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EXECUTIVE SUMMARY 
 

 
The Pewaukee Lake Sanitary District commissioned Eco-Resource Consulting to prepare 
a report that identifies and describes aquatic plant management strategies and methods for 
this urban lake setting.  This report: 
 

• summarizes the history of lake management in Pewaukee Lake,  
• summarizes the physical characteristics of the lake,  
• summarizes the regional setting,  
• discusses shallow lake ecology and the “trophic cascade” concept. 
• describes the aquatic plant community including exotic species,  
• discusses the water quality of the lake,  
• describes aquatic plant community assessment methods, 
• provides an aquatic plant community assessment of Pewaukee Lake, 
• discusses fisheries and aquatic plant management, and 
• provides a summary and recommendation including updates to the aquatic plant 

management plan found in “A Lake Management Plan for Pewaukee Lake 
(SEWRPC, 2003) 

 
Pewaukee Lake has a long history of aquatic plant management.  Exotic invasive aquatic 
plant species, most notably Eurasian water-milfoil, in the last 40 years has created 
increased difficulty with respect to the aquatic plant management.  Exotic species 
management will continue to be an integral component of the lake management process. 
 
Aquatic plants can have a substantial impact on internal nutrient cycling especially in 
areas of heavy growth like the eastern basin, and especially with Eurasian water-milfoil 
and curly-leaf pondweed.  These species typically lose biomass during the height of the 
growing season, which rapidly recycle nutrients to fuel algae blooms.  Early spring 
harvesting and harvesting after the recreation season (fall harvesting), removes nutrients 
from the lake and may delay or reduce future milfoil growth.  The current aquatic plant-
harvesting regime recommended by SEWRPC in 2003 is consistent with accepted 
scientific research and should continue while keeping track of the ever-changing options 
being used elsewhere.  Aquatic plant management of exotic species has a dynamic nature, 
especially when new species are introduced into the ecosystem.  Careful monitoring and 
an action plan are recommended to diminish the impact of any future exotic plant and 
animal invasions. 
 
Future plant surveys should include a species list of all aquatic plants found in the lake, 
not just in sampling plots, and should include the frequency of plant occurrence as a 
number for more effective assessment.  Harvesting “cruising channels” in dense aquatic 
plant beds can enhance fishery resources.  Continued monitoring of fish and invertebrate 
species populations will aid management planning.   
 
Aquatic vegetation management in Pewaukee Lake should maintain a healthy and diverse 
lake ecosystem with aquatic plants, large zooplankton, and predator fish in relative 
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abundance.  Aquatic plant and wildlife management techniques have to be applied 
carefully to maintain the most desirable ecological state that is attainable. 
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INTRODUCTION 
 
The primary goal of the aquatic plant management program for Pewaukee Lake is to 
provide a full range of recreational access opportunities for all lake users – focused on 
those areas of the Lake within which aquatic plants can become overly abundant – in a 
manner that preserves and maintains the underlying natural resource base of the Lake 
(SEWRPC, 2003).  For this reason Lake Pewaukee Sanitary District commissioned Eco-
Resource Consulting to prepare a report that analyzed past aquatic plant community 
trends and management practices, projected future problems, and reviewed the aquatic 
plant management section in “A Lake Management Plan for Pewaukee Lake (SEWRPC, 
2003) so that the plan is periodically updated to address future problems. 
 
Pewaukee Lake has a long history of management and human impact beginning with 
construction of a dam on the Pewaukee River in 1838 that flooded a wetland which, 
combined with Snail Lake, created what is now known as Pewaukee Lake.  A large area 
of the lake supports aquatic plant growth; therefore aquatic vegetation management has 
been and continues to be a long-term concern. 
 
 As early as 1888, aquatic plants were cut to allow the mail boat to make its rounds.  In 
1938 citizens met to determine how to manage aquatic plants and the Lake Pewaukee 
Sanitary District (LPSD) was later formed in 1944.  From 1945 to 1985 a variety of 
chemicals were used to treat aquatic plant nuisances.  Between 1950 and 1969 Pewaukee 
Lake was treated with 312,908 pounds of sodium arsenite (no other lake in the state was 
treated with more than 200,000 pounds), 125,454 pounds of copper sulfate (second only 
to Lake Waubesa in Dane County for the total amount of copper sulfate used for algae 
control), and 6,466 pounds of organic herbicides including Endothall, Diquat, Silvex, and 
2,4-D (Lueschow, 1972).   With the amount of sodium arsenite and copper sulphate used, 
it is obvious that Pewaukee Lake suffered from both heavy aquatic plant and algae 
growths.   
 
Aquatic plant harvesting and shoreline clean up began in 1947 (Fig. 1).  LPSD 
discontinued using chemicals in 1985, favoring harvesting and shoreline cleanup for 
aquatic plant management.  In 1984 the first Lake and Watershed plan was completed for 
Pewaukee Lake by the Southeastern Wisconsin Regional Planning Commission 
(SEWRPC) and was later updated in 2003.  Citizen committees met over the years to 
analyze and advise the LPSD on aquatic plant management issues.  In 1985, the use of 
chemical herbicides was discontinued on Pewaukee Lake.  A Citizens Advisory 
Committee supported the abandonment of chemicals and an expansion of aquatic plant 
harvesting in a plan entitled An Aquatic Plant Management Plan for Pewaukee Lake, 
Pewaukee, Wisconsin, January 1992.   The expansion of aquatic plant harvesting and 
removal of harvested plant material will reduce nutrients available for regrowth of EWM 
and allow better diversity of native aquatic plants.  
 
In general, the water quality of Pewaukee Lake has improved from a eutrophic state to a 
mesotrophic state between 1984 and 2003 (SEWRPC, 2003). However, aquatic plant 
management has been complicated by the invasion of the exotic species Eurasian water-

 4



milfoil (Myriophyllum spicatum) and curly-leaf pondweed (Potamogeton crispus), and 
this condition bears little relationship to trophic status as these species can invade lakes 
over a broad range of water qualities.  
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Figure 1.  Early harvesting machine, allegedly developed by Matt Grinwald for use on 
Pewaukee Lake 
 
There were no aquatic plant surveys done on the lake before 1967 and no quantitative 
surveys before 1988. With this history of plant surveys for Pewaukee Lake, a database of 
information from other area lakes, and recent comparison techniques it is now possible to 
analyze how the quality of the aquatic plant community in Pewaukee Lake compares to 
other area lakes, how that community has changed over the years, how the change relates 
to management techniques, and to make some projections for the future.  
 
Continuing research allows for a better understanding of the biology of aquatic plants 
including the exotic, invasive species like Eurasian water-milfoil and curly-leaf 
pondweed.  Recent research focuses on the biology of shallow lakes that is appropriate to 
managing the eastern basin of Pewaukee Lake.  
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THE LAKE 
 
Pewaukee is a 2500-acre lake located in the north central Waukesha County, Wisconsin.  
The lake has two principal, but limnologically different basins (Fig. 2). The 1,100 acre 
eastern basin is a flooded wetland.  The maximum depth of this basin is about 10 feet. 
Limnologically, it is a shallow lake and follows shallow lake ecology.  The entire basin is 
a littoral zone; which supports rooted aquatic plant (macrophyte) growth.    
 
The western basin is a deep-water natural lake of 1400 acres, formally known as Snail 
Lake.  This basin has deep-water lake ecology.  It has a shallow littoral zone that extends 
to a water depth of approximately 15 feet and a deep profundal zone that reaches a 
maximum water depth of 45 feet.  The western basin is dimictic and is subject to 
temperature stratification during the summer and winter.   
 

 
 
Figure 2. Map of Pewaukee Lake showing depth contours and aquatic plant distribution, 
2000 (source: SEWRPC, 2003) 
 
Approximately 65% (Helsel et al., 1999), or 1625 acres of Pewaukee Lake supports 
rooted aquatic plant growth.  About 1100 acres of this is in the eastern basin and 525 
acres in the western basin. It is important to understand that the ecology of these two 
basins is quite different.  The eastern basin is 100% littoral zone while the western basin 
is about 38%.  Macrophytes are a much more dominant component of the eastern basin 
ecosystem.  
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THE REGIONAL SETTING 
 
A lake is a reflection of its watershed and the ecoregional characteristics where it is 
located.  These ecoregional characteristics include soils, vegetation, climate, geology, 
physiography, water quality, hydrology, and land uses that impact the lake.  Pewaukee 
Lake is in the Kettle Moraine area of the Southeastern Wisconsin Till Plain Ecoregion 
(Omernik et al., 2000, Fig. 3). High alkalinity, calcium, magnesium, and pH levels 
characterize Southeastern Wisconsin Till Plain lakes (Lillie and Mason, 1983). Water 
quality and clarity in this ecoregion are generally below statewide averages, but vary 
considerably across the region.  This is the most populated area of the state; consequently 
these lakes are the most likely to suffer human impacts.  The Kettle Moraine area 
contains a higher concentration of lakes with a lower trophic state (i.e. poorer water 
quality based on nutrient concentration, algal growth, and water clarity) than even those 
in the remainder of the Southeastern Wisconsin Till Plains Ecoregion and certainly a 
lower trophic state than those of northern or central Wisconsin.  

 
 
Figure 3: Ecoregions of Wisconsin (After Omernick et al., 2000) 
 
With naturally high levels of minerals and nutrients and additional nutrients supplied by 
surrounding land uses, the Kettle Moraine lakes are highly productive; they support 
abundant macrophyte and algae growths. This is certainly reflected in the aquatic plant 
community of Pewaukee Lake.  
 
The quality of Pewaukee Lake should be compared to neighboring lakes within the 
ecoregion.  It should not be compared to lakes in northern or central Wisconsin.  Lakes in 
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different ecoregions have different factors influencing their physical, water quality and 
biological characteristics.  Pewaukee Lake and other lakes in the Kettle Moraine were 
never like and will never be like lakes in northern or central Wisconsin so they should not 
be compared with those lakes.   
 
