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Serving the Counties

February 28, 1997

TO: All Units and Agencies of Government and Citizen Groups Involved in
Water Quality and Water Use Management of Whitewater and Rice Lakes

Over the past approximately seven years, the U.S. Geological Survey and the Southeastern Wisconsin
Regional Planning Commission, at the request of the Whitewater-Rice Lakes Management District, have been
conducting lake management-related data collection and analysis efforts. These efforts have now been
integrated into a lake management plan for Whitewater and Rice Lakes, which plan addresses the water
quality, recreational use, and natural resource problems of the Lakes. The preparation of the plan was a
cooperative effort by the Whitewater-Rice Lakes Management District, the U.S. Geological Survey, the
Wisconsin Department of Natural Resources, and the Southeastern Wisconsin Regional Planning Commission.

This report documents the recommended lake management plan. The report describes the physical and
biological characteristics of Whitewater and Rice Lakes and their watershed; the quality of the Lake waters
and the factors affecting that quality, including land use and management practices; the recreational use of
the Lakes; the shoreline conditions around the Lakes; and sets forth recommended management measures.

The plan presented in this report is intended to provide a guide to the making of development decisions
concerning the wise use and management of Whitewater and Rice Lakes as an aesthetic and recreational asset
of immeasurable value. Accordingly, adoption of the plan presented herein by all concerned water use
management agencies is urged. The Regional Planning Commission stands ready to assist the various units
and agencies of government concerned in adopting and carrying out over time the plan recommendations.

Respectfully submitted,

@e\;ﬁ@ C- Zpen SN

Philip C. Evenson
Executive Director
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Chapter 1

INTRODUCTION

Whitewater Lake is an impounded 697-acre drain-
age lake located in the Towns of Whitewater and
Richmond in Walworth County. The lake adjoining
Whitewater Lake, Rice Lake, is a 162-acre drain-
age lake. These Lakes offer a variety of water-
based recreational opportunities and are the focus
of the lake-oriented community surrounding the
Lakes. However, during recent years, both Lakes
have experienced various management problems
including excessive plant growth and lack of
species diversity, and recreation user conflicts and
limitations. In addition, concerns have been raised
regarding variable water quality and the need to
protect environmentally sensitive areas in the lake
basin.

Seeking to improve the usability of Whitewater and
Rice Lakes, and to prevent deterioration of the
natural assets and recreational potential of the
Lakes, the residents of the watershed formed the
Whitewater-Rice Lakes Management District during
1986. Since that time, the lake residents have
enrolled in the Wisconsin Department of Natural
Resources Self-Help Monitoring Program, and
sought assistance from the Wisconsin Department
of Natural Resources and the U.S. Geological
Survey, with Phase I and Phase II funding provided
in part through the lake management planning grant
program provided for under Chapter NR 119
(currently Chapter NR 190) of the Wisconsin
Administrative Code. These actions, in conjunction
with a number of other water quality-related studies
conducted by the Ecology Committee of Whitewater
Lake,! and the Wisconsin Department of Natural
Resources under their Long-Term Trend Moni-
toring Program have contributed to the development
of a data base which can provide the residents of
the Whitewater and Rice Lakes with a better
understanding of their Lake and their Lakes’
watershed.

14n informal group headed by the late limnologist
Dr. Willard L. Gross, a lake resident and professor
at the University of Wisconsin-Whitewater.

This lake management plan represents part of the
ongoing commitment of the Whitewater-Rice Lakes
Management District to sound environmental plan-
ning with respect to the Lakes. This plan was
prepared during 1995 by the Regional Planning
Commission in cooperation with the District and
represents one of several related actions taken by
the District to manage the Whitewater and Rice
Lakes resources.

This report summarizes the results of the sampling
programs and other related inventories and provides
an evaluation and interpretation of the data col-
lected and collated. Such programs include the
hydrologic and water quality monitoring program
conducted by the U.S. Geological Surveyz; data
collected by the Wisconsin Department of Natural
Resources under its Long-Term Trend Monitoring
Program and other programs3; several reports
prepared by the Ecology Committee on Whitewater
Lake and the Whitewater-Rice Lakes Management
District#; and data set forth in the regional water
quality management plan.5 As part of this planning

2y.S. Geological Survey, Water Resources Investi-
gation Report 44-410, “Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-1991,” 1994.

3Wisconsin Department of Natural Resources,
“Ambient Lakes Monitoring Program—Macrophyte
Survey: Whitewater Lake,” June 1990; Wisconsin
Department of Natural Resources, “Whitewater
Lake, Walworth County: Long-Term Trend Lake—
1986, ” June 1990; and Wisconsin Department of
Natural Resources, “Whitewater Lake, Walworth
County: Long-Term Trend Lake—1987,” June 1990.

4W.L. Gross, “Progress Report on Feasibility Study
of Whitewater Lake,” November 1971 and “White-
water Lake Water Quality Study,” April 1972; K.
Lundin, “Whitewater Lake History,” s.d.; and
Whitewater-Rice Lakes Management District,
“Newsletter,” various dates.



effort an updated aquatic plant survey, a lake
resident opinion and information survey, and rec-
reational-use surveys were conducted. The report
presents feasible alternative in-lake measures for
enhancing the water quality conditions and for pro-
viding opportunities for safe and enjoyable use of
the Lakes. More specifically, this report describes
the physical, chemical, and biological character-
istics of the Lakes and pertinent related charac-
teristics of the tributary watershed, as well as the
feasibility of various watershed and in-lake manage-
ment measures which may be applied to enhance

SSEWRPC Planning Report No. 30, A Regional
Water Quality Management Plan for Southeastern
Wisconsin: 2000, Volume Two, Alternative Plans,
February 1979.

the water quality conditions, biological commu-
nities, and recreational opportunities of the Lakes.

The primary management objectives for Whitewater
and Rice Lakes include: 1) to contribute to the
overall conservation and wise use of the White-
water and Rice Lakes through the environmentally
sound management of vegetation, fishes, and
wildlife populations in and around the Lakes; 2) to
provide the potential for high-quality, water-based
recreational experiences by residents and visitors to
Whitewater and Rice Lakes; and 3) to effectively
control the quantity and density of aquatic plant
growth in portions of the Whitewater and Rice
Lakes basin to better facilitate the conduct of
water-related recreation, to improve the aesthetic
value of the resource to the communities, and to
enhance the resource value of the waterbody. This
plan should serve as a practical guide to achieving
these objectives over time in a technically sound
manner.



Chapter 1I

PHYSICAL DESCRIPTION

INTRODUCTION

The physical characteristics of a lake and its
watershed are an important factor in any evaluation
of existing and probable future water quality con-
ditions, or of recreational uses and needs. Char-
acteristics such as watershed topography, lake
morphometry, and local hydrology ultimately
influence water quality conditions and the com-
position of plant and fish communities within the
lake, and, therefore, these characteristics must be
considered in any sound lake management planning
process. Accordingly, this chapter provides perti-
nent information on the physical characteristics of
Whitewater and Rice Lakes, their watershed, and
on the climate and hydrology of the Lakes. Sub-
sequent chapters deal with the land use conditions
and the chemical and biological environments of the
Lakes.

WATERBODY CHARACTERISTICS

Whitewater and Rice Lakes are located southwest
of the City of Whitewater adjacent to the southern
most portion of the Kettle Moraine State Forest in
Walworth County, as shown in Map 1. Both Lakes
are man-made drainage lakes; Whitewater Lake was
created in 1947 by the damming of a chain of three
smaller lakes. Rice Lake was created in 1954 by
constructing a dam across Whitewater Creek.
Discharge over the outlet dam of Whitewater Lake
occurs infrequently, with no outflows being
observed during the period of November 15, 1990
through November 14, 1991—the study period for
the hydrologic and water quality study conducted
on the Lakes by the U.S. Geologic Survey. Since
1991, periodic overflows of the Whitewater Lake
outlet dam have been observed. Rice Lake is
connected to Whitewater Lake by a 300-foot inter-
mittent stream,

Whitewater Lake has a surface area of 697 acres,
with a maximum depth of about 40 feet. Twenty-
four percent of the total Lake area, and 13 percent

of the total volume is five or less feet in depth and
88 percent of the Lake area, and 97 percent of the
lake volume is 10 or less feet in depth. The shore-
line of the Lake is irregular in shape forming three
basins. Whitewater Lake is about 2.6 miles long
and 0.6 mile wide. The deepest area of the Lake—
approximately 40 feet—is located in the main, or
central, basin while the northern basin has a

. maximum depth of about 13 feet, and the southern

basin has a maximum depth of about seven feet.

Rice Lake, downstream of Whitewater Lake, has a
surface area of about 162 acres, with a maximum
depth of about 11 feet. The Lake is roughly oval in
shape with the deepest area being near the center of
the Lake. The hydrological characteristics of both
Lakes are summarized in Table 1 and the bathy-
metry of the Lakes is shown on Map 2. No out-
flows over the Rice Lake outlet dam were observed
during the period November 15, 1990 through
November 14, 1991—the study period for the
hydrologic and water quality study conducted on
the Lakes by the U.S. Geologic Survey.

The shoreline of Whitewater Lake is almost entirely
developed for residential uses, with the exception
of the reaches of the western and southern shores
of the south bay and the western shore of the
northwest lobe of the Lake which are in park and
open space use. The western shore of Rice Lake is
also largely developed for residential uses, while
the remainder of the shoreline is largely in park
and open space uses being part of the Kettle
Moraine State Forest.

Erosion of shorelines results in the loss of riparian
land, damage to shoreland infrastructure, and inter-
ference with access and lake use. Such erosion is
usually caused by wind-wave erosion, ice move-
ment and motorized boat traffic. A survey of the
Whitewater and Rice Lakes shorelines, conducted
by Regional Planning Commission staff during the
summer of 1995, identified existing shoreline
protection conditions around these lakes. About
three miles, or about 30 percent of the shoreline

3



Map 1

LOCATION MAFP OF WHITEWATER AND RICE LAKES

LEGEND

77~/ DRAINAGE AREA TRIBUTARY TO
WHITEWATER AND RICE LAKES

A DAM SITE

GRAPHIC SCALE
a 2000 4000 FEET
1




Table 1

SIGNIFICANT HYDROLOGIC AND HYDROGRAPHIC CHARACTERISTICS OF WHITEWATER AND RICE LAKES

Parameter Whitewater Lake Rice Lake
Surface Area {@cres) . . .. v ittt e 697 162
Volume (acre-feet) .........coivviirnnennan 5,806 930
Maximum Depth (feet) ................ ... .... 40 11
Mean Depth {feet) . ... ... ... ... ... 8.3 5.8
Tributary Watershed Area{acres) ............... 4,659 5,007
Length of Shoreline (miles) .................... 10.0 3.3

Source: SEWRPC.

of Whitewater Lake, were in a natural condition;
including reaches of sand beach while the remain-
ing seven miles were protected by some type of
shore protection structure, including bulkheads—
vertical walls; revetments—sloping stone walls; and
areas where riprap had been used to stabilize the
shoreline, as shown on Map 3.

On Rice Lake only a few areas were noted to have
riprap shoreline protection or beaches, as shown on
Map 4. Most bulkheads were of concrete or
wooden construction, although some appeared to
have been grouted revetments given the size of the
stone used.

WATERSHED CHARACTERISTICS

The tributary drainage areas of Whitewater and
Rice Lakes are 7.2 and 7.8 square miles in size,
respectively, as shown on Map 1. As previously
noted, there is normally no flow over the dam at
the outlet of Whitewater Lake with no observation
of such discharge during water years 1990 and
1991 and limited discharges subsequent to that.
Thus, the tributary area to Rice Lake is normally
effectively limited to the 350-acre drainage area
located downstream of Whitewater Lake. The U.S.
Geological Survey study' of lake hydrology and
water quality conducted over the period from

1U.8. Geological Survey, Water Resources Investi-
gation Report 44-410, “Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-1991,” 1994.

November 1990, through November 1991, indicates
that due to the rough topography and soils in the
tributary area, there are normally only about 1.4
square miles and 0.3 square mile of land surface
which actually contribute drainage to Whitewater
and Rice Lakes, respectively. These areas are
shown on Map 5.

Soil Types and Conditions
Soil type, land slope, and land use and management

practices are among the more important factors
determining lake water quality conditions. Soil
type, land slope, and vegetative cover are also
important factors affecting the rate, amount, and
quality of stormwater runoff. The soil texture and
soil particle structure influence the permeability,
infiltration rate, and erodibility of soils. Land
slopes are also important determinants of storm-
water runoff rates and of susceptibility to erosion.
The U.S. Soil Conservation Service, under contract
to the Southeastern Wisconsin Regional Planning
Commission, completed a detailed soil survey of
the Whitewater and Rice Lakes area in 1966.2 The
soil survey contained interpretations for planning
and engineering applications as well as for agri-
cultural application. Using the regional soil survey,
an assessment was made of hydrologic characteris-
tics of the soils in the drainage area of Whitewater
and Rice Lakes. The suitability of the soils for

2§ee: SEWRPC Planning Report No. 8, The Soils of
Southeastern Wisconsin, June 1966.




Map 2

BATHYMETRIC MAP OF WHITEWATER AND RICE LAKES
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Map 3

SHORELINE PROTECTION CONDITIONS ON WHITEWATER LAKE: 1995
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Map 4 1

SHORELINE PROTECTION CONDITIONS ON RICE LAKE: 1995 J
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Map 5

DRAINAGE AREAS CONTRIBUTING RUNOFF TO WHITEWATER AND RICE LAKES
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Source: U.S. GEOLOGICAL SURVEY AND SEWRPC.



urban residential development was assessed using
three common development scenarios: development
with conventional onsite sewage disposal systems;
developed with alternative onsite sewage disposal
systems; and developed with public sanitary sewers.

Soils within the tributary area to Whitewater and
Rice Lakes were categorized into four main hydro-
logic soil groups, as well as an “other” category,
as indicated in Table 2. The areal extent of these
soils and their locations within the watershed are
shown on Map 6. About 98 percent of the White-
water and Rice Lakes tributary drainage area is
covered by the moderately well-drained soils with
about 1 percent of area being covered by well-
drained soils. About 89 percent of the lands which
have been determined by the U.S. Geological
Survey to normally contribute surface water drain-
age to Whitewater and Rice Lakes are covered by
soil classified as moderately well-drained with
about 5 percent of the area being covered by well-
drained soils and the remainder by very poorly
drained soils.

As noted above, the soils within the tributary
drainage area of Whitewater and Rice Lakes were
classified with respect to suitability for various
types of urban and rural development under the
Regional soil survey. The suitability for use of
onsite sewage disposal systems was updated by the
Regional Planning Commission, based upon the soil
characteristics provided by the detailed soil surveys
and the field experience of County and State
technicians responsible for overseeing the location
and design of such systems. The classifications
reflect the current soil and site specifications set
forth in ILHR 83 of the Wisconsin Administrative
Code.

With respect to residential development utilizing
conventional onsite sewage disposal systems, as
shown on Map 7, about 45 percent of the White-
water and Rice Lakes drainage area is covered by
soils suitable for urban development utilizing onsite
sewage disposal systems, and about 10 percent by
soils unsuitable for such development. The soil
suitability could not be determined without further
field surveys for 35 percent of the land in the
drainage area.

10

Using alternative onsite sewage disposal systems,
such as mound systems, as shown on Map 8, yields
additional land which may be suitable for urban
residential development utilizing onsite sewage
disposal systems; with about 52 percent of the
Whitewater and Rice Lakes drainage areas being
covered by soils suitable for such development.

The urban development surrounding Whitewater
Lake is, in part, located on areas which have soils
considered to be unsuitable for onsite systems.
Chapter IV includes a further discussion of the
impact of onsite sewage disposal systems on lake
water quality.

Soil limitations for residential development utilizing
sanitary sewer service are shown on Map 9. About
61 percent of the Whitewater and Rice Lakes
drainage areas is covered by soils suitable for
such development, and about 37 percent by soils
unsuitable for such development. In 1996, the
urban development within the Whitewater and Rice
Lakes drainage areas is served exclusively by omnsite
sewage disposal systems. The regional water quality
management plan3 does not include the drainage
area concerned in the planned year 2010 public
sanitary sewer service area for the City of
Whitewater.

LAKE HYDROLOGY

Data on the hydrology of Whitewater and Rice
Lakes are needed to assess the water quality and
biological resource relationships and in developing
strategies for resolving lake use problems. Data
on the hydrology were developed by the U.S.
Geological Survey in a study undertaken from
November 1990 and November 1991 study.*

3SEWRPC Community Assistance Planning Report
No. 94, Sanitary Sewer Service Area for the City of
Whitewater, Walworth County, Wisconsin, Sep-
tember 1987.

4U.S. Geological Survey, Water Resources Investi-
gation Report 44-410, “Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-1991,” 1994.



Table 2

GENERAL HYDROLOGIC SOIL TYPES IN THE TRIBUTARY AREA TO WHITEWATER AND RICE LAKES

Tributary
Drainage Area Percent
Group Soil Characteristics Extent (acres) of Total
A Well drained; very rapid to rapid permeability; 38 1
low shrink-swell potential
B Moderately well drained; texture intermediate between 4,007 98
coarse and fine; moderately rapid to moderate
permeability; low to moderate shrink-swell potential
(o Poorly drained; high water table for part or most of -- --
year; mottling, suggesting poor aeration and lack of
drainage, generally present in A to C horizons
D Very poorly drained; high water table for most of year; 39 1
organic or clay soils; clay soils having high shrink-swell
potential
- - Hydrologic soil group not determined 9 <1
- - Total 4,093 100

Source: SEWRPC.

Precipitation and Evaporation

Precipitation data were collected from four moni-
toring sites during a study® conducted by the U.S.
Geological Survey during the period of November
1990 through November 1991, as shown on
Map 10. One of the monitoring sites also included
evaporation data collection equipment.

Precipitation at the four rain gages located around
Whitewater and Rice Lakes averaged 32.88 inches
from November 15, 1990 through November 14,
1991. Precipitation at the National Weather Service
Station at Whitewater was 32.91 inches for the
same period. The long-term, average annual pre-
cipitation at this station is 31.71 inches. Evapora-
tion from the surfaces of Whitewater and Rice
Lakes was estimated as 22.85 inches. Monthly
precipitation and evaporation totals are listed in
Table 3.

5u.s. Geological Survey, Water Resources Investi-
gation Report 44-410, “Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-1991,” 1994.

Lake Stage
Lake stage data were also collected for the period

October 1, 1990 through September 31, 1991 at
gages located near the outlet of both Whitewater
and Rice Lakes. The data are graphically provided
in Figure 1. The maximum lake stage for White-
water Lake of 891.2 feet above National Geodetic
Vertical Datum of 1929 (NGVD-29) was recorded
on April 16, 1991; and the minimum lake stage of
889.8 feet NGVD-29 was recorded on Septem-
ber 30, 1991. The maximum lake stage for Rice
Lake of 882.9 feet NGVD-29 was recorded on
April 15, 16, and 30, 1991; and the minimum lake
stage of 881.7 feet NGVD-29 was recorded on
September 30, 1991. The maximum lake stages did
not reach the spillway crest elevations in either
Lake. However, discharge over the Whitewater
Lake dam have been observed in earlier and
subsequent years. Changes in the Rice Lake stage
closely follows the changes in stage of Whitewater
Lake, and outflow from Rice Lake may have
occurred in the same years as was observed in
previous years for Whitewater Lake. Lake stages
below the dam crest of Whitewater Lake appear to
be correlated with groundwater levels, as discussed
below.

