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Introduction  

Macrophytes play a central role in aquatic ecosystem food web interactions 
however nuisance species may alter these interactions (Cheruvelil 2001, Madsen et al. 
1991).  Non-indigenous canopy-forming species, such as Eurasian watermilfoil, are 
considered nuisance species since they alter natural habitats by creating vertical gradients 
in temperature, light, dissolved oxygen, and pH.  As a result, macroinvertebrate and 
zooplankton communities shift, effecting abundance and growth of littoral fish (Valley 
and Bremigan 2002). 

Nonindigenous plant species have been introduced to North America as a 
consequence of accidental releases or intentional importation as food, fiber, and 
ornamentals.  Although most exotic plants are innocuous and persist only through 
intensive cultivation, nearly 15% of nonindigenous species become invasive and cause 
severe ecological disruption of native plant communities (Moody and Les 2002, Pimentel 
et al. 2000).  Eurasian watermilfoil (Myriophyllum spicatum) is an exotic, highly invasive 
submersed aquatic plant that is native to Eurasia (Whyte and Francko 2001).  Couch and 
Nelson (1985, cited in Madsen 1997) provide evidence that it was first observed in the 
United States as late as the 1940s.  Since its introduction into U.S. water bodies, Eurasian 
watermilfoil has spread throughout North America and is now the dominate species in 
many temperate lake macrophyte communities (Cheruvelil 2001). 

Eurasian watermilfoil is found in littoral regions of lake ecosystems, the most 
productive area of a lake (Adams and McCracken 1974).  The shoots of Eurasian 
watermilfoil support periphyton and collect detritus, reducing the availability of food 
resources for macroinvertebrates (Engel 1995).  This invasive species is characterized by 
its rapid growth, unique methods of reproduction, and highly competitive nature (Whyte 
and Francko 2001).  Means of reproduction include seed production, stolon production, 
and fragmentation.  Seeds serve as a means of long term reproduction, enabling survival 
during long periods of dormancy.  Localized expansion is provided through stolon 
growth.  Stolons extend outward from the parent plant and produce new plants in the 
immediate area (Madsen and Smith 1997).  Fragmentation or vegetative spread is 
considered the major method of reproduction, allowing the plant to invade new habitats 
(Whyte and Francko 2001).  Eurasian watermilfoil exhibit two methods of fragmentation 
that allow for long distance dispersal: autofragmentation and allofragmentation (Madsen 
and Smith 1997).  During autofragmentation, abscising fragments develop roots at the 
nodes before separating from the parent plant.  Allofragments are produced by wind, 
waves, and boating activities.  Each fragment has the potential to develop into a new 
plant (WAPMS 2004).   

In addition to these unique methods of reproduction, Eurasian watermilfoil uses 
its competitive nature to increase its numbers.  According to Valley and Newman (1998), 
the native northern watermilfoil (Myriophyllum sibiricum) is closely related to Eurasian 
and prefers a similar habitat.  However, coexistence is rare and Eurasian tends to displace 
northern because of Eurasian’s ability to form dense canopies. 

With proper management techniques, an established population of Eurasian 
watermilfoil in a lake can be turned into an asset.  For example, mechanical harvesting of 
this plant effectively prevents formation of the canopy, which encourages growth of 



native macrophytes while improving the quality of the littoral fish community (Unmuth 
2001). 

Pewaukee Lake is located in Waukesha County, in southeastern Wisconsin.  
Pewaukee Lake has a surface area of 2,493 acres with a maximum depth of 45 feet and a 
mean depth of 15 feet.  Approximately 15 percent of the lake area is less than five feet 
deep, 63 percent has a depth between five and 20 feet, and 20 percent of the lake has a 
depth of more than 20 feet.  The non-native Eurasian watermilfoil, first identified in 
Wisconsin during the 1960s, was common in 39 Wisconsin counties, including 
Waukesha County, by 1993 (WNDR 2004).   

