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EXECUTIVE SUMMARY 
The development of the Lake Keesus Aquatic Plant Management Plan was a comprehensive 
planning effort based on public input from lake residents, ecological data for Lake Keesus, and 
the Wisconsin Department of Natural Resources aquatic plant management guidelines outlined 
in the “Aquatic Plant Management In Wisconsin” publication. This plan is structured to meet the 
WDNR requirements to secure future funding under the Wisconsin Lake Planning Grant, 
Wisconsin Lake Protection Grant, and Aquatic Invasive Species Grant programs to improve 
ecological conditions and human use considerations on Lake Keesus. 
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INTRODUCTION 

Lake Keesus is a 237-acre drained lake on an unnamed tributary to the Oconomowoc River 
located within the Town of Merton within U.S.P.L.L.S. Sections 11-14, Township 8N, Range 
18E in Waukesha County, WI. Lake levels are maintained by a 5-foot high dam located at the 
lake outlet in the southwest bay. The lake is an important local resource supporting a variety of 
recreational activities including swimming, water skiing, boating, and fishing. 
 
Two local management bodies are responsible for maintaining the lake: the Lake Keesus 
Management District (LKMD) and the Lake Keesus Advancement Association (LKAA). The 
LKMD was founded in 1991 as a special-purpose unit of government while the LKAA was 
founded during the 1930’s. Currently the LKMD funds the annual aquatic plant harvesting 
program and provides oversight to lake management activities. 
 
In 1994 an aquatic plant management (APM) plan was developed for Lake Keesus with the 
purpose of reducing the frequency and density of aquatic plants in navigation areas. This plan 
was updated in 1998 by the Southeastern Wisconsin Regional Planning Commission. Aquatic 
Invasive Species (AIS) in Lake Keesus include: Eurasian water-milfoil (Myriophyllum spicatum), 
Curly-leaf pondweed (Potamogeton crispus), Common Carp (Cyprinus carpio), and Zebra 
Mussels (Dreissena polymorpha). Curly-leaf pondweed and Eurasian water-milfoil are present 
in the lake at locally high densities which impede navigation and recreational activities.  
 
The Lake Keesus Aquatic Plant Management Plan (2009-2013) represents an integrative 
strategy to balance human uses including the need to manage aquatic plants and the 
ecological health of the lake ecosystem for next five years. This strategy includes enhancing 
native plant species, minimizing the ecological impacts of exotic aquatic invasive plant species, 
minimizing the nuisance conditions presented by aquatic invasive species (AIS), preventing the 
spread of exotic species to other lakes, and preventing the introduction of new aquatic exotic 
invasive species. 
 
Data presented in this plan will include a summary of public input gathered during the planning 
process, characteristics of the aquatic plant community, the status of the fishery, a summary of 
wildlife in the region, watershed characteristics, and exotic species identified in the lake. 
 
Summary of Public Input and Plan Distribution 

Three public meetings were held to provide information and education to lake residents 
regarding the ecological status of the lake, management options, the threats posed by exotic 
aquatic invasive species, and to gather local input on acceptable strategies to manage Lake 
Keesus.  
 
The first public meeting was held on September 14th, 2008. This meeting provided an overview 
of the aquatic plant management plan update and the distribution of exotic species in Lake 
Keesus. The second meeting occurred on October 16th, 2008 and included an overview of lake 
ecology, summarized the ecological issues related to aquatic invasive species, developed the 
plan purpose statement, and identified plan goals. This meeting also provided an overview of 
aquatic plant management options and established priorities for planning including desired 
management areas. The third public meeting was held on March 16th, 2009 to introduce the 
draft plan to the public and conduct an aquatic invasive species informational workshop. 
 
The Lake Keesus Aquatic Plant Management Plan was distributed to the Lake Keesus 
Management District and the Wisconsin Department of Natural Resources (WDNR). Other 
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vested parties will receive digital copies upon request. A hard copy of the plan was provided to 
the local library and a digital copy was posted on the LKMD website for public use. 
 
Problem Identification 

The existing lake management plan written by the Southeastern Wisconsin Regional Planning 
Commission1 (SEWRPC) identified Lake Keesus as experiencing various management 
problems, including excessive plant and algae growth, recreation user conflicts and limitations, 
fluctuating water levels, variable water quality conditions, the need to protect environmentally 
sensitive areas, and the need to prevent the invasion of exotic plant species. 
 
Currently, there are community concerns regarding nuisance aquatic plant conditions that 
impede recreational uses by native and exotic plant species, water quality condition, potential 
impacts of zebra mussels, and conflicting recreational uses. This plan will address issues and 
management related to nuisance aquatic plant growth, aquatic invasive plant species, and 
preventing the introduction and spread of AIS. 
 
Purpose Statement 

The purposes of the Lake Keesus Aquatic Plant Management Plan are to promote a healthy 
and diverse aquatic plant community, manage nuisance and aquatic invasive plants, facilitate 
recreational lake uses, educate local residents on the benefits of maintaining a healthy aquatic 
plant community, and prevent the introduction and spread of aquatic invasive species. 

Goals 

Based on the series of meetings conducted in 2008 with local lake residents, the following 
goals were developed for the Lake Keesus Aquatic Plant Management Plan. 
 
The goals of the Lake Keesus APM plan are: 
 

1. Maintain a variety water-orientated recreational opportunities for lake users and 
promote lake access in an environmentally sound way.  

2. Educate district landowners and lake users about the benefits of aquatic vegetation 
and the threats posed by aquatic invasive species to the lake ecosystem. 

3. Protect and restore valuable wildlife and fish habitats. 
4. Minimize the impacts of existing aquatic invasive species to the lake ecosystem and 

prevent the addition of new aquatic invasive species. 

DESCRIPTION OF WATERBODY 
The characteristics of a lake and its surrounding watershed provide a context to evaluate water 
quality conditions, recreational activities, and lake management alternatives.  These 
characteristics usually occur in combinations that are unique to each lake.  As a result, there is 
no “one size fits all” lake management plan that will rehabilitate every lake.  Lakes each behave 
and respond to their surroundings in different ways, have unique problems, and require their 
own set of solutions.  Understanding how a lake functions internally (that includes the impacts 
of human use) and the relationship between lakes and their watersheds will provide an 
essential first step in trying to understand what drives aquatic ecosystems and how to manage 
their problems. Factors such as watershed topography, soils, lake morphometry, hydrology, 

                                                      
1SEWRPC. 1998.  A Lake Management Plan for Lake Keesus, Waukesha County, Wisconsin. Community Assistance Planning Report 227. 



 

lake type, and watershed size all play a role in determining water quality, the aquatic plant 
community, and the fish community present in a lake. 
 
Physical Characteristics 

Knowledge of a lake’s physical characteristics such as bathymetry, shoreline, sediments, and 
water volume features of a lake are important because they affect most other properties that 
we measure in lakes. Information on physical characteristics is needed to investigate nutrient 
loading rates, biological productivity, and other ecosystem structures and function in lakes. The 
physical characteristics for Lake Keesus are summarized in Table 1 and a bathymetric map is 
located in Figure 1.  

Table 1 
Lake Characteristics for Lake Keesus 

Source:  SEWRPC 1998 

Parameter Value 
Lake Area 237 

Shoreline Length 5.3 miles 
Lake volume 3,958 acre-feet 

Maximum depth 42 feet 
Mean depth 17 feet 

 

 
Figure 1 

Bathymetric Map for Lake Keesus 
Source: Wisconsin Conservation Department 1955 

Lake Sediments 

Lake sediments are important because different types of sediment support variable densities of 
aquatic plant growth and are susceptible to different amounts of resuspension due to wave 
action. Lake Keesus’ sediments are primarily muck, or organic material, in the shallow bays of 
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the lake versus rock along the shoreline adjacent to the deeper portions of the lake (Figure 2). 
The vast majority of lake sediments in the shallow areas of Lake Keesus are muck. 
 
Muck sediments are usually a combination of former wetland materials and decaying aquatic 
plant material. These types of sediments are nutrient rich and may support dense aquatic plant 
growth. Rock sediments support a diverse array of macroinvertebrates, fewer aquatic plants 
than muck sediments, and are used my many fish species for spawning areas. 
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Figure 2 
Lake Keesus Bottom Sediments 

Source: Hey and Associates, Inc. 

Watershed Characteristics 

Lake Keesus’ watershed is approximately 2,660 acres resulting in a watershed-to-lake ratio of 
11:1. Lakes with watersheds-to-lake area ratios greater than 10 have high potential to have 
adversely affected water quality. Figure 3 shows Lake Keesus’ watershed boundary. 
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Figure 3 

Lake Keesus Watershed Boundary 
Source: Adapted from SEWRPC 1998 

Land Use 

Land use in a lake’s watershed plays an important role in the amount and types of pollutants 
that enter a water body.  The land use tributary to Lake Keesus is presented in Table 2.  The 
water resources located within the boundary of the Lake Keesus watershed include two 
intermittent tributaries and two large wetland complexes.  Agriculture is the largest land use in 
the watershed and likely has the greatest impact on the water quality (Figure 4).    
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Table 2 
Land Use Tributary to Lake Keesus 

Source:  WDNR and Hey and Associates, Inc. 

Land Use Acres Percent (%) 
Agriculture 1955.4 73.51 
Grassland 239.5 9.00 
Forest 215.4 8.10 
Wetland 130.6 4.91 
Bare Soil/Sand/Rock 87.8 3.30 
Schrubland 30.3 1.14 
Open Water 1.0 0.04 

 

Ü
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Figure 4 

Lake Keesus Watershed Land Use 
Source: WDNR WISCLAND GIS Data, SEWRPC, and Hey and Associates Inc. 

Water Quality Characteristics 

Water quality is a commonly used term to describe lake condition.  Water quality is a difficult 
term to define because there are many ways to perceive “quality”.  For example, swimmers 
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might define good water quality as clear water, free of weeds.  In contrast, a fisherman might 
not care about how clear the water is as long as there are abundant fish.  To remove this type 
of subjective evaluation of water quality, the Wisconsin Department of Natural Resources and 
the University of Wisconsin-Extension have developed index values that rank a lake’s water 
quality from very poor to excellent based on measurements of Secchi depth, total phosphorus, 
and chlorophyll-a.  This index is called a trophic state index and assigns oligotrophic, 
mesotrophic, and eutrophic state to a particular lake. A trophic state index (TSI) assigns a 
trophic status (oligotrophic, mesotrophic, or eutrophic) based on growing season 
measurements of Secchi depths, total phosphorus, and chlorophyll-a.  Carlson’s trophic state 
index was developed to compare the three water quality values on a common scale from 0 to 
1002. 
 
Established threshold values for TSI scores from 0 to 40 to describe lakes defined as 
oligotrophic – lakes that are generally clear, deep, and free of excessive rooted aquatic plants 
and algae blooms.  Values 50 to 70 define eutrophic lakes – lakes that are high in nutrients and 
tend to support a large biomass of rooted aquatic plants and algae.  Lakes with values above 
70 may have an extreme amount of biomass are classified as hyper-eutrophic.  Mesotrophic 
lakes have values from 40 to 50, and share characteristics of both oligotrophic and eutrophic 
lakes.  Mesotrophic lakes may at times support dense algae growth or dense plant growth. 
Table 3 summarizes the expected characteristics of lake with different trophic states. 

Table 3 
Trophic State Index Description 

Source: WDNR 

TSI Attributes Water Supply Fisheries & Recreation 

<30 
Oligotrophy:  Clear water, oxygen 
throughout the year in the 
hypolimnion 

Water may be suitable for an 
unfiltered water supply. Salmonid fisheries dominate 

30-40 Oligotrophy: Hypolimnia of 
shallower lakes may become anoxic  Salmonid fisheries in deep lakes 

only 

40-50 
Mesotrophy:  Water moderately 
clear; increasing probability of 
hypolimnetic anoxia during summer 

Iron, manganese, taste, and 
odor problems worsen. Raw 
water turbidity requires 
filtration. 

Hypolimnetic anoxia results in 
loss of salmonids.  Walleye may 
predominate 

50-60 Eutrophy: Anoxic hypolimnia, 
macrophyte problems possible  Warm-water fisheries only.  Bass 

may dominate. 

60-70 
Eutrophy: Blue-green algae 
dominate, algal scum and 
macrophyte problems 

Episodes of severe taste 
and odor possible. 

Nuisance macrophytes, algal 
scum, and low transparency may 
discourage swimming and 
boating. 

70-80 
Hyper-eutrophy: (light limited 
productivity).  Dense algae and 
macrophytes 

  

>80 Algal scum, few macrophytes  Rough fish dominate; summer 
fish kills possible 

 
Lakes naturally progress from an oligotrophic to a eutrophic state as they gradually fill in with 
sediment from the surrounding landscape called eutrophication (Figure 5).  Eventually, lakes 
will fill in enough where they will be too shallow and productive to be considered a lake and 
turn into a wetland.  At its natural pace, the eutrophication process may take 1000’s of years. 
                                                      
2 Carlson, R.E. 1977. A trophic state index for lakes. Limnology and Oceanography 22:361-369. 



 

Many activities undertaken by humans can accelerate the eutrophication process since they 
accelerate soil loss via erosion.  This is called cultural eutrophication and it shortens the aging 
process down to a few hundred years. 
 

 
Figure 5 

Aging Stages of Lakes and Their Attributes 
Source: WDNR 

Water sampling has occurred on Lake Keesus at two sampling stations referred to as the “West 
Basin” site and the “East Basin” site. These locations are shown in Figure 6. The data summary 
in the following sections will focus on the West Basin site because the data collection intensity 
has been much higher over the years. Since both sites are in deep portions of the lake, their 
water quality characteristics should be similar. 
 
The WDNR tracks water quality in many Wisconsin lakes through two programs. The first is a 
volunteer monitoring program called “Self-Help”. Lake Keesus has participated in the Self-Help 
program since 1987. The second program is the “Long-term Trends” program. Additional data 
has been collected for Lake Keesus via the Long-term Trends program.  
 

UTpo

UTpo
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Figure 6 

Water Quality Sampling Locations on Lake Keesus 
Source: USEPA STORET Database – Accessed Online February 27th, 2009 
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Water Clarity 

Water clarity or transparency is a measure of the overall water quality of the lake.  Clarity is 
measured with a Secchi disk, which is a black and white eight-inch disk that is lowered into the 
water until a depth is reached at which the disk is no longer visible. The depth is known as the 
Secchi disk reading. Water clarity data is reported as the average of Secchi depths collected in 
July and August. The water clarity data for Lake Keesus’ West Basin sampling station is 
summarized in Figure 7. 
 
There are no apparent trends in lake water clarity evident from Secchi depth monitoring on 
Lake Keesus. If the water clarity was declining, a pattern of decreased Secchi depth would be 
observed. Lake Keesus’ water clarity is considered fair to good depending on the individual 
year3.  
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Figure 7 

Lake Keesus West Basin Average Summer (July-August) Secchi Depths 
Source: WDNR Self-Help Data (Accessed 2-28-2009) 

Chlorophyll-a 

Chlorophyll-a is the major photosynthetic pigment in algae that gives algae its characteristic 
green color.  The amount of chlorophyll-a is an indicator of the amount of algal biomass in the 
water.  Chlorophyll-a concentrations are usually lowest in the winter and reach their peak in the 
summer or fall, when alga populations reach their maximum.  Chlorophyll-a levels in excess of 
10 ug/l typically result in water developing a green coloration that may impair some recreational 
activities.  
 
The Self-help chlorophyll-a data for Lake Keesus is summarized in Figure 8. Additional data 
collected through the Long-term Trends program indicates Lake Keesus experiences mild 

                                                      
3 Shaw, B., C. Mechenich, and L. Klessig 2004. Understanding Lake Data. UW-Extension Publication #G3582 



 

algae blooms in October. Two samples collected in 2003 and 2004 had concentrations of 8.4 
and 10.5 ug/l respectively. These values are 2-3 times the summer long term average. This 
scenario is typical of mesotrophic lakes as they destratify in the fall. 
 
Lake Keesus is well below the Southeast georegion average of 15.2 ug/l of chlorophyll-a with 
an average of 3.4 ug/l from 1993-2008. The data indicates that planktonic, or free-floating, 
algae are generally not a problem on Lake Keesus. It will be important to continue monitoring 
chlorophyll-a concentrations because of the presence of zebra mussels in Lake Keesus. Zebra 
mussels filter large volumes of water and suspended materials while feeding and may reduce 
the amount of algae in the water column. 
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Figure 8 
Lake Keesus West Basin Average Summer (July-August) Chlorophyll-a Concentrations 

Source: WDNR Self-Help Data (Accessed 2-28-2009) 

Nutrients 

Nutrients are the driving force of biological production in lake ecosystems.  Aquatic plants and 
algae require phosphorus, nitrogen, and numerous others for growth.  The more nutrients that 
are in a lake, the more productive it will be. Less productive lakes are generally phosphorus 
limited while more productive lakes may be limited by phosphorus, nitrogen, or light. 
 
The ratio of total nitrogen to total phosphorus (TN:TP Ratio) in the lake can indicate which 
nutrient is likely to be limiting algal growth.  When the total nitrogen to total phosphorus ratio is 
greater than 15:1, the lake is likely phosphorus limited, while a ratio of less than 10:1 indicates 
nitrogen is probably the limiting nutrient.  Intermediate values indicate co-limitation. 
 
