted 
except for the fish, depth, and bottom guidelines listed above.   

 
B. Mooring Areas 
 

Mooring Area #1 
 

Harvesting is allowed in this area (Figure 9) subject to the fish, depth, and bottom 
guidelines listed above.  

 
Mooring Area #2  

 
This mooring area is located in a WDNR-designated sensitive area. and has been labeled by 
WDNR as a Conflicting Use Area.  Harvesting is currently allowed in this area (Figure 9) 
subject to the fish, depth, and bottom guidelines listed above.  See also the conflicting use 
area discussion in Subsection 8.2.1.8 for potential alternatives to mooring in this area.    

 
C. Multi-Use Priority Navigation Channels 
 

Based upon past navigation needs, proposed multi use channels are illustrated on Figure 9.  
These channels are located where the City has determined navigation access has 
historically been required.  These are permitted harvesting areas subject to the fish, depth, 
and bottom guidelines listed above.   
 
The use of multi-use navigation channels is an important APM tool to provide navigational 
access and protect fish habitat.  Multi-use channels are the preferred management method 
Advantages of Multi-Use Priority Navigation Channels include the following: 

 
Multi-use channels are typically 50 feet wide and are wider than single use 
channels.  Single channels often plug with floaters, therefore multi-use 
navigation channels alleviate this problem somewhat.   

 
Multi-use navigation channels are consistently cut in the same areas, reducing the 
likelihood that an operator will cut too deep as depths will be known and taught 
through repetition.   
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Channels may also have added benefits to a fishery.  Studies have documented 
that harvested channels in dense aquatic plant stands can provide desirable edge 
habitat for gamefish and other fish.   
 

The following multi-use channels are considered permitted and not subject to the special 
conditions or shoreline landowner request components of the APM Plan (see following 
sections). 

 
Memorial Drive Channels [1], [2], [3], [4], and [5] 

 
These channels are located in a WDNR-designated sensitive area (Figure 8).  These 
channels as illustrated on Figure 9, are harvested to a maximum width of 50 feet wide and 
are subject to the fish, depth, and bottom guidelines listed above.  Single shoreline 
landowner access requests are processed to provide access from a private dock to the multi-
use navigation channel (See section D that follows). 

 
Tacoma Beach Channels [6], [7], and [8] 

 
These channels are located in a WDNR-designated sensitive area (Figure 8).  These 
channels as illustrated on Figure 9, are harvested to a maximum width of 50 feet wide and 
are subject to the fish, depth, and bottom guidelines listed above.  Single shoreline 
landowner access requests are processed to provide access from a private dock to the 
multi-use navigation channel (See section D that follows). 

   
Strawberry Creek Estates Access Channel 

 
This area is located in a WDNR-designated sensitive area (Figure 8).  This area as 
illustrated on Figure 9, are harvested to a maximum width of 50 feet wide and are subject 
to the fish, depth, and bottom guidelines listed above.   

 
 

D. Private Access to Shoreline Landowners in Sensitive Areas 
 

Access navigation channels for single docks or piers of shoreline landowners are allowed 
only if the shoreline landowner requests it.  The access is provided to the nearest multi-use 
navigation channel or to the main shipping canal whichever is shorter.  The shoreline 
landowner must consider the importance of aquatic plants and evaluate the feasibility of 
manual removal prior to requesting a navigation access channel.  See discussions in sub-
section 8.2.1.5 below for further detail on the process for submitting access requests.  An 
access channel to a riparian landowner is no greater than 10 feet wide and is subject to the 
fish, depth, and bottom guidelines listed above.  

 
Floaters 
 

Floaters are removed from all approved aquatic plant harvesting areas such as the multi-
use channels and also in the main shipping channel (Figure 9).  Floaters along shorelines 
are also removed, however the cutter head is not operated lower than the minimum depths 
established above.  
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Timing 
 
Timing of aquatic plant harvesting is a useful tool in selective management and therefore 
is considered an important component of the APM Program activities.   
Aquatic plant harvesting activities normally begin after Memorial Day.     This date is 
protective of the perch spawn and nursery fish in April and May.   
 
Early (June) harvesting in approved areas targets areas with higher densities of curly leaf 
pondweed.  By harvesting curly leaf pondweed before their turions are dropped in July, 
the spread of this exotic may be reduced.  After the turions have dropped from the Curly 
leaf pondweed, (typically in July), then harvesting in approved areas focuses on the 
denser stands of Elodea and Eurasian watermilfoil. 

  
8.2.1.3 Hand pulling 

 
Riparian landowners are required to assess the feasibility of hand raking or hand pulling prior to 
requesting an access channel to a multi-use navigation channel or to the main shipping canal.  
Hand pulling or raking by individual landowners can be completed to a maximum width of 30 
feet to provide pier or swimming raft access.  A permit is not required for hand pulling or raking 
if the maximum width cleared does not exceed a 30 foot width as required in NR 109.  Greater 
than 30 foot width requires a permit from the WDNR.       
 
If hand raking or pulling aquatic plants is not feasible, the shoreline landowner must make a 
formal request that the City provide an access channel.  However, the City harvester cannot 
operate in less than 2 feet of water.  A system has been proposed to implement these requests (see 
Section 8.2.1.5). 

 
8.2.1.4  Public Education 
 
Pubic education has been an on-going part of this APM Plan development.  The City supports 
public education for the APM Program.  The technical information button or links button on the 
project website http://www.sturgeonbaywi.org is a starting point for continued education.  The 
City will administer the project website to develop and enhance after the final delivery of the 
project report.  Several fact sheets about aquatic plants and aquatic plant management are 
included in Appendix I.   
 
Conservation groups such as In-Fisherman, Fishing Facts, Wisconsin Outdoors, BASS, Walleyes 
for Tomorrow, etc. should also be contacted to further develop the educational component of the 
APM Plan.  These groups, if willing could run media specials or write articles about fishing, 
wildlife, value of aquatic plants for habitat and food, and conservation of natural resources.     
 
Riparian property owners that request access channels are required to read an informational 
handout about the value of aquatic plants.  This discussion is included on the shoreline navigation 
access request form (see next section).  The landowner is invited to read more about the value of 
aquatic plants by checking out the project report on the project website or visiting the City library 
to review the project report.  Links to other sources of information about aquatic plants are 
provided on the shoreline request form itself, on the project website, and in the project report.    
 

 

http://www.sturgeonbaywi.org/
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8.2.1.5  Shoreline Navigation Access Request 
  
As described in the elements of the APM program above, the shoreline landowners must request 
access from the City prior to the City cutting a private access channel to the shoreline landowner.  
The City will implement this request program and require the use of a Shoreline Landowner 
Navigation Access Request Form, which is included in Appendix J.  The form includes an 
excerpt on the value of aquatic plants.  The form also requires the user to acknowledge that they 
considered hand pulling or raking prior to requesting the navigational access and the reasons that 
hand raking or pulling is not feasible for this site.  Examples include: 

 
▲ Vegetation is too dense for hand pulling or raking 

 
▲ Landowner is elderly or disabled and unable to complete manual removal 

 
▲ Vegetation is too far from shore for hand removal 

 
▲ Water too deep to effectively hand remove or rake 

 
The form must be returned to the City APM Program Staff before May 1st  to ensure that 
sufficient advanced notice is provided for scheduling efforts and timely harvesting operations.  
The City encourages the property owner to deliver the form in person to facilitate timely response 
by APM harvesting staff.  The City will keep a record of all request forms.  The shoreline land 
owner must demonstrate a navigational need and cannot request harvesting for aesthetic reasons.  
The landowner must recognize that the city is operating within the APM permit and cannot 
provide more nuisance aquatic plant harvesting than designated navigational or recreational 
access needs.     

 
The City will determine when multiple requests can be combined into a single multi use channel.  
Multi-use access channels will be wider to prevent blockage by floaters.  These additional multi-
use channels are will be subject to the special conditions  

 
8.2.1.6 Special Conditions 

 
The potential for excessive aquatic plant growth in areas of high boat use across the APM area 
requires some level of flexible latitude to complete harvesting for navigation and recreation.  The 
City has demonstrated a willingness to accommodate WDNR concerns and guidelines in their 
APM Program.  However, the APM Permit in some instances may be too restrictive for adequate 
navigation for the many types of Bay users through dense vegetation.  Therefore, the City 
proposes a “Special Condition” Program in which it may request to operate outside the confines 
of the permit requirements when site specific and/or extraordinary circumstances necessitate the 
additional activities.  Since the WDNR has specifically stated that “designating an area as a 
sensitive area or as critical habitat does not prevent or eliminate potential consideration for 
treatment or removal; but should limit them to what is absolutely necessary for minimal 
navigation access” and has offered a willingness to work with the City throughout the APM 
Program implementation, this should be an acceptable component of the APM Program.   
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Examples of Special Conditions where WDNR will be contacted may include, but are not limited 
to: 

 
▲ A significant seiche, wind, or current tears large amounts of aquatic plants and 

deposits “mats” in areas outside the approved harvesting areas and is impeding 
watercraft navigation. 

 
▲ A moored vessel such as a deep keel sailboat cannot navigate to the access 

channel and/or the mooring station in the conflicting use area.  
 
▲ The City receives multiple complaints from watercraft owners and/or riparian 

landowners about dense vegetation outside the approved harvesting area 
impeding navigation from public launches, marinas, mooring areas or private 
docks to the main navigation channel.  Complaints about the aesthetics of aquatic 
plant growth do not justify a special condition request.       

 
▲ The City receives multiple harvesting request forms from dock owners with 

adjacent docks within close proximity to eachother.  The city expects this to be 
the case in some areas from past experience.  In this case, the City would propose 
a 30 to 50 foot wide multiple use navigation channel rather than numerous 10-
foot wide single access channels.  Again, complaints about the aesthetics of 
aquatic plant growth do not justify a special condition request.       

 
The Special Conditions component of this program is aimed at allowing the City some discretion 
based upon their experience.  The APM Program managers recognize the need for navigation vs. 
aesthetic harvesting.  APM Program managers do not wish to harvest in areas that do not provide 
necessary navigation.   

 
Past experience indicates that certain property owners have always needed navigation access to 
their dock. The City provides harvesting as an important service to local residents where 
equipment and staff are partially funded by local taxes.  The City APM Program has a good 
relationship with most Bay users.  APM program managers want to continue the positive 
relationship and avoid excessive complaints from riparian landowners needing navigational 
access.    Therefore, latitude is given to them in providing the necessary navigational access.   

 
The Special Conditions will be requested by fax on a form submitted to the appropriate WDNR 
APM coordinator or water resource management specialist responsible for Sturgeon Bay.  A 
phone call will also be placed to the WDNR explaining the situation.  The WDNR APM 
coordinator will review the faxed request, make an inspection of the problem area at his or her 
discretion, and make a decision regarding the special condition.  A copy of this fax form is 
included in Appendix K.   All special conditions are subject to WDNR approval.  Small scale 
special conditions may be approved verbally, with a follow-up request with specific details in 
writing not to exceed 5 business days, however the WDNR reserves the right to restrict a special 
condition until a further review and written confirmation is granted (not to exceed 5 business 
days).  The written confirmation will be used for special condition requests that the WDNR feels 
is a larger scale request.   
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8.2.1.7 Chemical Treatments 
 

Chemical treatment using contact herbicides is allowed in high use areas where a harvester cannot 
navigate such as marinas.  The sites where chemical treatment occurs is illustrated in Figure 9.   A 
qualified licensed aquatic herbicide applicator will be selected to complete these treatments.  
Individual riparian landowners should not contract for chemical aquatic plant control, rather 
should utilize hand raking or contact the City about harvesting a navigation channel to a multi-use 
navigational channel.     

 
8.1.2.8 Record Keeping   
 
The City will maintain detailed records including harvesting dates, harvesting areas, types, and 
amounts of aquatic plants harvested, and fish encounters.  A sample record keeping form is 
included in Appendix L.  Records of chemical treatment are also be maintained.  Special 
conditions and shoreline navigation request forms are also maintained in a file for potential future 
reference.    The mooring area waiting list and contracts are also maintained. 

 
8.2.1.9  Management Decision Matrix 

 
In order to implement the WDNR concerns and the above components of the APM Program, 
Northern Environmental has developed a management decision matrix to assist the APM Program 
managers in determining when and where to prescribe aquatic plant treatment.  A copy of this 
matrix is included as Figure 10.   

 
8.2.1.10  Conflicting Use Area / Mooring Area #2 

  
The WDNR has expressed concern with mooring area #2, considering it is a conflicting use area 
(Figure 8).  Since mooring occurs in a sensitive area, WDNR recommended reduction of mooring 
slips by attrition.  There is a significant waiting list, however to rent mooring stations.  Therefore, 
reduction by attrition is not considered feasible at this time.  The City will continue to evaluate 
reduction by attrition in the future.  

 
When applying for APM Permits, Sturgeon Bay will copy applicable portions of this document 
(essentially the APM Plan is all of Section 8.2.1,Figures 8 and 9, and Appendices H through L).   
 
8.2.2  Storm water Runoff Considerations 
 
Nutrient loading to Sturgeon Bay is one factor contributing to the growth of aquatic plants.  As time, staff, 
and funding permits The City of Sturgeon Bay should consider the following actions to decrease the 
amount of phosphorus entering Sturgeon Bay.    
 
8.2.2.1  Urban Storm water Runoff 
 
The watershed land use model predicted that urban areas contributed approximately 24% of phosphorus 
to the Bay.  Northern Environmental recommends evaluating storm sewer improvements.  The storm 
sewer mapping completed as part of this project should assist in determining the feasibility and location 
of potential storm water control structural BMPs to reduce sediment and nutrient loading to Sturgeon 
Bay.  The WDNR provides financial assistance for runoff management.  Please visit 
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www.dnr.state.wi.us/org/water/wm/nps/grants/npsprogram.html for information on these grant programs.  
Additional information about financial assistance is included in Section 8.2.6 of this report.  
 
City’s with a population over 10,000 are required to comply with Subchapter I of Chapter NR 216, Wis. 
Adm. Code.  This WDNR program requires that the municipality with a separate storm sewer system 
obtain a storm water discharge permit.  The 2000 census results indicated that the population was 9,437 
people so coverage under this program is not mandatory at this time.  Population is expected to remain 
stable in Sturgeon Bay.  The City should consider preparing to comply with the municipal storm water 
discharge requirements in NR 216 if the population increases to over 10,000 by the next census.   
 
The City should also continue to enforce their City Ordinance No. 15.075 Land disturbing and land 
development activities.  This ordinance should be reviewed periodically for compliance with the current 
applicable requirements listed in Subchapter III of Chapter NR 216, Wis. Adm. Code for construction site 
storm water discharges.   
 
8.2.2.2  Rural Storm water Runoff  
 
The watershed land use model predicted that rural land uses (nearly all agricultural) contribute 
approximately 60 percent of phosphorus to the Sturgeon Bay management areas.  Therefore, the City of 
Sturgeon Bay should support Door County’s efforts in rural conservation and agricultural best 
management practices outside the City limits.  New agricultural non-point performance standards and 
prohibition requirements are being implemented through Chapter NR 151, Wis. Adm. Code – Runoff 
Management.  The County Soil and Water Conservation Department has more detail on implementing 
these new programs.  The City should work cooperatively with the Door County Soil and Water 
Conservation Department to achieve reductions in non-point source pollution from agricultural and other 
rural sources.  The Door County Soil and Water Conservation Department can be reached through the 
following Door county web link http://www.co.door.wi.gov/ by clicking on the Department’s button.   
 
8.2.2.3  Voluntary Practices 
 
In addition to runoff controls from government regulation, voluntary best management practices (BMPs) 
should also be encouraged to minimize sediment and nutrient runoff.  Examples of voluntary practices 
that should be promoted include: 

 
▲ Compost all yard waste and grass clippings.  No yard waste should be washed into storm 

sewers 
 
▲ Use no phosphorus fertilizers on lawns.  A fertilizer rating has three numbers: The first is 

for nitrogen; the second is for phosphorus; and the third is for potassium.  Evidence 
suggests that nitrogen alone can “green up” a lawn.    

 
▲ Encourage shoreline buffers of at least 35 feet in both rural and urban areas. 

 
▲   

Natural shorelines are beneficial in that they filter nutrients and sediments from storm water runoff.  
County zoning limits vegetation removal in shoreland areas within unincorporated areas of the County.  
The City should promote natural vegetative buffers of at least 35 feet from the ordinary high water mark 
on shoreline properties.  The City may wish to provide a demonstration site of vegetative buffers at one of 

 

http://www.dnr.state.wi.us/org/water/wm/nps/grants/npsprogram.html
http://www.co.door.wi.gov/
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the City waterfront parks with signs or information regarding the buffer.  The City may also consider 
incorporating requirements for natural vegetative buffers into the City shoreland zoning program. 
 
8.2.2.4  Public Education 
 
Area residents and Bay users should also be provided educational materials about the effects of erosion 
and storm water runoff, the value of shoreline buffers, and the value of implementing BMPs.  Educating 
the public will assist in the efforts to promote voluntary runoff management BMPs as well as those 
mandated by regulatory programs.  This project report and the project website can serve as a starting point 
for educational materials.  The WDNR, UW Extension Offices, and County Conservation Departments all 
have good educational materials on storm water runoff and BMPs.  Some UW Extension and WDNR fact 
sheets about storm water runoff and BMPs are included in Appendix M.  The Lakeshore Natural 
Resource Partnership was formed and works within the geographic area described as the Lakeshore 
Basin. The basin is comprised of Door and Kewaunee and portions of Brown, Calumet, and Manitowoc 
Counties, and consists of areas that drain into Lake Michigan and Green Bay.  This Partnership has been 
formed to cooperatively address natural resource issues in the basin.   Contact and educational materials 
area available on their website:  http://clean-water.uwex.edu/lakeshore/index.htm 

 
8.2.3  Disposal and Composting of Harvested Plant Material Management 

 
8.2.3.1  Composting 
 
As discussed in Section 7.1.4, harvested aquatic plant material has the potential to be a great soil 
amendment, offering nutrients and moisture holding capabilities. It’s use for landscaping  and garden uses 
should be promoted.  Local landscaping businesses should also be contacted to see if they would be 
interested in harvested aquatic plant material to incorporate into their own mulches or compost materials.    
Free transportation of full un-proceessed truckloads to nearby areas should continue to promote beneficial 
re-use of this material.  A fact sheet on composting aquatic plants is included in Appendix I.   
 
As the amount of aquatic plant material dicates and funding permits, the City may consider purchasing a 
piece of equipment to process the harvested aquatic plant material.  Currently, the long stem fragments 
make handling the material by hand difficult.  A combination of a belt press to remove moisture and a 
large grinder to grind the plant material may be an option to make the material more suitable for handling 
and therefore, potentially more appealable to residents.   A commercial “Biogrinder” unit would be 
needed to efficiently operate a composting program of this nature.    

 
8.2.3.2  Landspreading 

 
Landspreading of freshly harvested aquatic plant material on rural orchards and agricultural fields is a 
beneficial re-use of the aquatic plant material and should be promoted.  If property owners are not located 
close enough to deliver full loads with City trucks, they can drive to the shore conveyor site and load the 
material onto their vehicles provided a holds harmless agreement is signed.  These sites are located under 
the Bay view bridge or at the Sturgeon Bay Yacht Club.   

 
8.2.4   Continued Monitoring Plan 
 
To evaluate the effectiveness of the APM Program, monitoring of multiple components should be 
completed. The City should constantly evaluate their program for potential ways of improvement, 
however the following items are considered minimum monitoring components. 

 

http://clean-water.uwex.edu/lakeshore/index.htm
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8.2.4.1  Periodic Macrophyte Surveys 

 
Northern Environmental recommends completing aquatic macrophyte surveys every 5 to 10 years to 
monitor changes in the aquatic plant community and the effects of APM in the management area.  
Aquatic plant communities may change with varying water levels, water clarity, nutrient levels, and 
aquatic plant management.  The aquatic plant surveys at a minimum should attempt to duplicate transect 
locations of past aquatic plants surveys.  Similar measurements of aquatic plant abundance should be 
calculated.   
 
8.2.4.2 Water Quality 

 
Sturgeon Bay may consider developing a long-term water-quality monitoring program to accurately 
characterize current and future water-quality conditions in Sturgeon Bay and determine if implemented 
management strategies yield desired results.  An appropriate water quality monitoring approach would 
include sampling for the following parameters on the frequency and locations indicated. 

 
Parameter   Frequency 
 
Water Clarity    Bi-monthly in summer 
    Once in fall 
    Once in winter 
    Once in spring 
 
Total Phosphorus  Monthly in summer 
    Once in fall 
    Once in winter 
    Once in spring 
  
TKN and nitrate/nitrite  Monthly in summer 
   
Chlorophyll a    Monthly in summer 
 
Dissolved Oxygen/temperature Monthly in summer 
    Once in fall 
    Once in winter 
    Once in spring 

  
These parameters should be collected from at least four sampling points illustrated on Figure 2 during the 
summer month sampling and two points in fall, winter, and spring sampling events.     
  
Another method of completing the valuable water quality sampling for a lower cost is to establish a 
volunteer Self-Help Monitoring Program.  The Self-Help Monitoring Program is a lake monitoring 
program administered by the WDNR.  It is designed to use the assistance of local residents to monitor 
water quality over time.  It would be desirable to establish a few data collection points within the 
Sturgeon Bay management area.  Water quality sample locations could be the same as locations for 
samples collected in 2002 (Figure 2).  Key water sampling parameters include water depth, clarity, 
chlorophyll a, total phosphorus, nitrate + nitrite, and total kjeldahl nitrogen.  The WDNR provides for the 
cost of supplies, sample shipping, and laboratory analyses.  This allows individuals to get an idea of the 
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existing water quality on their water body of interest, while providing the user and WDNR with useful 
information as part of a larger data set.   
 
8.2.5  Current, Ongoing, and Future Research 

 
The professional environmental science community includes universities, state natural resource regulatory 
agencies (e.g. WDNR), and federal regulatory agencies (e.g. USFWS, USACE, EPA, and USGS).  These 
parties along with private conservation groups continuously seek government funding for research about 
natural resource issues such as the effects of land use, runoff, hydrology, climate change, exotic species, 
fisheries, aquatic plant management, and toxins on water resources.  A great deal of research is completed 
on the Great Lakes.  Numerous short and long term studies are being completed on Lake Michigan and 
beyond.  The City is encourage to “stay current” with this research as the knowledge gained from these 
endeavors may prove useful or affect aquatic plant management or overall aquatic ecosystem 
management in the future.  

 
8.2.6 Evaluate Funding Sources 
 
The above recommendations could benefit the APM program and the Sturgeon Bay ecosystem as a 
whole, however many activities, particularly pollution prevention and control activities are costly and 
require financial assistance.  Numerous funding sources could be pursued.  Other governmental agencies, 
local governments, conservation organizations, corporate sponsorship, individuals, etc., may be able to 
provide monetary assistance related to lake rehabilitation/restoration activities.  A potential list of funding 
sources is included in Table 7.    
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9.0  GLOSSARY 
 
Much of the following glossary of limnology terms is adapted from a UW-Extension Publication entitled 
Understanding Lake Data (Shaw, et al., 1994).  Also included in the glossary is a list of frequently used 
acronymns. 
 
APM: Aquatic Plant Management  
 
Algae: One-celled (phytoplankton) or multi-cellular plants either suspended in water 

(plankton) or attached to rocks, rooted aquatic plants, and other substrates 
(epiphytes).  Their abundance, as measured by the amount of chlorophyll a (green 
pigment) in an open water sample, is commonly used to help classify the trophic 
status of a lake.  Algae are essential to the lake ecosystems and provide the food base 
for most lake organisms, including fish.  Phytoplankton abundance and specie 
distribution vary widely from day to day, as life cycles are short. 

 
Alkalinity: A measure of the amount of carbonates, bicarbonates, and hydroxide present in 

water.  Low alkalinity is the main indicator of susceptibility to acid rain.  Increasing 
alkalinity is often related to increased algae productivity.  Expressed as mg/l of 
calcium carbonate (CaCO3) or as microequivalents per liter (µeq/l).  20 µeq/l = 1 
mg/l of CaCO3. 

 
Ammonia: A form of nitrogen found in organic materials and many fertilizers.  It is the first 

form of nitrogen released when organic matter decays, can be used by most aquatic 
plants, and is, therefore, an important nutrient.  Ammonia converts rapidly to nitrate 
(NO3

-) if oxygen is present.  The conversion rate is related to water temperature.  
Ammonia is toxic fish at relatively low concentrations in pH-neutral or alkaline 
water.  Under acidic conditions, non-toxic ammonium ions (NH4

+) form, but at high 
pH values, the toxic ammonium hydroxide (NH4OH) occurs.  The water quality 
standard for fish and aquatic life is 0.02 mg/l of NH4OH.  At a pH of 7 and a 
temperature of 68°F (20˚°C), the ratio of ammonium ions to ammonium hydroxide is 
250:1; at pH of 8, the ratio is 26:1. 

 
Anion: Refers to the chemical ions present that carry a negative charge in contrast to cations, 

which carry a positive charge.  There must be equal amounts of positive and negative 
charged ions in any water sample.  Following are the common anions in decreasing 
order of concentration for most lakes: bicarbonate (HCO3

-), sulfate SO4
=), chloride (Cl-

), carbonate (CO3
=), nitrate (NO3

-), nitrate (NO2
-), and phosphates (H2PO4

-, HPO4
=, and 

PO4
=). 

 
Anoxic: Without or devoid of oxygen. 
 