In 1978, an initial aquatic plant survey was conducted on Pewaukee Lake, and the 
dominant submerged macrophyte was identified as Eurasian watermilfoil.   Further 
surveys conducted in 1988, 1991, 1994, and 1997 demonstrated considerable changes in 
the macrophyte community (SWRPEC 2003).  The distribution of Eurasian watermilfoil 
decreased considerably allowing for reappearance of native macrophyte populations 
(SWRPEC 2003).  By 2000, fifteen native species were found.  Among these species, 
coontail (Ceratophyllum demersum), wild celery (Vallisneria americana), and muskgrass 
(Chara sp.) appeared to be most abundant, while a healthy population of pondweed 
species (Potamogeton sp.) were found throughout the lake (SEWRPC 2003).  More 
recent surveys conducted in 2000, 2002, and 2004, show that Eurasian watermilfoil 
continues to be a dominant species in Pewaukee Lake (Koch and Anderson 2003, Iwen 
and Anderson 2005, SEWRPC 2003, Schmoldt and Anderson 2001); however, the Lake 
supports a healthy and diverse native aquatic macrophyte community. 

As part of a continuing monitoring effort, this study provides an update to the 
distribution and abundance of macrophytes present in Pewaukee Lake.  Comparisons to 
past surveys are made to determine the changes in plant diversity.  This type of regular 
monitoring will allow for a long-term evaluation of Pewaukee Lake’s plant community 
by keeping track of major trends in plant growth in the lake. 



Methods 
 

 Macrophytes in Pewaukee Lake, Waukesha County, Wisconsin, were surveyed on 
July 6 and 7, 2006 to determine species presence, frequency, and density.  Macrophyte 
beds in fourteen transects established by the Wisconsin Department of Natural Resources 
(WDNR) were sampled (Figure 1). 
 

 
 
Figure 1: Sample transects in Pewaukee Lake, Waukesha County, Wisconsin, established 
by the Wisconsin Department of Natural Resources. 
 

A line intercept method was used to determine macrophyte presence and density 
(Deppe and Lathrop 1992, Jessen and Lound 1962, Madsen 1999).  Four samples were 
taken at each sample depth (1.5, 5, 9, and 11 feet) along transects established by the 
WDNR (Figure 1).  Transect 33 however did not reach a depth of 9 feet and transects 29, 
37, and 41 did not reach a depth of 11 feet.   

At each depth, four rake casts were made in a circular pattern with a rake 
consisting of a 16-foot pole with an attached garden rake head.  The head is made of a 
1/8-inch thick butt plate with 14 2.5-inch long teeth set along the butt plate lengthwise 
that allow for the recovery of submerged vegetation (Figure 2; Jessen and Lound 1962).  
The combination of the rake head and pole is also used to determine water depth and 
substrate at each sampling site. 
 



 
 

Figure 2: Rake head used to recover submerged vegetation attached to a 16-foot pole. 
 

Each species was identified using identification keys (Borman et al. 1997, Crow 
and Hellquist 2000).  Samples of plants unable to be identified in the field were taken to 
the research laboratory at Wisconsin Lutheran College for closer examination.  Density 
ratings were assigned to each species collected during a rake haul based on frequency of 
recovery of vegetation by the rake and extent of rake coverage (Table 1; Jessen and 
Lound 1962).  A Trimble GeoXM Global Positioning System field unit was used to note 
the locations of points along each transect. 
 
Table 1:  Criteria used to assign density ratings for a plant species collected during a rake 
haul (Jessen and Lound 1962). 
 

Rake frequency 
(Presence of a species on a rake head) Density rating Descriptive term 

Present in all 4 casts (rake teeth full 
all casts) 5 Dense 

Present in all 4 rake casts (rake teeth 
less than full) 4 Heavy 

Present in 3 rake casts 3 Moderate 
Present in 2 rake casts 2 Scattered 
Present in 1 rake cast 1 Sparse 
Present in 0 rake casts 0 Absent 

 
 

Water parameters were measured using a Hydrolab DataSonde4 multiprobe unit.  
Measured parameters included water temperature, pH, dissolved oxygen, and 
conductivity.  Readings were taken at the surface and every 0.5 meter until reaching the 
maximum depth at each locale.  A single hydrolab reading was taken in the East and 
West basin (Figure 3). 
 



 
 

Figure 3: Pewaukee Lake West (Transect 11, 11.0 ft.) and East (Transect 37, 9.0 ft.) basin 
water quality sampling locations taken during July 6th & 7th , 2006, respectively. 
  

Water clarity was measured and recorded during the macrophyte survey.  On the 
shady side of the barge, a secchi disk was lowered until it was no longer visible.  Upon 
reappearance, the rope was marked and then measured from the secchi disk to the marked 
position. 