Phosphorus 

Total phosphorus includes the phosphorus contained in plant and animal fragments suspended 
in the lake water, phosphorus bound to sediment particles, and phosphorus dissolved in the 
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water column. Total phosphorus concentrations >20 ug/l in lakes and >30 ug/l in reservoirs 
have a greater chance to support nuisance algal blooms. 
 
Total phosphorus concentrations in Lake Keesus are typically range from 9 to 19 ug/l which 
generally will not support nuisance algal blooms, but large runoff events may still produce 
short-lasting nuisance conditions that should subside within a few weeks. The data indicates an 
initial decline in overall total phosphorus concentrations from pre-1997 to 1998 followed by a 
gradual increase in summer total phosphorus conditions until 2002. Post-2002 total 
phosphorus concentrations appear stable. The nutrient levels in Lake Keesus are considered 
“good” to “very good” in terms of water quality4. 
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Figure 9 
Lake Keesus West Basin Average Summer (July-August) Phosphorus Concentrations 

Source: WDNR Self-Help Data (Accessed 2-28-2009) 

Nitrogen 

The amount of nitrogen in lake water usually corresponds to local land uses. Nitrogen may 
come from fertilizer and animal wastes on agricultural lands, human waste from sewage 
treatment plants or septic systems, and lawn fertilizers used on lakeshore property. Nitrogen 
may enter a lake from surface runoff or groundwater sources. Nitrogen exists in lakes in 
several forms (Figure 10). Total nitrogen is calculated by adding nitrate and nitrite (NO3+NO2) 
to Kjeldahl nitrogen. Organic nitrogen, or Kjeldahl nitrogen, is often referred to as biomass 
nitrogen. Nitrogen does not occur naturally in soil minerals, but is a major component of all 
organic matter. Decomposing organic matter releases ammonia, which is converted to nitrate if 
oxygen is present. This conversion occurs more rapidly at higher water temperatures. All 
inorganic forms of nitrogen (NO3–, NO2– and NH4+) can be used by aquatic plants and algae. If 
these inorganic forms of nitrogen exceed 0.3 mg/l in spring, there is sufficient nitrogen to 
support summer algae blooms. 
                                                      

4 Shaw, B., C. Mechenich, and L. Klessig 2004. Understanding Lake Data. UW-Extension Publication #G3582 



 

 
 

 
Figure 10 

Typical Nitrogen Cycle 
Source: UW-Extension and SEWRPC 

Low nitrogen levels do not guarantee limited algae growth in the same way low phosphorus 
levels do. Nuisance blue-green algae blooms are often associated with lakes that have low 
TN:TP ratios. These algae use atmospheric nitrogen gas (N2) dissolved in lake waters as a 
nitrogen source in contrast to other types of algae and plants which utilize inorganic nitrate and 
ammonium forms of nitrogen. 
 
Recent studies in Wisconsin lakes have shown that, while phosphorus is usually the limiting 
nutrient for algae, nitrogen in the lake sediments is typically the limiting nutrient for rooted 
aquatic plants especially Eurasian water-milfoil. Both nitrogen and phosphorus should be of 
concern when developing a lake protection plan.  
 
The limited nitrogen data for Lake Keesus indicates inorganic forms (NO3–, NO2– and NH4+) 
below laboratory detection limits. Organic or Kjeldahl nitrogen levels ranged from 0.61-0.74 
mg/l from 2000-2007. Total Kjeldahl nitrogen is an indicator of the amount of biomass and other 
organic materials in the water column. High levels of organic nitrogen (>0.50 mg/l) in water may 
indicate excessive production or organic pollution from the watershed.  This type of pollution 
includes animal and human waste. Leaching from septic tanks has been identified as a 
potential concern on Lake Keesus and may be partially responsible for elevated TKN levels. 
 
Nutrient Limitation 

Corresponding phosphorus and nitrogen sampling from 2000-2007 shows TN:TP ratios ranging 
from 43-61. Ratios >15 generally indicate productivity is phosphorus limited. Since Lake 
Keesus is phosphorus limited, adding more phosphorus to the water column will likely result in 
additional algal biomass. 
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Trophic State Index 

As previously discussed, lakes are commonly characterized by their trophic state index value 
as oligotrophic, mesotrophic, or eutrophic. The TSI5 value is calculated using a set of equations 
developed to relate the three measures of lake productivity (Secchi depth, chlorophyll-a, and 
total phosphorus) to each other on a standardized scale (Figure 5 and Table 3). 
 
Figure 11 shows the TSI scores for Lake Keesus. They indicate that Lake Keesus is generally 
mesotrophic for all three trophic indicators. This means that Lake Keesus is in an intermediate 
stage between the oligotrophic and eutrophic states.  Mesotrophic lakes are characterized by 
moderate levels of productivity, some accumulated organic matter on the lake bed, a good 
fishery, occasional algal blooms, and low oxygen during the summer months in the hypolimnion 
along the lake bottom (see next section).  
 
Comparing the component TSI scores (total phosphorus versus chlorophyll-a versus Secchi 
depth) can reveal addition information related to lake ecosystem function. On Lake Keesus the 
TSI score for total phosphorus is generally higher than the TSI scores for Secchi depth and 
chlorophyll-a. This relationship indicates that algal biomass (chlorophyll-a) is less than what 
would be predicted due to phosphorus concentrations. It is likely that zooplankton grazing, 
zebra mussels, or chemical properties such as marl production limit algal biomass in the lake 
(nitrogen limitation is ruled out due to TN:TP ratios). An additional investigation to determine 
the mechanism suppressing algal biomass would be beneficial to develop protection strategies 
for Lake Keesus. 
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Figure 11 

Lake Keesus West Basin Self Help Monitoring Summer (July-August) Trophic State Index (TSI) Averages 
Source: WDNR Self-Help Data (Accessed 2-28-2009) 

Temperature and Dissolved Oxygen 

                                                      
5 The TSI scores reported for Lake Keesus use the W-TSI which is adapted to better characterize Wisconsin lakes. 



 

Representative temperature and dissolved oxygen profiles for Lake Keesus from 2008 are 
shown in Figure 11. Lake Keesus is well mixed in the spring and stratified during the summer 
months. This is typical for a mesotrophic lake. Stratification occurs due to the unique properties 
of water.  
 
Water is most dense at 4 C (39 F). As ice melts in the spring water density is uniform from top 
to bottom which allows lake water to mix. This process is called spring overturn. As surface 
water warms in the spring it loses density and remains near the surface. The warm water is 
circulated due to wind and waves to a depth of about 20 feet. The top section of the water 
column becomes warmer than the bottom. There is also very little exchange of dissolved gases 
between the top and bottom layers but the top layer is able to exchange gas with the 
atmosphere. The top portion of the water is called the epilimnion and the bottom portion is 
called the hypolimnion. The transition zone is called the metalimnion.  
 
Because the hypolimnion is isolated from the oxygen rich surface waters, there is no source to 
replenish oxygen. In moderately productive lakes such as Lake Keesus, there is abundant 
organic material resulting from algae dying and settling to the lake bottom. On the lake bottom 
bacteria and other organisms consume algal cells. As bacteria respire they use up the 
available oxygen. Once the oxygen is gone chemical changes occur allowing the sediments to 
release phosphorus. This phosphorus is trapped in the hypolimnion until the fall. As the surface 
waters cool and water temperatures become uniform from top to bottom, the lake mixes again. 
This is called fall overturn. The influx of nutrients into the water column at fall overturn may 
cause algae blooms.  
 
Winter stratification occurs as ice forms on the lake surface which prevents mixing. In the 
spring the cycle initiates again with spring overturn. Some lakes use circulators or aeration 
devices to induce mixing or increase oxygen levels in the winter months. 
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Figure 12 
Lake Keesus West Basin Self Help Monitoring Temperature and Dissolved Oxygen Profiles 

Source: WDNR Self-Help Data (Accessed 2-28-2009) 
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Figure 13 

Annual Lake Stratification Cycle 
Source: WDNR and SEWRPC 

pH 

The pH is a measure of the hydrogen ion concentration on a scale from 0 to 14 standard units. 
 A pH of 7 indicates neutral conditions.  A pH above 7 indicates basic water; below 7 indicates 
acidic conditions.  The pH of water determines the solubility and biological availability of 
chemical constituents such as nutrients and heavy metals. Most aquatic life requires a pH 
range between 6.5 and 9.0 to survive.  Below a pH of 6.5 fish begin to become stressed. Low 
levels of pH can cause some toxic metals to become more soluble in water. When pH values 
rise to the range of 8.0 to 9.0, it may be indicative of rapid algae or aquatic plant growth, or the 
introduction of alkaline materials into the lake either from natural sources or human discharges. 
 
The pH on Lake Keesus was measured periodically from May-October from 2001-2007 and 
ranged from 7.6-8.6. These values are comparable to the previous monitoring period from 
1991-1995 when values ranged from 7.9-8.8 indicating no change has occurred. 
 
Conductivity 

Conductivity is an indicator of the concentration of dissolved solids in the water column. As the 
amount of dissolved solids increases, water’s ability to conduct an electrical current also 
increases.  Values of specific conductance are approximately two times the water hardness 
unless the water is receiving high concentrations of human-induced waste. Anoxia can 
increase the specific conductance near the sediment-water interface as dissolved materials 
accumulate as they are released from the sediment. 
 
The average conductivity from 1966 to 2001 is 464 uS/cm for Wisconsin lakes. Lake Keesus’ 
conductivity ranged from 351-405 uS/cm from 2001-2007 which is typical for lakes of the 
region. From 1991-1994 the conductivity measurements for Lake Keesus ranged from 326-401 
indicating no change. 
 
Alkalinity 
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Alkalinity is a measure of the buffering capacity of a lake.  Buffering capacity is the ability to 
absorb and neutralize acid to minimize shifts in pH.  Lakes with an alkalinity value in excess of 
25 mg/l are considered insensitive to acid rain.  The alkalinity of a lake depends on the level of 
bicarbonate, carbonate, and hydroxide ions present in the water. 
 
Alkalinity on Lake Keesus ranged from 145-155 mg/l from 2000-2006 indicating it is well 
buffered. From 1991-1995 alkalinity in Lake Keesus averaged 167 mg/l. 
 
Color 

Color is the result of dissolved organic chemicals such as humic and tannic acids or decaying 
algae. Color is a measure of the aesthetic quality of water and is measured in standard color 
units (SCU). Lakes can have a green, brown, or red hue. Color may also reduce light 
penetration and limit weed and algae growth. Color values ranging from 0-40 are low, 40-100 
are moderate, and >100 are high6.  
 
From 2000-2007 Lake Keesus’ color were low and ranged from 5-15 SCU. From 1991-1995 
color ranged from 10-15 SCU indicating no change has occurred. 
 
Biological Characteristics 

The biological characteristics of a lake and its watershed include the aquatic plant community, 
fish, wildlife, zooplankton, and phytoplankton (algae). Exotic and aquatic invasive species will 
also be addressed. The following sections will highlight the key biological communities in and 
around Lake Keesus. 
 
Aquatic Plant Community 

Aquatic plants are a critical component of any lake ecosystem. This is especially true in shallow 
lakes because shallow lakes support aquatic plants over most of the lake bottom. The 
frequency, density, and species composition of the aquatic plant community in shallow lakes 
dictate many of the trophic interactions discussed in a previous section of the report resulting in 
important impacts on water quality and water clarity, the fish community, and waterfowl and 
wildlife.  
 
Benefits to Water Clarity and Water Quality 

One important function of aquatic plants with respect to water clarity is: the ability of aquatic 
plants to suppress sediment resuspension along the lake bottom due to natural (wind) and 
artificial (boating) waves. Sediment resuspension is one of the primary reasons that shallow 
lakes without aquatic plants appear brown. 
 
Benefits to Fish Community 

Aquatic plants provide habitat, food, shelter, and spawning areas for many fish species. Small 
fish utilize aquatic plants to avoid predation. The numerous epiphytic (plant loving) algae and 
macroinvertebrates provide a food source. Aquatic plants also provide hiding places for large 
ambush predators such as northern pike. 
 
Benefits to Waterfowl and Wildlife 

                                                      
6 Lillie, R.A., and Mason, J.W. (1983) Limnological characteristics of Wisconsin Lakes: Wisconsin Department of Natural Resources Technical 
Bulletin 138, Madison, WI, 116 p. 



 

Aquatic plants are a source of food and shelter for most waterfowl and wildlife.  
 
Aquatic Plant Surveys 

Two aquatic plant surveys have occurred on Lake Keesus. A comprehensive point-intercept 
(PI) sampling survey was used to sample submerged aquatic plants on Lake Keesus on June 
25th and 27th, 2007 and a spring reconnaissance survey to determine the extent of Curly-leaf 
pondweed occurred on May 14th, 2008.  
 
Methods 

The aquatic plant point-intercept survey was conducted at 471 predetermined sampling 
locations using the WDNR provided coordinates (Figure 14).  Sampling points were uploaded 
into a hand-held Garmin GPS unit using software provided by the Minnesota Department of 
Natural Resources called DNR Garmin v.5.1.1.  A long handle rake was dragged along the 
bottom of the lake to collect plants up to a depth of 15 feet.  Locations deeper than 15 feet 
were sampled with a “rake head on a rope” type sampler. All plants were identified to species 
and assigned density ratings.  The density of aquatic plants is important because it is the 
primary determinant of many recreational uses. The values assigned for aquatic plant density 
are “0” for no plants on the rake head, “1’ for a few plants, “2” for a moderate amount of plants, 
and “3” for dense plants.   Zebra mussels (Dreissena polymorpha) incidentally collected during 
the aquatic plant survey were also noted.  Emergent aquatic and shoreline wetland plants were 
visually surveyed around the lake.  The composition of the bottom sediment in survey areas 
was also noted as sand, muck, or rock. 
 

 
Figure 14 

Plant Density Ratings 
Source: UW-Extension 

The spring curly-leaf pondweed survey was a visual-based presence/absence survey 
supplemented with rake throws in areas not visible from the surface. Locations supporting 
curly-leaf pondweed were documented using a hand-held Garmin GPS unit. 
Results 
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A total of 208 of the 471 survey points provided by WDNR were included in the survey. Of the 
208 points surveyed, aquatic plants were found at 99% or 206 of the sites. Sampling did not 
occur past 15 feet in depth because of the sharp drop off and inability to find depths ranging 
from 15-20 feet. A total of 21 species were identified including 2 non-native species and 
filamentous algae. Even though filamentous algae are not aquatic macrophytes, they are 
included in the survey because they are easily sampled with a rake. The same is true for Chara 
spp. which is actually a macroalgae whose growth form mimics that of aquatic plants. The 
overall density (value for all plants combined collected on the rake head) indicated that 
nuisance levels of aquatic plants are present in each of the three shallow bays comprising the 
southern portion of the lake and in the northern shallow portion of the lake (Figure 15). The 
portions of the map highlighted in red and yellow may support nuisance plant growth near the 
lake surface making boating and swimming difficult. Field survey data sheets are included in 
Appendix A. 
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Figure 15 

Overall Aquatic Plant Density for Lake Keesus 2007 
Source: Hey and Associates, Inc. 

The two non-native species identified were Eurasian water-milfoil (EWM, Myriophyllum 
spicatum) and Curly-leaf pondweed (CLP, Potamogeton crispus). Eurasian water-milfoil was 
found at 53.4% of the sampling locations and CLP was found at 31.6% of the sampling 
locations. EWM was at or near the surface in shallow areas of the lake at relatively high 
densities (Figure 16). Curly-leaf pondweed was found at locally high densities around springs 
(groundwater upwellings) in 2007. The spring 2008 visual survey revealed a much wider 
distribution especially around the shoreline in the shallow bays (Figure 17). Because curly-leaf 
pondweed was found primarily along developed shorelines in the 2008 survey, it is likely that 
these areas may have become disturbed through human activity allowing curly-leaf pondweed 
to colonize. 
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Figure 16 

Eurasian water-milfoil Density on Lake Keesus 2007 
Source: Hey and Associates, Inc. 
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Figure 17 

Curly-leaf pondweed Density on Lake Keesus 2007 and 2008 
Source: Hey and Associates, Inc. 
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A number of species were also widespread in Lake Keesus (>25% of sampling locations) 
including: coontail (Ceratophyllum demersum), muskgrass (Chara spp.), and water celery 
(Vallisneria americana). Coontail was found at locally high densities in the north bay of the lake, 
but does generally does not present a nuisance in the lake (Figure 18). Wild celery is generally 
not a nuisance because it grows closer to the lake bottom, but in some cases it will elongate 
and obstruct boating. Chara may grow at locally high densities in shallow water, but generally 
removing Chara will allow more invasive aquatic plants such as Eurasian water-milfoil or curly-
leaf pondweed to colonize vacant areas. 
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Figure 18 

Coontail Density on Lake Keesus 2007 
Source: Hey and Associates, Inc. 

Other plants found include: Common waterweed (Elodea canadensis), Minor duckweed 
(Lemna minor), Star duckweed (Lemna trisulca), Bushy pondweed (Najas flexilis), Yellow pond 
lily (Nuphar advena), White pond lily (Nymphaea odorata), Large-leaf pondweed (Potamogeton 
amplifolius), Illinois pondweed (Potamogeton illinoensis), Floating-leaf pondweed 
(Potamogeton natans), Blunt-leaf pondweed (Potamogeton obtusifolius), White-stem 
pondweed (Potamogeton praelongis), Flat-stem pondweed (Potamogeton zosteriformis), Sago 
pondweed (Potamogeton pectinatus), Cattails (Typha spp.), Common Bladderwort (Utricularia 
vulgaris), and Common watermeal (Wolffia columbiana). Each of the above mentioned plants 
are ecologically beneficial to fish and wildlife in the moderate amounts they are found in Lake 
Keesus. In some lakes common waterweed can be a nuisance. In general, the genus 
Potamogeton is an extremely important member of the aquatic plant community providing food 
and shelter to fish, waterfowl, and other wildlife. 
 
