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Executive Summary 

The Crescent Lake Association retained Ayres Associates to conduct a lake study and aquatic 
plant management plan on Crescent Lake located in Rhinelander, Wisconsin.  The purpose of 
the lake study was to determine the water quality of the lake, assess the watershed and 
shoreline, and survey the aquatic plants in the lake.   

The Crescent Lake Association received a grant to conduct the study in the spring of 2006.  
Throughout the project, the Association was kept informed of the project progress through 
several meetings and presentations conducted by Ayres Associates. Members of the 
Association were also trained to perform water sampling and various other tasks associated 
with the project.  

Water quality testing was performed using samples taken from the deep hole located at the 
north end of the lake.  Parameters that were tested include water clarity, temperature, 
conductivity, dissolved oxygen, pH, total phosphorus, chlorophyll a, nitrates, iron, potassium, 
sodium, and calcium.  Results of the water quality testing show that the lake is mesotrophic, 
which indicates the lake is moderately productive, with moderately clean water and a chance of 
low dissolved oxygen levels at the lake bottom in the summer.  Phosphorus levels in the lake 
have been increasing since the mid-nineties, but are relatively low compared to area lakes, as 
are nitrogen levels in the lake.  Average Secchi disk readings for 2006 were 13.45 feet, which 
indicates very good water quality according to Wisconsin water quality indices. The average 
concentration of calcium in the lake is 11 mg/L, which indicates an increase since EPA data was 
compiled in the seventies and eighties, but it still less than the 20 mg/L concentration necessary 
to support zebra mussels. Continued testing of the lake’s water quality is recommended in order 
to track changes.  

An evaluation of the Crescent Lake watershed was conducted to determine if and where any 
problem areas may exist.  Three models were used to evaluate surface runoff amounts, nutrient 
loading and phosphorus loading to the lake from the watershed.  The surface runoff model 
indicated an increase in runoff due to the development of areas surrounding the lake, most likely 
due to the increased impervious surfaces associated with development.  The nutrient loading 
model showed that the evolution from small, summer-use cabins to larger, more modern year-
round homes has not appreciatively changed the phosphorous or sediment loading to the lake, 
but nitrogen and BOD loading have actually gone down.  The model used to evaluate 
phosphorus loading in the lake, indicated that the majority of the phosphorus loading is coming 
from atmospheric fallout over the lake itself, due to the fact that the lake surface area is nearly 
1/3 of the area of the entire watershed.   The second largest source of phosphorus loading is 
agricultural land use followed by the developed area along the shoreline.  Changes to the 
watershed, including a reduction of the amount of impervious area, the removal or repair of 
failing septic systems, and the implementation of erosion control best management practices, 
will help to decrease the pollutant loading to the lake.  

A survey of the lakeshore residents was performed to assess the views they have of the lake.  A 
majority of respondents think the lake clarity and quality are good and that the condition of the 
shoreland area is good.  However, 137 respondents maintain a lawn on the lake and only have 
a buffer of one to ten feet between the lawn and the lake.  This indicates that more education is 
needed to help lake residents to understand the importance of shoreland buffers and other 
improvements.  
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A survey of the aquatic plants in the lake was conducted to determine variety and density of 
species.  There were no invasive plant species found in the lake. A mixture of submergent and 
emergent plants was found.  Large beds of emergent plants were found in the coves on the 
lake; a mucky bottom was also present in the coves.  The majority of the bottom at the sample 
points was sand. A detailed Aquatic Plant Management Plan was developed to help the 
association assess the vegetation in the lake in greater detail.  

An assessment of the shoreland development was also conducted by Ayres in conjunction with 
the aquatic plant survey. The shore of Crescent Lake is fairly heavily developed.  The majority 
of the lakeshore has not been cleared of trees; however much of the herbaceous and shrub 
layers have been removed for lawns.  Many of the lots maintain a small buffer, but most are too 
narrow to provide much protection. According to the lake user survey 48% stated they have a 
natural shoreline.  When asked if a buffer was maintained 30% responded yes.  Of these only 
10% met the recommended width of 35 feet or more.  There appears to be differing opinions on 
the term “natural” and what qualifies as a buffer. 
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Introduction 

The Crescent Lake Association retained Ayres Associates to conduct a lake study on Crescent 
Lake.  The purpose of the lake study was to determine the water quality of the lake, assess the 
watershed and shoreline, and survey the aquatic plants in the lake.  The lake study consisted of 
the following tasks:  coordination with the Crescent Lake Association, water quality testing, 
watershed evaluation, lakeshore resident survey, aquatic plant survey, shoreland assessment, 
and creation of an aquatic plant management plan. 

Crescent Lake is located in Oneida County west of Rhinelander, Wisconsin.  Portions of the 
lake are located in Sections 8, 17, 20 and 21 in T 36 N, R 8 E.  The lake covers approximately 
626 acres with a maximum depth of 32 feet.  The lake has heavy development density and 
supports a variety of fish and aquatic plants.   

The purpose of this study was to collect information on water quality, watershed and aquatic 
plants in the lakes. This data was used to determine the current water quality of the lake, 
identify any lake management needs and set goals to achieve these, and establish background 
data for future studies.    The analytical data collected from the lake was used in conjunction 
with an inventory of the watershed to develop a watershed model using the EPA (Environmental 
Protection Agency) STEPL program.  Additional information was collected to develop an Aquatic 
Plant Management Plan to help the Association assess the vegetation on the lake. 
 
Task I:  Coordination with Crescent Lake             

Before the project began a grant was written and submitted to Department of Natural Resources 
(DNR) to provide funding for the project.  The grant was prepared by Ayres Associates with 
input from the Association.  The project scope was developed and tasks listed to achieve the 
goals of the Association.  Responsibility of the tasks was divided between Ayres and the 
Association so the Association could use donated labor to offset the cash contribution to the 
project.  The grant was received and the work commenced in Spring 2006. 

At the beginning of the project a kickoff meeting with members of the Crescent Lake Association 
was conducted.  At this meeting Ayres gave a Power Point presentation outlining the objectives 
and tasks involved in the study.  The project was discussed and a schedule for the project was 
completed.   A second presentation was also given at the annual meeting of the Association at 
the Bible Camp.  The Association was given an update on the tasks completed to date and the 
future tasks were discussed.  A question and answer period followed the presentation.  A final 
presentation was given at the 2007 annual meeting.  The presentation included all results of the 
study including water quality, watershed assessment, aquatic plant survey and aquatic plant 
management plan.  Public input on the aquatic plant management plan was taken at this 
meeting.   

Task II:  Water Quality Testing –  

The water quality testing included taking samples from the deep hole in Crescent Lake.  
According to the DNR website, in 2003 the parameters that were tested through the Self-Help 
program were water clarity, temperature, total phosphorus and chlorophyll a.  This program was 
continued in 2006.  Additional parameters that were tested for in this study included nitrates, 
iron, potassium, sodium, and calcium.   Samples were collected each month from May through 
September from near the surface and near the bottom of the lake at the deep hole.  The first 
and last samples were taken at turnover, at this time only one sample was collected.  Turnover 
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occurs twice each year in a stratified lake such as Crescent.  In spring and fall when the water 
temperature is nearly the same throughout the water column the lake mixes by wind and wave 
action.  During turnover only one sample is collected from the lake since the water in the lake is 
mixed.   
 
At the first sample collection, Ayres Associates staff was present to train the Association 
members in the collection procedure.  Meters to read dissolved oxygen, temperature, pH and 
conductivity, Secchi disk and sample collection bottle were provided by Ayres for each 
sampling.  The samples were sent to the State Laboratory of Hygiene for analysis.   
 

Task III:  Watershed Evaluation –  

For this evaluation the watershed boundary of Crescent Lake was delineated and the land uses 
in the watershed were mapped.  Using this information, the amount of runoff and the pollutant 
load it carried into the lake was estimated.  The amount of runoff was estimated using NRCS 
(Natural Resource Conservation Service) program Technical Release-55 (TR-55).   TR-55 is 
perhaps the most widely used approach to hydrology in the US.   Originally released in 1975, 
TR-55 provides a number of techniques that are useful for modeling small watersheds.  The 
pollutant load was estimated using EPA (Environmental Protection Agency) program STEPL 
(Spreadsheet Tool for Estimating Pollutant Load).  STEPL employs simple algorithms to 
calculate nutrient and sediment loads from different land uses and the load reductions that 
would result from the implementation of various best management practices (BMPs).  Using the 
results of the water quality testing and flow estimates for the watershed, a water quality model 
for the lake was developed.  The WiLMS (Wisconsin Lake Modeling Suite) model developed the 
hydrologic and morphometric module that evaluated flows to and through the lake. WiLMS is a 
lake water quality-planning tool. The model uses an annual time step and predicts spring 
overturn (SPO), growing season mean (GSM) and annual average (ANN) total phosphorus 
concentration in lakes. The non-point and point source modules evaluated phosphorus loading.  
 
Task IV:  Lakeshore Resident Survey –  
A survey of the lakeshore residents was taken to assess the views they have of the lake.  A 
survey was created that had questions specific to Crescent Lake.  The survey was mailed to 
lakeshore residents and lake users.  The survey was tallied by the Crescent Lake Association 
and the results are presented in this report.   

Task V:  Aquatic Plant Survey/Shoreland Assessment –  

A survey of the aquatic plants in the lake was conducted to determine variety and density of 
species.   A grid was placed over the lake map, and sample points were determined across the 
lake; these points were determined by DNR.  At each point, the plant species and density were 
inventoried.  A variety of vegetation was found throughout the lake.  An assessment of the 
shoreland development was also conducted by Ayres in conjunction with the aquatic plant 
survey.  A rating scheme was used to determine the amount of shoreland development on the 
lakeshore.    

Task VI:  Aquatic Plant Management Plan –   

An Aquatic Plant Management (APM) plan was developed to help the Association assess the 
vegetation in the lake.  The plan was developed using the information collected from the aquatic 
plant survey, lakeshore resident survey and information from the watershed assessment.    
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Methods 

Water Quality Testing 

The water quality testing consisted of taking samples from deep hole south of the island on the 
north section of the lake, the deepest spot of the lake.  Samples were collected each month 
from May through September.  One sample was collected from the surface during each 
sampling period.  An additional sample was collected from the bottom during the August and 
September sampling.     

Following is the list of parameters that were tested for in each water sample: 

• Nitrate plus Nitrite – N 

• Calcium 

• Iron 

• Potassium 

• Sodium 

All of the samples were sent to the Wisconsin State Laboratory of Hygiene for analysis.   During 
the collection of these samples additional parameters were measured in the field.  Conductivity, 
pH, and temperature were recorded on samples taken from 3 feet below the surface and 3 feet 
above the lake bottom.  Dissolved oxygen and temperature were also measured at 3 foot 
intervals throughout the water column. 

The first set of water samples was collected by Ayres Associates.  A training session was held 
on the lake to instruct the members of the Crescent Lake Association in the collection procedure 
and use of the meters.  The remaining samples were collected by members of the Association. 

Sample bottles were provided by WDNR.  Ayres provided water sampling equipment and 
meters to measure dissolved oxygen, conductivity, pH, and temperature.  The meters and 
equipment were shipped to the Crescent Lake Association for a one-week period during each 
sampling month.  When sampling was complete for that round, the Crescent Lake Association 
returned the meters and equipment. 

Data collected through the Self Help program and the EPA STORET data was used to evaluate 
current water quality and how it has changed since the 1970’s.  This information was gathered 
from DNR and EPA websites.   

Watershed Evaluation 

The watershed boundary for Crescent Lake was delineated and land uses within the watershed 
were mapped.  The watershed boundary was delineated using a USGS topographic map.  
Aerial photography from DNR website and Oneida County zoning maps were used to determine 
the land use in the watershed.  The accuracy of these maps was checked in the field.    Ayres 
Associates conducted a windshield survey of the watershed to compare current land use to the 
mapped land use and aerial photography.  A more in-depth look at the land uses was conducted 
by the Crescent Lake Association.  The Association was sent copies of the land use as mapped 
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by Oneida County, Wisconsin Wetland Inventory (WWI) and NRCS Soils map.  The Association 
was asked to evaluate the land use as follows for the listed maps: 

Land Use Map 
 
Check mapped land use to actual land use. 
 

• Residential  
o Density of houses 
o Mowed lawn or wooded lots 

• Mixed Forest 
o Types of trees 
o Shrubs present 
o Undergrowth vegetation and amount 
o Age of forest (tall trees with canopy or small trees with less canopy) 

• Cropland/Pasture 
o Still used as cropland/pasture 
o Type of crop 

 

Wetland Map 

• Check mapped wetland with actual wetland 

• Are mapped wetland types wooded, emergent or shrub/scrub 

• Are symbols wetlands, what type of vegetation is present 

• Any other unmapped wetlands 
 

Soils Map 

Check gravel pits (three mapped in watershed) 

Check depressions 

Check wetlands if not mapped on wetland map 

Other:  any construction sites with bare soil, cranberry bog at south end, new residential areas 
not mapped. 

Results of the watershed assessment field work conducted by the Association are included in 
Appendix B. 