11



Map 6

HYDROLOGIC SOIL GROUPS WITHIN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES
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Map 7

SUITABILITY OF SOILS WITHIN THE DRAINAGE AREA TRIBUTARY TO
WHITEWATER AND RICE LAKES FOR CONVENTIONAL ONSITE SEWAGE DISPOSAL
SYSTEMS UNDER CURRENT ADMINISTRATIVE RULES: FEBRUARY 1991
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Map 8

SUITABILITY OF SOILS WITHIN THE DRAINAGE AREA TRIBUTARY TO
WHITEWATER AND RICE LAKES FOR MOUND SEWAGE DISPOSAL SYSTEMS
UNDER CURRENT ADMINISTRATIVE RULES: FEBRUARY 1991
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Map 9

SUITABILITY OF SOILS WITHIN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER
AND RICE LAKES FOR RESIDENTIAL DEVELOPMENT WITH PUBLIC SANITARY SEWER
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Map 10

LOCATION OF MONITORING STATIONS WITHIN THE DRAINAGE
AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1991-1992
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Table 3

PRECIPITATION AND EVAPORATION DATA FOR WHITEWATER
AND RICE LAKES: NOVEMBER 15, 1990 THROUGH NOVEMBER 14, 1991

Precipitation (inches)
. a Evaporation

Station Pan Data

Period RG 1 RG 2 RG 3 RG 4 Whitewater {inches)

November 15-30, 1990 1.10 1.19b 1.27 1.19b 1.19 0.60¢

December 2.474 2.47d 2.474 2.474 2.474 0.28¢

January 1991 1.21b 1.21b 1.21° 1.21b 1.21 0.00¢

February 0.17° 0.170 0.170 0.17° 0.17 0.00¢

March 3.76P 3.76P 3.76P 3.76b 3.76 0.14¢

April 4.05 4.16 3.56 3.85 3.34 2.64°
May 2.18¢ 2.47 2.25 2.61 2.48 4.04
June 1.85 1.60 1.76 1.85 1.97 6.15
July 2.90 3.20 3.16 2.77 4.54 5.77
August 1.85 1.92 1.99 2.04 2.34 5.19
September 3.45 3.34 3.11¢ 3.63 3.74 2.93
October 6.30 7.20 6.48 7.76 4.94 1.44

November 1-14, 1991 0.79¢ 0.79 0.79¢ 0.67°¢ 0.76 0.49¢
Total 32.08 33.48 31.98 33.98 32.91 29.67
Pan Coefficient -- -- -- - - - - X 0.77
Evaporation - - - - -- - -- 22.85

9See Map 10 for location.

b Daily precipitation record from National Weather Service station at Whitewater, Wisconsin.

CEstimated.

dDai/y precipitation record from National Weather Service station at Lake Geneva, Wisconsin.

Source: U.S. Geological Survey.

Streamflow and Runoff

Streamflow in the Whitewater Lake inlet consists
mainly of flow from several springs located at the
south end of the Lake. Monthly discharge meas-
urements made near the mouth of the inlet during
the period of November 1, 1990 through Novem-
ber 30, 1991, ranged from 1.2 to 1.8 cubic feet per
second (cfs) and averaged 1.5 cfs. Streamflow was
greatest in spring and early summer and declined
through the summer. Annual baseflow runoff for
the inlet during November 15, 1990 through Novem-
ber 14, 1991, was estimated to be 1,050 acre-feet.

Stormwater runoff from the drainage area con-
tributing to Whitewater Lake, not including the
Whitewater Lake inlet, was estimated to be 141

acre-feet during the period of November 15, 1990
through November 14, 1991. Runoff from the
drainage area contributing to Rice Lake was
estimated to be 22 acre-feet. Runoff was greatest

‘during winter and spring in response to snowmelt

or rain on frozen ground.

Groundwater Flow

Twelve small-diameter wells installed along the
shoreline of Whitewater Lake and four such
observation wells installed along the shoreline of
Rice Lake, as shown on Map 11, were used to
determine the direction, and estimate the rate, of
local groundwater flow, during the study period of
November 15, 1990 through November 14, 1991.

17



Figure 1

STAGES OF WHITEWATER AND RICE LAKES: NOVEMBER 1990 AND NOVEMBER 1991

12 1 ] L ! ! 1 L 1 L 1 L ] 892‘98 5
Whitewater Lake spillway at elevation 891.95 feet + E

11 |- -1 891.98 ‘_(1

- . Q

fam

10 | 890.98 g

| Q

9 8 E

E 889.9 8
w " Whitewater Lake gage datum 880.98 feet 1 &
Z 8 ] 1 1 1 ] ] ] ] ] ! ! | 888.98 é
é 8 1 ] ] 1 I { ) 1 1 i I 1 886 12 %
5 [ 1§
7 |- Rice Lake spillway crest at elevation 884.88 feet -] 885.12 ;

L b Q

@

6 r - 88412 <

[

w

I | i

5 |- . - 883.12 =z

Rice Lake .

B / < 4

(]}

s L - 882,12 g

[ Rice Lake gage datum 878.12 feet 4 4

3 1 ] l 1 I ] 1 ] I l 1 ] sst.12 Y

Nov Dec Jan Feb Mar Apr
1990

Source: U.S. Geological Survey and SEWRPC.

Groundwater levels were higher than the surfaces
of Whitewater and Rice Lakes at the observation
wells in the Southern Bay area (Little Whitewater
Lake) and on the eastern shore of Rice Lake, an
indication of groundwater flow to the Lakes at
these locations. Groundwater levels were lower
than the surfaces of the Lakes at all other after
observation wells, which indicates groundwater
flow away from the Lakes at those well locations.

Water Budget
Based on the available data, an annual water budget

for Whitewater and Rice Lakes was estimated by
the U.S. Geological Survey, as set forth in Fig-

18
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ure 2.8 During the period from November 15,
1990 through November 14, 1991, an estimated
7,051 acre-feet, and 499 acre-feet, of water entered
Whitewater Lake and Rices Lake, respectively.
Estimated stream inflow volumes ranged from
approximately 1,050 acre-feet for Whitewater Lake

8U.S. Geological Survey, Water Resources Investi-
gation Report 44-410, “Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-1991,” 1994.



Map 11

LOCATION OF MONITORING WELLS WITHIN THE DRAINAGE
AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1991-1992
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to no inflow for Rice Lake. The remainder of the
known inflow came from surface runoff draining
directly to the Lakes, direct precipitation on the
Lakes, and groundwater. Groundwater dominates
the inflow and outflow of the hydrologic budget for
Whitewater Lake, while precipitation and
evaporation are most significant for Rice Lake. An
estimated 7,050 acre-feet, and 440 acre-feet, of
water per year were lost from the Whitewater and
Rice Lakes, respectively, via groundwater flows
and evaporation from the Lakes surfaces during the
study period. After accounting for additional,
unspecified losses, the net loss of water resulted in

20

an average decrease in the lake levels of about 0.74
feet, and 0.59 feet, for Whitewater and Rice Lakes,
respectively, during this period.

The hydraulic residence time, or the time required
for a volume equivalent to the full volume of the
lake to enter the lake basin, was approximately
0.82 years for Whitewater Lake, and 1.86 years for
Rice Lake during the study period. The longer
residence time for Rice Lake implies that the water
quality of the Lake will less directly reflect influent
quality and will develop more of a lacustrine
character.



Figure 2

HYDROLOGIC BUDGET FOR THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1990-1991
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Chapter III

HISTORICAL, EXISTING, AND PLANNED LAND USE AND POPULATION

INTRODUCTION

Water pollution problems, recreational use con-
flicts, and the risk of damage to the environment,
and the ultimate means for abatement of these
problems, are primarily a function of the human
activities within the drainage area of a waterbody
and of the ability of the underlying natural resource
base to sustain those activities. This is especially
true in an area directly tributary to a lake because
lakes are highly susceptible to water quality
degradation attendant to human activities in their
immediate drainage area, there being no inter-
mediate stream segments to attenuate pollutant
loads. Accordingly, the population and attendant
land uses in the drainage area of a lake are impor-
tant considerations in any lake water quality man-
agement planning effort.

CIVIL DIVISIONS

The geographic extent and the functional responsi-
bilities of civil divisions and special purpose units
of government are important factors which must be
considered in any lake management planning effort,
since these local units of government provide the
basic structure of the decision-making framework
within which problems must be addressed. Super-
imposed on the Whitewater and Rice Lakes drain-
age area are the local civil division boundaries, as
shown on Map 12. The drainage area of White-
water and Rice Lakes includes portions of the
Towns of Whitewater, Sugar Creek and Richmond.
The area and proportion of the drainage area lying
within each jurisdiction concerned, as of 1990, is
set forth in Table 4.

POPULATION

As indicated in Table 5, the resident population
of the Whitewater and Rice Lakes tributary drain-
age area has increased steadily between 1963 and
1980 and then remained relatively stable through

1990. The 1990 resident population of the drainage
area tributary to Whitewater and Rice Lakes was
estimated at approximately 950 persons, about the
same as the 1980 level. Population forecasts pre-
pared by the Regional Planning Commission, as a
basis for the adopted regional land use plan,? indi-
cate, as shown in Table 5, that the resident popu-
lation of the drainage area tributary to Whitewater
and Rice Lakes may be expected to remain
relatively stable with only a small increase of about
5 percent to about 1,000 persons by the year 2010.

As indicated in Table 5, the number of resident
households in the drainage area tributary to
Whitewater and Rice Lakes also increased steadily
between 1963 and 1980 and has since remained
stable, with only a small increase since 1980. The
regional plan envisions that the number of resident
households in the area will increase by about 12
percent, from about 370 in 1990 to about 415 in
the year 2010.

In addition to the resident population, there were,
as of 1990, about 300 seasonal housing units and
about 680 seasonal residents residing within the
drainage area tributary to Whitewater and Rice
Lakes.

Land Use

The type, intensity, and spatial distribution of the
various land uses within the drainage area tributary
to Whitewater and Rice Lakes are important deter-
minants of lake water quality, and recreation use
demands. In this regard, the current and planned
future land use patterns, placed in the context of
the historical development of the area are important
considerations in lake management planning for
Whitewater and Rice Lakes. The movement of
European settlers into the Southeastern Wisconsin
Region began about 1830. Completion within

1SEWRPC Planning Report No. 40, A Regional
Land Use Plan for Southeastern Wisconsin—2010,
January 1992.
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Map 12

CIVIL DIVISION BOUNDARIES IN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES
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Table 4

AREAL EXTENT OF CIVIL DIVISIONS IN THE DRAINAGE
AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1990

Civil Division

Civil Division Area
within Tributary
Drainage Area (acres)

Percent of Civil
Division within
Tributary Drainage Area

Percent of Tributary
Drainage Area within
Civil Division

Town of Richmond .......... 2,231 54 10
Town of Whitewater ......... 1,831 45 ) 9
Town of Sugar Creek ........ 31 1 <1
Total 4,093 100 --
Source: SEWRPC.
Table b

HISTORIC AND FORECAST HOUSEHOLD AND RESIDENT POPULATION LEVELS
AN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1963-20102

Year Number of Households Number of Residents
1963 102 340

1970 235 910

1980 340 950

1985 357 950

1990 368P 950P

2010¢ 415 1,000

aStudy area approximated using whole U.S. Public Land Survey one-quarter sections.

bin addition to the households and resident population noted, as of 1990, there were about 300 seasonal housing
units and a seasonal or part-time population of about 680 persons.

CYear 2010 data are presented for recommended land use plan as set forth in the year 2010 regional land use plan.

Source: SEWRPC.

Southeastern Wisconsin of the U.S. Public Land
Survey in 1836 and the subsequent sale of public
lands in Wisconsin brought a rapid influx of settlers
into the area. Map 13 represents a plat map of what
the Whitewater and Rice Lakes area looked like in
1873.

As previously noted, Whitewater and Rice Lakes
were not formed until 1947 and 1954, respectively,
by the construction of dams on Whitewater Creek.
Thus, no significant development around these
Lakes occurred until the 1950s. Map 14 and

Table 6 indicate the historic urban growth pattern
in the drainage area tributary to Whitewater and
Rice Lakes since 1963. The most rapid increase in
urban land use development occurred between 1963
and 1980. The rate of urban development in the
drainage area tributary to Whitewater and Rice
Lakes after 1980 has decreased in comparison to
previous years, and few changes have occurred in
the last decade.

The existing land use patterns in the drainage area
tributary to Whitewater and Rice Lakes, as of
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Map 13

HISTORIC PLAT MAP FOR WHITEWATER AND RICE LAKES AREA: 1873
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Source: F. Krause, C.E., Ann Arbor, Michigan.

1990, are shown on Map 15 and quantified in
Table 7. As indicated in Table 7, by 1990, about
764 acres, or about 14 percent of the tributary
drainage area, were in urban land uses, with the
dominant urban land use being residential, encom-
passing 416 acres, or about 54 percent of the area
in urban use. As of 1990, about 4,694 acres, or
about 86 percent of the drainage area tributary to
Whitewaler and Rice l.akes, were still in rural
land use. About 1,915 acres, or about 41 percent of
the rural area, were in agricultural land uses.
Woodlands, wetlands, and surface water, including
the surface areas of Whitewater and Rice Lakes,
accounted for approximately 2,505 acres, or about
53 percent of the area in rural use. Extractive
operations comprised the remaining 6 percent of the
area under rural land use. Most of these lands
which encompass the immediate shorelands of
Whitewater and Rice Lakes and substantial other
park and open space lands in the drainage area
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tributary to Whitewater and Rice Lakes have been
designated in the adopted regional land use plan as
primary environmental corridor as discussed in
Chapter V, and are recommended to be kept
essentially natural, open uses.

As of 1990, the shoreland of Whitewater Lake is
almost entirely developed for residential uses, with
the exception of the western and southern shore of
the south bay and the western shore of the
northwest lobe, which remains in park and open
space use. As of 1990, the shoreland of Rice Lake
is primarily in park and open space use, with some
residential development being located along the
western shoreline. As noted in Chapter II, the
results of a hydrologic study conducted in 1990 and
1991, indicate that, due to the character of the
topography and soils in the area, there are normally
only about 900 acres and about 1.4 square miles



Map 14

HISTORIC URBAN GROWTH IN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES
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Table 6

EXTENT OF HISTORIC URBAN GROWTH
IN THE DRAINAGE AREA TRIBUTARY TO
WHITEWATER AND RICE LAKES: 1963-1990

New Urban Cumulative
Development? Extent of Urban
Occurring Since Development?
Year Previous Year (acres)
1963 182 182
1970 111 293
1975 39 332
1980 175 507
1990 19 526

8rban development, as defined for the purposes of this
discussion, includes those areas within which houses or
other buildings have been constructed in relatively
compact groups, thereby indicating a concentration of
urban [and uses. Scattered residential development
were not considered in this analysis.

Source: U.S. Bureau of Census and SEWRPC.

of land surface which actually contribute drainage
to Whitewater and Rice Lakes, respectively under
all but extremely high periods of rainfall. These
areas are shown on Map 5. These areas include all
of the shoreline development and other lands
located nearest to the Lakes. In total, about 260
acres, or about 22 percent of the approximately
1,100 acre area, which normally contributes runoff
to the lakes were, in 1990, devoted to urban uses.
These urban areas consist almost entirely of
lakeshore residential land uses with some scattered
commercial development.

Under year 2010 conditions, no significant changes
in land use conditions within the drainage area
tributary to Whitewater and Rice Lakes are envi-
sioned in the regional land use plan, although some
infilling of existing platted lots and some backlot
development may be expected to occur. In addition,
the redevelopment of properties and the reconstruc-
tion of existing single-family homes may be
expected on lakeshore properties.
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EXISTING ZONING REGULATIONS

The comprehensive zoning ordinance represents one
of the most important and significant tools available
to local units of government in directing the proper
use of lands within their area of jurisdiction. The
drainage area tributary to Whitewater and Rice
Lakes includes portions of the Towns of White-
water, Richmond, and Sugar Creek.

In 1990, zoning in the drainage area tributary to
Whitewater and Rice Lakes was governed by
county-town zoning ordinances. The zoning regu-
lations are based on a general zoning ordinance
entitled, “Zoning Ordinance, Walworth County,
Wisconsin,” and a shoreland ordinance entitled,
“Shoreland Zoning Ordinance, Walworth County,
Wisconsin.” The current general zoning districts
applicable to the drainage area tributary to White-
water and Rice Lakes, as provided for under the
current zoning regulations are shown on Map 16.

As shown on Map 16, the majority of currently
undeveloped lands within the drainage area tribu-
tary to Whitewater and Rice Lakes were, in 1990,
zoned for agricultural, park or other open space
use. As noted earlier, no significant new urban
development is recommended for the area. Thus,
the current general zoning is generally consistent
with the land use recommendations in this regard.

Section 59.971 of the Wisconsin Statutes requires
counties in Wisconsin to enact ordinances to
regulate the use of shoreland areas within the
unincorporated areas of the counties. The regula-
tions apply to lands within the following distances
from the ordinary high water mark of navigable
waters: 1,000 feet from a lake, pond, or flowage,
and 300 feet from a river or stream, or to the
landward side of a floodplain, whichever distance
is greater. The standards and criteria for the
ordinances are set forth in Chapter NR 115 of the
Wisconsin Administrative Code. They include
sanitary regulations, and restrictions on lot sizes,
on building setbacks, and on filling, grading, and
dredging. Moreover, under Chapter NR 115, all
counties in the State must place wetlands five acres
or more in size within the statutory shoreland



Map 15

EXISTING LAND USES WITHIN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1990
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Table 7

EXISTING 1990 AND FORECAST 2010 LAND USE IN THE WHITEWATER AND RICE LAKES STUDY AREA®

1990 2010 P
: ercent
Land Use Acres Percent Acres Percent Change
Urban

Residential ........... .. ..., 416 8 424 8 --
Commercial .................. 15 <1 14 <1 --
Industrial .................... 8 <1 9 <1 - -
Transportation/Utilities .......... 219 4 220 4 --
Governmental/Institutional ....... 19 <1 19 <1 --
Recreational .................. 85 1 111 2 1
Unused Urban . ................ 2 <1 2 <1 - -

Subtotal 764 14 800 15 1

Rural

Agricultural . ................. 1,915 35 1,935 35 - -
Woodland . . .......... ... ... 1,472 27 1,454 27 --
Wetland ..................... 125 2 125 2 - -
Water . .....oi it i 908 17 808 17 -
Other ... it 274 5 233 4 -1

Subtotal 4,694 86 4,658 85 -1

Total 5,458 100 5,458 100 0

@Based on data files organized by whole U.S. Public Land Survey section.

Source: SEWRPC.

zoning jurisdiction area in a shoreland-wetland
zoning district to ensure their preservation.

In accordance with Chapter NR 115 of the Wis-
consin Administrative Code, Walworth County has
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adopted ordinances which regulate the use of wet-
lands five acres or larger and certain other wetlands
within the aforementioned jurisdictional shoreland
areas. These regulations will help prevent the loss

of major wetlands within the shoreland areas.