A number of statistics were calculated for the aquatic plant community to compare it to other 
lakes in Wisconsin. They are Simpson’s Diversity Index (SDI), the Coefficient of Conservatism 
(CC), and Floristic Quality Index (FQI).  
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Simpson's Diversity Index is a measure of diversity often used to quantify the biodiversity of a 
community. It takes into account the number of species present, as well as the relative 
abundance of each species. The Simpson index represents the probability that two randomly 
selected individuals in the habitat belong to a different species. The SDI value for Lake Keesus 
is 0.94 indicating high diversity. This is important because in many lakes with EWM 
infestations, the SDI value is greatly depressed as EWM gains dominance in the aquatic plant 
community. 
 
The Coefficient of Conservatism is an estimate of how typical a plant species is of pristine 
conditions. A plant found only in clear, low nutrient and undisturbed conditions is given a value 
of “10”. Plants typically found in more nutrient rich and/or disturbed waters are given lower 
numbers. This value only relies on the presence/absence of species and does not weight its 
value based on each plant’s frequency. The CC value for Lake Keesus was 5.6 slightly below 
the state average of 6.0 indicating some disturbance of the aquatic plant community. 
 
A lake’s plant community reflects that lake’s water quality and its level of human disturbance. 
The FQI was developed to help assess lake quality using the aquatic plants that live in a lake. 
To calculate the Floristic Quality Index the number of different species and the identity of those 
species in a lake must be determined. Each species has an assigned tolerance value, called 
the CC, indicating how typical this plant is of pristine conditions. A plant found only in clear, low 
nutrient and undisturbed conditions is assigned a 10. Plants typically found in more nutrient rich 
and/or disturbed waters are given lower numbers. Together, the number of species found, the 
identity of those plants, and the coefficient of conservatism associated with each plant help 
quantify lake quality. The Floristic Quality Index varies around Wisconsin but ranges from 3.0 to 
44.6 with a median of 22.2. The Floristic Quality Index is particularly valuable for comparing 
lakes around the state or looking at a single lake over time. Generally, higher FQI numbers 
mean better lake quality. The FQI value for Lake Keesus was 24.6 which compares favorably 
to the statewide median value of 22.2. 
 
Emergent plants and floating-leaf plants were common along the shoreline of Lake Keesus in 
undeveloped shoreline areas. The primary emergent plants are cattails while the two floating-
leaf plants identified were white water lily and yellow pond lily. Figure 19 shows the distribution 
of emergent and floating-leaf plants. 
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Figure 19 

Emergent and Floating—leaf Plant Distribution on Lake Keesus 2007  
(Cattails Indicated by Yellow Crosshatching) 

Source: Hey and Associates, Inc. 

Zooplankton Community 

Zooplankton are the small filter feeding and predaceous organisms that live in the water 
column. They are generally able to drift and swim. Most zooplankton consume algae and 
zooplankton are in turn consumed by aquatic insects and fish. They are one of the key 
members of the food chain in most lakes. There is no available zooplankton data available for 
Lake Keesus. Information regarding the zooplankton community would be valuable because 
invasions by zebra mussels are known to alter plankton community dynamics which ultimately 
may affect the fishery. 
 
Phytoplankton (Algae) Community 

Phytoplankton or algae are the microscopic photosynthetic organisms forming the most basic 
level of the food chain. They are found in all aquatic environments which receive sunlight. 
Phytoplankton become more abundant when nutrient levels increase. There is no available 
phytoplankton data for Lake Keesus. Information on the composition of the phytoplankton 
community would be valuable because invasions by zebra mussels are known to alter plankton 
community dynamics which ultimately may affect the fishery. 
 
Wildlife 

Wildlife was not assessed in the APM plan update, but the following species are known to 
inhabit the area: mink, muskrat, beaver, white tailed deer, red and grey fox, grey and fox 
squirrel, and cottontail rabbits are reported mammals. Mallards, wood duck, and blue-winged 
teal are the most numerous waterfowl and are known to nest in the area. Many game birds, 
song birds, waders, and raptors also visit the Lake and its environs. Sandhill cranes and loons 
are notable migratory visitors. In addition, bald eagles, osprey, black terns, great egrets, 
peregrine falcons, barn owls, and red-shouldered hawks have been reported to have been 
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seen in the vicinity of Lake Keesus. The preceding list also includes numerous reptiles, 
amphibians, and songbirds7. 
 
Exotic and Aquatic Invasive Species 

Zebra Mussels 

Zebra mussels were found attached to aquatic plants or the lake bottom at 38% of the sampling 
locations (Figure 20) although only zebra mussels attached to aquatic plants were identified in 
the survey. It is likely that the total distribution of zebra mussels is larger and included sites with 
rocky sediments that were not sampled in the plant survey. They are a non-native aquatic 
invasive species originally brought to Wisconsin from the Caspian Sea region via ballast water 
in trans-Atlantic ships. Zebra mussels are efficient filter feeders with each mature adult able to 
filter a liter of water per day. They are generally non-selective consuming nearly any 
microscopic plankton they come in contact with. One exception is bluegreen algae. Zebra 
mussels do not generally consume bluegreen algae. Preferential feeding by zebra mussels 
may present a problem because bluegreen algae may increase as other algae are consumed. 
Bluegreen algae are undesirable species and responsible for many of the bloom conditions in 
lakes.  
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Figure 20 

Zebra mussel Distribution in Lake Keesus 2007 
Source: Hey and Associates, Inc. 

Species and Natural Communities of Significance 

Lake Keesus supports diverse array of aquatic organisms, wildlife, waterfowl, and natural 
communities. A full list of potential inhabitants was included in SEWRPC’s 1998 “Community 
Assistance Planning Report No. 227 – A Lake Management Plan for Lake Keesus”. This 
section will include information that may have changed since its publication. 
 
A list of state species of concern, state threatened species, and state endangered species for 
T8N R18E in Waukesha County is shown in Table 4. A Wisconsin endangered species 
designation means that its continued existence is in jeopardy based on scientific evidence. A 

                                                      
7 SEWRPC. 1998.  A Lake Management Plan for Lake Keesus, Waukesha County, Wisconsin. Community Assistance Planning Report 227. 

 



 

Wisconsin threatened species appears likely to become endangered based on scientific 
evidence.  
 
According to State Statute 29.415 and NR27, it is illegal to take, transport, possess, or sell any 
threatened or endangered species without a permit. Special Concern species are suspected to 
have limited abundance or distribution, but no scientific proof has documented their status.  
 

Table 4 
Species or Natural Communities of Significance near Lake Keesus 

Source: WDNR (7-22-08 updated NHI Listing) 
 

Scientific Name Common Name State Status State Rank Group Name 
Aster furcatus Forked Aster Threatened Rare or Uncommon Plant 
Bird Rookery Bird Rookery Special Concern Status Uncertain Other 

Buteo lineatus 
Red-shouldered 
Hawk Threatened 

Rare or 
Uncommon, 
Apparently Secure, 
Critically Imperiled Bird 

Corallorhiza 
odontorhiza Autumn Coral-root Special Concern Rare or Uncommon Plant 

Dendroica cerulea Cerulean Warbler Threatened 
Imperiled, Rare or 
Uncommon Bird 

Emergent marsh Emergent Marsh NA Apparently Secure Community 
Empidonax 
virescens Acadian Flycatcher Threatened Rare or Uncommon Bird 
Erimyzon sucetta Lake Chubsucker Special Concern Rare or Uncommon Fish 
Etheostoma 
microperca Least Darter Special Concern Rare or Uncommon Fish 
Fundulus 
diaphanus Banded Killifish Special Concern Rare or Uncommon Fish 
Noturus exilis Slender Madtom Endangered Critically Imperiled Fish 
Penstemon hirsutus Hairy Beardtongue Special Concern Critically Imperiled Plant 
Platanthera flava 
var. herbiola Pale Green Orchid Threatened Imperiled Plant 

Platanthera hookeri Hooker Orchis Special Concern 
Imperiled, Rare or 
Uncommon Plant 

Ptelea trifoliata Wafer-ash Special Concern Imperiled Plant 
Rana catesbeiana Bullfrog Special Concern Rare or Uncommon Frog 
Regina 
septemvittata Queen Snake Endangered Critically Imperiled Snake 

Seiurus motacilla 
Louisiana 
Waterthrush Special Concern Rare or Uncommon Bird 

Southern dry-mesic 
forest 

Southern Dry-mesic 
Forest NA Rare or Uncommon Community 

Tyto alba Barn Owl Endangered Critically Imperiled Bird 
Venustaconcha 
ellipsiformis Ellipse Threatened Imperiled Mussel 
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Fish 

A fish survey was conducted on Lake Keesus in 1975. It identified panfish as the most 
abundant species in the lake. Particularly pumpkinseed, bluegill, yellow perch, and green 
sunfish were found in the greatest numbers. More recent surveys conducted by the WDNR 
have occurred in 2000, 2001, and 2003.  
 
The data summary provided by WDNR in 2001 concluded that Lake Keesus supports a high-
quality bass and bluegill fishery with excellent spawning habitat in the north, west, and south 
bays. These areas should be protected from over-harvesting of the plant community to protect 
these species. The 2003 survey results indicated a slight decline in bluegill’s captured and a 
large increase in bass captured. Copies of the survey results are included in Appendix B. 
 
Intensity of Use 

Lake Keesus is an intensively used resource by lake residents and visitors. The most popular 
activity on the lake is water skiing. Because of Lake Keesus’ complex shoreline, skiing may 
lead to perceived use conflicts. The small bays are popular skiing areas resulting in intense 
harvesting operations in those areas. Fishing is also a popular activity. 
 
The lake is serviced by a single public boat launch located on the southern end of the lake. It 
provides 8 vehicle-trailer parking spaces, two carry-in parking spaces, and a handicap 
accessible restroom. The boat launch is monitored by LKMD staff. 
 
Because of Lake Keesus’ irregularly shaped shoreline, there are approximately 220 parcels on 
the shoreline or nearly one parcel for each acre of the lake8. 
 
Habitat 

Lake Keesus contains several Sensitive Areas as defined in Ch. NR 107 as areas of aquatic 
vegetation identified by the department as offering critical or unique fish and wildlife habitat to 
the body of water.  
 
Lake Keesus does not contain additional Critical Habitat Areas defined as Public Rights 
Features. Sensitive Areas do qualify as Critical Habitat Areas (Figure 21).  
 
Public rights features as defined in NR 1.06, Wis. Adm. Code include the following:  
 

• Fish and wildlife habitat, 
• Physical features of lakes and streams that ensure protection of water quality, 
• Reaches of bank, shore or bed that are predominantly natural in appearance,  
• Navigation thoroughfares, and  
• Sensitive Areas.  

 

                                                      
8 Waukesha County Internet Mapping Site accessed 3-10-09 (http://maps.waukeshacounty.gov/imf/imf.jsp?site=waukesha) 
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Figure 21 

Critical Habitat Areas (Sensitive Areas) on Lake Keesus 
Source: WDNR Surface Water Viewer (accessed 3-09-09) 

AQUATIC PLANT MANGEMENT 
The following sections review the management history, levels of management intensity, and 
types of aquatic plant management including permitting requirements.  
 
Management History 

Historic aquatic plant and algae management on Lake Keesus has included chemical 
(herbicides and algaecides) and mechanical harvesting. The LKMD operates an Aquarius 
Systems Model HM-420 harvester with transport and conveyor. The HM-420 cuts at a 7-foot 
width up to a depth of 5.5 feet. A summary of chemical treatments on Lake Keesus is shown in 
Table 5. A summary of annual harvesting totals is included in Table 6.  
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Table 5 
Chemical Control on Lake Keesus 

Source: WDNR and SEWRPC 

Year   

 Macrophyte Control   
 Algae 

Control   

Sodium 
Arsenite   Diquat   Aquathol-K 2,4-D   Hydrothol   

Copper 
Sulfate   

Cutrine 
Plus   

 (pounds)    (gallons)    (gallons)    (gallons)    (gallons)    (pounds)    (gallons)   
1952-1969 6,584 0 0 0 0 10,410 0 
1970 0 37 0 180 0 475 1 
1971 0 0 200 0 0 300 0 
1972 0 0 0 0 0 400 0 
1973 0 0 0 0 0 1,050 0 
1974 0 0 0 0 0 492 0 
1975 0 0 0 0 5 411 140 
1976 0 0 0 0 0 0 0 
1977 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 
1979 0 0 0 0 0 0 50 
1980 0 0 0 0 0 0 1,475 
1981 0 0 0 0 0 0 86 
1982 0 0 0 0 0 0 107 
1983 0 0 0 0 0 0 128 
1984 0 0 0 0 0 0 154 
1985 0 0 0 0 0 0 147 
1986 0 0 0 0 0 0 143 
1987 0 0 0 0 0 0 71 
1988 0 0 0 0 0 0 12 
1989 0 0 0 0 0 0 27 
1990 0 0 0 0 0 0 44 
1991 0 0 0 0 0 0 40 
1992 0 0 0 0 0 0 16 
1993 0 0 0 0 0 0 31 
1994 0 0 0 0 0 0 37 
1997 0 0 0 0 0 0 37 
1998 0 0 0 0 0 0 ~35 
1999 0 0 0 0 0 0 ~35 
2000 0 0 0 0 0 0 35 
2001-2008 0 0 0 0 0 0 0 
Total 6,584 37 200 180 5 13,538 2,850 

 

Hey and Associates, Inc.  29



 

Table 6 
Annual Mechanical Harvesting on Lake Keesus 

Source: WDNR 

Year Dates Harvested Loads 
Cubic 
Yards Plants harvested 

2002 5/20/02-08/13/02 139.5 418.5 Milfoil, Pondweeds 
2003 5/23/03-08/08/03 146 438 Milfoil, Pondweeds 
2004 05/24/04-08/06/04 70.5 211.5 Milfoil, Pondweeds 
2005 05/31/2005-? ? 246 Milfoil, Pondweeds 
2006 5/30/06-09/14/06 112 280 Milfoil, Pondweeds 
2007 6/5/07-08/24/07 112.75 282 Milfoil, Pondweeds 
2008 5/17/08-9/03/08 340,792 (lbs) ? Milfoil, Pondweeds 

 
Permitting 

Nearly all aquatic plant management activities require a permit issued from the WDNR 
including chemical applications, mechanical removal, and manual removal of native plants in 
an area exceeding 30-feet of shoreline.  
 
All chemical applications to lakes in Wisconsin require a permit under NR 107. All restricted 
use and liquid formulations of herbicides must be applied by a licensed Wisconsin Department 
of Agriculture, Trade, and Consumer Protection Class 5 (Aquatic and Mosquito) certified 
applicator. 
 
Mechanical removal using a harvester of aquatic plants requires a permit issued under  
NR 109.  
 
Manual removal of native plants also requires a permit under NR 109 if the management area 
exceeds 30-feet of shoreline. Exotic plant species such as Eurasian water-milfoil and Curly-leaf 
pondweed may be removed from the lake at any location without a permit unless it is in a 
sensitive area per NR 109.06 2(b).. 
 
Management Levels 

There are three levels of plant management identified by the Wisconsin Department of Natural 
Resources Aquatic Plant Management in Wisconsin (2006). The level of plant management 
required depends on the goals of the plant management plan and the characteristics of the 
lake ecosystem. The three levels of control are: maintenance control, low manipulation, and 
high manipulation.  
 
Maintenance 

Maintenance is used as part of a protection orientated plan for lakes with no invasive species 
or minimal nuisance conditions. It usually will include monitoring only. Since Lake Keesus 
contains abundant plant growth including nuisance conditions and invasive species, 
maintenance level management will not meet the aquatic plant management plan goals. Due to 
the existing Eurasian water-milfoil population, maintenance control is not sufficient to protect 
the existing fish and wildlife. Research suggests that dense Eurasian water-milfoil beds do not 
provide the same benefits to fish, wildlife, and other aquatic organisms as more diverse native 
plant beds.  
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Maintenance is currently not a feasible option for Lake Keesus to meet the project 
planning goals of reducing ecological impacts of Eurasian water-milfoil, promote a 
healthy and balanced fishery, and facilitating recreational uses by managing nuisance 
plant growth. 
 
Low Manipulation 

Low manipulation is an intermediate level of management between maintenance and high 
manipulation (discussed in next section). This level of control is appropriate for lakes desiring a 
protection plan or has only moderate plant problems. A plant management strategy using a low 
manipulation level of control could meet the needs of lake users and facilitate lake access if 
local areas of plant control were allowed to create navigation channels or in nearshore areas 
around piers. Low manipulation will likely need to be repeated year after year. This type of 
management is generally not eligible for WDNR funding programs. 
 
Low manipulation will reduce nuisance conditions and enhance recreational 
opportunities but will not reduce the negative ecological impacts of Eurasian water-
milfoil. This option will only meet a portion of the project goals and is not recommended 
for Lake Keesus unless adequate funding is not available to support a high manipulation 
management effort.  
 