To assess the watershed areas of land use were determined from the land use maps.  These 
areas were used in the NRCS TR-55 model to estimate runoff amounts.  An EPA program 
called STEPL was used to estimate pollutant loads based on land uses.  The areas of each land 
use were entered along with estimates on septic systems from the lake lots.  The program 
determined the amounts of nitrogen, phosphorous, biological oxygen demand (BOD) and 
sediment that are reaching the lake from the watershed.  Estimates were made for lot sizes.   It 
was assumed each lot was 1 acre.  This was based on the length of shoreline divided by the 
number of lots. A depth of 300 feet was used for each lot so the near shore area would be 
included in the calculations.  For the STEPL model, the number of capita-years was required as 
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part of the septic tank data.  One capita-year is equal to one person occupying a dwelling for 
one year.  Data from the resident survey about the number of people and time spent at 
residences was used to determine the number of capita-years necessary for septic tank loading.  
Surface drainage patterns were determined using the topographic maps and a windshield 
survey visual assessment by Ayres Associates of the watershed.  Management 
recommendations have been made based on the information collected. 

Using the results of the water quality testing and flow estimates for the watershed, a water 
quality model was developed for the lake.  The WiLMS (Wisconsin Lake Modeling Suite) 
program was used to develop the hydrologic and morphometric module, which evaluated flows 
to and through the lake; the non-point and point source modules evaluated phosphorus loading 
in the lake.  The estimates used in the STEPL program for lot size were also used in this model.   

The Association expressed concern that the development of larger homes, an increase in the 
number of people using these homes, and the modernization of septic systems on the lake 
properties has affected the watershed drainage into the lake and the resultant lake water 
quality.  In an attempt to quantify these changes in water quality, information from the resident 
survey and the Crescent Lake Association was used to create separate STEPL models for each 
stage of Crescent Lake’s development.   

There are currently 282 residential lots surrounding Crescent Lake, 46 of which are off the lake.  
Of the remaining 236 lots, 230 have some sort of structure, and six are empty.  Lots are 
assumed to be one acre.  Structures on the lots are separated into four categories: 

Category 1: Original (1930s) summer cabins built on the lower tier of the lots very near the 
shoreline (no buffer zone).  No indoor plumbing, little insulation, used during weekends and 
summers. 

Category 2: Permanent, year-round homes built for full-time residents (after WWII). Included 
septic systems with concrete tanks.  

Category 3: Older cabins remodeled inside and out (1970s), some to allow for a lower level. 
Insulation and heating systems added, along with upgraded septic systems. 

Category 4: Older cabins destroyed, bigger, more modern homes built (since 1975) for both 
year-round residents and part-time residents.  Included up-to-date septic systems. 

A curve number was assigned to each home category by estimating the amount of impervious 
surface (roof area, driveways/sidewalks, lawn condition, etc.)  The curve number used for each 
category are listed in Table 11.  Septic tank assumptions are included in Table 12. 

Four STEPL models were set up to provide information on changes in nutrient loading to the 
lake over the past 70 years.  The assumptions made for each model are included in Table 13.  
Off lake lots (46 lots) were assumed in the model to be year-round homes with a curve number 
of 62 and are not included in Table 13.  A fifth model was used to determine the loading from 
the current land use in the watershed and evaluate the effectiveness of buffers around the lake 
shoreline.   
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Lakeshore Resident Survey 

A survey of the lakeshore residents was taken to assess the views they have of the lake.  The 
survey was sent to the residents via mail and they returned them to the Crescent Lake 
Association.  The survey assessed the problems residents foresee with the lake, their activities 
and use of the lake and management practices that have been implemented. 

Ayres Associates provided several surveys to the Crescent Lake Association.  The Association 
then used these examples and created a survey tailored to their lake.  The residents completed 
the survey and mailed them to the Crescent Lake Association for recording.   

Aquatic Plant Survey 

A survey of the aquatic plants in the lake was conducted to determine variety and density of 
species.  Ayres Associates conducted the survey, with assistance from Crescent Lake 
Association volunteers.  The procedure that was followed during the survey is described below.  

The aquatic plant survey for Crescent Lake was performed on August 15-17, 2006.  The survey 
was conducted using the Point-Intercept Method.  This method allows for an objective measure 
of plant distribution and abundance.  The data collected was statistically analyzed (using WDNR 
worksheets) to determine community trends; this is especially useful to compare data to future 
surveys.  The sample points were determined by DNR using a variety of parameters.  The 
points were provided to Ayres and were loaded into a GPS unit.  The GPS unit was used on the 
lake to locate the sample points.  At each point, the plant species were inventoried; the depth to 
the bottom of the lake and the composition of the lake bed (muck, sand, gravel) was recorded. 
The vegetation samples were collected with a weighted throw rake or a long handled rake.  

An assessment of the shoreland development was conducted by Ayres in conjunction with the 
aquatic plant survey.  While on the lake an aerial photograph was used to mark the locations of 
the various degrees of development.  The length of the shoreline in each rating was measured 
and compared to the entire length of shoreline.   A rating scheme was used to determine the 
degree of shoreland development on the lake.  The development was rated from 1 to 5 
according to the following criteria: 

1: Development with any of the following: riprap, seawall, cleared shoreline, no or little 
setback on structures, boathouses, and vegetation cleared from lake bottom. 

2: Development with shoreline clearing and no buffer. 

3: Development with some shoreline clearing, some buffer, docks, swimming rafts. 

4: Light development with shoreline buffer, little clearing and no docks or rafts. 

5: No development, natural shoreline.   

A DVD of the lakeshore was taken to complete the assessment.  This DVD is available from the 
Lake Association.   A map was created showing the development on the lake.  
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Results 

Water Quality Testing 

The results of the water quality testing conducted for this study are contained in Table 1 through 
Table 3 and Figure 1 through Figure 3.  The Self Help data analyzed for this study is included in 
Table 7 and Figure 4.  Tables 4 through 6 used data collected from this study and the Self Help 
data to determine the water quality of the lake.  The EPA STORET data is included in Table 8. 

Watershed Evaluation 

The entire watershed of Crescent Lake covers approximately 1,574 acres of land.  Following is 
the area of each land use in the watershed: 

• Lake surface - 626 acres  

• Forest -  550 acres 

• Residential – 165 acres  

• Agricultural land - 128 acres  

• Wetlands - 80 acres 

• Public space - 25 acres 

Figure 5 shows the land use as mapped by DNR on their website.   

Table 9 includes detailed acreages of the land uses in the entire watershed. The amount of 
runoff was calculated for the entire watershed using TR-55.  According to TR-55 the peak 
discharge for the 100-year storm is 1,149 cfs.  Table 10 indicates the peak discharge for the 2, 
5, 10, 25, 50 and 100-year storm event.   

The nutrient loading from the watershed to the lakes was calculated using STEPL.  This 
program calculated the amount of nitrogen, phosphorous, biological oxygen demand and 
sediment load into the lakes from the watershed.  Table 15 gives these loads in lb/year and 
tons/year based on current land use in the watershed.  It also lists the results with the best 
management practice (BMP) of shoreline buffers implemented.  The reduction in loading can be 
seen in these results.  Table 14 lists the results of the analysis conducted to determine the 
effect of shoreland development over the years.  Tables 16 through 18 lists the results of these 
models.   

Water quality models for the lake were created using WiLMS.  The model determines the 
amount of phosphorous loading to the lake from point sources, non-point sources and aerial 
loading.  Table 19 shows the results of the WiLMS modeling.   

Lakeshore Resident Survey 

The results of the lakeshore resident survey are provided in Table 20 and Figure 6 through 
Figure 17.  A copy of the survey is included in Appendix A.   
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Aquatic Plant Survey 

Ayres Associates completed the aquatic plant survey with the help of volunteers from the 
Crescent Lake Association.  From the data provided, a map was created for the lake indicating 
the location of emergent and submergent beds.  The map is included as Figure 18 in the 
Figures section of this report.  The data and results of the plant survey are included in Table 21 
through Table 22.   

Shoreland Assessment  

The results of the shoreland assessment that was completed during the aquatic plant survey are 
shown below.  Figure 18 depicts a map of the shoreland development.  

Shoreland Assessment Output 

Development type Feet of 
shoreline 

Percent of total 

Riprap, seawall, cleared shoreline, no or little setback on 
structures, vegetation cleared from lake bottom 

6222 16.6 

Shoreline clearing and no buffer 6099 16.3 

Some shoreline clearing, some buffer, docks 21807 58.3 

Light development with shoreline buffer, little clearing, no 
docks 

2151 5.8 

No development, natural shoreline 1119 3.0 

 

Results of Lakeshore Resident Survey 

Development Type Percentage of Total Responses 

Retaining wall 2 

Rock riprap 20 

Lawn 29 

Landscaped trees, shrubs 12 

Undeveloped, natural shoreline 58 

Shoreline buffer maintained 42 
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Discussion 

Water Quality Testing 

Water samples were collected from the lake each month May through September.  The samples 
were taken at one location in the lake; at the deep hole on the south side of the island in the 
north portion of the lake.  The water samples were collected from 3 feet below the surface 
during May, June, July, August and September.  An additional sample was collected from 3 feet 
above the bottom of the lake during August and September.   The samples were analyzed for 
nitrate plus nitrite, calcium, iron, potassium and sodium.  The water samples were sent to the 
State Lab of Hygiene for analysis.  Additional information was collected during the sampling 
process using meters.  Conductivity, temperature and pH were measured on samples from near 
the surface and bottom of the lake and dissolved oxygen and temperature were recorded 
throughout the depth of the lake at 3 foot intervals.   

The Association has also been involved with the DNR Lakes Self Help program.  Beginning in 
1986 and continuing to the present, a variety of water quality parameters have been tracked on 
the lake.  For two years, 1998 and 1999 no data was reported.  Each year secchi disk readings 
were taken throughout the summer months, as well as chlorophyll a for 13 years and total 
phosphorous for 8 years.  This data was used to interpret the water quality of Crescent Lake.  
Information from the EPA STORET site was also used in the water quality interpretation.  
Information on the water quality was collected in the 1970’s and mid 1980’s by EPA.  The data 
that was used for this study is listed in Table 8.  An explanation of the results of the water quality 
testing is included below.  

Dissolved Oxygen (DO) 

Dissolved oxygen is one of the most important parameters in a lake.  The DO is necessary for 
the survival of fish and the concentration of DO determines the form and concentration of the 
other chemical parameters in the lake water.  Oxygen enters the waters surface from the air, 
through wind and wave action and from oxygen rich stream water.  DO is produced by aquatic 
plants during daylight hours through photosynthesis and used at night during respiration and 
during the decomposition of vegetation.  For this reason the DO concentrations in a lake are 
always changing.   

The minimum water quality standard for DO in warm water lakes and streams is 5 mg/l.  This is 
the minimum amount of oxygen fish and invertebrates require for survival and growth.  If the 
concentrations dip below this level, fish kills may occur.  At these low levels of oxygen, nutrients 
and other compounds are released from the sediment.  The low levels of oxygen may also 
occur during the summer months in stratified lakes where the water at the bottom becomes 
anoxic because it can not mix with surface water and replenish the oxygen supply.  In a 
stratified lake such as Crescent, turnover in the spring and fall completely mix the lake 
spreading the nutrients and oxygen throughout the water column.   

Turnover can be typically be detected in DO and temperature graphs.  At turnover the 
temperature and DO readings are nearly the same throughout the water column.  As displayed 
in the temperature readings from May and September the temperature throughout the water 
column is nearly constant indicating mixing and turnover.  When stratification occurs, the 
temperature decreases with depth and a rather large jump in temperature occurs at the 
thermocline as indicated in the temperature readings from June and August.  The thermocline is 
the layer of water that separates the top of the lake from the bottom and prevents mixing of 
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these waters.  Theoretically the DO readings should show trends similar to the oxygen readings, 
at turnover the DO should be relatively constant throughout the column and during stratification 
the DO should decrease with depth.  The readings from Crescent Lake did not indicate this.  
The trend in the lines for May and June indicate decreasing DO with depth with a few readings 
in between that are not consistent.  The readings from August and September were invalid due 
to operator error or equipment malfunction.   

 Dissolved Oxygen
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Crescent Lake Water Quality 2006
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DO concentrations are also affected by temperature, colder water can hold more oxygen than 
warmer water.  At 32oF water can hold 15 mg/l of oxygen and only 8 mg/l when the temperature 
reaches 77oF.  In Crescent Lake, the DO drops below the 5 mg/l threshold during the summer 
months.  This is due to the stratification.  The same results can be seen in the temperature 
readings.  A definite drop is seen near the bottom of the lake in the summer months and the 
temperature stays level at the turnover events.  It appears the thermocline is at about 20 feet in 
Crescent Lake according to the data gathered in June, but this depth can change throughout the 
summer months.  This generally agrees with the Self Help data.  The Self Help data from the 
DNR website is included in Appendix C.  In the areas where the DO drops below 5 mg/l fish will 
not be found, they move to other areas of the lake that have an adequate oxygen supply.  Table 
3 lists the temperature and dissolved oxygen readings for 2006. 