Even lakes in the same ecoregion have individual characteristics depending on 
morphometery, water source, aspect, and a variety of other factors.  For instance, the 
Wisconsin DNR uses natural lakes versus impoundments as one set of criteria for 
classifying lakes.  Another criterion is water source.  Some lakes have no inlet or outlet, 
others have an outlet but no inlet, and still others have both inlets and outlets.  Such 
characteristics influence the individual ecology of a lake so that lakes as close as across 
the road can have differing ecologies.  
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SHALLOW LAKES ECOLOGY AND THE TROPHIC CASCADE 
 
Since the eastern basin of Pewaukee Lake is entirely littoral zone, it is important to 
understand the basics of shallow lake ecology and the trophic cascade.  With abundant 
water, sunlight, and nutrients, growing conditions for rooted plants are ideal.  They 
develop massively over the entire basin and have a tremendous impact on lake ecology.  
Rooted submerged plants are the most important group. 
 
However many shallow lakes do not have abundant rooted plants; they are very murky 
with algae blooms and bottom feeding (e.g. carp, bullheads) fish.  Algae are the dominant 
plants and they, along with other causes of turbidity shade out macrophytes. 
 
These two types of shallow lakes are called alternative stable states.  Lakes with abundant 
rooted plant growth (often called the clear water state) are more desirable from an 
ecological perspective and probably from an aesthetic and use perspective.  With poor 
management, natural catastrophe, or other causes clear water lakes can be converted to 
the turbid water state.   
 
The reasons abundant rooted plant growth can maintain a clear water state, even with 
high nutrient levels, are many and vary from lake to lake.  The reasons include: 
resuspension of bottom material is reduced by vegetation; aquatic plants provide a refuge 
against plankton eating fish for phytoplankton grazing zooplankton; vegetation 
suppresses algal growth by reducing nutrient availability; and certain plants release 
allelopathic (chemical) substances that are toxic to algae.   
 
Once in the turbid water state shallow lakes are difficult to bring back to a clear water 
condition.  Nutrients are channeled into algal growth that increases turbidity, wind and 
wave action stir up bottom sediment and bottom feeding fish roil the water and uproot 
plants.  Although nutrient reduction is the “first thought” for reducing turbidity, 
especially that caused by algae growth, it often takes nutrient concentrations considerably 
lower to convert the turbid water state to a clear water state than were present when the 
switch from clear water to turbid water occurred.  
 
Management of aquatic plants has to be applied carefully to shallow water lakes.  Any 
management scheme, such as widespread herbicide application, that eliminates large 
areas of aquatic plants has the potential to switch the lake from a clear condition to a 
turbid condition.  Dieing aquatic plants release nutrients that fuel algae blooms and 
aquatic plants are no longer present to stabilize bottom sediments, provide refuge for 
algae eating zooplankton, act as a nutrient buffer, and release allelopathic substances. 
 
The trophic cascade concept is a “top down” approach to maintaining water quality by 
biological means. In the “top down” approach, predator fish (muskies, northern pike, 
walleyes, bass, etc.) control the smaller panfish and minnows that eat large zooplankton.  
Large zooplankton are important because they consume the planktonic algae that cause 
“algae blooms”.  With high panfish population, large zooplanktons are grazed to very low 
levels, leaving only small zooplankton that are inefficient phytoplankton grazers.   
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Shallow lakes are less sensitive to significant reductions in external nutrient loading 
because interactions with the shallow, usually nutrient rich sediments tend to maintain 
high nutrient levels in the water column (internal loading).  Nutrients released from 
bottom sediments in the eastern basin affect the entire water column in comparison to the 
western basin of Pewaukee Lake that stratifies so nutrients are trapped in bottom water 
through most of the growing season.  In shallow lakes nutrient release from sediments 
may be very high because of wind disturbance, biotic interactions, gas bubbles, high pH 
from intense photosynthesis, and dissolved oxygen deficits at the sediment-water 
interface.  External nutrient diversions may not be enough to rehabilitate a shallow lake.  
Table 1 provides a comparison between the ecology of the shallow eastern basin of 
Pewaukee Lake and the deep western basin. 
 
Table 1. Characteristics of shallow and deep water lakes 1 

 
Characteristic Shallow 

Pewaukee L 
E. Basin 

Deep 
Pewaukee L 
W. Basin 

Response to reduced external nutrient loading Less More 
 

Water turnover Often Rarely 
(twice a 
year) 

Bottom- surface water column coupling High Lower 
 

Internal nutrient loading impact on plant productivity High Lower 
 

Impact of bottom feeding fish on nutrients and turbidity High Lower 
 

Fish biomass per unit of volume Higher Lower 
 

Fish predation on zooplankton Higher Lower 
 

Nutrient control of algae Lower Higher 
 

Chance of turbid state with aquatic plant removal Higher Lower 
 

Area available for rooted aquatic plant growth High Low 
 

Chance of aquatic plant-free clear water Low Higher 
 

 
1.  After Cooke et al. 2005 
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What does this mean for aquatic vegetation management in Pewaukee Lake?  It means 
that it is important to maintain a healthy and diverse lake ecosystem with aquatic plants, 
large zooplankton, and predator fish in relative abundance.  It means that a healthy 
ecosystem is important or efforts to improve water quality through nutrient reduction are 
likely to be fruitless.  It means that to a limited extent management can determine which 
plants grow where, but because growth conditions are ideal, plant growth will not be 
eliminated.  It means that aquatic plant management techniques have to be applied 
carefully to maintain the most desirable ecological state that is attainable.  
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EXOTIC PLANT SPECIES 
 
Exotic species are the cause, either directly or indirectly, of many of the aquatic plant 
management problems on Pewaukee Lake.  Not only are the present invaders, especially 
Eurasian water-milfoil, a problem, but also there are other species that could invade 
Pewaukee Lake that may result in similar or unknown environmental consequences.  The 
following section discusses exotic plant species that are already in Pewaukee Lake, 
species that have the potential for invading the lake, and some of the likely consequences.  
By being vigilant new invasions might be averted and by knowing something about the 
species already present management strategies can be refined.  
 
Eurasian water-milfoil  (Myriophyllum spicatum, Fig. 4) 
 

 
Figure 4. Eurasian water-milfoil, from Wisconsin Geological and Natural History Survey 
 
Eurasian water-milfoil (EWM), an Eurasian, exotic, invasive plant species, is the largest 
cause for aquatic plant nuisance conditions in Pewaukee Lake.  Exactly when the 
invasion of Pewaukee Lake occurred is unclear.  A milfoil species (Myriophyllum sp.) 
was reported in the lake in 1967 (Belonger, 1969) but the species was not identified to the 
specific level and could have been a native milfoil.  The first collections of EWM found 
in the Wisconsin State Herbarium for Waukesha County was 1977 
(www.botany.wisc.edu/herbarium) in Okauchee Lake. The problem is that EWM is very 
similar in appearance to the native, northern water-milfoil (Myriophyllum sibiricum) so 
its occurrence was not recognized when it first invaded the state.  The first known 
collection of EWM in Wisconsin was identified from Dane County in 1968.  EWM 
occurrence in Pewaukee Lake was reported from a 1976 survey (SEWRPC, 2003) but the 
source of the survey is not given and apparently no voucher specimen was placed in the 
Wisconsin State Herbarium for later examination.  It is very likely that the 1976 
identification is correct and it is very likely that the invasion occurred before this date 
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because EWM was in this region of the state by the mid-to-late 1960s.  Pewaukee Lake 
has the correct water chemistry, plant associations, and human disturbance for an early 
invasion to occur.  It is also likely that both EWM and northern milfoil occurred and still 
occur in the lake. There is evidence that the two species hybridize (Moody and Les, 
2002) 
 
The difficulty separating the two species in field surveys causes some difficulty with data 
interpretation regarding the quality and changes in the aquatic plant community.  In 
quantitative surveys from 1988-2004 the milfoil species commonly identified was EWM, 
however the 1997 survey indicated about an even split between EWM and northern 
water-milfoil (Appendix B).  Whether this is an accurate representation of the plant 
community at that time or whether this is an identification concern is not known. 
 
EWM has several characteristics that allow it to be more successful than many other 
aquatic plants.  It is capable of appreciable photosynthesis at cool water temperatures (50o 

F).  This contributes to rapid growth to the water surface in the spring and increases its 
ability to compete with native species that generally grow later in the season. Dominance 
by EWM is established early in the growing season by a combination of high over 
wintering biomass, rapid spring growth, and the ability to overtop other species. 
 
Higher water temperatures promote multiple periods of flowering and fragmentation.  
Photosynthesis is maximal in the range of 85o- 95o F (Bode et al., 1992). Shoot elongation 
is extremely sensitive to conditions of light and temperature.  Low light and high 
temperature (characteristics of many eutrophic lakes) stimulate shoot elongation and 
canopy formation.  The canopy formation not only shades out species lower in the water 
column, but is also a major contributing factor causing it to be a nuisance species. 
Optimal growth occurs in alkaline water chemistries with a high concentration of 
dissolved, inorganic carbon.  It grows best in fertile, fine textured sediment (soils).  The 
ability to spread rapidly by fragmentation and the ability to effectively compete for light 
are the two most critical factors for its success. Many invasions of EWM occurred in 
lakes where the native aquatic plant community was highly disturbed from previous 
aquatic plant nuisance control measures, exotic introductions like the common carp, high 
human use, or a variety of other factors.  Many of these factors were present so it is not 
surprising that Pewaukee Lake was invaded by EWM. 
 
