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Introduction

This report is a further contribution to the ongoing aquatic plant monitoring effort on
Pewaukee Lake and is a key component of the lake management plan (SEWRPC 2003). The
plant survey, which is the basis for the report, is also in line with recommendations made by
Eco-Resource Consulting (2007).

In a lake that contains an aggressive invasive species such as Eurasian watermilfoil annual
control and monitoring of the plant community is essential to developing and maintaining
aquatic plant diversity. Plant diversity in turn is a critical base for a healthy lake community
(Engel 1985, Carpenter and Lodge 1986, Petr 2000, Hoyer and Canfield 2001, UWEX 2007).
Every lake is unique in its morphometry, adjacent watershed and history. Plant management
strategies need to be tailored to the specific attributes of the lake (Madsen 2000). In order to
effectively tailor a plant management approach it is important to evaluate the lake’s response to
existing management approaches as well as monitor responses to lake use and changes in
weather patterns. This study provides an additional year of plant distribution data to the existing
base of information on aquatic plant density and relative abundance in Pewaukee Lake and thus

informs management decisions.

Methods

The survey was conducted on Pewaukee Lake, Waukesha County during the summer of 2010
to determine the frequency of occurrence and density of aquatic macrophyte species. Fourteen
new transect points were chosen for 2010 to broaden the sampling scope of the annual
monitoring program. These fourteen transects are evenly distributed along the shoreline of the
lake and were selected from the full set of lake transects established by the Wisconsin DNR
(Figure 1).



Figure 1: Fourteen transects sampled on Pewaukee Lake on July 28and August 3, 2010.

A Trimble GeoXM Global Positioning System field unit was used to locate each transect site.
Samples were collected at each transect point in accordance with the line intercept method
(Deppe and Lathrop 1992, Jessen and Lound 1962, Madsen 1999). Four rake pulls were cast at

each depth (1.5 ft., 5 ft., 9 ft., and 11 ft.) off the front of the boat in a semi-circular pattern
(Figure 2).
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Figure 2: Sampling pattern for each depth.

A garden rake head attached to a 16-foot collapsible pole was used for macrophyte sample
retrieval. The combined length of the rake head and the pole was used to determine water depth

and substrate type at each sample site. The rake head is composed of a 1/2-inch butt plate with



fourteen 2'2-inch long teeth (Figure 3). The density of vegetation for each retrieval was

determined based on the fullness of the rake head (Table 1).
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Figure 3: Rake head used to recover submerged vegetation attached to a 16-foot pole.

Table 1: Criteria used to assign density ratings for a plant species collected during a rake haul (Jessen and Lound
1962).

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

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

4 Heavy
full)
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

Emergent plants along the perimeter of the lake were identified by visual surveys and the
results were incorporated into a digitized lake map. Macrophyte samples were identified
according to identification keys (Crow and Hellquist 2000, Borman et al 1997). Samples which
could not be accurately identified in the field were taken to the lab for detailed

analysis. Reference samples of each species were dried and mounted on herbarium paper.

Secchi disk readings were taken by Lake Pewaukee Sanitary District personnel on a monthly

basis in the center of the west basin of the lake.



Results

A total of twenty-three aquatic plants were identified during the 2010 survey. Twenty-
one species are native to the lake while Eurasian watermilfoil and curlyleaf pondweed are exotic
invasive species. Eurasian watermilfoil was the most frequently occurring macrophyte in
Pewaukee Lake. The predominant native species were northern watermilfoil and coontail with

elodea, water stargrass and muskgrass occurring quite frequently as well (Figure 4).
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Figure 4: Frequency of occurrence of aquatic plants in Pewaukee Lake, Waukesha County,
Wisconsin during the summer of 2010.



Most plant species occurred more frequently in the east basin than the west basin of
Pewaukee Lake. In particular coontail, elodea, and curlyleaf pondweed occurred nearly twice as
often in the east basin (Figure 5). In addition, eight native plant species occurred in the east
basin that did not occur in the west basin. Eurasian watermilfoil, coontail, Elodea, and northern

milfoil occurred in over 80% of the sampling points.
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Figure 5: Frequency of occurrence of aquatic plants in the west and east basins of Pewaukee
Lake, Waukesha County, Wisconsin during the summer of 2010.