Nutrients 

The nutrients that have the greatest impact on vegetation in a lake are phosphorus and 
nitrogen.  Total phosphorus is used to measure the lakes nutrient status.  Phosphorus promotes 
plant growth and is the key nutrient affecting the amount of algae and weed growth.  Sources of 
phosphorus include human and animal wastes, fertilizers, septic systems and decaying plants.  
The Self Help data includes total phosphorous readings for 8 years. Nitrogen is the second most 
important nutrient in a lake for plant and algae growth.  Sources of nitrogen include fertilizer, 
human and animal waste and groundwater.  Nitrogen exists in several forms in lakes.  The 
analysis for this study measured nitrate plus nitrite. The forms of nitrogen are constantly 
interchanging in the lake water through the nitrogen cycle.  Inorganic nitrogen (nitrate, nitrite, 
ammonium) can be used by aquatic plants.  If these levels are greater than 0.3 mg/l in the 
spring there is enough nitrogen present to create summer algae blooms.  When the plants die 
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and decay, ammonium is released into the water.  This can then be taken up by plants again 
and cycled through the system or it can undergo the conversions of the nitrogen cycle.  If 
oxygen levels are depleted, the ammonium is converted to nitrate then to nitrite then to nitrogen 
gas, which is lost to the air.   

Lakes in Wisconsin are usually limited in plant growth by the amount of phosphors in the water.  
The total nitrogen to total phosphorus ratio is used to determine the limiting nutrient. According 
to Understanding Lake Data (Shaw, Mechenich, Klessig) lakes with values greater than 15:1 are 
considered phosphorus limited and algae growth is controlled by the amount of phosphorus.  
Crescent Lake has an N:P ratio of 58:1 indicating phosphorus limited lake.   

 

Total Phosphorus (TP) 

The summer average TP measured in Crescent Lake at the deep hole according to the Self 
Help data is 0.017 mg/L.  The average annual concentrations of TP in the lake from the Self 
Help data  are listed in Table 7.  This value indicates the lake is mesotrophic, meaning it has 
moderate productivity.  Compared to other lakes in the area this is a relatively low value.  Self 
Help data measured TP from 1995 to 2006 excluding 1998 and 1999.  The TP in the lake 
appears to be increasing from about 0.011 mg/l in the mid 90s  to approximately 0.020 
presently as shown in the graph below.  
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This increase should be noted.  Although it does not indicate poor water quality it indicates that 
the water quality is slowly declining.  The increase in phosphorus is likely due from sources 
within the watershed.  Fertilizer on lawns, lawns with little or no buffers, leaking septic systems, 
agricultural fields, sediment loading all contribute phosphorous to the lake.  The phosphorous 
that enters the lake from the watershed is used by the aquatic plants and high amounts of 
phosphorous lead to increased aquatic plant and algae growth.  The amount of vegetation 
currently in the lake may have an effect on the TP levels also.  According to lake residents 
Crescent Lake is experiencing a dramatic decrease in the aquatic vegetation.  Since the plants 
take up the phosphorous in the water and there are fewer plants it may lead to an increased 
level in the water column.     

Nitrogen 

The samples taken from Crescent Lake indicate that the nitrate plus nitrite nitrogen is very low 
in the lake.  It was not detected in any samples except the September sample at the lake bottom 
when a very high reading of 0.996 mg/l was found.  During the summer when the lake is 
stratified and there is little or no oxygen at the bottom, ammonia is released from the sediments 
which then converts to nitrate and nitrite.   The low oxygen levels at the bottom of the lake at 
this time may have contributed to the high nitrogen value.  A high reading like this may also 
indicate contamination of the sample.  Overall the level of nitrate plus nitrite in the lake is very 
low compared to area lakes indicating Crescent Lake may have better water quality.  Table 1 
lists the concentrations of nitrogen in the lake samples. 

Trophic State Index (TSI) 

The TSI is a score ranging from 0 to 110 that rates the fertility of a lake, low TSI indicates low 
fertility.  The TSI is based on the phosphorous, chlorophyll a, and Secchi disk readings.   A 
graph of these parameters collected for the Self Help data is in Figure 2. The TSI can be used 
to break lakes into three categories of productivity: eutrophic, mesotrophic and oligotrophic.  
Eutrophic lakes have a TSI over 50 and have decreased water clarity, algal blooms/scum, 
oxygen depleted bottom water, dense plant beds and possible fish kills.  Mesotrophic lakes 
have a TSI range of 40 – 50 with moderately clear water, but increasing chance of low dissolved 
oxygen levels at the bottom in summer.  Oligotrophic lakes have a TSI under 40 with clear 
water, oxygen at all depths, cold water and excellent water quality.  Crescent Lake has an 
average TSI of 40 to 50 which indicates a mesotrophic, moderately fertile lake.  The water is 
moderately clear but may have low oxygen levels at the bottom during the summer with 
moderate plant production.  Below is a chart showing the TSI based on the available Self Help 
Data. 
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Calcium 

The calcium was measured in the lake to determine if concentrations are adequate to support 
zebra mussels.  Zebra mussels are unlikely to establish populations in waters with calcium 
levels below 20 mg/l.  The results of the 2006 water testing indicate an average concentration of 
11 mg/l.  The results of the EPA data indicate an average of 5.6 mg/l calcium based on the 
results from 1973 to 1985.  The concentration of calcium appears to be increasing in the water 
but it is not near the levels needed to support zebra mussels.  Lakes in northern Wisconsin 
typically have calcium concentrations of less than 10 mg/l.  The results of the calcium 
concentrations for this study can be found in Table 1 and Figure 3.  The EPA results are 
included in Table 8. 

Sodium, Potassium and Iron 

The concentration of sodium, potassium and iron were measured to evaluate the effect of 
drinking water treatment system discharge into the lake.  Some residents are concerned that 
there are homes on the lake that have treatment systems that discharge water with higher 
amount of these elements.  The results from the average 2006 surface water data are as 
follows:   

• Sodium – 5.2 mg/l 
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• Potassium – 1.6 mg/l  

• Iron 2.6 mg/l.   

According to the EPA data the averages (1973-1985) were as follows:   

• Sodium – 2.8 mg/l 

•  Potassium – 1.1 mg/l 

• Iron - 0.02 mg/l 

An increase in each element is exhibited in the data from the 70’s and 80’s as compared to 
present.  This may indicate that the discharge of water treatment systems on the lake are 
increasing these values.  The results of the testing conducted for this study are included in 
Table 1 and Figure 3.  The EPA results are included in Table 8. 

The following chart shows the averages of the EPA data from 1973 to 1985 against the results 
from 2006 for calcium (Ca), sodium (Na), potassium (K), iron (Fe) and nitrate plus nitrite (N-N). 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

Values

EPA 1973-1985 Average 2006

Crescent Lake 

2006 Data vs 1973-1985 EPA Data

Na mg/l

K mg/l

Ca mg/l

Fe ug/l

N-N mg/l

 

 (Only one sample was tested for iron in EPA data) 



 

 18  
File: k:\water resource eng\lakes\past studies\crescent lake\report revised_5-09\final 7-2009\lmp 7-09\090727r2.doc 

Water Clarity 

Water clarity is a measure of water quality related to algal abundance and general lake 
productivity.  The following properties can affect the clarity or transparency of water:  algae, 
zooplankton, water color and suspended sediments with algae commonly the most dominant 
factor in water clarity.  Water clarity is commonly measured using a Secchi disk.  This black and 
white disk is lowered into the water until it can no longer be seen from the surface, this depth is 
then recorded.  The Secchi disk readings for the lake are found in Table 2.    The average for 
the summer readings was 4.1 meters (13.45 ft) which indicated very good water quality 
according to Lillie and Mason (1983) water quality indices for Wisconsin.  Figure 1 is a graph of 
the Secchi disk readings from the lake.  Secchi disk readings have decreased somewhat since 
2000.  Secchi readings averaged by decade indicate that the readings have decreased from an 
average of 14.5 feet in the eighties to an average reading of 12.0 feet from 2000 to 2006. 

Buffering Capacity 

pH is a measure of the concentration of hydrogen ions.  A pH of 7 is considered neutral, 
substances with lower pH are acidic and substances with higher pH are basic.    According to 
information from EPA, the pH of the lake is near 7.2, which is an average reading for Wisconsin 
lakes.  The first pH reading collected at the lake in May 2006 was 7.11 near the bottom of the 
lake, with no pH reading collected at the top of the lake.  Subsequent pH measurements varied 
between 1.45 and 2.1; the results of the pH measurements are included in Table 2.  These 
readings are not accurate and may be due to operator error or equipment malfunction.  The 
reading taken in May indicates the pH has not changed since the EPA readings taken 1973-
1985.   

The conductivity is a measure of the water’s ability to conduct an electrical current and it gives 
an indication of the amount of dissolved substances in the water.   The geology of a lake's 
watershed establishes the normal ranges for conductivity in a lake. Some polluted runoff into 
lakes can cause changes in conductivity especially if the pollutants include inorganic dissolved 
solids such as ions: bicarbonate, sulfate, chloride, calcium, magnesium, sodium, potassium, and 
phosphate.  If the conductivity is high, it may indicate the presence of one or more of these 
contaminants.  Low conductivity values are characteristic of oligotrophic lake waters that are low 
in nutrients, while high conductivity values are characteristic of eutrophic lake water with high 
amounts of nutrient and an abundance of plants.  The average values of conductivity in 
Crescent Lake for this study were determined to be 137 umhos/cm near the surface and 132 
umhos/cm near the bottom.  According to Environmental Task Force Lab, UW-Extension, there 
is no health standard for conductivity; it is normally twice the value of the hardness.  An increase 
in conductivity over time may indicate changing water quality.  Hardness was not measured 
during this study so no comparison may be made.  Based on the values from the EPA data the 
average conductivity from 1973-1985 was 63 umhos/cm.  The increase in the sodium, calcium, 
potassium and iron in the water may have affected the conductivity of the water; however other 
factors can not be ruled out.   If future readings are substantially higher or lower than these 
readings it may be a sign of pollution.  The concentrations for all the parameters discussed 
above can be found in Tables 1 and 2 for 2006 and Table 8 for EPA data. 

Watershed Evaluation 

The watershed evaluation consisted of delineating the watershed boundary, mapping land uses, 
estimating runoff and pollutant loading, and modeling water quality of the lakes.  Following is 
detailed information of each task that was completed. 
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The watershed of the lakes covers approximately 1,574 acres. The total surface area of 
Crescent Lake is 626 acres.  The watershed contributing to the lakes is relatively small 
compared to the size of the lake.  Almost 2/3 of the  watershed is lake surface or forest; 
approximately 550 acres is forested.  The remaining land use is as follows: Residential – 165 
acres, Agricultural – 128 acres, Wetland – 80 acres, Public space – 25 acres 

A map showing the land use throughout the watershed is included as Figure 5 and Table 9 lists 
the land use and area. 

The TR-55 model indicates average runoff for the developed conditions surrounding the lake.  
The residential lots contribute more water than natural areas so there is an increase in runoff 
with present conditions as compared to pre-developed conditions.  The impervious surfaces 
such as compacted lawns, rooftops, paved driveways and roads all prevent water from soaking 
into the ground thus increasing runoff.   

The results of the STEPL modeling show that the evolution from small, summer-use cabins to 
larger, more modern year-round homes has not appreciatively changed the phosphorous or 
sediment loading to the lake, but nitrogen and BOD loading have actually gone down.  The 
construction of larger homes on the lake lots has increased the amount of impervious area on 
the lots, which does increase pollutant loading to the lake.  However, the modernization of lake 
homes has also included construction of modern septic systems, which result in less pollutant 
loading to the lake.  The detrimental effects of increases nutrient loading due to development 
appear to be cancelled out by the positive affects of septic system modernization.  The following 
table lists the results from the STEPL model.  The decrease in the loading can be seen here. 

 
STEPL Model Output 

Total Loading (lb/year) Model 

Nitrogen (lb/yr) Phosphorous 
(lb/yr) 

BOD1 (lb/yr) Sediment (tons/yr) 

1940 1530 380 5050 168 

1955 1463 388 4525 169 

1980 1434 383 4344 169 

2006 1396 371 4139 169 

1Biological Oxygen Demand 
 
Loading for nitrogen, phosphorous and BOD are decreasing due to increased efficiency of 
updated septic systems in each category.   

Tables 15 through 18 lists the detailed results of the modeling based on the changes in the near 
shore development from 1940 to present.   