In many Wisconsin locations including the Madison area lakes, Devils Lake, Fish Lake, 
and Lake Ripley EWM maintained high levels of dominance for many years, then 
declined.  Decline doesn’t mean disappear and EWM is still a significant member of the 
plant community in these lakes.  After the decline densities of EWM rise and fall, 
depending on environmental conditions. They usually never reach the level of dominance 
they had before the decline.  The declines do not appear to be ecoregion related as they 
occurred in many regions of the Upper Midwest and North America (Nichols, 1994). 
Based on harvesting records (Charlie Shong, LPSD; SEWRPC, 2003) and plant surveys, 
(Koch and Anderson, 2003; Iwen and Anderson, 2005) this appears to be the case for 
Pewaukee Lake.  
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In some of these lakes coontail (Ceratophyllum demersum) becomes a much more 
prominent community member, often meeting or exceeding EWM densities.  Although 
coontail is a native and a very common species in the state, because of its free floating 
habit, it can be a serious aquatic nuisance.  In Pewaukee Lake EWM abundance 
fluctuated inversely with coontail.  EWM went from a frequency of 99% in 1988 to 41% 
in 1997 (see earlier narrative about identification problems) and back up to around 83% 
in 2000 and 74% in 2002, and dropped to 53.4% in 2004 (Appendix B).  Coontail went 
from 38% in 1988 to a high of 64% in 1997 then dropped to around 17.4% in 2004   
 
Changes in plant communities in Southeast Wisconsin lakes, including declines in EWM, 
do not appear to be related to aquatic plant management activities (Helsel et al. 1999).  In 
eight of the nine lakes studied, including Pewaukee Lake, EWM populations declined or 
stayed the same and seven of the nine lakes the native species either stayed the same or 
increased without regard to management method.  In particular, using harvesting 
techniques in Pewaukee Lake for the period 1988-1991, EWM declined and there was no 
change in native species numbers.     
 
The causes of declines have never been fully explained.  There are many factors that 
affect EWM densities, so predicting declines is problematic.  One factor is the milfoil 
weevil (Euhrychiopsis lecontei). This is a native weevil (insect) species that switched 
from feeding on northern water-milfoil to EWM.  It could not be confirmed that this 
species was ever collected in Pewaukee Lake but there are a number of lakes in the area 
where it was found (Jester et al., 1997, Heidi Bunk, Wisconsin DNR, pers. comm.).  
Although results of efforts to introduce the species into lakes as a biological control agent 
are mixed, it should not be discounted as part of a management plan if the species 
naturally occurs.  A survey is recommended to determine if milfoil weevils occur in 
Pewaukee Lake.   An important part of maintaining a weevil population is the quality of 
the overwintering habitat.  In fall weevils reach shore by either swimming or riding rafts 
of fragmented milfoil plants, where they emerge from the lake and seek shelter in 
surrounding soil or leaf litter.  Weevils are probably concentrated in the first several 
yards of shoreline.  Although more research is needed, good over winter habitat includes 
natural shorelines with abundant leaf litter.  Promoting natural shorelines not only 
benefits nutrient management, and habitat for varieties of species, but also provides 
habitat for an important native biological control agent.  
 
Understanding the lifecycle of EWM as it relates to energy (carbohydrate) storage is 
important for management.  In the spring EWM utilizes stored carbohydrates for rapid 
growth and then for flowering.  Total nonstructural carbohydrate (TNC) levels are lowest 
at flowering so the most physiological damage can be done to the plant if management 
occurs just before or at flowering.  The plant has the least energy reserves to resume 
growth.  Milfoil often has two flowering periods in Wisconsin, one about mid-June and a 
longer one in the fall.  Fall harvesting prevents carbohydrates from being transferred from 
shoots to the root crown where they are stored for rapid growth the following spring.   
 
EWM expands its territory rapidly from plant fragments.  These fragments occur 
naturally by autofragmentation after flowering or from motor propellers, lost plants from 
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weed harvester, etc.   EWM has been in Pewaukee Lake for so long that the within lake 
spread due to fragment dispersal is a non-issue.  Unless there is a change in habitat (for 
example and increase in water clarity), EWM occurs in all areas of the lake where it is 
likely to occur.  Plant fragments are an issue for spreading plants on boats, boat trailers, 
or other marine equipment to other lakes. Warning signs at boat landings and Wisconsin 
State Statutes requiring boating equipment be free from exotic species when being 
transported between lakes can slow the spread of exotic species between lakes.  
 
EWM is a nuisance because it forms dense leaf and stem mats on the water surface. 
These dense mats inhibit recreational uses like swimming, boating, and fishing.  The 
visual impact is unappealing.  Dense stands disrupt predator-prey relationships by 
providing fewer habitats for invertebrates, by fencing out larger fish, and by reducing the 
number of native plants that are valuable waterfowl food.  Cycling nutrients from 
sediments into the water column leads to deteriorating water quality and algae blooms in 
EWM infested lakes.  Dense stands also cause strong temperature and dissolved oxygen 
gradients (low dissolved oxygen levels and wide variation in oxygen levels on a daily 
basis).  More on these issues are discussed in the sections on nutrient cycling and water 
clarity.  The actual biomass of milfoil plants is often the same or less than stands of 
native plants (Nichols and Lathrop, 1994). 
 
In Pewaukee Lake it is not likely that EWM will be eliminated.  The negative 
characteristics mentioned in the previous paragraph apply to dense stands.  The goals to 
manage EWM are to reduce the density and to promote native aquatic plant growth.  
Working with natural growth cycles, letting milfoil weevils work, and harvesting are 
methods of reducing density.  For instance, harvesting “cruising lanes” has been shown to 
be beneficial to a healthy fishery (see section on Fisheries and Aquatic Plant 
Management). 
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Curly-leaf pondweed (Potamogeton crispus, Fig.5) 
 

 
Figure 5. Curly-leaf pondweed, from Wisconsin Geological and Natural History Survey 
 
Curly-leaf pondweed (CLP) is another Eurasian invader that was first collected in the 
state in 1905.  The first collection in Pewaukee Lake vouchered in the Wisconsin State 
Herbarium was 1975.  Belonger (1969) reported is as present and it is easily identified so 
it was present since that time and likely before.  It was a serious problem in Lake 
Mendota in Dane County in the 1940s. It is common in southern and western Wisconsin 
waters.  It prefers soft substrate, shallow water, is turbidity tolerant, and is often 
associated with degraded water quality.   
 
CLP is a cool water strategist.  It grows, flowers, fruits and produces vegetative buds 
called turions in spring and early summer and then dies back by early to mid-July.  The 
vegetative buds sprout in early autumn and over winter under the ice, ready to grow 
rapidly to the surface in the spring. 
 
It is a nuisance in many lakes but appears to be declining in importance in Pewaukee 
Lake.  In the 1988 survey it was found at 24% of the sampling locations, in 1997 it was 
not found at all, and it was found in less than 6.5% of sampling locations in 2000, 2002, 
and 2004 (Appendix B).  Most plant surveys were done in August so it may be more 
abundant earlier in the growing season and some differences in frequency may be due to 
sampling time.   
 
CLP does not appear to be a serious problem in Pewaukee Lake.  If it becomes a nuisance 
pre-emptive harvesting can reduce it to lower levels.  Laboratory trials demonstrated and 
field observation confirmed that curly-leaf did not grow back if it was cut after reaching 
the 15-node stage and turions were not produced until growth reached 20-22 nodes 
(McComas and Stuckert, 2000).  There is a “window of opportunity” to manage CLP 
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during the year of cutting and to prevent additional turions being recruited into a “seed” 
bank by cutting it between the 15- and 20-node stage.  All turions don’t germinate the 
year they are formed so continued harvesting of problem areas is needed.   
 
CLP's roll in internal nutrient recycling is also a concern but because it is much less 
abundant than EWM it is not as large of a concern.  This will be covered in the section on 
nutrient cycling.  
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Spiny naiad (Najas marina, Fig. 6)  
 

 
 
Figure 6. Spiny naiad, from Wisconsin Geological and Natural History Survey 
 
There is not a lot known about the ecology of spiny naiad in Wisconsin.  It is found 
infrequently in high alkalinity, high conductivity, and high pH waters within the 
Southeastern Wisconsin Till Plain Ecoregion.  It prefers soft substrates for growth and 
fruiting occurs in late summer. 
   
It was only reported once for Pewaukee Lake in the 1994 survey (Appendix B) and no 
voucher specimens are in the Wisconsin State Herbarium for its collection. It is easily 
identified so it is unlikely that it was misidentified in that survey.  It is a species to 
monitor in Pewaukee Lake but it appears never to have been a problem species in 
Pewaukee Lake and no reports exist of it being a major nuisance in other Wisconsin 
lakes.  Spiny naiad is an annual so managing it before seed set reduces populations if it 
becomes a nuisance.   
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Preventative approaches and other exotic plant species of concern
 
Although aquatic plants are spread by natural means, human transport is the most likely 
explanation for long distance transport of exotic species.  This may be accidental or 
knowingly and comes from three causes: (1) equipment related dispersal such as 
attachment of plant fragments onto boats, boat-trailers, float planes and fishing gear such 
as nets; (2) plant- or animal- related dispersal where exotic plants are introduced from 
aquarium discards, fish stocking, or use of aquatic plants as packaging material for 
fishing bait or nursery stock of ornamental plants such as water-lilies; and (3) deliberate 
dispersal as means of habitat enhancement, water gardening, scientific transplant 
experiments, agriculture or, anti-social behavior.  
 
The Invasive Plant Association of Wisconsin lists (http://dnr.wi.gov/invasives/plants.htm) 
lists four aquatic plant species on their watch list: water chestnut (Trapa natans), hydrilla 
(Hydrilla verticillata), European frog-bit (Hydrocharis morsus-ranae), and flowering 
rush (Butomus umbellatus). In additions, Carolina fanwort (Cabomba caroliniana) is also 
a species of concern (Madsen, 2000). 
 
Hydrilla (Fig. 7) 
 

 
Figure 7.  Hydrilla, from University of Florida, Center for Aquatic and Invasive Plants, 
with permission. 
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Hydrilla is the species of most concern.  It is a native of Africa and was brought to the U. 
S. as an aquarium plant.  It is widespread in southern states and originally it was thought 
it would not to be a problem in northern states like Wisconsin.  Although not yet reported 
in Wisconsin it has been found as far north as Oregon, Iowa, and Maine.  There are two 
forms, monoecious (both male and female flowers on a single plant) and dioecious (male 
and female flowers found on different plants).  The monoecious form is more cold water 
hardy and is likely the form to invade Wisconsin.  Studies at the University of Minnesota 
indicate that turions of the monoecious form are likely to survive northern climates.   
 