 
 

Results 
 

A total of thirteen aquatic plant species were found in Pewaukee Lake, Wisconsin, 
during July 2006.  Of these thirteen species, eleven were native macrophytes.  Eurasian 
watermilfoil, a non-native plant, was the most abundant species collected during the 
survey (Table 2).   
 
 
 
 
 
 
 
 
 
 
 
 



Table 2: Relative abundance of Aquatic plant species found in Pewaukee Lake, 
Wisconsin, during July 2006. 
 

Aquatic Plant Species Relative Abundance 
Coontail (Ceratophyllum demersum) Moderate 
Muskgrass (Chara sp.) Moderate 
Elodea (Elodea canadensis) Very Sparse 
Eurasian watermilfoil (Myriophyllum spicatum) Very Abundant 
Northern watermilfoil (Myriophyllum sibiricum) Moderate 
Bushy pondweed (Najas flexilis) Sparse 
Largeleaf pondweed (Potamogeton amplifolius) Sparse 
Curly leaf pondweed (Potamogeton crispus) Sparse 
Illinois pondweed (Potamogeton illinoensis) Very Sparse 
Sago pondweed (Potamogeton pectinatus) Very Sparse 
Robbins pondweed (Potamogeton robbinsii) Very Sparse 
Flatstem pondweed (Potamogeton zosteriformis) Very Sparse 
Eel grass (Vallisneria Americana) Sparse 

  
 the average frequency and density of plant species from all Pewaukee Lake 
sampling locations illustrates the relative dominance of Eurasian watermilfoil and the 
similar abundance of the native species (Figures 4 and 5).  Muskgrass, northern 
watermilfoil and coontail were the most abundant of the native species although several 
of the pondweed species were only slightly less abundant. 
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Figure 4: Average frequency of occurrence of aquatic macrophytes in Pewaukee Lake, 
Wisconsin, during July 2006. 
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Figure 5: Average density of aquatic macrophytes in Pewaukee Lake, Wisconsin, 2006. 
 

Aquatic plant frequency of occurrence and density were quite variable across  
sampling depths with the greatest numbers of species found at the 5.0 foot depth (Figures 
6 and 7).  Eurasian watermilfoil occurred most frequently and in the greatest density at 
the 5.0 and 9.0 foot depths.  Coontail occurred most frequently at the 9.0 foot depth but 
had a higher density rating at the 5.0 foot depth.  Muskgrass occurred most frequently 
and had its highest density at the 5.0 foot depth while northern watermilfoil was most 
abundant at the 9.0 foot depth.  All the less abundant native species occurred most 
frequently and had their greatest density at the 5.0 foot depth except for sago pond weed 
which was most abundant at the 9.0 foot depth.   
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Figure 6: Average frequency of occurrence of aquatic macrophytes at 1.5, 5.0, 9.0, and 
11.0 foot depths in Pewaukee Lake, Wisconsin, 2006. 
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Figure 7: Average density of aquatic macrophytes at 1.5, 5.0, 9.0, 11.0 foot depths in 
Pewaukee Lake, Wisconsin, 2006.  
  

The average densities of individual native macrophytes were combined and 
compared to that of Eurasian watermilfoil.  At all depths Eurasian watermilfoil had a 
greater density rating than the combined native aquatic plant population (Figure 8).   
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Figure 8: Average density of Eurasian watermilfoil and native macrophyte populations in 
Pewaukee Lake, Wisconsin, 2006. 
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 A total of ten native species were found in the West basin and eight in the East 
basin of Pewaukee Lake.  In the West basin, muskgrass was the most frequently 
encountered native species however it occurred in greater density in the east basin.  
Coontail was the most frequently found native species in the east basin where it also had 
a greater density. Illinois pond weed, flatstem and Elodea occurred only in the west basin 
and curly leaf and robins pondweed occurred only in the east basin.  Eurasian 
watermilfoil was the most abundant species in both basins and occurred more frequently 
and at a higher density in the west basin (Figures 9 and 10). 
 The distribution across depths differed between basins for Eurasian water milfoil, 
northern watermilfoil and coontail.  The greatest density and frequency of occurrence for 
Eurasian watermilfoil was found at the 9.0 foot depth in the west basin and 5 foot depth 
in the east basin.  Northern milfoil was most abundant at the 9 foot depth in both basins 
but had a broader distribution in the west basin whereas coontail had a broader 
distribution in the east basin (Figures 11 and 12).     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Average frequency of aquatic macrophytes in the West and East basins of 
Pewaukee Lake, Wisconsin, 2006. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Average density of aquatic macrophytes in the West and East basins of 
Pewaukee Lake, Wisconsin, 2006. 
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Figure 11: Average frequency of aquatic macrophytes at 1.5, 5.0, 9.0, and 11.0 feet in the 
West and East basins of Pewaukee Lake, Wisconsin, 2006.  
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Figure 12: Average density of aquatic macrophytes at 1.5, 5.0, 9.0, and 11.0 feet in the 
West and East basins of Pewaukee Lake, Wisconsin, 2006.  
 