A fifth model was run to exhibit the pollutant loading of the entire watershed in its present state.  
As expected, according to the STEPL model the majority of the nitrogen, phosphorous and BOD 



 

 20  
File: k:\water resource eng\lakes\past studies\crescent lake\report revised_5-09\final 7-2009\lmp 7-09\090727r2.doc 

are coming from the agricultural land use in the watershed.  According to 2005 NRCS land 
cover data, the majority of the agricultural lands in the watershed are used as pasture or to grow 
small grains and/or hay.   Agricultural land has a high potential to contribute sediment to runoff 
water due to the exposed soil on the fields.  In the spring and fall and throughout the winter the 
fields may have little to no vegetative cover.  During a rain or spring melt sediment from the 
exposed soil can easily be transported with the runoff.  This leads to the high sediment and 
nutrient loading results for agricultural land in the model.  The second leading pollutant 
producing land use is urban or developed areas along the lake.  The septic systems along the 
lake rank third and the forested areas are last.  A relatively simple way to reduce pollutant 
loading to the lake from the urban area would be to install vegetated filter strips between lake 
homes and the lake itself.  These filter strips (buffer) infiltrate runoff from the lake lots and 
collect pollutants before they are deposited into the lake.  The STEPL model was run assuming 
that vegetated filter strips were installed on all lake lots, with 70% of the lot area draining to the 
filter strips.  The model shows that this would result in a yearly reduction of 67 pounds of 
nitrogen, 12 pounds of phosphorous, 408 pounds BOD, and 3 pounds of sediment.  The results 
of the model are included in Table 15 in the Tables section and the figures below.  Similar 
practices in the agriculture fields in the watershed may reduce the loading from this land use 
also.  The STEPL model did not include agricultural BMPs, the focus of the modeling was to 
investigate BMPs that the lake district and lakeshore residents could readily implement.   

The following graphs show the loading per year by land use with BMPs implemented and the 
loading from the entire watershed with and without BMPs implemented.   
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The WiLMS (Wisconsin Lake Modeling Suite) was used to determine phosphorus loading to the 
lake from the watershed based on land use.  The model uses land use as well as parameters of 
the lake itself to estimate phosphorous loading.  The results of the model indicate that the 
majority of the phosphorus loading is coming from atmospheric fallout over the lake itself.  There 
are two components of atmospheric fallout 1) wind transported material, or dryfall, such as 
insects, soil and plant fragments and 2) soluble gases or salts that are scavenged by rainfall.  
Since the lake surface is large compared to the watershed (nearly 1/3 of the area) the 
atmospheric fallout  is the largest contributor.  The second is the agricultural land use followed 
by the developed area along the shoreline and then the forested areas.  While only 23%  of the 
land use is agricultural or developed these contribute 42% of the phosphorus load.  In contrast 
approximately 40% of the watershed is forested and wetland which contributes only 13% of the 
phosphorous load to the lake.  The results of the WiLMS model is included in Table 19 in the 
Tables section.  The graph below shows the percent phosphorous loading from the land uses in 
the watershed. 
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As illustrated in the WiLMS model, natural areas such as forests and wetlands play an important 
role in the reduction of pollutant loading from the watershed.  Wetlands are protected by state 
laws, but care should be taken by the residents to protect them also.  Wetlands are very 
beneficial to a lake system by providing cover for fish and wildlife, removing pollutants such as 
nitrogen, phosphorous and sediment and by retaining flood flows and providing flow from 
groundwater.     

Lakeshore Resident Survey 

A survey of the lakeshore residents and lake users was taken to assess the views they have of 
the lake.  A total of 160 surveys were received.  According to the survey the majority of the 
people think the lake clarity and quality are good.  The lake users think the fishing has declined 
over the years.  The people also thought the development on the lake is about right, and the 
condition of the shoreland area is good.  A majority of the respondents felt the fishing was fair 
and there was too little fish habitat and keeper size fish.  The residents believe that exhaust and 
fuel from boats, shoreline vegetation removal, and lawn fertilizer has had a negative impact on 
the quality of the lake.  However 137 respondents maintain a lawn on the lake, most use no 
fertilizer, and only have a buffer of 1 to 10 feet.  Most lake residents support education to 
increase awareness of shoreline owner’s impacts on water quality and to provide incentives and 
stricter enforcement to protect the shoreline area.  Results of the survey are listed in Table 20.  
Graphs of the most popular answers to a number of questions were created and shown in 
Figures 6 through 17.  The original survey is included in Appendix A. 
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Aquatic Plant Survey 

The aquatic plant survey conducted on the lake indicates that a good variety of plant species 
are present in the lake.  It appears that densities are quite low compared to past years 
according to resident’s comments.  Of the 578 points surveyed, vegetation was found at 190.  A 
total of 1,550 points were determined for sampling but the majority of these points were in water 
too deep to support vegetation.  Plants were not found growing much beyond the depth of 20 
feet in Crescent Lake.  A map showing the locations of the survey points is included as Figure 
18.  There were a variety of plants found throughout the lake.  Following is a list of the 17 
species of aquatic plants found in the survey in the order of abundance:   

• Coontail 

• Common waterweed 

• Filamentous algae 

• Wild celery 

• Robbins pondweed 

• Large-leaf pondweed 

• Pickerelweed 

• Dwarf water milfoil 

• Flat-stem pondweed 

• Illinois pondweed 

• White water lily 

• Spatterdock 

• Bushy pondweed 

• Small pondweed 

• Common bladderwort 

• White-stem pondweed 

• Bulrush sp 

Table 21 lists the statistics that were calculated using the collected data.  The frequency of 
occurrence indicates how common or abundant the plant is.  As shown the most abundant plant 
was coontail followed by common waterweed.  According to residents who have used the lake 
for a number of years the density and size of aquatic plant beds is greatly reduced as compared 
to previous years.  This may be due to the Rusty crayfish population in the lake.  Rusty’s are 
known to eat large quantities of aquatic plants and reduce the number of species and density of 
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plants in a lake.  Susan Knight from UW Extension was contacted regarding this issue.  
According to survey information from Trout Lake, that has had a Rusty infestation for several 
years, the diversity and density of plants has been greatly reduced.  If the reduction in plants on 
Crescent is due to Rusty’s a greater decline in vegetation may be seen in the future. 

Table 22 lists the species and the benefits of each species of plant found.  There were no 
invasive plant species found in the lake.  Figure 18 is a map of the lake indicating the sample 
points and the type of vegetation found along with the type of bottom sediment.  A mixture of 
submergent and emergent plants were found.  Large beds of emergent plants were found in the 
coves on the lake; a mucky bottom was also present in the coves.  The majority of the bottom at 
the sample points was sand.  For more information on the aquatic plants in the lake please see 
the Aquatic Plant Management Plan. 

Shoreland Assessment 

The shore of Crescent Lake is fairly heavily developed.   There is only one portion of the 
shoreline that is not developed due to the close proximity of Emma Lake.  The remaining 
shoreline is developed to varying degrees.  The majority of the lakeshore has not been cleared 
of trees however much of the herbaceous and shrub layers have been removed for lawns.  
Many of the lots maintain a small buffer, but most are too narrow to provide much protection. 
The areas between most of the lots appears to be left quite natural with trees, shrubs and 
herbaceous layer left intact.  Most lots have docks, boat lifts and some have rafts.  There are 
several boat houses on the shoreline and several lots have riprap along the shoreline.  Figure 
18 maps the shoreland development found on the lake.  There are many areas that could have 
qualified for a rating of light development with shoreline buffer but docks, boat lifts or rafts were 
present.   

According to the lake user survey 58% stated they have a natural shoreline.  Based on the 
shoreland assessment only 3% of the shoreline was categorized as natural.  When asked if a 
buffer was maintained 30% responded yes.  Of these only 10% met the recommended width of 
35 feet or more.  There appears to be differing opinions on the term “natural” and what qualifies 
as a buffer.  For the purpose of the shoreline assessment, “natural” means undeveloped with no 
clearing of vegetation.  A buffer is a strip of land that begins at the waters edge and extends at 
least 35 feet inland.  This buffer should be vegetated with natural vegetation including 
herbaceous, shrub and tree layers. 

Invasive Species 

There are several invasive species that are of concern in northern Wisconsin’s lakes.  The two 
that will be discussed in this study are Eurasian water-milfoil and Rusty Crayfish.  Eurasian 
water-milfoil was not found in the aquatic plant survey conducted in 2006 so it is assumed that 
this species has not yet been introduced to the lake system.  Rusty crayfish have been found in 
the lake.  DNR records indicate that rusty crayfish were first discovered in Crescent Lake 
around 1970.  

Eurasian water-milfoil (EWM) 

Eurasian water-milfoil is an exotic invasive aquatic plant species that can cause a variety of 
problems on lakes.  It is an aggressive plant that out competes native vegetation thereby 
displacing these populations.  EWM grows in dense stands that form thick mats that reduce or 
eliminate navigation and provide cover too heavy and thick for many fish species.  The EWM 
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grows quickly in early spring and shades the slower growing native plants, thereby stunting their 
growth and displacing them.  Small patches of EWM can quickly grow into large stands if left 
untreated.  Once EWM is in a lake it is there to stay, it can not be eradicated.  Crescent Lake 
may be especially susceptible to EWM infestation due to the recent decrease in plant density on 
the lake.  Once a colony is established it will spread quickly due to lack of completion from 
native stands.   

Once EWM is in a lake there are a number of methods that can be used to control vegetation 
based on the density and area of the stands.  If individual plants are found they can be hand 
pulled and disposed of on land.  If larger isolated stands are found chemical treatment can be a 
cost effective, viable method of control.  If large areas of the lake are infested a variety of 
chemical treatment options may be used but can get very expensive.  Other methods include 
harvesting, whole-lake chemical treatments, and drawdown, dredging and milfoil weevils.  
Further discussion of the options can be found in the Aquatic Plant Management Plan. 

The best strategy in dealing with EWM is to prevent it from entering a lake.  There are a number 
of lakes in Oneida, Lincoln and Langlade counties that are infested with EWM, Table 23 lists 
these lakes.  The most effective method is to educate lake users.  All lake users should be 
aware of invasives and how to prevent the spread.  A second method is to monitor boat 
landings to prevent boaters from bringing the invasives into the lake and to educate them.  
Further discussion of this topic can be found in the Aquatic Plant Management Plan. 

Rusty crayfish 

Rusty crayfish are present in the lake and may have had an adverse effect on the aquatic plant 
population in the lake.  The crayfish has been present in the lake since the 1950’s according to 
resident reports.  During the aquatic plant survey several residents claimed that there are far 
fewer and less dense stands of aquatic vegetation on the lake than in past years.  This may be 
a result of the rusty crayfish population in the lake.  The crayfish are being harvested by 
trapping in several areas throughout the lake; this seems to have had a positive effect on 
reducing the population of rusty’s in the lake. 

Rusty crayfish are a non-native invasive species of crayfish that originated in the Ohio River 
basin.  It is believed that the crayfish were introduced to Wisconsin in the 1960’s likely by non-
resident anglers using them as bait.  The crayfish have spread to several waters through 
anglers bait use (it is illegal to use them as bait in Wisconsin), release of aquarium crayfish into 
local waters, or possible release of crayfish by unscrupulous bait trappers to create a viable 
harvest of the species.   

The rusty’s inhabit lakes, ponds and streams and will live in both still and fast moving water.  
They prefer areas with rocks, logs and other debris that offer cover.  Bottom types of clay, silt, 
sand, gravel or rock are suitable habitat.  The rusty’s are opportunistic feeders and will eat a 
variety of aquatic plants, benthic invertebrates such as aquatic worms, snails, leeches, clams, 
insects, side swimmer and water fleas, detritus, fish eggs and small fish. 

Rusty crayfish may cause a number of negative environment impacts.  They are an aggressive 
species that displace native crayfish.  They compete for the same food source, take the best 
daytime hiding places and increase fish depredation on the native crayfish because they will 
fight the fish that try to eat them where the natives do not.  One of the most serious impacts is 
the destruction of aquatic plant beds.  They reduce the abundance and diversity of plant species 
which can be especially damaging in the northern lakes that produce relatively low densities of 
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plants.  The rusty crayfish are more destructive to plants than native crayfish because they eat 
more plants due to their high metabolic rate.  There has been some evidence that the rusty’s 
may decrease fish populations by eating benthic invertebrates that fish feed on and by eating 
fish eggs.  The warm water spawning fish such as smallmouth and largemouth bass and sunfish 
are at higher risk of this threat. 

There are no proven methods of controlling rusty crayfish.  There are chemicals that are 
available that will kill rusty crayfish but they are not selective and will kill the natives as well.  
Intensive harvest has been used to decrease the population but has not been proven to 
eradicate or control the rusty’s.  The best method of control is to prevent the introduction into 
uninfested waters. 

Rusty crayfish can be distinguished from native crayfish but identification is often difficult.  The 
rusty’s have larger, more robust claws and have dark rusty spots on each side of their carapace. 
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Recommendations 

The study conducted in Summer 2006 for Crescent Lake was the first of its kind on this lake.  
The data collected should be used as background or base information.  Some conclusions can 
be drawn from the data, but to make an accurate analysis, future data should be collected and 
compared to the 2006 data.  Following are recommendations that can be made based on the 
information and data collected in 2006. 