Identification is a problem with the early detection of hydrilla.  It is often confused with 
the native waterweeds (Elodea canadensis and Elodea nutalli, Appendix A).  It also 
resembles the invasive Brazilian waterweed (Egeria densa). The leaves of hydrilla are 
small, like those of waterweed, are triangular-pointed, and occur in whorls of 4 to 8 
leaves along the stem.  Hydrilla leaves have serrated edges and one or more protruding 
barbs or bumps along the midrib on the underside. Small tubers are present at the rooted 
base of the plant.   Native waterweed leaves are typically in whorls of three, and appear 
smooth on the leaf edges and midrib.   
 
Hydrilla has many growth characteristics of EWM in that it is prolific, rapidly growing, 
with heavily branched stems near the water surface.  These stems grow horizontally 
forming dense mats of vegetation.  It can spread by branch or root fragments, by tubers, 
and by turions (small compact buds found in leaf axils).  Tubers can lie dormant for many 
years and still propagate new plants. 
 
It can grow in a wide range of conditions including low light, flowing and still, and 
shallow and deep water.  Because of rapid growth and reproduction characteristics it can 
out compete EWM. 
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Water chestnut (Fig. 8) 

 
 
Figure 8. Water chestnut, from Crow and Hellquist, 1983, with permission 
 
 Water chestnut is an annual, rooted plant with a leafy rosette that floats on the water 
surface.  Submersed leaves are feathery, whorled along the stem, and up to six inches 
long.  Floating leaves are triangular, waxy, and have toothed edges.  Leaf stems have a 
bladder-like swelling that provides buoyancy.  Flowers are small, white, have four petals 
and bloom from mid-July to fall frost.  The fruit is “sputnik” like, a one-inch wide woody 
nut armed with four stout barbs.   
 
Water chestnut is another Eurasian invader and is well established in a few water bodies 
in the northeastern United States.  It is not yet known in Wisconsin.  Each rosette can 
produce up to 15 nuts per season that sink to the bottom and can remain viable for up to 
12 years.  The seeds germinate in the spring and each new plant can divide into 10-15 
rosettes over the summer.  One acre of water chestnut can produce enough seeds to cover 
100 acres the following year.  Dense mats of stems and floating rosettes can deplete 
oxygen levels, choke out native species, and hinder navigation.  It spreads by seed, by 
rosettes that break apart and float to new locations, and by fragments attached to boating 
equipment. 
 
The preferred habitat is calm, nutrient-rich lakes or streams with slightly alkaline water.   
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European frog-bit (Fig. 9)
 

 
Figure 9. European frog-bit, from University of Florida, Center for Aquatic and Invasive 
Plants, with permission. 
 
European frog-bit is a free-floating aquatic plant that resembles a miniature water-lily.  
Leaves are thick, heart-shaped, 1 to 2 inches wide, smooth edged, with a spongy, 
purplish-red underside.  Small, showy flowers are one-half inch across, appear singly, 
have three white petals, and a yellow center.  Roots are three to eight inches long, 
unbranched, and dangle from the underside of each rosette of leaves.  Plants form thick 
mats with tangled roots and runners.  
 
European frog-bit can be mistaken for water-lilies, but its leaves are distinctly heart-
shaped, leathery, and much smaller than any Wisconsin water-lily.  Water-lily flowers are 
much larger, with more than three petals.   
 
European frog-bit is not yet found in Wisconsin, but it could survive Wisconsin’s 
climate, as it is present in New York, Vermont, Michigan and Ontario.  It reproduces by 
sending out horizontal stems that produce daughter plants that can break free and float to 
new locations.  It also produces turions that sink to the bottom in fall, and then float to the 
surface in spring to grow new plants.   
 
Thick mats of frog-bit inhibit light penetration and hinder the movements of fish, 
waterfowl, and boats.  It prefers quiet water and can blanket the edges of lakes. 
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Carolina fanwort (Fig. 10)
 

  
Figure 10. Carolina fanwort, from Hellquist and Crow, 1984, with permission 
 
 
Carolina fanwort is native to the southeastern United States, but is considered a non-
native invasive plant in the northeastern and northwestern U.S.  It is not yet found in 
Wisconsin but is found as close as Michigan.  It is a popular aquarium plant so new 
invasions may be related to cultivation or aquarium dumping.  Fanwort stems are long 
and much branched with fan-like underwater leaves. It is one of the few aquatic plants 
with opposite (rarely whorled), much-divided leaves. It may also have oblong floating 
leaves.  Fanwort is a perennial arising from a short rhizome with fibrous roots.  Not much 
is known locally about the ecology of this species.  In the Northeast it is reported to be 
locally abundant and weedy in acidic waters of southern New England (this water 
chemistry wouldn’t be consistent with it becoming a problem in Pewaukee Lake, 
Hellquist and Crow, 1984).  It is also reported to be aggressive and that herbicides and 
mechanical harvesting have proven completely ineffective for controlling it.  Initially it 
could be confused with native coontails or water buttercups but the leaves are larger and 
opposite on the stems.   
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Flowering rush (Fig. 11)
 

 
Figure 11. Flowering rush, from Crow and Hellquist 1982, with permission 
 
Unlike the previously mentioned species, flowering rush is already found in Wisconsin 
and as close to Pewaukee Lake as Jefferson County.  It is a perennial that emerges each 
spring from winter-hardy rhizomes.  Emergent leaves are stiff, narrow, sedge-like and up 
to three feet above the water surface.  In deep water, the plant can be entirely submerged, 
have limp leaves, and no flowers.  It was planted as an ornamental because it has a 
distinctive spray of attractive white, pink, or purple flowers on a tall stalk, but it escaped 
from water gardens and is now found in many northern states.  It hasn’t been reported as 
an aquatic nuisance in Wisconsin but it has in neighboring states.  The leaves of 
flowering rush resemble the native bur-reed (Sparganium spp.) and may be confused with 
it.  
 
It prefers shallow or slow moving water where it grows as an emergent plant.  Plants 
spread by underground rhizomes (stems), forming dense stands that crowd out native 
species.  Reproduction from seed is uncommon. 
 
Early detection and contingency planning cannot be overemphasized and is important so 
invasive species can be eradicated before they becomes a problem. Typically, aquatic 
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plant invasions are unnoticed or overlooked until they are problematic.  By that time it is 
usually too late for eradication.   Monitoring for their presents should be part of the 
Citizen Monitoring program for Pewaukee Lake.  If they are found, they should be 
collected, preserved, and immediately reported to the local DNR office so that remedial 
action can take place.  Barriers to rapid action, such as needs for permits, should be taken 
care of ahead of time.  It is recommended that LPSD work with the Wisconsin DNR to 
develop an invasive species eradication plan that includes identification, monitoring, 
permitting, and actions to be taken to prevent further exotic species infestations. 
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EXOTIC ANIMAL SPECIES 
 
Exotic animals also impact the aquatic plant community and the lake ecosystem.  The 
impact to the plant community may be direct such as uprooting plants or indirect such as 
changing water clarity or nutrient status.  Again, there are exotic animal species already 
present in Pewaukee Lake and other species that have potential to invade.  
 
Common Carp (Cyprinus carpio) have likely been in Pewaukee Lake since the late 
1800s or early 1900s.  They were widely stocked in Wisconsin lakes during this time as a 
desirable fish.  Common carp survive in lakes in low numbers without doing great 
environmental damage.  Often there are changes in the lake ecosystem, such as increased 
turbidity, that allow carp populations to “explode”.  Common carp are not plant eaters but 
their ‘roiling” and “plowing” the bottom in search of food is very destructive to aquatic 
plant communities as is the increased turbidity caused by the “roiling”.  Common carp 
are listed as common in Pewaukee Lake by DNR (Table 25, SEWRPC, 2003) but no 
biomass estimates are given.  Carp biomass as low as 200 lbs. per acre adversely impact 
vegetation yield and levels over 400 lbs. per acre excessively destructive to plants (Roble, 
1961 and King and Hunt, 1967).  Excessive carp populations are probably reduced in 
Pewaukee Lake by an abundant panfish population that prey on carp eggs and a strong 
predator fish population that feed on small carp. There are no current estimates of carp 
population numbers or biomass in Pewaukee Lake but they do not appear to be a problem 
for aquatic plants at this point (Susan Beyler, Wisconsin DNR, pers. comm.)  Continued 
monitoring of carp populations is recommended so that an excessive population doesn’t 
occur. 
 
Chinese grass carp  (Ctenopharyngodon idella) is a true plant eater, but it, including the 
sterile triploid grass carp, is illegal to stock in Wisconsin waters. Where it has been 
stocked illegally it has been eradicated.  
 
Bighead and silver carp (Hypophthalmichthys nobilis and Hypophthalmichthys molitrix) 
are invasive fish moving toward Wisconsin waters from the Illinois and Mississippi 
Rivers.  They are well suited to the climate of the Great Lakes region, which is similar to 
that in their native Asian habitats.  They particularly favor large rivers and connecting 
lakes.  Both species are filter feeders, straining tiny animal and plant plankton out of the 
water.  Some eat their weight in plankton daily and they can weigh up to 100 pounds. 
Although their impact to the lake system could be dramatic, the impact to the aquatic 
plant community could be an increase in water clarity.  The “roiling” effect of these large 
fish is unknown. Black carp is another Asian species that feeds primarily on mussels and 
is not considered a likely threat in Wisconsin at this time.   
 
Zebra and quagga mussels (Dreissena polymorpha and Dreissena bugensis), like the 
bighead and silver carp’s impact to the lake system could be dramatic but the impact to 
the aquatic plant community could be an increase in water clarity. Neither mussel species 
is a plant feeder.  They are filter feeders that draw water into their bodies and filter out 
the microscopic plants, animals, and debris for food.  This can lead to increased water 
clarity.  This may allow for thicker plant growth and plant growth into deeper water.  
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Zebra mussels are already found in Pewaukee Lake so their impact should be monitored.  
Quagga mussels are a slightly larger cousin of the zebra mussel.  So far they have only 
been found in Lake Michigan waters that border Wisconsin.  If zebra mussels reached 
Pewaukee Lake, it is very likely that quagga mussels will also reach the lake.  Because 
they prefer silt- and sand-bottom lakes, quagga mussels may be more successful at 
invading Pewaukee Lake. So far there are no well-documented reports of the impacts of 
zebra mussels in inland Wisconsin lakes.  Whatever the impacts are, they may be more 
severe with quagga mussels as they feed all year, even in the winter when zebra mussels 
lie dormant.  Both species excrete phosphorus with their waste that could enhance 
internal nutrient cycling.   
 