Map 16

EXISTING ZONING DISTRICTS WITHIN THE DRAINAGE
AREA TRIBUTARY TO WHITEWATER AND RICE LAKES: 1990

~— *3 a4 19

BB LiE P §_11 gﬁamz AGRICULTURAL

@ COMMERCIAL A-2 AGRICULTURAL

@ INDUSTRIAL AND EXTRACTIVE A-3 AGRICULTURAL

@» PARK C-2 CONSERVANCY

€ AGRICULTURIAL C-3 CONSERVANGY i AR

@ OTHER RURAL LAND e

ZONING DISTRICTS

R-1 SINGLE FAMILY RESIDENCE
R-3 TWO FAMILY RESIDENCE
B-1 LOCAL BUSINESS

B-2 GENERAL BUSINESS

B-3 WATERFRONT BUSINESS
M-3 MINERAL EXTRACTION

Source: SEWRPC.

31



(This page intentionally left blank)



Chapter 1V

WATER QUALITY

INTRODUCTION

The earliest definitive data on water quality con-
ditions in Whitewater Lake were collected by
Professor Willard L. Gross of the University of
Wisconsin-Whitewater in the early 1970s.! Other
sources of information on the historical water
quality conditions in Whitewater Lake include: the
results of the measurements made by the Wisconsin
Department of Natural Resources during the
National Eutrophication Survey of 1973-75; and the
results of the ongoing Long-Term Trends moni-
toring study conducted by the Wisconsin Depart-
ment of Natural Resources since 1987. In addition,
water clarity data were collected from both White-
water and Rice Lakes by various resident volun-
teers under the Wisconsin Department of Natural
Resources Self-Help Monitoring program since
1986. These data all indicate that Whitewater and
Rice Lakes have relatively poor water quality at the
times of those studies and that there was evidence
of enrichment and excessive fertilization.

More recently, residents of Whitewater and Rice
Lakes have expressed concerns about deterior-
ating water quality conditions—the Lake being
described as eutrophic or nutrient enriched—and, in
1986, the Whitewater and Rice Lakes Management
District began to take action to define the extent of
perceived water quality degradation taking place in
the Lakes. In response to citizen concerns, a com-
prehensive water quality monitoring program was
developed by the District in cooperation with the
U.S. Geological Survey. The U.S. Geological Sur-
vey, with local assistance provided by the White-
water and Rice Lakes Management District, then
conducted that water quality monitoring program
for Whitewater and Rice Lakes from November

VEcology Committee of Whitewater Lake (W.L.
Gross), Progress Report on Feasibility Study of

1990 through November 1991. This program
involved the determination of physical, chemical,
and biological characteristics of the Lakes’ waters,
including dissolved oxygen concentration and water
temperature profiles, pH, specific conductance,
water clarity, total and dissolved phosphorus con-
centrations, and chlorophyll-a concentrations. In
addition to these data, the U.S. Geological Survey
collected information on lake level and the basic
hydrology of the Lake.2

The in-lake water quality monitoring investigations
were funded by the State and Lake Management
District under the Lake Management Planning
Grant Program provided for under Chapter NR 119
of the Wisconsin Administrative Code. The data
obtained through that program and the earlier
investigation were used in the development of this
lake protection plan, which has also been funded in
part through the State Lake Management Planning
Grant Program.

EXISTING WATER QUALITY CONDITIONS

The data collected during the period of 1987
through 1994 by the Wisconsin Department of
Natural Resources and during 1990 and 1991 by the
U.S. Geological Survey were used to determine
water quality conditions in Whitewater and Rice
Lakes and to characterize the suitability of the
Lakes for recreational use and the support of fish
and' aquatic life. These data are summarized in
Tables 8 through 14.

The most intensive water quality monitoring was
conducted during the 1991-1992 U.S. Geological

2These data are set forth in U.S. Geological Survey
Water-Resources Investigations Report No. 94-4101,
Hydrology and Water Quality of Whitewater and

Whitewater Lake, November 1971; W.L. Gross,
Whitewater Lake Water Quality Study, April 1972.

Rice Lakes in Southeastern Wisconsin, 1990-91,
1994.
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Table 8

SEASONAL WATER QUALITY DATA FOR WHITEWATER LAKE: 1987-1994
Fall Spring Summer
Parameter Shallow Deep Shallow Deep Shallow Deep
Water Temperature (°F)
Range 33.8-40.0 38.4-41.0 43.5-75.2 43.5-50.6 71.6-80.6 46.8-60.8
Mean 38.5 (5) 39.4 (5) 58.3 (8) 47.8 (8) 76.4 (15) 52.0 (15)
Conductivity (umhos/cm})
Range 207-280 232-321 260-365 260-370 245-416 304-470
Mean 230 (4) 277 (5) 307 (7) - 315 (7) 305 (15) 385 (15}
pH (standard units)
Range 7.1-8.8 7.5-8.6 7.2-8.8 7.2-8.6 7.7-9.8 7.1-8.4
Mean 8.2 (6) 8.0 (6) 8.1 (8) 9.1 (8) 9 (14) 7.8 (14)
Dissolved oxygen (mg/l} :
Range 4.0-16.6 0.5-6.2 8.8-12.6 0.1-12.0 7.8-12.1 0-1
Mean 10 (5) 2.7 {5) 10.3 (8) 6.2 (8) 9.5 (15) 0.27 (15)
Total Phosphorus (mg/l)
Range 0.014-0.059 | 0.021-0.136 | 0.019-0.036 | 0.021-0.129 | 0.021-0.129 | 0.021-0.430
- Mean 0.024 (6) 0.070 (6) 0.03 (10} 0.04 (10) 0.04 (10) 0.16 (17)
Chlorophyll-a {ug/l)
Range 1.71-3.83 - - 3.28-22 -- 4-56 --
Mean 5.54 (2) 10.4 (10) 22 (16)
Secchi (m)
Range 1.8-6.2 -- 1-2.8 - - 0.9-2.3 - -
Mean 2.8 (8) 1.7 (8) 1.3 {(16)

Source: Wisconsin Department of Natural Resources, U.S. Geological Survey, and SEWRPC.

Survey study. During that study, water quality sam-
ples were taken from the main basins of the Lakes
once per month in April, October and November,
and twice per month in May through September,
during the study period of November 15, 1990
through November 14, 1991. The primary sampling
stations were located at the deepest points in the
Lakes—the U.S. Geological Survey Heart Prairie
station in Whitewater Lake and deep hole station
in Rice Lake, and at two additional locations in
Whitewater Lake—the U.S. Geological Survey
North Bay and South Bay stations, as shown on
Map 10. The data collected from both Lakes indi-
cate that the water quality conditions of Whitewater
Lake were similar to those of Rice Lake.

Thermal Stratification
Thermal and dissolved oxygen profiles for White-
water and Rice Lakes are shown in Figures 3
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through 6. Water temperature ranged from 42.2°F
during the winter to 82.5°F during the summer at
the three stations in Whitewater Lake, and from
44 .2°F during the winter to 80.8°F during the
summer at the Rice Lake station. Complete mixing
of the Lakes was restricted by thermal stratification
in the summer and by ice cover in the winter.

Thermal stratification is the result of differential
heating of lake water and the resulting water
temperature-density relationships. Water is unique
among liquids because it reaches its maximum
density—or weight per unit of volume—at about
39.2°F. The development of thermal stratification
begins in early summer, reaches its maximum in
late summer, and disappears in the fall, as
illustrated diagrammatically in Figure 7. Stratifi-
cation may also occur in winter under ice-cover.
This process is described below.



Table 9

WHITEWATER LAKE SPRING OVERTURN WATER QUALITY DATA: 1987-1992 AND 1994

April, 1987 April 14, 1988 April 27, 1989 April 10, 1980 April 25, 1981 April 16, 1992 April 21, 1994

Parameter Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep
Depth of Sample [o] 35 o] 30 o] 38 [o] 35 [¢] 30 [o] 35 o] 35
Water Temperature {°F) 45.5 44.9 51.9 51.6 57.5 48.2 43.5 43.8 52.5 48.5 39.8 38.4 54.0 49.0
Turbidity 3.6 -- 3.3 3.8 1.2 2.8 1.6 -- 2.2 4.7 1.9 2.0 1.9 2.0
Clarity (Secchi) 43 4.3 3.3 3.3 9.2 9.2 6.6 6.6 5.0 6.0 6.6 6.6 5.6 5.6
Conductivity 295 293 320 320 268 285 260 260 292 310 280 281 --
Dissolved Oxygen 12 1.5 12.6 10.3 10.3 4.7 12 12 10.8 7.4 12.6 11.8 10.6 6.7
pH 8.5 8.4 8.5 8.5 8.8 8.6 7.5 7.9 7.8 7.8 8.3 8.3 8.3 8.3
Total Alkalinity 194 -- 196 190 161 164 182 - 194 183 177 178 192 192
Total Kjedah! Nitrogen -- .- 1.0 0.9 0.8 1.1 - -~ 0.7 0.8 0.5 .06 0.6 1.0
Total Dissolved Solids -- -- 252 262 224 228 -- .- 260 270 236 234 246 250
Dissolved 0.02 0.02 0.02 0.02 0.02 0.17 0.02 0.02 0.022 0.019 0.008 0.023 0.005 0.308

Ammonia Nitrogen
Unionized <0.001 | <0.001 | 0.001 0.001 0.002 0.009 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.008
Ammonia Nitrogen .
Nitrate + Nitrite Nitrogen 03 0.3 0.3 0.3 0.02 0.04 0.02 0.02 0.02 0.02 0.007 0.007 0.09 0.2
Total Phosphorus 0.026 0.021 0.036 0.042 0.023 0.033 0.025 0.029 0.025 0.034 | 0.022 0.020 0.027 0.033
Calcium 40 40 36 37 24 25 29 30 36 37 33 33 32 30
Magnesium 32 30 28 28 31 31 33 33 33 32 32 31 25 23
Sodium 3 3 3 3 3 3 4 4 3 4 4 4 4 3
Potassium 1 1 1.2 1.3 0.55 0.59 0.47 0.48 0.87 0.89 0.73 0.72 1.08 0.87
Chioride -- -- 6 -- -- -- -- .- - -- -- -- -- -
Sulfate 17 17 18 18 19 19 -- -- 16 16 18 19 14 14
Chilorophyll-a 19 -- 22 -- 5 - 9 -- 12 12 18 -- -- -
Iron - -- 0.10 0.05 0.05 0.05 0.05 0.05 0.05 0.08 0.05 0.05 0.05 0.09
Hardness (Ca) 232 223 205 208 188 75 208 211 226 224 214 210 183 170
Ortho-phosphorus 0.006 0.004 | 0.002 0.007 0.007 0.006 | 0.005 0.005 0.005 0.005 0.002 0.002 .- -
Source: Wisconsin Department of Natural Resources, U.S. Geological Survey, and SEWRPC.
Table 10

WHITEWATER AND RICE LAKES SPRING OVERTURN WATER QUALITY DATA: 1990 AND 1991

Whitewater Lake Whitewater Lake Whitewater Lake Rice Lake
South Bay Heart Prairie North Bay Deep Hole
April 3, 1991 April 3, 1991 April 3, 1991 April 3, 1991
Parameter Shaltow Deep Shallow Deep Shallow Deep Shallow Deep
Depth of Sample 1.6 5.5 1.5 36.5 1.5 1 1.5 8.5
Specific Conductance (us/cm) 419 420 394 407 358 365 359 362
pH 8.4 8.4 8.2 8.2 8.3 8.3 8.1 8.2
Water Temperature (°F) 47.6 47.3 46.8 46.0 47.8 47.5 46.5 46.8
Secchi, Depth {feet) 4.0 -- 5.0 -- 5.0 -- 5.6 - -
Dissolved Oxygen 12.3 12.1 10.9 9.7 11 10 11 10.7
Phosphorus, Total (as P) 0.023 0.029 0.025 0.026 0.014 0.016 0.022 0.022
Phosphorus, Ortho Dissolved {as P) 0.004 0.003 0.004 0.006 0.005 0.004 0.003 0.003
Chlorophyll-a, Phytoplankton {ug/l) 9 - - 6 - - 6 - - 6 --

Source: U.S. Geological Survey.
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Table 11

SEASONAL WATER QUALITY DATA FOR THE NORTH BAY
1990 AND 1991

MONITORING SITE ON WHITEWATER LAKE:

Spring Summer Fall
Parameter Shallow Deep Shallow Deep Shallow Deep

Conductivity (uS/cm)

Range 295-379 306-390 275-290 277-293 297-317 298-318

Mean 346 (4) 361 (4) 281 (6) 286 (6) 309 (3) 310 (3)
pH (standard units)

Range 8.3-9.3 8.1-9.1 9.4-10.1 9.0-10.0 9.0-9.5 9.0-9.5

Mean 8.7 (4) 8.5 (4) 9.7 {6) 9.5 {6) 9.3 (3) 9.3 (3}
Water Temperature (°F)

Range 47.8-75.3 47.5-74.5 73.4-78.6 71.8-78.9 42.0-59.3 41.8-59.3

Mean 61.6 (4) 58.8 (4) 77.3 (6} 75.4 (6) 52.3 (3) 52.0 (3)
Secchi Reading (feet)

Range 4.4-9.9 - - 1.9-9.9 -- 3.9-5.9 - -

Mean 6.3 (4} 4.9 (6) 4.8 (3)
Dissolved Oxygen {mg/l}

Range 9.7-12.0 6.0-10.0 7.2-13.7 0.1-9.0 8.8-12.6 8.8-12.6

Mean 10.7 (4) 7.4 (4) 10.2 (6) 4.4 (6) 10.6 (3) 10.6 (3)
Total Phosphorus (mg/i)

Range 0.014-0.023 | 0.016-0.089 | 0.014-0.040 | 0.031-0.095 | 0.023-0.044 | 0.023-0.038

Mean 0.018 (4) 0.041 (4) 0.04 (6) 0.056 (6) 0.034 (3) 0.031 (3)
Ortho-Phosphorus (mg/l)

Range 0.004-0.006 | 0.004-0.006 | 0.005-0.016 | 0.006-0.015 | 0.004-0.012 | 0.004-0.011

Mean 0.005 (4) 0.005 (4) 0.010 (6) 0.011 (6) 0.007 (3) 0.007 (3)
Chlorophyll-a {ug/l)

Range 2.0-10.0 -- 2.0-46.0 - - 7.0-23.0 --

Mean 5.8 (4) 26.2 (6) 15.3 (3)

Source: U.S. Geological Survey.

As summer begins, the lake waters absorb solar
energy at the surface. Wind action, and, to some
extent, internal heat-transfer mechanisms, transmit
this energy to the underlying portions of the water
bodies. As the upper layers of water are heated by
solar energy, a physical, density barrier begins to
form between the warmer surface waters and the
lower, heavier, colder waters, as illustrated by the
June, July and August profiles in Figures 3
through 6. These “barriers” are marked by sharp
temperature gradients known as the thermocline and
are characterized by an approximately 1° to 2°F
drop in temperature per three feet of depth that
separates the warmer, lighter, upper layers of
water—called the epilimnion—from the lower
layers—called the hypolimnion. Although these
barrier are readily crossed by fish, provided
sufficient oxygen exists, they essentially prohibit
the exchange of water between the two layers.
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This condition, illustrated diagrammatically in Fig-
ures 7 and 8, has a great impact on both the chem-
istry and biology of the lakes, which are also
commonly stratified as a result.

The autumnal mixing period occurs when air
temperatures cool the surface waters and wind
action results in the erosion of the thermoclines: as
the surface waters cool, they become heavier,
sinking and displacing the now relatively warmer
waters below. The colder waters sink and mix
under wind action until the entire columns of water
are of uniform temperature. This process is known
as “fall turnover.”

When the water temperatures drop to the point of
maximum water density, 39.2°F, the waters at the
lake surface become more dense than the now
warmer, less dense bottom waters of the lakes,



Table 12

SEASONAL WATER QUALITY DATA FOR THE HEART PRAIRIE
MONITORING SITE ON WHITEWATER LAKE: 1990 AND 1991

Spring Summer Fall
Parameter Shallow Deep Shallow Deep Shallow Deep

Conductivity (uS/cm)

Range 334-396 407-426 295-316 427-483 325-345 336-477

Mean 375 (4) 415 (4) 306 (6) 457 (6) 335 (3) 389 (3)
pH (standard units)

Range 8.2-9.0 7.6-8.2 9.0-9.6 7.4-7.6 8.6-8.9 7.3-8.8

Mean 8.6 (4) 7.9 (4) 9.3 (6) 7.5 (6) 8.8 (3) 8.2 (3)
Water Temperature (°F)

Range 46.8-74.8 46.0-53.0 72.4-81.0 52.4-52.6 41.2-59.5 39.9-53.0

Mean 61.6 (4) 51.0 (4) 77.3 (4) 52.5 (4) 51.9 (3) 48.3 (3)
Secchi Reading (feet)

Range 3.6-9.2 -- 1.6-8.3 -- 4.4-7.9 --

Mean 6.7 (4) 3.8 (6) 5.4 (3)
Dissolved Oxygen {mg/l)

Range 9.0-11.0 0.1-9.7 7.2-12.9 0.1-0.1 6.5-12.2 0.1-12.0

Mean 10.3 (4) 3.9 (4) 9.6 (6) 0.1 (6) 9.6 (3) 6.9 (3)
Total Phosphorus {mg/l)

Range 0.004-0.029 | 0.026-0.360 | 0.019-0.052 | 0.360-0.680 | 0.029-0.041 0.034-0.6

Mean 0.025 (4) 0.163 (4) 0.035 (6) 0.523 (6) 0.035 (3) 0.234 (4)
Ortho-Phosphorus (mg/i)

Range 0.004-0.005 | 0.006-0.300 | 0.005-0.011 | 0.276-0.580 | 0.005-0.006 0.007-0.05

Mean 0.004 (4) 0.137 (4) 0.008 (6) 0.469 (4) 0.006 (3) 0.175 (3)
Chlorophyll-a {(ug/l)

Range 4.0-12.0 - - 3.0-62.0 - - 5.0-25.0 --

Mean 6.5 (4) 36.0 15.0 (3)

Source: U.S. Geological Survey.

and “sink” to the bottom. Eventually, the water
columns are cooled to the point where the surface
waters, cooled to about 32°F and now lighter than
the bottom waters which remain close to 39°F,
become ice, covering the surfaces of the lakes and
isolating them from the atmosphere for a period of
up to four months, as illustrated by the November
profiles in Figures 3 through 6. Winter stratifi-
cation occurs as the colder, lighter waters and ice
remain at the lake surfaces, now separated from the
relatively warmer, heavier waters near the bottoms
of the lakes.

Spring brings a reversal of this process. As the ice
thaws and the upper layers of water warm, they
again become more dense and begin to approach
the temperature of the warmer, deeper waters until

the entire water columns reach the same tempera-
tures from surface to bottom. This is referred to as
“spring turnover” and usually occurs within weeks
after the ice goes out, as illustrated by the April
profiles in Figures 3 through 6. After spring turn-
over, the waters at the surface again warm and
become lighter, causing them to float above the
colder, deeper water. Wind and resulting waves
carry some of the energy of the warmer, lighter
waters to lower depths, but only to a limited extent.
Thus begins the formation of the thermoclines and
another period of summer thermal stratification.