Water Quality – continue monitoring for changes 

The water quality of the lake is good and the lake is classified as mesotrophic based on total 
phosphorus, chlorophyll a and Secchi readings from the Self Help data.  This is a common 
rating and classification for large lakes in northern Wisconsin.  The lake is mesotrophic at this 
point but it is near the eutrophic border.  The Association’s has been involved in the DNR Lakes 
Self Help program since 1986, which has provided valuable information on the lake’s water 
quality. Monitoring of the lake’s water quality should continue in the following ways: 

• Continue participating in the DNR Lakes Self Help program, monitoring phosphorous and 
chlorophyll a levels and obtaining Secchi disk readings  

o Use the data to determine the lake’s Trophic State Index (TSI) 

o If the TSI increases, implement additional testing to determine the source of the 
phosphorus in the lake 

• Collect information from the EPA STORET website and analyze it to track changes in water 
quality from the 1970’s to the present 

The following additional testing may be helpful in determining the source of chemicals currently 
found in the lake: 

• Perform additional analyses of the sodium, calcium, potassium and iron in the water to 
determine if the increase in these substances is due to discharge from water treatment 
systems into the lake 

• Investigation of water treatment systems in the lake’s watershed may be pursued to 
determine the number of systems and the type of discharge to the lake 

Watershed – reduce pollutant loading 

Crescent Lake has a rather small watershed compared to the size of the lake and it is largely 
forested.  These factors lead to a reduced amount of sediments and pollutants entering the lake 
from the land surrounding it.  However, the lake is largely developed around the shoreline; this 
development contributes greatly to the amount of phosphorus, nitrogen and sediment entering 
the lake.  The land use in the immediate watershed along the shoreline also contributes to the 
pollutant load.  Fertilizers that are applied to lawns increase nutrient loading, erosion from 
building sites, roads, lawns and driveways increase sediment load and failing septic systems 
increase nutrient loading. There following are measures that can be taken to reduce pollutant 
loading to the lake: 

• Do not fertilize lawns 
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• If lawn fertilization is necessary, follow these guidelines: 

o Use the smallest amount of phosphorus-free fertilizer necessary  

o Time fertilizer application so the fertilizer does not wash off in a rain event 

• Create natural buffers at least 35 feet inland from the water’s edge to filter runoff, stabilize 
the shoreline, screen noise, provide fish and wildlife habitat, and to preserve aesthetics.  
There may be incentives by local zoning of the local conservation department to install and 
maintain natural buffers. 

• Use erosion control measures, such as silt fence and buffer and filter strips, on all 
construction sites 

• Seed and mulch open/bare soil areas of land 

• Perform a sanitary survey to identify leaking and/or failing septic systems on lots 
surrounding the lake.  Oneida County Zoning has offered to assist in this project if it is 
pursued.  

• Promote the use of agricultural best management practices on agricultural land in the 
Crescent Lake watershed.  Examples of possible BMPs include the following: 

o Installing and maintaining buffers around fields 

o Timing of fertilizer and manure applications  

o Conservation planting and tilling 

o Specific barnyard BMPs to prevent manure runoff 

A Lake Association does not have much control over what occurs in the watershed but the 
Oneida County Land Conservation and Zoning Departments and the local Natural Resources 
Conservation Service can be contacted to see what kind of programs they offer to local farmers.  
They may need assistance with these programs that the Association can provide.   

Continue current practices to prevent/control invasive species 

According to the aquatic plant survey there were not any invasive aquatic plants found in the 
lake.  This is great and every possible action should be taken to prevent the introduction of 
invasives into the lake.  According to the Lake List on the UWEX website the Association is 
already involved in many activities that help to prevent the spread of invasive species.  These 
activities should be continued.  It is also recommended that the Association follow the 
Wisconsin DNR Aquatic Invasive Species program to enhance the current efforts being made to 
prevent the introduction of invasive species to the lake and prevent the spread of invasive 
species already present in Crescent Lake to other neighboring lakes. The following is a 
summary of current efforts that should be continued and new activities that could be 
implemented to achieve this goal: 

• Continue monitoring aquatic plants visually several times per year.  Visual surveys can 
be conducted by boat and should pay special attention to the boat landing, where 
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invasions frequently begin.  Eurasian water milfoil and purple loosestrife are species to 
look for.  

o If purple loosestrife is found, investigate the possible use of two safe foliage 
feeding beetles in combination with traditional methods for controlling loosestrife.  
This citizen based project aids in the rearing and release of the insects into local 
wetlands.   

• Perform detailed aquatic vegetation surveys every five years.  Follow the point-intercept 
method, using the same sample points used in the 2006 study. This will track changes in 
the vegetation diversity and density and will likely detect invasives that may enter the 
lake 

• Continue monitoring for zebra mussels.  Consider extending volunteer lake monitoring to 
include monitoring for spiny water flea and rusty crayfish.  According to the DNR Aquatic 
Invasive Species Program, this involves collecting sample for analysis of zebra mussel 
larva, spiny water flea and rusty crayfish.  This may be a worth while venture to avoid the 
spread of spiny water flea into the lake.    

• Continue participating in the Clean Boats Clean Waters (CBCW) watercraft inspection 
program to prevent the spread of aquatic invasive species and make boaters aware of 
invasive species, their identification, and how to avoid spreading them.  This includes the 
installation of signs at boat landings to inform the public of current infestation status, 
state law, and steps to prevent the spread.  Inspections should be conducted as often as 
possible, especially during busy times on the lake. As many people as possible should 
be trained in the identification of Eurasian water milfoil and other invasive species, and in 
the boat inspection procedure.  

• Grants such as Aquatic Invasive Species, Lake Management Planning and Lake 
Protection grants are available through DNR to conduct a number of studies and 
implement recommendations made in the APM plan and lake management plan.   

Education, education, education 

The best way to protect the lake from pollutants and invasive species and improve water 
quality is through the education of the people that use the lake and live on the lake.  These 
are the people that are contributing to the pollution and introducing the invasive species, and 
they are the ones that can stop it.  The following recommendations are made relating to 
education: 

• Continue the publication of the lake association newsletter to provide pertinent 
information to residents living on or near Crescent Lake.  

• Contact local DNR and County representatives to learn more about available 
publications and programs detailing additional ways to educate the public 

• Conduct a lake fair.  This can be presented by an individual association or members 
from several area lakes can join to conduct a large fair.  Members of the lake 
associations as well as the general public should be invited to participate.  
Representatives from DNR, County zoning, County land conservation, NRCS would 
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likely be happy to participate and provide information on all topics of lake protection from 
shoreland protection/restoration to invasive species. 

• Education on importance of shoreland buffers.  According to the results of the resident 
survey and the shoreland assessment there is a wide variation in the definition of a 
:”natural” shoreline.  Contact DNR and County zoning to obtain educational materials on 
buffers and the requirements for a shoreland buffer.  



 

 

Appendix A 
Resident Survey 





























 

 

Appendix B 
Watershed Data 

 















































 

 

Figures 

Figure 1 Secchi Disk Readings 
Figure 2 Self Help Data  
Figure 3 Calcium, Iron, Potassium and Sodium Results 
Figure 4 TSI from Self Help 
Figure 5 Watershed Land Use 
Figure 6 Survey – Type of Recreation 
Figure 7 Survey – Watercraft Owned 
Figure 8 Survey – Change in Fishing 
Figure 9 Survey – Overall Condition 
Figure 10 Survey – Current Condition 
Figure 11 Survey – Rating Current Condition 
Figure 12 Survey – Impact on Water Quality  
Figure 13 Survey - Support or Oppose Actions 
Figure 14 Survey - Support or Oppose Actions 
Figure 15 Survey – Fertilizer Type  
Figure 16 Survey – Shoreline Description 
Figure 17 Survey – Buffer Zone 
Figure 18 Aquatic Plant Survey and Shoreland Assessment  



0

2

4

6

8

10

12

14

S
e
c
c
h

i 
R

e
a
d

in
g

 (
fe

e
t)

May-07 Jun-07 Jul-07 Aug-07 Sep-07

Date

Figure 1
Crescent Lake Water Quality 2006

Secchi Disk



0.0

5.0

10.0

15.0

20.0

25.0

Value

2
0
0
6

2
0
0
5

2
0
0
4

2
0
0
3

2
0
0
2

2
0
0
1

2
0
0
0

1
9
9
7

1
9
9
6

1
9
9
5

1
9
9
4

1
9
9
3

1
9
9
2

1
9
9
1

1
9
9
0

1
9
8
9

1
9
8
8

1
9
8
7

1
9
8
6

Year

Figure 2

Crescent Lake Water Quality 2006

Self Help Data 

Secchi, Chl a, Total Phosphorous

Secchi ft

Chlorophyll a ug//l

Total Phosphorous  mg/l



0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

Concentration mg/l

May 17 June 23 July 16 August 18 Sept 16

Date

Figure  3  

Crescent Lake Water Quality

Calcium, Iron, Potassium, Sodium 

Calcium

Iron

Potassium

Sodium



0

10

20

30

40

50

60

Average TSI

2006 2004 2002 2000 1996 1994 1992 1990 1988 1986

Year

Figure 4

Crescent Lake Water Quality

Self Help Data TSI

Secchi ft

Chlorophyll a ug//l

Total Phosphorous  mg/l



Figure 5 Crescent Lake Land Use

0 3500 7000 10500 ft.

Legend

This map is a user generated static output from an Internet mapping site and is for general
reference only.  Data layers that appear on this map may or may not be accurate, current, or
otherwise reliable.  THIS MAP IS NOT TO BE USED FOR NAVIGATION.

Notes: Approximate watershed boundary

Scale: 1:34,960



0

20

40

60

80

100

120

140

160

N
u

m
b

e
r 

o
f 

R
e
s
p

o
n

s
e
s

b
o
a
ti
n
g

fi
s
h
in

g

w
a
te

r-
s
k
iin

g

h
u
n
ti
n
g

h
ik

in
g
, 
c
ro

s
s
 c

n
ty

s
k
iin

g

p
ic

n
ic

k
in

g

e
n
te

rt
a
in

in
g

ic
e
 s

k
a
ti
n
g

p
e
a
c
e
, 
s
o
lit

u
d
e

s
a
ili

n
g
, 
w

in
d
 s

u
rf

in
g

s
w

im
m

in
g

w
ild

 l
if
e
 o

b
s
e
rv

in
g

s
c
e
n
ic

 e
n
jo

y
m

e
n
t

o
th

e
r

Recreation Type

Figure 6 

Crescent Lake Resident Survey 2006 

Type of Recreation 

Question #6



0

20

40

60

80

100

120

N
u

m
b

e
r 

o
f 

R
e
s
p

o
n

s
e
s

s
k
i 
b
o
a
t

s
a
il 

b
o
a
rd

c
a
n
o
e
, 
k
a
y
a
k
,

ro
w

b
o
a
t

fi
s
h
in

g
 b

o
a
t

je
t 
s
k
i

p
o
n
to

o
n
 b

o
a
t

p
a
d
d
le

 b
o
a
t

o
th

e
r

Watercraft

Figure 7 

Crescent Lake Resident Survey 2006 

Watercraft Owned 

Question # 7



0

10

20

30

40

50

60

70

80

90

N
u

m
b

e
r 

o
f 

R
e
s
p

o
n

s
e
s

improved stayed the same declined don't fish

Change in Fishing

Figure 8 

Crescent Lake Resident Survey 2006 

Change in Fishing 

Question # 10



Figure 9

Crescent Lake Resident Survey 2006

Overall Condition of Lake/Shoreland

Questions 18 & 19

0

20

40

60

80

100

120

excellent good fair poor don't know

Condition

N
u

m
b

e
r 

o
f 

re
s

p
o

n
s

e
s

Lake

Shoreland



Figure 10

Crescent Lake Resident Survey

Current Condition of Lake Vegetation

Questions 20 & 21

0

20

40

60

80

100

120

too much about right too little don't know

Condition

N
u

m
b

e
r 

o
f 

R
e
s
p

o
n

s
e
s

Rooted vegetation

Floating algae/scum



Figure 11

Crescent Lake Resident Survey

Rating of Current Conditions

Questions 12 - 19

0

20

40

60

80

100

120

Good

Water Clarity

Good

Water Quality

Fair

Fishing

Good

Shoreline

condtion (0-

100')

Good

Shoreline

condtion (100-

1000')

Good

Scenic quality

Good

Overall lake

condition

Good

Overall

shoreland

condition

N
u

m
b

e
r 

o
f 

re
s
p

o
n

s
e
s



Figure 12

Crescent Lake Resident Survey

Impact on Water Quality

Questions 30-37

0

10

20

30

40

50

60

70

80

90

100

Don't know

Septic systems

Negative

Shoreline veg.

removal

Don't know

Urban, road runoff

Negative

Watercraft

exhaust/fuel leakage

N
u

m
b

e
r 

o
f 

re
s
p

o
n

s
e
s



Figure 13

Crescent Lake Resident Survey

Support or Oppose Actions

(Chart 1 of 2)

Questions 54-72

0

20

40

60

80

100

120

140

Support

Stricter septic system

regs

Neutral

Stricter zoning regs 

Neutral

Awards for minimizing

shoreland impacts

Support

Voluntary programs-

water quality

Neutral

Game population

mgmt.