Rusty crayfish (Orconectes rusticus) eats aquatic vegetation along with small fish, fish 
eggs, and insects.  Eating vegetation damages underwater habitat that is important for fish 
spawning, cover, and food. They are aggressive and displace native crayfish.  They are 
found in Wisconsin waters, likely introduced by anglers that used them as live bait.  It 
appears that they do the most damage in northern Wisconsin lakes with hard or rocky 
bottoms and sparse vegetation.  They haven’t become a problem in more productive 
southern Wisconsin lakes. 
 
There have been proposals to use this species to control aquatic plants, but because of the 
ecological implications of doing so it certainly isn’t a good idea.  In Wisconsin it is 
illegal to transport crayfish between water bodies.  
 
As with the potential exotic plant species, forewarned is forearmed. The exotic animal 
species should be on a monitoring list so they can be eradicated if they are found in the 
lake.  At this point there is no good way of controlling or eradicating zebra mussels on a 
lake-wide basis.  Common carp control has been going on for at least 80 years with 
varying success.  Eradication has occurred only in small water bodies.  If carp 
populations are reduced to low levels, populations are often kept in check by fish 
predation, until an event occurs that allows populations to rebuild.  The best advice for 
the exotics that aren’t already in the lake is to make every effort to keep them out.  
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NUTRIENT CYCLING 
 
SEWRPC (2003) provides a detailed phosphorus budget for Pewaukee Lake.  In this 
budget they generally discount the impact of internal nutrient cycling although they state 
that “Phosphorus release from the lake bottom sediments-internal loading-may also 
contribute phosphorus to the lake”.  They assumed internal loading was negligible given 
the good agreement between predicted and observed phosphorus concentrations.  This 
assumption appears to be based on “classical” limnology of deep lakes that stratify, such 
as the western basin of Pewaukee Lake.  Here low oxygen conditions in the summer and 
winter mobilize phosphorus from the sediments, which gets mixed into the entire water 
column during spring and fall turnovers.  Their data indicate that at times this internal 
load could be mixed with surface water but it was not a significant trend. 
 
This ignores the role of aquatic plants in internal nutrient cycling in the eastern basin and 
mixing between the eastern basin and western basin isn’t known.  Aquatic plants remove 
phosphorus from the sediment via plant roots and incorporate it into plant biomass.  
When plant tissue dies and decays, phosphorus is circulated, at least briefly, back into the 
water column.  The extent and timing of this cycling greatly influences algae growth.  If 
nutrients are sequestered in aquatic plant biomass during the growing season, little is 
available for algae.  In native plant beds in northern temperate zone lakes like Pewaukee, 
nutrients are released in the fall when water temperatures are cool so noxious algae 
blooms do not occur.  However, Eurasian water-milfoil sloughs off leaves during the 
warm season; curly-leaf pondweed typically dies in early summer and EWM 
autofragments during the summer; making nutrients available during the height of the 
growing season.  Decomposition occurs rapidly, with 50-75% occurring within three 
weeks.  In Lake Wingra, Wisconsin where internal loading was extensively studied in a 
shallow lake, macrophyte decay accounted for about half of the internal phosphorus 
loading (Carpenter, 1983). Because this cycling occurs rapidly, it may not be detected 
with standard water sampling procedures.   
 
Chemical management of aquatic plant may exacerbate the nutrient cycling problem 
because most herbicidal treatments occur during the height of the growing season. 
Nutrients from decaying plant material are quickly recycled into other biomass, generally 
algal blooms.  Decaying aquatic plants can also cause low dissolved oxygen 
concentration that further mobilize sediment phosphorus.   
 
The role aquatic plants play in internal nutrient loading is being increasingly appreciated 
and aquatic plant harvesting may be a way of reducing internal nutrient recycling.  
However, there are few if any examples where harvesting reduced nutrient concentrations 
in the water column.  Does this mean that harvesting to remove nutrients should be 
discounted? - certainly not. It means that harvesting alone will not likely solve an excess 
nutrient problem.  Where harvesting is used to manage aquatic plant nuisances, such as in 
Pewaukee Lake, nutrient removal is an additional benefit.  The timing of harvests for 
maximum nutrient removal and for maximum reduction in long-term growth is likely to 
be different than timing for reduction of the aquatic nuisance.  Carpenter and Adams 
(1978) calculated the harvesting of EWM in Lake Wingra in late August removes the 
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maximum amount of phosphorus and a mid-fall harvest may have the greatest long-term 
impact on regrowth.  Late season harvesting is likely to have the least impact on native 
plants because they have already gone dormant. 
 
The amount of phosphorus removed from Pewaukee Lake by harvesting and shoreline 
cleanup is difficult to calculate because harvesting records were kept in cubic yards.  
Dane County, Wisconsin weighed loads of as-harvested plants and found a 10 yard truck 
carried about 9000 lbs wet weight. This translated into 600 pounds dry weight (Mike 
Dimagio, Dane County Public Works, pers. comm.). Phosphorus ranges about 0.15-
0.40% of dry weight (Cooke et al, 2005, Table 14.2).  Based on these conversions, a 
cubic yard of harvested plants removes between 0.09 and 0.24 lbs of phosphorus.  
Between 1988 and 2006 the cubic yards of lake plants removed varied from 9222 cubic 
yards (1990) to 660 cubic yards (2004) (Charlie Shong, pers. comm.) so using a median 
value of 0.15 lbs of phosphorus removed per cubic yard, values ranged from 99 to 1383 
lbs of phosphorus removed by harvesting and shore-line clean up on Pewaukee Lake.  
These numbers are in the range of the estimated 904 lbs of phosphorus removed by 
harvesting in the 1976-77 nutrient budget (SEWRPC, 2003, Table 13). 
 
The relationship of nutrient removal by harvesting to nutrient concentration in the water 
is unclear and not straightforward.  As an example, however, the 2006 harvesting and 
shoreline cleanup program removed about 510 lbs of phosphorus.  This is about   9% of 
the phosphorus loading that will occur in Pewaukee Lake in 2020 (SEWRPC, 2003, 
Table 16).  Looking at it another way, over the course of 11 years, one year of 
phosphorus loading is removed from the lake at the 2006 harvesting rate.  By itself this 
probably is not significant but forms one part of a phosphorus reduction plan.  
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WATER CLARITY AND DEPTH OF AQUATIC PLANT GROWTH 
 
Increased water clarity caused by nutrient reduction or exotic invaders like zebra mussels 
could allow aquatic plant growth in deeper water.  Average Secchi depths increased from 
7.6 feet to 9.5 feet between 1997 and 2000 but have declined to 5.6 feet in 2006 (Charlie 
Shong, pers. comm.).  Based on the Dunst (1982) equation (maximum depth of plant 
growth = 0.83 + 1.22 times the Secchi depth in meters) commonly used by the Wisconsin 
Department of Natural Resources to estimate maximum depth of plant growth, the 
maximum depth could have varied between 9.5 feet and 14 feet.  The difference makes 
little difference in the eastern basin, as only a small portion is over 10 feet deep.  The 
increased acreage for the western basin is relatively insignificant. In all surveys abundant 
vegetation was found in the 11-12 foot deep sampling plots but species numbers 
diminished with Eurasian water-milfoil and coontail being the primary species in deep 
water.  These species are most problematic as an aquatic nuisance when they reach the 
water surface.  In deep water they usually do not reach the surface.  With increased water 
clarity, plants could grow in deeper water, especially in the western basin but this is 
unlikely to increase the aquatic nuisance problem. 
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FLORISTIC QUALITY ASSESSMENT (FQA) 
 
Floristic quality (Swink and Wilhelm, 1994) is a rapid assessment technique designed to 
evaluate the species composition of an area to that of undisturbed conditions. It is used to 
compare long-term species trends and to compare the flora of different lakes.  For any 
lake the floristic quality (I) equals the average coefficient of conservatism (C bar) times 
the square root of the number of native species (N sqrt). Determining N is straightforward.  
It is derived from a species list of the lake.  All native plants are included that are 
identified to species.  Generic level identifications are included if they represent 
unidentified species that are different from other species in that genus.  Non-native plants 
are not used to calculate N.   
 
Understanding plant conservatism is key to understanding floristic quality.  Conservatism 
is an estimate of a plant’s sensitivity to disturbance. As disturbance occurs, less 
conservative species (more disturbance tolerant species) become more predominant.   C 
values range from 0 to 10 with 10 being plants most sensitive to disturbance.  C values 
for native plants found in Pewaukee Lake are provided in Appendix C.  These values are 
subjective but based on the experience of many field botanists (Nichols, 1998).  C bar, N 
sqrt and I (or FQA) values are also given in Appendix C.  
 