Aquatic 
Invertebrates: Aquatic animals without an internal skeletal structure, such as insects, mollusks, and 

crayfish. 
 
Aquifer: Rock units that yield water in usable amounts. 
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BMP: Best Management Practices:  These practices are encouraged or required by 

regualatory programs to minimize polluted runoff.  
 
Benthic 
Organism: Organism living on the lake bottom. 
 
Bioturbation: The act of benthic organism stirring up lake bottom sediments. 
 
Blue-Green 
Algae: Algae that are often associated with problem blooms in lakes.  Some produce 

chemicals toxic to other organisms, including humans.  They often form floating 
scum as the die.  Many can fix atmospheric nitrogen (N2) to provide their own 
nutrient source. 

 
Calcium: The most abundant cation found in Wisconsin lakes.  Its abundance is related to the 

presence of calcium-baring minerals in the lake watershed, and reported in mg/l as 
calcium carbonate (CaCO3) or mg/l as calcium ion (Ca++). 

 
Cation: Refers to chemical ions present that carry a positive charge. The common cations 

present in lakes in normal order of decreasing concentrations follow: calcium (Ca++), 
magnesium (Mg++), potassium (K+), sodium (Na+), ammonium (NH4

+), ferric iron 
(Fe+++) or ferrous iron (Fe++), manganese (Mn++), and hydrogen (H+). 

 
Chloride: Chlorine in the chloride ion (Cl-) form has very different properties from chlorine gas 

(Cl2), which is used for disinfecting.  The chloride ion (Cl-) in lake water is 
commonly considered an indicator of human activity.  Agricultural chemicals, human 
and animal wastes, and road salt are the major sources of chloride in lake water. 

 
Chlorophyll a: Green pigment present in all plant life and necessary for photosynthesis.  The amount 

present in lake water depends on the amount of algae, and is therefore commonly 
used as a water-quality indicator. 

 
Color: Measured in color units that relate to a standard.  A yellow-brown natural color is 

associated with lakes or rivers receiving wetland drainage.  The average color value 
for Wisconsin lakes is 39 units, with the color of state lakes raging from zero to 320 
units.  Color also affects light penetration, and therefore, the depth at which plants 
can grow. 

 
Concentration 
Units: Express the amount of a chemical dissolved in water.  The most common ways 

chemical data are expressed is in mg/l and micrograms per liter (µg/l).  One mg/l is 
equal to one part per million (ppm).  To convert µg/l to mg/l, divide by 1000 (e.g., 30 
µg/l = 0.03 mg/l).  To convert mg/l to µg/l, multiply by 1000 (e.g., 0.5 mg/l = 500 
µg/l).  Microequivalents per liter (µeq/l) is also sometimes used, especially for 
alkalinity; it is calculated by dividing the weight of the compound by 1000 and then 
dividing that number into the mg/l. 
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Conductivity 
(Specific 
Conductance): Measures the ability of water to conduct an electric current.  Conductivity is reported 

in micromhos per centimeter (µmhos/cm) or an equivalent in microsiemens (µs), and 
is directly related to the total dissolved inorganic chemicals in the water.  Values are 
commonly two times the water hardness unless the water is receiving high 
concentrations of contaminants introduced by humans. 

 
Drainage 
Basin: The total land area that drains toward a surface water. 
 
Drainage 
Lakes: Lakes fed primarily by streams and with outlets into streams or rivers.  They are 

more subject to surface runoff problems but generally have shorter residence times 
than seepage lakes.  Watershed protection is usually needed to manage lake water 
quality. 

 
EPA: United States Environmental Protection Agency 
 
Emergent 
Vegetation: Plants with leaves that extend above the water surface. 
 
Epiphyte: See “Algae.” 
 
Estuary: The lower portion or wide mouth of a river. 
 
Evapo- 
transpiration: The total water loss from the soil, including that by direct evaporation and that by 

transpiration from the surfaces of plants. 
 
Fauna: Animals. 
 
Filamentous 
Algae: Algae that forms filaments or mats attached to sediment, weeds, piers, etc. 
 
Flora: Plants. 
 
Food Chain: The sequence of algae being eaten by small aquatic animals (zooplankton) that in 

turn are eaten by small fish that are then eaten by larger fish, and eventually by 
people or predators.  Certain chemicals, such as polychlorinated biphenyls (PCBs), 
mercury, and some pesticides, can be concentrated from very low levels in the water 
to toxic levels in animals through this process. 

 
Hardness: The quantity of multivalent cations, primarily calcium (Ca++) and magnesium (Mg++) 

in the water, expressed as mg/l of CaCO3.  Amount of hardness relates to the 
presence of soluble minerals, especially limestone and dolomite, in the lake 
watershed. 
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Herptile: A reptile or amphibian.  In Wisconsin, these include turtles, snakes, frogs, toad, 

salamanders, and a few lizards. 
 
Hypolimnion: see “Stratification.” 
 
Ion: A charged atom or group of atoms that have separated from an ion of the opposite 

charge.  In water, some chemical molecules separate into cations (positive charge) 
and anions (negative charge).  Thus, the number of cations equals the number of 
anions. 

 
Insoluble: Incapable of dissolving in water. 
 
Intermittent 
Stream: A stream that periodically flows and typically is not supplied by substantial amounts 

of ground water. 
 
Kjeldahl 
Nitrogen: The most common analysis run to determine the amount of organic nitrogen in water.  

The test includes ammonium and organic nitrogen. 
 
Limiting 
Factor: The nutrient or condition in shortest supply relative to plant growth requirements.  

Plants will grow until stopped by this limitation; for example, phosphorus in summer, 
temperature or light in fall or winter. 

 
Lower Littoral 
Zone: Zone of submersed rooted plants 
 
Macrophytes: see “Rooted aquatic plants.” 
 
Marl: White to gray accumulation on lake bottoms caused by precipitation of calcium 

carbonate (CaCO3) in hard water lakes.  Marl may contain many snail and clamshells, 
which also are CaCO3.  While it gradually fills in lakes, marl also precipitates 
phosphorus, resulting in low algae populations and good water clarity.  In the past, 
marl was recovered and used to lime agricultural fields. 

 
Metalimnion: see “Stratification.” 
 
Middle Littoral 
Zone: Zone of floating-leaved vegetation. 
 
Morphometric: Parameters of a lake basin, such as length, width, area, and volume. 
 
Nitrate: An inorganic form of nitrogen important for plant growth.  Nitrogen is in this stable 

form when oxygen is present.  Nitrate (NO3
-) often contaminates ground water when 

water originates from manure pits, fertilized fields, lawns, or septic systems.  High 
levels of nitrate-nitrogen (over 10 mg/l) are dangerous to infants and expectant 
mothers.  A concentration of nitrate-nitrogen (NO3

-N) plus ammonium-nitrogen 
(NH4

-N) of 0.3 mg/l in spring will support summer algae blooms if enough 
phosphorus is present. 
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Nitrite: A form of nitrogen that rapidly converts to nitrate (NO3

-) and is usually included in 
the NO3

- analysis. 
 
Overturn: Fall cooling and spring warming of surface water increases density and gradually 

makes temperature and density uniform from top to bottom.  This allows wind and 
wave action to mix the entire lake.  Mixing allows bottom waters to contact the 
atmosphere, raising the oxygen content of the water.  However, warming may occur 
too rapidly in the spring for mixing to be effective, especially in small sheltered kettle 
lakes. 

 
Perennial 
Stream: A stream that almost always flows.  Typically a perennial stream received substantial 

quantities of water from ground water. 
 
Periphyton Invertebrates that use submergent vegetation for their substrate. 
 
Phosphorus: Key nutrient influencing plant growth in more than 80% of Wisconsin lakes.  Soluble 

reactive phosphorus is the amount of phosphorus in solution that is available to 
plants.  Total phosphorus includes the amount of phosphorus in solution (reactive) 
and in particulate form. 

 
Photosynthesis: Process by which green plants convert carbon dioxide (CO2) dissolved in water to 

sugar and oxygen using sunlight for energy.  Photosynthesis is essential in producing 
a food base for a lake and is an important source of oxygen for many lakes. 

 
Phytoplankton: see “Algae.” 
 
Potable Water: Water fit for human consumption and other high-grade processes and uses. 
 
Precipitate: A solid material that forms and settles out of water as a result of certain negative ions 

(anions) combining with positive ions (cations). 
 
Retention Time: The average length of time water resides in a lake, ranging from several days in small 

impoundments to many years in large seepage lakes.  Retention time (turnover rate or 
flushing rate) is important in determining the impact of nutrient inputs.  Long 
retention times result in recycling and greater nutrient retention in most lakes.  
Calculate retention time by dividing the volume of water passing through the lake per 
year by the lake volume. 

 
Respiration: The process by which aquatic organisms convert organic material to energy.  It is the 

reverse of photosynthesis.  Respiration consumes oxygen (O2) and releases carbon 
dioxide (CO2).  It also takes place as organic matter decays. 

 
Rhizome: A creeping, underground stem. 
 
Rooted Aquatic 
Plants: Refers to higher (multi-celled) plants growing in or near water.  Macrophytes are 

beneficial to lakes because they produce oxygen and provide substrate for fish habitat 
and aquatic insects.  Overabundance of such plants, especially problem species, is 
related to shallow water depth and high nutrient levels. 
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Secchi Disc: An 8-inch diameter plate with alternating quadrants painted black and white that is 

used to measure water clarity (light penetration).  The disc is lowered into water until 
it disappears from view.  It is then raised until just visible.  An average of the two 
depths, taken from the shaded side of the boat, is recorded as the Secchi disc reading.  
For best results, the readings should be taken on sunny, calm days. 

 
Sedimentation: Accumulated organic and inorganic matter on the lake bottom.  Sediment includes 

decaying algae and weeds, marl, and soil and organic matter eroded from the 
watershed of the lake. 

 
Soluble: Capable of being dissolved. 
 
Stratification: The layering of water due to differences in density.  The greatest density of water 

occurs at 39°F (4°C).  As water warms during the summer, cool water remains near 
the bottom.  Wind mixing determines the thickness of the warm surface water layer 
(epilimnion), which usually extends to a depth of about 20 feet.  The narrow 
transition zone between the epilimnion and cold bottom water (hypolimnion) is called 
the metalimnion or thermocline. 

 
Submergent 
Vegetation: Plants with most of their leaves growing below the water surface. 
 
Suspended Solids: A measure of the particulate matter in a water sample expressed in milligrams per 

liter.  When measured on inflowing streams, it can be used to estimate the 
sedimentation rate of lakes or impoundments. 

 
Thermocline: see “Stratification.” 
 
Transparency: see “Secchi disc.” 
 
Transpiration: The process of plants giving up water to the air via their leaves and stems. 
 
Trophic State: The degree to which a lake is enriched with nutrients, increasing the production of 

rooted aquatic plants and algae.  The extent to which this process has occurred is 
reflected in a lake’s trophic classification: oligotrophic (nutrient poor), mesotrophic 
(moderately productive), and eutrophic (very productive and fertile). 

 
Upper Littoral 
Zone: Zone of emergent rooted vegetation 
 
USACE: United States Army Corps of Engineers 
 
USFWS United States Fish and Wildlife Service 
 
USGS United States Geological Survey 
 
WDNR Wisconsin Department of Natural Resources 
 
Watershed: see “Drainage basin.” 
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Winterkill: Photosynthesis is greatly reduced when snowcover on the lake prevents sunlight from 

reaching aquatic plants.  The death and subsequent decomposition of the plants 
consumes levels of oxygen that result in fish die-off. 

 
Zooplankton: Microscopic or barely visible animals that often eat algae.  These suspended plankton 

are an important component of the lake food chain and ecosystem.  For many fish, 
they are the primary source of food. 
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Table 1:  Surface Water Physical and Chemical Characteristics, Summer 2002, Sturgeon Bay, Wisconsin

Sample Date Depth Secchi Disk Temperature Temperature Dissolved Oxygen % Oxygen Laboratory Analytical Results

Label Description
Latitude Longitude

Collected (feet)
(feet) (degrees C) (degrees F)

(mg/l) Saturation 1 Nutrients and Inorganics Analysis (mg/l)
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W1 Mouth of Strawberry Creek 44º 48.505' 87º 20.209' 07/19/02 Surface Grab 1.5B 24.9 76.8 11.8 140 170 14 [0.039] <0.075 0.005 0.08 0.55 0.054 0.056 16 NA 0.635 0.044 10:1 Transitional

W2 Mouth of Big Creek 44º 49.337' 87º 20.775' 07/19/02 Surface Grab 3B 26 78.8 9.9 115 130 24 0.12 <0.075 0.008 0.08 0.54 0.041 0.04 17 NA 0.628 0.128 13:1 Transitional

W3 Mouth of Little Creek 44º 49.406' 87º 21.510' 07/19/02 Surface Grab 4.5B 25.6 78.1 9 105 110 15 [0.063] <0.075 0.01 0.02 0.45 0.03 0.03 18 NA 0.4775 0.073 15:1 Transitional

W4 Just northwest of Bayview Bridge 44º 49.249' 87º 21.452' 07/19/02 1 25.4 77.7 7.5 85 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

5 5 25.1 77.2 7.1 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

15 23.1 73.6 7.1 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

20 20.5 68.9 7.7 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

25 20.2 68.4 7.4 78 110 11 0.19 0.19 0.004 0.194 [0.28] 0.035 0.042 18 NA 0.388 0.384 5:1 N-limited

W5 Lagoon at mouth of Samuelson's Creek 44º 49.303' 87º 22.228' 07/19/02 Surface Grab 3.5 25.4 77.7 8.8 100 120 15 0.11 0.15 0.012 0.172 0.97 0.086 0.095 19 83 1.304 0.272 13:1 Transitional

101 Entry to Sturgeon Bay - Green Bay side, off Sherwood Point 44º 53.364' 87º 25.036' 08/07/02 Surface Grab 9 20.3 68.5 NA --- 120 14 0.13 <0.075 <0.0030 <0.078 0.4 0.023 <0.0070 20 6.1 0.4 0.13 17:1 P-limited

102 Sawyer Harbor @ Idleweed Creek 44º 52.874' 87º 26.270' 08/07/02 Surface Grab 2.4B 21.2 70.1 NA --- 79 12 <0.025 <0.075 <0.0030 <0.078 0.41 0.017 <0.0070 20 1.4 0.41 0 24:1 P-limited

103 Open water  - off Bay Ship 44º 50.593' 87º 23.371' 08/07/02 Surface Grab 6.5 21.8 71.3 NA --- 110 13 [0.028] <0.075 [0.0030] 0.080 0.44 0.029 <0.0070 19 8.2 0.52 0.031 15:1 Transitional

104 Open water  - South of Dunlop Reef 44º 50.075' 87º 23.315' 08/07/02 Surface Grab 7 22.1 71.7 NA --- 120 14 [0.026] <0.075 0.007 0.082 0.47 0.031 <0.0070 19 5.7 0.56 0.033 15:1 Transitional

105 Middle of Canal - off Roehn Salvage 44º 49.659' 87º 22.519' 08/07/02 Surface Grab 5 21.9 71.5 NA --- 110 14 <0.025 <0.075 0.005 0.080 0.67 0.031 <0.0070 20 8.9 0.76 0.005 22:1 P-limited

106 Off-Quarterdeck Marina 44º 49.574' 87º 22.217' 08/07/02 Surface Grab 5 21.9 71.4 NA --- 110 13 [0.035] <0.075 0.006 0.081 0.49 0.031 <0.0070 18 6.4 0.58 0.041 16:1 P-limited

107 Entry to Sturgeon Bay - Lake Michigan side, off Coast Guard Station 44º 47.481' 87º 18.473' 08/07/02 Surface Grab 16 19.6 67.2 NA --- 110 11 <0.025 0.2 <0.0030 0.206 [0.18] [0.0070] <0.0070 20 0.84 0.41 0.2 28:1 P-limited

108 Mouth of Strawberry Creek 44º 48.515' 87º 20.183' 08/07/02 Surface Grab 1.7B 20.0 68.0 NA --- 120 14 <0.025 <0.075 0.005 0.08 0.41 0.025 <0.0070 20 7.3 0.50 0.005 17:1 P-limited

109 Mouth of Big Creek 44º 49.3969' 87º 20.795' 08/07/02 Surface Grab 2B 21.4 70.6 NA --- 180 33 <0.025 0.22 0.014 0.234 0.75 0.048 <0.0070 18 12 1.22 0.234 19:1 P-limited

110 Mouth of Little Creek 44º 49.418' 87º 21.509' 08/07/02 Surface Grab 2.2B 21.7 71.0 NA --- 110 13 <0.025 <0.075 0.006 0.081 0.4 0.024 <0.0070 19 4.3 0.49 0.006 17:1 P-limited

Notes:

1 =  oxygen saturation referenced to pure water at sea level

#B =  Secchi disk visible on bottom

TKN =  Total Kjeldahl Nitrogen

mg/l =  milligrams per liter = parts per million (ppm)

ug/l = micrograms per liter = parts per billion (ppb)

<x = not detected above laboratory detection limit

[x] =  value is bracket detected between laboratory detection limit and quantitation limit

NA =  not analyzed
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Table 2:  Sediment Sampling Analytical Results, Summer 2002, Sturgeon Bay, Wisconsin

Sample Depth Date
Label Latitude Longitude Collected
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S1 44º 48.505' 87º 20.209' Surface Grab 07/19/02 61 1,501.10 307.58 529.45 74,144.87 35,304.21 1,241.06 2,307.73 <3 138.68 4,782.24 8.97 2,311.55 239.48

S2 44º 49.337' 87º 20.775' Surface Grab 07/19/02 39.7 4763 326.74 402.77 166,666.67 16,655.63 3,833.19 26.47 6.1 126.13 4,946.22 12.94 2,098.36 366.39

S3 44º 49.406' 87º 21.510' Surface Grab 07/19/02 40.5 2,502.80 332.51 774.02 94,879.52 23,476.90 2,356.43 50.77 <3 209 6,409.66 16.89 3,329.69 203.93

S4 44º 49.249' 87º 21.452' 25 Feet 07/19/02 38.1 3,573.80 503.99 1,085.91 100,000 35,224.42 2,992.74 79.76 <3 318.41 10,646.96 23.33 5,803.74 214.07

S5 44º 49.303' 87º 22.228' Surface Grab 07/19/02 63.7 542.7 271.12 268.15 46,285.14 24,675.65 644.99 16.09 <3 65.66 3,533.04 7.49 1,448.49 110.85

Notes:

ppm =  parts per million

Results reported on dry weight basis

<x = not detected above laboratory detection limit

Location Laboratory Analytical
Results

Nutrients and Minerals Analysis (ppm)
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Table 3:  Surface Water Quality Sampling Results, Sturgeon Bay, Wisconsin, Summer 2002

Sample Date Depth Secchi Disk Temperature Temperature Dissolved Oxygen % Oxygen Laboratory Analytical Results

Label Description
Latitude Longitude

Collected (feet)
(feet) (degrees C) (degrees F)

(mg/l) Saturation 1 Nutrients and Inorganics Analysis (mg/l)

To
ta

l A
lk

al
in

ity
(a

s C
aC

O
3)

C
hl

or
id

e

A
m

m
on

ia
(N

H
3)

 +
 (N

H
4+

)

N
itr

at
e

(N
O

3)

N
itr

ite
(N

O
2)

N
itr

at
e 

+ 
N

itr
ite

TK
N

To
ta

l P
ho

sp
ho

ru
s

(P
)

To
ta

l D
is

so
lv

ed
Ph

os
ph

or
us

Su
lfa

te
(S

O
4)

C
hl

or
op

hy
ll 

a
(u

g/
l)

W1 Mouth of Strawberry Creek 44º 48.505' 87º 20.209' 07/19/02 Surface Grab 1.5B 24.9 76.8 11.8 140 170 14 [0.039] <0.075 0.005 0.08 0.55 0.054 0.056 16 NA 0.635 0.044 10:1 Transitional

W2 Mouth of Big Creek 44º 49.337' 87º 20.775' 07/19/02 Surface Grab 3B 26 78.8 9.9 115 130 24 0.12 <0.075 0.008 0.08 0.54 0.041 0.04 17 NA 0.628 0.128 13:1 Transitional

W3 Mouth of Little Creek 44º 49.406' 87º 21.510' 07/19/02 Surface Grab 4.5B 25.6 78.1 9 105 110 15 [0.063] <0.075 0.01 0.02 0.45 0.03 0.03 18 NA 0.4775 0.073 15:1 Transitional

W4 Just northwest of Bayview Bridge 44º 49.249' 87º 21.452' 07/19/02 1 25.4 77.7 7.5 85 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

5 5 25.1 77.2 7.1 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

15 23.1 73.6 7.1 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

20 20.5 68.9 7.7 80 NA NA NA NA NA NA NA NA NA NA NA --- --- --- ---

25 20.2 68.4 7.4 78 110 11 0.19 0.19 0.004 0.194 [0.28] 0.035 0.042 18 NA 0.388 0.384 5:1 N-limited

W5 Lagoon at mouth of Samuelson's Creek 44º 49.303' 87º 22.228' 07/19/02 Surface Grab 3.5 25.4 77.7 8.8 100 120 15 0.11 0.15 0.012 0.172 0.97 0.086 0.095 19 83 1.304 0.272 13:1 Transitional

101 Entry to Sturgeon Bay - Green Bay side, off Sherwood Point 44º 53.364' 87º 25.036' 08/07/02 Surface Grab 9 20.3 68.5 NA --- 120 14 0.13 <0.075 <0.0030 <0.078 0.4 0.023 <0.0070 20 6.1 0.4 0.13 17:1 P-limited

102 Sawyer Harbor @ Idlewild Creek 44º 52.874' 87º 26.270' 08/07/02 Surface Grab 2.4B 21.2 70.1 NA --- 79 12 <0.025 <0.075 <0.0030 <0.078 0.41 0.017 <0.0070 20 1.4 0.41 0 24:1 P-limited

103 Open water  - off Bay Ship 44º 50.593' 87º 23.371' 08/07/02 Surface Grab 6.5 21.8 71.3 NA --- 110 13 [0.028] <0.075 [0.0030] 0.080 0.44 0.029 <0.0070 19 8.2 0.52 0.031 15:1 Transitional

104 Open water  - South of Dunlop Reef 44º 50.075' 87º 23.315' 08/07/02 Surface Grab 7 22.1 71.7 NA --- 120 14 [0.026] <0.075 0.007 0.082 0.47 0.031 <0.0070 19 5.7 0.56 0.033 15:1 Transitional

105 Middle of Canal - off Roen Salvage 44º 49.659' 87º 22.519' 08/07/02 Surface Grab 5 21.9 71.5 NA --- 110 14 <0.025 <0.075 0.005 0.080 0.67 0.031 <0.0070 20 8.9 0.76 0.005 22:1 P-limited

106 Off-Quarterdeck Marina 44º 49.574' 87º 22.217' 08/07/02 Surface Grab 5 21.9 71.4 NA --- 110 13 [0.035] <0.075 0.006 0.081 0.49 0.031 <0.0070 18 6.4 0.58 0.041 16:1 P-limited

107 Entry to Sturgeon Bay - Lake Michigan side, off Coast Guard Station 44º 47.481' 87º 18.473' 08/07/02 Surface Grab 16 19.6 67.2 NA --- 110 11 <0.025 0.2 <0.0030 0.206 [0.18] [0.0070] <0.0070 20 0.84 0.41 0.2 28:1 P-limited

108 Mouth of Strawberry Creek 44º 48.515' 87º 20.183' 08/07/02 Surface Grab 1.7B 20.0 68.0 NA --- 120 14 <0.025 <0.075 0.005 0.08 0.41 0.025 <0.0070 20 7.3 0.50 0.005 17:1 P-limited

109 Mouth of Big Creek 44º 49.3969' 87º 20.795' 08/07/02 Surface Grab 2B 21.4 70.6 NA --- 180 33 <0.025 0.22 0.014 0.234 0.75 0.048 <0.0070 18 12 1.22 0.234 19:1 P-limited

110 Mouth of Little Creek 44º 49.418' 87º 21.509' 08/07/02 Surface Grab 2.2B 21.7 71.0 NA --- 110 13 <0.025 <0.075 0.006 0.081 0.4 0.024 <0.0070 19 4.3 0.49 0.006 17:1 P-limited

Notes:

1 =  oxygen saturation referenced to pure water at sea level

#B =  Secchi disk visible on bottom

TKN =  Total Kjeldahl Nitrogen

mg/l =  milligrams per liter = parts per million

ug/l = micrograms per liter = parts per billion (ppb)

<x = not detected above laboratory detection limit

[x] =  value is bracket detected between laboratory detection limit and quantitation limit

NA =  not analyzed
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Table 4:  Storm Water Grab Sampling Results, Sturgeon Bay, Summer 2002

Sample Date Laboratory Analytical
Label Collected Results

Nutrients Analysis (mg/L)
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Strawberry Creek 07/31/02 <0.025 0.38 0.054 Slightly upstream of Strawberry Ln. crossing amber color

Drainpipe 07/31/02 <0.025 1.1 0.022 pvc pipe near mouth of Samuelsons creek clear

Samuelsons Creek 07/31/02 [0.075] 0.83 0.031 Slightly upstream of E. Walnut S. crossing clear

Little Creek 07/31/02 0.14 0.78 0.11 Slightly upstream of Utah St. crossing clear

Big Creek 07/31/02 <0.025 4.6 0.028 Slightly upstream of Utah St. crossing clear

Notes:  

<x = less than laboratory detction limit
[x] = value in brackets detected between laboratory detection limit and quantitation limit
mg/l = milligrams per liter = parts per million (ppm)

All samples collected within 12 hours following major rain event
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Table 5:  Sediment Sampling Results, Sturgeon Bay, Summer 2002

Sample Depth Date
Label Latitude Longitude (feet) Collected
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S1 44º 48.505' 87º 20.209' 1.5 Surface/Grab 07/19/02 61 1,501.10 307.58 529.45 74,144.87 35,304.21 1,241.06 2,307.73 <3 138.68 4,782.24 8.97 2,311.55 239.48

S2 44º 49.337' 87º 20.775' 3 Surface/Grab 07/19/02 39.7 4763 326.74 402.77 166,666.67 16,655.63 3,833.19 26.47 6.1 126.13 4,946.22 12.94 2,098.36 366.39

S3 44º 49.406' 87º 21.510' 4.5 Surface/Grab 07/19/02 40.5 2,502.80 332.51 774.02 94,879.52 23,476.90 2,356.43 50.77 <3 209 6,409.66 16.89 3,329.69 203.93

S4 44º 49.249' 87º 21.452' 25 Feet 07/19/02 38.1 3,573.80 503.99 1,085.91 100,000 35,224.42 2,992.74 79.76 <3 318.41 10,646.96 23.33 5,803.74 214.07

S5 44º 49.303' 87º 22.228' 5 Surface/Grab 07/19/02 63.7 542.7 271.12 268.15 46,285.14 24,675.65 644.99 16.09 <3 65.66 3,533.04 7.49 1,448.49 110.85

Notes:

ppm =  parts per million

Results reported on dry weight basis

<x = not detected above laboratory detection limit

Location Laboratory Analytical
Results

Nutrients and Minerals Analysis (ppm)
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Table 6:  Aquatic Plant Nutrient and Mineral Sampling Results, Sturgeon Bay, Summer 2002

Sample Date
Label Collected
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P1 07/19/02 8.00 31,232.30 3,141.91 26,312.59 36,773.55 2,867.25 3,996.38 26.97 46.82 721.94 396.61 9.27 167.28 10,831.56 3:1:3 Freshly harvested aquatic 
plant material

C1 07/19/02 50.3 18,387.40 3,625.72 2,084.51 128,514.00 9,833.78 2,680.91 52.48 <3 1,465.06 3,817.61 35.8 1,817.91 1,547.62 2:1:0 Year old composted 
material

Notes:

ppm = parts per million

Results reported on a dry weight basis

Laboratory Analytical
Results

Nutrient and minerals analysis (ppm)



Table 7  Potential Funding Sources 
 

Funding 
Source* 

Grant 
Description 

Eligible Applicants Eligible Projects Eligibility Criteria Funding Award Grant Cycle Funding 
Term 

Application 
Deadline 

Contact 

WDNR "River Protection 
Grant Program" 
 
Protect rivers through 
water quality, 
fisheries habitat and 
natural beauty 
enhancements. 