N
u

m
b

e
r 

o
f 

re
s
p

o
n

s
e
s



Figure 14

Crescent Lake Resident Survey

Support or Oppose Actions 

(Chart 2 of 2)

0

20

40

60

80

100

120

140

160

Support

Erosion control

assistance

Support

Restricted water

skiing time

Support

Stricter controls-

exotics

Support

Financial

incentives-

shoreland

Neutral

Aerate lake

N
u

m
b

e
r 

o
f 

re
s
p

o
n

s
e
s



0

10

20

30

40

50

60

70

80

90

100

N
u

m
b

e
r 

o
f 

re
s
p

o
n

s
e
s

zero phosphate low phosphate organic weed-n-feed zero phosphate

weed-n-feed

none

Fertlizer Used

Figure 15

Crescent Lake Resident Survey  

Type of Fertlizer

Question 40



0

10

20

30

40

50

60

70

80

90

100

N
u

m
b

e
r 

o
f 

R
e
s
p

o
n

s
e
s

undeveloped

natural landscape

retaining wall landscaped trees,

shrubs

rock riprap lawn no shoreline

property

Type of Shoreline

Figure  16

Crescent Lake Resident Survey

Shoreline Description

Question 42



0

10

20

30

40

50

60

70

Number of Responses

1

Buffer Zone Width

Figure  17

Crescent Lake Resident Survey 2006

Buffer Zone

Question 43

      Yes

1 to 10 feet

11 to 20 feet

21 to 50 feet

over 50 feet

Yes, but no feet given

       No buffer

Other 

No answer



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!
#

"
"
"
"

%
"
"
"

"
!
"
"
"

"
"
"
"
"

"
"
"

"

"
"

%
"

"

"
"

"

"

"
"
"

"

"
"

"
"
"
"

"
"

"

"
"
"
"
"

%

"

"

"

"

"

"

"

"

!

"

"

"

#
"

"
"

"

"
"

"

"
"
'

"
"

$

%
"

"

"
#

!
"

#

"
"
"
"
"

"
"
"

"
"
#

"
"

#
#

"
"
"

"

"

"
"
"
"
#

"
"

"

"

"
"
"
"
"
#

"
"

#

"
"

"
"
%

"
" "

!

"
"

"

"

"

"

" "

"

"

"
"
"
" "

"
"

"
"

"
"

"

"
"

"

"

"

"

"

"

"

"

"
" "

"

"

"

"
"

"
"

"
"

"

"

"

"
"

"
"

"
"
"
"
"
"
"
"
"

"
"
"
"
"
"
"
"

"
"
"
"
"
"

"

9
8

7
6
5
4

3
2
1

99
98
97
96
95
94
93

92
91
90
89
88
87
86
85
84
83

82
81
80
79
78
77
76
75
74
73
72

71
70
69
68
67
66
65
64

63
62
61
60
59
58
57
56
55

54
53
52
51
50
49
48

47
46
45
44
43
42
41

40
39
38
37
36
35

34
33
32
31
30
29

28
27
26
25
24

23
22
21
20
19
18

17
16
15
14
13

12
11
10

999
998

997
996
995
994
993
992
991
990
989
988
987
986
985
984
983
982
981
980
979
978

977
976
975
974
973
972
971
970
969
968
967
966
965
964
963
962
961
960
959
958

957
956
955
954
953
952
951
950
949
948
947
946
945
944
943
942
941
940
939
938

937
936
935
934
933
932
931
930
929
928
927
926
925
924
923
922
921
920
919
918
917
916
915
914

913
912
911
910
909
908
907
906
905
904
903
902
901
900
899
898
897
896
895
894
893

892
891
890
889
888
887
886
885
884
883
882
881
880
879
878
877
876
875
874
873
872
871
870
869
868

867
866
865
864
863
862
861
860
859
858
857
856
855
854
853
852
851
850
849
848
847

846
845
844
843
842
841
840
839
838
837
836
835
834
833
832
831
830
829
828
827
826
825
824
823
822

821
820
819
818
817
816
815
814
813
812
811
810
809
808
807
806
805
804
803
802
801
800

799
798
797
796
795
794
793
792
791
790
789
788
787
786
785
784
783
782
781
780
779
778
777
776
775
774

773
772
771
770
769
768
767
766
765
764
763
762
761
760
759
758
757
756
755
754
753

752
751
750
749
748
747
746
745
744
743
742
741
740
739
738
737
736
735
734
733
732
731
730
729
728
727
726

725
724
723
722
721
720
719
718
717
716
715
714
713
712
711
710
709
708
707
706
705
704
703

702
701
700
699
698
697
696
695
694
693
692
691
690
689
688
687
686
685
684
683
682
681
680
679
678
677
676
675
674

673

672
671
670
669
668
667
666
665
664
663
662
661
660
659
658
657
656
655
654
653

652
651
650
649
648
647
646
645
644
643
642
641
640
639
638
637
636
635
634
633
632
631
630
629
628
627
626
625
624

623
622
621
620
619
618
617
616
615
614
613
612
611
610
609
608
607
606
605
604
603
602

601
600
599
598
597

596
595
594
593
592
591
590
589
588
587
586
585
584
583
582
581
580
579
578
577
576
575
574
573

572
571
570
569
568
567
566
565
564
563
562
561
560
559
558
557
556
555
554
553
552
551
550
549
548
547
546
545
544
543
542

541
540
539
538
537
536
535
534
533
532
531
530
529
528
527
526
525
524
523
522
521
520
519
518

517
516
515
514
513
512
511
510

509
508
507
506
505
504
503
502
501
500
499
498
497
496
495
494
493
492
491
490
489
488
487
486

485
484
483
482
481
480
479
478
477
476
475
474
473
472
471
470
469
468
467
466
465
464
463
462
461
460

459
458
457
456
455
454
453
452

451
450
449
448
447
446
445
444
443
442
441
440
439
438
437
436
435
434
433
432
431
430

429
428
427
426
425
424
423
422
421
420
419
418
417
416
415
414
413
412
411
410
409
408
407
406
405

404
403

402
401

400
399
398
397
396
395
394
393
392
391
390
389
388
387
386
385
384
383
382
381
380
379

378
377
376
375
374
373
372
371
370
369
368
367
366
365
364
363
362
361
360
359
358
357
356
355

354

353
352

351
350
349
348
347
346
345
344
343
342
341
340
339
338
337
336
335
334
333
332
331

330
329
328
327
326
325
324
323
322
321
320
319
318
317
316
315
314
313
312
311
310
309

308
307
306
305
304
303
302
301
300
299
298
297
296
295
294
293
292
291
290
289

288
287
286
285
284
283
282
281
280
279
278
277
276
275
274
273
272
271
270
269
268

267
266
265
264
263
262
261
260
259
258
257
256
255
254
253
252
251
250
249
248
247

246
245
244
243
242
241
240
239
238
237
236
235
234
233
232
231
230
229
228

227
226
225
224
223
222
221
220
219
218
217
216
215
214
213
212
211
210
209
208
207

206
205
204
203
202
201
200
199
198
197
196
195
194
193
192
191

190

189
188
187
186
185
184
183
182
181
180
179
178
177
176
175
174

173
172
171
170
169
168
167
166
165
164
163
162
161
160
159

158
157
156
155
154
153
152
151
150
149
148
147
146
145

144
143
142
141
140
139
138
137
136
135
134
133
132
131

130
129
128
127
126
125
124
123
122
121
120
119
118

117
116
115
114
113
112
111
110
109
108
107
106
105

104
103
102
101
100

1552
1551

1550
1549
1548
1547
1546
1545
1544

1543
1542
1541
1540
1539
1538
1537
1536
1535

1534
1533
1532
1531
1530
1529
1528
1527
1526
1525
1524

1523
1522
1521
1520
1519
1518
1517
1516
1515
1514
1513
1512

1511
1510
1509
1508
1507
1506
1505
1504
1503
1502
1501
1500
1499

1498
1497
1496
1495
1494
1493
1492
1491
1490
1489
1488
1487
1486
1485

1484
1483
1482
1481
1480
1479
1478
1477
1476
1475
1474
1473
1472
1471
1470

1469
1468
1467
1466
1465
1464
1463
1462
1461
1460
1459
1458
1457
1456
1455

1454
1453
1452
1451
1450
1449
1448
1447
1446
1445
1444
1443
1442
1441
1440
1439

1438
1437
1436
1435
1434
1433
1432
1431
1430
1429
1428
1427
1426
1425
1424
1423

1422
1421
1420
1419
1418
1417
1416
1415
1414
1413
1412
1411
1410
1409
1408
1407
1406

1405
1404
1403
1402
1401
1400
1399
1398
1397
1396
1395
1394
1393
1392
1391
1390
1389

1388
1387
1386
1385
1384
1383
1382
1381
1380
1379
1378
1377
1376
1375
1374
1373
1372
1371
1370
1369
1368
1367
1366
1365
1364
1363

1362
1361
1360
1359
1358
1357
1356
1355
1354
1353
1352
1351
1350
1349
1348
1347
1346
1345
1344
1343
1342
1341
1340
1339
1338
1337
1336
1335
1334

1333
1332
1331
1330
1329
1328
1327
1326
1325
1324
1323
1322
1321
1320
1319
1318
1317
1316
1315
1314
1313
1312
1311
1310
1309
1308
1307
1306
1305
1304
1303

1302
1301
1300
1299
1298
1297
1296
1295
1294
1293
1292
1291
1290
1289
1288
1287
1286
1285
1284
1283
1282
1281
1280
1279
1278
1277
1276
1275
1274
1273
1272
1271

1270
1269
1268
1267
1266
1265
1264
1263
1262
1261
1260
1259
1258
1257
1256
1255
1254
1253
1252
1251
1250
1249
1248
1247
1246
1245
1244
1243
1242
1241

1240
1239
1238
1237

1236
1235
1234
1233
1232
1231
1230
1229
1228
1227
1226
1225
1224
1223
1222
1221
1220
1219
1218
1217
1216
1215
1214
1213
1212
1211
1210
1209
1208

1207
1206
1205
1204
1203
1202

1201
1200
1199
1198
1197
1196
1195
1194
1193
1192
1191
1190
1189
1188
1187
1186
1185
1184
1183
1182
1181
1180
1179
1178
1177
1176
1175
1174

1173
1172
1171
1170
1169
1168
1167
1166
1165
1164

1163
1162
1161
1160
1159
1158
1157
1156
1155
1154
1153
1152
1151
1150
1149
1148
1147
1146
1145
1144
1143
1142
1141
1140
1139
1138
1137

1136
1135
1134
1133
1132
1131
1130
1129
1128
1127
1126
1125
1124

1123
1122
1121
1120
1119
1118
1117
1116
1115
1114
1113
1112
1111
1110
1109
1108
1107
1106
1105
1104
1103
1102
1101
1100
1099
1098

1097
1096
1095
1094
1093
1092
1091
1090
1089
1088
1087
1086
1085
1084
1083
1082

1081
1080
1079
1078
1077
1076
1075
1074
1073
1072
1071
1070
1069
1068
1067
1066
1065
1064
1063
1062
1061
1060
1059
1058
1057

1056
1055
1054
1053
1052
1051
1050
1049
1048
1047
1046
1045
1044
1043
1042
1041
1040

1039
1038
1037
1036
1035
1034
1033
1032
1031
1030
1029
1028
1027
1026
1025
1024
1023
1022
1021
1020
1019
1018
1017

1016
1015
1014
1013
1012
1011
1010
1009
1008
1007
1006
1005
1004
1003
1002
1001
1000

·

Crescent Lake ~ 2006
Aquatic Plant Survey

Shoreland Assessment

April 2009 - Not to Scale
Figure 18

Legend
Vegetation type
" Submerged
$ Submerged and floating leaf
# Emergent
' Emergent and floating leaf
% Emergent and submerged
! Emergent, submerged and floating leaf

Dominant sediment type
!( Muck
!( Rock
!( Sand

Development with:
riprap, seawall, cleared shoreline, no or little setback on structures, boathouses, and vegetation cleared from lake bottom
shoreline clearing and no buffer
some shoreline clearing, some buffer, docks swimming rafts
light development with shoreline buffer, little clearing and no docks or rafts
no development, natural shoreline



Examples of Shoreland Development Ratings

2 - Moderately Heavy

1 - Heavy

Development with riprap, seawall, 

cleared shoreline, little/no 

setback, boathouse, vegetation 

cleared from lake bottom.

Development with cleared 

shoreline, no buffer, docks, 

swimming rafts.



3 - Moderate

4 - Light

5 - None

Development with some 

shoreline clearing, some buffer, 

docks, swimming rafts.

Development with shoreline 

buffer, little clearing, no docks, 

rafts.