Although FQA values for all sampling dates are given in Appendix C, for long-term 
trends it is probably most useful to compare 1967 to 1988, and 2000.  These dates appear 
to have the most complete plant surveys done for the lake.  The remainders of the surveys 
appear to report only species found at sampling locations. For instance some species like 
cattails, water-lilies, and duckweed are not reported in some surveys.  These are common 
species that are likely in the lake for a long time period.  In the future, the entire lake 
should be surveyed for species to calculate the most valid FQA.  The three dates selected 
display an increasing FQA value that indicates the floristic quality of the aquatic plant 
community in Pewaukee Lake is increasing.  Species number increased as did average 
conservatism.  The added species are generally more sensitive to disturbance.  In 2000, 
the species number, average conservatism, and FQA for Pewaukee Lake all rank at about 
the upper quartile boundary for lakes in the Southeastern Wisconsin Till Plains 
Ecoregion.  This means that floristic quality ranks better than 75% of comparable lakes 
(Fig. 12).  This is an encouraging trend but does not tell the whole story.  Floristic quality 
is based only on the presents of a species, not on abundance. The next section takes 
abundance into consideration but the survey record is not as long.   
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Figure 12. Floristic quality of Pewaukee Lake compared to other lakes in the 
Southeastern Wisconsin Till Plains Ecoregion. Bold numbers indicate years and 
approximate location along the continuum of values for the Southeastern region. Values 
are increasing and all values for the year 2000 are at about the upper quartile.  
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AQUATIC PLANT COMMUNITY ANALYSIS 
 
Aquatic plant community analysis not only considers the plant species present but also 
their abundance.  Abundant species are the dominant members of the plant community 
and are of the most interest in plant community analysis.  Abundance can be measured in 
a number of ways.  The quantitative measure of abundance used in Pewaukee Lake 
surveys was occurrence in sampling plots from which frequency of occurrence and 
relative frequency are calculated.  A qualitative measure of abundance, called density 
rating (Jesson and Lound, 1962) was also used in many of the surveys. Density rating 
was not used in this quantitative trend analysis but it is useful in a general way as a quick 
determination of abundance. Besides the abundance of individual plant species, other 
parameters that indicate the “health” of the aquatic plant community include: the 
maximum depth of plant growth, the amount of the littoral area vegetated, the abundance 
of submerged species versus emergent and floating-leaf species, species number, species 
diversity, the abundance of exotic species, and the abundance of species sensitive to 
disturbance (Nichols et al. 2000) 
 
Frequency trends:  Frequency of occurrence is the percentage of times a species occurs 
in sampling plots.  It gives an indication of how common a species is and the coverage in 
the littoral zone.  The relative frequency is the frequency of a species divided by the total 
frequency of all species for a sampling period.  It gives an indication of the dominance or 
importance of that species in the plant community.  A plant could become more 
important (have a higher relative frequency) even though frequencies of all species 
declined.  This indicates that the species declined less than other species.  Conversely a 
species could decline in importance if it increased in the plant community less than other 
species.   
 
Appendix B provides a table of frequencies and relative frequencies for all the sampling 
periods on Pewaukee Lake from 1988 through 2004.  The biggest change in the plant 
community is between 2002 and 2004.  Between 1988 and 2002 the number of species 
with over a 10% frequency varied between six and ten.  In 2004 there were only three 
species with a frequency greater than 10%, Eurasian water-milfoil, coontail, and sago 
pondweed (P. pectinatus) and their frequency declined from 2002 (Figures 13 a and b).  
The frequency of EWM declined from 1988 to 2000, increased in 2002, then declined in 
2004.  It appears the abundance of coontail has an inverse relationship with EWM.  When 
the frequency of EWM declined, the frequency of coontail increased.  The frequency of 
sago was low in 1988, increased to about 20 % and then stayed at about that level until 
2004.  Although relative frequency reflects much of this trend, EWM and sago became 
much more dominant (higher relative frequency) in 2004.  Whether this was due to an 
annual fluctuation or the beginning of a longer-term trend isn’t known because it is the 
last data in the series.  It is recommended that additional data be collected to assess this 
trend.  
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Figure 13 (a). Frequency of occurrence (percentage) of the three most common species in 
2004 between 1988 and 2004. 
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Figure 13 (b). Relative frequency of occurrence (percentage) of the three most common 
species in 2004 between 1988 and 2004. 
 
Causes for this change are not certain and changes in the plant community can be caused 
by a number of factors but the net result is that changing water clarity is the usual cause 
of community change (Davis and Brinson, 1980).  Secchi depth data only goes back to 
1997 so it is difficult to make any statistically significant relationship between important 
plant species trends and turbidity as recorded by average annual Secchi depths. There is 
much fluctuation in the Secchi data.  However, by taking a three year running average 
(two years before the plant sampling date, one year before the plant sampling date, and 
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the year of the plant sampling date) there is a 0.7 foot decline in average Secchi depth in 
the eastern basin of Pewaukee Lake (5.4 ft. for 2000, 4.9 ft. for 2002, and 4.7 ft. for 2004) 
between the year 2000 and 2004.  Iwen and Anderson (2005) came to a similar 
speculation that the 2004 decline was due to increased turbidity, more specifically to 
heavy algae blooms during the summer of 2002 that continued into 2003. Sago is a 
known increaser in turbid conditions (Engel and Nichols, 1994).   In addition, the decline 
of Chara sp. and bushy pondweed lend support to the idea that increased turbidity is a 
cause of the decline.  Bushy pondweed is an annual plant that is not turbidity tolerant 
(Nichols, 1999) and Chara is not a good competitor with other species.  The average 
densities of many species also declined in 2004 (Iwen and Anderson, 2005).   
 
Some data for 1997 is questionable.  The frequency of EWM declined dramatically and 
the frequency of northern water-milfoil (M. sibiricum) increased dramatically. The same 
thing occurred with bushy pondweed (N. flexilis) and southern naiad (N. quadalupensis).  
If these taxonomic distinctions are real it represents a significant change in these species.  
If relative frequencies of both pairs of species are added, there is a fairly constant relative 
frequency of these taxa up until 2004. There was an invasion of southern naiad in 
Pewaukee Lake in the 1980s after a chemical treatment with 2,4-D (Charlie Shong, pers. 
comm.).  It is not known if there was a major environmental or human caused event in 
1997 that resulted in this change. 
 
Community similarity:  A similarity index (Cox, 1967) is used to calculate how similar 
a plant community is to another.  In Pewaukee Lake similarity was calculated using the 
relative frequency of plants from one sampling period compared to that of other sampling 
periods.  A similarity index should be less than 0.7 (70% similar) to consider the plant 
communities as significantly different (Nichols, 2001).  The results are presented in Table 
2.  
 
Table 2. Similarity index for Pewaukee Lake (% similar)  
       
Year 1988 1991 1994 1997 2000 2002 
1991 71.4      
1994 72.3 81.1     
1997 49.4 62.6 68.9    
2000 74.9 81.8 86.5 66.3   
2002 72.4 81.2 84.5 64.6 91.5  
2004 86.1 69.3 62.2 51.4 66.4 67.1 
 
There is little difference in the plant communities in this analysis except between most 
sampling periods and 1997 where the data is questionable and between most sampling 
periods and 2004.  It is interesting to note the strong similarity between 1988 and 2004. 
Again, not a positive sign after a decline in EWM during the 1990s.  
 
Aquatic plant community biotic index (AMCI):  The aquatic plant community biotic 
index was developed by Nichols et al. (2000) as a tool to measure long-term trends in 
aquatic plant communities and littoral zone changes.  It can also be used to compare 
aquatic plant communities between lakes.  The parameters selected for this index are: the 
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maximum depth of plant growth, the percentage of the littoral zone vegetated, the relative 
frequencies of sensitive species, exotic species, and submerged species, a modified 
version of Simpson’s (1949) diversity index, and species (taxa) number.   
 
Maximum depth of plant growth is positively correlated with water clarity.  Deeper plant 
growth indicates clear water and low nutrient levels. 
 
High quality conditions for the amount of littoral zone vegetated is difficult to define.  
From the plant’s “perspective” 100 % of the littoral zone vegetated is best.  The habitat 
everywhere is suitable for plant growth.  For other organisms a littoral zone that is around 
50% vegetated may be the most desirable.  Little plant growth indicates serious littoral 
habitat limitations.   
 
The upper limit of Simpson’s diversity is 100, the closer to 100, the more diverse the 
plant community.  In interpreting the diversity and taxa values in Simpson’s diversity 
index, the higher the value, the better the quality. 
 
Sensitivity to disturbance is a broad concept and varies depending on the type of 
disturbance.  Sensitive species are assigned based on the work of Brinson and Davis 
(1980) (Appendix B).  For interpretation purposes, the greater the relative frequency of 
sensitive species, the higher the quality of the aquatic plant community. 
 
Lakes typically have both submersed and non-submersed (emergent and floating-leaved) 
species.  In highly turbid conditions or where there is heavy wave action from boat traffic 
or from natural conditions emergent species may be the only survivors.  Low numbers of 
non-submersed species may indicate high shoreline development.  Often shoreline 
property owners “clean” their beach areas and remove valuable emergent and floating-
leaf species.  Desirable conditions are based on the ratio between submersed and non-
submersed species.  High frequencies of exotic species are not desirable so a high scaled 
value (a 10) indicates no exotic species. 
 
Ranges of each parameter are scaled from 1-10 with 10 representing the highest quality 
condition.  Any community could potentially receive a rating from 7 to 70 with 7 being a 
very poor quality plant community and 70 being the highest quality plant community. 
Neither end-point is likely.  The absolute and scaled values are given in Table 3.  Some 
parameters were not measured for Pewaukee Lake so they were estimated.  The actual 
maximum depth of plant growth was not measured but there was always vegetation found 
at the 11-12 foot level so maximum depth was estimated as four meters.  Because of 
shallow water that is the maximum depth plants can grow in the eastern basin.  There was 
seldom any sampling points that had no vegetation so the littoral area vegetated was 
generally over 90% except in 1994.  Emergent species were not sampled but some do 
exist around Pewaukee Lake so the submerged species were estimated at 90%.  The 
scaled values are summed to provide an AMCI value and there is not a great variation 
between sampling years except in 2004 when the value dropped to 44.  Averaging the 
values across all sampling years gives a value of 47, which is about the median value for 
lakes in the Southeastern Wisconsin Till Plains Ecoregion (Nichols et al., 2000).  In other 
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words about half the lakes in the ecoregion have a lower AMCI value and half a higher 
value.  Table 3 also shows how the parameters in Pewaukee Lake ranked on the 1-10 
scaled values.  Pewaukee Lake ranked high on maximum depth of plant growth, littoral 
area vegetated, and relative frequency of submersed species; moderate on taxa number, 
diversity, and relative frequency of sensitive species; and low on the relative frequency of 
exotic species.   
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Table 3. Aquatic macrophyte community index values for Pewaukee Lake by 
sampling period 
 
AMCI values 1988 1991 1994 1997 2000 2002 2004 
Maximum Depth Plant Growth (m) 4 4 4 4 4 4 4 
Littoral Area Vegetated (%) 99 92 84 98 100 100 100 
Submersed species (Relative %) 90 90 90 90 90 90 90 
Taxa Number 14 16 17 15 17 18 14 
Exotic Species (Relative %) 36.2 31 25.1 15.1 28.7 28 44.9 
Simpson's Diversity 86 83 86 88 85 86 77 
Sensitive Species (Relative %) 2.4 5.2 6.6 6.6 5.3 10.1 8.6 
        
        
Scaled AMCI        
Maximum Depth Plant Growth 8 8 8 8 8 8 8 
Littoral Area Vegetated 10 10 10 10 10 10 10 
Submersed Species 8 8 8 8 8 8 8 
Taxa Number 7 8 8 7 8 8 7 
Exotic species 2 2 3 4 3 3 2 
Simpson's Diversity 7 5 7 8 6 7 4 
Sensitive Species 4 5 5 5 5 5 5 
        
AMCI value 46 46 49 50 48 49 44 
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FISHERIES AND AQUATIC PLANT MANAGEMENT 
 
Pewaukee Lake supports a large and diverse fish community (SEWRPC, 2003) including 
prized game fish like smallmouth and largemouth bass, northern pike, muskellunge, and 
walleye.  Panfish including bluegill, pumpkinseed, yellow perch, and black crappie are 
also abundant.   
 