High Manipulation 

High manipulation is the control option with the most intense plant management. It is 
appropriate for lakes with moderate to severe problems. This type of program might include 
large-scale plant management such as harvesting, lake level drawdown, whole-lake chemical 
treatments, or restoration of the native plant community. The goal of high manipulation 
management is to create recreational opportunities in lakes with severe nuisance plant 
problems or minimize the effects of exotic plant infestations.  
 
A high level of manipulation would meet all of the goals of the aquatic plant management plan 
to provide lake access and facilitate recreational uses in addition to promoting a healthy and 
diverse native community. 
 
High manipulation will meet all of the project goals by enhancing recreational 
opportunities, promoting a healthy, diverse native plant community, and encouraging a 
balanced fishery. 
 
Management Alternatives, Feasibility, and Cost  

There are a number of aquatic plant management options available. Management options can 
be broken down into the following categories: do nothing, manual removal, mechanical 
removal, chemical control, physical control, and biological control. Each method can be 
effective depending on lake conditions. Conversely each method also carries its own set of 
drawbacks and limitations. As a result, some options may not be appropriate for Lake Keesus. 
 
Do Nothing 

Do nothing is an option where aquatic plants are not managed in any way, but monitoring 
typically occurs to track the changes in plant community. Programs to monitor for invasive 
species introduction or expansion are also common. In lakes containing both a healthy aquatic 
plant community and aquatic invasive or exotic species, allowing the native plant community to 
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function in its natural state may prevent invasive species from spreading extensively through 
the lake. Other advantages include no financial cost, no harmful effects of chemicals, and no 
permits are required. The major drawback is that small populations of invasive species may 
expand and require more extensive management in future years.  
 
A “Do Nothing” management approach for the aquatic plants in Lake Keesus will not meet the 
goals of promoting the native plant community, fish, and wildlife or facilitate lake access and 
recreational uses. Plant survey data from 2007 indicates that aquatic plants already present 
navigation and recreation nuisances.  
 
The expected outcome of a “do nothing” approach is unknown.  
 
Due to the nuisance and exotic, invasive plants present in Lake Keesus, “do nothing” is 
not a recommended approach. 
 
Manual Removal 

As the name suggests, manual removal is using a mechanized or non-mechanized implements 
to physically remove plants from the lake bottom.  There are a number of methods in practice 
to manually remove aquatic plants. 
 
Hand-pulling 

Hand-pulling is removing plants from the lake bottom with your hands or a rake.  This can be a 
very selective method of plant removal, but it is also very time and labor intensive.  The 
duration of control varies based on the type of plants removed and whether or not entire root 
systems or just stems are pulled.  This method is preferred for small areas and to control 
nuisance plants with a patchy distribution such as around docks and piers.  Best timing for 
hand removal of herbaceous plant species is after flowering but before seedhead production. 
For plants that possess rhizomatous growth the pulling of the roots is not generally 
recommended since it may stimulate new shoot production. No permit is required if plants are 
removed from areas less than 30 feet wide or if the only plant being removed is Eurasian 
water-milfoil or Curly-leaf pondweed unless it is in a sensitive area.  

A lake rake can be purchased for $80 – $115 on the internet or contractors may be hired from 
aquatic plant management companies. Care must be taken to minimize removal of native 
plants or Eurasian water-milfoil may colonize disturbed areas. This option would be a very 
effective, cost effective option for residents on Lake Keesus. 
 
Hand-pulling is a recommended aquatic plant control technique for Lake Keesus in 
nearshore riparian areas around piers, docks, and swimming areas. Riparians using this 
method should be trained to identify exotic versus native plants. Unless severe 
nuisance conditions exist, only exotic species should be removed to encourage native 
plants. 

Hand-cutting 

Hand-cutting is a similar technique to hand-pulling with the exception that the plant roots are 
not removed.  The amount of control provided by hand-cutting is limited.  The advantage of 
hand-cutting is that it provides immediate relief and is low cost.  Disadvantages include the 
short period of relief and the potential for repeated cuttings (some plants will grow back 
rapidly). Hand-cutting may also spread Eurasian water-milfoil fragments unless the entire cut 
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plant is removed. Because of the widespread Eurasian water-milfoil in Lake Keesus, hand-
cutting is not a recommended management technique. 
 
Hand-cutting is not a recommended plant management technique for Lake Keesus. 
 
Mechanical Removal 

Mechanical Harvesting 

Mechanical harvesting is using a large machine called a harvester to cut and remove aquatic 
vegetation to create navigation channels or improve fish habitat by creating edge habitat.  The 
vegetation is removed from the lake using a conveyance system at the shoreline to unload 
plant material.  The plant material is then disposed of off-site.  Harvester cutting depths are 
adjustable on newer machines.  Widths of cuts can vary from 4 to 20 feet while depths may 
vary from 3 to 10 feet.  Benefits of harvesting include immediate relief from nuisance conditions 
and the removal of plant material from the lake. Removing plant material from the lake reduces 
biological oxygen demand in the water column and eliminates the release of nutrients during 
the plant decay process. Selective cutting to remove topped out beds of Eurasian water-milfoil 
may be used to create a competitive advantage for low-growing native plants. Avoiding contact 
with the lake bottom is required and harvesters must  leave a minimum of 12-inches of rooted 
plant material to avoid lake bed disturbance. If plants are completely removed from the lake 
bottom their roots will no longer stabilize sediments.  
 
Drawbacks to harvesting include considerable start up and maintenance costs, non-selective 
plant removal, and repeated cuttings during the growing season.  Even though harvesters are 
equipped with plant collection devices, some fragments may drift into other sections of the lake 
and alter the plant community composition.  This is especially a concern for Eurasian water-
milfoil since fragmentation is its primary means to colonize new areas.  Harvesters are also 
difficult to use around piers and in shallow water. 
 
Mechanical harvesting has been a management tool used on Lake Keesus for a number 
of years to remove nuisance aquatic plant growth. The use of mechanical harvesting 
should continue on Lake Keesus to manage nuisance aquatic plant growth, but shallow 
areas (<3 feet deep) should be avoided to minimize disturbance of the lake bottom.  
 
Mechanical Cutting 

Cutters function identically to harvesters with the exception that plant material is not collected 
by the machinery.  This technique carries enormous risk in lakes with invasive plants and is not 
allowed by DNR. 
 
Mechanical cutting is not a management option for Lake Keesus because it is not a legal 
activity in the State of Wisconsin. 
 

Chemical Control 

Herbicides 

Herbicides are the lone type of chemical control available for aquatic plant management.  They 
are chemical substances that disrupt the growth cycle of plants. Aquatic herbicides are either 
systemic or contact in their mode of action and either selective or broad spectrum. 
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Systemic herbicides are absorbed and transported throughout the plant effectively killing the 
entire plant.  Contact herbicides only kill the exposed portion of the plant so plants may re-grow 
from the remaining roots.   
 
Selective herbicides will only damage the target plants versus broad spectrum herbicides which 
effect most if not all plants they come in contact with.  Herbicide selectivity depends on the 
chemical mode of action, the dose, how it is applied, and the timing of the application ( 
Table 7). There are systemic, selective herbicides available to manage Eurasian water-milfoil. 

 
Table 7 

Herbicides Used to Manage Eurasian water-milfoil (Italics indicate best suited for large-scale or whole lake 
treatments; remaining chemicals may be used for spot treatments) 

Source: Aquatic Ecosystem Restoration Foundation (2005) 

Herbicide Name Trade Name Formulation Mode of Action 

2,4-D Butoxyethlester (BEE) Aqua-kleen, Navigate Granular Selective, systemic 
growth regulator 

2,4-D Dimethylamine (DMA) DMA 4 IVM Liquid Selective, systemic 
growth regulator 

Diquat Reward, Weedtrine-D Liquid Nonselective, contact 

Endothall Dipotassium salt Aquathol K, Aquathol 
Super K Liquid Granular 

Rate and timing 
dependent selectivity, 

contact 

Endothall Dimethylalkylamine salt Hydrothol 191 Liquid or 
Granular Nonselective, contact 

Fluridone Avast!, Sonar Liquid or 
Granular 

Rate dependent 
selectivity, systemic 

Triclopyr Renovate 3 Liquid Selective, growth 
regulator 

Many systemic herbicides will provide longer control of target plants often extending into the 
following growing season.  Contact herbicides tend to produce shorter periods of control.  
Concerns related to herbicide include potential toxic effects on aquatic invertebrates, adding 
additional decaying plant material to the lake bed that may reduce oxygen levels and increase 
nutrients, and water use restrictions.  Each chemical has its own limitations and it is important 
to determine whether or not an application will cause conflicts between lake users (Table 8).  

 
 
 
 
 
 

Table 8 
Water Use Restrictions for Herbicides Used to Manage Eurasian water-milfoil 

Source: Aquatic Ecosystem Restoration Foundation (2005) 

Herbicide Name Trade Name Water Use Restrictions 
2,4-D Butoxyethlester Aqua-kleen, Navigate Drinking until below 70 ppb 
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Herbicide Name Trade Name Water Use Restrictions 
(BEE) Irrigation until below 100 ppb 

2,4-D Dimethylamine 
(DMA) DMA 4 IVM 

Same as Navigate 
May be toxic to invertebrates 

Diquat Reward, Weedtrine-D 
Drinking 1-3 days 

Recommended 1 day recreational use 
(reduces effectiveness) 

Endothall Dipotassium salt Aquathol K, Aquathol 
Super K 

Fish consumption 3 days 
Irrigation 7-25 days 
May be toxic to fish 

Endothall 
Dimethylalkylamine salt Hydrothol 191 Same as Aquathol K 

Fluridone Avast!, Sonar Recommended irrigation trees 7 days, crops 
14-30 days 

Triclopyr* Renovate 3 
Irrigation 120 days or until below detection 

Fish 30 days 
 
Chemical control is an effective management option along shorelines and around piers. 
Another advantage to chemical control is that it is affordable to many riparian homeowners. 
Treatment of small areas (50 feet by 150 feet) cost ranges from $100 – $300 per treatment or 
$600 - $1,500 per acre depending on the chemicals used. Large-scale treatments usually have 
a lower cost per acre and range from $300 – $1,200 per acre depending on the size of the 
treatment and the chemicals used. 
 
 A permit is required for all chemical controls under NR 107. It is highly recommended that 
riparian homeowners wanting to use chemicals to treat aquatic plants hire a licensed, certified 
professional applicator. Applying chemicals in a manner inconsistent with label instructions is 
prohibited by law.  
 
Chemical controls around piers to facilitate navigation and recreation would be beneficial for 
lake residents. Selective chemical controls to manage Eurasian water-milfoil and curly-leaf 
pondweed on a lake-wide scale are recommended. The WDNR provides cost-sharing 
programs up to 75% for approved chemical control projects under the AIS Control Grants. 
 
Chemical controls are recommended for aquatic plants on Lake Keesus. Herbicides are 
effective for local nuisance relief or lake-wide management of Eurasian water-milfoil and 
curly-leaf pondweed.  
 
Physical Control 

A number of options for physical control of aquatic plants are available depending on the 
characteristics of your lake and the management site. 
 
 

Dredging 

Dredging is the removal of lake sediments using mechanical or hydraulic equipment.  It is a 
non-selective technique that removes all plant material and lake bottom material.  Dredging will 



 

also increase the depth of management sites and will expose the original lake bed.  In many 
lakes, cultural eutrophication and increased sediment loads have covered the lake bottom with 
decaying plant material and silt.  Removing this material may improve the spawning habitat for 
some species and decrease it for others.  The disadvantages of dredging include high costs 
($5 – $30 per cubic yard) and general disruption of the aquatic habitat.  
 
Dredging is not recommended for Lake Keesus due to the high costs and non-selective 
removal of aquatic plants. Dredging sites would be located within Sensitive Areas and 
have a negative impact for these important habitats. 

Water Level Drawdown 

Drawdowns are a common method of aquatic plant control in lakes with water level 
manipulation capacity.  Winter drawdowns are the most common as many plants species 
cannot tolerate freezing conditions.  Drawdowns in the summer months rely on heat and 
desiccation to reduce plant abundance.  Once the lake level is brought up, some species may 
show a positive response to the drawdown; however, responses from Eurasian water-milfoil 
(and many other species) are unpredictable.  Other potential effects of a drawdown are: 
reduced oxygen levels in winter due to reduced water volume, benthic organisms may be 
impacted, and affects to shorelines and wetlands.  
 

Water level drawdown on Lake Keesus is not recommended. Nuisance plants persist in 
areas greater the 5 feet (height of the dam) and would likely re-colonize shallow areas 
exposed by the drawdown. 

Dyes 

Dyes are water soluble compounds mixed in lake water that limit light penetration and reduce 
plant growth.  Dyes favor species tolerant to low light conditions and may be used to create 
open water conditions where they might not otherwise occur.  The disadvantages to using dye 
are that they are generally not effective in depths less than 4 feet and require repeated 
applications as they degrade or flush from the application area.  
 
Due to the large water volume and potential impacts to native plants, this technique is 
not applicable to Lake Keesus. Dyes are not an approved method for aquatic plant 
management in lakes. 

Bottom Barriers 

Bottom barriers are one of the most basic physical control techniques. The lake bottom is 
covered with material to prevent plant growth. Materials used may be natural or synthetic. 
Synthetic materials include sheets or screens. One problem with synthetic materials is they 
may trap gases from decomposing plants resulting in them floating off the lake bottom. Another 
problem with synthetic screens or sheets is that they may eventually be covered with 
sediments allowing for plant re-colonization.  
 
Because of the cost of materials and installation, benthic barriers are best suited for use in 
small areas. They also have a negative impact on benthic communities by eliminating fish and 
invertebrate habitat. A WNDR permit is required to place a bottom barrier on the lakebed. 
 
Because EWM is interspersed with native plants, this non-selective method will harm 
native plants. Bottom barriers are not recommended for Lake Keesus. 
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Biological Controls 

Biological control in lakes is currently in the experimental phases of development.  As with 
many biological interactions, the effects of releasing organisms into a lake are only predictable 
to a certain degree.  In addition, biological controls tend to operate in a cyclical nature so the 
effectiveness as a management tool may vary from year to year. 
 
Grass Carp (Ctenopharyngodon idella) 

Grass Carp are an exotic carp species native to Eastern Europe and Asia. It is known as an 
aggressive consumer of aquatic plants, especially elodea and pondweeds. Grass Carp may 
completely eliminate aquatic plants once introduced. It is illegal to release Grass Carp into 
public waters in Wisconsin. 
 
Grass Carp are illegal to introduce in Wisconsin waters and are not a management 
option for Lake Keesus. 
 
Milfoil Weevil (Euhrychiopsis lecontei) 

The Milfoil Weevil has been documented in isolated circumstances to control Eurasian water-
milfoil populations in Wisconsin, Illinois, and Vermont.  Adult females beetles lay eggs on the 
tips of the milfoil plant. The larval weevils emerge and attack milfoil at its growth points and 
stems. Most evidence to date suggests that the feasibility of long-term control is unknown and 
that intensive stocking is required for lake-wide control (3,000 adults per acre) for a cost of 
$15,000 per acre.  Evidence also suggests that Milfoil Weevils are most effective on dense 
stands of milfoil and tend to avoid other plants. This technique is relatively unreliable and 
results are unpredictable.  
 
Based on the uncertain consequences associated with Milfoil Weevils, they are not 
recommended for Lake Keesus. 
 
Native Plants 

Native plants may compete with Eurasian water-milfoil if there is a healthy, diverse community 
present.  Eurasian water-milfoil thrives in disturbed conditions whether natural or human 
induced. One of the best ways to prevent EWM from spreading in a lake is to protect areas with 
a well established native plant community. On Lake Keesus this means only using selective 
management practices in areas where native plants are established. 
 
In cases where herbicide treatments have been highly effective, the most likely plant to re-
colonize a treated area is an invasive plant. One of the reasons EWM management is 
encouraged early in the growing season is to allow the native plants to re-colonize. Re-
colonization may occur from existing seeds or as a result of a planting/seeding program. If 
native vegetation is not found during a follow-up  
 
Two strategies to prevent re-colonization are spreading seeds of native species or 
transplanting adult plants.  Spreading the seeds over a treatment area must occur early in the 
growing season so plants may complete their life cycle.  If annuals go to seed, control may be 
effective the following year. This technique requires planning and the acquisition of seeds from 
in-lake sources or reputable nurseries. Transplanting adult plants to treatment areas should 
occur after plants reach full-size and before seeds are dropped.  Both of these techniques are 
effective at enhancing the native plant community and prevent re-infestations of invasive 
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plants. Costs for plant relocation are approximately $150 per hour. Large-scale native plant 
relocation is an important consideration to complement large-scale lake management of 
Eurasian water-milfoil. 
 
If a lake-wide Eurasian water-milfoil management program is implemented on Lake 
Keesus, it would be beneficial to include a native plant community restoration 
component if native plants fail to re-colonize management areas.  

INTEGRATED AQUATIC PLANT MANAGEMENT STRATEGY FOR LAKE KEESUS 
An integrated aquatic plant management strategy applies a number of different methods to 
effectively allow recreation while maintaining ecological benefits (Figure 22). For Lake Keesus, 
this management strategy will require a combination herbicides, manual removal, and 
mechanical harvesting. This strategy should focus on minimizing impacts to native plants, 
reducing EWM whenever possible, and promoting lake access and recreational uses. Table 9 
at the end of the “Plan Summary” section reviews the recommended plant management 
strategy including locations for each proposed action. 
 