No development with natural 

shoreline.
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Table 1
Crescent Lake Water Quality 2006

Laboratory Testing

Depth Mean Units

May 17 June 23 July 16 August 18 Sept 16

3' from top ND ND ND ND ND MG/L

3' from bottom ** ** ** ND 0.996 0.996 MG/L

3' from top 10.1 10.0 13.5 10.7 10.8 11.0 MG/L

3' from bottom ** ** ** 14.6 11.3 13.0 MG/L

3' from top ND 0.1 6.3 ND 1.3 2.6 MG/L

3' from bottom ** ** ** 2.0 0.5 1.3 MG/L

3' from top 1.0 0.9 1.1 1.0 3.8 1.6 MG/L

3' from bottom ** ** ** 1.4 1.0 1.2 MG/L

3' from top 5.3 5.1 5.0 5.2 5.2 5.2 MG/L

3' from bottom ** ** ** 5.4 5.1 5.3 MG/L

** Not tested for

ND Not detected

Table 2
Crescent Lake Water Quality 2006

Lake Results - In Field Testing

17-May 23-Jun 18-Aug 16-Sep

Conductivity 0-2 m 50 97 265 137.3 UMHOS/CM

near bottom 90 130 190 120 132.5 UMHOS/CM

Temperature 0-2 m 25 24 18.3 22.4
0
C

near bottom 11.9 24 20 17.5 18.4
0
C

pH 0-2 m 2.03 1.94 1.45 1.8 SU

near bottom 7.11 2.1 1.7 1.71 3.2 SU

Secchi Disk 14 11 8 11 11.0 FT

*June - September pH readings are in error

Potassium

Potassium

Sodium

Sodium

Calcium

Calcium

Iron

Iron

Parameter Sample Period Summer 2006

Nitrate plus Nitrite – N                         .

Nitrate plus Nitrite – N                         .

Sample Period
Mean UnitsParameter Depth



Table 3
Crescent Lake Water Quality 2006

Dissolved Oxygen - Temperature Results - In Field Testing

Depth D.O. mg/L Temp  D.O. mg/L Temp D.O. mg/L Temp D.O. mg/L Temp 
0

33 4.8 59.4

30 1.0 59.0 5.4 60.3 47 64.4

27 4.1 1.3 59.4 7.5 63.7 50.3 64.9

24 4.6 51.3 2.7 61.5 11.1 69.6 56.5 66.0

21 6.0 52.0 4.1 65.1 46.5 73.2 68 66.0

18 4.1 52.7 5.6 70.7 52.9 73.4 69.1 66.0

15 4.5 52.8 3.8 71.1 29.2 73.6 70.7 66.0

12 8.0 53.0 4.4 71.2 43.8 73.8 70.1 66.2

9 7.4 53.1 4.1 71.4 56.8 73.9 71 66.0

6 9.7 53.3 5.6 71.8 21.5 74.5 73 66.2

3 9.8 53.4 7.0 72.5 34.7 75.2 73.5 65.7

* August-September DO readings are in error

MG/L milligrams per liter

UG/L micrograms per liter ND not detected

SU standard units

UMHOS/CM micromhos per centimeter

Temp degrees f

May June August Sept



Table 4
Crescent Lake Water Quality 2006

Water Quality Indices for Wisconsin Lakes (Lillie and Mason, 1983)

Water Quality 

Index

Total 

Phosphorous 

(mg/l)

Chlorophyll a 

(ug/l)

Secchi 

Depth (m)

Excellent <0.001 <1.0 >6.0

Very Good 0.001 - 0.009 1.0 - 4.9 3.0 - 6.0

Good 0.010 - 0.029 5.0 - 9.9 2.0 - 2.9

Fair 0.030 - 0.049 10.0 - 14.9 1.5 - 1.9

Poor 0.050 - 0.149 15.0 - 30.0 1.0 - 1.4

Very Poor >0.150 >30.0 <1.0

Based on annual averages from Self Help data

Table 5
Crescent Lake Water Quality 2006

Carslon's (1977) Trophic State Index

Trophic Level

Trophic State 

Index

Total 

Phosphorous 

(mg/l)

Secchi 

Depth (m)

Chlorophyll a 

(ug/l)

Eutrophic

50 0.024 2 7.2

Mesotrophic 0.0134 6.3

40 0.012 4 2.6

Oligotrophic 4.1

Based on annual averages from Self Help data

Table 6
Crescent Lake Water Quality 2006

Crescent Lake TSI

Crescent Lake Value TSI

TP 50 Mesotrophic

Chl a 47 Mesotrophic

Secchi 41 Mesotrophic

Based on annual averages from Self Help data

Water moderately clear, but increasing 

chance of low dissolved oxygen in deep 

water during summer.



Table 7
Crescent Lake Water Quality 2006

 Self Help Data Summary

Sample

Year Secchi Chlorophyll a

Total 

Phosphorous Secchi Chlorophyll a

Total 

Phosphorous 

ft ug//l mg/l ft ug//l mg/l

2006 12.7 5.4 19.6 40.6 46.8 51.2

2005 14.6 5.2 18.0 39.4 45.4 49.8

2004 12.4 6.1 18.5 41.5 47.8 50.8

2003 12.8 6.8 16.2 40.8 47.4 49.4

2002 10.6 10.1 21.0 43.0 52.0 51.5

2001 10.6 8.2 23.0 43.9 47.5 52.4

2000 10.2 44.0

1997 12.0 5.0 41.7 45.5

1996 15.0 5.6 10.8 38.9 46.4 47.5

1995 15.0 7.1 13.2 39.1 48.8 47.8

1994 14.5 4.6 39.5 45.2

1993 15.0 5.0 38.8 46.2

1992 15.4 6.5 38.6 46.8

1991 12.9 6.0 40.9 45.3

1990 13.3 41.0

1989 13.9 40.1

1988 15.1 40.1

1987 15.8 39.1

1986 13.3 41.3

Average 13.4 6.3 17.5 40.6 47.0 50.1

Std Dev 1.7 1.5 4.0 1.6 1.9 1.8

Maximum 15.8 10.1 23.0 44.0 52.0 52.4

Minimum 10.2 4.6 10.8 38.6 45.2 47.5

Annual Average Readings Annual Average TSI



Table 8
Crescent Lake Water Quality 2006

STORET EPA Data

Year Na mg/l K mg/l Ca mg/l Fe ug/l

Cond 

umhos/c

m pH N-N mg/l

1985 1 1 2 17 6.77 0.02

1984 2.92 0.89 9.28 20 89.1 7.58 0.199

1979 85 8.2 0

1973 5.5 2.5 8.5 101 0.002

7.4 1.9 9.4 101 0.05

4.2 2.9 9.2 107 7.4 0.072

1.4 0 3.7

0 0.6 4.1 7

0 0.7 3.9 19 6.8

1.3 72 7.4 0.1

0 0.8 0

0 0 6.9 0.122

0 0.8 0 22 0.145

1974 3 1.3 6 7.5 0.076

4 1.7 8 80 7.4

4 1.9 8

5 1 4 22 7.1

5 0 3 22

7 1.2 0

4 3.7 7 0.073

5 4 10 0.065

3 0 0 0.133

4 1.4 14

3 0 3

2 1.4 13 0.092

2 0.9 11 0.079

2 1.4 11 64 0.09

4 0 11 81 0.204

6 0 16

2 0 0

2 0 0

1975 4 1.3

2 1.2 3 0.152

3 0.8 3 89

0 0.9 3 35

0 0.9 3 6.9

0 0.6 3

AVE 2.81 1.11 5.59 20 63 7.2 0.093

MIN 0 0 0 20 17 6.77 0

MAX 7.4 4 16 20 107 8.2 0.204

STD DEV 2.1 1.0 4.6 33.9 0.4 0.1



Table 9
Crescent Lake Watershed 2006

Land Use for Entire Watershed

Land Use Area (ac)

Lake Surface Area 626.0

Forest 550.0

Agricultural 128.0

Wetlands 80.0

Public Space 25.0

Residential 165.0

Watershed 1574.0

Table 10

Land Use for Entire Watershed

Land Use Area (ac) Assumptions for TR-55 model HSG CN

Lake Surface Area 626.0 Impervious areas: paved parking lots, roofs, driveways A 98

Forest 550.0 Woods, good condtion B 55

Agricultural 128.0

64.0 close-seeded legumes or rotation meadow, contoured, good condition B 69

64.0 pasture, grassland, or range, good condition B 61

Wetlands 80.0 0% impervious, 0% unconnected impervious A 85

Public Space 25.0 Open space, good condition, grass cover > 75% B 61

Residential 165.0 1 acre lots, 20% impervious B 68

Watershed 1574.0

Crescent Lake Watershed 2006

TR-55 Assumptions

Land Use



Table 11 
Curve Numbers for Home Categories 

Roof  Driveway Other 
Impervious 
(sidewalk, 

stairs, patio, 
etc.) 

Lawn  

 
Home 

Category 

Area 
(ft2) 

CN Area 
(ft2) 

CN 
(type) 

Area 
(ft2) 

CN  Area 
(ft2) 

CN (type) 

 
 
 

Cumulative 
CN 

Category 1  
1000 

 
98 

 
500 

85 
(gravel) 

 
--- 

 
--- 

 
42060 

58 (good 
condition 
meadow) 

 
59.2 

Category 2  
1800 

 
98 

 
500 

85 
(gravel) 

 
200 

 
98  

 
41060 

58 (good 
condition 
meadow) 

 
60.1 

Category 3  
2500 

 
98 

 
650 

98 
(paved) 

 
350 

 
98 

 
40060 

61 (good 
cond. 
lawn) 

 
64.0 

Category 4  
3500 

 
98 

 
800 

98 
(paved) 

 
700 

 
98 

 
38560 

61 (good 
cond. 
lawn) 

 
65.2 

Table 11 determines curve number (CN) for each category.  CN is used to determine the 
amount of runoff in models.  CN is determined based on impervious (does not allow 
water penetration) surface.   

Home Category:  Based on year built and assumed septic systems for these structures. 

Category 1: Original (1930s) summer cabins built on the lower tier of the lots very near 
the shoreline (no buffer zone).  No indoor plumbing, little insulation, used during 
weekends and summers. 
Category 2: Permanent, year-round homes built for full-time residents (after WWII). 
Included septic systems with concrete tanks.  
Category 3: Older cabins remodeled inside and out (1970s), some to allow for a lower 
level. Insulation and heating systems added, along with upgraded septic systems. 
Category 4: Older cabins destroyed, bigger, more modern homes built (since 1975) for 
both year-round residents and part-time residents.  Included up-to-date septic systems. 

 

 

 

 



Table 12 
Septic System Assumptions 

Home Category Residents per 
home 

Average time 
spent at dwelling 

(days/year) 1 

Scaled number of 
septic systems 
per dwelling2 

Category 1 2.5 40 0 

Category 2 4.0 365 1.00 

Category 3 3.0 75 0.21 

Category 4 4.0 275 0.75 

1  Estimated based on seasonal vs fulltime use.  
2Scaled number of septic systems per dwelling = Average time days/year divided by 365 
days.  This number is needed because the model assumes fulltime use.   

 

Table 13 
STEPL Modeling Input 

# of Lots Model 

C
a
t.

 1
 

C
a
t.

 2
 

C
a
t.

 3
 

C
a
t.

 4
 

E
m

p
ty

1
 

T
o

ta
l 

 
 
 

CN 

# Septic 
Systems 

2
 

People 
per 

septic 
system 

3
 

Septic 
Failure 
Rate 
(%) 

4
 

1940 150 0 0 0 86 236 57.7 0 0 --- 

1955 115 70 0 0 51 236 58.6 70 4.0 6 

1980 77 70 38 0 51 236 59.3 78 3.9 4 

2006 68 48 38 76 6 236 62.0 113 3.29 2 

1  Empty lot CN = 55 
2  Scaled no. of septic systems/no. lots 
3    Based on no. lots, scale factor, no residents/lot and no. of septic systems.    
4   Input values that are required for the model, current national average is 2%, assume 
older septics have higher rate. 

 

 

 



Table 14 
STEPL Model Output 

Total Loading (lb/year) Model 

Nitrogen 
(lb/yr) 

Phosphorous 
(lb/yr) 

BOD1 (lb/yr) Sediment 
(tons/yr) 

1940 1530 380 5050 168 

1955 1463 388 4525 169 

1980 1434 383 4344 169 

2006 1396 371 4139 169 

1Biological Oxygen Demand 
Loading for nitrogen, phosphorous and BOD are decreasing due to increased efficiency 
of updated septic systems in each category.   