• Units of local 
government 

• Non-profit 
conservation 
organizations 

• Qualified river 
management 
organizations. 

1. River organization 
development 

2. Information and education 
3. Assessments of water quality, 

fish aquatic life and non-
point source evaluation. 

4. Purchase of land or 
easements 

5. Development of local 
ordinances 

6. Restoration of in-stream or 
shoreland habitat 

Contact WDNR Regional Office 
Environmental Grant Specialist 

• River Planning Grants:  
$10,000 max per grant and 
75% state-share mix 

• River Management 
Grants:  $50,000 max per 
grant and 75% state-share 
max 

  May 1 st of 
each year 

WDNR Regional Office 
Environmental Grant 
Specialist: 
 
Northeast: 
Sue Kocken,  
Green Bay 
kockes@dnr.state.wi.us 
920-492-5797 

WDNR "Lake Protection 
Grant" 
 
Protection and 
improvement 
(restoration) of lake 
water quality and 
their ecosystems 

• Governmental units 
• Qualified Lake 

Associations 
• Public inland lake 

protection and 
rehabilitation districts

• Qualified nonprofit 
conservation 
organizations 

1. Wetland restoration or 
restoration of lands draining 
to wetlands. 

2. Regulation development 
(protection of water quality) 

Priorities are based on: 
1. Previous lake protection grants
2. End result of project focusing 

on protection or improvement 
of water quality 

3. Enhancement of additional 
ecosystems aspects (i.e., fish, 
wildlife, natural beauty). 

4. Amount and type of public 
access 

5. Does the project compliment 
other lake and watershed 
protection efforts 

6. Support from other affected 
management units 

7. Financial support from 
applicant. 

Formula and Matching 
Requirements: 
• 75% reimbursement of 

project costs, up to 
$200,000. 

• Cost share amounts are 
acceptable in the form of 
cash; funds from a third 
party; donated labor, 
services, materials, or 
equipment; or in land. 

   May 1st of 
each year 

Lakeshore Basin 
Water Resource 
Specialist 
(920) 746-2860 
 

WDNR "Targeted Runoff 
Management 
Grants" 
 
Control pollution and 
other factors 

• Local governmental 
units 

1. Runoff grants Selection is based on 
geographical water-quality 
priorities, local support for the 
project, the ability to control  
non-point pollution, and other 
factors 

• 2001 Funding $1.043 
million 

• 2002 Undetermined 

Every 2 
Years 

2 years with 
a possible 2-
year 
extension 

April 15, 2002 
(Estimated) 

John Young, 
Green Bay  
(920) 492-5854 

April 30, 2003 



Table 7  Potential Funding Sources 
Funding 
Source* 

Grant 
Description 

Eligible Applicants Eligible Projects Eligibility Criteria Funding Award Grant Cycle Funding 
Term 

Application 
Deadline 

Contact 

WDNR "Urban Nonpoint 
Source Grants" 
 
Promote urban runoff 
management for 
existing, developing, 
and redevelopment of 
urban areas 

• Local governmental 
units 

1. Storm-water detention pond 
2. Urban streambank 

stabilization 
3. Land acquisition to increase 

permeable areas for 
infiltration. 

Implement urban runoff 
performance standards (NR 151, 
Wis. Adm. Code) to achieve 
water-quality standards that 
protect ground water. 

• Funding amount depends on 
the biennial budget 

• 70% technical assistance 
• Standard cost-share funds 

for 50% of the project cost 

Every second 
year 
Note:  
depends on 
funding and 
number of 
projects 

2 years with 
a possible 1 
year 
extension 

April 15, 2003 John Young, 
Green Bay  
(920) 492-5854 

WDNR "Stewardship 
Program" 
 
To provide outdoor 
recreation, protect 
lands sensitive to 
environmental 
degradation, and 
conserve and restore 
wildlife habitat and 
protect water quality  

• Local governmental 
units 

• Non-profit 
conservation 

1. Property acquisition 
2. Urban Rivers:  to restore and 

protect river corridors and 
river fronts in urban areas for 
outdoor recreation and 
economic revitalization 

3. State Trails:  to provide a 
comprehensive state trails 
system for hikers, 
equestrians, bicyclists and 
cross-country skiers. 

4. Urban Green Space:  to 
provide green space, protect 
scenic, ecological or other 
natural features or provide 
land for noncommercial 
gardening. 

Non-profit organization with 
501(c) (3) status or a  
local government: 
 
Please see information related to 
non-profit status: 
http://www.dnr.state.wi.us/org/ca
er/ 
cfa/lr/stewardship/stewardship.ht
ml 
 
Please see information related to 
local government status: 
http://www.dnr.state.wi.us/org/ca
er/ 
cfa/lr/stewardship/stewardship.ht
ml#local 

Funding varies by programs: 
• State Trails:  $1million per 

year 
• Urban Rivers: $1.9 million 

per year 
• Urban Green Space:  

$750,000 per year 
Non-profit organizations: 
Stewardship provides 50% 
match grants to eligible 
sponsors for qualified 
projects. 

Contact local 
Community 
Service 
Specialist 
WDNR 

Contact local 
Community 
Service 
Specialist 
WDNR 

May 1st of 
each year 

Contact local Community 
Service Specialist 
WDNR 
P.O. Box 7921 
Madison, WI 
53707-7921 
(608) 266-5891 
 
Lake Michigan District: 
Jeff Pagels 
414-492-5821 
Gary Hanson 
414-492-5823 

EPA "Wetlands Grants" 
 
"To protect, manage, 
and restore 
wetlands." 

• State and local 
governments 

• Tribes 
• Interstate/intertribal 
• Non-profit 

organizations 

1. Protect, restore wetlands, 
2. Management program or 

support 
enhancement/refinement of 
an existing program. 

1. Funding priority focused on 
developing plans and 
management tools for 
protection of wetland 
resources; advancing the 
science and technical tools to 
evaluate, protect, and restore 
wetland health; facilitating 
development of watershed 
stakeholder partnerships, and 
improving public access to 
and education about wetlands 
information. 

 
 
2. EPA will review each 

•  FY 01 est. $15,000,000; 
•  FY 02 est. not available. 
 
Formula and matching 
requirements: 
Total Requirements: 
Total grant project is the 
Federal share and the required 
minimum State, Tribal, or 
local match.  For grants 
awarded through the WPDG 
competition, the required 
minimum match is 25 % of 
the total project costs.  This 
does not preclude applicants 
from putting additional funds 

Length and 
time is 
determined at 
time of grant 
award. 

Determined 
annually 

Contact 
Regional or 
Headquarters 
Office. 

EPA Regional or 
Headquarters Office.  For 
general information 
contacts the EPA 
Wetlands Helpline at 
(800) 832-7828. 
 
http://www.epa.gov/owo
w/wetlands 

April 30, 2003 



Table 7  Potential Funding Sources 
Funding 
Source* 

Grant 
Description 

Eligible Applicants Eligible Projects Eligibility Criteria Funding Award Grant Cycle Funding 
Term 

Application 
Deadline 

Contact 

application according to the 
following criteria: 

(1) Clarity of proposal work 
plan 

(2) Success of previous 
projects 

(3) Transferability of results 
or methods 

(4) Potential environmental 
results 

(5) Involvement/commitment 
of applicant. 

into the project. 

EPA "Non-point Source 
Implementation 
Grants" 
 
To establish non-point 
source management 
projects. 

• State and local 
governments, 
interstate and 
intrastate agencies 

• Public and private 
non-profit 
organizations and 
institutions 

1. Best Management Practices 
2. Installation for animal wastes, 

sediment, pesticide and 
fertilizer control 

3. Design and implementation of 
BMP systems for stream, 
lake, and estuary watersheds 

4. Basin-wide landowner and 
homeowner education 
programs. 

1. Requirements of under Section 
319 include: 

 • Non-federal matching funds 
of at lease 40 percent of 
project costs (except for 
tribal grants where financial 
hardship is demonstrated) 

 • Maintenance of effort 
 • Proceeds of state grants may 

be used for financial 
assistance to individual 
persons in the case of 
demonstration projects only; 
a limit on administrative 
costs 

 • Annual reporting; and EPA 
determinations of adequate 
state progress before 
additional funding. 

Funds are provided to States 
to carry out non-point source 
projects and programs 
pursuant to Section 319 of the 
Clean Water Act as amended 
by the Water Quality Act of 
1987. 
 
•  FY 01 est. $237,476,400 
•  FY 02 not available 
Formula and Matching 
Requirements: 
Non-federal match of at least 
40 % of project or program 
costs is required except for 
grants to Indian Tribes, where 
following demonstration of 
financial hardship.  The non-
federal match may be reduced 
to as low as 10 % of project or 
program costs.  State must 
also meet maintenance of 
effort requirements contained 
in statute. 

As 
determined in 
accordance 
with Section 
319 (h). 

  Contact
appropriate 
EPA Regional 
Office. 

Contact appropriate EPA 
Regional Office. 
 
http://www.epa.gov/owo
w/nps 

April 30, 2003 
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Term 

Application 
Deadline 

Contact 

NRCS "Watershed 
Protection and Flood 
Protection" 
 
Improve to protect, 
develop, and utilize 
the land and water 
resources to improve 
and prevent flooding 
within small 
watersheds. 

• Local governmental 
units. 

• State governments 
• Flood prevention or 

flood control district 
• Non-profit agency 

1. Watershed area must not 
exceed 250,000 acres. 

2. Problems caused by 
flooding, erosion and 
sediment damage 

3. Conservation, development, 
utilization and disposal of 
water including the 
development of 
multipurpose facilities for 
such uses as recreation, 
improvement of fish and 
wild-life habitat, irrigation, 
and water supply to 
municipal and industrial 
users. 

1. Carry out, maintain and 
operate watershed works of 
improvement. 

• Average Financial 
Assistance    $2,164 to 
$650,000 

•  FY 02 est. $41,368,676 

 No extension Contact NRCS 
regional office 
or local office 

Contact NRCS regional 
office or local. 
 
http://www.nrsc.usda.gov
. 

NRCS "Wetland Reserve 
Program" 
 
To restore and protect 
farmed wetlands, 
prior converted 
wetlands, wetlands 
farmed under natural 
condition, riparian 
areas, and eligible 
buffer that agree to 
permanent or long-
term easement or 
restoration 
agreement. 

• Individual landowner
partnership, 
association, 
corporation, estate, 
trust 

 1. Eligible landowners may offer 
farmed wetlands, prior 
converted wetlands, wetlands 
farmed under natural 
condition, intensively 
managed pasture and hayland 
riparian areas, along with 
eligible buffer areas to be 
placed under a permanent or 
30-year easement or 
restoration agreement. 

• state agency owning 
private croplands 

1. The landowner must have 
owned the land offered for at 
least the preceding 12 months 
before the end of the period in 
which the intent of participate 
in an easement is declared 
unless the land was acquired 
by will or succession as a 
result of the death of the 
previous owner; or the 
Department determines that the 
new owner did not acquire 
such land for the purpose of 
placing it in the WRP. 

 
2. Evaluation is based on the 

environmental benefits and 
government expenditures on 
restoration and easement 
purchase and the requirement 
that wildlife benefits be 
maximized. 

•  FY 02 est. 0 
•  FY 01 est. $183,569,000 
Formula and Matching 
Requirements: 
 
Lump-sum payments or 
annual payments (e.g., first to 
thirty) are made for 
easements.  Cost-share 
payments are 100% of the cost 
of implementing the Wetland 
Restoration Plan and will be 
paid for a permanent easement 
with 75% of permanent 
easement amounts being paid 
for 30-year easements and 
cost-share agreements. 

  Open 
continuous 
sign-up period 

Contact Regional or 
Local Office 
 
http://www.nrsc.usda.gov 

April 30, 2003 
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Funding 
Source* 

Grant 
Description 

Eligible Applicants Eligible Projects Eligibility Criteria Funding Award Grant Cycle Funding 
Term 

Application 
Deadline 

Contact 

NRCS "Wildlife Habitat 
Incentive Program" 
 
Provide financial 
incentives to develop 
habitat for fish and 
wildlife on private 
lands 

• Individual landowner 1. Improve fish and wildlife 
habitat on all lands and 
aquatic areas 

1. Development of a wildlife 
habitat plan. 

2. Part of a larger project 
3. WHIP funds cannot be used 

for mitigation or on land 
designated as converted 
wetland. 

Formula and Matching 
Requirements: 
Provides technical assistance 
and 75% cost-share 
assistance.  Landowner agrees 
to install and maintain the 
WHIP practices. 

Agreement 
lasts a 
minimum of 
10 years. 

  Contact your local 
conservation district. 
 
http://www.nrcs.usda.gov 

USDA "Water and Waste 
Systems" 
 
Construct or modify 
water and wastewater 
systems, which 
include solid waste 
disposal and storm 
drainage 

• Governmental units 
• Non-profit 

corporation 
• Rural municipalities 
• Special Purpose 

districts 

1. Storm sewer systems 
2. Solid-waste disposal 

equipment 
3. Reservoirs 
4. Pipelines 
5. Wells 
6. Pumping stations 
7. Sewer systems (collection 

lines, treatment plants, 
disposal field, and 
stabilization ponds) 

8. Professional Fees 
9. Acquisition of rights of ways 

and easements 
10. Relocation of roads and 

utilities 

1. Applicant must be in rural 
areas with less than 10,000 
population 

2. Applicants must be unable to 
obtain "reasonable" 
commercial credit 

3. Grants/loans are based upon 
median household incomes. 

4. Areas with less than 5500 
population receive priority.  
Priority is also given to 
requests involving merging of 
small facilities and those 
serving low-income 
communities. 

Formula and Matching 
Requirements: 
• Up to 75% based upon 

median household income 
(MHI).  MHI is based on 
1990 census 

  Pre-
applications 
are accepted 
throughout the 
fiscal year: 
October 1 to 
September 30 

 

 







Respondant's affiliation with Sturgeon Bay

Other (4 responses)
21%

Year round area resident (10 
responses)

52%

Shoreline property owner 
(3 responses)

16%

Area business
owner (2 responses)

11%

Notes : 
Twelve surveys returned.  A total of 19 responses were given.
"Other"  responses included 2 marina owners, city council, buisiness manager
No responses given for "seasonal area resident"  or "tourist"  choices



What recreational activity do you use the 
Sturgeon Bay for?

Fishing
(9 responses)

26%
Swimming

(5 responses)
14%

Recreational Boating - 
waterskiing and jetskiing

(9 responses)
26%

Sailboating
and Yachting
(4 responses)

11%Nature Viewing
(8 responses)

23%

Notes : 
Twelve surveys returned.  A total of 35 responses were given.
No responses given for "hunting"  choices



How often do you use Sturgeon Bay?

>10 days/month
(5 responses)

46%

10 days/month
(2 responses)

18%

5 days/month
(1 response)

9%

1 day/month
(1 response)

9%Other (Everyday)
(2 responses)

18%

Notes : 
Twelve surveys returned - one response was not completed.  A total of 11 responses were given.
No responses given for "0 days/month"  choices



Overall, how would you rate your experiences
on the Bay?

Very enjoyable
(8 responses)

67%

Somewhat enjoyable
(4 responses)

33%

Notes : 
Twelve surveys returned.  A total of 12 responses were given.
No responses given for "not very enjoyable"  or "un-enjoyable"  choices



How would you rate the quality of the Sturgeon Bay
as an aquatic resource?

Fair
(2 responses)

17%

Poor
(1 response)

8% Excellent
(2 responses)

17%

Good
(7 responses)

58%

Notes : 
Twelve surveys returned.  A total of 12 responses were given.



Are you concerned about the quality of
Sturgeon Bay?

Yes
(12 responses)

100%

Notes : 
Twelve surveys returned.  A total of 12 responses were given.
No responses given for "no" choices
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Water Quality/Pollution

Runoff

Aquatic Plant Growth

Boat Traffic

Exotic and Invasive Plants, 
Fish and Animals

Other:
- Weeds floating into beaches

1
Most Important

2 3 4 5 6
Least Important



Rank your opinion of the City's current management 
strategy (harvesting and chemical treatment) for aquatic 

plants on Sturgeon Bay.

Strongly support
(9 responses)

75%

Support
(1 response)

8%

Neither support
or oppose

(2 responses)
17%

Notes : 
Twelve surveys returned.  A total of 12 responses were given.
No responses given for "Oppose"  and "Strongly Oppose"  choices



How much do you think the City should invest in aquatic 
plant management?

$0 to $10,000
(1 response)

10%$50,000 to
$100,000

(2 responses)
20% $150,000+

(2 responses)
20%

$100,000 to $150,000
(5 responses)

50%

Notes : 
Twelve surveys returned.  A total of 10 responses were given.
No responses given for "$10,000 to $50,000" choices





Survey's Ranked Goals of Program
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Study and understand current 
aquatic plant problems

Identify pollutant sources

Promote voluntary pollution and 
runoff controls

Mandate pollution and runoff 
controls

Improve existing cutting 
operations

Identify other aquatic plant 
management strategies

Other

1
Most Important

2 3 4 5 7
Least Important

6
Notes : 
Responses for "other" goals include:
- Continue herbicide use in harbors/marinas
- Identify nutrients
- Full evaluation of chemical use in Bay



Table 1:  June 2002 Aquatic Macrophyte Survey Results, Sturgeon Bay, Door County,  Wisconsin

EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia Algae
Depth Zone <1.75' 0 0 0 26.7 0 0 26.7 6.7 33.3 0 0 60
Depth Zone 1.75 to 5.0' 63.2 36.8 0 68.4 31.6 36.8 31.6 26.3 21.1 15.8 5.3 36.8
Depth Zone 5.0 to 10.0' 64.7 58.8 0 82.4 76.5 52.9 17.6 5.9 5.9 5.9 0 23.5
Depth Zone >10.0' 53.8 84.6 0 76.9 23 7.7 7.7 0 0 0 0 15.4

Average Frequency of Occurrence 45.425 45.05 0 63.6 32.775 24.35 20.9 9.725 15.075 5.425 1.325 33.925

EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia Algae
Depth Zone <1.75' 0 0 0 17.4 0 0 17.4 4.4 21.7 0 0 39.1
Depth Zone 1.75 to 5.0' 16.9 9.8 0 18.3 8.5 9.8 8.5 7 5.6 4.2 1.4 9.8
Depth Zone 5.0 to 10.0' 16.4 14.9 0 20.9 19.4 13.4 4.5 1.5 1.5 1.5 0 6
Depth Zone >10.0' 20 31.4 0 28.6 8.5 2.9 2.9 0 0 0 0 5.7

Average Relative Frequency 13.325 14.025 0 21.3 9.1 6.525 8.325 3.225 7.2 1.425 0.35 15.15

EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia Algae
Depth Zone <1.75' 0 0 0 0.22 0 0 0.43 0.03 0.22 0 0 1.77
Depth Zone 1.75 to 5.0' 0.53 0.26 0 1.6 0.18 0.34 0.25 0.24 0.08 0.04 0.01 0.5
Depth Zone 5.0 to 10.0' 0.44 0.72 0 1.7 0.65 0.49 0.12 0.06 0.04 0.06 0 0.26
Depth Zone >10.0' 0.25 2 0 1.8 0.25 0.02 0.02 0 0 0 0 0.15

Average Density 0.305 0.745 0 1.33 0.27 0.2125 0.205 0.0825 0.085 0.025 0.0025 0.67

Table 2:  August 2002 Aquatic Macrophyte Survey Results, Sturgeon Bay,  Door County, Wisconsin

EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae
Depth Zone <1.75' 5.6 0 0 22.2 38.9 5.6 11.1 0 44.4 0 0 5.6 0 0 0 0 0 66.7
Depth Zone 1.75 to 5.0' 31.6 10.5 10.5 63.2 63.2 36.8 15.8 31.6 57.9 5.3 5.3 21.1 10.5 31.6 0 0 5.3 21.1
Depth Zone 5.0 to 10.0' 61.1 11.1 11.1 33.3 83.3 72.2 11.1 22.2 16.7 0 0 0 0 22.2 5.6 16.7 0 27.8
Depth Zone >10.0' 26.7 6.7 0 6.7 86.7 80 0 0 6.7 0 0 0 0 20 0 6.7 0 13.3

Average Frequency of Occurrence 31.25 7.075 5.4 31.35 68.025 48.65 9.5 13.45 31.425 1.325 1.325 6.675 2.625 18.45 1.4 5.85 1.325 32.225

EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae
Depth Zone <1.75' 2.8 0 0 11.1 19.4 2.8 5.5 0 22.2 0 0 2.8 0 0 0 0 0 33.3
Depth Zone 1.75 to 5.0' 7.5 2.5 2.5 15 15 8.7 3.8 7.5 13.7 1.26 1.26 5 2.5 7.5 0 0 1.26 5
Depth Zone 5.0 to 10.0' 15.5 2.8 2.8 8.4 21.1 18.3 2.8 5.6 4.2 0 0 0 0 5.6 1.4 4.2 0 7
Depth Zone >10.0' 10.5 2.6 0 2.6 34.2 31.6 0 0 2.6 0 0 0 0 7.9 0 2.6 0 5.2

Average Relative Frequency 9.075 1.975 1.325 9.275 22.425 15.35 3.025 3.275 10.675 0.315 0.315 1.95 0.625 5.25 0.35 1.7 0.315 12.625

EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae
Depth Zone <1.75' 0.014 0 0 0.125 0.36 0.097 0.21 0 1.03 0 0 0.014 0 0 0 0 0 0.92
Depth Zone 1.75 to 5.0' 0.37 0.12 0.039 1.05 1.13 0.58 0.066 0.21 0.97 0.01 0.01 0.33 0.16 0.34 0 0 0.026 0.46
Depth Zone 5.0 to 10.0' 0.74 0.028 0.056 0.79 1.79 1.06 0.04 0.18 0.097 0 0 0 0 0.31 0.11 0.097 0 0.35
Depth Zone >10.0' 0.2 0.017 0 0.017 2.25 0.97 0 0 0.03 0 0 0 0 0.27 0 0.083 0 0.23

Average Density 0.331 0.04125 0.02375 0.4955 1.3825 0.67675 0.079 0.0975 0.53175 0.0025 0.0025 0.086 0.04 0.23 0.0275 0.045 0.0065 0.49





















































































June 2002 Sturgeon Bay Aquatic Macrophyte Survey Relative Frequency
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June 2002 Sturgeon Bay Aquatic Macrophyte Survey Frequency of Occurrence 
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June 2002 Sturgeon Bay Aquatic Macrophyte Survey Density
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August 2002 Sturgeon Bay Aquatic Macrophyte Survey Relative Frequency
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August 2002 Sturgeon Bay Aquatic Macrophyte Survey Frequency of Occurrence
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August 2002 Aquatic Macrophyte Survey Densities
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Sturgeon Bay - 2002 Aquatic Macrophyte Survey (June summary for <1.75' depth zone)
survey dates: June 5-8, 2002