Another way to evaluate plant abundance in the lake is to compare the density of each
species at the sampling locations. From this perspective Eurasian watermilfoil has an even
greater presence in the lake. Coontail and northern watermilfoil followed with equal density

levels that were approximately 60% of Eurasian watermilfoil density (Figure 6).
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Figure 6: Relative density of plants in Pewaukee Lake, Waukesha County, Wisconsin during the
summer of 2010.



The density of plants was generally greater in the east basin with the exception of
muskgrass, largeleaf pondweed and sago pondweed. The density of Elodea in the east basin was
just over twice what it was in the west basin while Eurasian watermilfoil was only 14% greater

in the east basin (Figure 7).
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Figure 7: Relative density of plants in the west and east basins of Pewaukee Lake, Waukesha
County, Wisconsin during the summer of 2010.



The distribution of aquatic plants by depth in the west basin of Pewaukee Lake
(Figure 8) showed that coontail, Eurasian watermilfoil and curlyleaf pondweed increased
in occurrence from the 1.5 foot depth to the 11 foot depth. Muskgrass and eelgrass
occurred most frequently at the 5 foot depth. Flatstem pondweed and water star grass
generally declined in abundance with depth. Elodea occurred much more frequently at the
9 foot depth and northern watermilfoil occurred most frequently at both the 5 and 9 foot

depths.
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Figure 8: Frequency of occurrence of plants by depth in the west basin of Pewaukee Lake,
Waukesha County, Wisconsin during the summer of 2010.



In the east basin of the lake frequency of occurrence of aquatic plants by depth revealed
different patterns than those seen in the west basin for some species (Figure 9). Coontail,
Elodea, eelgrass and northern watermilfoil occurred most frequently at the shallowest depth
rather than in deeper water. Eurasian water milfoil had its lowest occurrence at the 5 foot depth
in the east basin rather than the 1.5 foot depth in the west basin. Water star grass however

followed the same pattern of decreasing occurrence with depth in both basins.
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Figure 9: Frequency of occurrence of plants by depth in the east basin of Pewaukee Lake,
Waukesha County, Wisconsin during the summer of 2010.
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Emergent plants along the Pewaukee Lake shoreline (Figure 10) is not extensive due to a
variety of artificial shore stabilization techniques used by land owners. Nevertheless, there are
two natural areas, one on the west shoreline and one on the northeastern shore that have a good
variety and density of emergent vegetation. There are various areas along the shore where

landowners have developed a natural shoreline protected by emergent plants.
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Figure 10. Distribution of emergent plants in Pewaukee Lake, Waukesha County, Wisconsin
during the summer of 2010.
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Water clarity, as measured by secchi disc, showed somewhat greater clarity in early

summer and fall with light penetrating to 14 feet in mid October and 12 feet in mid May (Figure

11). An unusually clear period did occur in late August. Water clarity was sufficient to provide

light throughout the whole water column in the east basin for most of the plant-growing season.
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Figure 11: Water clarity measured by secchi disc in Pewaukee Lake, Waukesha County,
Wisconsin during the summer of 2010. (Lake Pewaukee Sanitary District 2010)
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Discussion

For the past four years, plant surveys on Pewaukee Lake have been based on the same 14

transects distributed evenly around the lake. This year the transects were shifted in order to

sample different sections of the lake. With this change nine species of plants were collected that

were not part of collections during the previous three years. This provides a strong argument for

varying transects each year in order to obtain a better representation of the plant community in

Pewaukee Lake.

Comparisons across the past four years of collections (Figure 12) indicate that coontail,

muskgrass, Elodea, curlyleaf pondweed, and flatstem pondweed all show an increasing trend.

Eurasian watermilfoil, northern milfoil, bushy pondweed, Illinois pondweed, sago pondweed, eel

grass and white-stem pondweed show variation between years with no clear trend. It is
interesting to note that even though Eurasian watermilfoil is the most frequently occurring
species it has not increased above its 2007 level. It is also encouraging to see the dramatic
increases in many of the native species that occurred in 2010. Coontail, muskgrass, Elodea,
northern milfoil, flatsem pondweed and eelgrass all more than doubled their previous year
occurrence. Unfortunately curlyleaf pondweed, a nonnative invasive species, also more than
doubled its occurrence in 2010. Relative density of plants for the lake showed similar trends

although the differences were less dramatic (Figure 13).