 



Crescent Lake Watershed 2006

Nutrient Loading from Crescent Lake Watershed from STEPL
Existing Conditions

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

No BMP 1222.9 304.6 3821.2 110.8

Reduction from BMP* 67.2 12.2 407.5 3.1

Load after BMP 1155.7 292.3 3413.8 107.8

% Reduction 5.5 4.0 10.7 2.8

*BMP is vegetated filter strips on residential lots, assuming 70% of lot area drains filter strip

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

Urban 371.0 62.8 1579.0 8.5

Cropland 383.4 117.1 781.0 77.8

Pastureland 256.5 34.0 774.0 14.9

Forest 103.0 48.0 242.1 9.6

Septic 109.0 42.7 445.1 0.0

1222.9 304.6 3821.2 110.8

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

Urban 303.8 50.6 1171.6 5.4

Cropland 383.4 117.1 781.0 77.8

Pastureland 256.5 34.0 774.0 14.9

Forest 103.0 48.0 242.1 9.7

Septic 109.0 42.7 445.1 0.0

1155.7 292.3 3413.8 107.8

Total by Land Use (with BMPs)

Table 15

Total Load by Watershed

Total by Land Use (no BMPs)



Crescent Lake Watershed 2006

Nutrient Loading from Crescent Lake Watershed from STEPL
1980 Conditions

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

No BMP 1239.3 308.4 3939.0 110.2

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

Urban 341.4 57.4 1444.5 7.8

Cropland 383.4 117.1 781.0 77.8

Pastureland 256.5 34.0 774.0 14.9

Forest 103.0 48.0 242.1 9.6

Septic 155.0 51.9 697.5 0.0

1239.3 308.4 3939.0 110.2

Crescent Lake Watershed 2006

Nutrient Loading from Crescent Lake Watershed from STEPL
1955 Conditions

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

No BMP 1276.0 315.6 4150.4 110.0

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

Urban 334.2 56.1 1411.9 7.6

Cropland 383.4 117.1 781.0 77.8

Pastureland 256.5 34.0 774.0 14.9

Forest 103.0 48.0 242.1 9.6

Septic 198.8 60.4 941.4 0.0

1275.9 315.6 4150.4 109.9

Total Load by Watershed

Total by Land Use (no BMPs)

Total by Land Use (no BMPs)

Table 16

Total Load by Watershed

Table 17



Crescent Lake Watershed 2006

Nutrient Loading from Crescent Lake Watershed from STEPL
1944 Conditions

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

No BMP 1342.4 380.4 4676.1 109.8

N Load P Load

BOD 

Load

Sediment 

Load

lb/year lb/year lb/year ton/year

Urban 325.3 54.5 1371.3 7.4

Cropland 383.4 117.1 781.0 77.8

Pastureland 256.5 34.0 774.0 14.9

Forest 103.0 48.0 242.1 9.6

Septic 274.1 54.8 1507.8 0.0

1342.3 308.4 4676.2 109.7

Total by Land Use (no BMPs)

Table 18

Total Load by Watershed



Table 19
Crescent Lake Watershed

Phosphorous Loading from WiLMS

Crescent Lake
Most

DescriptionLow Likely High

Total Loading (lb)176.3 445.1 1123.2

Areal Loading (lb/ac-yr)0.3 0.7 1.8

Total PS Loading (lb)0.0 0.0 0.0

Total NPS Loading (lb)113.1 222.0 386.4

Non-Point Source Data

Land Use Most Likely Loading (lb/yr)

Mixed AF 90.4

Med Density Urban75.0

Wetlands 6.6

Forest 44.1

Lake Surface 169.8



Table 20
Crescent Lake Resident Survey Results 2006

Most Popular Answer for Each Question

Survey Question Response

1 Do you own or rent property? Own 156 97.5

2 How long have you lived on or near Crescent Lake? Over 20 years 80 50

3 When time is spent at the lake Year round 67 41.9

4 Ages of property owners/residents 51-65 72 45

5 Number of people that regularly spend time at the lake property Two 56 35

6 Type of recreation participated in Boating 146 91.4

7 Watercraft owned Fishing boat 103 64.4

8 a Horsepower of 2 cycle boat motors operated on lake 11 to 50 50 31.3

b Horsepower of 4 cycle boat motors operated on lake 11 to 50 32 20

c Horsepower of boat motors operated on lake, no cycle listed 11 to 50 13 8.1

9 How has lake quality changed since you've lived on/near the lake? Stayed the same 92 57.5

10 How has fishing on the lake changed in the past? Declined 90 56.3

11 How long have you fished on the lake? 6 to 20 years 45 28.1

Rate the current condition of the lake for each of the following:

12 Water clarity Good 108 67.5

13 Water quality Good 106 66.3

14 Fishing Fair 71 44.4

15 Condition of land area close to shoreline (0-100 feet) Good 93 58.1

16 Condition of land area away from shoreline (100-1000 feet) Good 101 63.1

17 Scenic quality of lake Good 74 46.3

18 Overall condition of lake Good 108 67.5

19 Overall condition of shoreland areas Good 92 57.5

20 Rooted vegetation near shore About right 96 60

21 Floating algae/scum on surface About right 103 64.4

22 Fish habitat Too little 83 51.9

23 Keeper-size fish Too little 96 60

24 Diversity of birds About right 115 71.9

25 Diversity of wildlife About right 119 74.4

26 Loons About right 136 85

27 Shoreland housing About right 87 54.4

28 Motorized watercraft About right 89 55.6

29 Natural shoreline vegetation About right 92 57.5

How much impact has each of the following had on the water quality of the lake?

30 Septic system seepage Don't know 88 55

31 Aquatic plant (weed) removal Don't know 83 51.9

32 Shoreline vegetation removal Negative impact 65 40.6

33 Lawn fertilizers and chemicals Negative impact 87 54.4

34 Lake home, road, driveway runoff Don't know 63 39.4

35 Soil erosion from home sites Don't know 61 38.1

36 Exhaust and fuel leakage from watercraft Negative impact 69 43.1

37 Damage to aquatic plants and lake bottom by watercraft Don't know 66 41.3

38 Who is responsible for protecting and improving the lake? Lakeshore residents 134 83.8

39 Do you maintain a lawn on your Crescent property? Yes 137 85.6

Number of 

Responses

% of Total 

Responses



Survey Question Response
Number of 

Responses

% of Total 

Responses

40 What type of fertilizer do you use on your property? None 93 58.1

41 What is the closest distance from the lake to the areas fertilized? lLess than 30 feet 34 21.3

42 What best describes your property shoreline? Undeveloped natural landscape 92 57.5

43 a Do you maintain a shoreline buffer zone? No 70 43.8

Yes 66 41.3

b If yes, how many feet from shore do you maintain the buffer? 1 to 10 feet 27 16.9

44 Well type Drilled 76 47.5

45 Year well installed Don't know 64 40

46 Total well depth Don't know 76 47.5

47 Do you have a water treatment system? Yes 87 54.4

48 If you do have a water treatment system, where does the brine solution drain to? Septic tank 62 38.8

49 Type of septic system on property Septic tank 135 84.4

50 Number of persons regularly served by septic system One to three 93 58.1

51 Number of bedrooms for septic system Three 70 43.8

52 Date of original installation of septic system 1970-2000 85 53.1

53 How often septic tank is pumped 1 to 2 years 73 45.6

Do you support of oppose the following actions to address problems on the lake?

54 Stricter septic system enforcement to improve water quality Support 80 50

55 More shoreline property owner education on impacts of water quality Support 119 74.4

56 Stricter zoning regulations for shoreline character Neutral 54 33.8

57 More enforcement of existing shoreline protection laws Support 62 38.8

58 Awards program for shoreline property owners who minimize their impacts Neutral 69 43.1

59 Allowing more aquatic plant (weed) removal Oppose 49 30.6

60 Development of more voluntary programs for water quality protection Support 110 68.8

61 Increased protection for fish habitat Support 123 76.9

62 More game population management Neutral 74 46.3

63 More management for non-game wildlife (song birds, loons) Support 80 50

64 More erosion and runoff control assistance for property owners Support 96 60

65 Motorboat size and speed limits to protect shoreland areas Support 73 45.6

66 Restricted time for water skiing Support 76 47.5

67 Restricted time for jet skiing Support 94 58.8

68 Stricter controls for exotic species (such as Euration water milfoil) Support 140 87.5

69 More public land purchase to protect shoreland areas Support 67 41.9

70 Financial incentives for environmentally sound shoreland management Support 74 46.3

71 Development of a long-term lake management plan Support 116 72.5

72 Aeration of the lake Neutral 57 35.6



Table 21

Crescent Lake Aquatic Plant Survey 2006

STATS
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Lake Name

County Crescent Lake

WBIC Onieda

Survey Date

INDIVIDUAL SPECIES STATS:
Frequency of occurrence within vegetated areas (%) 19.90 33.83 28.86 8.96 1.00 0.50 14.43 2.99 0.50 20.90 16.42 3.48 1.00 23.38
Frequency of occurrence at sites shallower than maximum depth of plants 7.13 12.12 10.34 3.21 0.36 0.18 5.17 1.07 0.18 7.49 5.88 1.25 0.36 8.38

Relative Frequency (%) 11.3 19.2 16.4 5.1 0.6 0.3 8.2 1.7 0.3 11.9 9.3 2.0 0.6 13.3

Relative Frequency (squared) 0.13 0.01 0.04 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.02

Number of sites where species found 40 68 58 18 2 1 29 6 1 42 33 7 2 47

Average Rake Fullness 1 1 1 1 1 1 1 1 1 1 1 1 1 3

#visual sightings 2 3 4 20 3 2 8 3 1

present (visual or collected) present present present present present present present present present present present present present present present present present

SUMMARY STATS:
Total number of  points sampled 592

Total number of sites with vegetation 201

Total number of sites shallower than maximum depth of plants 561

Frequency of occurrence at sites shallower than maximum depth of plants 35.83

Simpson Diversity Index 0.87

Maximum depth of plants (ft) 20.00

Number of sites sampled using rake on Rope (R) 458

Number of sites sampled using rake on Pole (P) 60

Average number of all species per site (shallower than max depth) 0.63

Average number of all species per site (veg. sites only) 1.76

Average number of native species per site (shallower than max depth) 0.56

Average number of native species per site (veg. sites only) 1.76

Species Richness 14

Species Richness (including visuals) 17



Table 22
Crescent Lake Aquatic Plant Survey 2006

Aquatic Plants of Crescent Lake

Scientific Name Common Name Importance of Plant

Submersed Plants
Elodea canadensis Elodea Some waterfowl eat the seeds.  Food and habitat for fish, waterfowl, other wildlife.

Ceratophyllum demersum Coontail
Provides prime habitat for invertebrates and shelter for fish, especially during winter due to 

structure.  Fruit and foliage grazed by waterfowl.  

Filamentous algae Provides habitat for invertebrates.

Myriophyllum tenellum Dwarf water milfoil
Provides good spawning habitat for panfish and shelter for small invertebrates.  Network 

of rhizomes stabilizes sediment.

Najas flexilis Bushy pondweed Important food for waterfowl, marsh birds and muskrat.  Provides food and shelter for fish.

Potamogeton amplifolius Large-leaf pondweed
Broad leaves offer shade, shelter and forage for fish.  Abundant production of large nutlets 

makes it a valuable waterfowl food.  

Potamogeton illinois Illinois pondweed

Potamogeton praelongus White-stem pondweed
Fruit provides valuable waterfowl food, portions eaten by muskrat, beaver, deer.  Good 

food producer for trout and valuable musky habitat.

Potamogeton pusillus Small pondweed
Food source for wide variety of ducks and geese.  Grazed by muskrat, deer, beaver and 

moose.  Provides food and habitat for fish. 

Potamogeton robbinsii Robbins pondweed
Provides habitat for invertebrates that are grazed by waterfowl.  Offers good cover and 

foraging for fish, particularly northern pike.

Potamogeton zosteriformis Flat-stem pondweed
Important food for waterfowl, may be grazed by muskrat, beaver, dear, provides cover and 

food source for fish and invertebrates.

Utricularia vulgaris Commom bladderwort
Provide food and cover for fish.  Provides fish habitat in areas not readily colonized by 

rooted plants due to free-floating nature.

Vallisneria americana Wild celery

Premiere source of waterfowl food.  All portions of plant are consumed including rhizomes, 

tubers, foliage and fruit.  Primary food source for canvasback ducks.  Important to marsh 

and shorebirds such as rail, plover, sandpiper and snipe.  Muskrats graze on plants.  Beds 

are good fish habitat that provide shade, shelter and feeding opportunities.  

Floating-leaf Plants

Nuphar variegata Spatterdock
Anchors shallow water community, provides food waterfowl, deer, muskrat, beaver.  

Provides shade and shelter for fish and invertebrates.



Nymphaea odorata White water lily
Provides seeds for waterfowl.  Rhizomes eaten by deer, muskrat, beaver, moose and 

porcupine.  Leaves offer shade and shelter for fish.

Emergent Plants

Pontederia cordata Pickerelweed

Flowering stalk haven for insects.  Seeds consumed by waterfowl and muskrats.  

Rhizomes and leaves offer shade and shelter for fish.  Beds of plants are important 

shoreline stabilizer that dampen wave action.

Schoenoplectus sp Bulrush

Provides habitat for invertebrates and shelter for young fish.  Nutlets are consumed by 

wide variety of waterfowl, marsh and upland birds.  Stems and rhizomes eaten by geese 

and muskrats.  Provides nesting cover and material for waterfowl, marsh birds and 

muskrats.



Table 23

Wisconsin Waters with Eurasian Water-Milfoil Infestation

(current as of 1/02/2007)

From DNR Website

County Waterbody Name Year Infested

Langlade

Big Twin Lake 2005

Enterprise Lake 2004

Lincoln

Clear Lake 2003

Lake Nokomis 2004

Mohawksin Lake 2001

Seven Island Lake 2004

Oneida

Bridge Lake 2004

Eagle River * 2005

Hancock Lake 2006

Kathan Lake 2004

Kawaguesaga Lake 2004

Manson Lake 1989

Minocqua Lake 2000

Oneida Lake 2006

Rainbow Flowage 1994

Sugar Camp Creek 2005

Tomahawk Lake 2003

Tomahawk River 2004

Willow Flowage 2006

Willow Lake 2005

Wisconsin River ** 2005

* 1/4 mile upstream from Burnt Rollaways Dam

** Below Rainbow Dam