Species Density Rating
EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia ? Algae

Transect Z4B
depth zone <1.75' 3/3 3/3

Transect Z4A
depth zone <1.75' 4/4 1/1

Transect Z5A
depth zone <1.75' 3/3 4/4

Transect Z1A
depth zone <1.75' 3/3 4/4

Transect Z1B
depth zone <1.75' No Vegetation

Transect Z3A
depth zone <1.75' No Vegetation

Transect Z3B
depth zone <1.75' 4/12

Transect C1A
depth zone <1.75' 4/11

Transect C1B
depth zone <1.75' 4/11

Transect G21
depth zone <1.75' 4/17

Transect CP1
depth zone <1.75' 4/12

Transect SP1
depth zone <1.75' 4/12

Transect "Further South of Quarry"
depth zone <1.75' 1/1 4/14

Transect "South of Quarry"
depth zone <1.75' 2/2 4/11

Transect SW1
depth zone <1.75' 4/12

Transect SW2
depth zone <1.75' No Vegetation

Transect SW3
depth zone <1.75' 4/11 2/2 1/1

Transect SW4
depth zone <1.75' 4/6

Frequency of Occurrence =(# of depth 
intervals along the transects in which 
species occurrs / Total # of [sites; 
(depth intervals)] w/veg) 0 0 0 4/15 = 26.7 0 0 4/15 = 26.7 1/15 = 6.7 5/15 = 33.3 0 0 9/15 = 60
Relative Frequency= Frequency/sum 
of Freq 0 0 0 26.7/153.4 = 17.4 0 0 26.7/153.4 = 17.4 6.7/153.4 = 4.4 33.3/153.4 = 21.7 0 0 60/153.4 = 39.1

Sum of Frequencies = 153.4 0 0 0 0 0 0

Sum of Densities 0 0 0 13 0 0 26 2 13 0 0 106
 Average Density = Sum of density 
ratings for species / # of [sites; (depth 
intervals)] w/ veg 0 0 0 13/60 = 0.22 0 0 26/60 = 0.43 0.03 0.22 0 0 1.77

# of depth intervals along the 
transects in which species occurrs 0 0 0 4 0 0 4 1 5 0 0 9

Total number of depth 
intervals ( along the transects) 

sampled = 18 with 4 rake 
subsamples each = 72

Total number of depth 
intervals (along the transects) 
sampled in which vegetation 

occurs = 15 with 4 rake 
subsamples each = 60

Transect Z2A was omited; because, it was dredged and no depths > 1.75' existed



Sturgeon Bay - 2002 Aquatic Macrophyte Survey (June summary for 1.75 to 5.0' depth zone)
survey dates: June 5-8, 2002

Species Density Rating
EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia ? Algae

Transect Z2A
depth zone 1.75 to <5.0' 3/3 1/1 4/8 1/1 3/6 1/1 1/1

Transect Z4B
depth zone 1.75 to <5.0' 4/5 1/1 4/14

Transect Z4A
depth zone 1.75 to <5.0' 4/8 1/1 4/10 1/1 1/1

Transect Z5A
depth zone 1.75 to <5.0' 4/5 4/4 4/11 1/5

Transect Z1A
depth zone 1.75 to <5.0' 1/1 4/8 3/3 3/3 3/3

Transect Z1B
depth zone 1.75 to <5.0' 3/3 4/13 1/1 2/2

Transect Z3A
depth zone 1.75 to <5.0' 4/4 4/15 3/6 1/1

Transect Z3B
depth zone 1.75 to <5.0' 4/4 2/2 4/12 4/4 4/4

Transect C1A
depth zone 1.75 to <5.0' 4/8 4/14 4/6 3/3

Transect C1B
depth zone 1.75 to <5.0' 1/1 3/3 4/9

Transect G21
depth zone 1.75 to <5.0' 1/1 4/13

Transect CP1
depth zone 1.75 to <5.0' 1/1 4/4

Transect SP1
depth zone 1.75 to <5.0' 2/4

Transect "Further South of Quarry"
depth zone 1.75 to <5.0' 2/3

Transect "South of Quarry"
depth zone 1.75 to <5.0' 1/1 3/4

Transect SW1
depth zone 1.75 to <5.0' 2/2 4/8 3/4 3/6 1/1 1/1

Transect SW2
depth zone 1.75 to <5.0' 2/2 3/3 1/1

Transect SW3
depth zone 1.75 to <5.0' 3/3 4/4 1/1 1/1

Transect SW4
depth zone 1.75 to <5.0' 4/5 4/4 1/1 1/1 4/7 1/1

Frequency of Occurrence =(# of 
depth intervals along the transects 
in which species occurrs / Total # of 
[sites; (depth intervals)] w/veg) 12/19 = 63.2 7/19 = 36.8 0 13/19 = 68.4 6/19 = 31.6 7/19 = 36.8 6/19 = 31.6 5/19 = 26.3 4/19 =21.1 3/19 = 15.8 1/19 = 5.3 7/19 = 36.8
Relative Frequency= Frequency/sum 
of Freq 16.9 9.8 0 18.3 8.5 9.8 8.5 7 5.6 4.2 1.4 9.8

Sum of Frequencies = 373.7

Sum of Densities 40 20 0 122 14 26 19 18 6 3 1 38
 Average Density = Sum of density 
ratings for species / # of [sites; 
(depth intervals)] w/ veg 40/76 =0.53 20/76 = 0.26 0 122/76 = 1.6 14/76 = 0.18 26/76 = 0.34 19/76 = 0.25 18/76 = 0.24 6/76 = 0.08 3/76 = 0.04 1/76 = 0.01 38/76 = 0.5

# of depth intervals along the 
transects in which species occurrs 12 7 0 13 6 7 6 5 4 3 1 7

Total number of depth 
intervals ( along the transects) 

sampled = 19
Total number of depth 

intervals (along the transects) 
sampled in which vegetation 

occurs = 19



Sturgeon Bay - 2002 Aquatic Macrophyte Survey(June, summary for depth zones > 10)
survey dates: June 5-8, 2002

Species Density Rating
EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia ? Algae

Transect Z2A
depth zone >10.0' 4/12 4/5 3/3

Transect Z4B
depth zone >10.0' 4/14 4/9 1/1

Transect Z4A
depth zone >10.0' 2/2 4/4 4/13

Transect Z5A
depth zone >10.0' 2/2 3/4 4/17

Transect Z1A
depth zone >10.0' 2/2 4/4 4/12

Transect Z1B
depth zone >10.0' 3/4 4/11

Transect Z3A
depth zone >10.0' 2/2 4/16 4/4

Transect Z3B
depth zone >10.0' 4/18

Transect C1A
depth zone >10.0' 4/12 3/8

Transect C1B
depth zone >10.0' 4/5 4/5

Transect G21
depth zone >10.0' 1/1 4/12 3/7 3/5

Transect CP1
depth zone >10.0' 3/3 1/1

Transect SP1
depth zone >10.0' 1/1 3/5 4/9 2/3

Transect "Further South of Quarry"
depth zone >10.0' No Vegetation

Transect "South of Quarry"
depth zone >10.0' No Vegetation

Frequency of Occurrence =(# of 
depth intervals along the transects in 
which species occurrs / Total # of 
[sites; (depth intervals)] w/veg) 7/13 = 53.8 11/13 = 84.6 0 10/13 = 76.9 3/13 = 23 1/13 = 7.7 1/13 = 7.7 0 0 0 0 2/13 = 15.4
Relative Frequency= Frequency/sum 
of Freq 53.8/269.1 = 20 84.6/269.1 = 31.4 0 28.6 8.5 2.9 2.9 5.7

Sum of Frequencies = 269.1

Sum of Densities 13 105 0 95 13 1 1 0 0 0 0 8
 Average Density = Sum of density 
ratings for species / # of [sites; 
(depth intervals)] w/ veg 0.25 2 0 1.8 0.25 0.02 0.02 0 0 0 0 0.15

# of depth intervals along the 
transects in which species occurrs 7 11 0 10 3 1 1 0 0 0 0 2

Total number of depth intervals 
( along the transects) sampled 
= 15 with 4 rake samples each 

= 60
Total number of depth intervals 
(along the transects) sampled 
in which vegetation occurs = 

13 with 4 rake samples each = 
52



Sturgeon Bay - 2002 Aquatic Macrophyte Survey (June summary for 5-10' depth zone)
survey dates: June 5-8, 2002

Species Density Rating
EWM Potcr Valam Eloca Cerde Ranun Chara Potri Potpu Potzo Amblostegia ? Algae

Transect Z2A
depth zone 5.0' to <10.0' 1/1 2/4 4/5 2/2 1/1 3/5

Transect Z4B
depth zone 5.0' to <10.0' 4/12 4/8

Transect Z4A
depth zone 5.0' to <10.0' 4/6 4/13 1/1 2/3

Transect Z5A
depth zone 5.0' to <10.0' 4/6 1/1 4/15 1/1

Transect Z1A
depth zone 5.0' to <10.0' 3/3 4/16 4/10

Transect Z1B
depth zone 5.0' to <10.0' 4/12 4/4

Transect Z3A
depth zone 5.0' to <10.0' 1/1 2/2 4/11 3/3 2/2

Transect Z3B
depth zone 5.0' to <10.0' 3/3 4/4 4/14 3/3 1/1

Transect C1A
depth zone 5.0' to <10.0' 1/1 4/7 4/13 4/7 4/5

Transect C1B
depth zone 5.0' to <10.0' 3/5 4/7

Transect G21
depth zone 5.0' to <10.0' 1/1 2/4 3/3 4/6 4/5

Transect CP1
depth zone 5.0' to <10.0' 1/1 1/1 1/1

Transect SP1
depth zone 5.0' to <10.0' 1/1 3/5 1/2

Transect "Further South of Quarry"
depth zone 5.0' to <10.0' No Vegetation

Transect "South of Quarry"
depth zone 5.0' to <10.0' 1/1

Transect SW1
depth zone 5.0' to <10.0' 1/1 2/2 2/2 3/6

Transect SW2 - no depths > 5.0'
Transect SW3

End of Transect (Deepest point) 5' 4/4 1/1 1/1 4/4 3/3 4/4
Transect SW4

depth zone 5.0' to <10.0' 4/6 2/2 3/3 4/9 4/11 1/1

Frequency of Occurrence =(# of 
depth intervals along the transects in 
which species occurrs / Total # of 
[sites; (depth intervals)] w/veg) 11/17 = 64.7 10/17 = 58.8 0 14/17 = 82.4 13/17 = 76.5 9/17 = 52.9 3/17 = 17.6 1/17 = 5.9 1/17 = 5.9 1/17 = 5.9 0 4/17 = 23.5
Relative Frequency= Frequency/sum
of Freq 16.4 14.9 0 20.9 19.4 13.4 4.5 1.5 1.5 1.5 0 6
Sum of Frequencies = 394.1

Sum of Densities 30 49 0 116 44 33 8 4 3 4 0 18
 Average Density = Sum of density
ratings for species / # of [sites; (depth
intervals)] w/ veg 0.44 0.72 0 1.7 0.65 0.49 0.12 0.06 0.04 0.06 0.26

# of depth intervals along the
transects in which species occurrs 11 10 0 14 13 9 3 1 1 1 0 4

Total number of depth 
intervals ( along the 

transects) sampled = 18 with 
4 rake subsamples each = 72

Total number of depth 
intervals (along the 

transects) sampled in which 
vegetation occurs = 17 with 

4 rake subsamples each = 68



Sturgeon Bay - 2002 Aquatic Macrophyte Survey (June 5-8, 2002)
Transect Name

Species Density Rating Substrate Location

survey dates: June 5-8, 
2002 Algae Cerde Chara Elodea EWM Fine leaved Milfoil Native Milfoil Najas Nitella Pithophora Potamo Pot rich Pot pus Potzo Crispus Ranucnc

Sparga 
nium Valam Silt Sand Gravel Cobbles Boulders

Zebra 
Mussels Start of Transect End of Transect

Transect #1         Z3A N44° 49.576 N44° 49.473
depth zone <1.75' NO VEGETATION Sand/No Veget. In front of pipe outfall

depth zone 1.75 to <5.0' 1 15 4 2 Sand
depth zone 5.0' to <10.0' 3 11 1 2 2 X X

depth zone >10.0' 4 2 16 X
Transect #2      Z3B

depth zone <1.75' 12 N44° 49.698' N44° 49.592
depth zone 1.75 to <5.0' 4 12 4 2 4
depth zone 5.0' to <10.0' 3 14 3 4 1

depth zone >10.0' 18
Transect #3     Z1A

depth zone <1.75' 3 4 N44° 49.313' N44° 49.063'
depth zone 1.75 to <5.0' 3 8 1 3 3 X
depth zone 5.0' to <10.0' 10 3 16 X X

depth zone >10.0' 12 2 4 X
Transect #4       Z1B

depth zone <1.75' NO VEGETATION X N44° 49.384' N44° 49.273'
depth zone 1.75 to <5.0' 1 13 2 3 X X
depth zone 5.0' to <10.0' 4 12 X X

depth zone >10.0' 8 7
Transect #5     Z2A

depth zone <1.75' N44°  49.49' N44° 49.579'
depth zone 1.75 to <5.0' 1 1 8 3 1 6 Inside Marina
depth zone 5.0' to <10.0' 5 2 5 1 4 1

depth zone >10.0' 3 5 12
Transect #6      Z4B

depth zone <1.75' 3 3 100% N44° 49.377 N44° 49.438'
depth zone 1.75 to <5.0' 14 5 1
depth zone 5.0' to <10.0' 8 12

depth zone >10.0' 9 14 1
Transect #7     Z4A

depth zone <1.75' 4 1 N44° 49.288' N44° 49.307'
depth zone 1.75 to <5.0' 1 10 8 1 1 X X
depth zone 5.0' to <10.0' 1 13 6 3

depth zone >10.0' 13 2 4 X
Transect #8      Z5A

depth zone <1.75' 3 4 N44°  49.085' N44°  49.138'
depth zone 1.75 to <5.0' 11 5 4 5 X X
depth zone 5.0' to <10.0' 1 15 6 1

depth zone >10.0' 17 2 4 X
Transect #9      C1A

depth zone <1.75' 11 N44° 49.976' N44° 49.971
depth zone 1.75 to <5.0' 6 14 8 3
depth zone 5.0' to <10.0' 7 13 1 7 5

depth zone >10.0' 8 12 90% 5%
Transect #10    C1B

depth zone <1.75' 11 N44° 49.938' N44° 49.964'
depth zone 1.75 to <5.0' 9 3 1
depth zone 5.0' to <10.0' 7 5

depth zone >10.0' 5 5 80%
Transect #11       SW1

depth zone <1.75' 12 N44° 52.776 N44°  52.98'
depth zone 1.75 to <5.0' 4 8 2 1 6 1
depth zone 5.0' to <10.0' 2 2 1 6

depth zone >10.0'
Transect #12     SW2

depth zone <1.75' N44° 52.833' N44° 53.075'
depth zone 1.75 to <5.0' 2 1 3

depth zone 4'5" 1 2 1 4 3
depth zone >10.0'

Transect #13    SW3
depth zone <1.75' 11 1 2 N44°  53.217' N44  53.106'

depth zone 1.75 to <5.0' 3 1 4 1
depth zone 5.0' to <10.0' 1 4 3 4 4 1

depth zone >10.0'
Transect #14    SW4

depth zone <1.75' 2 N44  53.172'  N N44° 53.101'
depth zone 1.75 to <5.0' 1 7 4 5 1 1
depth zone 5.0' to <10.0' 9 1 3 6 2 11

depth zone >10.0'
Transect #15    G21

depth zone <1.75' 17 N44°  50.207' N44°   50.184'
depth zone 1.75 to <5.0' 18 1
depth zone 5.0' to <10.0' 5 4 6 1 3

depth zone >10.0' 5 7 1 12
Transect #16    GP1

depth zone <1.75' 12 N44°  50.768' N44°  50.812'
depth zone 1.75 to <5.0' 4 1
depth zone 5.0' to <10.0' 1 1 1

depth zone >10.0' 1 3
Transect #17    SP1

depth zone <1.75' 12 N44° 51.069' N44°  51.112'
depth zone 1.75 to <5.0' 4
depth zone 5.0' to <10.0' 2 5 1

depth zone >10.0' 3 9 1 5
Transect #18 S. of Quarry

depth zone <1.75' 11 2 N44° 53.640' N44° 53.566'
depth zone 1.75 to <5.0' 4 1
depth zone 5.0' to <10.0' 1

depth zone >10.0' NO VEGETATION
Transect #19 Further S.ofQuarry

depth zone <1.75' 14 1 N44° 53.185' N44°53.145'
depth zone 1.75 to <5.0' 3
depth zone 5.0' to <10.0' NO VEGETATION

depth zone >10.0' NO VEGETATION



Sturgeon Bay - 2002 Aquatic Macrophyte Survey (August summary <1.75' depth zone)
survey dates: August 5-9, 2002

Species Density Rating
EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae

Transect Z2A - no depths < 2.0'
Transect Z4B

depth zone <1.75' 4/5 4/8 4/16
Transect Z4A

depth zone <1.75' 1/1 4/6 1/1
Transect Z5A

depth zone <1.75' 3/3 4/10
Transect Z1A

depth zone <1.75' 2/2 4/4 4/14
Transect Z1B

depth zone <1.75' 4/11 4/7 4/6
Transect Z3A

depth zone <1.75' 3/4
Transect Z3B

depth zone <1.75' 1/1 1/1
Transect C1A

depth zone <1.75' 2/2
Transect C1B

depth zone <1.75' 4/17 4/8
Transect G21

depth zone <1.75' 4/5
Transect CP1

depth zone <1.75' 2/3
Transect SP1

depth zone <1.75' 1/1
Transect "Further South of Quarry"

depth zone <1.75' 2/2
Transect "South of Quarry"

depth zone <1.75' 1/1 4/11
Transect SW1

depth zone <1.75' 1/2 4/12
Transect SW2

depth zone <1.75' 3/4 1/1 2/3
Transect SW3

depth zone <1.75' 1/1 1/1 4/12 1/1
Transect SW4

depth zone <1.75' *4/12

Frequency of Occurrence =(# of depth 
intervals along the transects in which 
species occurrs / Total # of [sites; (depth 
intervals)] w/veg) 1/18 = 5.6 0 0 4/18 = 22.2 7/18 = 38.9 1/18 = 5.6 2/18 = 11.1 0 8/18 = 44.4 0 0 1/18 = 5.6 0 0 0 0 12/18 = 66.7
Relative Frequency= Frequency/sum of 
Freq 5.6/200.1 = 2.8 0 0 11.1 19.4 2.8 5.5 0 22.2 0 0 2.8 0 0 0 0 0 33.3
Sum of Frequencies = 200.1

Sum of Densities 1 0 0 9 26 7 15 0 74 0 0 1 0 0 0 0 0 66
 Average Density = Sum of density ratings 
for species / # of [sites; (depth intervals)] 
w/ veg 1/72 = 0.014 0 0 0.125 0.36 0.097 0.21 0 1.03 0 0 0.014 0 0 0 0 0 0.92

# of depth intervals along the 
transects in which species occurrs 1 0 0 4 7 1 2 0 8 0 0 1 0 0 0 0 0 12

Total number of depth intervals ( 
along the transects) sampled = 18 
with 4 rake subsamples each = 72

Total number of depth intervals 
(along the transects) sampled in 
which vegetation occurs = 18 with 4 
rake subsamples each = 72



Sturgeon Bay - 2002 Aquatic Plant Survey  (August summary for depths 1.75' -5.0' depth zone)
survey dates: August 5-9, 2002

Species Density Rating
EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae

Transect Z2A
depth zone 1.75 to <5.0' 1/2 1/2 4/9 4/10 4/7 1/1

Transect Z4B
depth zone 1.75 to <5.0' 4/9 4/16

Transect Z4A
depth zone 1.75 to <5.0' 1/1 2/3 4/12 1/1 4/4 4/9

Transect Z5A
depth zone 1.75 to <5.0' 2/2* 4/17 2/3 2/2 1/1

Transect Z1A
depth zone 1.75 to <5.0' 1/1 1/1 2/2 3/4 1/2 1/1 4/11 4/10 1/2

Transect Z1B
depth zone 1.75 to <5.0' 4/4 3/3 2/2

Transect Z3A
depth zone 1.75 to <5.0' 4/13 3/3 4/12

Transect Z3B
depth zone 1.75 to <5.0' 2/2 4/17 4/9 4/4 4/8

Transect C1A
depth zone 1.75 to <5.0' *4/5 *4/5

Transect C1B
depth zone 1.75 to <5.0' 3/6 4/5 4/12

Transect G21
depth zone 1.75 to <5.0' 4/11 4/7

Transect CP1
depth zone 1.75 to <5.0' 1/1 2/2 4/9

Transect SP1
depth zone 1.75 to <5.0' 4/8 3/3 3/3 3/3

Transect "Further South of Quarry"
depth zone 1.75 to <5.0' 4/8 2/2 4/8

Transect "South of Quarry"
depth zone 1.75 to <5.0' 3/7 1/1 1/1 3/6

Transect SW1
depth zone 1.75 to <5.0' 4/5 2/2 1/2 4/8 4/10 3/6 1/1

Transect SW2
depth zone 1.75 to <5.0' 4/13 3/6 1/1 1/1 3/3

Transect SW3
depth zone 1.75 to <5.0' 4/14 4/6 4/9 4/6 1/1

Transect SW4
depth zone 1.75 to <5.0' 4/13 1/2 2/3

Frequency of Occurrence =(# of depth 
intervals along the transects in which 
species occurrs / Total # of [sites; (depth 
intervals)] w/veg) 6/19 = 31.6 2/19 = 10.5 2/19 = 10.5 12/19  = 63.2 12/19 = 63.2 7/19 = 36.8 3/19 = 15.8 6/19 = 31.6 11/19 = 57.9 1/19 = 5.3 1/19 = 5.3 4/19 = 21.1 2/19 = 10.5 6/19 = 31.6 0 0 1/19 = 5.3 4/19 = 21.1
Relative Frequency= Frequency/sum of 
Freq 31.6/ 421.3 = 7.5% 2.5 2.5 15 15 8.7 3.8 7.5 13.7 1.26 1.26 5 2.5 7.5 0 0 1.26 5
Sum of Frequencies = 421.3

Sum of Densities 28 9 3 80 86 44 5 16 74 1 1 25 12 26 0 0 2 35
 Average Density = Sum of density ratings 
for species / # of [sites; (depth intervals)] 
w/ veg 28/76 = 0.37 0.12 0.039 1.05 1.13 0.58 0.066 0.21 0.97 0.01 0.01 0.33 0.16 0.34 0 0 0.026 0.46

# of depth intervals along the 
transects in which species occurrs 6 2 2 12 12 7 3 6 11 1 1 4 2 6 0 0 1 4

Total number of depth intervals ( 
along the transects) sampled = 19 
with 4 rake subsamples each = 76

Total number of depth intervals 
(along the transects) sampled in 
which vegetation occurs = 19 with 4 
rake subsamples each = 76



Sturgeon Bay -  2002 Aquatic Plant Survey (August summary for >10' depth zone)
survey dates: August 5-9, 2002

Species Density Rating
EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae

Transect Z2A
depth zone >10.0' 4/6 3/4

Transect Z4B
depth zone >10.0' 1/1* 4/13 4/6

Transect Z4A
depth zone >10.0' 3/6 4/5 4/5

Transect Z5A
depth zone >10.0' 4/15 1/2

Transect Z1A
depth zone >10.0' 4/19 1/2

Transect Z1B
depth zone >10.0' 3/3 *4/8 *2/4

Transect Z3A
depth zone >10.0' 2/2 1/1 3/4 4/5

Transect Z3B
depth zone >10.0' *2/8 *2/5

Transect C1A
depth zone >10.0' *4/4 *2/2

Transect C1B
depth zone >10.0' 4/18 4/6

Transect G21
depth zone >10.0' 4/15 4/9

Transect CP1
depth zone >10.0' 4/10 4/9

Transect SP1
depth zone >10.0' 4/10 4/8 4/5

Transect "Further South of Quarry"
depth zone >10.0' 1/1 2/2 2/2 4/4

Transect "South of Quarry"
depth zone >10.0' 3/5 4/10

Transect SW1 - no depths >10'
Transect SW2 - no depths >10'
Transect SW3 -no depths >10'
Transect SW4 - no depths >10'

Frequency of Occurrence =(# of depth 
intervals along the transects in which 
species occurrs / Total # of [sites; (depth 
intervals)] w/veg) 4/15 = 26.7 1/15 = 6.7 0 6.7 13/15 = 86.7 12/15 = 80 0 0 6.7 0 0 0 0 3/15 = 20 0 6.7 0 2/15 = 13.3
Relative Frequency= Frequency/sum of 
Freq 26.7/253.5 = 10.5% 2.6 0 2.6 34.2 31.6 0 0 2.6 0 0 0 0 7.9 0 2.6 0 5.2
Sum of Frequencies = 253.5

Sum of Densities 12 1 0 1 135 58 0 0 2 0 0 0 0 16 0 5 0 14
 Average Density = Sum of density ratings 
for species / # of [sites; (depth intervals)] 
w/ veg 0.2 0.017 0 0.017 2.25 0.97 0 0 0.03 0 0 0 0 0.27 0 0.083 0 0.23