Dissolved Oxygen

Dissolved oxygen levels are one of the most critical
factors affecting the living organisms of a lake eco-
system. As shown in Figures 3 and 6, dissolved
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Table 13

SEASONAL WATER QUALITY DATA FOR THE SOUTH BAY

MONITORING SITE ON WHITEWATER LAKE: 1990 AND 1991

Spring Summer Fall
Parameter Shallow Deep Shallow Deep - Shallow Deep

Conductivity (#S/cm})

Range 292-419 294-420 289-333 295-336 332-356 333-358

Mean 359 (4) 368 (4} 316 (6) 320 (6) 346 (3) 347 (3)
pH (standard units)

Range 8.4-9.5 8.4-9.3 9.2-9.6 9.2-9.5 9.3-9.6 9.3-9.6

Mean 9.0 (4) 8.8 (4) 9.4 (6) 9.3 (6) 9.5 (3) 9.5 (3)
Water Temperature (°F)

Range 47.0-76.2 46.8-74.2 73.0-82.4 72.4-78.5 44-58.2 44 .4-57.6

Mean 62.9 (4) 59.2 (4) 78.8 (6) 76.8 (6) 52.6 (3) 52.6 (3)
Secchi Reading (feet)

Range 0.9-1.2 -- 1.3-6.6 -- 26-4.6 - -

Mean 1.1 (4) 3.1 {6} 3.7 {3)
Dissolved Oxygen (mg/l)

Range 10.8-15.6 6.7-12.1 6.4-15.6 5.7-11.7 9.4-13.7 9.4-13.7

Mean 13.0 (4) 9.1 (4) 11.3 (6) 8.5 (6) 11.0 (3) 10.9 (3)
Total Phosphorus (mg/l)

Range 0.023-0.048 | 0.029-0.065 | 0.036-0.067 | 0.034-0.118 | 0.023-0.119 | 0.031-0.110

Mean 0.040 (4) 0.050 (4) 0.054 (6) 0.070 (6) 0.060 (3) 0.062 (3)
Ortho-Phosphorus {mg/l}

Range 0.004-0.014 | 0.003-0.014 | 0.006-0.012 | 0.007-0.014 | 0.004-0.006 | 0.004-0.007

Mean 0.007 (4) 0.009 (4) 0.01 (6) 0.01 (6) 0.005 (3) 0.006 (3)
Chlorophyil-a. {ug/l)

Range 3-23 -- 7-40 - - 6-22 - -

Mean 10 (4) 25 (6) 12 (3)

Source: U.S. Geological Survey.

oxygen levels were generally higher at the surfaces
of Whitewater and Rice Lakes, where there was an
interchange between the waters and the atmosphere,
stirring by wind action, and production of oxygen
by plant photosynthesis. Dissolved oxygen levels
were lowest on the bottoms of the Lakes, where
decomposer organisms and chemical oxidation
processes—collectively known as biochemical oxy-
gen demand—utilized oxygen in the decay process.

When any lake becomes thermally stratified, as
described above, the surface supply of dissolved
~oxygen to the hypolimnion is cut off. Gradually, if
there is not enough dissolved oxygen to meet the
total demands from the bottom-dwelling aquatic life
and decaying material, the dissolved oxygen levels
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in the bottom waters may be reduced, even to
zero—a condition known as anoxia or anaerobiasis.

The hypolimnia of Whitewater and Rice Lakes
become anoxic during summer stratification. Dur-
ing the 1990-1991 study period, dissolved oxygen
concentrations at the bottom of Whitewater Lake
fell to zero at the central, deep-water station by late
May, as shown in Figure 3. Dissolved oxygen con-
centrations dropped to below 5 milligrams per liter
(mg/1), or the minimum level necessary to support
many species of fish, at a depth of approximately
12 feet, with concentrations decreasing to zero at
about 30 feet. In Rice Lake, because of its more
shallow depth profile, dissolved oxygen concentra-
tions demonstrated a greater variability indicative



Table 14

SEASONAL WATER QUALITY DATA FOR THE DEEP HOLE

MONITORING SITE ON RICE LAKE:

1990 AND 1991

Spring Summer Fall
Parameter Shallow Deep Shallow Deep Shallow Deep

Conductivity (#S/cm)

Range 316-359 320-362 278-315 279-332 322-352 324-353

Mean 336 (4) 341 .(4) 294 (6) 308 (6) 337 (3) 338 (3)
pH (standard units)

Range 8.1-8.6 8.2-8.5 8.9-9.4 8.2-9.2 8.2-8.7 8.2-8.7

Mean 8.4 (4) 8.4 (4) 9.1 (6} 8.7 (6) 8.4 (3) 8.4 (3)
Water Temperature (°F)

Range 46.8-75.5 46.6-75.5 73.7-80.8 71.8-78.4 43.5-58.7 43.5-58.6

Mean 61.5 (4} 59.3 (4) 77.3 (6} 76.3 (6) 52.5 (3) 52.6 (3)
Secchi Reading (feet)

Range 4-8.3 - 0.7-1.7 - - 1.7-8.6 -

Mean 6.2 (4) 1.4 (6) 5.1 (3)
Dissolved Oxygen (mg/l)

Range 7.1-11.0 6.6-10.9 6.9-13.4 0.1-8.3 8.2-10.7 8.2-10.7

Mean 9.5 (4) 8.6 (4) 10.7 (8) 3.8 (6) 9.2 (3) 9.2 (3)
Total Phosphorus {mg/l)

Range 0.022-0.032 0.022-0.028 0.05-0.138 0.063-0.125 0.036-0.116 0.032-0.120

Mean 0.026 (4) 0.024 (4) 0.111 (6) 0.107 (6) 0.07 (3) 0.068 (3)
Ortho-Phosphorus (mg/i)

Range 0.002-0.006 0.002-0.005 | 0.002-0.009 | <0.002-0.007 | <0.002-0.004 | <0.002-0.005

Mean 0.004 (4) 0.004 (4) 0.006 (6) 0.004 (6) 0.003 (3) 0.003 (3)
Chlorophyll-a (ug/l)

Range 4-9 - - 33-147 - - 3-62 --

Mean 6 {4) 65 (6) 24 (3)

Saurce: U.S. Geological Survey.

of multiple mixing or turnover events during the
summer of 1991—lakes exhibiting these charac-
teristics are known as polymictic lakes. Oxygen
stratification occurred, as in Whitewater Lake, by
late May as shown in Figure 6. The depth at which
the dissolved oxygen concentration reached 5 mg/1
was about eight feet. During July, the Lake again
became well mixed from top to bottom. However,
by mid-August, stratification was reestablished in
Rice Lake and the dissolved oxygen concentration
was generally zero at about five to 7.5 feet below
to the surface of the Lake.

Fall turnover—between September and October in
most years—naturally restores the supply of oxygen
to the bottom waters, although hypolimnetic anoxia
can be reestablished during the period of winter

thermal stratification. Winter anoxia is more com-
mon during years of heavy snow fall, when snow
covers the ice, reducing the degree of light pene-
tration and reducing algal photosynthesis that takes
place under the ice. In Whitewater and Rice Lakes,
however, dissolved oxygen levels were found to be
adequate for the support of fish throughout the
winter. At the end of winter, dissolved oxygen con-
centrations in the bottom waters of the Lakes were
restored during the period of spring turnover,
which generally occurs between March and May in
most years.

Hypolimnetic anoxia is common in many of the
lakes in Southeastern Wisconsin during summer
stratification. The depleted oxygen levels in the
hypolimnion cause fish to move upward, nearer to
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Figure 3

TEMPERATURE AND DISSOLVED OXYGEN PROFILES FOR
HEART PRAIRIE MONITORING SITE ON WHITEWATER LAKE: 1
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NORTH BAY MONITORING SITE ON WHITEWATER LAKE: 1991
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Figure 5

TEMPERATURE AND DISSOLVED OXYGEN PROFILES FOR
SOUTH BAY MONITORING SITE ON WHITEWATER LAKE: 1991
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Figure 6

TEMPERATURE AND DISSOLVED OXYGEN PROFILES FOR RICE LAKE: 1991
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the surface of the lakes, where higher dissolved
oxygen concentrations exist. This migration, when
combined with temperature, can select against some
fish species which prefer the cooler water tem-
peratures that generally prevail in the lower por-
tions of lakes. When there is insufficient oxygen at
these depths, these fishes are susceptible to
summer-kills, or, alternatively, are driven into the
warmer water portions of the lakes where their
condition and competitive success may be severely
impaired.

In other lakes in the Region, hypolimnetic anoxia
can also occur during winter stratification. Under
these conditions, anoxia contributes to winter-kill
of fishes.

In addition to these biological consequences of
anaerobiasis, the lack of dissolved oxygen at depth
can enhance development of chemoclines, or
chemical gradients, with an inverse relationship to
the dissolved oxygen concentration. For example,
the sediment-water exchange of elements such as
phosphorus, iron and manganese is increased under
anaerobic conditions, resulting in higher hypo-
limnetic concentrations of these elements, as shown
in Figure 8. Under anaerobic conditions, iron and
manganese change oxidation state enabling the
release of phosphorus from the iron and manganese
complexes to which they were bound under aerobic
conditions. This phenomenon is apparent in the pH
and specific conductance profiles for Whitewater
Lake set forth in Figure 9, and in the pH profiles
for Rice Lake set forth in Figure 12—see below.
This “internal loading” can affect water quality
significantly if these nutrients and salts are mixed
into the epilimnion, especially during early sum-
mer, when these nutrients can become available for
algal or plant growth.

Specific Conductance

Specific conductance is an indicator of the
concentration of dissolved solids in the water; as
the amount of dissolved solids increases, the
specific conductance increases. Conductivity and
pH profiles, and Secchi-disk transparencies, for
Whitewater and Rice Lakes are shown in Figures 9
through 12. During winter and summer thermal
stratification, specific conductance increases at the
lake bottoms due to an accumulation of dissolved
materials in the hypolimnia, referred to above as

“internal loading.” This phenomenon was more
noticeable in Whitewater Lake during summer
stratification, and most pronounced between early
June and late September than at other times, as
shown in Figure 9 through 11. In Rice Lake, this
stratification is less pronounced and exhibits the
polymictic characteristics mentioned in relation to
dissolved oxygen concentrations above, as shown in
Figure 12. As shown in Tables 11 through 14, the
specific conductance of Whitewater and Rice Lakes
during 1990-1991 ranged from 295 to 483
microSiemens per centimeter (uS/cm) at 25°C, and
from 316 to 362 uS/cm, respectively, which is
within the normal range for lakes in Southeastern
Wisconsin.3

Chloride

Chloride concentrations in Whitewater Lake were
11 mg/t during the 1991 spring turnover. Chloride
concentrations were not measured in Rice Lake.
The most important anthropogenic source of
chlorides is believed to be street deicing salts. The
concentration measured in Whitewater Lake is
within the normal range for lakes in Southeastern
Wisconsin.4

Alkalinity and Hardness

Alkalinity is an index of the buffering capacity of
a lake, or the capacity of a lake to absorb and
neutralize acids. The alkalinity of a lake depends
on the levels of bicarbonate, carbonate, and
hydroxide ions present in the water. Lakes in
Southeastern Wisconsin typically have a high
alkalinity because of the types of soil covering, and
the bedrock underlying, the watersheds. In contrast,
water hardness is a measure of the multivalent
metallic ions, such as calcium and magnesium,
present in the lakes. Hardness is usually reported as
an equivalent concentration of calcium carbonate
(CaCOg3). Applying these measures to the study
lakes, Whitewater Lake, and probably Rice
Lake, are hard-water alkaline lakes. Hardness and

3R.A. Lillie and J.W. Mason, Limnological Charac-
teristics of Wisconsin Lakes, Technical Bulletin No.

138, Wisconsin Department of Natural Resources,
1983.
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Figure 9

SPECIFIC CONDUCTANCE AND pH PROFILES FOR HEART PRAIRIE MONITORING SITE ON WHITEWATER LAKE: 1991
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Figure 10

SPECIFIC CONDUCTANCE AND pH PROFILES FOR NORTH BAY MONITORING SITE ON WHITEWATER LAKE: 1991
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Figure 11

SPECIFIC CONDUCTANCE AND pH PROFILES FOR SOUTH BAY MONITORING SITE ON WHITEWATER LAKE: 1991
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Figure 12

SPECIFIC CONDUCTANCE AND pH PROFILES FOR RICE LAKE: 1991
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alkalinity were measured by the U.S. Geological
Survey during the 1990-1991 study period only in
Whitewater Lake.

During the spring turnover of 1991, alkalinity was
193 mg/l, while hardness averaged 205 mg/l, as
listed in Table 9. These values are within the
normal range of lakes in Southeastern Wisconsin.

Hydrogen Ion Concentration (pH)

The pH is a logarithmic measure of hydrogen ion
concentration on a scale of O to 14 standard units,
with 7 indicating neutrality. A pH above 7 indicates
basic (or alkaline) water, while a pH below 7
indicates acidic water. In Whitewater Lake, the pH
was found to range between 7.3 and 10.1 standard
units, as shown in Tables 11 through 13, while in
Rice Lake the pH ranged between 8.1 and 9.5
standard units, as shown in Table 14. Since White-
water Lake has a high alkalinity, or buffering
capacity, the pH in both Lakes does not fluctuate
below 7, the Lakes are probably not susceptible to
the harmful effects of acidic precipitation. In gen-
eral, pH declined with depth, exhibiting an inverse
relationship to conductivity as shown in Figures 9
and 12. As noted in terms of electrical conduc-
tance, the pH gradient became more pronounced
during the summer months, and, again, the poly-
mictic nature of Rice Lake was apparent in the
breakdown of the pH gradient during July 1991.

Water Clarity
Water clarity, or transparency, gives an indica-

tion of overall water quality; clarity may decrease
because of high concentrations of suspended mate-
rials, such as algae and zooplankton, and of tur-
bidity, or due to high concentrations of dissolved
organic substance such as water color. Water clar-
ity is measured with a Secchi-disk, a black-and-
white, eight-inch-diameter disk, which is lowered
into the water until a depth is reached at which the
disk is no longer visible. This depth is known as
the “Secchi-disk reading.” These readings form an

SR.A. Lillie and J.W. Mason, Limnological Charac-

teristics of Wisconsin Lakes, Technical Bulletin No.

138, Wisconsin Department of Natural Resources,
1983.
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integral part of the Wisconsin Department of
Natural Resources Self-Help Monitoring Program
in which a citizen volunteer monitor is enrolled as
part of the District’s water quality monitoring effort
as discussed in Chapter VIII.

Water clarity generally varies throughout the year
as algal populations increase and decrease, and as
the amount of inorganic suspended materials and
humic coloration varies, in response to changes in
weather conditions and nutrient loadings. These
same factors make Secchi-disk readings vary from
year to year as well. Secchi-disk readings for
Whitewater and Rice Lakes were almost always
greater than one foot; during much of the study
period they were greater than three feet. Greatest
water clarity was observed during winter, and least
clarity during summer. Clarity appears to have
been variable over the period of record, 1987-1994,
with summer transparencies during the period from
1989 to 1990 averaging 7.9 feet in contrast to
average transparencies of 4.3 feet recorded prior
and subsequent to those years. These values are
indicative of an average water quality compared to
other lakes in Southeastern Wisconsin.®

Chlorophyll-a
Chiorophyli-a is the major photosynthetic (“green”)

pigment in algae. The amount of chlorophyll-a
present in the water is an indication of biomass or
amount of algae in the water. Chlorophyll-a con-
centrations at the central lake station in Whitewater
Lake ranged from a low of 3 micrograms per liter
(ng/1) in June to a high of 62 ug/l in August, 1991;
a chlorophyll-a concentration of 2 pg/l was
recorded in the North Bay of Whitewater Lake
during June, 1991. Chlorophyll-a concentrations in
Rice Lake ranged from a low of 3 ug/l in Novem-
ber to a high of 147 ug/l during July, 1991. These
values, although within the range of chlorophyll-a
concentrations recorded in other lakes in the
Region,” are high and indicate poor water quality.

8Ibid.

7 Ibid.




Nutrient Characteristics

Aquatic plants and algae require such nutrients as
phosphorus, nitrogen, carbon, calcium, chloride,
iron, magnesium, sulfur, and silica for growth. In
hard-water alkaline lakes, most of these nutrients
are generally found in concentrations which exceed
the needs of growing plants. However, in lakes
where the supply of one or more of these nutrients
is limited, plant growth is limited by the amount of
that nutrient available. Two of the most important
nutrients, in this respect, are phosphorus and
nitrogen.

The ratio of total nitrogen to total phosphorus in
lake water, or the N:P ratio, can indicate which
nutrient is likely to be limiting plant growth. Where
the nitrogen-to-phosphorus ratio is greater than 14
to 1, a lake is probably phosphorus-limited, while
a ratio of less than 10 to 1 indicates that nitrogen
is probably the limiting nutrient.® As shown in
Table 15, the nitrogen-to-phosphorus ratios in
spring turnover samples collected from Whitewater
Lake during the period of record were generally
greater than 25. This indicates that plant production
was most likely consistently limited by phosphorus.
Other factors, such as light, turbulence, and
through flow, may also limit plant growth; these
are further discussed below.

Both total phosphorus and soluble phosphorus
concentrations were measured for Whitewater and
Rice Lakes. Soluble phosphorus, being dissolved in
the water column, is readily available for plant
growth. However, its concentration can vary widely
over short periods of time as plants take up and
release this nutrient. Therefore, total phosphorus is
usually considered a better indicator of nutrient
status. Total phosphorus includes the phosphorus
contained in plant and animal fragments suspended
in the lake water, phosphorus bound to sediment
particles, and phosphorus dissolved in the water
column.

The Southeastern Wisconsin Regional Planning
Commission (SEWRPC) recommends that total

8M.O. Alum, R.E. Gessner, and J.H. Gokstatter,
An Evaluation of the National Eutrophication Data,
U.S. Environmental Protection Agency Working
Paper No. 900, 1977.

phosphorus concentrations in lakes not exceed
0.020 mg/1 during spring turnover in order to pre-
vent nuisance algal and aquatic plant growths. The
total phosphorus concentrations at spring turnover
in Whitewater Lake were generally greater than
0.020 mg/l, as shown in Table 9. During the 1990-
1991 U.S. Geological Survey study, total phos-
phorus concentrations in both Lakes exceeded 0.020
mg/l in April 1991. Throughout the study period,
total phosphorus in the surface waters of White-
water and Rice Lakes averaged 0.037 mg/l and
0.075 mg/1, respectively. In the hypolimnia, or
bottom waters, of Whitewater and Rice Lakes, total
phosphorus concentrations were approximately
equal to or higher than the surface water concen-
trations, ranging from 0.014 to 0.680 mg/l, and
from 0.022 to 0.125 mg/l, respectively, as shown
in Tables 11 and 14. The average bottom-water
total phosphorus concentrations during the study
period were 0.150 mg/l in Whitewater Lake and
0.072 mg/1 in Rice Lake. The similarity of surface
and bottom water phosphorus concentrations in
Rice Lake is common in well-mixed or frequently-
mixed shallow waterbodies. '

When aquatic organisms die, they usually sink to
the bottom of the lakes, where they are decom-
posed. Phosphorus from these organisms is stored
in the bottom sediments. Because phosphorus is not
highly soluble in water, it readily forms insoluble
precipitates with calcium, iron, and aluminum
under aerobic conditions and accumulates predomi-
nantly in the lake sediments, although some may be
rereleased into the water column. However, when
the bottom waters become depleted of oxygen dur-
ing stratification, certain chemical changes occur,
especially the change in the oxidation state of iron
from the insoluble Fe3 1 state to the more soluble
Fe2™ state. The effect of these chemical changes is
that phosphorus becomes soluble and is more
readily released from the sediments. This process
also occurs under aerobic conditions, but generally
at a slower rate. As the waters begin to mix, during
spring and fall turnovers, this phosphorus can be
mixed throughout the lakes and may be available
for algal growth. If the turnover event is slow, over
several weeks, the hypolimnetic phosphorus may be
readsorbed by the iron and precipitate back to the
sediment. If the process is more rapid, a few days
or less, some of this phosphorus is circulated into
the upper waters of the lakes, generally in a bio-
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Table 15

NITROGEN-PHOSPHORUS RATIOS FOR WHITEWATER LAKE

Nutrient Levels
Date
Nitrogen (mg/I) Phosphorus {mg/l} N:P Ratio {mg/l)
April 7, 1987 - - 0.026 --
April 14, 1988 1.30 0.036 36.1
April 27, 1989 0.82 0.023 35.7
April 10, 1990 -- 0.025 --
April 25, 1991 0.72 0.025 28.8
April 16, 1992 0.51 0.020 25.5
April 21, 1994 0.69 0.022 31.4

Source: U.S. Geological Survey and SEWRPC.

available form, where it can be taken up very
rapidly by algae.