Nearshore Areas 

Nearshore areas refer to portions of the lake bottom directly adjacent to developed shoreline 
areas extending lake ward to a distance of 150 feet. Control techniques in these areas should 
be limited to hand-pulling or raking and/or selective chemical treatments targeting Eurasian 
water-milfoil and/or curly-leaf pondweed. In areas with dense native aquatic plant growth, non-
selective chemical controls should be used to allow for lake access and recreation.  
 
Harvesting in shallow areas (<3 feet deep) should be avoided because of potential disturbance 
to lake sediments. Disturbing lake sediments creates invasion opportunities for Eurasian water-
milfoil and curly-leaf pondweed.  
 
Hand-pulling or raking is allowed along without a permit in an area up to 30-feet wide. While 
removal of any type of plant is allowed in the 30-foot zone, it is recommended that only 
Eurasian water-milfoil, curly-leaf pondweed, or nuisance native plants such as coontail are 
removed in this manner. Each of these plants is distinctive and easily identified with minimal 
training. Selective manual removal of Eurasian water-milfoil and curly-leaf pondweed is allowed 
in any shoreline area without a permit and is encouraged. Plants removed manually must be 
disposed of in a manner that will not allow the plant material to reenter the lake. 
 
Chemical treatments should occur to manage only Eurasian water-milfoil, curly-leaf pondweed, 
or nuisance densities of native plants. Chemical treatments are allowed in 50-foot wide by 150-
foot long areas with a permit issued by WDNR under NR 107. All chemical treatments should 
be performed by a licensed, certified applicator. Selective, systemic (systemic herbicides kill 
the entire plant) herbicides such as 2,4-D should be used to manage Eurasian water-milfoil, 
and treatments should occur early in the growing season (late spring to early summer) prior to 
the emergence of native aquatic plants while EWM is actively growing. Curly-leaf pondweed 
should also be treated in spring prior to turion formation (seed heads) to prevent reproduction 
and growth in following years. Selective herbicides to manage only curly-leaf pondweed are not 
available so treatments should occur during periods where native plants are not present. The 
use of selective herbicides and timing treatments to avoid native plants should encourage 
native plants to colonize treatments areas and reduce the need for chemical applications over 
time.  
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Contact (broad spectrum) herbicides should be avoided, but may be used as a management 
option in areas where aquatic plants other than Eurasian water-milfoil and Coontail are a 
nuisance around piers.  No contact herbicides should be used when the primary management 
target plants are either Eurasian water-milfoil or coontail. Contact herbicides only affect the 
exposed portion of the plant so plants may re-grow over the growing season. The use of 
contact herbicides creates disturbed areas on the lake bottom where the fast growing Eurasian 
water-milfoil may gain a competitive advantage. Treatment areas using contact herbicides 
should be limited to a 50-foot wide by 150-foot long area. Contact herbicide treatments should 
not occur until early summer to provide temporary relief from native plants impeding recreation. 
Many times consistent use of a boating lane will prevent native vegetation from creating 
nuisance conditions. 
 
To ensure adequate protection of native plants, all properties that request aquatic plant 
management by chemical methods should be inspected prior to chemical treatment to 
determine the optimal management strategy. The inspection should include using a rake type 
sampler to determine the types and density of plants present at each management site. Results 
of the inspection should be recorded to track aquatic plants at each property from year to year. 
If inspections cannot be conducted by the WDNR, an independent third party should be hired 
by the LKMD to supervise the chemical treatments. 
 
All financial obligations for plant management in nearshore areas should be the responsibility 
of the local riparian homeowner unless management is part of a lake-wide management 
program (discussed in next section).  It is recommended that the LKMD coordinate all chemical 
treatments occurring on the lake. Coordination would involve sending out an annual mailing to 
request residents to sign up for an herbicide management program, applying for a NR 107 
permit from WDNR, and soliciting bids for services from a commercial applicator for hire. 
District coordination allows for tracking of all chemical treatments on the lake, streamlines 
treatment inspections by WDNR, and may result in savings to residents on permit costs and 
competitive bidding for chemical treatments. 
 
Moderate levels of native aquatic plants do not restrict navigation or recreation. Beneficial 
native plants such as Chara, wild celery, or pondweeds act to restrict the spread of Eurasian 
water-milfoil and curly-leaf pondweed through competition. Visual evidence suggests Chara 
and native pondweeds are competing well with Eurasian water-milfoil where they are 
established. Whenever possible, treatments that affect non-nuisance native plants should be 
avoided.  The bays on Lake Keesus are productive due to organic sediments so it is unrealistic 
to expect shallow areas of the lake to be plant free.  
 
It is important to note that treatment strategies are NOT additive. Plant management is only 
allowed in either 1) a 30-foot wide area for manual removal, 2) a 50-foot area for selective 
herbicide application, or 3) a 50-foot wide area for contact herbicides. Situations creating a total 
management area in excess of the above specifications are illegal. The only exception to this 
rule is that Eurasian water-milfoil may be selectively removed by hand-pulling anywhere along 
a property’s frontage. Plant removal using multiple methods is allowed if it is confined to a 
single 30-foot wide area where plants closest to shore are manually removed and plants in 
deeper water are chemically treated (Figure 22). 
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Figure 22 

Integrated Aquatic Plant Management Strategy 
Source: NALMS and WDNR 

Harvesting 

The LKMD currently operates an Aquarius Systems HM-420 harvester with conveyor and 
transport. Harvesting has occurred widespread in the shallow areas of Lake Keesus for a 
number of years by the LKMD sponsored management program including around piers and 
depths <3 feet deep. Relatively deep blanket cutting of the three shallow bays and the northern 
bay occurs annually. The primary goal of harvesting is to accommodate recreational activities 
such as boating and skiing. 
 
The harvesting program should continue on Lake Keesus to provide nuisance relief and 
Eurasian water-milfoil control with the following recommendations: 
 

• Only areas >3 feet deep should be harvested to avoid bottom disturbance. Disturbing 
the lake bottom will create suitable habitat for invasion by pioneer species such as 
Eurasian water-milfoil or curly-leaf pondweed. Removing plant roots is strictly prohibited 
and will also destabilize sediments making them more susceptible to resuspension due 
to wave action. It is required to leave a minimum of 12 inches of plant growth along the 
lake bed in harvesting areas. 

• In areas containing existing infestations of Eurasian water-milfoil, harvesting operations 
should commence as soon as EWM is visible in the water column (late spring to early 
summer). Eurasian water-milfoil begins growing earlier than native plants. Early season 
cutting may provide native plants a competitive advantage and reduce the density of 
infestations. 

• In areas containing existing infestations of Eurasian water-milfoil, the cutting depth 
during the summer should be limited to the depth of native plant growth to provide a 
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competitive advantage to low-growing species. One adaptive mechanism of Eurasian 
water-milfoil is to form dense canopies which shade out native plants. Generally a 
cutting depth of 2-3 feet will remove the Eurasian water-milfoil canopy. Continuing 
harvesting operations through the summer will also reduce the biomass available for 
Eurasian water-milfoil autofragmentation. Autofragmentation is mechanical breakage 
which occurs at the end of the growing season. Fragments produced are viable plant 
material and may be transported over long distances by water currents which are a 
primary means for EWM to spread in a lake.  

• Areas containing native plant growth only should only be harvested if they present 
navigational problems such as the entrance to the shallow bays or lake-ward of 
residences. Common navigation channels abutting piers should be located 150 feet 
from shore and approximately 15-20 feet wide to accommodate boat traffic. Navigation 
channels in the central portion of each bay should be cut to a width of approximately 
100 feet to accommodate boat traffic. 

• Fishing lanes are not required on Lake Keesus based on 2007 survey results, but could 
be implemented if plant density increases. Plant density naturally varies from year to 
year. If fishing lanes are desired, they should be approximately 15-feet wide and occur 
at 100-200 foot intervals along the shoreline. 

• Aquatic plants adjacent to the remaining natural shoreline areas (wetlands, no homes) 
should only be harvested if Eurasian water-milfoil is observed at the water surface. 
These areas should be managed as fish and wildlife habitat zones. 

 
Lake-wide Eurasian water-milfoil Management  

Due to the widespread presence of Eurasian water-milfoil in Lake Keesus, a lake-wide 
management strategy should be implemented to limit the ecological impacts of this exotic 
invasive species. In 2007 approximately 50 acres (out of 70 acres total) of the three southern 
bays supported Eurasian water-milfoil growth. Additional isolated colonies were identified 
throughout the lake (Figure 16). The most effective method to remove Eurasian water-milfoil on 
a large scale is through the use of aquatic herbicides.  
 
Aquatic herbicide applications should define priority areas for management. Priority areas 
should focus on areas with the densest infestations and progress to areas of lesser density. On 
Lake Keesus, the densest infestations are in the three southern bays. Each bay contains 
moderately dense stands of Eurasian water-milfoil distributed uniformly at depths ranging from 
2 feet to the maximum depth of the bay (10, 11, and 7 feet respectively). The existing EWM 
infestation could be greatly reduced using selective early season herbicide treatments such as 
2,4-D. The timing of treatments will vary from year to year, but a general guide is to check the 
lake bottom for re-growth in areas where EWM was present in the previous year and initiate 
treatments when growth begins. If the treatments occur early in the spring when plant density is 
low and water temperature is low, the entire bay may be treated in one application. The 
treatments will likely have to be repeated for a number of years as some re-growth will occur, 
but over time the need for treatments should decrease. A long-term goal is to reduce the EWM 
management program to control small pioneer populations as they appear. 
 
If large-scale plant management activities occur on the lake (>10-acres or 10% of lake littoral 
zone), WDNR recommends a point-intercept survey should occur in the management areas in 
the year prior to management. A follow-up point-intercept survey should occur in spring just 
prior to treatment. A third point-intercept survey should occur post-management to document 
treatment effectiveness. This process should occur each year management occurs. Monitoring 

Hey and Associates, Inc.  41



 

should occur by a qualified independent third party not associated with the herbicide 
applications. 
 
A later transition to a maintenance program once the current infestation is under control is 
recommended to prevent widespread re-infestation post-management. Eurasian water-milfoil 
will likely never be eliminated from Lake Keesus, but can be greatly reduced especially in the 
shallow bays.  
 
Funding through the Aquatic Invasive Species Grants from the Wisconsin Department of 
Natural Resources is available on a competitive basis. Limited funding is also available through 
the Army Corps of Engineers. An herbicide management program to treat 50 acres of Eurasian 
water-milfoil would cost approximately $45,000-$60,000 in the first year with decreasing costs 
depending on treatment effectiveness in following years. A treatment program to minimize 
EWM would take approximately 3-5 years. Successfully managing EWM through chemical 
treatments would also likely reduce the need for harvesting since most native plants do not 
reach nuisance densities.  
 
The treatment costs could be reduced using WDNR AIS Control Grant Program funding. The 
local cost-share is 25% of total project costs. The monitoring requirements for AIS Control 
Grant projects are included in the “Monitoring” section below. 
 
Lake-wide Curly-leaf pondweed Management 

Curly-leaf pondweed is present in nearshore areas in the shallow bays including the northern 
bay of the lake and numerous small bays around the shoreline (Figure 17). Curly-leaf 
pondweed is unique because of its life history. It is a cold-water adapted plant that initiates 
growth in the fall. It is often found under the ice during the winter. In June CLP dies back after 
many native plants have begun growing for the year. The die back leaves vacant lake bottom 
and creates opportunities for Eurasian water-milfoil to establish through vegetative growth, 
autofragmentation, or growing from plant fragments carried in by boats.  
 
Currently curly-leaf pondweed does not present as widespread a problem as Eurasian water-
milfoil. There are numerous small colonies present on the lake, but plants were not observed to 
be topped out in large beds. The primary impact of CLP in Lake Keesus is around shorelines 
early in the growing season and near springs later in the growing season. In each case CLP 
growth may provide competition with native plants. It would be beneficial to remove curly-leaf 
pondweed especially in shoreline areas where transport of milfoil fragments is likely. This would 
allow more opportunity for native plants to colonize shoreline areas.  
 
Curly-leaf pondweed is best managed on a large scale using chemical applications or 
harvesting prior to turion production. A number of herbicides are available but most commonly 
formulations of endothall salts are used. They can be applied very early in the season as water 
temperatures reach 55 F and plants are actively growing. 
 
Monitoring  

The LKMD should continue its participation in the WDNR Self-help program. Tracking lake 
water quality trends may explain future changes in the aquatic plant community. 
 
An annual CLP and EWM mapping program should be implemented to track locations of plant 
colonies. Annual mapping could be completed by trained volunteers since both plants are 

Hey and Associates, Inc.  42



 

distinctive and easily identified. Curly-leaf pondweed should be assessed in late May or early 
June and Eurasian water-milfoil should be assessed sometime between July and August. 
 
A comprehensive point-intercept aquatic plant survey should occur once every 3-5 years as the 
aquatic plant management plan is updated. This activity is eligible for WDNR funding under the 
AIS or Lake Planning Grant programs. Periodic APM plan updates are required for WDNR 
issuance of management permits under NR 107 or NR 109. 
 
If large-scale plant management activities occur on the lake (>10-acres or 10% of lake littoral 
zone), a point-intercept survey should occur in the management areas in the year prior to 
management. On Lake Keesus, this would include the bays targeted as primary EWM 
treatment areas. A follow-up point-intercept survey should occur in spring just prior to 
treatment. A third point-intercept survey should occur post-management to document the 
treatment effectiveness. This process should be repeated each year management occurs. This 
is the recommended procedure to evaluate chemical treatments funded under the AIS Control 
Grant program. 
 
Implementation 

Implementation costs of aquatic plant management activities will be shared between individual 
homeowners and the LKMD. Generally, nuisance relief in nearshore areas around specific 
homes should be the financial responsibility of the homeowner unless treatments are a 
component of a lake-wide management strategy. The harvesting program is also funded 
indirectly by homeowners through the LKMD. If adopted as an official management strategy, 
lake-wide control of exotic plant species will be funded jointly by the LKMD and the WDNR AIS 
Control Grant program. 
 
Details of the implementation schedule are included in Table 9. 
 
Evaluation 

The Lake Keesus Aquatic Plant Management Plan should be revised in 3 to 5 years. If the plan 
is not updated, the LKMD may not be eligible for permits required to continue aquatic plant 
management.  Benchmarks to gauge the success of the current plan include data from aquatic 
plant surveys, feedback from the public regarding navigation and recreation, and water quality 
monitoring. 

AQUATIC INVASIVE SPECIES 
The previous sections focused on in-lake aquatic plant management planning activities. The 
following sections will focus on threats posed by AIS and AIS prevention and education. 
 
Threats Posed by Aquatic Invasive Species 

Exotic species are organisms introduced into habitats where they are not native. They are 
increasingly significant agents of ecological degradation. Exotic species, or biological pollution, 
are an emerging cause of biological diversity loss throughout the world. Exotic species also 
pose an incredible amount of economic burden for affected communities because they require 
constant management to minimize their impacts to infrastructure, recreational opportunities, 
gamefish populations, and aesthetics. 
 
The intentional or accidental introduction of exotic species is dangerous for a number of 
reasons. Exotic species do not experience the same pressures in new environments from 
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predators, parasites, pathogens, and competitors that keep them a balanced component of the 
aquatic ecosystem. Introduced species often overrun their new home and crowd out native 
species. In the presence of sufficient resources and a favorable environment, their numbers will 
explode. Once established, exotics rarely can be eliminated.  
 
Most species introductions are due to human action. Some historic introductions, such as carp 
and purple loosestrife, were intentional and do unexpected damage; however, the vast majority 
of exotic species introductions are accidental. The species are carried in on animals, vehicles, 
ships, commercial goods, produce, and even clothing. Many exotic species introductions are 
ecologically inert while others are beneficial. Other exotic introductions are harmful to and have 
even caused the extinction of native species. 
 
The recent development of fast ocean freighters has greatly increased the risk of new exotics in 
the Great Lakes region. Ships take on ballast water in Europe for stability during the ocean 
crossing and release the water when ships take on freight in Great Lakes ports. A combination 
of fast passage and relatively clean harbors allows exotic species to survive overseas journeys 
and thrive in the new waters when released.  
 
Lake Keesus’ proximity to the Great Lakes and waterways in the Mississippi River basin make 
prevention and education a key component in managing the lake. 
 
Exotic Species in Lake Keesus 

Currently there are a number of exotic species present in Lake Keesus. They are: Eurasian 
water-milfoil (Myriophyllum spicatum), Curly-leaf pondweed (Potamogeton crispus), zebra 
mussels (Dreissena polymorpha; unconfirmed infestation), and common carp (Cyprinus 
carpio). 
 
Eurasian water-milfoil (Myriophyllum spicatum)  

Eurasian water-milfoil is a submersed aquatic plant native to Europe, Asia, and northern Africa. 
All types of milfoil have slender stems whorled by submersed feathery leaves and produce 
small flowers above the water surface. Eurasian water milfoil has 9-21 pairs of leaflets per leaf, 
while Northern milfoil typically has 7-11 pairs of leaflets. 
 
Eurasian water-milfoil grows best in fertile, fine-textured, inorganic sediments. In less 
productive lakes, it is restricted to areas of nutrient-rich sediments. It is an opportunistic 
species that prefers highly disturbed lake beds, lakes receiving nitrogen and phosphorous-
laden runoff, and heavily used lakes. Optimal growth occurs in alkaline systems with a high 
concentration of dissolved inorganic 
carbon.  Source: UW-Herbarium

 
Eurasian water-milfoil is invasive due to 
its mode of reproduction. Since its seeds 
germinate poorly, Eurasian water-
milfoil’s primary reproductive strategy is 
fragmentation. Fragmentation is the 
process of breaking into small pieces. 
The fragments are moved by water 
currents, dispersed by waterfowl, or 
inadvertently picked up by boaters. 
Boaters may also move milfoil as it 
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becomes tangled in propellers. 
 