# of depth intervals along the 
transects in which species occurrs 4 1 0 1 13 12 0 0 1 0 0 0 0 3 0 1 0 2

Total number of depth intervals ( 
along the transects) sampled = 15 
with 4 rake subsamples = 60

Total number of depth intervals 
(along the transects) sampled in 
which vegetation occurs = 15 with 4 
rake subsamples = 60



Sturgeon Bay - 2002 Aquatic Plant Survey (August summary for 5'-10' depth zone)
survey dates: August 5-9, 2002

Species Density Rating
EWM Myrsi Potcr Valam Eloca Cerde Najfl Ranun Chara Nitella Potdi Potri Potpe Potpu Potpr Potzo Hetdu Algae

Transect Z2A
depth zone 5.0' to <10.0' 2/2 3/3 3/3 4/11 1/1

Transect Z4B
depth zone 5.0' to <10.0' 1/1* 4/4 4/9 1/1 4/6

Transect Z4A
depth zone 5.0' to <10.0' 4/7 4/12 4/10

Transect Z5A
depth zone 5.0' to <10.0' 4/10 1/1 4/14 4/8

Transect Z1A
depth zone 5.0' to <10.0' 2/2 4/18 1/1

Transect Z1B
depth zone 5.0' to <10.0' 3/5 4/12 3/7

Transect Z3A
depth zone 5.0' to <10.0' 2/2 4/15 4/10

Transect Z3B
depth zone 5.0' to <10.0' 4/5 4/6 4/6

Transect C1A
depth zone 5.0' to <10.0' *4/5 *2/2

Transect C1B
depth zone 5.0' to <10.0' 4/10 4/7 3/3 1/1 2/3 3/5

Transect G21
depth zone 5.0' to <10.0' 2/2 4/11 1/1 1/2 4/5 2/2

Transect CP1
depth zone 5.0' to <10.0' 2/2 4/11 4/4 2/2 4/9

Transect SP1
depth zone 5.0' to <10.0' 4/12 4/9 4/5

Transect "Further South of Quarry"
depth zone 5.0' to <10.0' 2/2 2/2 4/8

Transect "South of Quarry"
depth zone 5.0' to <10.0' 4/6 1/1 2/2 3/4

Transect SW1
depth zone 5.0' to <10.0' 4/8 1/1 1/1 4/8

Transect SW2 - no depths > 5'
Transect SW3

End of Transect (Deepest point) 5' 4/13 4/7 4/10 4/6 1/1
Transect SW4

depth zone 5.0' to <10.0' 4/16 3/3 1/1 1/1

Frequency of Occurrence =(# of depth 
intervals along the transects in which 
species occurrs / Total # of [sites; (depth 
intervals)] w/veg) 11/18 = 61.1 2/18 = 11.1 11.1 6/18 = 33.3 15/18 = 83.3 13/18 = 72.2 11.1 4/18 = 22.2 3/18 = 16.7 0 0 0 0 22.2 1/18 = 5.6 16.7 0 5/18 = 27.8
Relative Frequency= Frequency/sum of 
Freq 61.1/394.4 = 15.5% 2.8 2.8 8.4 21.1 18.3 2.8 5.6 4.2 0 0 0 0 5.6 1.4 4.2 0 7
Sum of Frequencies = 394.4

Sum of Densities 53 2 4 57 129 76 3 13 7 0 0 0 0 22 8 7 0 25
 Average Density = Sum of density ratings 
for species / # of [sites; (depth intervals)] 
w/ veg 0.74 0.028 0.056 0.79 1.79 1.06 0.04 0.18 0.097 0 0 0 0 0.31 0.11 0.097 0 0.35

# of depth intervals along the 
transects in which species occurrs 11 2 2 6 15 13 2 4 3 0 0 0 0 4 1 3 0 5

Total number of depth intervals ( 
along the transects) sampled = 18 
with 4 rake subsamples each = 72

Total number of depth intervals 
(along the transects) sampled in 
which vegetation occurs = 18 with 4 
rake subsamples each = 72



Sturgeon Bay - 2002 Aquatic Macrophyte Survey (August 5-9, 2002)
Transect Name

Species Density Rating Substrate Location

survey dates: August 5-9, 
2002 Algae Cerde Chara Elodea EWM Het Du Milfoil Native Milfoil Najas/Nalas Nitella Pot pec Pot Div Pot rich Pot pus Potzo Crispus Ranucnc Pot Prae Valam Silt Sand Gravel Cobbles Boulders

Zebra 
Mussels Start of Transect End of Transect

Transect #1         Z2A N44°  49.485'
depth zone <1.75' 60% 20% 20%

depth zone 1.75 to <5.0' 10 9 2 1 2 7 60% 20% 20%
depth zone 5.0' to <10.0' 11|7 3|8 2 1 1 3|1 90% 10%

depth zone >10.0' 4 6 N44°  49.590'
Transect #2      Z4A

depth zone <1.75' 1 6 1 80% 20% N44°  49.219
depth zone 1.75 to <5.0' 4 12 1 1 9 1 3 70% 30%
depth zone 5.0' to <10.0' 10 12 7 80% 20%

depth zone >10.0' 5 5 6 80% 20% N44°  49.291'
Transect #3     Z4B

depth zone <1.75' 16 8 6 40% 60% N44°   49.367'
depth zone 1.75 to <5.0' 16 9 40% 60%
depth zone 5.0' to <10.0' 6 9 4 1 1 30% 70%

depth zone >10.0' 6 13 1 60% 40% N44°   49.413'
Transect #4       Z5A

depth zone <1.75' 10 3 70% 20% 10% N44°  49.076'
depth zone 1.75 to <5.0' 3 17 2 1 1 2 30% 70%
depth zone 5.0' to <10.0' 8 14 10 60% 40%

depth zone >10.0' 2 15 70% 30% N44°   49.140'
Transect #5     SP1

depth zone <1.75' 1 5% 80% 15% N44°  51.064
depth zone 1.75 to <5.0' 3 3 3 8 5% 80% 15%
depth zone 5.0' to <10.0' 9 12 5 40% 20% 40%

depth zone >10.0' 8 10 5 40% 20% 40% N44°  51.068'
Transect #6      S.of Quarry

depth zone <1.75' 11 1 5% 5% 85% 5% N44°  53.670'
depth zone 1.75 to <5.0' 6 1 7 1 15% 30% 50% 5%
depth zone 5.0' to <10.0' 4 6 1 2 15% 20% 60% 5%

depth zone >10.0' 10 5 5% 10% 80% 5% N44°   53.564
Transect #7     Further S. of Quarry

depth zone <1.75' 2 5% 10% 80% 5% N44°  53.187'
depth zone 1.75 to <5.0' 8 8 2 5% 10% 80% 5%
depth zone 5.0' to <10.0' 8 2 2 5% 10% 80% 5%

depth zone >10.0' 4 2 1 2 15% 80% 5% N44°   53.157'
Transect #8      C1A

depth zone <1.75' 2 20% 80% N44°   49.981'
depth zone 1.75 to <5.0' 5 5 40% 40% 20%
depth zone 5.0' to <10.0' 2 5 40% 40% 20%

depth zone >10.0' 2 4 30% 30% 40%
Transect #9      Z3A

depth zone <1.75' 4 90% 5% 5% N44°   49.579'
depth zone 1.75 to <5.0' 12 3 13 20% 80%
depth zone 5.0' to <10.0' 10 15 2 40% 60%

depth zone >10.0' 5 4 2 1 50% 50% N44°   49.471'
Transect #10    Z3B

depth zone <1.75' 1 1 15% 75% 10% N44°  49.698'
depth zone 1.75 to <5.0' 8 9 17 4 2 40% 60%
depth zone 5.0' to <10.0' 6 6 5 50% 50%

depth zone >10.0' 5 8 60% 40% N44°   49.617'
Transect #11       SAW1

depth zone <1.75' 12 2 35% 30% 25% 10% N44°   52.777'
depth zone 1.75 to <5.0' 8 2 2 6 10 1 4 5 50% 50%
depth zone 5.0' to <10.0' 1 1 8 8 50% 50% N44°   52.963'

depth zone >10.0'
Transect #12     SAW2

depth zone <1.75' 1 3 4 10% 20% 70% N44°  52.821'
depth zone 1.75 to <5.0' 6 1 3 1 13 50% 50%

depth zone 4-4'-5" 6 2 2 8 14 40% 60% N44°  53.028'
depth zone >10.0'

Transect #13    SAW3
depth zone <1.75' 1 12 1 1 20% 65% 5% 5% 5% N44°   53.219'

depth zone 1.75 to <5.0' 6 6 9 1 14 50% 50%
depth zone 5.0' to 5'3" 7 6 1 10 13 60% 40%

depth zone >10.0' N44°  53.061'
Transect #14    SAW4

depth zone <1.75' 20 5% 15% 40% 40% N44°  53.172'
depth zone 1.75 to <5.0' 2 3 13 50% 50%
depth zone 5.0' to <10.0' 1 3 16 50% 50% N44°  53.068'

depth zone >10.0' 1
Transect #15    Z1A

depth zone <1.75' 14 4 2 30% 70% N44°  49.312'
depth zone 1.75 to <5.0' 2 11 4 1 2 10 1 1 2 40% 60%
depth zone 5.0' to <10.0' 1 18 2 40% 60%

depth zone >10.0' 2 19 50% 50% N44°  48.963'
Transect #16    Z1B

depth zone <1.75' 7 6 11 60% 40% N44°  49.385'
depth zone 1.75 to <5.0' 3 2 4 70% 30%
depth zone 5.0' to <10.0' 7 12 5 70% 30%

depth zone >10.0' 4 8 3 80% 20% N44°  49.290'
Transect #17    CP-1

depth zone <1.75' 3 40% 60% N44°  50.762'
depth zone 1.75 to <5.0' 9 2 1 80% 20%
depth zone 5.0' to <10.0' 4 2 2 9 11 95% 5%

depth zone >10.0' 10 9 50% 50% N44°  50.778'
Transect #18   C1B

depth zone <1.75' 8 17 30% 10% 50% 10% N44°  49.930'
depth zone 1.75 to <5.0' 12 6 5 20% 15% 35% 30%
depth zone 5.0' to <10.0' 9 1 3 3 10 7 15% 70% 15%

depth zone >10.0' 6 18 50% 50% N44°  49.954'
Transect #19  G21

depth zone <1.75' 5 5% 5% 90% N44°  50.221'
depth zone 1.75 to <5.0' 11 7 25% 25% 50%
depth zone 5.0' to <10.0' 2 1 2 11 2 5 20% 60% 20%

depth zone >10.0' 9 15 50% 50% N44°  50.262'

























































STURGEON BAY FIELD DATA COLLECTION FORM DATE: 13-Jun-02

COLLECTED BY: Hunter/Tanner

WEATHER (sunny, overcast, Overcast

partly cloudy, etc.)

WIND (direction, est. speed) East at 5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Longitude Latitude (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.13 W087°21.34 10:45 L/W 7 ft. muck silt sand gravel 58° 1 ft. 0.5 5 120 9 Curley Leaf Pond Weed bed began at depth of 3.5 ft. from surface
3 ft. 58° Elodea Near Bay View Brigde off Tacoma Beach

N 44°49.16 W087°21.27 11:07 6 ft. 22 tt. muck silt sand gravel 58° 1 ft. 0 5 Channel between Bay View Bridge and navigation 
6 ft. 58° markers

N 44°49.23 W087°20.88 11:26 L/W 3 ft. 6 in. muck silt sand gravel 64° 1 ft. 0 5 Elodea, Curley Leaf Pond, and Weed began at depth of 2 ft. from surface
62° some Eurasian Big Creek area

N 44°49.11 W087°20.74 11:41 V/B 3 ft. 6 in. muck silt sand gravel 62° 1 ft. 0 5 Sparse Elodea Water somewhat cloudy
62° Big Creek area

N 44°49.20 W087°21.36 2:02 7 ft. 6 in. 26 ft. 6 in. muck silt sand gravel 59° 1 ft. 0.5 5 Channel under Bay View Bridge
7 ft. 6 in. 59°

N 44°49.35 W087°20.77 2:28 V/B 1 ft. 6 in. muck silt sand gravel 65° 1 ft. 1 10 200 9 Unidentified weed Water viibly dingy / numerous mature carp
65° Big Creek area

N 44°48.87 W087°20.85 2:53 V/B 4 ft. muck silt sand gravel 64° 1 ft. 0 25 Elodea, Eurasian, and Curley Very sunny! / Perch (2-3 in.)
64° Leaf Pond East Tacoma Beach

N 44°48.81 W087°20.69 3:15 6 ft. 6 in 10 ft. muck silt sand gravel 62° 1 ft. 0.5 10 Very sunny!  
6 ft. 6 in 57° Straberry Estates Channel

N 44°48.73 W087°20.75 3:25 6 ft. 6 in 10 ft. 6 in. muck silt sand gravel 62° 1 ft. 0 20 Curley Leaf Pond Very sunny!
6 ft. 6 in 59° Straberry Estates Marina

N 44°48.79 W087°20.81 3:43 V/B 3 ft. muck silt sand gravel 64° 1 ft. 0 30 120 9 Very sunny!
64° East Tacoma Beach

N 44°48.99 W087°20.63 4:00 V/B 3 ft. 6 in. muck silt sand gravel 61° 1 ft. 0.5 10 Patchy Elodea Sunny
61° Zenith Street

N 44°48.79 W087°21.07 4:39 L/W 4 ft. 6 in. muck silt sand gravel 64° 1 ft. 0 5 Elodea Sunny; weed bed began at depth of 3 ft. 6 in. from 
63° surface

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 14-Jun-02

COLLECTED BY: Hunter / Tanner

WEATHER (sunny, overcast, Slight fog and cloudy, rain all night and into the morning

partly cloudy, etc.)

WIND (direction, est. speed) North North-East at 5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44°49.64 W087°22.59 8:00 3 ft. 11 ft. muck silt sand gravel 1 ft. Curley Leaf Pond Excessive floaters; large tug and barge passed through at

3 ft. 5:00 AM
N 44°49.73 W087°22.25 10:55 V/B 2 ft. muck silt sand gravel 62° 1 ft. 0 5 100 8 Right in front of drain pipe just east of Starr's house

62°
N 44°49.73 W087°22.25 11:05 / muck silt sand gravel 67° From Drain 0 5 20 6.5 City street drain pipe / Ambered colored water

Drain pipe just east of Starr's house
N 44°49.44 W087°21.50 11:37 1 ft. 1 ft. 6 in. muck silt sand gravel 62° 1 ft. 0 5 110 8.5 Same unidentified weed found in Cloudy water / Sediment visibly stirred at mouth

1 ft. Big Creek Mouth of Little Creek
N 44°49.37 W087°20.78 12:00 V/B 2 ft. muck silt sand gravel 64° 1 ft. 2 3 240 9 Unidentified weed Sediment visibly stirred at mouth / water amber in color

64° Mouth of Big Creek
N 44°49.30 W087°22.23 12:28 V/B 2 ft. muck silt sand gravel 61° 1 ft. 2 3 200 8.5 Samuelson Creek mouth in Purves Lagoon

61°
N 44°49.30 W087°22.23 12:40 V/B 6 in. muck silt sand gravel 61° Surface 2 3 200 8.5 Samuelson Creek itself, upstream 40 ft. from previous site

61°
/ muck silt sand gravel 58° 1 ft.

58°

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 18-Jun-02

COLLECTED BY: Hunter Propsom / Tanner/ Mike Eukert

WEATHER (sunny, overcast, No clouds

partly cloudy, etc.)

WIND (direction, est. speed) East approximately 5 - 10 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44 49.34' W 087 22.22' 1:33 5'-7", 5'-2" 7'-2" muck silt sand gravel 72/70 1' 1 12 220 9 Curly Leaf, some Elodea Dingy brown water

N 44 49.23' W 087 21.25' 1:55 8'-9", 8'-0" 11'-8" muck silt sand gravel 68/66 1' 0 12 Curly Leaf water amber in color

N 44 49.30' W 087 20.77' 2:10 2'-6", 2'-3" 3'-2" muck silt sand gravel 74 1' 0 10 100 9 Curly leaf, and uknown weed Water very stirred up and brown in color w/ numerous carp

N 44 48.89' W 087 20.98' 2:30 V/B 3'-10" muck silt sand gravel 71/71 1' 0 10 100 9 Elodea and some E.M. water is amber colored

N 44 49.52' W 087 22.43' 3:36 6', 6' 8' muck silt sand gravel 70/70 1' 0.5 10 Elodea, some curly leaf SBYH end of E dock

N 44 49.44' W 087 22.43' 3:50 V/B 6' muck silt sand gravel 72/72 1' 1 10 Elodea, curly leaf Sewage plant out, water amber colored (visible scum/algae on surface)

N 44 49.43' W 087 22.13' 400 6', 6' (lost in weeds) 9' muck silt sand gravel 70/70 1' 0 5 Curly Leaf, some elodea W Purves Lagoon

N 44 49.27' W 087 21.79 4:14 4', 4' (lost in weeds) 6.5' muck silt sand gravel 69/69 1' 0 10 Elodea Across bay from E. Memorial Dr.

N 44 49.17' W 087 21.42' 4:35 9', 9' (lost in weeds) 9.5' muck silt sand gravel 71/69 1' 0 10 100 9 Elodea Under Bayview Bridge

N 44 49.32' W 087 21.39' 4:50 .5', 4.5' (lost in weeds 8'-6" muck silt sand gravel 72/72 1' 0 5 Elodea Leathem Smith mooring area

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 18-Jun-02

COLLECTED BY: Hunter Propson / Matt Brown

WEATHER (sunny, overcast, No Clouds

partly cloudy, etc.)

WIND (direction, est. speed) Wind (Southeast) Approximately 10 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44 49.92' W 087 23.07' 9:28 V/B 14'-8" muck silt sand gravel 62/62 1' 0 15 Curly Leaf Clear Water

N 44 49.88' W 087 23.11' 9:43 V/B 2'3" muck silt sand gravel 62 1' 0 15 Green Scum on Bottom attached to rocks

N 44 50.14' W 087 23.25' 9:54 V/B 2'6" muck silt sand gravel 63 1' 0 5 Green Scum on Bottom attached to rocks

N 44 50.48' W 087 23.64' 10:03 11'-6", 10'6" 17'-4" muck silt sand gravel 63/62 1' 0.5 10 Water was murky and green in color

N 44 50.64' W 087 23.23' 10:15 11'9", 11'6" 21'-4" muck silt sand gravel 62/62 1' 0.5 10 110 8.5 N/A N/A

N 44 50.70' W 087 23.18' 10:24 V/B 5'3" muck silt sand gravel 63 1' 0 15 Elodea, some E.M. Spotted 4 Gobes while taking test

N 44 50.49' W 087 23.81' 10:45 V/B 4'-1" muck silt sand gravel 66/66 1' 0 10 Elodea, Curly Leaf, scarse E.M. Smallmouth bass

N 44 49.91' W 087 23.03' 11:12 V/B 9'-9" muck silt sand gravel 65/63 1' 0 5 Curly Leaf, Elodea Schools of Aelwife, murky brown water

N 44 49.91' W 087 23.03' 1:08 7'-0", 6'-4" 10'-8" muck silt sand gravel 67/66 1' 0.5 12 Next to Roen Salvage

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 19-Jun-02

COLLECTED BY: Hunter / Mike

WEATHER (sunny, overcast, Overcast

partly cloudy, etc.)

WIND (direction, est. speed) South-East at 20 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.78 W087°22.50 12:55 9 ft. 6 in. 15 ft. 3 in. muck silt sand gravel 70° 1ft. 0 5 100 9 By the Ryerson
8 ft. 10 in. 68°

N 44°49.86 W087°23.31 1:30 V/B 6 in. muck silt sand gravel 59° 1ft. 3 5 240 7 Otumba Beach strom drain

N 44°49.86 W087°23.35 1:45 V/B 4 in. muck silt sand gravel 64° 1ft. 2.5 5 240 8.5 Otumba Beach storm drain on other side 

N 44°49.88 W087°23.19 2:04 V/B muck silt sand gravel 58° From Drain 3 5 240 8.5 Green Scum Storm Drain - Bridge Port

N 44°49.88 W087°23.15 2:16 V/B 3 ft. 6 in. muck silt sand gravel 67° 1ft. 0.5 5 120 9 Green Scum Storm Drain - Bridge Port (near light)

N 44°49.86 W087°23.13 2:36 V/B muck silt sand gravel 57° From Drain 2 5 240 7 Green Scum Storm Drain -Bridge Port (cortyard)

/ muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 19-Jun-02

COLLECTED BY: Doug / Tanner

WEATHER (sunny, overcast, Hazy (not quite overcast)

partly cloudy, etc.)

WIND (direction, est. speed) South-East at 15-20 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.91 W087°22.91 9:48 8 ft. 16 ft. 6 in. muck silt sand gravel 66° 0 0 5 Harbor Club wall parallel to bridge
8 ft. 66°

N 44°49.91 W087°23.03 10:05 6 ft. 8 ft. muck silt sand gravel 67° 1 ft. 0 5 120 8.5 Inside Harbor Club (1st Dock)
6 ft. 67°

N 44°49.86 W087°23.31 10:25 V/B 1 ft. muck silt sand gravel 61° 1 ft. 2 5 240 7 Otumba Beach drainage pipe
61°

N 44°49.86 W087°23.31 10:36 V/B 1 ft. muck silt sand gravel 66° 1 ft. 0 5 120 8.5 Otumba Beach
66°

N 44°50.00 W087°22.78 10:56 V/B 5 ft. muck silt sand gravel 68° 1 ft. 0 10 Elodea and Curley Leaf Stone Harbor Marina
68°

/ muck silt sand gravel

/ muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 20-Jun-02

COLLECTED BY: Dylan & Tanner

WEATHER (sunny, overcast, Partyly Cloudy

partly cloudy, etc.)

WIND (direction, est. speed) Southeast 10 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

long Lat (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44 48.82' W 087 20.99' 9:44 V/B 4' muck silt sand gravel 66/66 1' 0 10 120 9 East Tacoma Beach

N 44 48.78' W 087 20.77 10:00 V/B 3' muck silt sand gravel 64/64 1' 0.5 10 Strawberry Creek Estates breakwall

N 44 49.00' W 087 21.17' 10:14 V/B 3.5' muck silt sand gravel 67/67 1' 0 3 Mid Tacoma Beach

N 44 49.12 W 087 21.37 10:26 2', 2' (lost in weeds) 5' muck silt sand gravel 66/66 1' 0 10 Elodea, Eurasian Mil W Tacoma / wind switch to SW, 5 to 10 mph

N 44 49.56' W 087 22.67' 11:19 V/B 2' muck silt sand gravel 64/64 1' 0 5 Inlet between SBYH and Roen Salvage

N 44 49.66' W 087 22.34' 11:31 11.5' 20.5' muck silt sand gravel 64 1' 0 10 Channel in front of Yacht Club

WEATHER STATION TEMP _____________________________

*NOTE: 400 foot cruise ship passed through approximately 9:00 A.M. (NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 20-Jun-02

COLLECTED BY: Hunter & Mike

WEATHER (sunny, overcast, Overcast

partly cloudy, etc.)

WIND (direction, est. speed) SW (10 mph)

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44 48.90' W 087 20.74' 1:20 V/B 12'-6" muck silt sand gravel 62/62 1' 0.5 3 100 8.5 N/A 1st green can going towards channel, water - aqua green

N 44 48.70' W 087 20.78' 1:40 V/B 10'-7" muck silt sand gravel 66/66 1' 0 3 120 9 Curly Leaf Strawberry Creek Estates (In Marina)

N 44 49.07' W 087 20.75' 2:05 L/W 5'-2" muck silt sand gravel 68 1' 0 5 80 9 Curly Leaf, Elodea, E. M. Weed bed in front of Big Creek

4'-4"

N 44 49.26' W 087 20.79' 2:21 V/B 3'-7" muck silt sand gravel 70 1' 0 4 110 9 E.M., Elodea, Curly Leaf Entrance of Big Creek, water is amber in color

N 44 49.37' W 087 21.40' 2:40 L/W 5'-6" muck silt sand gravel 70/69 1' 0.5 5 120 9 Curly Leaf, Elodea Water stirred, brown in color, Leathem Dock

5'-3"

N 44 49.37' W 087 21.52' 3:05 L/W 9'-2" muck silt sand gravel 67/67 1' 0 5 120 9 Curly Leaf, Elodea Leathem mooring area

5'-6"

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



Sturgeon Bay Field Data Collection Form DATE: 21-Jun-02

COLLECTED BY: Hunter / Mike

WEATHER (sunny, overcast, Mostly Cloudy

partly cloudy, etc.)

WIND (direction, est. speed) (West-Northwest)

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44 49.53' w 087 22.39' 8:00 L/W 9'-2" muck silt sand gravel 64/64 1' 0 3 120 8.5 Elodea Mooring - SBYH

6'-4"

N 44 49.52' W 087 22.29' 8:15 V/B 12'-3" muck silt sand gravel 64/64 1' 0 2 80 8.5 Elodea, Curly Leaf Mooring - SBYH, in front of Quarterdeck Marina

N 44 49.47' W 087 22.19' 8:30 L/W 9'-5" muck silt sand gravel 64/64 1' 0 0 80 9 Curly Leaf, Elodea Mooring - SBYH, in front of Purves Lagoon

8'-1"

N 44 49.34' W 087 21.95' 8:50 L/W 10'-4" muck silt sand gravel 66/65 1' 0 4 80 9 Curly Leaf, Elodea Halfway between Ashers and Channel

9'-1"

N 44 49.26' W 087 21.84' 9:05 L/W 7'-0" muck silt sand gravel 66/66 1' 0 4 80 9 Elodea, Curly Leaf, E.M. Floating docks, down from Asher's

6'-4"

N 44 49.38' W 087 21.62' 9:55 L/W 10'3" muck silt sand gravel 66/65 1' 0 4 120 9 Curly Leaf Halfway between Peterson's and canal

8'-6"

N 44 49.45' W 087 21.88' 10:16 12'-6", 11'-6" 20'-8" muck silt sand gravel 63/62 1' 0 2 120 9 None Right by Red Can, corner to Utopia Circle

/ muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 24-Jun-02

COLLECTED BY: Hunter Propson / Dylan Watkins

WEATHER (sunny, overcast, Sunny, but hazy

partly cloudy, etc.)