The 1991 data indicated that there was the potential
for considerable internal loading of phosphorus
from the bottom sediments of Whitewater and Rice
Lakes. This is especially true in Rice Lake, where
the thermal and dissolved oxygen concentration
profiles were indicative of multiple mixing events
during the summer season, as previously men-
tioned. Such releases tended to occur primarily
during the anaerobic periods of summer and winter
stratification. For example, there was an increase in
the surface water total phosphorus concentration of
Rice Lake from 0.050 mg/l measured on June 19,
1991 to over 0.100 mg/l observed on July 9, 1991
which is strongly suggestive of internal loading.
This injection of biologically-available phosphorus
into the surface waters of Rice Lake was paralleled
by an increase in algal biomass from 33 mg/l
chlorophyll-a in late June to almost 150 mg/l
chlorophyll-a in early July. No similar events were
recorded in Whitewater Lake which appeared to be
more stable in terms of its summer stratification
regime. Stratification with respect to phosphorus
concentrations was greatest in the central lake
basin, which, due to its position within the Lake
and its morphology, is likely to be less susceptible
to wind-induced mixing than the less deep Rice
Lake basin. Nevertheless, the U.S. Geological Sur-
vey note that internal recycling of phosphorus
seems to be the driving force in increasing phos-
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phorus concentrations in both Lakes during the
summer.?

No quantitative assessment of lake bottom sedi-
ments has been carried out on either Whitewater
Lake or Rice Lake. However, SEWRPC staff
described the bottom as largely comprised of
“muck,” the characteristics of which are typically
associated with organic-rich sediments during the
1995 aquatic plant survey. Such substrates are
commonly associated with the high rates of internal
phosphorus release noted above.

POLLUTION LOADINGS AND SOURCES

Currently, there are no known point source dis-
charges of pollutants to Whitewater and Rice Lakes
or to the surface waters tributary to Whitewater and
Rice Lakes. Nonpoint sources of water pollution
include urban sources, such as runoff from resi-
dential, commercial, transportation, construction,
and recreational activities, and rural sources, such
as runoff from agricultural lands and woodlands. In
order to estimate the amount of pollution con-
tributed by these sources to Whitewater and Rice
Lakes, and eventually to the downstream Tripp

9U.S. Geological Survey Water-Resources Inves-
tigations Report No. 94-4101, Hydrology and Water
Quality of Whitewater_and Rice Lakes in_South-
eastern Wisconsin, 1990-91, 1994, p.27.




Lake, annual loading budgets for phosphorus were
developed for the watershed as part of the 1990-
1991 U.S. Geological Survey study. The phos-
phorus budgets for Whitewater and Rice Lakes are
shown in Tables 16 and 17. Total annual phos-
phorus loadings of about 560 and 60 pounds are
estimated to be contributed to Whitewater and Rice
Lakes, respectively.

The tributary drainage areas of Whitewater and
Rice Lakes are 7.2 and 7.8 square miles in size,
respectively, as discussed in Chapter II. - As
previously discussed, there is normally no flow
over the dam at the outlet of Whitewater Lake with
no observation of such discharge during water year
1990 and 1991 and limited to discharges subsequent
to that. Thus, the tributary area to Rice Lake is
normally effectively limited to the 350-acre
drainage area located downstream of Whitewater
Lake. Furthermore, the 1990-1991 U.S. Geological
Survey Study of lake hydrology and water quality
indicates that due to the rough topography and soils
in the tributary area, there are normally only about
1.4 square miles and 0.3 square mile of land
surface which actually contribute nutrients and
pollutants to Whitewater and Rice Lakes,
respectively. Due to this feature of the drainage
area, a majority of the rural lands within the total
tributary drainage areas to Whitewater and Rice
Lakes were not considered to be contributing
nonpoint source pollutants to the Lakes. Thus, the
most significant land use areas contributing nutri-
ents to Whitewater and Rice Lakes are located in
the shoreland areas around these waterbodies.
While these lands are in part occupied by agricul-
tural uses, the majority of the areas concerned are
in urban residential uses.

The U.S. Geological Survey estimated the average
annual phosphorus loads from shoreland areas
contributing to the Whitewater and Rice Lakes
watersheds to be about 237 pounds and about 37
pounds of phosphorus for Whitewater and Rice
Lakes, respectively, as shown in Tables 16 and 17.
This source of phosphorus was the single largest
source of phosphorus to these Lakes comprising 42
and 59 percent of the total loading to Whitewater
and Rice Lakes respectively.

As of 1995, about 95 shoreline residences located
in the drainage area of Whitewater and Rice Lakes
were located in areas of the shorelands where the
groundwater may be expected to discharge to the
Lakes. All of these homes were served by onsite
sewage systems. Onsite sewage disposal systems
are designed to remove phosphorus by adsorption
to soil in a drainfield. Removal capacity decreases
with increasing soil particle size and all soils have
a fixed adsorptive capacity which will eventually
become exhausted. Onsite sewage disposal systems
include conventional septic tank systems, septic
systems with seepage pit disposal systems, septic
tanks with alternative distribution systems such as
ground pressurized systems, seepage pits, mound
systems, and holding tanks. Holding tanks store
wastewater temporarily until it is pumped and
conveyed by tank truck to a sewage treatment plant,
storage lagoon, or land disposal site. All of the
other types of onsite sewage disposal systems
discharge effluent to the groundwater, and in some
locations through the groundwater inflow to the
Lakes.

Provided that onsite systems are located, installed,
used, and maintained properly, the system may be
expected to operate with few problems for periods
of about 20 years. Failure of a septic tank system
occurs when the soil surrounding the seepage area
will no longer accept or properly stabilize the
septic tank effluent. Further, not all residential
areas within the Whitewater and Rice Lakes drain-
age area served by onsite sewage disposal systems
are located in areas covered by soils suitable for
septic tank use as shown on Map 8 and septic
system failure may result from improper location,
poor installation, or inadequate maintenance.

While many older onsite sewage disposal systems
may have met Wisconsin Administrative Code
requirements when installed, these requirements
have changed over the years, with the effect that
many older systems no longer conform to present
practices. Also, some installations, designed for
vacation use are now in use year-round and are
potentially subject to overloading. The precise
identification of potential septic tank problems
requires a sanitary survey.
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Table 16

TOTAL PHOSPHORUS BUDGET FOR WHITEWATER LAKE: 1990-1991
Total Phosphorus Load
Budget ltem {pounds) Percent of Total inputs
Precipitation . .............00veenu.. 101 18
1Y 151 SO 708 13
Stormwater Runoff ................. 237 42
Groundwater . .......convennennn 44 8
Onsite Sewage Disposal Systems ...... 106 19
Total 558 100
8Whitewater Lake inlet base flow.
Source: U.S. Geological Survey and SEWRPC.
Table 17

TOTAL PHOSPHORUS BUDGET FOR RICE LAKE: 1990-1991

Total Phosphorus Loads
Budget Item {pounds) Percent of Total Inputs
Precipitation . ....... ...t e.nn 24 38
Inlet .. ... ... . .. i i 02 0
Stormwater Runoff . ................. 37 59
Groundwater ................ccc... 2 3
Onsite Sewage Disposal Systems ....... o (0]
Total 63 100

8Rice Lake inlet (Whitewater Lake outlet)—as Whitewater Lake did not overflow during the study period, phosphorus
export to Rice Lake in the inlet is assumed to be negligible.

Source: U.S. Geological Survey and SEWRPC.

The annual phosphorus loading to Whitewater Lake
from onsite sewage disposal systems is estimated to
be about 106 pounds of phosphorus or 19 percent
of the total loading to Whitewater Lake, as shown
in Table 16. Onsite sewage treatment systems did
not contribute significant amounts of phosphorus to
Rice Lake, as shown in Table 17.

The remaining loadings to the Lakes are con-

tributed by precipitation and groundwater inflow,
and in the case of Whitewater Lake, the inlet
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draining upstream lands. Phosphorus loads may be
expected to remain relatively stable from the direct
drainage areas of Whitewater and Rice Lakes.

In addition to the external phosphorus load, the
U.S. Geological Survey study estimated that an
additional 582 pounds of phosphorus may be
expected to be added to the lake water column of
Whitewater Lake, and an additional 295 pounds of
phosphorus to the water column of Rice Lake, as
the result of internal loading during periods of




stratification. 10 This estimate is about half of the

total nutrient loads to the Lakes. As noted above,

the effect of this internal loading can be seen in the
elevated hypolimnetic phosphorus concentrations
reported in Tables 8 through 14.

Approximately 77 percent of the total phosphorus
load—calculated as the combined internal and
external nutrient loads—or about 882 pounds, was
used by the biomass within Whitewater Lake or
deposited in the sediments, as was about 85 per-
cent, or about 305 pounds, of the phosphorus load
to Rice Lake. No significant amounts of phosphorus
were transferred between Whitewater and Rice
Lakes, or between Rice Lake and the downstream
Tripp Lake, during the U.S. Geological study as
neither Lake had an outflow during the 1990-1991
study period. On the other hand, it was estimated
that at least a portion of this mass of retained
phosphorus was removed from the Lakes as the
result of aquatic plant harvesting. Between 1,500
and 2,500 pounds of phosphorus were calculated as
being removed from Whitewater Lake, and between
15 and 60 pounds from Rice Lake, during the 1990
and 1991 plant harvesting seasons—May to Septem-
ber annually.’! The difference between these
estimates and the calculated nutrient loads to the
Lakes probably reflects methodological constraints,
although it is possible that the larger mass of
phosphorus calculated as being contained in the
harvested plants could be supplied from phosphorus
present in the lake sediment, not exchanged with
the water column, given that most of the plants
harvested are rooted macrophytes.

The regional water quality management plan
recommends that lands in the areas tributary to

10U.S. Geological Survey Water-Resources Investi-
gations Report No. 94-4101, Hydrology and Water
Quality of Whitewater and Rice Lakes in South-
eastern Wisconsin, 1990-91, 1994, p.27.

Y1U.S. Geological Survey Water-Resources Investi-
gations Report No. 94-4101, Hydrology and Water

Whitewater ‘and Rice Lakes continue to be served
by -onsite sewage disposal systems. 12

RATING OF TROPHIC CONDITION

Lakes are commonly classified according to their
degree of nutrient enrichment or trophic status. The
ability of lakes to support a variety of recreational
activities and healthy fish and aquatic life
communities is often correlated to the degree of
nutrient enrichment that has occurred. There are
three terms usually used to describe the trophic
status of a lake: oligotrophic, mesotrophic, and
eutrophic. Oligotrophic lakes are nutrient-poor
lakes. These lakes characteristically support rela-
tively few aquatic plants and often do not contain
productive fisheries. Because of the naturally fertile
soils and the intensive land use practices employed
in the State, there are relatively few oligotrophic
lakes in Southeastern Wisconsin. Mesotrophic lakes
are moderately fertile lakes that support abundant
aquatic plant growths and may support productive
fisheries. Nuisance growths of algae and aquatic
plants are usually not exhibited by mesotrophic
lakes. Many of the cleaner lakes in Southeastern
Wisconsin are classified as mesotrophic. Eutrophic
lakes are defined as nutrient-rich lakes. These lakes
are often characterized by excessive growths of
aquatic weeds and experience frequent algal
blooms. Many eutrophic lakes support very pro-
ductive fisheries. In shallow eutrophic lakes, fish
winterkills may also be common. Many of the more
polluted lakes in Southeastern Wisconsin are
classified as eutrophic. In extreme cases eutrophic
lakes may be classified as hypertrophic.

Several numeric “scales,” based on one or more
water quality parameters, have been developed to
define the trophic condition of a lake. Because
trophic state is actually a continuum from very
nutrient poor to very nutrient rich, a numerical
scale is useful for comparing lakes and for
evaluating trends in water quality conditions. Care

12SEWRPC Memorandum Report No. 93, A
Regional Water Quality Management Plan for

Quality of Whitewater and Rice Lakes in South-

Southeastern Wisconsin: An Update and Status

eastern Wisconsin, 1990-91, 1994, p. 17.

Report, March 1995.
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must be taken, however, that the particular scale
used are appropriate for the lakes to which it is
applied. In this case, two indices are commonly
used; namely, the Vollenweider-OECD open-
boundary trophic classification system, shown in
Figures 13 and 14,3 and the Carlson Trophic State
Index (TSI), shown in Figure 15.14 The Carlson
Index has recently been supplemented by the more
appropriate Wisconsin Trophic State Index devel-
oped by the Wisconsin Department of Natural
Resources to account for the peculiar characteristics
of Wisconsin lakes, generally related to their higher
levels of dissolved—humic—color.'® A third
measure of lake water quality, a comparison of
conditions in an individual waterbody with typical
conditions in similar waterbodies within a specific
geographic area, is shown as Figures 16 and 17.
The basis of this rating is the average condition of
1,140 Wisconsin lakes conducted over a 14-year
period by Lillie and Mason. 16

130rganization for Economic Cooperation and
Development, Eutrophication of Waters: Moni-
toring, Assessment and Control, Paris, 1982; §.0.
Ryding and W. Rast, The Control of Eutrophication
in Lakes and Reservoirs, UNESCO/MAB Series 1,
Parthenon Press, 1989; and H. Olem and G. Flock,
The Lake and Reservoir Restoration Guidance
Manual, 2nd Edition, USEPA Report EPA-440/4-
90-006, Office of Water (WH-553), Washington,
D.C., 1990.

14R.E. Carison, “A Trophic State Index for Lakes,”

Limnology and Oceanography, Vol. 22, No. 2,
1977.

'SR.A. Lillie, S. Graham, and P. Rasmussen,
“Trophic State Index Equations and Regional
Predictive Equations for Wisconsin Lakes,”
Research Management Findings, No. 35, Wisconsin
Department of Natural Resources Publication No.
RS-735-93, 1993.

16R.A. Lillie and J.W. Mason, Limnological
Characteristics of Wisconsin Lakes, Technical Bul-
letin No. 138, Wisconsin Department of Natural
Resources, 1983.
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Vollenweider-OECD
Trophic Classification System

‘The European Organization for Economic Coop-

eration Development (OECD) investigated numer-
ous lakes and reservoirs from around the world
with the majority of their approximately 750 lakes
being in Europe and North America and developed
a number of empirical relationships between chloro-
phyll-a, Secchi-disk transparency, phosphorus,
nitrogen, primary productivity, and trophic state.
The result was both a set of predictive models and
a set of trophic boundary descriptors. Applying the
latter to the Whitewater—deep water, main basin
station—and Rice Lakes data given in Table 10
indicates that Whitewater Lake has a 65 percent
probability of being mesotrophic, a 20 percent
probability of being eutrophic, and a 15 percent
probability of being oligotrophic; and Rice Lake
has a 63 percent probability of being mesotrophic,
a 25 percent probability of being oligotrophic, a 12
percent probability of being eutrophic, based on the
total phosphorus concentration, as shown in Fig-
ures 13 and 14. Similarly, using chlorophyll-a
concentration, Whitewater Lake has a 56 percent
probability of being mesotrophic, a 30 percent
probability of being eutrophic, and an 11 percent
probability of being oligotrophic; Rice Lake has a
59 percent probability of being mesotrophic, and a
29 percent probability of being eutrophic, an 11
percent probability of being oligotrophic and a 1
percent probability of being hypertrophic. The
Secchi-disk-based classification yields a similar
result: Whitewater Lake has a 57 percent proba-
bility of being hypertrophic, a 38 percent proba-
bility of being eutrophic, and a 5 percent proba-
bility of being mesotrophic, while Rice Lake has a
46 percent probability of being hypertrophic, a 46
percent probability of being eutrophic, and a 8
percent probability of being mesotrophic also as
shown in Figures 13 and 14. Thus, Whitewater and
Rice Lakes should be classified as eutrophic lakes,
or lakes having water quality conditions that would
be considered impaired for many uses.

Trophic State Index

The Trophic State Index (TSI) assigns a numerical
trophic condition rating based on Secchi-disk
transparency and total phosphorus and chlorophyll-a
concentrations. The original Trophic State Index
developed by Carlson has been modified for Wis-




Figure 13

TROPHIC STATE CLASSIFICATION OF WHITEWATER
LAKE BASED ON THE VOLLENWEIDER MODEL
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TROPHIC STATE CLASSIFICATION OF RICE
LAKE BASED ON THE VOLLENWEIDER MODEL
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Figure 15

TROPHIC STATE INDEX FOR WHITEWATER AND RICE LAKES MONITORING STATIONS
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Figure 16

WHITEWATER LAKE PRIMARY WATER QUALITY INDICATORS: 1987-1994
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Figure 17

RICE LAKE PRIMARY WATER QUALITY INDICATORS: 1987-1994
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consin lakes by the Wisconsin Department of
Natural Resources using data on 184 lakes through-
out the State.!” The Trophic State Index ratings for
Whitewater and Rice Lakes ranged from about 40
to 70, and from about 40 to 80, respectively, over
the study period as shown in Figure 15. The Wis-
consin Trophic State Index (WTSI) varied similarly
as a function of sampling date. Based on these
Trophic State Index ratings, Whitewater and Rice
Lakes may also be classified as eutrophic.

Water Quality Index

The Lillie and Mason Water Quality Index com-
pares the range of conditions in a specific water-
body to a range of conditions observed in other
Wisconsin lakes. Ratings of water quality, ranging
from very poor to excellent reflect a statistical
analysis of lake condition as related to multiple
recreational uses. This rating system is approxi-
mately analogous to the trophic state rating system
described above and in other indices, with excellent
water quality being equivalent to ultraoligotrophic
conditions and very poor water quality being
equivalent to hypertrophic conditions. The ratings
applied to Whitewater Lake ranged from very good
to very poor, with most indicators being fair or
good on average. Water clarity was always fair to
poor on average, which probably reflects the humic
coloration in the water rather than excessive algal
growth under normal conditions, as shown in
Figure 16. The ratings applied to Rice Lake were
fair to very poor, with the poor water clarity
reflecting a relatively high, very poor chlorophyll-a
value, as shown in Figure 17. Such ratings are
consistent with the characteristics of both Lakes as
eutrophic.