 
 



 The physical parameters of the West and East basins showed similar trends during 
the survey.  Dissolved oxygen levels ranged from 6.6 mg/L to 7.7 mg/L (Figure 13).  
Water clarity, based on secchi disk measurements, was greater in the West basin (Figure 
14).   
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Figure 13: Temperature (oC) and dissolved oxygen (mg/L) in Pewaukee Lake, 
Wisconsin, July 6th, 2006 at the West (Transect 11, 11.0 ft.) and July 7th, 2006 at the East 
(Transect 37, 9.0 ft.) basins. 
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Figure 14: Secchi disk readings taken at the West (Transect 11, 11.0 ft.) and East 
(Transect 37, 9.0 ft.) basins in Pewaukee Lake, Wisconsin, on July 6th and 7th  
respectively in 2006. 
 
 

Discussion 
 

 The purpose of this study is to determine the current composition of macrophyte 
beds in Pewaukee Lake and make comparisons to previous studies.  Comparisons are 
made to studies conducted since the Southeastern Wisconsin Regional Planning 
Commission issued its lake management plan for Pewaukee Lake which was published in 
2003 (SEWRPC 2003).  Regular monitoring of the plant community points out the 
significant variation from year to year thus enhancing effective management.  In 
comparing the average frequency of plants in the lake as a whole we found the highest 
frequency in 2002 with a dramatic decrease in 2004 and a recovery in 2006 (Figure 15).  
Eurasian watermilfoil was dominant each year but declined significantly in 2004.  
Coontail, a dominant native species declined dramatically from 2002 levels but did not 
demonstrate the same level of recovery in 2006 seen in Eurasian watermilfoil.  Bushy 
pondweed was also abundant in 2002 but was not found in the samples in 2004.  This 
species reached similar levels of other native species in 2006.  Musk grass followed a 
similar pattern but was not as abundant as bushy pondweed in 2002.  Northern 
watermilfoil appeared in the samples only in 2006 after the general decline in 2004. 
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Figure 15: Average frequency of occurrence of aquatic macrophytes in Pewaukee Lake, 
Wisconsin, during July 2002, 2004, and 2006. 
 
 

The decline that was seen in Eurasian milfoil in 2004 occurred most notably at the 
1.5 and 11 foot depths (Figure 16).  Native species were nearly absent from the 11 foot 
depth during 2004 with some showing recovery in 2006.  Eel grass had a greater decline 
in the west basin than the east while flatstem pondweed exhibited the reverse (Figure 17).  
Other species had similar declines in both basins.  

The reduction of Eurasian watermilfoil in 2004 was more dramatic at the 11 foot 
depth in the west basin than in the east basin of the lake (Figure 18 and 19).  Recovery of 
Eurasian watermilfoil at the 11 foot depth however was also greater in the west basin 
while in the east basin it continued to decline at this depth in 2006.   
 

Year to year fluctuations in submerged plant abundance and species composition 
may result from annual climatic variation, changes in the watershed, and changes within 
the lake  (Scheffer and Van Nes 2007).  Several years of warmer temperatures and/or 
draught can have an effect on the growth of some plant species (Rooney and Kalff 2000) 
and change the cycling of nutrients particularly in the shallow areas of a lake (Titus et al. 
2004).  If at the same time runoff from the local watershed is reduced due to a decrease in 
precipitation this may reduce input of nutrients to the system.  