The importance of aquatic plant beds to at least muskellunge is illustrated in a map 
provided in the Southeastern Wisconsin Regional Planning Commission Newsletter (Vol. 
41 (3), 2003, Fig.14).  Virtually all muskie locations found in a tracking experiment were 
found in aquatic plant beds.  
 

 
Figure 14. Distribution of aquatic plants and muskellunge in Pewaukee Lake, 2000 
 
High aquatic plant densities can harm fishery quality.  Dense plant beds cause panfish 
and game fish to become stunted via two pathways: 1) feeding rates generally are reduced 
in lakes with dense aquatic plants and 2) foraging efficiency of predator fish is reduced 
allowing the population of small fish to increase (Olson et al., 1998).  Fish stunting does 
not appear to be a problem in Pewaukee Lake, although the growth rate of panfish in 
Pewaukee Lake is slightly below the statewide average (SEWRPC, 2003; Susan Beyler, 
Wisconsin DNR, pers. com.). 
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Aquatic plant harvesting may be able to further increase the growth rates of fish, at least 
for certain age classes of bluegills and largemouth bass.  Olson et al. (1998) observed 
substantially increased growth rates of some age classes of bluegill and largemouth bass 
in some Wisconsin lakes were harvesting occurred when compared to control lakes.  This 
increase in growth rates was not universal for all age classes of these two species. 
Although bass and bluegills were the only two species studied, the enhanced benefit is 
likely for other desirable fishes.     
 
They recommend harvesting at least 20% of the aquatic plant zone but similar results 
could be obtained with harvest up to 40%.  They also recommend selectively cutting deep 
channels throughout the lake versus clear-cutting the top three feet of vegetation (Susan 
Beyler, Wisconsin DNR also agrees with the channel cutting recommendation, pers. 
com.).  They cut evenly spaced channels that extended from shore to the deep edge of 
plant growth, but the architecture of the channels probably makes little difference.  
Crooked channels could enhance the ambush points for predator fish to prey of forage 
species.  
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SUMMARY  
 
By analyzing past aquatic plant community changes, projecting future problems, and 
reviewing the aquatic plant management plan in SEWRPC (2003), Eco-Resource 
Consulting found that: 
 

• Pewaukee Lake has a long history of aquatic plant management. 
• The invasion of the exotic invasive species, most notably Eurasian water-milfoil 

in the last approximately 40 years has worsened aquatic plant management 
problems. 

• Limnologically speaking, and for management purposes, Pewaukee Lake contains 
two lake types, a shallow lake eastern basin and a deep lake western basin.  The 
connectivity between the two basins has not been studied and management of the 
two basins is likely to be different.  Differing management for the two basins is 
not addressed in SEWRPC (2003).  

• It is important to understand new scientific findings about the ecology of shallow 
lakes to manage the eastern basin for the desirable “clear water” state.  SEWRPC 
(2003) does not address aquatic plant management in the context of shallow lake 
ecology.  Nutrient cycling in shallow lakes (eastern basin) is considerably 
different than in deep-water lakes (western basin). 

• The ecological concept of “trophic cascade” is important to understand, as it 
explains how managing the lake ecosystem including top predator fish helps 
maintain a desirable water quality and aquatic plant communities.  

• The quality and management of Pewaukee Lake should be compared to lakes with 
a similar geography, geology, climate, and human use pattern, that is, lakes in the 
Southeastern Wisconsin Till Plains Ecoregion.   

• Based on aquatic plant species analysis, Pewaukee lake has a more desirable 
species assemblage than about 75% of comparable lakes in the ecoregion and 
based on aquatic plant community analysis, Pewaukee Lake has a more desirable 
plant community that about 50% of comparable lakes in the ecoregion. 

• The quality of the aquatic plant community in Pewaukee Lake has stayed the 
same or increased (depending which index is used) between 1967 and 2002. 

• The population of Eurasian water-milfoil has generally decreased over the years 
but annual population fluctuations make it more or less of a management problem 
for any given year.  

• The increased dominance of Eurasian water-milfoil and sago pondweed in 2004 is 
a cause for concern if it signals the beginning of a trend. This increase may be 
related to increased water turbidity in the early 2000s. 

• There are a number of exotic plant and animal species that could readily invade 
Pewaukee Lake.  The ecological consequences and management problems they 
present could be more severe than the exotic species that are already present in the 
lake. 

• It is important for aquatic vegetation management in Pewaukee Lake to maintain 
a healthy and diverse lake ecosystem with aquatic plants, large zooplankton, and 
predator fish in relative abundance.  A healthy ecosystem is important or efforts to 
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improve water quality through watershed management and nutrient reduction 
could be fruitless. 

• To a limited extent, management can determine which plants grow where, but 
because growth conditions in Pewaukee Lake are ideal, especially in the eastern 
basin, plant growth will not, nor should be eliminated. 

• Aquatic plant management techniques have to be applied carefully to maintain the 
most desirable ecological state that is attainable. 

• Generally Eco-Resource Consulting management agrees with the aquatic plant 
management plan found it SEWRPC (2003).  Methods to enhance this plan are 
given in the recommendations section. 
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RECOMMENDATIONS 
 

Based on the findings in this report and a review of the aquatic plant management 
plan in SEWRPC (2003) Eco-Resource Consulting recommends that: 
 

• LPSD train aquatic plant management staff and volunteer monitors to 
identify aquatic invasive plant and animal species including hydrilla; spiny 
naiad; water chestnut; European frog-bit; Carolina fanwort; flowering 
rush; Chinese grass, bighead, and silver carp; quagga mussels; and rusty 
crayfish. 

• LPSD work with DNR to develop and approve an exotic species 
eradication plan that includes identification, management and eradication 
techniques, permitting, etc., so that if new invasive aquatic species are 
found, immediate action can be taken for eradication or management. 

• LPSD work with DNR or a private consultant to survey the lake for the 
milfoil weevils. 

• LPSD work with DNR to perform a fish survey every five years.  
Common carp is the species of interest.  DNR is not likely to do a biomass 
survey but catch per unit effort surveys and population size structure will 
provide trend analysis to determine if carp populations are increasing. 

• Deep harvesting in early spring (when milfoil growth is apparent) and fall 
be implemented and continued in addition to the shallower harvesting 
recommended in SEWRPC (2003).  Deep harvesting places more stress on 
milfoil plants, may delay milfoil growth, and removes nutrients and 
biomass at a time before native plants begin to grow or after they die in 
the fall. 

•  A load of  “as harvested” aquatic plants be weighed monthly and a sub 
sample taken, dried, and analyzed for nitrogen and phosphorus content to 
better determine how much biomass and nutrients are removed by the 
harvesting and shoreline cleanup programs. 

• An aquatic plant survey should be completed once every three years.  The 
survey should be done between mid-July and mid-August.  Techniques 
should be the same as used in the historical DNR and the Wisconsin 
Lutheran College surveys.  Results should be reported as frequency of 
plant occurrence. Sampling plots with no vegetation should be included in 
survey results and the maximum depth of plant growth determined.  In 
addition, a plant species list should be prepared for the entire lake 
including emergent and floating-leaved plants.  Plant species should be 
vouchered and placed in the Wisconsin State Herbarium. 

• ERC recommends that herbicide treatment for aquatic plant management 
between piers not be used.  Triclopyr and 2,4-D are the only herbicides 
that can be used somewhat selectively and are systemic to spot treat 
milfoil.  These herbicides also kill other dicot plants including desirable 
species like water-lilies, open areas for invasion of exotic species, cause 
dissolved oxygen depletion, and quickly recycle nutrients making them 
available for undesirable algae blooms. 
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• As time allows harvest “cruising channels” for predatory fish in dense 
aquatic plants beds including many areas in the eastern basin.  

• LPSD staff or volunteer monitors collect Secchi depth readings, water 
temperature and dissolved oxygen reading on a mid-weekly basis from 
soon after ice-out until late fall in both the eastern and western basin. 

• Collect water samples from the eastern and western basin on a quarterly 
basis to determine nitrogen and phosphorus content. 

• LPSD commission a study on the interconnectedness of the eastern and 
western basins in regard to water flow and water chemistries.  