SUMMARY

Whitewater and Rice Lakes are enriched hard-
water, alkaline Lakes that have water quality char-
acteristics associated with high nutrient loadings.

7R.A. Lillie, S. Graham, and P. Rasmussen,
“Trophic State Index Equations and Regional
Predictive Equations for Wisconsin Lakes,”
Research Management Findings, No. 35, Wisconsin
Department of Natural Resources Publication
PUBL-RS-735 93, 1993.

Physical and chemical parameters measured during
the 1990-1991 study period indicate that the water
quality is considered fair based upon the phos-
phorus and chlorophyll concentrations, but very
poor based upon water clarity compared to other
lakes in Southeastern Wisconsin. Total phosphorus
levels were found to be above the level considered
to cause nuisance algal and aquatic plant growths.
During summer stratification, the waters below a
depth of 15 feet in Whitewater Lake, and five feet
in Rice Lake, became devoid of oxygen, while the
upper waters remained well oxygenated and sup-
ported a healthy fish population. Winterkill was not
found to be a problem in Whitewater and Rice
Lakes because dissolved oxygen levels were found
to be adequate for the support of fish throughout
the winter.

In 1995, there were no known point sources of
pollutants in the drainage area directly tributary to
Whitewater and Rice Lakes. The 1990-1991 U.S.
Geological Survey Study of lake hydrology and
water quality indicated that due to the rough
topography and soils in the area, normally only
about 1.4 square miles and 0.3 square mile of land
surface actually contribute nutrients and pollutants
to Whitewater and Rice Lakes, respectively. Thus,
only about 1.7 square miles of the total 7.8-square-
mile area, generally considered as the tributary
watershed of the Lakes normally contribute surface
water runoff directly to the Lakes. Never-the-less,
pollutant loadings from the directly contributing
drainage area comprise the largest external source
of phosphorus to the Lakes, contributing annually
about 237 pounds and 42 percent; and 37 pounds
and 59 percent, of the total phosphorus loading to
Whitewater and Rice Lakes, respectively. The
annual phosphorus loading to Whitewater Lake
from onsite sewage disposal systems is estimated to
be about 106 pounds of phosphorus or 19 percent
of the total loading to Whitewater Lake. These
loadings reach the Lakes through groundwater
inflow. Onsite sewage disposal systems do not
contribute any significant amounts of phosphorus to
Rice Lake. The remaining phosphorus loadings to
the Lakes are contributed by precipitation and
groundwater inflow, and in the case of Whitewater
Lake, the inlet draining upstream lands. Phosphorus
loadings from the drainage areas of Whitewater and
Rice Lakes may be expected to remain relatively
stable.
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In addition to the phosphorus loadings contributed
by direct sewage system runoff, groundwater
inflow, and precipitation, about 582 pounds of
phosphorus were estimated to be added to the water
column of Whitewater Lake annually, and 295
pounds to the water column of Rice Lake annually,
through internal loading from the bottom sedi-
ments, particularly under stratified conditions.
Approximately 77 percent of the total annual phos-
phorus loading—calculated as the combined inter-
nal and external nutrient loading, or about 882
pounds—was estimated to be taken up by the bio-
mass within Whitewater Lake or deposited in the
sediments; as was about 85 percent, or about 305
pounds, of the phosphorus loading to Rice Lake.
No significant amounts of phosphorus were trans-
ferred between Whitewater and Rice Lakes, or
between Rice Lake and the downstream Tripp
Lake, during the U.S. Geological study as neither
Lake had an outflow during the 1990-1991 study
period. A portion of the annual phosphorus loading
is taken up by the biomass and removed from the
Lakes through aquatic plant harvesting. Approxi-
mately 2,000 pounds per year and 30 pounds per
year of phosphorus were estimated to have been
removed from Whitewater and Rice Lakes, respec-
tively, during the 1990 and 1991 aquatic plant
harvesting seasons. It should be noted that the
amounts of phosphorus being removed through
harvesting are larger than the entire loading to the
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water column. This is due to the fact that a portion
of the phosphorus contained in the harvested plants
is being supplied from phosphorus present in the
lake sediment, given that most of the plants har-
vested are rooted macrophytes. The phosphorus
removed from the sediments should, over time,
help to reduce the amount of phosphorus added to
the water column through internal loading from the
bottom sediments.

Based on the Vollenweider phosphorus loading
model and the Trophic State Index ratings calcu-
lated from Whitewater and Rice Lakes data (1990-
1991), Whitewater and Rice Lakes may be classi-
fied as eutrophic Lakes. Water quality in these
Lakes is fair to poor compared to other Wisconsin
lakes.

Subsequent sections of this report consider potential
management alternatives for reducing pollutant
loadings to the Lakes. In this respect, it must be
recognized, however, that the nature of Whitewater
and Rice Lakes is such that attainment of water
quality conditions which would fully eliminate
aquatic plant and algae problems, will not likely be
possible. Thus, there is a need to consider alter-
native management measures that address the
aquatic plant and algae growth problems directly in
order to facilitate a recreational use of the Lakes.



Chapter V

AQUATIC BIOTA, ECOLOGICALLY VALUABLE
AREAS, AND RECREATIONAL ACTIVITIES

INTRODUCTION

Whitewater and Rice Lakes are an important part of
the natural resource base of the Towns of White-
water and Richmond. The Lake, its biota, and the
adjacent park and residential lands combine to
contribute to the quality of life in the area. When
located in urban settings resource features such as
lakes and wetlands are typically subject to intensive
recreational use and high levels of pollutant dis-
charges, common forms of stress to aquatic sys-
tems, and thus may result in the deterioration of
these natural resource features. For this reason, the
formulation of sound management strategies must
be based on a thorough knowledge of the pertinent
characteristics of the individual resource features as
well as of the urban development in the area con-
cerned. Accordingly, this chapter provides infor-
mation concerning the natural resource features of
the drainage area tributary to Whitewater and Rice
Lakes, including data on primary environmental
corridors, wetlands, aquatic macrophytes, fish and
wildlife. In addition, recreational activities relating
to the use of these natural resource features are
described.

AQUATIC PLANTS

Aquatic plants include larger plants, or macro-
phytes, and microscopic algae, or phytoplankton.
These form an integral part of the aquatic food
web, converting inorganic nutrients present in the
water and sediments into organic compounds which
are directly available as food for other aquatic
organisms. In this process, known as photo-
synthesis, plants utilize energy from sunlight and
release oxygen required by other aquatic life forms.

Aquatic Macrophytes
Aquatic macrophytes are an important factor in the

ecology of Southeastern Wisconsin lakes. They can
be either beneficial or a nuisance, depending on
their distribution and abundance and the activities

- taking place on the water body. Macrophytes are

usually an asset because they provide food and
habitat for fish and other aquatic life, produce oxy-
gen, and may remove nutrients and pollutants from
the water that could otherwise cause algal blooms
or other problems. Aquatic plants become a nuis-
ance when their presence reaches densities that
interfere with swimming and boating and the nor-
mal functioning of a lake ecosystem. Many factors,
including lake configuration, depth, water clarity,
nutrient availability, bottom substrate, wave action,
and type of fish populations present, determine the
distribution and abundance of aquatic macrophytes
in a lake. Some nonnative plant species, lacking
natural controls, may be especially favored by the
habitats available in this Region and can exhibit
explosive growths to the detriment not only of lake
users but also of indigenous aquatic life and native
plant species.

To document the types and relative abundances of
aquatic macrophytes in Whitewater Lake, an
aquatic plant survey was conducted by the Wis-
consin Department of Natural Resources during
1990.7 The aquatic plant survey was designed to
determine species composition. A subsequent sur-
vey of aquatic plant community distributions in
both Whitewater and Rice Lakes was conducted by
Commission staff in July of 1995.

During the July 1995 survey, eight species of
aquatic macrophytes were identified in Rice Lake
and nine in Whitewater Lake all of which are listed
in Tables 18 and 19 along with their ecological
significance. Maps 17 and 18 show the distribution

1Wisconsin Department of Natural Resources,
Aguatic Plant Management Sensitive Area Designa-
tion for Whitewater Lake, Walworth County, Wis-
consin, July 1992.
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Table 18

AQUATIC PLANT SPECIES PRESENT IN RICE LAKE AND THEIR POSITIVE ECOLOGICAL SIGNIFICANCE

Aquatic Plant Relative
Species Present Abundance Ecological Significance?
Chara Vulgaris Common Excellent producer of fish food especially for young trout,
{muskgrass) bluegills, small and largemouth bass, stabilizes bottom
sediments, and has softening effect on the water by
removing lime and carbon dioxide
Myriophyllum sp. Abundant Provides shelter and is a valuable food producer supporting
{water milfoil) many insects eaten by fish
Myriophyllum spicatum Abundant None known

(Eurasian water milfoil)

Potamogeton amphibium
{water knotweed)

Isolated stands

Provides food and shelter, leaves are eaten by bluegills,
and has softening effect on the water

Potamogeton crispus
{curly-leaf pondweed)

Abundant

Provides good food and shelter, and shade for early
spawning fish

Potamogeton pectinatus
{sago pondweed)

Isolated stands

Provides food and shelter for young trout and other fish;
supports insects valuable as food for fish and ducklings

Potamogeton zosteriformis
(flat-stemmed pondweed)

Isolated stands

Provides food and shelter for fish

Ceratophyllum demersum
(coontail)

Abundant

Provides good shelter for young fish, and supports insects
valuable as food for fish and ducklings

4information obtained from A_Manual of Aquatic Plants, by Norman C. Fassett and Guide to Wisconsin Aguatic

Plants, Wisconsin Department of Natural Resources.

Source: SEWRPC.

of common species during the July 1995 surveys.
Aquatic macrophytes occurred throughout both
Whitewater and Rice Lakes, although diversity on
Whitewater Lake was greatest in the vicinity of the
lower central basin as shown on Map 17. The most
diverse growths on Rice Lake occurred in the
proximity of the southern most bay area.

Eurasian water milfoil (Myriophyllum spicatum) was
the most abundant species on both Whitewater and
Rice Lakes, dominating the vegetated areas of the
Lakes. Eurasian water milfoil is an exotic aquatic
plant species native to Europe, Asia and northern
Africa. Eurasian is a biological pollutant that can out-
compete important native aquatic plant communities
which can lead to loss of plant diversity, degraded
water quality, and reduced habitat for fish, inverte-
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brates and wildlife.2 Coontail (Ceratophyllum demer-
sum), curly-leaf pondweed (Potamogeton crispus) and
native milfoil species were also abundant on both
lakes. Cattails and bulrush dominated the emergent
flora along the shores of the Lakes.

In general, both Whitewater and Rice Lakes
supported healthy aquatic plant communities,
although species such as milfoil and coontail had a
tendency to form dense mats that may interfere
with boat traffic; harvesting has been necessary in
selected areas to ameliorate the adverse effects of
excessive macrophyte growth.

2Wisconsin Department of Natural Resources,
Eurasian Water Milfoil in Wisconsin: A Report to

the Legislature, 1992.




Table 19

AQUATIC PLANT SPECIES PRESENT IN WHITEWATER LAKE AND THEIR POSITIVE ECOLOGICAL SIGNIFICANCE

(curly-leaf pondweed)

Aquatic Plant Relative
Species Present Abundance Ecological Significancea
Chara Vulgaris Common Excellent-producer of fish food especially for young trout,
{muskgrass) bluegills, small and largemouth bass, stabilizes bottom
sediments, and has softening effect on the water by
removing lime and carbon dioxide
Myriophyllum sp. Abundant Provides shelter and is a valuable food producer supporting
{water milfoil) many insects eaten by fish
Myriophyllum spicatum Abundant None known
{Eurasian water milfoil)
Potamogeton crispus Abundant Provides good food and shelter, and shade for early

spawning fish

Potamogeton pectinatus
(sago pondweed)

Isolated stands

Provides food and shelter for young trout and other fish;

Potamogeton zosteriformis
{flat-stemmed pondweed)

Isolated stands

supports insects valuable as food for fish and ducklings

Provides food and shelter for fish

Heteranthia Dubia
{waterstar grass)

Isolated stands

Provides food and shelter for fish

Ceratophyllum demersum Common Provides good shelter for young fish, and supports insects
{coontail) valuable as food for fish and ducklings
Elodea canadensis Common Provides shelter and support for insects valuable as fish food

(waterweed)

9information obtained from A Manual of Aguatic Plants by Norman C. Fassett and Guide to Wisconsin Agquatic Plants,

Wisconsin Department of Natural Resources.

Source: SEWRPC.

Phytoplankton
Phytoplankton, or algae, are small, generally

microscopic plants that are found in all lakes and
streams. They occur in a wide variety of forms, in
single cells or colonies, and can be either attached
or free floating. Phytoplankton abundance varies
seasonally with fluctuations in solar irradiance,
turbulence due to prevailing winds, and nutrient
availability. In lakes with high nutrient levels,
heavy growths of phytoplankton, or algal blooms,
may occur.

Algal blooms, historically, were the dominant form
of vegetation in Whitewater Lake consisting of
pollution tolerant blue-greens such as Microcystis,

Anacystis, and Anabena.3 Algae presently occurs
on both Whitewater and Rice Lakes, as indicated by
chlorophyli-a concentrations in excess of 20 micro-
grams per liter as shown in Table 8. However,
these algae have not been considered a significant
problem.

Aquatic Plant Management
Records of aquatic plant management efforts on

Wisconsin lakes were not maintained by the
Wisconsin Department of Natural Resources prior
to 1950. Therefore, while previous interventions

3Willard L. Gross, A Progress Report On Feasibility
Study Of Whitewater Lake, November 1, 1971.
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Map 17 '

AQUATIC PLANT COMMUNITY DISTRIBUTION IN WHITEWATER LAKE: JUNE 1995
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Map 18

AQUATIC PLANT COMMUNITY DISTRIBUTION IN RICE LAKE: JUNE 1995
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were likely, the first recorded efforts to manage the
aquatic plants in Whitewater and Rice Lakes took
place in 1950. Aquatic plant management activities
in Whitewater and Rice Lakes can be categorized as
macrophyte harvesting, chemical macrophyte con-
trol, and chemical algae control.

Excessive macrophyte growth on Whitewater and
Rice Lakes has historically resulted in a control
program that used both harvesting and chemicals.
Under the existing macrophyte control program, the
Whitewater and Rice Lakes Management District
harvests macrophytes with an Aquarius Systems
H-820 harvester. Since chemical herbicides are gen-
erally applied to Whitewater and Rice Lakes in
early summer, harvesting is initiated in the near-
shore areas only after the macrophytes become
reestablished. Typically, only the macrophytes
growing along the immediate shoreline of the Lake
are chemically treated, although excessive macro-
phyte growths occur in other shallow portions of
the Lake away from the shoreline. The shoreline
areas are harvested to improve navigation and
enhance swimming opportunities. No permit is cur-
rently required to cut vegetation in lakes mechani-
cally, although the harvested plant material must be
removed from the water.

Since 1941, the use of chemicals to control aquatic
plants has been regulated in Wisconsin. In 1926,
sodium arsenite, an agricultural herbicide, was first
applied to lakes in the Madison area, and, by the
1930s, sodium arsenite was widely used throughout
the State for aquatic plant control. No other chemi-
cals were applied in significant amounts to control
macrophytes until recent years, when a number of
organic chemical herbicides came into general use.
The amounts of sodium arsenite applied to the 12
lakes receiving the largest amounts of sodium arse-
nite in Southeastern Wisconsin, including White-
water Lake, are listed in Table 20.

Sodium arsenite was usually sprayed onto the lake
surface within an area of up to 200 feet from the
shoreline. Treatment typically occurred between
mid-June and mid-July. The amount of sodium
arsenite used was calculated to result in a concen-
tration of about 10 milligrams per liter (mg/l)
sodium arsenite (about 5 mg/l arsenic) in the
treated lake water. The sodium arsenite typically
remained in the water column for less than 120
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days. Although the arsenic residue was naturally
converted from a highly toxic form to a less toxic
and less biologically active form, much of the
arsenic residue was deposited in the lake sediments.

When it became apparent that arsenic was accumu-
lating in the sediments of treated lakes, the use of
sodium arsenite was discontinued in the State of
Wisconsin in 1969. The applications and accumu-
lations of arsenic were found to present potential
health hazards to both humans and aquatic life. In
drinking water supplies, arsenic was suspected of
being carcinogenic and, under certain conditions,
arsenic has leached into and contaminated ground-
waters, especially in sandy soils that serve as a
source of drinking water in some communities. The
U.S. Environmental Protection Agency-recom-
mended drinking water standard for arsenic is a
maximum level of 0.05 mg/l.

During anaerobic conditions, arsenic may be
released from the bottom sediments to the water
column above. In this way, some dissolved arsenic
probably continues to be removed from Whitewater
Lake during flushing events or periods of increased
outflow. However, the arsenic-laden sediments are
continually being covered by new sediments; thus,
the level of arsenic in the water and in the surface
sediments may be expected to decrease with
passage of time. There is some evidence that the
arsenic-laden sediments in Whitewater Lake have
been covered by such additional debris which has
entered the Lakes and do not appear to be releasing
arsenic into the water column.

As shown in Table 21, the aquatic herbicides
Aquathol, and 2,4-D have been applied to
Whitewater and Rice Lakes in addition to Diquat
and Hydrothol to Whitewater Lake to control
aquatic macrophyte growth since 1980. Diquat,
Aquathol, and Hydrothol are contact herbicides and
kill plant parts exposed to the active ingredient.
Diquat use is restricted to the control of duckweed
(Lemna sp.), milfoil (Myriophyllum spp.), and
waterweed (Elodea sp.). However, this herbicide is
nonselective and will kill many other aquatic plants
such as pondweeds (Potamogeton spp.), bladder-
wort (Utricularia sp.), and naiads (Najas spp.).
Aquathol and Hydrothol kill primarily pondweeds
but do not control such nuisance species as Eura-

sian water milfoil (Myriophyllum spicatum). The



Table 20

LAKES RECEIVING THE 12 LARGEST AMOUNT OF SODIUM ARSENITE
IN WISCONSIN FOR AQUATIC MACROPHYTE CONTROL: 1950-1969

Amount of Sodium Arsenite

Lake County {pounds)
Pewaukee Waukesha 334,232
Okauchee Waukesha 181,580
Big Cedar Washington 179,164
Pine Waukesha 129,337
Fowler Waukesha 87,4562
Nagawicka Waukesha 87,214
Lac La Belle Waukesha 77,858
Onalaska La Crosse 64,676
Shangrila Kenosha 59,020
Browns Racine 56,600
Whitewater Walworth 55,920
Little Muskego Waukesha 47,096

Total .- 1,360,015P

9ncludes applications of sodium arsenite to the Oconomowoc River near Fowler Lake.

b The 1,036,015 pounds of sodium arsenite applied to these lakes constitutes 63 percent of the total amount of
sodium arsenite applied to a total of 167 lakes and streams in Wisconsin from 1950 through 1969.

Source: Wisconsin Department of Natural Resources.