Once established in an aquatic community, milfoil reproduces from shoot fragments and 
stolons. Stolons are runners that creep along the lake bed. As an opportunistic species, 
Eurasian water-milfoil is adapted for rapid growth early in spring. Stolons, lower stems, and 
roots persist over winter and store the carbohydrates that help milfoil claim the water column 
early in spring, photosynthesize, divide, and form a dense leaf canopy that shades out native 
aquatic plants. Its ability to spread rapidly by fragmentation and effectively block out sunlight 
needed for native plant growth often results in monotypic stands. Monotypic stands of Eurasian 
water-milfoil are not suitable for many other aquatic species and threaten the integrity of 
aquatic communities. Examples include dense stands that disrupt predator-prey relationships 
by limiting access for predatory fish and reducing the number of native plants available for 
waterfowl feeding. 
 
Dense stands of Eurasian water-milfoil also inhibit recreational uses like swimming, boating, 
and fishing. The aesthetic impact of a milfoil-dominated lake is purplish-green matted 
vegetation. The growth and die-off of thick vegetation degrades water quality and depletes 
dissolved oxygen levels by cycling nutrients from sediments to the water column resulting in 
algae blooms. 
 
Curly-leaf pondweed (Potamogeton crispus) 

Curly-leaf pondweed is an invasive aquatic perennial plant native 
to Eurasia, Africa, and Australia. It was accidentally introduced to 
United States waters in the mid-1880s by hobbyists who used it 
as an aquarium plant and further spread via widespread common 
carp stocking in the 1800’s. The leaves are reddish-green, 
oblong, and three inches long, with distinct serrated wavy edges. 
The stem of the plant is flat, reddish-brown up to three feet long. 
Curly-leaf pondweed is rarely found in lakes after early July. 
 
Curly-leaf pondweed is commonly found in alkaline and high 
nutrient waters, preferring soft substrate and shallow water 
depths. It tolerates low light and low water temperatures. 
 
Curly-leaf pondweed spreads through winter buds called turions 
which resemble miniature pine cones. Turions are extremely 
resilient once they are formed and may stay viable in lake sediments for up to five years. 

Source: WIDNR

 
The life history of Curly-leaf pondweed is unique. Plants grow under the ice during winter when 
most plants are dormant or still seeds. This is the reason Curly-lead pondweed is widespread 
in many infested lakes in the early spring. The early growth pattern allows it to get a head start 
on and out-compete native plants. In mid-summer, when most aquatic plants are growing, 
Curly-leaf pondweed plants die back. Plant die-offs and the oxygen consumed as the plants 
decay may result in a loss of dissolved oxygen in the water column. The decaying plants 
increase nutrients as plants cells breakdown which contribute to algal blooms. Curly-leaf 
pondweed may form surface mats that interfere with aquatic recreation. 
 
 

Zebra mussels (Dreissena polymorpha) 
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The zebra mussel is a small bottom-dwelling clam native to Europe and Asia’s Caspian Sea 
region. Zebra mussels were introduced into the Great Lakes in 1985 or 1986 and have rapidly 
spread throughout the Upper Midwest. They were likely brought to North America as larvae in 
ballast water of ships that traveled from fresh-water Eurasian ports to the Great Lakes.  
 
Zebra mussels look like small clams with a yellowish or 
brownish D-shaped shell, usually with alternating dark- and 
light-colored stripes. They can be up to two inches long, 
but most are under an inch. Zebra mussels usually grow in 
clusters containing numerous individuals. By 1991, the 
mussels had made their way into the Mississippi River, 
most likely originating in the Illinois River. Populations of 
zebra mussels are steadily increasing to over several 
thousand individuals per square meter in some portions of 
the Mississippi river. Zebra mussels have a major competitive advantage to other freshwater 
mussels because they are the only freshwater mollusks that can firmly attach themselves to 
solid objects.  

Source: USGS 

 
Zebra mussels usually reach reproductive maturity by the end of their first year. Reproduction 
occurs through spawning when sperm and eggs are released into the water as the temperature 
reaches 68 degrees F. A fertilized egg results in a free-swimming, planktonic larva called a 
‘veliger.’  
 
Veliger remain suspended in the water column for one to five weeks eventually attaching to a 
any stable surface such as rocks, dock pilings, aquatic weeds, water intakes, boat hulls, etc. 
They attach to surfaces using adhesive structures called byssal threads. These threads attach 
to hard surfaces with a powerful glue that anchors the mussels in place. Small juveniles can 
actually break away from their attachments and generate new, buoyant threads that allow them 
again to drift with the currents and find a new home. 
 
Zebra mussels feed by drawing water into their bodies and filtering out the suspended 
microscopic plants, animals, and debris for food. This process can lead to increased water 
clarity and a depleted food supply for other aquatic organisms, including fish. The higher light 
penetration fosters growth of rooted aquatic plants which, although creating more habitats for 
small fish, may inhibit the larger, predatory fish from finding their food.  
 
 

Management Recommendations 
Source: ILDNR 

No selective method has been developed 
that succeeds in controlling zebra mussels 
without also harming other aquatic 
organisms. Ducks and fish will eat small 
zebra mussels, but not to the point of 
effectively controlling their populations. 
Water draw-downs may yield positive 
results in some situations, as the mussels 
are killed by deep freezing during winter. 
They are also susceptible to the scouring 
and freezing of winter ice along the shores 
of the Great Lakes. 
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Common Carp (Cyprinus carpio) 

Common carp are one of the most widespread invasive species. It has become so widespread 
in the U.S. that in most areas it is considered part of the native fauna.  Carp inhabit many 
streams and lakes in Wisconsin. They were originally introduced to many waters in the Midwest 
during the 1800’s to supplement food supplies.  
 
The common carp is regarded as a pest fish because of its tendency to destroy vegetation and 
increase water turbidity by dislodging plants and rooting around in the substrate, causing a 
deterioration of habitat for species requiring vegetation and clean water Common carp may 
destroy aquatic macrophytes directly by uprooting or consuming the plants, or indirectly by 
increasing turbidity and thereby reducing light for photosynthesis. Common carp have adverse 
effects on biological systems including destruction of vegetated breeding habitats used by both 
fish and birds, and an increase in turbidity. There is also evidence that common carp prey on 
the eggs of other fish species. 
 
Management Recommendations 

The fish community in Lake Keesus is healthy supporting an excellent bass and panfish fishery. 
Common carp are not considered a problem in Lake Keesus at this time and do not require 
management. 
 
Exotic Species Presenting a Threat to Lake Keesus 

New exotic species are introduced to the freshwaters of the United States at an incredible rate. 
In the Great Lakes alone since the early 1800's, at least 139 new aquatic organisms have 
become established in the Great Lakes via a number of different vectors with a new species 
discovered approximately every six months (Figure 23). Some exotic species blend in with the 
existing biological community while others present problems. This section will review a number 
of exotic species that may present a threat to Lake Keesus. 
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Figure 23 
Exotic Species Introductions and Introduction Method in the Great Lakes9 

 

            
 
Any type of aquatic life can pose a threat as an exotic species including: plants, 
microorganisms, crustaceans, mollusks, fish, and more. The primary vector of concern to 
introduce new exotic species to Lake Keesus is by boaters via bilge water, live bait, or bait 
buckets. Intentional releases are also a concern. The following sections discuss the various 
exotic species present in the Great Lakes and Mississippi River Basins that present a threat to 
Lake Keesus. At the end of this section, there are recommended actions to prevent the spread 
of exotic species to and from Lake Keesus. 
 
Plants 

Common Reed (Phragmites australis) 

Common reed is a widespread and aggressive invasive 
species with a global in distribution in freshwater 
wetlands. It is found throughout the United States and is 
widely distributed in Wisconsin. It appears is most 
common in the southern part of the state along the Great 
Lakes and in urban and agricultural areas.  It quickly 
colonizes roadside ditches and other disturbed sites. It 
also invades native wetlands at a slower rate.   
 
Because Phragmites does not usually produce large 
numbers of new seedlings, one of the most effective 
means for control is to monitor susceptible areas and 
destroy the new plants before they can expand 
vegetatively.  This is especially true in cases where 

                                                      
9 Mills, E. L., R. M. Dermott , E. F. Roseman, D. Dustin, E. Mellina, D. B. Conn, and A. P. Spidle. 1993. Colonization, ecology, and population 
structure of the “quagga” mussel (Bivalvia: Dreissenidae) in the lower Great Lakes. Canadian Journal of Fisheries and Aquatic Sciences 
50:2305–2314. 



 

wetlands have been disturbed, or in recently created or restored wetlands. Once established 
wetland vegetation is in place, the incidence of colonization by Phragmites is much reduced 
and expansion of the clones is much slower.  Application of herbicides can be effective in killing 
established populations of Phragmites.  Expectations are low for restoring wetlands already 
colonized by large, long-established populations of Phragmites in disturbed landscapes. 
 
Purple Loosestrife ( Lythrum salicaria) 

Purple loosestrife is a wetland plant from Europe and Asia. It 
was introduced into the east coast of North America in the 
1880’s. First spreading along roads, canals, and drainage 
ditches, then later distributed as an ornamental, this exotic 
plant is in 40 states and all Canadian border provinces.  
 
Purple loosestrife invades marshes and lakeshores, replacing 
cattails and other wetland plants. The plant can form dense, 
impenetrable stands which are unsuitable as cover, food, or 
nesting sites for a wide range of native wetland animals 
including ducks, geese, rails, bitterns, muskrats, frogs, toads, 
and turtles. Many rare and endangered wetland plants and 
animals are also at risk.  
 

Source: WIDNRPurple loosestrife thrives on disturbed, moist soils, often 
invading after some type of construction activity. Eradicating 
an established stand is difficult because of an enormous number of seeds in the soil. One adult 
plant can disperse 2 million seeds annually. The plant is able to re-sprout from roots and 
broken stems that fall to the ground or into the water.  
 
A major reason for purple loosestrife's expansion is a lack of effective predators in North 
America. Several European insects that only attack purple loosestrife are being tested as a 
possible long-term biological control of purple loosestrife in North America.  
 
Hydrilla ( Hydrilla verticillata) 

Source: WIDNR

Hydrilla is a prolific, rapidly-growing submerged aquatic plant that can thrive in water from a few 
inches to 20 feet deep. Leaves are small, 
triangular-pointed and occur in whorls of four 
to eight leaves along the stem. Unlike many 
native water plants, hydrilla leaves have 
serrated edges and one or more protruding 
barbs or bumps along the midrib on the 
underside. They are usually green but may 
bleach in the sun to yellow or brown. Stems 
are heavily branched near the surface and 
grow horizontally, forming dense mats of 
vegetation. Small tubers are present at the 
rooted base of the plant.  
 
Hydrilla is native to Africa and was brought to 
the United States as an aquarium plant. It is now widespread in southern states and has been 
reported as far north as Oregon, Iowa and Maine. Hydrilla has several methods of 
reproduction. It can spread to new locations via fragmentation similar to milfoil and it 
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reproduces using turions as Curly-leaf pondweed. Tubers, which form on the roots and can lie 
dormant for several years, can propagate new plants. Hydrilla can grow in a wide range of 
conditions, including low light, flowing or still waters, and in shallow or deep areas. It out-
competes the widespread invasive Eurasian water-milfoil with its even more rapid growth and 
reproduction. It is a serious threat to lakes and streams everywhere because of its adaptability.  
 
Other Species of Concern: 

• Water Hyacinth (Eichhornia crassipes) 
• Western Salt Cedar (Tamarix.spp.) 
• Parrot Feather (Myriophyllum aquaticum) 
• Brittle Naiad (Najas minor) 
• Alligator Weed (Alternanthera philoxeroides) 
• Floating primrosewillow (Ludwigia peploides) 
• Uruguayan primrosewillow (Ludwigia uruguayensis) 
• Chinese Tallow Tree (Triadica sebifera) 
• Flowering Rush (Botumus umbellatus) 
• Japanese Knotweed (Polygonum cuspidatum) 
• Australian Water Clover (Marsilea mutica) 
• Salvinia (Salvinia spp.) 
• Asian Spiderwort (Murdannia keisak) 

 
Microorganisms 

Viral Hemorrhagic Septicemia (VHS) 

Viral Hemorrhagic Septicemia is an infectious viral disease of fish that has been found in fish 
from the Atlantic Coast of Europe and Atlantic and Pacific Coasts of North America. 
Historically, VHS was known as a very serious disease of freshwater-reared rainbow trout in 
Europe. At least four different genetic strains or forms of the virus are known to exist. The North 
American marine strain has a 
relatively low infection rate 
compared to that of the 
European freshwater strain. 
Until 2005, VHS was only 
found in the marine 
environment in North America. 
Several fish kills in the Lower 
Great Lakes since 2005 have been associated with VHS. To date, VHS has been confirmed 
from wild fish in the Bay of Quinte Lake Ontario, Lake St. Clair, Lake Erie and the St. Lawrence 
River. Scientists believe that this appearance may represent an invasion of the freshwater 
strain in North America. 

Source: WIDNR 

 
In the Great Lakes, VHS has been found in smallmouth bass, yellow perch, crappie, 
muskellunge, northern pike, bluegill, walleye, round gobies, sheepshead, and some sucker 
species. 
 
It is unclear how the virus spread to the Great Lakes; it is possible the marine virus may have 
been introduced to the Great Lakes some time ago and it simply evolved to live in freshwater. 
The VHS virus is a strain that undergoes rapid mutations and may have adapted to freshwater 
environments in North America. Recently, VHS was found in stored fish samples that were 
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collected in the Great Lakes during 2003, suggesting the virus has been present in the Great 
Lakes for some time. 
 
It is unclear exactly how the disease is spread but it appears that the virus can be shed by 
infected fish into the water through metabolic waste materials, particularly by fish that survive 
the disease and become carriers. It also appears that carrier fish or offspring of carriers 
become more resistant to the disease. The virus can infect fish of all ages. It may enter a host 
fish through the gills or food or contact with some contaminated object. It does appear that 
stressed fish more vulnerable to viral infection. Typical fish stressors include sudden water 
temperature changes, crowded hatchery conditions and, spawning activity. The timing of the 
recent fish die-off in the Great Lakes coincided with the spawning by some of the fish species, 
such as muskellunge. 
 
Like many fish diseases, the type of symptoms present in a fish change with the severity of the 
infection. At low infection intensity fish may display few to no symptoms as is the case in most 
wild disease outbreaks. Hatchery or pen-reared fish are much more susceptible because of the 
confined conditions. As the infection severity increases, fish become darker and the eyes bulge 
with some bleeding around the eye and base of the fins. The gills are usually quite pale with 
some pin point bleeding. Mortalities appear at this point because hemorrhaging reduces the 
oxygen carrying ability of the blood. Dark red patches may appear on the front and sides of the 
head.  
 
If the fish is opened up, bleeding on the surfaces of the intestine, liver, swim bladder can be 
seen. Fluid also builds up in the body cavity giving the fish a swollen belly. Later, if infection 
increases, the body continues to darken and the eyes really stick out of the head. At this point, 
the gills look gray or even white and the fish may swim in a corkscrew pattern. Most fish kills 
from VHS occur in water temperatures from 40 to 60 F (3-12 C) and few occur at temperatures 
above 62 F (15 C). The detection of a VHS infection can only be made from sophisticated 
laboratory testing. A diagnosis cannot be made based solely on the observation of visible signs 
because many different diseases of fish have very similar signs of disease. 
 
Diseases like VHS run their course just as they do in human populations. At first mortalities 
may appear to be large, but many biologists believe that most fish can survive the disease if 
they are not otherwise stressed because mortalities generally occur in weaker, stressed fish. 
The remainder will build up a natural immunity to the virus and the numbers of fish killed by the 
virus will decline. 
 
There is no apparent health risk for people contracting VHS. Because it takes a long time to 
identify the causes of fish kills in lab studies, people should be cautioned against handling or 
eating any fish that does not act or appear to be healthy because of the risk of contracting 
avian botulism a bacterial disease that does pose a human health threat. 
 
One of the best management options is containment. Efforts should be made to eliminate or 
reduce the potential spread of the virus from the locations where it is known to exist. Actions 
such as not moving fish from the endemic area to areas outside the Great Lakes may be 
important. Many of the same preventative actions that are taken to reduce the spread of 
invasive species may also be appropriate. These include cleaning of boats before moving them 
between different bodies of water; cleaning, draining and drying of live wells and not moving 
bait minnows or other live bait from an endemic area to a non-infected area. To be fully 
effective, these containment efforts will need to be practiced by all users of the aquatic 
resource.  
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In a hatchery, the best means of controlling the disease is to prevent the contact of the virus 
and fish. This can be done by hatchery disinfection, egg treatment with anti-viral agents, and 
using ultra-violet light treatment of hatchery water. It is important to stock disease free fish and 
to monitor freshwater populations for signs of further spread. Information on diseased wild fish 
is difficult to obtain because they often die undetected and fish can decompose rapidly making 
disease diagnoses very difficult. New research is being developed that would allow more rapid 
detection of the disease. Statewide rules apply to boaters, anglers and wild bait harvesters in 
Wisconsin and went into effect April 4th, 2008. 
 