 
Given the potential for annual fluctuations in the lake plant community, 

management plans need to take a long term perspective.  A strong management response  
to a short term variation could result in pushing the aquatic plant community to far.  A 
possible result of dramatically reducing the rooted plant community is a shift to a highly 
turbid algae dominated situation (Scheffer et al. 1993, Wagner et al. 2007, and Hauxwell 
et al. 2001).  This in turn could have a negative effect on the fish community of the lake 
by reducing suitable habitat. 
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Figure 16: Average frequency of occurrence of aquatic macrophytes at 1.5, 5.0, 9.0, and 
11.0 foot depths in Pewaukee Lake, Wisconsin, during July 2002, 2004, and 2006. 
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Figure 17: Average frequency of occurrence of aquatic macrophytes in the West and East 
basins of Pewaukee Lake, Wisconsin, during July 2002, 2004, and 2006. 
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Figure 18: Average frequency of occurrence of aquatic macrophytes at 1.5, 5.0, 9.0, and 
11.0 foot depths in the West basin of Pewaukee Lake, Wisconsin, during July 2002, 
2004, and 2006. 
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Figure 19: Average frequency of occurrence of aquatic macrophytes at 1.5, 5.0, 9.0, and 
11.0 foot depths in the East basin of Pewaukee Lake, Wisconsin, during July 2002, 2004, 
and 2006. 
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Appendix A 
 

 
Table A: Occurrence of species at the 1.5, 5.0, 9.0 and 11.0 foot depths of each transect 
on Pewaukee Lake, Wisconsin, 2006. 
 

 
 
 
 
 
 
 
 

  Transect               
Species Depth 1 3 7 11 13 17 21 25 29 33 37 41 44 45 TOTAL 
 1.5                 
Coontail          2      2 

Muskgrass      1    1 1     3 
Eurasian  3  1 1 3  2  2 4  4  2 22 
Northern    1            1 
Bushy      1  1  1      3 
Curlyleaf            1     1 
Sago       1 2 1 1  2     7 
Eel grass                 1 1           2 

 5.0                 
Coontail     1     4 1   2  8 
Muskgrass   1 1 2 4 2 3 4       17 
Elodea     4           4 
Eurasian  2 4 4 3 4 3 4 4 4 4 3 4  4 47 
Northern       1     1    2 
Bushy     3  1 2 1       7 
Largeleaf   1 3    4  2       10 

Illinois    2             2 
Sago          2    2 1  5 
Robbin's          1       1 
Flatstem      1           1 
Eel grass         3   1 1 1             6 

 9.0                 
Coontail          2 n/a    1 3 

Eurasian  4 4 4 4 4 4 4 4 4   4 3 4 47 
Northern         3 2             3 2 1 11 

 11.0                 
Coontail  1        n/a n/a n/a n/a   1 
Muskgrass        1        1 
Eurasian  3 4 4 4 2 3 3 4      2 29 
Northern     2  1         3 
Curlyleaf                  1           1 2 



Table B: Density of species at the 1.5, 5.0, 9.0 and 11.0 foot depths of each transect on 
Pewaukee Lake, Wisconsin, 2006. 
 

 
 

  Transect               
Species Depth 1 3 7 11 13 17 21 25 29 33 37 41 44 45 TOTAL 
 1.5                 
Coontail          2      2 
Muskgrass      1    3 1     5 

Eurasian  3  1 1 3  5  2 4  8  2 29 
Northern     1            1 
Bushy       1    1      2 
Curlyleaf            1     1 
Sago       2 2 1 1  2     8 
Eel grass                 1 1           2 

 5.0                 

Coontail     1     4 2   2  9 
Muskgrass   1 1 4 4 2 3 11       26 
Elodea     4           4 
Eurasian  2 8 12 5 9 3 8 9 4 5 3 14  4 86 
Northern        1     2    3 
Bushy      3  1 2 1       7 
Largeleaf   1 6    4  3       14 
Illinois    2             2 

Sago          2    2 1  5 
Robbin's         1       1 
Flatstem     1           1 
Eel grass         3   1 1 1             6 

 9.0                 
Coontail          2 n/a    1 3 
Eurasian  5 8 9 10 8 10 8 4 8   9 3 4 86 

Northern          4 2             4 2 1 13 

 11.0                 
Coontail  1        n/a n/a n/a n/a   1 
Muskgrass        1        1 
Eurasian  3 5 10 4 2 3 3 4      2 36 
Northern      2  1         3 
Curlyleaf                  1           1 2 