WIND (direction, est. speed) ____________________________________

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

long. lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44 49.24' W 087 20.79' 8:05 2'-5", 2'-3" 2'-5" muck silt sand gravel 75/75 1' 0 5 240 9 Buttercup Day after heavy rain, hazy, no stirred water

N 44 49.35' W 087 20.80' 8:14 V/B 2'-3" muck silt sand gravel 75/75 1' 0 4 180 9 None Day after havy rain, hazy

N 44 49.27' W 087 20.97' 8:20 V/B 3'-3" muck silt sand gravel 72/72 1' 0 3 120 9 None Day after heavy rain, hazy

N 44 49.11' W 087 20.80' 8:36 4'4", 4'-0" muck silt sand gravel 72/72 1' 0 5 80 9 Curly Leaf Same as above

N 44 49.02' W 087 20.81' 8:50 10'-5", 10'-0" 18'-05" muck silt sand gravel 66/64 1' 0 5 120 9 None Murky water next to clear water, canal water never murky but today
Current flowing towards lake

N 44 48.80' W 087 20.90' 9:08 V/B muck silt sand gravel 72/72 1' 0 4 120 9 Indeter Rust colored water

N 44 49.18' W 087 21.36' 9:38 10', 10'-6" 15'-0" muck silt sand gravel 63/62 1' 0 4 80 9 None Murky Water

N 44 49.70' W 087 22.69' 10:05 12', 11' 26'-0" muck silt sand gravel 66/65 1' 0.5 15 120 8 None CG cutter went through, clear weather

N 44 49.72' W 087 22.25' 10:29 Lost in weeds @ 6' 6'-10" muck silt sand gravel 68/68 1' 0 5 120 9 Hedia (10" tall) Clear looking water

N 44 49.35' w 087 20.74' 1:20 V/B 2'-6" muck silt sand gravel 80 1' 1 10 200 9 Grassy unknown weeds Murky brown water, Big Creek mouth

N 44 48.97' W 087 20.70' 1:41 L/W 7'-6" muck silt sand gravel 68/68 1' 0 4 100 9 Curly Leaf, Elodea Edge of channel, big navigational marker
5'-10"

N 44 48.77' W 087 20.41' 2:01 11'-0", 10'1" 18'-1" muck silt sand gravel 69/68 1' 0 4 120 8.5 None By Red Marker, near canal

N 44 49.87 W 087 23.10' 2:52 N/A N/A muck silt sand gravel 72 1' 2 15 240 7 Algae Storm dDrain, edge of bridge port, tests right from drain

N 44 49,89' W 087 23.20' 3:04 N/A N/A muck silt sand gravel 70 1' 2 30 240 7 Algae Storm drain, edge of Bridgeport, tests right from drain

N 44 49.86 W 087 23.31' 3:15 / muck silt sand gravel 61 1' 0 15 180 7 Storm Drain by Beach (Otumba)

N 44 49.56' W 087 22.67' 3:50 V/B 1'-6" muck silt sand gravel 70 1' 0 5 80 7 SBYH Dock - Near Roen Salvage, water stirred & brown
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 25-Jun-02

COLLECTED BY: Hunter / Matt

WEATHER (sunny, overcast, Partly Cloudy

partly cloudy, etc.)

WIND (direction, est. speed) South-Southwest

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44 50.79' W 087 23.58' 8:24 14'-4", 13'-7" 21'-8" muck silt sand gravel 64/63 1' 0 3 120 8.5 None By Navigational can

N 44 51.57' W 087 24.23' 8:50 17'-6", 16'-9" 34'-7" muck silt sand gravel 64/62 1' 0 5 120 8.5 None Off Potawotomi Park land marker

N 44 51.46' W 087 24.26' 9:05 / muck silt sand gravel 51 1' 0 15 240 7.5 None Spring or well off Potawatomi Park

N 44 51.38' W 087 24.23' 9:20 V/O 2'-0" muck silt sand gravel 68 1' 0 15 110 8.5 Milfoil, Rock algae Near shoreline of Pot Park

N 44 51.45' W 087 23.59' 9:37 V/B 8'-2" muck silt sand gravel 70/70 1' 0 5 100 8.5 None The Flats

N 44 51.03' W 087 22.98' 10:04 V/B 6'-0" muck silt sand gravel 76/72 1' 0.5 10 120 9 Curly Leaf, Algae Wama Lama

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



1 July 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 1-Jul-02
COLLECTED BY: Jason / Matt

WEATHER (sunny, overcast, Sunny / Hot
partly cloudy, etc.)

WIND (direction, est. speed) ____________________________________

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44°49.34 W 87°22.23 1:01 PM 4.5 ft 6.7 ft muck silt sand gravel 80° 1 ft. 0 5 160 9 Milfoil 99° (humid and clear)

4 ft
N 44°49.41 W 87°22.23 1:15 V/B 3.1 ft muck silt sand gravel 80° 1 ft. 0 22.5 160 8.5 None

80°
N 44°49.88 W 87°23.02 1:38 V/B 7.8 ft muck silt sand gravel 80° 1 ft. 0 2.5 120 9 Elodea Very Hot!

78°
N 44°49.91 W 87°23.32 1:55 V/B 6.3 ft muck silt sand gravel 78° 1 ft. 0 5 120 9 Indeterminate

78°
N 44°50.54 None 2:23 10.5 ft 18 ft muck silt sand gravel 76° 1 ft. 0 22.5 110 9 Elodea

10 ft 76° Curley Leaf
N 44°49.85 W 87°22.99 2:40 3 ft 4.5 ft muck silt sand gravel 80° 1 ft. 0 22.5 120 9 None Fire boat left port

76°
N 44°49.17 W 87°21.44 4:07 V/B 6.7 ft muck silt sand gravel 84° 1 ft. 0 15 80 >9 Elodea Big wake from a boat

82° Milfoil
N 44°49.33 W 87°20.77 5:30 V/B 2.5 ft muck silt sand gravel 90° 1 ft. 0 5 120 >9 None East wind

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________
(NORTHERN TO COMPLETEPRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



3 July 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 3-Jul-02
COLLECTED BY: Tanner / Rick / Tony

WEATHER (sunny, overcast, Sunny / Hot (90 Plus)
partly cloudy, etc.)

WIND (direction, est. speed) NW light 5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44°49.087 W 87°21.339 2:44 PM V/B 4 ft muck silt sand gravel 80.3° 1 ft. 0 5 120 9 Elodea, Curly Leaf

80° Some Coontail
N 44°49.119 W 87°21.256 3:02 8 ft 11 ft muck silt sand gravel 78.5° 1 ft. 0 10 Elodea Wind switch to the East

8 ft Some Curley Leaf
muck silt sand gravel

muck silt sand gravel

muck silt sand gravel

muck silt sand gravel

muck silt sand gravel

muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________
(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



Page 1 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 5-Jul-02

COLLECTED BY: Matt Brown / Tanner Pinney

WEATHER (sunny, overcast, Sunny

partly cloudy, etc.)

WIND (direction, est. speed) North wind at 5-10 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°47.58 W087°18.76 6:15 AM 5 ft. 16 ft. 6 in.
muck silt sand gravel

80° 1 ft. 0 2.5 150 8.5 NONE Far East of channel

5 ft. 76° Notable West to East current

N 44°47.47 W087°18.75 6:32 AM V/B 10 ft. 6 in.
muck silt sand gravel

58° 1 ft. 0 5 80 8.5 NONE Lake Michigan around break wall

56°

N 44°47.85 W087°19.00 6:46 AM 5 ft. 6 in. 22 ft.
muck silt sand gravel

81° 1 ft. 0 5 NONE Mid channnel

5 ft. 6 in. 74°

N 44°48.68 W087°20.18 7:25 AM V/B 1 ft. 6 in.
muck silt sand gravel

80° 1 ft. 0 5 NONE New construction; no black cloth for erosion control

N 44°52.24 W087°23.82 8:54 AM V/B 13 ft.
muck silt sand gravel

78° 1 ft. 0 5 NONE Flats

74° Wind switched to the NE at 10-15 mph

N 44°53.95 W087°24.23 9:21 AM 15 ft. 28 ft.
muck silt sand gravel

77° 1 ft. 0 5 150 8 NONE North Green Bay mouth

15 ft. 72°

N 44°53.98 W087°24.79 9:36 AM 15 ft. 52 ft.
muck silt sand gravel

77° 1 ft. 0 5 NONE Middle Green Bay mouth

15 ft. 62°

N 44°53.61 W087°25.97 10:04 AM 15 ft. 40 ft.
muck silt sand gravel

60° 1 ft. 0 5 120 8 NONE South Green Bay mouth near the light house

15 ft. 56°

N 44°53.09 W087°25.13 10:20 AM 9 ft. 19 ft.
muck silt sand gravel

78° 1 ft. 0 5 NONE West of Sawyer Harbor mouth

9 ft. 66°

N 44°53.10 W087°25.66 10:36 AM 4 ft. 6 in. 6 ft. 6 in.

muck silt sand gravel

79° 1 ft. 0 10 Wild Celery / Coontail Inside Sawyer Harbor

4 ft. 6in. 79°



Page 2 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 5-Jul-02

COLLECTED BY: Matt Brown / Tanner Pinney

WEATHER (sunny, overcast, Sunny

partly cloudy, etc.)

WIND (direction, est. speed) North wind at 5-10 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°52.85 W087°26.36 10:53 AM V/B 2 ft. 6 in.

muck silt sand gravel

78° 1 ft. 0 5 180 9 Lilly Pads / Buttercup Idewild Creek mouth

78° Curly Leaf Pond / Wild Celery Water was cloudy

N 44°52.75 W087°25.71 11:15 AM V/B 2 ft.

muck silt sand gravel

80° 1 ft. 0 5 Curly Leaf Pond Inside Sawyer Harbor

Wild Celery Water was considerably clearer than above

N 44°52.66 W087°25.27 11:32 AM 10 ft. 15 ft.

muck silt sand gravel

78° 1 ft. 0 5 NONE East Sawyer Harbor mouth

10 ft. 69° Water noticalby clearer in comparision to Idewild Creek

N 44°49.87 W087°23.03 12:30 PM 5 ft. 8 ft.

muck silt sand gravel

80° 1 ft. 0 10 120 9 Recently sprayed marina Inside Harbor Club Marina

5 ft. 78°

/
muck silt sand gravel

/
muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



Page 1 of 4

STURGEON BAY FIELD DATA COLLECTION FORM DATE:

COLLECTED BY:

WEATHER (sunny, overcast, 

partly cloudy, etc.)

WIND (direction, est. speed)

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH

N 44°48.521 W 87°20.192 1:30 PM V/B 2.5 ft
muck silt sand gravel

72.7° 1 ft 0 10 120 9 Buttercup ?

N 44°47.566 W 87°18.745 1:53 V/B 7.7 ft
muck silt sand gravel

65.9° 1 ft 0 10 100 7.5 None

N 44°47.915 W 87°19.184 2:09 V/B 21 ft
muck silt sand gravel

66.2° 1 ft 0 10 None

N 44°48.431 W 87°21.006 2:25 Lost in Weeds 4 ft
muck silt sand gravel

73.2° 1 ft 0 10 Elodea,  Some Eurasian Milfoil

N 44°49.168 W 87°21.435 2:35 5.5 ft 7 ft
muck silt sand gravel

72.8° 1 ft 0 10 None

5.5 ft

N 44°49.549 W 87°22.362 2:48 5 ft 9.5 ft
muck silt sand gravel

72.8° 1 ft 0 10 120 9 None

5 ft

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel



Page 2 of 4

STURGEON BAY FIELD DATA COLLECTION FORM DATE:

COLLECTED BY:

WEATHER (sunny, overcast, 

partly cloudy, etc.)

WIND (direction, est. speed)

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

WEATHER STATION TEMP
(NORTHERN TO COMPLETE) PRESSURE

PRECIP
WIND



Page 3 of 4

24-Jul-02

Hunter / Tanner

Sunny

East approx. 10 mph

GENERAL NOTES & COMMENTS

(significant fish, noteworthy items)

Mouth of Strawberry Creek

Far East channel (lake mouth)

Mid channel (between bay and lake)

Water is exceptionally clear!

East Tacoma Beach

Braumeisters house (near Bayview Bridge)

Mooring area by SBYH



Page 4 of 4

24-Jul-02

Hunter / Tanner

Sunny

East approx. 10 mph

GENERAL NOTES & COMMENTS

(significant fish, noteworthy items)

_____________________________

_____________________________

_____________________________

_____________________________



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 25-Jul-02

COLLECTED BY: Hunter / Tanner

WEATHER (sunny, overcast, Overcast

partly cloudy, etc.)

WIND (direction, est. speed) S SE  approx. 10-15 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.516 W 87°21.726 9:00 AM V/B 7 ft
muck silt sand gravel

68.6° 1 ft 0.5 5 Elodea, Some Coontail East Memorial Drive

N 44°49.722 W 87°22.298 9:15 4 ft 5ft
muck silt sand gravel

68.7° 1 ft 0 5 150 8.5 None West Memorial Drive

N 44°49.902 W 87°22.750 9:25 8.5 ft 22 ft
muck silt sand gravel

68.7° 1 ft 0 5 None In front of Palmer Johnson's

8.5 ft

N 44°49.532 W 87°22.467 10:13 7 ft 9 ft
muck silt sand gravel

68.2° 1 ft 0.5 10 None Mooring area in front of SBYH

7 ft

N 44°49.931 W 87°23.166 11:21 Lost in Weeds 12 ft
muck silt sand gravel

68.3° 1 ft 0 5 Elodea on bottom East of Dunlap's Reef

at 8 ft

N 44°51.726 W 87°24.393 11:46 13 ft 33 ft
muck silt sand gravel

66° 1 ft 0 3 Green channel marker #27 on South side of bay

13 ft

N 44°51.458 W 87°24.240 11:57 12.5 ft 18 ft
muck silt sand gravel

67.6° 1 ft 0 5 150 8 Hills Point

12.5 ft

N 44°49.698 W 87°22.726 12:21 PM 8 ft 14 ft
muck silt sand gravel

67.4° 1 ft 0 5 In front of DNR building

8 ft

N 44°49.650 W 87°22.091 12:32 V/B 5 ft
muck silt sand gravel

68.7° 1 ft 0 5

/
muck silt sand gravel



STURGEON BAY FIELD DATA COLLECTION FORM DATE: 25-Jul-02

COLLECTED BY: Hunter / Tanner

WEATHER (sunny, overcast, Overcast

partly cloudy, etc.)

WIND (direction, est. speed) S SE  approx. 10-15 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



26 July 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 26-Jul-02
COLLECTED BY: Matt / Hunter

WEATHER (sunny, overcast, Sunny
partly cloudy, etc.)

WIND (direction, est. speed) S SW at 3-5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44°49.688 W 87°22.212 8:28 AM 5 ft 5.5 ft muck silt sand gravel 66.9° 1 ft 0 5 100 9 Elodea Memorial Drive

5 ft Clear skies; day after rain
N 44°49.334 W 87°21.979 8:44 V/B 3 ft muck silt sand gravel 66.9° 1 ft 0 10 Asher's house near Pervis Lagoon

N 44°49.036 W 87°21.155 8:52 V/B 5 ft muck silt sand gravel 66.0° 1 ft 0 10 9 Indeterminate Tacoma Beach Rd.

N 44°49.188 W 87°20.837 8:58 V/B 2.5 ft muck silt sand gravel 68.0° 1 ft 0 10 160 Elodea, Wild Celery Big Creek

N 44°47.596 W 87°18.752 9:21 10 ft 20.5 ft muck silt sand gravel 64.6° 1 ft 0 10 Channel between break walls
10 ft

N 44°48.674 W 87°20.201 9:46 Lost in weeds 4.5 ft muck silt sand gravel 67.3° 1 ft 0.5 5 120 8.5 Elodea Cove Road
at 3.5 ft

N 44°49.907 W 87°23.322 10:23 V/B 7.5 ft muck silt sand gravel 67.1° 1 ft 0.5 15 Eurasian Milfoil Otumba Beach

N 44°52.990 W 87°26.004 10:55 V/B 5 ft muck silt sand gravel 73.1° 1 ft 0.5 10 120 9 Eurasian Milfoil, Buttercup, Wild Celery Sawyer Harbor
Unidentified plant species

N 44°53.974 W 87°24.636 11:14 14.5 ft 46.5 ft muck silt sand gravel 70.1° 1 ft 0 15 Quarter mile off Murphy Park
14 ft

N 44°49.777 W 87°22.477 11:43 9.5 ft 16 ft muck silt sand gravel 67.1° 1 ft 0.5 20 150 8 Near Ryerson towards Memorial Drive
9 ft

N 44°49.445 W 87°22.201 11:55 V/B 8.5 ft muck silt sand gravel 67.9° 1 ft 0.5 5 Channel to Purvis Lagoon

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________
(NORTHERN TO COMPLETEPRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



29 July 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 29-Jul-02
COLLECTED BY: Hunter / Tanner

WEATHER (sunny, overcast, Overcast (sprinkling) rained during the night
partly cloudy, etc.)

WIND (direction, est. speed) W SW   <5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44°49.942 W 87°23.090 8:57 AM 9 ft 12.5 ft muck silt sand gravel 71.7° 1 ft 0 3 North of Otumba

9 ft
N 44°50.134 W 87°23.529 9:10 9 ft 16.0 ft muck silt sand gravel 72.3° 1 ft 0 3 Elodea South of Dunlap's Reef

9 ft
N 44°50.722 W 87°23.884 9:34 V/B 5.5 ft muck silt sand gravel 72.7° 1 ft 0 3 Eurasian Milfoil In front of Blake Peterson's house

N 44°51.096 W 87°24.094 9:45 V/B 7.5 ft muck silt sand gravel 73.1° 1 ft 0 3 140 8.5 Possible algae bloom? East end of Pot Park

N 44°52.827 W 87°26.350 10:26 1.5 ft 2.0 ft muck silt sand gravel 78.7° 1 ft 0 3 120 9 Water Celery Mouth of Idewild Creek
1.5 ft Very murky water

N 44°52.690 W 87°23.007 11:00 V/B 5.5 ft muck silt sand gravel 74.6° 1 ft 0 3 The Flats
Note: GPS coor. not as far North as previous?

N 44°51.619 W 87°23.404 11:16 V/B 7.5 ft muck silt sand gravel 73.5° 1 ft 0 10 The Flats (East end)
Note: GPS coor. farther West than previous?

N 44°48.511 W 87°20.200 1:22 V/B 1.5 ft muck silt sand gravel 75.0° 1 ft 0 20 200 9 Curley Leaf, Buttercup (?) Sunny

N 44°49.493 W 87°20.853 1:41 V/B 1.5 ft muck silt sand gravel 77.8° 1 ft 2 20 (solid) 240 9 Buttercup (?), Milfoil, Curley Leaf Up the the mouth of Big Creek

N 44°50.114 W 87°23.219 2:20 V/B 2.5 ft muck silt sand gravel 73.7° 1 ft 0 10 Elodea Just East of Dunlap's Reef

N 44°49.924 W 87°23.316 2:32 V/B 7.0 ft muck silt sand gravel 73.9° 1 ft 0 3 In front of Otumba

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________
(NORTHERN TO COMPLETPRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



Page 1 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 30-Jul-02

COLLECTED BY: Matt / Hunter

WEATHER (sunny, overcast, Sunny

partly cloudy, etc.)

WIND (direction, est. speed) SW at 5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.620 W 87°22.375 8:12 AM 10.5 ft 22.0 ft
muck silt sand gravel

73.3° 1 ft 0 15 110 9 None Channel in front of SBYH

10.5 ft Clear and hot!

N 44°49.604 W 87°22.356 8:20 9 ft 21.0 ft
muck silt sand gravel

73.4° 1 ft 0 10 None Channel in front of SBYH mooring

9 ft Clouded with sediment or algae (green in color)

N 44°49.667 W 87°22.483 8:39 10 ft 24.0 ft
muck silt sand gravel

73.5° 1 ft 0 15 120 9 None Middle of channel in front of A dock at Yacht Harbor

10 ft Clouded with sediment or algae (green in color)

N 44°49.530 W 87°22.408 8:57 8 ft 8.5 ft
muck silt sand gravel

73.4° 1 ft 0 5 Coontail SBYH mooring

8 ft Clouded with sediment or algae (green in color)

N 44°52.811 W 87°24.251 9:24 13.5 ft 32.0 ft
muck silt sand gravel

75.3° 1 ft 0 15 80 9 None Middle of bay between Sawter Harbor and Radio Towers

13 ft Clouded with sediment or algae (green in color)

N 44°53.582 W 87°24.847 9:43 11 ft 41.0 ft
muck silt sand gravel

75.2° 1 ft 0 15 100 9 None Bell nav. marker off Cabots Point

10.5 ft Clouded with sediment or algae (green in color)

N 44°51..569 W 87°24.268 9:57 12 ft 32.0 ft
muck silt sand gravel

75.8° 1 ft 0 15 120 9 Algae bloom ? Nav. marker #27 near Hills Point

11.5 ft Clouded with sediment or algae (green in color)

N 44°49.659 W 87°22.333 10:32 9.5 ft 11.0 ft
muck silt sand gravel

74.2° 1 ft 0 15 None Memorial Drive

8.5 ft Clouded with sediment or algae (green in color)

N 44°49..545 W 87°22.155 10:37 8.5 ft 23.0 ft
muck silt sand gravel

74.1° 1 ft 0 20 None Channel in front of Purvis Lagoon entrance

8 ft Clouded with sediment or algae (green in color)



Page 2 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 30-Jul-02

COLLECTED BY: Matt / Hunter

WEATHER (sunny, overcast, Sunny

partly cloudy, etc.)

WIND (direction, est. speed) SW at 5 mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Long. Lat. (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44°49.431 W 87°21.952 10:43 8.5 ft 16.5 ft

muck silt sand gravel

74.1° 1 ft 0 15 None Channel in front of Asher's

8 ft Clouded with sediment or algae (green in color)

N 44°49.280 W 87°21.584 10:48 7.5 ft 19.0 ft

muck silt sand gravel

73.7° 1 ft 0 20 None Channel in front of Leathem Smith

7 ft Clouded with sediment or algae (green in color)

N 44°49.942 W 87°23.271 1:56 PM 13 ft 15 ft

muck silt sand gravel

76.6° 1 ft 0 20 Elodea Near Otumba Beach

12.5 ft

N 44°50.316 W 87°23.535 2:09 11 ft 17 ft

muck silt sand gravel

75.5° 1 ft 0 20 Indeterminate North of Duluth Ave.

10.5 ft

N 44°48.959 W 87°20.704 2:46 7 ft 16.5 ft

muck silt sand gravel

75.0° 1 ft 0 20 120 9 Indeterminate Nav. marker #12

7 ft

/

muck silt sand gravel

/

muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________



1 August 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 8/1/2002
COLLECTED BY: Jason / Tanner

WEATHER (sunny, overcast, Partly cloudy / overcast
partly cloudy, etc.)

WIND (direction, est. speed) SE 10mph

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Lat dep (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44° 50.791 W 87° 23.274 1:30pm V/B 4.5 ft muck silt sand gravel 76.3° 1.0 ft 0 5 Celery Cody In front of 

Sunset beach
N 44° 51.442 W 87° 23.210 1:45pm V/B 5.8 ft muck silt sand gravel 76.0° 1.0 ft 0 5 E part of 

flats
N 44°50.434 W 87° 23.072 2:03 PM 10.0 ft / 10.0 ft 22.5ft muck silt sand gravel 75.9° 1.0 ft 0 3 In front of 

Bay Ship
/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHER STATION TEMP _____________________________
(NORTHERN TO COMPLEPRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



5 August 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 5-Aug-02
COLLECTED BY: Tanner / Hunter / Matt

WEATHER (sunny, overcast, Hazy
partly cloudy, etc.) N NE 10MPH

WIND (direction, est. speed) ____________________________________

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATEPHOSPHAT OTHER  SPECIES GENERAL NOTES & COMMENTS

Lat dep (feet) (feet) (circle one) (fahrenhei (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44° 49.548 W 87° 22.505 1:38 PM 6.0 ft / 6.0 ft 8.0 ft muck silt sand gravel 74.0° 1.0 ft 0 5 120 8.5 In front of

SBYC
N 44° 49.713 W 87° 22.382 1:45 PM L/W @ 7.5 ft muck silt sand gravel 73.6° 1.0 ft 0 10 Elodea W Memorial

6ft Drive
N 44° 49.700 W 87° 22.260 2:00 PM 7.0 ft / 7.0 ft 12.0 ft muck silt sand gravel 73.4° 1.0 ft 0 10 Memorial E

of Starr's
N 44° 52.709 W 87° 23.879 9:08 AM 8.5 ft / 8.5 ft 16.0 ft muck silt sand gravel 73.7° 1.0 ft 0 10 Mild flats

N 44° 53.081 W 87°26.136 9:42 AM V/B 3.5 ft muck silt sand gravel 77.3° 1.0 ft 0 10 Water Celery Sawyer
Buttercup? Harbor

N 44° 49.661 W 87° 22.233 10:08 AM V/B 7.5 ft muck silt sand gravel 72.1° 1.0 ft 0 12 Coontail Memorial Dr
Wind change W 10 MPH

N 44° 49.326 W 87° 20.792 10:48 AM V/B 1.5 ft muck silt sand gravel 77.3v 1.0 ft 0 5 180 8.5 Coontail Big Creek Mouth 
Water Celery Cloud change to heavy

N 44° 47.514 W 87° 18.449 11:24 AM V/B 20 ft muck silt sand gravel 65.5° 1.0 ft 0 3 Lake Michigan (N of Channel)
Wind change NE at 10 MPH

N 44° 47.480 W 87° 18.741 11:30 AM V/B 9.0 ft muck silt sand gravel 68.5° 1.0 ft 0 5 Lake Mighigan
S of Channel

N 44° 49.255 W 87° 22.031 12:02 PM 3.0 ft / 3.0 ft 5.5 ft muck silt sand gravel 75.1° 1.0 ft 0.5 10 180 8.5 Inside Purves Lagoon

N 44° 48.504 W 87° 20.204 12:23PM V/B 1.5 ft muck silt sand gravel 75.7° 1.0 ft 0 10 Elodea Mouth of Strawberry Creek
Buttercup?