Other Diseases of Concern: 

• Carp Spring (Viremia habdovirus carpio) 
• Yellow Perch Parasite (Heterosporis) 
• Whirling Disease (Myxobolus cerebralis) 

 
Crustaceans 

Spiny Waterflea (Bythotrephes cederstroemi) 

The spiny waterflea is a small crustacean with a long, sharp, barbed tail spine. It is native to 
Great Britain and northern Europe east to the Caspian Sea. The Spiny waterflea was first found 
in Lake Huron in 1984 likely introduced via ballast water of a 
transoceanic freighter. Populations have can now be found 
throughout the Great Lakes and in some inland lakes.  

Source: UW-Center for Limnology

 
On a line, spiny waterfleas look like 3/8 inch bristly gobs of jelly 
with black spots.  The effects spiny waterfleas will have on 
freshwater ecosystems of the Great Lakes region are unclear. 
The animals may compete directly with young perch and other 
small fish for food, such as Daphnia zooplankton. They also 
may provide a food source for larger fish.  
 
Like many invasive species, Spiny waterfleas reproduce rapidly. During warm summer 
conditions, each female can produce up to 10 offspring every two weeks. As temperatures drop 
in the fall, eggs are produced that can lie dormant all winter.  
 
Spiny waterflea eggs and adults may wind up unseen in bilge water, bait buckets, and live-
wells. Also, fishing lines and downriggers will often be coated with both eggs and adults.  
 
Fishhook Waterflea (Cercopagis pengoi) 

Source: WA DFW 

Fishhook waterfleas are a predatory cladoceran. It is 
commonly called the "fishhook waterflea" because of its 
long tail that ends in a "hook." This characteristic of the 
prolific breeder causes them to catch on fishing lines and 
nets, fouling the angler's gear.  Fishhook waterfleas occur 
in brackish and pure freshwater environments and is a 
voracious predator that devours small plankton essential to 
the diet of larval fish.  Fishhook waterfleas are able to 
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reproduce sexually and parthenogenically. Parthenogenic reproduction is from unfertilized 
eggs. This ability allows for quick establishment of new populations with a relatively small seed 
population. 
 
Rusty Crayfish (Orconectes rusticus) 

Rusty crayfish are native to streams in the Ohio, Kentucky, and Tennessee region. They are 
spread by anglers who use them as bait. Rusty crayfish may cause a variety of negative 
environmental and economic impacts when introduced to new waters. They are an aggressive 
species that often displace native or existing crayfish species. Rusty crayfish displace other 
crayfish species through a combination of crayfish-to-crayfish competition and increased fish 
predation. The reason for increased fish predation on 
native crayfish is two-fold. Rusty crayfish force the native 
species from the best daytime hiding places making 
them more vulnerable to direct predation. Second, native 
crayfish avoid fish predation by swimming. Rusty 
crayfish assume a claws-up defensive posture which 
reduces susceptibility to fish predation.  
The most serious impact is the destruction of aquatic 
plant beds. Rusty crayfish have been shown to reduce 
aquatic plant abundance and species diversity.  

Source: WIDNR

 
Submerged aquatic plants are important in these systems for: 
 

• habitat for invertebrates (which provide food for fish and ducks),  
• shelter for young gamefish, panfish, or forage species of fish,  
• nesting substrate for fish, and  
• erosion control 

 
Rusty crayfish, especially juveniles, feed heavily on benthic invertebrates like mayflies, 
stoneflies, midges, and side-swimmers. It has been estimated that rusty crayfish might 
consume twice as much food as similar-sized native crayfish. Rusty crayfish are more likely to 
compete with juvenile game fish and forage species for benthic invertebrates than are native 
crayfish species. 
 
Bloody-red mysid (Hemimysis anomala) 

The bloody red shrimp is a mysid, a relative of the native 
Great Lakes opossum shrimp (Mysis relicta). Both species 
have stalked eyes and are generally less than 1/2 inch in 
length—the invader tends to be slightly smaller, though size 
ranges overlap. The bloody red shrimp is redder in color, 
and the native species is clearer, though both are quite 
variable. Identifications should be confirmed by an expert 
as several other mysid species are also invading across 
Europe with significant potential to become established in 
North America. 
 
The bloody red shrimp is native to the Ponto-Caspian 
region of Eastern Europe now infamous as the home of 
zebra mussels. Like zebra mussels, it spread across 
Europe, reaching the Baltic Sea in 1992 and the United 
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Kingdom in 2004. It was first reported in the Great Lakes by NOAA in samples collected in 
Muskegon, Michigan in November of 2006 in waters connected to Lake Michigan. This tiny 
shrimp forms swarms in excess of 135 per ft2.  
 
It has also been found in samples taken in Lake Ontario off Oswego, New York. In both 
locations, adults, juveniles, and pregnant females were found, indicating that this species is 
reproducing in the Great Lakes. Finding the bloody red shrimp in two separate locations 
suggests that the species may be wide-spread, and experts expect that it will be seen in 
additional locations as people begin actively looking for it.  
 
The impact of this species on the Great Lakes is yet unknown, but based on its history of 
invasion across Europe, significant impacts are possible. The bloody red shrimp is an 
omnivore; their diet includes zooplankton and algae. They may compete with young fish, while 
providing food for larger fish. The invasion of this species in some European reservoirs has 
been documented to accelerate silica cycling, resulting in blooms of diatoms and, in some 
cases, plating out of silica onto pipes. 
 
The bloody red shrimp prefers habitats associated with hard structures or rocky bottoms and 
actively avoids direct sunlight. It has a unique swarming behavior. During daylight hours, it may 
be observed forming reddish swarms in the shadows of piers, boats, or breakwaters. Swarms 
disperse at night, but in clear calm waters, the bloody red shrimp may be detected at night by 
shining a bright light on the water although the shrimp will rapidly swim away from the light.  
 
It is unknown at this point whether zebra and Quagga mussel beds in the Great Lakes will be 
suitable habitat for the shrimp. The species avoids soft bottoms and vegetation. In its native 
range, across Europe and in the Baltic Sea, the bloody red shrimp is found in water depths to 
166 feet. It seems to prefer slow moving waters, but has been found along rocky, wave-
exposed shorelines. The shrimp is also reported to spend daylight hours hiding in rocky 
crevasses and boulder cavities, but has also been observed swarming in shadowed areas near 
the surface by day. 
 
Mollusks 

Quagga Mussel (Dreissena bugensis) 

Quagga mussels are closely related to another invader, the zebra mussel. Quagga mussels are 
native to Caspian Sea drainage in Eurasia. They most likely arrived as stowaways in the ballast 
water of ocean going ships. Quagga mussels prefer 
silty or sandy lake bottoms. They can live in waters 
ranging from warm and shallow to deep and cold. 
They are also able to tolerate brackish water. Since 
zebra mussels cannot survive this range of 
conditions, they can thrive in areas that zebra 
mussels cannot.  
 
The Quagga mussel shell has a distinct rounded 
angle or carina. The Quagga mussel is convex 
which makes the Quagga mussel topple over when 
placed ventral side down on a flat surface. The 
zebra mussel will remain upright when placed in this position. 

Source: OR Department of Fish and Wildlife 
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Quagga mussels feed year-round including winter when the zebra mussel is dormant. Some 
researchers believe that Lake Erie's dead zone is likely the partial work of the tiny Quagga 
mussel’s non-stop feeding, its ability to live in deep water, and the excretion of phosphorous 
with its waste. 
 
The Quagga has been not been found in any inland lakes, but because they prefer silt- and 
sand-bottomed lakes, Quagga mussels may be able to successfully invade inland lakes with 
those characteristics if introduced, including some lakes not suitable for zebra mussel 
establishment 
 
Fish 

Asian Carp 

Asian Carp refers to a number of carp species 
that have been introduced to freshwaters in the 
United States including: Bighead Carp 
(Hypophthalmichthys nobilis), Silver Carp 
(Hypophthalmichthys molitrix), Black Carp 
(Mylopharyngodon piceus), and  
Grass Carp (Ctenopharyngodon idella) Asian 
carp are a significant threat because of their 
size, fecundity, and ability to consume large 
amounts of food.  

Source: USFWS

 
Asian carp can grow to 100 pounds and up to 
four feet in length. They are well-suited to the 
cold water climate of the Great Lakes region, 
which is similar to their native Eastern 
Hemisphere habitats. They will likely compete 
for food with the valuable sport and commercial 
fish. They are voracious predators able to 
consume in excess of ½ of their body weight in 
plankton daily. 
 
Asian Carp were initially introduced to the Mississippi River from southern aquaculture facilities 
in the early 1990s when the facilities were flooded. Asian carp have since made their way 
northward, becoming the most abundant species in some areas of the Mississippi and Illinois 
Rivers. In these areas they out-compete native fish and cause severe ecological and 
recreational problems. 
 
Bighead carp, native to the large rivers of eastern China, were first brought to the U.S. in 1972 
by a private fish farmer in Arkansas to improve water quality and increase fish production in 
culture ponds.  Bighead carp first began to appear in open public waters in the early 1980's, 
likely the result of escapement from culture facilities.  The species has now been recorded from 
within, or along the borders of, at least 18 states and are actively reproducing up and down the 
Mississippi River. 
 
The bighead carp is a very large deep-bodied, somewhat laterally compressed (narrow) fish 
with a very large head.  Scales are very tiny, resembling those of trout, and the eyes are 
situated below the midline of the body.  Gill rakers are long, comblike and close-set allowing 
the species to strain plankton from the water for food.  The bighead carp utilizes open water 

Hey and Associates, Inc.  55



 

areas, moving about in the surface zones of large lowland rivers, consuming large quantities of 
blue-green algae, zooplankton, and aquatic insect larvae and adults.  Because of its feeding 
habits, bighead carp is a direct competitor with paddlefish, bigmouth buffalo, and gizzard shad 
in addition to all larval and juvenile fishes and native mussels.  Bighead carp have the unusual 
habit of jumping out of the water from the sound of outboard motors. 
 
The silver carp is also native to the large rivers of eastern China and looks and acts very similar 
to the bighead carp.  Bighead carp have a keel on the belly that extends only partway to the 
head and has dark blotches along the back.  The keel on silver carp extends all the way to the 
head.  Silver carp have a smaller head and mouth than the bighead carp.  Like bighead carp, 
silver carp were imported into Arkansas in 1973 for use as phytoplankton control in culture 
ponds and as a potential food fish.  Silver carp are efficient at straining suspended material 
from the water through use of gill rakers that are fused into sponge-like porous plates.  Silver 
carp are also a competitor with all larval and juvenile fishes as well as adult paddlefish, 
bigmouth buffalo, and gizzard shad.  Silver carp have spread throughout the large rivers in the 
Mississippi basin and are reproducing in off-channel and backwater habitats.  
 
Black carp are native to most Pacific drainages of eastern Asia. They were first brought to the 
U.S. accidentally in the early 1970's with imported grass carp stocks delivered to a fish farm in 
Arkansas.  A second intentional importation occurred in the early 1980's for use as a food fish 
and as a biological control agent to combat the spread of a trematode parasite in cultured 
catfish.  The first and only known escapement or release occurred in Missouri in 1994 when 30 
or more black carp and several thousand bighead carp escaped into the Osage River in 
Missouri when high water flooded holding ponds at a private aquaculture facility near Lake of 
the Ozarks.  Black carp are the only one of the Asian carp species that has not established 
itself in the wild.  The gill rakers of black carp are fused and hardened for crushing the shells of 
mollusks and crustaceans.  Black carp pose a threat to other aquatic organisms through 
competition for food with native fishes and serve as hosts to a wide array of parasites that 
could have negative impacts on native species and potentially humans. 
 
Grass carp or white amur were imported from eastern Asia in 1963 to control submersed 
aquatic vegetation in aquaculture ponds.  Escapement from these aquaculture facilities 
occurred soon after importation and grass carp in the wild were first documented in the 
Mississippi River along Illinois in 1971.  Since that time grass carp have rapidly spread to 45 
states through the accidental and intentional, legal and illegal release by numerous state and 
federal agencies, private groups and individuals.  
 
Ruffe (Gymnocephalus cernuus) 

The ruffe is a small European member of the perch 
family that is native to central and Eastern Europe. It 
was introduced to the Duluth harbor, probably in 
tanker ballast water, around 1985, and is spreading 
to other rivers and bays around Lake Superior.  
 
In Europe, the ruffe is a pest species in waters it has 
invaded. Ruffe have shown explosive population 
growth and have had harmful impacts on native 
species and functions of aquatic ecosystems.  

Source: MIDNR

 
The ruffe's ability to displace other species in newly invaded areas is due to:  
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• High reproductive rate 
• High feeding efficiency across a wide range of environmental conditions  
• Characteristics that may discourage would-be predators such as walleye and pike.  

 
Ruffe are primarily bottom feeders, preferring dark environments where they can hide from 
predators. Ruffe rarely grow bigger than 5 inches, although the sharp spines on their gill 
covers, dorsal and anal fins make them difficult for larger fish to eat. 
 
Goldfish (Carassius auratus) 

Goldfish are not common, but are often released into waters by individuals maintaining home 
aquaria. They may also be unintentionally released from ornamental ponds. Goldfish are native 
to the temperate regions of Asia. 
 
Other Species of Concern: 

• Alewife (Alosa pseudoharengus) 
• Rudd (Scardinius erythrophthalmus) 
• Blueback Herring (Alosa aestivalis) 
• Nile Tilapia (Oreochromis niloticus) 
• Rainbow Smel (Osmerus mordax) 
• Red Shiner (Cyprinella lutrensis) 
• Round Goby (Neogobius melanostomus) 
• Sea Lamprey (Petromyzon marinus) 
• Threespine stickleback (Gasterosteus aculeatus) 
• White Perch (Morone Americana) 

 
Prevention Recommendations 

The steps to help prevent the spread of exotic species are simple10: 
 

• Drain water from bilge, boat, motor, bait wells and live wells  
• Remove weeds from the trailer, motor, or anywhere they may become tangled  
• Dispose of live bait in the trash, not in the water  
• Wash the boat and trailer with hot (104o F) water or let it dry in the sun for five days 

before going to a different water body.  
 
These steps are effective to prevent the spread of zebra mussels, aquatic plants, fish, and 
other invertebrates. 
 
The following statewide rules to prevent VHS apply to boaters, anglers and wild bait harvesters 
in Wisconsin and went into effect April 4, 200811. 
 

• Drain all water from your boat and trailer, containers, and fishing equipment including 
bait buckets and coolers.  

• Do not move live fish, including unused minnows, from these waters. All fish must be 
dead before leaving the landing or shoreline. Ice your catch and discard your minnows.  

                                                      
10 University of Wisconsin Sea Grant 
11 Wisconsin Department of Natural Resources 



 

• Do not use minnows unless they were purchased from a licensed bait dealer or you 
caught them from the water you are fishing.  

• Remove all visible plants, animals, and mud from your boat and trailer.  
• It is recommended to thoroughly clean boats, trailers, nets and other equipment when 

traveling between different lakes and streams. A solution of one part chlorine bleach to 
10 parts water kills the VHS virus and other germs that cause disease in fish. It also kills 
a wide range of aquatic nuisance species such as zebra mussels. 

 
The above recommendations will prevent the spread of plants, mollusks, microorganisms, and 
crustaceans to other lakes. Using these measures prior to launching on Lake Keesus will 
prevent the addition of new exotic species into the lake. 
 
An additional component to address AIS is the overall ecological health of Lake Keesus. 
Healthy ecosystems are generally more resistant to aquatic invasive species than degraded 
ecosystems. This is because many invasive species are colonizers of disturbed areas or can 
persist under harsh environmental conditions.  
 
The LKMD should investigate the feasibility of a boat washing station located on-site to prevent 
the introduction and spread of AIS. 
 
Response to New Infestations 

The LKMD should have a rapid response plan to address infestations of new aquatic invasive 
plant species. The suggested protocol is an adaptation of WDNR’s suggested response 
protocol to new Eurasian water-milfoil infestations. 
 
Pre-treatment 

1. Visual concurrence by trained DNR staff that it is an AIS. If there is doubt, proceed 
quickly with Herbarium or DNA verification but authorize project to proceed regardless. 
Collect voucher specimens and send to the U.W. Stevens Point Herbarium and notify 
SWIMS data manager in Central Office or enter information into SWIMS for statewide 
listing of existing populations.  

 
2. Use GPS and rake throws to precisely define the location of the colony or plants 

following the established population sampling protocol.  
 

3. Consider need and ability to quarantine the area - mark beds with buoys - to help 
prevent spread from boating activity in consultation with area Conservation Warden and 
Water Management Specialist.  

 
4. Visually survey entire lake littoral zone from a boat. Throw rakes at random points. If 

possible, deploy underwater survey, either SCUBA or video. This effort is best targeted 
after surface survey.  

 
5. Contact Bureau of Integrated Science Services and request point/intercept grids for 

entire lake. Deploy DNR survey crew, or sponsor retains qualified consultant, to survey 
and map aquatic plants during summer peak growing season (mid June to mid Sept).  

 
6. Sign boat landings, recruit/establish Clean Boats Clean Waters (CBCW) boat landing 

inspection program, inform and educate lake residents to recognize AIS and recruit 
volunteers or retain qualified consultant for ongoing monitoring.  
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Treatment 

1. Determine if herbicide is the appropriate tool. Scattered plants may be better dealt with 
through hand pulling. Hand pulling in conjunction with herbicide treatments has proven 
the most effective way to manage and possibly eliminate pioneer infestations over time. 
Hand pulling can be done throughout the season and should be integrated into all post-
herbicide treatment monitoring efforts. Bottom barriers may be an effective, though 
untried, method for control of small isolated beds. A chapter 30 permit is required for 
bottom barriers.  