A comparison of frequency of occurrence in the east and west basin over the last four
years (Figure 14) shows similar patterns of increasing occurrence in both basins for coontail,
musk grass, Elodea, and northern watermilfoil. Eurasian watermilfoil reached its lowest

occurrence during 2009 in both basins and increased to 2007 levels in 2010.
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Figure 12. Frequency of occurrence of aquatic plants in Pewaukee Lake, Waukesha County,

Wisconsin during the summers of 2007 — 2010 (Zhang and Anderson 2009).
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Figure 13. Relative density of aquatic plants in Pewaukee Lake, Waukesha County, Wisconsin

during the summers of 2007 — 2010 (Zhang and Anderson 2009).
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Figure 14: Frequency of occurrence of major aquatic plants in the east and west basins of
Pewaukee Lake, Waukesha County, Wisconsin during the summers of 2007 — 2010. (Lake
Pewaukee Sanitary District 2010)



Relative frequency analysis of Pewaukee Lake aquatic plants showed a continuation of
the trend reported in Zhang and Anderson (2009) with a decline in the relative frequency of
Eurasian watermilfoil and increases in several of the major native species (Table 2 and Figure
15). Of particular note are the dramatic increases in common or northern watermilfoil and
Elodea. In addition, five native pondweed species were identified in 2010 that may have
previously been listed under the generic category pondweeds (Potamogeton sp.) but have not
specifically been recorded in the lake. The existing lake management program and the continual
spread of zebra mussels (personal observation) seems to be resulting in increased water clarity
(Figure 16). This increase in water clarity in turn may be generating an environment conducive
to an increasing native plant population. As is evident from the long term plant monitoring on
Pewaukee Lake (Table 2) annual variations are expected but general trends seem to be showing
encouraging results. With the reduced dominance of Eurasian watermilfoil there is the
possibility of increased habitat diversity for macroinvertebrates and fish thus increasing the

health of these populations. (Hoyer 2001, Petr 2000, Engle 1985).
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Figure 15: Relative frequency of Eurasian watermilfoil and major native plant species collected

in Pewaukee Lake, Waukesha County, Wisconsin during 1988 — 2010 (Table 2).
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Figure 16: Annual average of Secchi disc readings taken in the center of the east and west basins

of Pewaukee Lake, Waukesha County, Wisconsin during 1997 — 2010.

20



Literature Cited

Boran, S., R. Korth, and J. Temte. 1997. Through the looking glass: a field guide to aquatic
plants. The Wisconsin Lakes Partnership.

Carpenter, S.R. and D.M. Lodge. 1986. Effects of submersed macrophytes on ecosystem process.
Aquatic Botany 26:341-370.

Crow, G. E. and C. Barre Hellquist. 2000. Aquatic and wetland plants of Northwestern
North America. A revised and enlarged edition of Norman C. Fassett's A Manual of Aquatic
Plants. Vol. 1, Pteridophytes, gymnosperns, and angiosperms. University of Wisconsin
Press, Madison, WI.

Crow, G. E. and C. Barre Hellquist. 2000. Aquatic and wetland plants of Northwestern
North America. A revised and enlarged edition of Norman C. Fassett's A Manual of Aquatic
Plants. Vol. 2, Angiosperms; monocotyledons. University of Wisconsin Press, Madison, WL

Engel. S. 1985. Aquatic community interactions of submerged macrophytes. Technical Bulletin
No. 156. Department of Natural Resources, Madison, WI.

Eco-Resource Consulting. 2007. The Aquatic Plants of Pewaukee Lake Tracking the Past,
Looking to the Future. Prepared for: Lake Pewaukee Sanitary District.

Hoyer, M.V. and D.E. Canfield, Jr. 2001. Aquatic vegetation and fisheries management.
LakeLine 21(3):20-22.

Lake Pewaukee Sanitary District. 2010. Unpublished records

Madsen, J.D. 2000. Advantages and disadvantages of aquatic plant management. Lake Line
20(1): 22-34.

Petr, T. 2000. Interactions between fish and aquatic macrophytes in inland waters. A review.
FAO Fisheries Technical Paper. No. 396. Rome, 185p.

SEWRPC (Southeastern Wisconsin Regional Planning Commission). 2003. A lake
management plan for Pewaukee Lake Waukesha County, Wisconsin. Community Planning
Assessment Report No. 58.

UWEX Lakes Program. [online]. 2007. Aquatic Plant Management in Wisconsin. Available
from http://www.uwsp.edu/cnr/uwexlakes/ecology/APMguide.asp

21



Acknowledgements

The following students at Wisconsin Lutheran College are thanked for their contribution to plant
collection and mounting as well as preparation of maps: Svetlana Bornschlegl and Stephen
Vandenberg.

22