N 44° 51.459 W 87° 24.246 1:18 PM V/B 9.0 ft muck silt sand gravel 74.0° 1.0 ft 0 5 Off shore W Pot Park by rusty stones

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel

/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel
/ muck silt sand gravel

WEATHERSTATION TEMP _____________________________
(NORTHERN TO COMPLETPRESSURE _____________________________

PRECIP _____________________________
WIND _____________________________

Page 1



6 August 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 6-Aug-02
COLLECTED BY: Matt / Hunter

WEATHER (sunny, overcast, Cool, mid 60's
partly cloudy, etc.)

WIND (direction, est. speed) N NW 5-10 MPH

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT
LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Lat dep (feet) (feet) (circle one) (fahrenhei (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)
N 44° 50.675 W 87° 23.351 8:15 AM 6.0 ft / 6.0 ft 20.2 ft muck silt sand gravel 72.1° 1.0 ft 0 5 150 9 None

N 44° 50.496 W 87° 23.460 8:35 AM 9.0 ft / 9.0 ft 13.0 ft muck silt sand gravel 71.9° 1.0 ft 0 5 None

N 44° 50.370 W 87° 23.631 8:53 AM 9.5ft / 8.5 ft 11.0 ft muck silt sand gravel 71.9° 1.0 ft 0 5 Ind

N 44° 50.272 W 87° 23.133 9:02 AM 8.0 ft / 7.0 ft 25.5 ft muck silt sand gravel 72.3° 1.0 ft 0 5 None

N 44° 50.051 W 87° 23.175 9:19 AM 8.5 ft / 8.0 ft 10.4 ft muck silt sand gravel 72.1° 1.0 ft 0 10 Elodea

N 44° 49.919 W 87° 23.295 9:36 AM V/B 4.1 ft muck silt sand gravel 72.5° 1.0 ft 0 10 120 9 Milfoil

N 44° 49.872 W 87° 22.696 9:46 AM 7.5 ft / 7.0 ft 20.2 ft muck silt sand gravel 72.4° 1.0 ft 0 8 None

N 44° 49.762 W 87° 22.746 9:58 AM 7.0 ft / 6.5 ft 20.2 ft muck silt sand gravel 72.6° 1.0 ft 0 3 None

N 44° 49.739 W 87° 22.360 10:07 V/B 6.0 ft muck silt sand gravel 72.6° 1.0 ft 0 10 Milfoil, Coontail

N 44° 49.711 W 87° 22.288 10:15 AM V/B 5.1 ft muck silt sand gravel 72.3° 1.0 ft 0 10 120 9.0 ft Coontail, Milfoil, and
Elodea

N 44° 49.519 W 87° 21.783 10:48 AM V/B 4.5 ft muck silt sand gravel 71.4° 1.0 ft 0 10 Wild Celery, Milfoil Near Utopia Circle

N 44° 49.482 W 87° 21.893 11:04 AM 6.5 ft / 6.5 ft 11.5 ft muck silt sand gravel 72.7° 1.0 ft 0 7.5 120 9 None Near Channel off # 6 Naviational Marker

N 44° 49.389 W 87° 22.002 11:25 AM 5.5 ft / 5.5 ft 8 ft muck silt sand gravel 72.7° 1.0 ft 0 10 Coontail In front of Purves Lagoon

N 44° 48.525 W 87° 20.042 12:15 PM 5 ft / 4.5 ft 11.2 ft muck silt sand gravel 72.8° 1.0 ft 0 15 110 9 None Cove Road near Channel entrance

N 44° 48.559 W 87° 20.080 12:30 PM V/B 4.5 ft muck silt sand gravel 73.4° 1.0 ft 0 7.5 Unidentified weed Cove Road- close to shore
Buttercup

N 44° 48.931 W 87° 20.554 12:50 PM V/B 4.5 ft muck silt sand gravel 73.4° 1.0 ft 0 7.5 Wild Celery, Buttercup Wind Increase Approx (10-15 mph)
Elodea, Milfoil Cove Road- near nav. marker

N 44° 48.866 W 87° 20.791 1:07 PM 4.5 ft / 4.5 ft 5 ft muck silt sand gravel 73.0° 1.0 ft 0 5 Wild Celery, Milfoil Tacoma Beach near Strawberry Creek 
Coontail

N 44° 49.150 W 87° 21.391 1:33PM 5.0 ft / 5.0 ft 7 ft muck silt sand gravel 73.4° 1.0ft 0 10 Curly Leaf Elodea Memorial Drive near Bay View Bridge

N 44° 49.305 W 87° 21.307 1:44 PM 5.5 ft / 5.0 ft 7 ft muck silt sand gravel 73.2° 1.0 ft 0 10 Elodea Memorial Drive near Bay View Bridge
Coontail

N 44° 49.347 W 87° 21.546 1:54 PM 7.0 ft / 6.5 ft 10.5 ft muck silt sand gravel 73.2° 1.0 ft 0 15 Elodea Lathem Smith Mooring

Page 1



7 August 2002 Page 1 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 7-Aug-02

COLLECTED BY: Tanner / Jason

WEATHER (sunny, overcast, Partly Cloudy

partly cloudy, etc.)

WIND (direction, est. speed) ____________________________________

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Lat dep (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

N 44° 49.258 W 87° 22.025 10:42 AM 2.0 ft / 2.0 ft 8.0 ft
muck silt sand gravel

73.1° 1.0ft 0 5 200 9 Inside Purves Lagoon

Green alge on surface

N 44° 49.355 W 87° 22.025 10:59 AM 5.5 ft / 5.5 ft 7.5 ft
muck silt sand gravel

72.8° 1.0 ft 0 15 Serious Alge, Growth on surface Quarterdeck, left well

Elodea at bottom, 

N 44° 49.524 W 87° 21.684 11:16 AM V/B 2.5 ft
muck silt sand gravel

72.1° 1.0 ft 0 10 Elodea, Water Celery  E Memorial Drive

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

Page 1



7 August 2002 Page 2 of 2

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 7-Aug-02

COLLECTED BY: Tanner / Jason

WEATHER (sunny, overcast, Partly Cloudy

partly cloudy, etc.)

WIND (direction, est. speed) ____________________________________

SECCHI DISK WATER SUBSTRATE SAMPLE MAJOR PLANT

LOCATION TIME down/up DEPTH TYPE TEMP. DEPTH NITRATE PHOSPHATE OTHER  SPECIES GENERAL NOTES & COMMENTS

Lat dep (feet) (feet) (circle one) (fahrenheit) (feet) (mg/l) (mg/l) Alkalinity pH (significant fish, noteworthy items)

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

/
muck silt sand gravel

WEATHER STATION TEMP _____________________________

(NORTHERN TO COMPLETE) PRESSURE _____________________________

PRECIP _____________________________

WIND _____________________________

Page 2



Water Sample 7 August 2002

STURGEON BAY FIELD DATA COLLECTION FORM DATE: 08/07/02

COLLECTED BY: Jason / Tanner / Rick

Weather (sunny, overcast, Sunny, Very calm

partly cloudy, etc.)

Wind (direction, est. speed) Very Light N Wind

SECCHI DISK WATER SAMPLE 

LOCATION Sample TIME down/up DEPTH TEMP. DEPTH GENERAL NOTES & COMMENTS

Lat dep # (feet) (feet) (fahrenheit) (feet) (significant fish, noteworthy items)

N 44° 53.364 W 87° 25.036 101 6:38 AM 9 ft / 9 ft 41 ft 68.5° 1.0 ft Off Sherwood Point

N 44° 52.874 W 87° 26.270 102 7:01 AM V/B 2.4 ft 70.1° 1.0 ft
Buttercup Weed, and white light floating matter on surface, other fairly thick growth.                
Idlewild Creek

N 44° 50.593 W 87° 23.371 103 7:28 AM 6.5 ft/ 6.5 ft 22.9 ft 71.3° 1.0 ft Wind has picken up to 3-5 MPH from N     Bay Ship    

N 44° 50.075 W 87° 23.315 104 7:40 AM  7 ft / 7 ft 10 ft 71.7° 1.0 ft South of Dunlap Reef,  Alge,  Floating Weeds

N 44° 49.659 W 87° 22.519 105 7:59 AM 5 ft / 5 ft 23.8 ft 71.5° 1.0 ft Middle of Canal in front of Roehn Salvage

N 44° 49.574 W 87° 22.217 106 8:06 AM 5 ft / 5 ft 21.8 ft 71.4° 1.0 ft NE wind < 5 MPH    In front of Quarterdeck Marina

N 44° 47.481 W 87° 18.473 107 8:30 AM 16 ft 22.2 ft 67.2° 1.0 ft Coast Guard Station 1-2 Foot Waves      

N 44° 48.515 W 87° 20.183 108 8:57 AM V/B 1.7 ft 68.0° 1.0 ft Boat Traffic   Strawberry Creek Mouth, Heavy Vegetiaton

N 44° 49.3969 W 87° 20.795 109 9:15 AM V/B 2 ft 70.6° 1.0 ft Big Creek, Light NE wind partly cloudy

N 44° 49.418 W 87° 21.509 110 9:32 AM V/B 2.2 ft 71.0° 1.0 ft Little Creek   Not as noticeable alge

/

/

/

/

/

/

/

/

/

/

/

_____________________________

_____________________________

_____________________________

_____________________________









 
 Date: 4/28/03    Scenario: 1 
 Lake Id: Sturgeon Bay 
 Watershed Id: 1 
Hydrologic and Morphometric Data 
Tributary Drainage Area: 20374.0 acre 
Total Unit Runoff: 9.00 in. 
Annual Runoff Volume: 15280.5 acre-ft 
Lake Surface Area <As>: 1045.5 acre 
Lake Volume <V>: 8364.2 acre-ft 
Lake Mean Depth <z>: 8.0 ft 
Precipitation - Evaporation: 3.9 in. 
Hydraulic Loading: 17227.5 acre-ft/year 
Areal Water Load <qs>: 16.5 ft/year 
Lake Flushing Rate <p>: 2.06 1/year 
 Water Residence Time: 0.49 year 
Observed spring overturn total phosphorus (SPO): 0.0 mg/m^3 
Observed growing season mean phosphorus (GSM): 34 mg/m^3 
% NPS Change: 0% 
% PS Change: 0% 
 
NON-POINT SOURCE DATA 
      Land Use        Acre        Low    Most Likely    High    Loading %   Low    Most Likely    High     
                      (ac)     |---- Loading (kg/ha-year) ----|            |-----  Loading (kg/year) ----| 
Row Crop AG             0.0       0.50       1.00       3.00        0.0          0          0          0 
Mixed AG            12922.0       0.30       0.80       1.40       59.1       1569       4184       7321 
Pasture/Grass           0.0       0.10       0.30       0.50        0.0          0          0          0 
HD Urban (1/8 Ac)    2781.0       1.00       1.50       2.00       23.8       1125       1688       2251 
MD Urban (1/4 Ac)     199.0       0.30       0.50       0.80        0.6         24         40         64 
Rural Res (>1 Ac)     259.0       0.05       0.10       0.25        0.1          5         10         26 
Wetlands             2028.0       0.10       0.10       0.10        1.2         82         82         82 
Forest               1970.0       0.05       0.09       0.18        1.0         40         72        144 
Barron- Quaries       215.0       0.00       0.00       0.00        0.0          0          0          0 
Lake Surface         1045.5       0.10       0.30       1.00        1.8         42        127        423 
 
POINT SOURCE DATA 
      Point Sources     Water Load     Low    Most Likely    High    Loading % 
                        (m^3/year)  (kg/year)  (kg/year)   (kg/year)          _ 
Sturgeon Bay WWTP        1982420.0        0.0      875.6        0.0    12.4 
User Defined 2                 0.0        0.0        0.0        0.0     0.0 
User Defined 3                 0.0        0.0        0.0        0.0     0.0 
User Defined 4                 0.0        0.0        0.0        0.0     0.0 
User Defined 5                 0.0        0.0        0.0        0.0     0.0 
User Defined 6                 0.0        0.0        0.0        0.0     0.0 
 
SEPTIC TANK DATA 
Description                                        Low    Most Likely   High     Loading %  
Septic Tank Output (kg/capita-year)                0.30        0.50     0.80             
# capita-years                          0.0                                              
% Phosphorous Retained by Soil                     98.0        90.0     80.0             
Septic Tank Loading (kg/year)                      0.00        0.00     0.00         0.0 
 
TOTALS DATA 
Description                      Low    Most Likely   High     Loading %  
Total Loading (lb)              6366.8     15606.3     22733.0   100.0 
Total Loading (kg)              2888.0      7079.0     10311.6   100.0 
Areal Loading (lb/ac-year)        6.09       14.93       21.74         
Areal Loading (mg/m^2-year)     682.58     1673.13     2437.16         
Total PS Loading (lb)              0.0      1930.4         0.0         
Total PS Loading (kg)              0.0       875.6         0.0         
Total NPS Loading (lb)          6273.6     13396.1     21800.2         
Total NPS Loading (kg)          2845.7      6076.4      9888.5         
 



Aquatic Plant Management 
 
Aquatic plants are a critical component in an aquatic ecosystem.  Any management of an ecosystem can 
have negative or even detrimental effects on the whole ecosystem.  Therefore, the practice of managing 
aquatic plants should not be taken lightly.  The concept of Aquatic Plant Management (APM) is highly 
variable since different aquatic resource users want different things.  Ideal management to one individual 
may mean providing prime fish habitat, for another it may be to remove surface vegetation for boating.    
The practice of APM is also highly variable.  There are numerous APM strategies designed to achieve 
different plant management goals.  Some are effective on a small scale, but ineffective in larger situations.  
Others can only be used for specific plants or during certain times of the growing season.  Of course, the 
types of plants that are to be managed will also help determine which APM alternatives are feasible.  The 
following paragraphs discuss the APM methods used today.  The discussion is largely adopted from 
Managing Lakes and Rivers, North American Lake Management Society, 2001, supplemented with other 
applicable current resources and references.  The methods summarized here are largely for management 
of rooted aquatic plants, not algae.  While some methods may also have effects on nuisance algae blooms, 
the focus is submergent rooted aquatic macrophytes.  This information is provided to allow the user to 
gain a basic understanding of the APM method, it is not designed to an all-inclusive APM decision-
making matrix.   APM alternatives can be divided into the following categories: Physical Controls, 
Chemical Controls, and Biological Controls.   
 
Physical Controls 
 
Physical APM controls include various methods to prevent growth or remove part or all of the aquatic 
plant.  Both manual and mechanical techniques are employed.  Physical APM methods include: 
 

▲ Hand pulling 
▲ Hand cutting 
▲ Bottom barriers 
▲ Light limitation (dyes, covers) 
▲ Mechanical harvesting 
▲ Hydroraking/rototilling 
▲ Suction Dredging 
▲ Dredging 
▲ Drawdown 

 
Each of these methods are described below.  The costs, benefits, and drawbacks of each APM strategy are 
provided.   
 

Hand Pulling: This method involves digging out the entire unwanted plant including stems and 
roots with a hand tool such as a spade.  This method is highly selective and suitable for shallow 
areas for removing invasive species that have not become well established.  This technique is 
obviously not for use on large dense beds of nuisance aquatic plants.   It is best used in areas less 
than 3 feet, but can be used in deeper areas with divers using scuba and snorkeling equipment.  It 
can also be used in combination with the suction dredge method.  In Wisconsin, hand pulling may 
be completed outside a designated sensitive area without a permit but is limited to 30 feet of 
shoreline frontage.  Removal of exotic species is not limited to 30 feet.      
 

Advantages: This technique results in immediate clearing of the water column of 
nuisance plants.  When a selective technique is desired in a shallow, 
small area, hand pulling is a good choice.  It is also useful in sensitive 
areas where disruption must be minimized.   
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Disadvantages: This method is labor intensive.  Disturbing the substrate may affect fish 
habitat, increase turbidity, and may promote phosphorus re-suspension 
and subsequent algae blooms.     

 
Costs: The costs are highly variable.  There is practically no cost using 

volunteers or lakeshore landowners to remove unwanted plants, however 
using divers to remove plants can get relatively expensive.   Hand pulling 
labor can range from $400 to $500 per acre. 

 
Hand Cutting: This is another manual method where the plants are cut below the water surface.  
Generally the roots are not removed.  Tools such as rakes, scythes or other specialized tools are 
pulled through the plant beds by boat or several people.  This method is not as selective as hand 
pulling.  This method is well suited for small areas near docks and piers.  Plant material must be 
removed from the water.  In Wisconsin, hand cutting may be completed outside a designated 
sensitive area without a permit but is limited to 30 feet of shoreline frontage.  Removal of exotic 
species is not limited to 30 feet.      
 

Advantages: This technique results in immediate clearing of the water column of 
nuisance plants.  Costs are minimal.  

 
Disadvantages: This is also a fairly time consuming and labor intensive option.  Since the 

technique does not remove the entire plant (leaves root system and part 
of plant), it may not result in long-term reductions in growth.   

 
Costs: The costs range from minimal for volunteers using hand equipment up to 

over $1,000 for a hand-held mechanized cutting implement.  Hand 
pulling labor can range from $200 to $400 per acre. 

   
Bottom Barriers:  A barrier material is applied over the lake bottom to prevent rooted aquatics 
from growing.  Natural barriers such as clay, silt, and gravel can be used although eventually 
plants may root in these areas again.  Artificial materials can also be used for bottom barriers and 
anchored to the substrate.  Barrier materials include burlap, nylon, rubber, polyethylene, 
polypropylene, and fiberglass.  Barriers include both solid and porous forms.  A permit is 
required to place any fill or barrier structure on the substrate of a waterbody.  This method is well 
suited for areas near docks, piers, and beaches.  Periodic maintenance may be required to remove 
accumulated silt or rooting fragments from the barrier. 
 

Advantages: This technique does not result in production of plant fragments.  Properly 
installed, it can provide immediate and multiple year relief.  

 
Disadvantages: This is a non-selective option, all plants beneath the barrier will be 

affected.  Some materials are costly and installation is labor intensive.  
Other disadvantages include limited material durability, gas 
accumulation beneath the cover, or possible re-growth of plants from 
above or below the cover.  Fish and invertebrate habitat is disrupted with 
this technique.   Anchored barriers can be difficult to remove. 

 
Costs: A 20 foot x 60 foot panel cost $265, while a 30 foot x 50 foot panel cost 

$375 (this does not include installation costs).  Costs for materials vary 
from $0.15 per square foot (ft2) to over $0.35/ ft2.  The costs for 
installation range from $0.25 to $0.50/ ft2.  Barriers can cost $20,000 to 
$50,000 per acre.   
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Light Limitation:  Limiting the available light in the water column can prevent photosynthesis 
and plant growth.  Dark colored dyes and surface covers have been used to accomplish light 
limitation.  Dyes are effective in shallow water bodies where their concentration can be kept at a 
desired concentration and loss through dilution is less.  This method is well suited for small, 
shallow water bodies with no outlets such as private ponds.   
 
Surface covers can be a useful tool in small areas such as docks and beaches.  While they can 
interfere with aquatic recreation, they can be timed to produce results and not affect summer 
recreation uses. 
  

Advantages: Dyes are non-toxic to humans and aquatic organisms.  No special 
equipment is required for application.  Light limitation with dyes or 
covers method may be selective to shade tolerant species.  In addition to 
submerged macrophyte control, it can also control the algae growth.     

 
Disadvantages: The application of water column dyes is limited to shallow water bodies 

with no outlets.  Repeated dye treatments may be necessary.  The dyes 
may not control peripheral or shallow-water rooted plants.  This 
technique must be initiated before aquatic plants start to grow.  Covers 
inhibit gas exchange with the atmosphere.   

 
Costs: Costs for a commercial dye and application range from $100 to $500 per 

acre.   
 

Mechanical Harvesting:  Mechanical harvesters are essentially cutters mounted on barges that 
cut aquatic plants at a desired depth.  Maximum cutting depths range from 5 to 8 feet with a 
cutting width of 6.5 to 12 feet.  Cut plant materials require collection and removal from the water. 
Conventional harvesters combine cutting, collecting, storing, and transporting cut vegetation into 
one piece of equipment.  Transport barges and shoreline conveyors are also available to remove 
the cut vegetation.  The cut plants must be removed from the water body.  The equipment needs 
are dictated by severity of the aquatic plant problem.  Contract harvesting services are available in 
lieu of purchasing used or new equipment.  Trained staff will be necessary to operate a 
mechanical harvester.  To achieve maximum removal of plant material, harvesting is usually 
completed during the summer months while submergent vegetation is growing to the surface.  
The duration of control is variable and re-growth of aquatic plants is common.  Factors such as 
timing of harvest, water depth, depth of cut, and timing can influence the effectiveness of a 
harvesting operation.  Harvesting is suited for large open areas with dense stands of exotic or 
nuisance plant species.  Permits are now required in Wisconsin to use a mechanical harvester. 
 

Advantages: Harvesting provides immediate visible results.  Harvesting allows plant 
removal on a larger scale than other options.  Harvesting provides 
flexible area control.  In other words, the harvester can be moved to 
where it is needed and used to target problem areas.     This technique 
has the added benefit of removing the plant material from the water body 
and therefore also eliminates a possible source of nutrients often released 
during fall decay of aquatic plants.  While removal of nutrients through 
plant harvesting has not been quantified, it can be important in aquatic 
ecosystem with low nutrient inputs.       
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Disadvantages: Drawbacks of harvesting include: limited depth of operation, not 
selective within the application area, and expensive equipment costs.  
Harvesting also creates plant fragments, which can be a concern since 
certain plants have the ability to reproduce whole plants from a plant 
fragment (e.g. Eurasian watermilfoil).  Plant fragments may re-root and 
spread a problem plant to other areas.  Harvesting can have negative 
effects on non-target plants, young of year fish, and invertebrates.  The 
harvesting will require trained operators and maintenance of equipment.  
Also, a disposal site or landspreading program will be needed for 
harvested plants.     

 
Costs: Costs for a harvesting operation are highly variable dependant on 

program scale.  New harvesters range from $40,000 for small machines 
to over $100,000 for large, deluxe models.  Costs vary considerably, 
depending on the model, size, and options chosen.  Specially designed 
units are available, but may cost more.  The equipment can last 10 to 15 
years.  A grant for ½ the equipment cost can be obtained from the 
Wisconsin Waterways Commission and a loan can be obtained for the 
remaining capital investment.  Operation costs include insurance, fuel, 
spare parts, and payroll.  Historical harvesting values have been reported 
at $200 up to $1,500 per acre.  A survey of recent Wisconsin harvesting 
operations reported costs to be between $100/acre and $200/acre.   

     
 A used harvester can be purchased for $10,000 to $20,000.  Maintenance 

costs are typically higher. 
 

 Contract harvesting costs approximately $125/per hour plus mobilization 
to the water body.  Contractors can typically harvest ¼ to ½ acre per 
hour for an estimated cost of $250 to $500/per acre. 

 
Hydroraking/rototilling:  Hydroraking is the use of a boat or barge mounted machine with a 
rake that is lowered to the bottom and dragged.  The tines of the rake rip out roots of aquatic 
plants.  Rototilling, or rotovation, also rips out root masses but uses a mechanical rotating head 
with tines instead of a rake.  Harvesting may need to be completed in conjunction with these 
methods to gather floating plant fragments.  This application would best be used where nuisance 
populations are well established and prevention of stem fragments is not critical.  A permit would 
be required for this type of aquatic plant management and would only be issued in limited cases 
of extreme infestations of nuisance vegetation.  In Wisconsin, this method is not looked upon 
favorably or at all by the WDNR.   
 

Advantages: These methods have the potential for significant reductions in aquatic 
plant growth.  These methods can remove the plant stems and roots, 
resulting in thorough plant disruption.  Hydroraking/rototilling can be 
completed in “off season” months avoiding interference with summer 
recreation activities.   