 
2. If early season and plant is still actively growing, use pretreatment mapping (A2) to 

apply for NR 107 permit and conduct treatment using a systemic herbicide appropriate 
to the AIS identified.  

 
3. If mid to late season and plants are topped out (flowering) and reached mid-season 

dormancy, map bed following pretreatment protocol (A2) and prepare for spring or, fall 
and spring, treatment with a systemic herbicide. The decision to delay treatment needs 
to consider location - isolated vs. near boating traffic - the ability to quarantine and other 
factors that may enhance or help inhibit spreading.  

 
3.1.1 Hand pulling plants with SCUBA or snorkel divers collecting all plant fragments 

and disposing them inland on the shore is highly recommended at this stage.  
3.1.2 A contact herbicide can be used to kill apical tips /condemn fragments. This will 

eliminate/reduce plant biomass. Follow up treatment with systemic herbicide or 
hand pulling will be required to eliminate re-growth. Careful consideration of 
formulation and dose is needed to limit impacts to non-target native plants.  

3.1.3 The effectiveness of herbicide treatments on compact, small beds may be 
enhanced by deploying a barrier or curtain to help “hold” the chemical on plants. 
Most appropriate in flowing or large open water especially adjacent to deep 
water drop offs. (This is not an established procedure at this time - 
EXPERIMENTAL.) 

  
Post-treatment 

1. Following initial treatment, repeat all steps above as necessary until at least one season 
year after plant is no longer detected.  

 
2. Maintain monitoring/surveillance, education and CBCW efforts indefinitely.  

 
3. Obtain plant survey results and develop an aquatic plant management plan.  

 
Prevention and Education 

The LKMD should consider implementing a “Clean Boats, Clean Waters” program. The “Clean 
Boats, Clean Waters” watercraft inspection program is a volunteer-based effort to minimize the 
spread of aquatic invasive species. Volunteers are trained to organize and conduct a boater 
education program in their community. Adults and youth teams educate boaters on how and 
where invasive species are most likely to hitch a ride into water bodies. Volunteers perform 
boat and trailer checks for invasive species, distribute informational brochures, and collect and 
report any new water body infestations. Limited WDNR funding is available to support salaries 
for staffing boat launches under this program. 
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LKMD should maintain accurate signage at boat launch so visitors are aware of AIS present in 
Lake Keesus and methods to prevent spread to other area lakes. 

The LKMD should also invite any WDNR staff, consultants, and management professionals 
involved in managing Lake Keesus to provide a presentation on their activities at their annual 
meeting. 

PLAN SUMMARY 
The following section will be a summary of all recommendations related to aquatic plant 
management and aquatic invasive species planning and their relationship to the project goals 
listed in the introduction section of this report. The specific management objectives associated 
with each goal is also specifically defined under each goal including action items. The 
conclusion of this section will also include a summary table outlining recommended activities, 
an implementation schedule, potential funding sources, and responsibility for implementation. 
Figure 24 shows an overview of suggested aquatic plant management activities. 
 

Plan Goals 

Goal #1: Maintain a variety of water-orientated recreational opportunities for lake users 
and promote lake access in an environmentally sound way. 

Recreational opportunities are of utmost importance to the residents of Lake Keesus. The 
extensive Eurasian water-milfoil population in the lake requires management to facilitate the 
desired uses of the lake which include boating, water skiing (and similar activities), and fishing.  
 
Goal #2: Educate district landowners and lake users about the benefits of aquatic vegetation 

and the threats posed by aquatic invasive species to the lake ecosystem. 

Many lake users and residents are unaware of the benefits of aquatic vegetation and the 
threats posed by aquatic invasive species. Aquatic vegetation forms a large component of lake 
habitat and is a key element to support fish and wildlife. Aquatic invasive species disrupt the 
natural balance of aquatic ecosystems. Their populations often grow unchecked because they 
lack the competitors, predators, and diseases found in their native range. Education programs 
are a key element to promote protection of native plants and to prevent the introduction and 
spread of aquatic invasive species. Prevention is also the easiest and least expensive means 
to manage aquatic invasive species. 
 
Goal #3: Protect and restore valuable wildlife and fish habitats. 

Too many plants, too few plants, or the wrong types of plants can promote an unbalanced 
fishery and limit habitat for wildlife. Too many plants may result in stunted panfish populations 
by preventing predation. Predators such as northern pike and largemouth bass will likely also 
suffer. Too few plants result in a lack of habitat and food for desirable fish species and wildlife. 
The wrong types of plants refer to invasive species such as Eurasian water-milfoil and curly-
leaf pondweed. 
 
Goal #4: Minimize the impacts of existing aquatic invasive species to the lake ecosystem 

and prevent the addition of new aquatic invasive species. 

Aquatic invasive species are a threat to lake ecosystems because they lack the checks and 
balances of native species such as competition, predation, and diseases. Prevention is the 
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ultimate means to reduce the ecological impact of AIS. Encouraging a healthy native plant 
community is the best means to limit the impacts of AIS. 
 
Plan Objectives and Action Items 

The recommended objectives (●) and action items (○) to support the project goals are: 
 

• Limit harvesting of native plants in shallow areas of the lake (<3 feet) to avoid bottom 
disturbance 

o Promote environmentally sound plant management and increase resistance to 
invasion by aquatic invasive species  

o Prevent spread of invasive plants and maintain habitat in shallow areas utilized 
by young fish 

 
• Avoid harvesting along shorelines in undeveloped areas of the lake 

o Allow natural growth of submergent and floating-leaf plants  
 

• Create navigation channels near homes and in major boat traffic areas of the lake using 
the harvester to increase lake access 

o Navigation channels are highest management priority for harvesting 
o The LKMD should apply for NR 109 permit in April of each year 
o Harvesting should commence in summer as aquatic plants approach the lake 

surface and continue throughout the growing season as needed 
 

• Continue the existing aquatic plant harvesting program to remove topped out and near 
surface growth of nuisance Eurasian water-milfoil growth in the shallow bay general use 
areas create more usable surface area for lake uses. The total areas harvested will vary 
from year to year depending on annual plant growth and other management actions 
taken but should not exceed 90 acres.  

o Removing nuisance vegetation in bays is secondary priority 
o The LKMD should apply for NR 109 permit by end of March of each year 
o The WDNR will issue an NR 109 permit with the following restriction: harvesting 

in the shallow bay general use areas may only occur when Eurasian water-
milfoil has >50% coverage or frequency of occurrence in the top 2 feet of the 
water column. The harvesting supervisor must verify that the topped out plants 
are Eurasian water-milfoil and not native pondweeds. 

o Removes overly dense plant growth to create open habitat for predatory fish 
o Promotes native plant growth which provide better wildlife habitat  

 
• Create fishing lanes using along shoreline 

o Fishing lanes are the lowest priority 
o The LKMD should apply for NR 109 permit by end of March of each year 
o Harvesting should commence in summer as aquatic plants approach the lake 

surface and continue throughout the growing season as needed 
 

• Manually remove plants (hand-pulling or raking) in nearshore areas around piers to 
enhance recreational opportunities such as swimming and boating 

o Preferred management alternative around piers and swimming areas 
o Recommend only removing non-native and nuisance plants 
o Responsibility of individual homeowner 
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o Native plants may be removed from 30-foot wide area without a permit as long 
as plants are not in a sensitive area 

o Non-native plants may be removed from entire shoreline without a permit 
o All plants must be disposed of in a manner such that they will not be 

reintroduced to the lake 
 

• Selective chemical treatments around piers and swimming areas are recommended to 
remove aquatic invasive plant species (EWM and CLP) 

o Promote re-colonization by native plants 
o Funded by interested homeowners 
o LKMD should facilitate homeowner treatment program by acting as permit 

applicant and coordinator 
o LKMD should mail sign up materials to homeowners in January 
o LKMD should collect bids for homeowner treatments in February 
o LKMD should apply for NR 107 permit by end of March each year 

 
• Broad spectrum chemical treatments should occur around piers to remove nuisance 

levels of native vegetation 
o Increases recreational opportunities and lake access 
o Only allow if other management options are unfeasible 
o Funded by interested homeowners 
o LKMD should facilitate homeowner treatment program by acting as permit 

applicant and coordinator 
o LKMD should mail sign up materials to homeowners in January 
o LKMD should collect bids for homeowner treatments in February 
o LKMD should apply for NR 107 permit by end of March each year 

 
• Implement a lake-wide Eurasian water-milfoil management program 

o Increases recreational opportunities and enhances lake access 
o Limits impacts in lake and spread to other lakes 
o Funded by LKMD and WDNR AIS Control Grant Program 
o Apply for AIS Control Grant 
o Conduct pre-project monitoring and determine treatment acreage 
o Request bids for chemical applications from qualified firms 
o LKMD should apply for NR 107 permit by end of March each year 
o Goal = 10% or less frequency of occurrence and small scale maintenance 

herbicide applications 
 

• Implement a lake-wide curly-leaf pondweed management program 
o Increases recreational opportunities, lake access, and limits impacts and spread 

of AIS 
o Funded by LKMD and WDNR AIS Control Grant Program 
o Apply for AIS Control Grant 
o Conduct pre-project monitoring and determine treatment acreage 
o Request bids for chemical applications from qualified firms 
o LKMD should apply for NR 107 permit by end of February each year 
o Goal = 5% or less frequency of occurrence and small scale maintenance 

herbicide applications 
 

• Continue educational campaign to on the benefits of aquatic plants and the threats 
posed by aquatic invasive species 
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o Request annual presentations from UW-Extension or WDNR to receive up to 
date information on AIS 

o Request attendance at annual meeting by lake consultants, WDNR staff, and 
lake managers to update LKMD residents on status of lake  

o Maintain proper signage at boat launch to make public aware of existing AIS in 
Lake Keesus and proper techniques to clean boat after boating in infested 
waters 

 
• Implement a Clean Boats, Clean Waters program  

o Boat landing staff should attend training session in 2009 
o Conduct minimum of 200 hours of monitoring annually 
o Apply for AIS grant to fund up to $4000 annually 
o $12 per hour maximum for labor 

 
• Establish local volunteer lake monitors to survey for Eurasian water-milfoil and curly-leaf 

pondweed 
o Volunteer lake monitors should be trained prior to 2009 monitoring season 
o Boat launch should be checked monthly for potential AIS 
o Existing beds of EWM and CLP should be mapped in the spring (CLP) and late 

summer (EWM) and compared to previous years 
 

• Develop and implement a rapid response program for newly detected AIS plant species 
o LKMD funded program 
o WDNR protocol for new EWM population response 

 
• Investigate the feasibility of adding a boat washing station on-site 

o LKMD to determine on-site requirements and costs
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Figure 24 

Aquatic Plant Management Strategy for Lake Keesus 
 

 Natural Shoreline Areas  Shallow Bay Navigation Channels 
• Harvesting – none • Harvesting – top priority to provide lake access 

cutting at 2-3 foot depth in areas greater than 3 
feet deep; 15-20 feet wide adjacent to shorelines 
and ~100 feet wide at bay entrances 

• Herbicides – follow guidelines for lake-wide AIS 
control program 
 

 Developed Nearshore Areas • Herbicides – follow guidelines for lake-wide AIS 
control 
 

• Manual Removal – primary recommend 
management option to remove all AIS and 30 
foot wide section of nuisance non-AIS plants 
(permit required in sensitive areas) 

 Shallow Bay General Use Areas 
• Harvesting – 2nd priority to remove topped out 

Eurasian water-milfoil cutting at 2-3 foot depth in 
areas greater than 3 feet deep; harvesting in the 
shallow bay general use areas may only occur 
when Eurasian water-milfoil has >50% coverage 
or frequency of occurrence in the top 2 feet of 
the water column. The harvesting supervisor 
must verify that the topped out plants are 
Eurasian water-milfoil and not native 
pondweeds. 

• Harvesting – None unless depth greater than 3 
feet to avoid bottom disturbance 

• Herbicides – Selective removal of AIS using 
selective herbicides; Nuisance control if needed 
with broad spectrum herbicides; Follow 
guidelines for lake-wide AIS control 
 

(F) Fishing Area 
• Harvesting – 3rd priority to cut 15-20 foot wide 

channels at 100-200 foot intervals; only harvest if 
dense vegetation 

• Herbicides – follow guidelines for lake-wide AIS 
control 
 
 
 

• Herbicides – Follow guidelines for lake-wide AIS 
control
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Table 9 
Aquatic Plant Management Plan Recommendations 

 
Area/Activity Developed Nearshore 

Areas 
Shallow Bay Navigation 
Channels 

Natural Shoreline Areas Shallow Bay General 
Use Areas 

Fishing Area Monitoring AIS Prevention 

Criteria Adjacent to piers or developed 
shoreline within 150 feet from 
shoreline 

Three southern bays and northern 
bay 150-170 feet from shoreline 

Any nearshore area without 
development 

Areas in the middle of shallow 
bays >150-170 feet from shore 

Area marked “F” on Figure 24 at 
mouth of eastern bays 

Water quality and aquatic plant 
community 

Signage and Education 

Recommendations No management of native plants 
unless nuisance 
 
Hand-pulling of AIS along entire 
shoreline (homeowners; permit 
required if in sensitive area) 
 
Hand-pulling of natives only in 30-
foot wide area if nuisance 
conditions (homeowners; permit 
required if in sensitive area) 
 
No harvesting in <3-foot water 
depth and must leave 12 inches of 
aquatic vegetation on lake bed 
(LKMD) 
 
Selective herbicide applications for 
AIS (homeowners $$$, LKMD $$$ 
if lake-wide program, ***all 
herbicide applications should be 
completed by a certified and 
licensed herbicide applicator) 
 
Broad spectrum herbicide 
applications if no other 
management options apply and 
nuisance conditions exist 
(homeowner funded, ***herbicide 
applicator) 

Harvest topped out EWM at a depth 
of 2-3 feet when water depth >3-feet 
 
Harvest native vegetation if at surface 
or impedes navigation in high use 
areas (lakeward of shorelines at 15 to 
20-feet wide and/or along center of 
bays at 100-feet wide) in areas >3-
foot depth; must maintain 12 inches 
of plant growth along lake bed 
 
Selective late spring/early summer 
chemical applications for EWM when 
plants are actively growing (LKMD) 
 
Selective spring chemical 
applications for CLP when water 
temperature >55 F and prior to turion 
formation (LKMD) 

No harvesting 
 
Selective late spring/early 
summer chemical applications 
for EWM when plants are 
actively growing (LKMD) 
 
Selective early spring chemical 
applications for CLP when water 
temperature >55 F and prior to 
turion formation (LKMD) 

Harvesting in the shallow bay 
general use areas may only 
occur when Eurasian water-
milfoil has >50% coverage or 
frequency of occurrence in the 
top 2 feet of the water column. 
The harvesting supervisor must 
verify that the topped out plants 
are Eurasian water-milfoil and 
not native (LKMD) 
 
Selective late spring/early 
summer chemical applications 
for EWM when plants are 
actively growing (LKMD) 
 
Selective early spring chemical 
applications for CLP when water 
temperature >55 F and prior to 
turion formation (LKMD) 

Harvesting is low to cut 15-20 
foot wide channels at 100-200 
foot intervals; only harvest if 
dense vegetation that impedes 
fishing activities (LKMD) 
 
Herbicides should follow 
guidelines for lake-wide AIS 
control (LKMD) 

Collect growing season Secchi 
depths and water quality 
monitoring (LKMD/WDNR) 
 
Conduct spring CLP mapping 
(LKMD) 
 
Conduct summer EWM mapping 
(LKMD) 
 
CBCW program for minimum of 
200 hours during summer 
(LKMD) 
 
Pre- and post-plant community 
monitoring associated with 
large-scale plant management 
(LKMD $$$, consultant) 
 
Complete comprehensive point-
intercept aquatic plant survey 
every 3-5 years as part of APM 
plan update (LKMD $$$, 
consultant) 

Maintain accurate signage at 
boat launch for AIS present 
and prevention methods 
 
Request presentation at 
annual meeting from WDNR, 
lake consultants, and lake 
managers 
 
Adopt rapid response strategy 
for new infestations of plant 
AIS 

Party Responsible for Implementation Variable (noted above) LKMD LKMD $$$ and ***Herbicide 
Applicator 

LKMD LKMD Variable (noted above) LKMD 

Implementation Schedule and Actions 
Required 

Ongoing; Annual applications for 
NR 107 permits 

Ongoing; Annual applications for NR 
107/109 permits, Application for AIS 
Control Grant for lake-wide herbicide 
program in fall 2009 

Ongoing; Annual applications for 
NR 107/109 permits, Application 
for AIS Control Grant for lake-
wide herbicide program in fall 
2009 

Ongoing; Annual applications for 
NR 107/109 permits, Application 
for AIS Control Grant for lake-
wide herbicide program in fall 
2009 

Ongoing; Annual applications for 
NR 107/109 permits, Application 
for AIS Control Grant for lake-
wide herbicide program in fall 
2009 

Ongoing; Train volunteers for 
2009 monitoring season, train 
new volunteers as needed 

Ongoing; Adopt rapid 
response strategy in 2009 
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APPENDIX A – AQUATIC PLANT SURVEY DATA SHEETS
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APPENDIX B – FISH SURVEY RESULTS
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APPENDIX C – AQUATIC PLANT SURVEY SUMMARY DATA 