• Based on survey results, new scientific findings, and new management 
techniques, the aquatic plant management plan should be reviewed and 
possibly revised every five years. 
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Appendix A: Comparison between Hydrilla, Elodea, Egeria, and Lagarosiphon (from 
University of Florida, Center for Aquatic and Invasive Plants, with permission). 
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Appendix B: Frequency and Relative Frequency of Occurrence of Pewaukee Lake Plants 
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Pewaukee Lake 1988(1) 1991 1994 1997 2000 2002 2004
Species Name (4) Occur. Freq. Rel. Freq. Occur. Freq. Rel. Freq. Occur. Freq. Rel. Freq. Occur. Freq. Rel. Freq. Occur. Freq. Rel. Freq. Occur. Freq. Rel. Freq Occur. Freq. Rel. Freq.
Ceratophyllum demersum 33 37.9% 11.2% 57 65.5% 24.5% 45 51.7% 17.6% 55 64.0% 20.2% 82 49.4% 16.7% 26 54.2% 15.5% 28 17.4% 14.1%
Chara sp. 26 29.9% 8.8% 9 10.3% 3.9% 26 29.9% 10.2% 18 20.9% 6.6% 39 23.5% 7.9% 11 22.9% 6.5% 7 4.3% 3.5%
Elodea canadensis 6 6.9% 2.0% 6 6.9% 2.6% 7 8.0% 2.7% 9 10.5% 3.3% 22 13.3% 4.5% 9 18.8% 5.4% 3 1.9% 1.5%
Lemna minor 0.0% 0.0% 0.0% 0.0% 1 1.1% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Myriophyllum sibiricum or sp. 0.0% 0.0% 0.0% 0.0% 7 8.0% 2.7% 37 43.0% 13.6% 1 0.6% 0.2% 0.0% 0.0% 0.0% 0.0%
Myriophyllum spicatum (2) 86 98.9% 29.1% 66 75.9% 28.4% 58 66.7% 22.7% 41 47.7% 15.1% 137 82.5% 27.9% 44 91.7% 26.2% 86 53.4% 43.4%
Najas flexilis or sp. 40 46.0% 13.5% 28 32.2% 12.1% 41 47.1% 16.0% 8 9.3% 2.9% 72 43.4% 14.7% 24 50.0% 14.3% 7 4.3% 3.5%
Najas marina (2) 0.0% 0.0% 0.0% 0.0% 1 1.1% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Najas quadalupensis 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 40 46.5% 14.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Nymphaea tuberosa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1 0.6% 0.5%
Potamogeton amplifolius (3) 3 3.4% 1.0% 2 2.3% 0.9% 5 5.7% 2.0% 6 7.0% 2.2% 8 4.8% 1.6% 4 8.3% 2.4% 3 1.9% 1.5%
Potamogeton crispus (2) 21 24.1% 7.1% 6 6.9% 2.6% 5 5.7% 2.0% 0.0% 0.0% 4 2.4% 0.8% 3 6.3% 1.8% 3 1.9% 1.5%
Potamogeton filiformis 0.0% 0.0% 4 4.6% 1.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Potamogeton foliosus(3) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3 3.5% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Potamogeton gramineus(3) 0 0.0% 0.0% 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0% 0.0% 5 10.4% 3.0% 10 6.2% 5.0%
Potamogeton illinoensis(3) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1 0.6% 0.2% 0.0% 0.0% 0.0% 0.0%
Potamogeton natans 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1 0.6% 0.2% 0.0% 0.0% 0.0% 0.0%
Potamogeton pectinatus 9 10.3% 3.0% 22 25.3% 9.5% 24 27.6% 9.4% 20 23.3% 7.4% 34 20.5% 6.9% 11 22.9% 6.5% 25 15.5% 12.6%
Potamogeton praelongus 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5 3.0% 1.0% 0.0% 0.0% 0.0% 0.0%
Potamogeton richardsonni 0.0% 0.0% 3 3.4% 1.3% 1 1.1% 0.4% 0.0% 0.0% 1 0.6% 0.2% 1 2.1% 0.6% 0.0% 0.0%
Potamogeton zosteriformis(3) 2 2.3% 0.7% 10 11.5% 4.3% 9 10.3% 3.5% 8 9.3% 2.9% 15 9.0% 3.1% 8 16.7% 4.8% 4 2.5% 2.0%
Potamogeton sp. 30 34.5% 10.1% 1 1.1% 0.4% 1 1.1% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Utricularia vulgaris or sp.(3) 2 2.3% 0.7% 0.0% 0.0% 3 3.4% 1.2% 1 1.2% 0.4% 2 1.2% 0.4% 0.0% 0.0% 0.0% 0.0%
Vallisneria americana 12 13.8% 4.1% 8 9.2% 3.4% 16 18.4% 6.3% 17 19.8% 6.3% 43 25.9% 8.8% 16 33.3% 9.5% 0.0% 0.0%
Zannichellia palustris 0.0% 0.0% 2 2.3% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 13 8.1% 6.6%
Zosterella dubia 7 8.0% 2.4% 8 9.2% 3.4% 6 6.9% 2.3% 9 10.5% 3.3% 24 14.5% 4.9% 6 12.5% 3.6% 9 5.6% 4.5%
Other 19 21.8% 6.4% 1 1.1% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
None 1 1.1% 0.3% 7 8.0% 3.0% 14 16.1% 5.5% 2 2.3% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Total quads 87 87 87 86 166 48 161
Total frequency 340.2% 100.1% 267.8% 100.3% 294.3% 100.1% 316.3% 100.1% 295.8% 99.9% 350.0% 100.0% 123.6% 100.5%

1. 1988-1997 data from DNR Long-term trends, SEWRPC (2003),
 2000, 2002 and 2004 from pers. com. Robert Anderson, Wisconsin Lutheran College, 
2. Exotic species
3. Sensitive species
4.  Common names for each species included in Appendix C.



Appendix C: Floristic quality table for Pewaukee Lake 
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Floristic Quality Assessment for Pewaukee Lake (1) C value(1) 1967(4) 1976(4) 1988(4) 1991(4) 1994(4) 1997(4) 2000(4) 2002(4) 2004(4)
Ceratophyllum demersum (coontail) 3 0 0 1 3 1 3 1 3 1 3 1 3 1 3 1 3
Chara vulgaris (muskgrass) 7 1 7 1 7 1 7 1 7 1 7 1 7 1 7 1 7 1 7
Elodea canadensis (waterweed) 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3
Lemna minor (lesser duckweed)(3) 5 0 0 1 5 0 1 5 0 1 5 0 0
Lemna trisulca (forked duckweed)(3) 6 0 0 0 0 0 0 1 6 0 0
Myriophyllum sibiricum or sp.(native water-milfoil)(2) 7 1 7 0 0 0 1 7 1 7 1 7 1 7 0
Myriophyllum spicatum (Eurasian water-milfoil) 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
Najas flexilis (bushy pondweed) 6 0 1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
Najas guadalupensis(southern naiad) 7 0 0 0 0 0 1 7 0 0 0
Najas marina (spiny najas) 0 0 0 0 0 1 0 0 0 0 0
Nuphar variegatum or sp. (yellow water lily)(2,3) 6 1 6 1 6 1 6 0 0 0 1 6 0 1 6
Nymphaea odorata  or sp.(white water lily)(3) 6 1 6 1 6 1 6 0 0 0 1 6 1 6 1 6
Potamogeton amplifolius (large-leaf pondweed) 7 0 1 7 1 7 1 7 1 7 1 7 1 7 1 7 1 7
Potamogeton crispus (curly-leaf pondweed) 0 1 0 1 0 1 0 1 0 1 0 0 1 0 1 0 1 0
Potamogeton filiformis (thread-leaf pondweed) 8 0 0 0 1 8 0 0 0 0 0
Potamogeton foliosus (leafy pondweed) 6 0 0 0 0 0 1 6 0 1 6 0
Potamogeton gramineus 7 0 0 0 0 0 0 1 7 1 7
Potamogeton illionensis (Illinois pondweed) 6 0 0 0 0 0 0 1 6 0 0
Potamogeton natans (floating-leaf pondweed) 5 0 0 1 5 0 0 0 1 5 1 5 0
Potamogeton pectinatus (sago pondweed) 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3
Potamogeton praelongus (white-stem pondweed) 8 1 8 0 0 0 0 0 1 8 0 0
Potamogeton richardsonii (clasping-leaf pondweed) 5 0 1 5 1 5 1 5 1 5 0 1 5 1 5 0
Potamogeton vaginatus (stiff-water pondweed) 9 0 1 9 0 0 0 0 0 0 0
Potamogeton zosteriformis (flat-stemmed pondweed) 6 0 0 1 6 1 6 1 6 1 6 1 6 1 6 1 6
Potamogeton spp. (pondweeds) 0 1 0 0 1 0 1 0 1 0 1 0 0 0 0
Ranunculus sp.(water buttercup) 6 0 0 1 6 0 0 0 0 0 0
Scirpus validus (soft-stem bulrush) 4 1 4 1 4 0 0 0 0 0 0 0
Sparganium eurycarpum (common bur-reed) 5 1 5 1 5 0 0 0 0 0 0 0
Typha latifolia or sp. (broadleaf cattail) 1 1 1 1 1 1 1 0 0 0 0 0 0
Utricularia vulgaris or sp. (bladderwort)(2) 7 0 0 1 7 0 1 7 1 7 1 7 1 7 0
Utricularia purpurea 1 0 1 1 0 0 0 0 0 0 0
Vallisneria americana (water celery) 6 1 6 0 1 6 1 6 1 6 1 6 1 6 1 6 1 6
Zannichellia palustris (horned pondweed) 7 0 0 0 1 7 0 0 0 0 0
Zosterella dubia (water stargrass) 6 0 0 1 6 1 6 1 6 1 6 1 6 1 6 1 6
Zizania aquatica (wild-rice) 8 1 8 0 0 0 0 0 0 0 0
Unknown 0 0 1 0 1 0 0 0 0 0 0
Sum of all species 14 15 21 16 17 15 21 18 14
Sum of exotic species 1 2 2 2 3 1 2 2 2
Sum of native species 13 13 19 14 14 14 19 16 12
Square root of native species 3.6 3.6 4.4 3.7 3.7 3.7 4.4 4.0 3.5
Cbar 4.9 4.8 4.6 4.8 5.1 5.3 5.7 5.6 5.5
FQA  (I) 17.8 17.5 20.2 17.9 19.0 19.7 24.8 22.5 19.1

1. After Nichols 1998
2. Assigned lowest number in that genus
3. May not have been included in pre-2000 because
of free-floating or floating-leaf life form
4. One (1) indicates species found in that survey year
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