Table 21

HERBICIDE USE AT WHITEWATER LAKE FROM 1950 THROUGH 19932

Macrophyte Control Algal Control

Sodium Copper Cutrine-

Arsenite Diquat Aquathol K Hydrothol 2,4-D Sulfate Plus
Year {pounds) {gallons) {pounds) (pounds) (gallons) {(pounds) (gallons)
1950 55,920 - - - - -- -- - - - -
1969 - - - - -- 150 - - - - - -
1970 - - - - - - 45 -- 1,500 --
1971 - - - - -- -- -- 1,300 - -
1972 - - - - -- - - - - 1,895 - -
1973 - - - - - - - - - - 1,850 - -
1974 -- -- -- - - -- 2,525 - -
1975 - - - - - - - - - - - - - -
1984 - - 15.0 - - 42.5 -- - -
1987 - - - - 2.0 - - -- - - 2.0
1988 - - 0.50 1.0 - - 2.0 - - 2.5
1989 - - - - -- -- 17.5 - - - -
1991 -- 24.75 - - - - 236.0 -- 1.0
1993 - - 10.00 7.5 - - 5.0 --

( Total 55,920 35.25 25.5 195 303.0 9,070 19.5

4Rice Lake used a total of 78 gallons of 2,4-D, and 0.5 gallons Aquathol-K between the years 1968 and 1994.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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" herbicide 2,4-D is a systemic herbicide which is
absorbed by the leaves and translocated to other
parts of the plant; it is more selective than the
other herbicides listed above and is generally used
to control Eurasian water milfoil. However, it will
also kill more valuable species, such as water lilies
(Nymphaea sp. and Nuphar sp.). The present
restrictions on water uses after application of these
herbicides are given in Table 22.

At present, the Whitewater and Rice Lakes Man-
agement District holds State permits for chemical
treatment of aquatic plants required under Chapter
NR 107 of the Wisconsin Administrative Code.
Chemicals are applied annually on a contractual
basis by a licensed local applicator. As already
noted, herbicide application usually takes place in
late spring or early summer with, occasionally, a
second treatment of a smaller area, if necessary, in
late July or early August. Map 19 shows the areal
extent of those portions of Whitewater and Rice
Lakes to which chemicals were applied between
1988 and 1994. All chemicals for aquatic plant
control used today must be approved by the U.S.
Environmental Protection Agency and the Wiscon-
sin Department of Natural Resources and are regis-
tered in terms of the Federal Insecticide, Fungicide,
and Rodenticide Act as amended in 1972.

In addition to the chemical herbicides used to con-
trol large aquatic plants, algicides have also been
applied to both Whitewater Lake. As shown in
Table 21, Cutrine Plus has been applied to White-
water Lake, on occasion, since 1972, primarily to
control the algae. Like arsenic, copper, the active
ingredient in many algicides including Cutrine Plus,
may accumulate in the bottom sediments. Excessive
levels of copper have been found to be toxic to fish
and benthic organisms but have not been found to
be generally harmful to humans. Restrictions on
water uses after application of Cutrine Plus are also
given in Table 22.

AQUATIC ANIMALS

Aquatic animals include microscopic zooplankton;
benthic, or bottom-dwelling invertebrates; fish and
reptiles; amphibians; mammals; and waterfowl that
inhabit the Lake and its shorelands. These make up
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the primary and secondary consumers of the food
web.

Zooplankton
Zooplankton are minute, free-floating animals

inhabiting the same environment as phytoplankton.
Zooplankton are primary consumers in the aquatic
food chain, feeding to a large extent on such phyto-
plankton as green algae and diatoms. The zooplank-
ton, in turn, are preyed upon by fish, particularly
the larvae and fry of bluegills, pumpkinseeds, sun-
fish, and largemouth bass. While the zooplankton
population is an indicator of the trophic status of a
lake and of the diversity of aquatic habitat, zoo-
plankton were not sampled during the U.S.
Geological Survey inventory; no information on the
species composition or relative abundance is avail-
able for Whitewater and Rice Lakes. However,
given the composition and condition of the fish
community in Whitewater and Rice Lakes, it may
be assumed that the zooplankton population is
sufficiently robust and diverse to support a rela-
tively healthy fishery.

Fish of Whitewater and Rice Lakes

Both Whitewater and Rice Lakes support a moder-
ately diverse fish community. A Wisconsin Depart-
ment of Natural Resources fish survey conducted in
1991 recorded the presence of 17 species of fish
representing six families, as shown in Table 23.

Important predator fishes in Whitewater and Rice
Lakes include northern pike, walleyed pike, and
largemouth bass. These species are carnivorous,
feeding primarily on other fish, crayfish, and frogs.
These species are among the largest and most
prized gamefish sought by Whitewater and Rice
Lake anglers. As indicated in Tables 24 and 25, the
Wisconsin Department of Natural Resources, in
addition to the Whitewater and Rice Lakes Man-
agement District, currently stock the Lakes to
supplement the natural fishery.

“Panfish” is a common term applied to a broad
group of smaller fish with a relatively short and
usually broad shape. Panfish species present in
Whitewater and Rice Lakes include bluegills,
pumpkinseeds, green sunfish, black crappies, white
suckers, golden shiners, yellow perch, and bull-
heads. The habitats of panfish vary widely among



Table 22

PRESENT RESTRICTIONS ON WATER USES AFTER APPLICATION OF AQUATIC HERBICIDES?

Days After Application
Hydrothol
Use Cutrine-Plus Diquat and Aquathol 2,4-D
Drinking . ...... 0 14 7-14 ..b
Fishing ........ 0 14 3 0
Swimming ..... 0o 1 -- o
Irrigation ... ... 0 14 7-14 ..b

aThe U. S. Environmental Protection Agency has indicated that, if these water use restrictions are observed, pesticide
residues in water, irrigated crops, or fish should not pose an unacceptable risk to humans and other organisms using

or living in the treatment zone.

b2,4-D products are not to be applied to waters used for irrigation, animal consumption, drinking, or domestic uses,

such as cooking and watering vegetation.

Source: Wisconsin Department of Natural Resources.

the different species, but their cropping of the plen-
tiful supply of insects and plants, coupled with
prolific breeding rates, leads to large populations
with a rapid turnover. Some lakes within South-
eastern Wisconsin have stunted, or slow-growing,
panfish populations because their numbers are not
controlled by predator fishes.4 Panfish frequently
feed on the fry of predator fish and, if the panfish
population is overabundant, they may quickly
deplete the predator fry population. Figure 18 illus-
trates the importance of a balanced predator-prey
relationship, using walleyed pike and perch as
an example.

“Rough fish” is a broad term applied to species
such as carp that do not readily bite on hook and
line, but feed on game fish, destroy habitat needed
by more desirable species, and which are com-
monly considered within Southeastern Wisconsin

4Personal communication, Dr. Ron Crunkilton,
University of Wisconsin-Stevens Point College of
Natural Resources, 1992.

undesirable for human consumption because of
numerous bones or undesirable flavors. Carp are
known to be present in Whitewater and Rice Lakes,
but do not represent a significant problem.®

The Lake is currently managed for the production
of bluegills, walleyed pike, and northern pike. It
has been hypothesized that an overharvest of
northern pike, and larger bluegills may have con-
tributed to an unbalanced, slow-growing panfish
population because of a lack of predation. In order
to enhance and maintain sport fishing opportunities
for anglers using the Lakes, the Whitewater and
Rice Lakes Management District has stocked the
Lakes with walleyed and northern pike, as shown
in Tables 24 and 25. The District plans to continue
to stock Whitewater and Rice Lakes with northern
and walleyed pike on alternating years.

5According to the Wisconsin Department of Natural
Resources, carp are typically considered a sig-
nificant problem if they are the most populous fish
species in the lake, or if they appear stressed or
cause stress among other fish populations in the
lake.
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Map 19

SHORELINE AREAS OF WHITEWATER AND RICE LAKES HISTORICALLY TREATED WITH HERBICIDES
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Source: Whitewater and Rice Lakes Management District and SEWRPC.
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Table 23

SPECIES OF FISH IDENTIFIED DURING THE WHITEWATER AND RICE LAKES FISH SURVEY: 1992

Common Name

Family Name

Species Name

Walleyed Pike
Northern Pike
Largemouth Bass
White Bass
Rock Bass
Yellow Perch
Bluegill
Pumpkinseed
Green Sunfish
Black Crappie
Warmouth

Percidae
Esocidae
Centrarchidae
Percichthyidae
Centrarchidae
Percidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae

Stizostedion vitreum
Esox lucius
Micropterus salmoides
Morone chrysops
Amblopites rupestris
Perca flavescens
Lepomis macrochirus
Lepomis gibbosus
Lepomis cyanellus
Pomoxis nigromaculatus
Lepomis gulosus

Golden Shiner Cyprinidae Notemigonus crysoleucas
Black Bullhead Ictaluridae Ictalurus melas

Yellow Bulihead Ictaluridae lctalurus natalis

Brown Bullhead Ictaluridae Ictalurus nebulosus
White Sucker Catostomidae Catostomus commersoni
Carp Cyprinidae Cyprinus carpio

Source: Wisconsin Department of Natural Resources.

Table 24

WHITEWATER LAKE STOCKING RECORD

Year Species Number Size
1980 Northern pike 1,100,000 Fry

1985 Walleyed pike? 3,700 3 inch

1987 Walleyed pikeP 29,000 2 inch to 5 inch
1988 Walleyed pike? 9,000 4 inch

1989 Walleyed pikeP 12,267 1 inch to 14 inch
1991 Northern pike? 1,000 3 inch to 4 inch
1991 Walleyed pike 20,000 2 inch to 3 inch
1992 Northern pike? 2,500 3.5 inch

1993 Walleyed pike? 1,500 7 inch

1994 Northern pike 1,280 7 inch

1995 Walleyed pike? 3,000 6 inch

3purchased by the Whitewater-Rice Lakes Management District.

b1he walleyed pike stocked in 1987, and 11,500 walleyed pike stocked in 1989 were cooperatively raised by the
Wisconsin Department of Natural Resources and the Whitewater-Rice Lakes Management District.

Source: Wisconsin Department of Natural Resources.

Other Wildlife

Although a quantitative field inventory of amphib-
ians, reptiles, birds, and mammals was not con-
ducted as a part of the Whitewater and Rice Lakes
study, a field reconnaissance was undertaken by the

Wisconsin Department of Natural Resources during
July 1992. The procedures used involved compil-
ing the inventory lists of those amphibians,
reptiles, birds, and mammals known to exist, or
known to have existed, in Walworth County;
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Table 25

RICE LAKE FISH STOCKING RECORD

Year Species Number Size
1982 Northern pike 270 9 inch
1985 Northern pike 270 9 inch
1989 Walleyed pike 4,000 2.5 inch
1991 Northern pike? 500 3.5 inch
1991 Northern pike 600 7.5 inch
1992 Northern pike 270 8.2 inch
1994 Northern pike 274 7 inch

8purchased by the Whitewater-Rice Lakes Management District.

Source: Wisconsin Department of Natural Resources.

associating these lists with the historic and remain-
ing habitat areas in the Whitewater and Rice Lakes
area as inventoried; and projecting the appropriate
amphibian, reptile, bird, and mammal species into
the Whitewater and Rice Lakes area. The net result
of the application of this technique is a testing of
those species which were probably once present in
the drainage area, those species which may be
expected to still be present under currently pre-
vailing conditions, and those species which may be
expected to be lost or gained as a result of con-
tinued urbanization within the area.

Amphibians and reptiles are vital components of the
ecosystem in an environmental unit like the drain-
age area tributary to Whitewater and Rice Lakes.
Examples of amphibians native to the area include
frogs, toads, and salamanders. Turtles and snakes
are examples of reptiles common to the Whitewater
and Rice Lakes area. Table 26 lists the 12 amphib-
ian and 14 reptile species which may be expected to
be present in the Whitewater and Rice Lakes area
under present conditions and identifies those species
most sensitive to urbanization.

A large number of birds, ranging in size from large
game birds to small songbirds, are found in the
drainage area tributary to Whitewater and Rice
Lakes study area. Table 27 lists those birds that
may be expected occur in the drainage area. Each
bird is classified as to whether it may be expected
to breed within the area, visit the area only during
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the annual migration periods, or visit the area only
on rare occasions.

Game birds which are found in the drainage area
tributary to Whitewater and Rice Lakes include the
pheasants, partridges, woodcocks, snipe, dabbling
ducks, diving ducks, and geese. Pheasants and par-
tridges are upland game birds and provide some
opportunities for hunting. Although the drainage
area lies within the Mississippi flyway, oppor-
tunities for waterfowl hunting are constrained
because of habitat deterioration and urbanization.
The fall pheasant population within the drainage
area is irregularly distributed, but fair populations
are known to reside in the larger habitat areas.
Winter flocks require good cover interspersed with
fields containing waste grain, such as corn, from
farming operations. Supplemental feeding of such
flocks will greatly aid in their survival during
severe winters. However, predators, such as fox
and coyote, can impact the pheasant and other
ground-nesting bird populations.

A variety of mammals, ranging in size from large
animals like the northern white-tailed deer to small
animals like the cinereous shrew, are found in the
Whitewater and Rice Lakes area. Table 28 lists 35
mammals whose ranges may be expected to include
the area.

The larger mammals that are still fairly common in
the less densely populated areas of the drainage
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area include the white-tailed deer, cottontail
rabbits, gray squirrels, fox squirrels, muskrats,
minks, weasels, raccoons, red foxes, skunks, and
opossums. The first four may be considered game
mammals, while the rest may be classified as fur-
bearing mammals. White-tailed deer are generally
restricted to the larger wooded areas, the open
meadows and croplands adjacent to the woodlots,
and to the shrub swamps. Deer may create prob-
lems in more densely developed urban and sub-
urban areas. When deer wander, or are forced, into
residential, commercial, or industrial areas, they
typically exhibit panic, and may run wildly, pre-
senting a threat to the safety of people, as well as
to themselves. Foraging deer may cause damage to
gardens, ornamental trees, croplands, and orchards.
Deer-automobile collisions often occur on the
fringes of urban areas, while hunters stalking the
animals in urbanizing areas may create yet another
hazard.
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Small mammals fairly common in the area include
the short-tailed shrew, striped ground squirrel or
gopher, meadow vole, white-footed mouse, and
little brown bat. These small mammals, with the
exception of the bats, are commonly associated
with meadows, fence rows, and utility and trans-
portation rights-of-way. People view their impor-
tance differently depending on whether they con-
sider these mammals to be insect predators and
food sources for larger mammals and such raptors
as hawks and owls, or pests in croplands, gardens,
and lawns.

The complete spectrum of wildlife species origi-
nally native to Walworth County has, along with its
habitat, undergone significant change in terms of
diversity and population size since European
settlement of the area. This change is a direct result
of the conversion of land by the settlers from its
natural state to agricultural and urban uses,
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Table 26

AMPHIBIANS AND REPTILES OF THE WHITEWATER AND RICE LAKES AREA

. Species Which May Be Expected Species Which May Be
Scientific (family) to Be Reduced or Dispersed Expected to Be Lost with
and Common Name with Full Area Urbanization Full Area Urbanization
Amphibians

Proteidae

Mudpuppy . .« vt X - -
Ambystomatidae

Blue-Spotted Salamander ....... - - X

Eastern Tiger Salamander ...... X - -
Salamandridae

CentralNewt . . .............. X --
Bufonidae

American Toad .............. X --
Hylidae

Western Chorus Frog . ... ...... X - -

Northern Spring Peeper ........ - - X

Cope’'s Gray TreeFrog . .. ...... -- X

Eastern Gray Tree Frog ........ - - X
Ranidae

BullFrog . ..., -- X

Green Frog ................. X --

Northern Leopard Frog . .. ... ... -- X

Reptiles

Chelydridae

Common Snapping Turtle . . ... .. X - -
Kinosternidae

Musk Turtle (stinkpot) ......... X --
Emydidae

Painted Turtle ............... X - -

Blanding’s Turtle? .. .......... -- X
Trionychidea

Eastern Spiny Softshell ........ X --
Colubridae

Northern Water Snake ......... X - -

Northern Brown Snake . . ....... X --

Red-Bellied Snake ............ X - -

Eastern Garter Snake . ......... X --

Butler's Garter Snake . .. ....... X --

Eastern Hognose Snake ........ X - -

Eastern Plains Garter Snake ... .. X --

Smooth Green Snake .......... X - -

Eastern Milk Snake ........... -- X

2indentified as threatened in Wisconsin.

Source: Wisconsin Department of Natural Resources and SEWRPC.

beginning with the clearing of the forests and practices, both rural and urban, have been super-
prairies, the draining of wetlands, and ending with imposed on the land use changes and have also
the development of extensive urban areas. Succes- affected the wildlife and wildlife habitat. In agri-
sive cultural uses and attendant management cultural areas, these cultural management practices
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BIRDS KNOWN OR LIKELY TO OCCUR IN THE WHITEWATER AND RICE LAKES AREA

Table 27

Scientific (family) and Common Name Breeding Wintering Migrant
Gaviidae
Common Loon .........coiiiiviinnnnnnnn -- -- R
Podicipedidae
Pied-Billed Grebe . ... ............c.vv... X -- X
Hommed Grebe .................. . ....... -- -- X
Ardeidae
American Bittern . ... ......... . .. ... ..., X - - - -
Least Bittern . ... ....... i, X - - --
GreatBlueHeron ................ ....... X - - -~
Great Egret? .. ... ... .. .. ... -- - -
Cattle Egretb .......................... -- - - --
Green-Backed Heron . .................... X -- --
Black-Crowned Night Heron .. .............. X -- - -
Gruidae
SandhillCrane ......... .0 iiiiinininnnn X -- - -
Anatidae
Tundra Swan . ....... ...ttt - - - - X
Mute Swan® .. .. ... ... . X -- X
SNOW GOOSE & ..ttt ittt e, -- -- X
Canada GOOSE . ... v oo it ittt X -- X
Wood Duck ... i ittt it i e X X X
Green-Winged Teal ...................... X X X
American Black Duck .................... - - -- X
Mallard . ....... .t i i i ittt X -- X
Northern Pintail . . ... ...... ... X - - X
Blue-Winged Teal ....................... X - - X
Northern Shoveler .. ..................... X -- X
Gadwall .. ...... . .. i i i - - - - X
American Wigeon . ......... ... X -- X
Canvas Back ............ ... R - - X
Redhead . ............ .. ... X - - X
Ring-Necked Duck . ...................... -- - - X
Lesser Scaup .........iiiiiiniinrnan. - - -- X
Common Goldeneye ..................... -- - - X
Bufflehead ............... ... ..., -- - - X
Hooded Merganser ...................... X -- X
Common Merganser .............c.c0vvun. -- - - X
Red-Breasted Merganser .................. -- - - X
Ruddy Duck ............ ... X -- X
Cathartidae
Turkey Vulture . ......... . 0. X -- - -
Accipitridae
Ospreyd . .. e -- - - X
Bald Eagle®© .. .......... . ... .. .. .. .... -- -- X
Northern Goshawk ...................... - - -- R
Cooper's Hawk ................... . ..... - - - - -~
Sharp-Shinned Hawk .. ................... X - - - -
Northern Harrier . .............. . .. uvun. X - - --
Red-Shouldered Hawk® ... ................ R -- --
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Table 27 (continued)