 
Disadvantages: Hydroraking/rototilling are not selective and may destroy substrate 

habitat important to fish and invertebrates.  Suspension of sediments will 
increase turbidity and can possibly cause algae blooms.  These methods 
can cause floating plant and root fragments, which may re-root and 
spread the problem.  Hydroraking/rototilling  are expensive and not 
likely to be permitted by regulatory agencies. 
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 Costs: Bottom tillage costs vary according to equipment, treatment scale, and 
plant density.  For soft vegetation costs can range from $2,000 to $4,000 
per acre.  For dense, rooted masses, costs can be up to $10,000 per acre.   
Contract bottom tillage reportedly ranges from $1,200 to $1,700 per acre 
(Washington Department of Ecology, 1994).  

 
Suction Dredging:  Suction dredging uses a small boat or barge with portable dredges and 
suction heads.  Scuba divers operate the suction dredge and can target removal of whole plants, 
seeds, and roots.  This method may be applied in conjunction with hand cutting where divers 
dislodge the plants.  The plant/sediment slurry is hydraulically pumped to the barge through hoses 
carried by the diver.  Its effectiveness is dependent on sediment composition, density of aquatic 
plants, and underwater visibility.  Suction dredging may be best suited for localized infestations 
of low plant density where fragmentation must be controlled.  A permit will be required for this 
activity.   
 

Advantages: Diver suction dredging is species –selective.  Disruption of sediments 
can be minimized.  These methods can remove the plant stems and roots, 
resulting in thorough plant disruption and potential longer term control.  
Fragmentation of plants is minimized.  This activity can be completed 
near and around obstacles such as piers or marinas where a harvester 
could not operate.   

 
Disadvantages: Diver suction dredging is labor intensive and costly.  Upland disposal of 

dredged slurry can require additional equipment and costs.  Increased 
turbidity in the area of treatment can be a problem.  Release of nutrients 
and other pollutants can also be a problem.   

  
Costs: Suction dredging costs can be variable depending on equipment and 

transport requirements for slurry.  Costs range from $5,000 per acre to 
$10,000 per acre.   

 
Dredging 
 
Sediment removal through dredging can work as a plant control technique by limiting light 
through increased water depth or removing soft sediments that are a preferred habitat to nuisance 
rooted plants.  Soft sediment removal is accomplished with drag lines, bucket dredges, long reach 
backhoes, or other specialized dredging equipment.  Dredging has had mixed results in 
controlling aquatic plant, however it can be highly effective in appropriate situations.  Dredging is 
most often applied in a major restructuring of a severely degraded system.  Generally, dredging is 
an activity associated with other restoration efforts.  Comprehensive pre-planning will be 
necessary for these techniques and a dredging permit would be required.   
 

Advantages: Dredging can remove nutrient reserves which result in nuisance rooted 
aquatic plant growth.  Dredging, when completed, can also actually 
improve substrate and habitat for more desirable species of aquatic 
plants, fish, and invertebrates.  It allows the complete renovation of an 
aquatic ecosytem.  This method has the potential for significant 
reductions in aquatic plant growth.  These methods can be completed in 
“off season” months avoiding interference with summer recreation 
activities.   
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Disadvantages: Dredging can temporarily destroy important fish and invertebrate habitat.  
Suspension of sediments usually increases turbidity significantly and can 
possibly releases nutrients causing algae blooms.  Dredging is extremely 
expensive and requires significant planning.  Dredged materials may 
contain toxic materials (metals, PCBs).  Dredged material transportation 
and disposal of toxic materials are additional management considerations 
and are potentially expensive.  It could be difficult and costly to secure 
regulatory permits and approvals. 

       
Costs: Dredging costs depend upon the scale of the project and many other 

factors.  It is generally an extremely expensive option. 
 

Drawdown:  Water level drawdown exposes the plants and root systems to prolonged freezing 
and drying to kill the plants.  It can be completed any time of the year, however is generally more 
effective in winter, exposing the lake bed to freezing temperatures.  If there is a water level 
control structure capable of drawdown, it can be an in-expensive way to control some aquatic 
plants.  Aquatic plants vary in their susceptibility to drawdown, therefore, accurate identification 
of problem species is important.  Drawdown is often used for other purposes of improving 
waterfowl habitat or fishery management, but sometimes has the added benefit of nuisance rooted 
aquatic plant control.  This method can be used in conjunction with a dredging project to excavate 
nutrient-rich sediments.  This method is best suited for use on reservoirs or shallow man-made 
lakes.  A drawdown would require regulatory permits and approvals.   

  
Advantages: A drawdown can result in compaction of certain types of sediments and 

can be used to facilitate other lake management activities such as dam 
repair, bottom barrier, or dredging projects.  Drawdown can significantly 
impact populations of aquatic plants that propagate vegetatively.  It is 
inexpensive. 

 
Disadvantages: This method is limited to situations with a water level control structure.  

Pumps can be used to de-water further if ground water seepage is not 
significant.  This technique may also result in the removal of beneficial 
plant species.  Drawdowns can decrease bottom dwelling invertebrates 
and overwintering reptiles and amphibians.  Drawdowns can affect 
adjacent wetlands, alter downstream flows, and potentially impair well 
production.  Drawdowns and any water level manipulation are often 
highly controversial since shoreline landowners access and public 
recreation are limited during the drawdown.  Fish populations are 
vulnerable during a drawdown due to over-harvesting by fisherman in 
decreased water volumes.   

       
Costs: If a suitable outlet structure is available then costs should be minimal. If 

dewatering pumps would be required or additional management projects 
such as dredging are completed, additional costs would be incurred.  
Other costs would include recreational losses and perhaps loss in tourism 
revenue.   
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Chemical Controls 
 
Using chemical herbicides to kill nuisance aquatic plants is the oldest APM method.  However, past 
pesticides uses being linked to environmental or human health problems have led to public wariness of 
chemicals in the environment.  Current pesticide registration procedures are more stringent than in the 
past.  While no chemical pesticide can be considered 100 percent safe, federal pesticide regulations are 
based on the premise that if a chemical is used according to its label instructions it will not cause adverse 
environmental or human health effects. 
 
Chemical herbicides for aquatic plants can be divided into two categories, systemic and contact 
herbicides.  Systemic herbicides are absorbed by the plant, translocated throughout the plant, and are 
capable of killing the entire plant, including the roots and shoots.  Contact herbicides kill the plant surface 
in which in comes in contact, leaving roots capable of re-growth.  Aquatic herbicides exist under various 
trade names, causing some confusion.  Aquatic herbicides include the following:    
   

▲ Endothall Based Herbicide 
▲ Diquat Based Herbicide 
▲ Fluridone Based Herbicide 
▲ 2-4 D Based Herbicide 
▲ Glyophosate Based Herbicide 
▲ Triclopyr Based Herbicide 
▲ Phosphorus Precipitation 

 
Each of these methods are described below.  The costs, benefits, and drawbacks of each chemical APM 
alternative are provided.   
 

Endothall Based Herbicide:  Endothall is a contact herbicide, attacking a wide range of plants at 
the point of contact.  The chemical is not readily transferred to other plant tissue, therefore 
regrowth can be expected and repeated treatments may be needed.  It is sold in liquid and 
granular forms under the trade names of Aquathol K, Aquathol, or Hydrothol.  Hydrothol is also 
an algaecide.  Most endothall products break down easily and do not remain in the aquatic 
environment.  Endothall products can result in plant reductions for a few weeks to several 
months.  Multi-season effectiveness is not typical.  A permit is required for use of this herbicide.    

  
Advantages: Endothall products work quickly and exhibit moderate to highly effective 

control of floating and submersed species.  This herbicide has limited 
toxicity to fish at recommended doses.   

 
Disadvantages: The entire plant is not killed when using endothall.  Endothall is non-

selective in the treatment area.  High concentrations can kill fish easily.  
Water use restrictions (time delays) are necessary for recreation, 
irrigation, and fish consumption after application. 

         
Costs: Costs vary with treatment area and dosage.  Average costs for chemical 

application range between $400 and $700 per acre.  
 

Diquat Based Herbicide:  Diquat is a fast-acting contact herbicide effective on a broad spectrum 
of aquatic plants.  It is sold under the trade name of Reward.  Diluted forms of this product are 
also sold as private label products.  Since Diquat binds to sediments readily, its effectiveness is 
reduced by turbid water.  Multi-season effectiveness is not typical.  A permit is required for use 
of this herbicide.    

7 



Advantages: Diquat works quickly and exhibit moderate to highly effective control of 
floating and submersed species.  This herbicide has limited toxicity to 
fish at recommended doses.   

 
Disadvantages: The entire plant is not killed when using diquat.  Diquat is non-selective 

in the treatment area.  Diquat can be inactivated by suspended sediments.  
Diquat is sometimes toxic to zooplankton at the recommended dose.   
Limited water used restrictions (water supply, agriculture, and contact 
recreation) are required after application. 

         
Costs: Costs vary with treatment area and dosage.  A general cost estimate for 

treatment is between $200 and $500 per acre.   
 

Fluoridone Based Herbicide:  Fluoridone is a slow-acting systemic herbicide, which is 
effectively absorbed and translocated by both plant roots and stems.  Sonar is the trade name and 
it is sold in liquid or granular form.  Fluoridone requires a longer contact time and demonstrates 
delayed toxicity to target plants.  Eurasian watermilfoil is more sensitive to fluoridone than other 
aquatic plants.  This allows a semi-selective approach when low enough doses are used.  Since 
the roots are also killed, multi-season effectiveness can be achieved.  It is best applied during the 
early growth phase of the plants.  A permit is required for use of this herbicide.    

  
Advantages: Fluoridine is capable of killing roots, therefore producing a longer lasting 

effect than other herbicides.  A variety of emergent and submersed 
aquatics are susceptible to this herbicide.  Fluoridine can be used 
selectively, based on concentration.  A gradual killing of target plants 
limits severe oxygen depletion from dead plant material. It has 
demonstrated low toxicity to aquatic fauna such as fish and invertebrates.  
3 to 5 year control has been demonstrated.  Extensive testing have shown 
that, when used according to label instructions, it does not pose negative 
health affects.   

 
Disadvantages: Fluoridine is a very slow-acting herbicide sometimes taking up to several 

months for visible effects.  It requires a long contact time.  Fluoridine is 
extremely soluble and mixable, therefore, not effective in flowing water 
situations or for treating a select area in a large open lake.  Impacts on 
non-target plants are possible at higher doses.  Time delays are necessary 
on use of the water (water supply, irrigation, and contact recreation) after 
application. 

         
Costs: Costs vary with treatment area and dosage.  Treatment costs range from 

$500 to $2,000 per acre. 
 

2,4-D Based Herbicide: 2,4-D-based herbicides are sold in liquid or granular forms under 
various trade names. It is a systemic herbicide that affects broad leaf plants.  It has been 
demonstrated effective against Eurasian watermilfoil, but it may not work on many aquatic 
plants.  Since the roots are also killed, multi-season effectiveness may be achieved.  It is best 
applied during the early growth phase of the plants.  Visible results are evident within 10 to 14 
days.  A permit is required for use of this herbicide.    
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Advantages: 2,4-D is capable of killing roots, therefore producing a longer lasting 
effect than some other herbicides.  It is fairly fast and somewhat 
selective, based on application timing and concentration.  2,4-D 
containing products are moderately to highly effective on a few 
emergent, floating, or submersed plants.     

 
Disadvantages: 2,4-D can have variable toxicity effects to aquatic fauna, depending on 

formulation and water chemistry.  2,4-D lasts only a short time in water, 
but can be detected in sediments for months after application.  Time 
delays are necessary on use of the water (agriculture and contact 
recreation) after application.  The label does not permit use of this 
product in water used for drinking, irrigation, or livestock watering.  

         
Costs: Costs vary with treatment area and dosage.  Treatment costs range from 

$300 to $800 per acre.   
 

Glyophosate Based Herbicide:  Glyophosate has been categorized as both a contact and a 
systemic herbicide.   It is applied as a liquid spray and is sold under the trade name Rodeo or 
Pondmaster. It is a non-selective, broad based herbicide effective against emergent or floating 
leaved plants, but not submergents.  It’s effectiveness can be reduced by rain.  A permit is 
required for use of this herbicide.    

  
Advantages: Glyophoshate is moderately to highly effective against emergent and 

floating-leaf plants resulting in rapid plant destruction.  Since it is 
applied by spraying plants above the surface, the applicator can apply it 
selectively to target plants.  Glyophosate dissipates quickly from natural 
waters, has a low toxicity to aquatic fauna, and carries no restrictions or 
time delays for swimming, fishing, or irrigation.   

 
Disadvantages: Glyophoshate is non-selective in the treatment area.  Wind can dissipate 

the product during the application reducing it’s effectiveness and cause 
damage to non-target organisms.  Therefore, spray application should 
only be completed when wind drift is not a problem.  This compound is 
highly corrosive, therefore storage precautions are necessary.   

         
Costs: Costs average $500 to $1,000 per acre depending on the scale of 

treatment.   
 

Triclopyr Based Herbicide:  Triclopyr is a systemic herbicide.  It is registered for experimental 
aquatic use in selected areas only.  It is applied as a liquid spray or injected into the subsurface as 
a liquid.  Triclopyr has shown to be an effective control to many floating and submersed plants.  
It has been demonstrated to be highly effective against Eurasian watermilfoil, having little effect 
on valued native plants such as pondweeds.  Triclopyr is most effective when applied during the 
active growth period of younger plants.   

 
Advantages: This herbicide is fast acting.  Triclopyr can be used selectively since it 

appears more effective against dicot plant species, including several 
difficult nuisance plants.  Testing has demonstrated low toxicity to 
aquatic fauna.     
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Disadvantages: At higher doses, there are possible impacts to non-target species.  There 
is a time delay of 30 days for fish consumption from treated areas.  This 
herbicide is experimental for aquatic use and restrictions on use of the 
treated water are not yet certain.   

 
Biological Controls 
 
There has been recent interest in using biological technologies to control aquatic plants.  This concept 
stems from a desire to use a “natural” control and reduce expenses related to equipment and/or chemicals.  
While use of biological controls is in its infancy, potentially useful technologies have been identified and 
show promise for integration with physical and chemical APM strategies.  Several biological controls that 
are in use or are under experimentation include the following:     
 

▲ Herbivorous Fish 
▲ Herbivorous Insects 
▲ Plant Pathogens 
▲ Native Plants 

 
Each of these methods are described below.  The costs, benefits, and drawbacks of each biologic APM 
method are provided.   
 

Herbivorous Fish:  A herbivorous fish such as the non-native grass carp can consume large 
quantities of aquatic plants.  These fish have high growth rates and a wide range of plant food 
preferences.  Stocking rates and effectiveness will depend on many factors including climate, 
water temperature, type and extent of aquatic plants, and other site-specific issues.  Sterile 
(triploid) fish have been developed resulting in no reproduction of the grass carp and population 
control.  This technology has demonstrated mixed results and is most appropriately used for lake-
wide, low intensity control of submersed plants.  Some states do not allow stocking of 
herbivorous fish.  In Wisconsin, stocking of grass carp is prohibited.   

 
Advantages: This technology can provide multiple years of aquatic plant control from 

a single stocking.  Compared to other long-term aquatic plant control 
techniques such as bottom tillage or bottom barriers, costs may be 
relatively low.   

 
Disadvantages: Sterile grass carp exhibit distinct food preferences, limiting their 

applicability.  Grass carp may feed selectively on the preferred plants, 
while less preferred plants, including milfoil, may increase.  The effects 
of using grass carp may not be immediate.  Overstocking may result in 
an impact on non-target plants or eradication of beneficial plants, altering 
lake habitat.  Using grass carp may result in algae blooms and increased 
turbidity.  If precautions are not taken (i.e. inlet and outlet control 
structures to prevent fish migration) the fish may migrate and have 
adverse effects on non-target vegetation.  

 
Costs: Costs can range from $50/acre to over $2,000/acre, at stocking rates of 5 

fish/acre to 200 fish/acre.   
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Herbivorous Insects:  Non-native and native insect species have been used to control rooted 
plants.  Using herbivorous insects is intended to selectively control target species.  These aquatic 
larvae of moths, beetles, and thrips use specific host aquatic plants.  Several non-native species 
have been imported under USDA approval and used in integrated pest management programs, a 
combination of biological, chemical, and mechanical controls.   
These non-native insects are being used in southern states to control nuisance plant species and 
appear climate-limited, their northern range being Georgia and North Carolina.  While successes 
have been demonstrated, non-native species have not established themselves for solving 
biological problems, sometimes creating as many problems as they solve.  Therefore, government 
agencies prefer alternative controls.     
 
Native insects such as the larvae of midgeflies, caddisflies, beetles, and moths may be successful 
APM controls in northern states.  Recently however, the native aquatic weevil Euhrychiopsis 
lecontei has received the most attention.  This weevil has been associated with native northern 
water milfoil.  The weevil can switch plant hosts and feed on Eurasian watermilfoil, destroying 
it’s growth points.  While the milfoil weevil is gaining popularity, it is still experimental.   

  
Advantages: Herbivorous insects are expected to have no negative effects on non-

target species.  The insects have shown promise for long term control 
when used as part of integrated aquatic plant management programs.  
The milfoil weevils do not use non-milfoil plants as hosts. 

  
Disadvantages: Natural predator prey cycles indicate that incomplete control is likely.  

An oscillating cycle of control and re-growth is more likely.  Fish 
predation may complicate controls.  Large numbers of milfoil weevils 
may be required for a dense stand and can be expensive.  The weevil 
leaves the water during the winter, may not return to the water in the 
spring, and are subject to bird predation in their terrestrial habitat.  
Application is manual and extremely time consuming.  Introducing any  
species, especially non-native ones, into an aquatic ecosystem may have 
undesirable effects.  Therefore, it is extremely important to understand 
the life cycles of the insects and the host plants.   

 
Costs: Reported costs of herbivorous insects rang from $300/acre to 

$3,000/acre.   
 
 Specifically, the native milfoil weevils cost approximately $1.00 per 

weevil.  It is generally considered appropriate to use 5 to 7 weevils per 
stem.  Dense stands of milfoil may contain 1 to 2 million stems per acre.  
Therefore, costs of this new technology are currently prohibitive.     

 
 

Plant Pathogens:  Using a plant pathogen to control nuisance aquatic plants has been studied for 
many years, however still remains largely experimental.  Fungi are the most common pathogens, 
while bacteria and viruses have also been used.  There is potential for highly specific plant 
applications.   

  
Advantages: Plant pathogens may be highly species specific.  They may provide 

substantial control of a nuisance species.   
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Disadvantages: Pathogens are experimental. The effectiveness and longevity of control is 
not well understood.  Possible side effects are also unknown.   

 
Costs: These techniques are experimental therefore a supply of specific 

products and costs are not established.   
  

Native Plants:  This method involves removing the nuisance plant species through chemical or 
physical means and re-introducing seeds, cuttings, or whole plants of desirable species.  Success 
has been variable.  When using seeds, they need to be planted early enough to encourage the full 
growth and subsequent seed production of those plants.  Transplanting mature plants may be a 
better way to establish seed producing populations of desirable aquatics.  Recognizing that a 
healthy, native, desirable plant community may be resistant to infestations of nuisance species, 
planting native plants should be encouraged as an APM alternative.  Non-native plants can not be 
translocated. 

 
Advantages: This alternative can restore native plant communities.  It can be used to 

supplement other methods and potentially prevent future needs for costly 
repeat APM treatments.   

 
Disadvantages: While this appears to be a desirable practice, it is experimental at this 

time and there are not many well documented successes.  Nuisance 
species may eventually again invade the areas of native plantings.  
Careful planning is required to ensure that the introduced species do not 
themselves become nuisances.  Hand planting aquatic plants is labor 
intensive.   

 
Costs: Costs can be highly variable depending on the selected native species, 

numbers of plants ordered, and the nearest dealer location.   
 

Aquatic Plant prevention 
 
The phrase “an ounce of prevention is worth a pound of cure” certainly holds true for APM.  Prevention is 
the best way to avoid nuisance aquatic plant growth.  Prevention of the spread of invasive aquatic plants 
must also be achieved.  Inspecting boats, trailers, and live wells for live aquatic plant material is the best 
way to prevent nuisance aquatic plants from entering a new aquatic ecosystem.  Protecting the desirable 
native plant communities is also often important to maintain a healthy aquatic ecosystem and preventing 
the spread of nuisance aquatics once they are present.   
 
Prolific growth of nuisance aquatic plants can be prevented by limiting nutrient (i.e. phosphorus) inputs to 
the water body.  Aeration or phosphorus precipitation can achieve controls of in-lake cycling of 
phosphorus, however if there are additional outside sources of nutrients, these methods will be largely 
ineffective in controlling algae blooms or intense aquatic macrophyte infestations.  Watershed 
management activities to control nutrient laden storm water runoff are critical to controlling excessive 
nutrient loading to the water bodies.  Nutrient loading can be prevented/minimized by the following:  
 

▲ Shoreline buffers 
▲ Using non-phosphorus fertilizers on lawns 
▲ Settling basins for storm water effluents   











































































































SHORELINE LANDOWNER NAVIGATION ACCESS FORM 
 

Please complete the following: 
 
 

Name  
Address 
 
 

 

Phone   
 
 

The Aquatic Plant Management (APM) Program requires that a shoreline landowner be aware of 
the value of aquatic plants and consider manual removal of aquatic plants prior to requesting 
navigational access channel to private piers or docks.  Please read the following:   
 
Value of Aquatic Plants 

 
Aquatic plants are vital to the health of a water body.  
Unfortunately, much too often, people refer to all rooted 
aquatic plants as weeds and their ultimate goal is to 
eradicate them.  However, aquatic plants play a key role in 
the ecology of a lake system.  Aquatic plants provide 
important food and shelter for fish, wildlife and 
invertebrates.  Without aquatic plants, the aquatic food 
chain can be disrupted harming fish populations.  Aquatic 
plants also improve water quality by protecting shorelines 
and the lake bottom.   
 
Aquatic plants can become a nuisance, however, when 
native and exotic plant species occupy large portions of a 
water body.  Excessive aquatic plant growth can 
negatively affect navigational and recreational activities.  
When “managing” aquatic plants, it is important to 
maintain a well-balanced, stable, and diverse aquatic plant 
community that contain high percentages of desirable native vegetation. 
 
Additional information about the value of aquatic plants is available in the Sturgeon Bay 
Resource Inventory and Aquatic Plant Management Plan, which is available in the local library.  
Sources for additional information about aquatic plants are included in the references section of 
this report.  Information is also available on the Sturgeon Bay Aquatic Plant Management 
Program Website: http://www.northernenvironmental/sturgeonbay under the technical 
information link.  Links to other sources of information about aquatic plants are also provided on 
this website.    
 
Manual Removal 
 
The APM Program requires a shoreline landowner to evaluate if hand pulling or raking is feasible 
prior to requesting an access channel to their pier or dock.  A private shoreline landowner can 
complete manual removal of aquatic plants in a 30-foot wide corridor for swim rafts and 
navigational access to piers without a permit.   
 

OVER 
 
 

http://www.northernenvironmental/sturgeonbay


SHORELINE LANDOWNER NAVIGATION ACCESS FORM 
 

OVER 
 
 

 
YES               NO 

            
I have read the information provided above and ___ ___ 
understand the value of aquatic plants, however I still desire 
the City to provide a navigational channel to navigable water 
 
I have evaluated the feasibility of manual aquatic plant  ___ ___ 
removal.  It is not feasible to remove plants manually, therefore 
I am requesting a navigational access channel.      

  
Reason manual removal is not feasible: ______________________________________________ 

 
 

Signature 
 

 

Date 
 

 

 
 

Please return this completed form to:  
 
 
Sturgeon Bay Department of Public Works 
Aquatic Plant Management Program 
Attention:  Shoreline Landowner Access 
834 North 14th Avenue 
Sturgeon Bay, WI 54235 
 
 
Upon receipt of this form, the APM Program staff will issue you a placard marker to place at the 
end of your dock indicating that you have completed the appropriate steps.  To facilitate timely 
response for your access, the City recommends delivering the form to the above address in 
person.  Multi-use priority navigational channels take precedent over private channel access.   
 
It is important to note that the City is confined to the requirements of the APM Permit 
issued by the WDNR and cannot complete aquatic plant removal for aesthetic reasons.  A 
navigational need must be demonstrated. 



STURGEON BAY APM  
SPECIAL CONDITION 

REQUEST FORM 
 
 
Date:_______________________ 
 
To: Wisconsin Department of Natural Resources APM Coordinator, 
Name___________________________________________________________________ 
 
 
 
From: Sturgeon Bay APM Program Manager   
Name___________________________________________________________________ 
 
 
Location  
(Description and GPS Reading if possible) 
________________________________________________________________________
________________________________________________________________________ 
 
 
Description of Problem requiring Special Condition Request 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
 
Please call us at (920) 746-7912 to discuss the special condition or to arrange for an 
inspection of the situation requiring a special condition 
 
 
 
 
 
______ The APM Staff may proceed with the “Special Condition” requiring navigational 
access or assistance 
 
______ I need to visit the situation prior to issuing an approval.  The following time and 
date works for me______________________________  
 
 
 
Please fax this form to (920) 746-2906 within 24 hours 
 
. 





Sturgeon Bay Aquatic Plant Management Documentation Record Date:___________________________________
Operator:________________________________
Harvester:_______________________________

MANAGEMENT FOR
Multi-use Channel = M/U Time Fish Present? Bottom Aquatic Plants harvested? Noteworthy Observations

Description Coordinates (if available lat/long or UTM) Mooring Area = MOOR Encountered?
Shoreline Access Request = REQ
Special Condition = SC YES/NO/TYPE YES/NO/DEPTH Types / loads

MANAGEMENT AREA
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