Scientific (family) and Common Name Breeding Wintering Migrant
Accipitridae (continued)
Broad-Winged Hawk ..................... - - -- X
Red-Tailed Hawk . .............. ... . ... X - - --
Rough-Legged Hawk ..................... - - -- X
American Kestrel . .. ......... ... X -- --
Merlin . ..ottt et i e - - - - X
Phasianidae
Gray Partridgeb ......................... X -- --
Ring-Necked Pheasant . . . ................. X -- --
Wild Turkey ... ...ttt it X X --
Northern Bobwhited .. ................... X -- - -
Rallidae
VirginiaRail . ....... . . ittt X - - --
T oY - L X - - - -
CommonMoorhen . . .......... ... X -- - -
American Coot . ... ... ittt X -- -~
Charadriidae
Black-Bellied Plover ... ............. ..., -- - - X
Lesser Golden Plover . . .. ......... ... ..., -- - - X
Killdeer . ... ... ..ttt X -- --
Scolopacidae
- Greater Yellowlegs . ........ ... ot - - .- X
Lesser Yellowlegs . ........... .. ... - - - - X
Solitary Sandpiper . . . . .. ... i i . - - -- X
Spotted Sandpiper ... ....... ... . . .., X - - --
Upland Sandpiper ........... ... ... ... X - - - -
Pectoral Sandpiper ...................... - - - - X
Common Snipe .. .... ... ... -- -- X
American Woodcock . . ...... .. e, X -- --
Wilson’s Phalarope . .......... ... ... X - - - -
Laridae
Bonaparte's Gull . ............. ... ... . ..., -- -- X
Ring-Billed Gull .. ......... ... ... ... -- -- - -
Herring Gull . ... .. ... .. . .. -- -- --
CommonTern® . ... ...... ... ... ... -- - - R
Forster's Tern® ... ... ... . . R -- --
Black Tern . ... ... ittt eenan X - -
Columbidae
Rock Dovel . ....... ... . . . . ... X - - - -
MourningDove ... ... ... ... eiun... X -- --
Cuculidae
Black-Billed Cuckoo .. .............. ... X - - - -
Yellow-Billed Cuckoo . ... ....... ... ... .. .. X - - --
Strigidae
Eastern Screech Owl ... .................. X -- - -
Great Horned Owl . . .. .. ... ... . ... ... X - - - -
Snowy Owl . . ... ... . e -- R - -
Barred Owl ............ ... .. .. X - - --
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Table 27 (continued)

Scientific {family) and Common Name Breeding Wintering Migrant

Strigidae (continued)

Long-Eared Owl . ............c. .., - - R - -

Short-Eared Owl . ...... ... ... - - X - -

Northern Saw-Whet Owl . ... ... ........... -- X - -
Caprimulgidae

Common Nighthawk ..................... X - - - -
Apodidae

Chimney Swift ............ ... ..., X - - - -
Trochilidae

Ruby-Throated Hummingbird . .............. X -~ --
Alcedinidae

Belted Kingfisher . . ... ................ ... X - - - -
Picidae

Red-Headed Woodpecker . . ................ X -- - -

Yellow-Bellied Woodpecker . ............... X - - --

Yellow-Bellied Sapsucker . . ................ - - -- X

Downy Woodpecker ........ ... ..ccciuuo.. X - - - -

Hairy Woodpecker . . ... .. ..... ... ....... X -- - -

Northern Flicker . ............ ... .. ... X -- - -

Pileated Woodpecker . . ... ... ............. - - -- --
Tyrannidae

Olive-Sided Flycatcher . .. ................. -- - - X

Eastern Wood-Pewee ........ e e X - - - -

Yellow-Bellied Flycatcher . . . ... ............ -- - - - -

Arcadian Flycatcher® . .................... X -- --

Alder Flycatcher . ....................... X -- - -

Willow Flycatcher . ...................... X -- --

Least Flycatcher . ............ .. ... ... X -- - -

Eastern Phoebe ... .... ... ... .. X - - - -

Great Crested Flycatcher . . ................ X -- - -

Eastern Kingbird ... .................. ... X -- - -
Alaudidae

Horned Lark ......... ... 0., X -- - -
Hirundinidae

Purple Martin ... ...... ... iiieiiennn X -- -~

Tree Swallow . ....... ... X - - - -

Northern Rough-Winged Swallow-. . . ......... X - - --

Bank Swallow . ... ... ... ... i X - - - -

Cliff Swallow ......... ... ... X - - - -

Barn Swallow . ........ ... . it X -- - -
Corvidae

Blue Jay . . ...ttt e e e e e X - - - -

American Crow . . ... ... it ittt X - - - -
Titmice

Black-Capped Chickadee .................. X - - - -
Sittidae *

Red-Breasted Nuthatch ................... -- X - -

White-Breasted Nuthatch . . . ............... X - - - -
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Table 27 (continued)

Scientific (family) and Common Name Breeding Wintering Migrant
Certhiidae
Brown Creeper . ....... ...t ienneennnn -~ - - X
Troglodytidae
House Wren . ......... ... X - - --
Winter Wren . ... .. .. ittt it e ieinnen -- -- X
SedgeWren . ...........ciiitintnnann X -- --
Marsh Wren ... ... ...t innn X - - --
Muscicapidae
Golden-Crowned Kinglet . ................. - - - - X
Ruby-Crowned Kinglet . . . ................. -- -- X
Blue-Gray Gnatcatcher ................... X -- - -
Eastern Bluebird .. ......... ... .. ... X -- - -
VEBIY & i ittt ittt et X -- --
Gray-Cheeked Thrush . ................... -- -- X
Swainson’s Thrush ... ................... - - - - X
Hermit Thrush . ... ......... ... .. ... ..... -- - - X
Wood Thrush . ........... ... ... ... X - - - -
American Robin ... .. ..., . ... ... o oL, X - - - -
Mimidae
Gray Catbird . . ... ... ... ... ... ... ... X -- - -
Brown Thrasher ............ ... X -- - -
Motacillidae
American Pipit . ..... ... .. . . ... i, - - - - R
Bombycillidae
Bohemian Waxwing . . ... ......... ..., - - R --
Cedar Waxwing . ........ . iiennn.. X - - --
Lanniidae
Northern Shrike . ....................... - - - - R
Loggerhead Shrike® . . ....... ... ... . ... -- -- R
Sturnidae
European Starlingb ...................... X - - - -
Vireonidae
White-Eyed Vireo . ...................... - - - - X
Solitary Vireo . ... ... ittt -- -- X
Yellow-Throated Vireo . . . ................. X - - -~
“Warbling Vireo .. ....... .. X -- --
Red-Eyed Vireo . .. ... ........ . i X --
Emberizidae
Blue-Winged Warbler . ... ................. -- - - X
Golden-Winged Warbler . . .. ............... - - - - X
Tennessee Warbler .. .................... - - - - X
Orange-Crowned Warbler ... ............... - - - - X
Nashville Warbler . ................... ... - - - - X
Northern Parula . . . ........... ..., -- - - X
Yellow Warbler . . ... ................ . ... X - - - -
Chestnut-Sided Warbler . . ... .............. -- - - X
Black-Throated Blue Warbler ............... - - - - X
Yellow-Rumped Warbler . .......... P -- -- X
Black-Throated Green Warbler .............. -- - - X
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Table 27 (continued)

Scientific {family) and Common Name Breeding Wintering Migrant
Emberizidae (continued)
Blackburnian Warbler . ................... -- - - X
Yellow-Throated Warbler .. ................ -- - - X
PineWarbler .. ......... ... i -- -- X
Prairie Warbler ... ...... ... i - - - - X
Palm Warbler ......... i -- -- X
Bay-Breasted Warbler .................... - - -- X
Blackpoll Warbler . ...................... - - - - X
Cerulean Warbler? . . .. ........ .. ... ...... -- -- X
Black-and-White Warbler . . ... ............. - - - - X
American Redstart . ..................... X -- - -
Prothonotary Warbler .................... - - -- X
Ovenbird .. ... ..ttt -- -- X
Northern Waterthrush .................... - - -- X
Louisiana Warbler ... .................... -- -- X
Common Yellowthroat . . .................. X - - - -
Wilson’s Warbler . ........... . .. - - -- X
CanadaWarbler ............ . ... - - -- X
Scarlet Tanager . . . ...... vt ennan - - - - - -
Rose-Breasted Grosbeak .................. X - - --
IndigoBunting ................ X -- - -
Dickecissel .. ... ..o, X - - - -
Rufous-Sided Towhee .................... X -- - -
American Tree Sparrow .. ................. -- X --
Chipping Sparrow . . . ....... i X -- --
Field Sparrow . ... ...... ... X - - --
Vesper Sparrow . . ... i et X - - - -
Lark Sparrow . . ... .. c i i i X - - --
Savannah Sparrow . ........... ... 00 X -- --
Grasshopper Sparrow . .. ............c.... X - - - -
Henslow’s Sparrow . .. ..... ... R -- - -
Fox Sparrow . ...... ... iiiiiieenens - - -- X
SONG SParrOW . . . v it e X - - - -
Lincoln’s Sparrow .. ..... ottt i -- - - R
Swamp Sparrow . . ... e e - - - -
White-Throated Sparrow . ................. - - - - X
White-Crowned Sparrow . ................. - - - - X
Dark-Eyed Junco . . .......... ... ... ..... -- X --
Snow Bunting .. ......... . i i - - - - - -
Bobolink ... ...... ..ttt e X -- - -
Red-Winged Blackbird ... ................. X - - --
Eastern Meadowlark ..................... X - - - -
Yellow-Headed Blackbird . ................. X -- - -
Common Grackle . .. ....... ... . . .. X -- - -
Brown-Headed Cowbird . .................. X -- --
Orchard Oriole . . oo v it e e e - - -- X
Northern Oriole . . .. ... . i X - - --
Purple Finch ........... . . ., - - X - -
House Finch . ........ ... .. ... X - - --
CommonRedpoll . ....................... - - X - -
Pine Siskin .. ...... ... i i - - X - -
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Table 27 (continued)

Scientific (family) and Common Name Breeding Wintering Migrant
Emberizidae {continued)
American Goldfinch . . . ................... X .- - -
Evening Grosbeak . ............. . .o -- X - -
Passeridae
House Sparrow™ .. ...... ... . ¢ .o, X - - - -

NOTE: Total number of bird species: 211

Number of alien, or nonnative, bird species: 6 (3 percent)

Breeding:
Foraging:
Wintering: Present January through February
Migrant:  Spring and/or fall transient

Nesting species

X - Present, not rare
R - Rare

aState-designated threatened species.
bAIien, or nonnative, bird species.

cFedera//y-designated threatened species.

Nonnesting species present in summer

dOccurs in the lake study area as escapes from managed hunt programs.

eState—designated endangered species.

Source: Wisconsin Department of Natural Resources and SEWRPC.

include draining land by ditching and tiling and
the expanding use of fertilizers, herbicides, and
pesticides. In urban areas, cultural management
practices that affect wildlife and their habitat
include the use of fertilizers, herbicides, and
pesticides; road salting; heavy motor vehicle traffic
that produces disruptive noise levels and air
pollution; and the introduction of domestic pets.

WILDLIFE HABITAT AND RESOURCES

Wildlife habitat areas remaining in the Region were
inventoried by the Wisconsin Department of Natu-
ral Resources in cooperation with the Regional
Planning Commission in 1985. The wildlife habitat
areas were categorized as either Class I, high-
value; Class II, medium-value; or Class III, good-
value, habitat areas. The five major criteria used to
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determine the value of these wildlife habitat areas
are listed below:

1. Diversity
An area must maintain a high but balanced
diversity of species for a temperate climate,
balanced in such a way that the proper
predatory-prey (consumer-food) relation-
ships can occur. In addition, a reproductive
interdependence must exist.

2. Territorial Requirements
The maintenance of proper spatial rela-
tionships among species, allowing for a
certain minimum population level, can
occur only if the territorial requirements of
each major species within a particular
habitat are met.




Table 28

MAMMALS OF THE WHITEWATER
AND RICE LAKES AREA

Didelphidae
Common Opossum

Soricidae
Cinereous Shrew
Short-Tailed Shrew
Vespertilionidae
Little Brown Bat
Silver-Haired Bat
Big Brown Bat
Red Bat
Hoary Bat
Leporidae
Mearns’s Cottontail Rabbit
Sciuridae
Woodchuck
Striped Ground Squirrel (gopher)
Eastern Chipmunk
Grey Squirrel
Fox Squirrel
Red Squirrel
Southern Flying Squirrel
Castoridae
Beaver
Cricetidae
Prairie Deer Mouse
Northern White-Footed Mouse
Meadow Vole
Prairie Vole
Muskrat
Muridae
Norway Rat
House Mouse
Zapodidae
Hudsonian Meadow Jumping Mouse
Canidae
Coyote
Red Fox
Gray fox
Procyonidae
Raccoon
Mustelidae
Least Weasel
Long-Tailed Weasel
Mink
American Badger (occasional visitor)
Northern Plains Skunk
Otter (occasional visitor)
Cervidae

White-Tailed Deer

Source: H. T. Jackson, Mammals of Wisconsin, 1961,
and SEWRPC.

3. Vegetative Composition and Structure
The composition and structure of vegetation

must be such that the required levels for
nesting, travel routes, concealment, and
protection from weather are met for each of
the major species.

4. Location with Respect to
Other Wildlife Habitat Areas

It is very desirable that a wildlife habitat
maintain proximity to other wildlife habitat
areas.

5. Disturbance
Minimum levels of disturbance from human
activities are necessary, other than those
activities of a wildlife management nature.

On the basis of these five criteria, the wildlife
habitat areas in the Whitewater-Rice Lakes drainage
area were categorized as either Class I, High-
Value; Class II, Medium-Value; or Class III, Good-
Value, habitat areas.

Class I wildlife habitat areas contain a good
diversity of wildlife, are adequate in size to meet
all of the habitat requirements for the species con-
cerned, are generally located in proximity to other
wildlife habitat areas, and meet all five criteria
listed above. Class II wildlife habitat areas gen-
erally fail to meet one of the five criteria in the
preceding list for a high-value wildlife habitat.
However, they do retain a good plant and animal
diversity. Class III wildlife habitat areas are
remnant in nature in that they generally fail to meet
two or more of the five criteria for a high-value
wildlife habitat, but may, nevertheless, be impor-
tant if located in proximity to medium- or high-
value habitat areas if they provide corridors linking
wildlife habitat areas of higher value or if they
provide the only available range in an area.

As shown on Map 20, approximately 1,855 acres,
or 37 percent, of the drainage area tributary to
Whitewater and Rice Lakes, were identified as
wildlife habitat. About 488 acres, or 10 percent, of
the drainage area were classified as Class I habi-
tat; 877 acres, or 18 percent, of the drainage
area, were classified as Class II habitat; and 489

83



Map 20

WILDLIFE HABITAT AREAS WITHIN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES
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Source: SEWRPC. GRAPHIC SCALE N FEET
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acres, or 9 percent, of the drainage area, were clas-
sified as Class III habitat.

WETLANDS

Wetlands are defined by the U.S. Natural Resource
Conservation Service (NRCS), formerly the U.S.
Soil Conservation Service, as areas that have a
predominance of hydric soils and that are inundated
or saturated by surface or groundwater at a fre-
quency and duration sufficient to support, and
under normal circumstances do support, a preva-
lence of hydrophytic vegetation typically adapted
for life in saturated soil conditions. The U.S. Army
Corps of Engineers and U.S. Environmental Pro-
tection Agency definition used by the Commission
in the Southeastern Wisconsin Region is essentially
the same as the NRCS definition.®

A third definition, which is applied by the State of
Wisconsin Department of Natural Resources and
which is set forth in Chapter 23 of the State
Statutes, defines a wetland as “an area where water
is at, near, or above the land surface long enough
to be capable of supporting aquatic or hydrophytic
vegetation, and which has soils indicative of wet
conditions.” In practice, the Department definition
differs from the Federal/ Commission definition in
that the Department considers very poorly drained,
poorly drained, and some of the somewhat poorly
drained soils as wetland soils meeting their
“wet condition” criterion. The Federal/Commission
definition only considers the very poorly drained
and poorly drained soils as meeting the “hydric
soil” criterion. Thus the State definition as actually

8Lands designated as prior converted cropland,
that is, lands that were cleared, drained, filled, or
otherwise manipulated to make them capable of
supporting a commodity crop prior to December 23,
1985, may meet the criteria of the NRCS wetland
definition, but they would not be regulated under
Federal wetland programs. If such lands are not
cropped, managed, or maintained for agricultural
production, for five consecutive years, and in that
time the land reverts back to wetland, the land
would then be subject to Federal wetland
regulations.

applied is more inclusive than the Federal/Com-
mission definition in that the Department may
include some soils that do not show hydric field
characteristics as wet soils, however, are, in fact,
capable of supporting wetland vegetation, a con-
dition which may occur in some floodlands.’

As a practical matter, application of either the
Wisconsin Department of Natural Resources wet-
land definition or the U.S. Environmental Pro-
tection Agency, U.S. Army Corps of Engineers,
and Regional Planning Commission definition, has
been found to produce reasonably consistent wet-
land identifications and delineations in the majority
of situations within the Southeastern Wisconsin
Region. That consistency is due in large part to the
provision in the Federal wetland delineation manual
which allows for the application of professional
judgement in cases where satisfaction of the three
criteria for wetland identification is unclear.

Wetlands in Southeastern Wisconsin are classified
predominantly as deep marsh, shallow marsh,
southern sedge meadow, fresh (wet) meadow, shrub
carr, alder thickets, low prairie, fens, bogs, south-
ern wet- and wet-mesic hardwood forest, and coni-
fer swamp. Wetlands form an important part of the
landscape in and adjacent to Whitewater and Rice
Lakes in that they perform an important set of
natural functions that make them ecologically and
environmentally invaluable resources. Wetlands
affect the quality of water by acting as a filter or a
buffer zone allowing silt and sediments to settle
out. They also influence the quantity of water by
providing water during periods of drought and
holding it back during periods of flood. When
located along shorelines of lakes and streams,
wetlands help protect those shorelines from erosion.
Wetlands also may serve as groundwater discharge

7 Although prior converted cropland is not subject
to Federal wetland regulations unless cropping
ceases for five consecutive years and the land
reverts to a wetland condition, the State may
consider prior converted cropland to be subject to
State wetland regulations if the land meets the
criteria set forth in the State wetland definition
before it has not been cropped for five consecutive
years.
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and recharge areas in addition to being important
resources for overall ecological health and diversity
by providing essential breeding and feeding
grounds, shelter, and escape cover for many forms
of fish and wildlife.

Wetlands are poorly suited to urban use. This is
due to the high soil compressibility and instability,
high water table, low load-bearing capacity, and
high shrink-swell potential of wetland soils, and, in
some cases, to the potential for flooding. In
addition, metal conduits placed in some types of
wetland soils may be subject to rapid corrosion.
These constraints, if ignored, may result in flood-
ing, wet basements and excessive operation of sump
pumps, unstable foundations, failing pavements,
broken sewer and water lines, and excessive infil-
tration of clear water into sanitary sewerage sys-
tems. In addition, there are significant onsite
preparation and maintenance costs associated with
the development of wetlands, particularly as they
relate to roads, foundations, and public utilities.

The Regional Planning Commission maintains an
inventory of wetlands which is updated every five
years. As shown on Map 21, in 1990, wetlands
covered about 110 acres, or 2 percent, of the
drainage area tributary to Whitewater and Rice
Lakes. The amount and distribution of wetlands in
the area should remain relatively constant if the
recommendations contained in the adopted regional
land use plan are followed.

WOODLANDS

Woodlands are defined by the Regional Planning
Commission as those areas containing a minimum
of 17 trees per acre with a diameter of at least four
inches at breast height (4.5 feet above the
ground).8 The woodlands are classified as mature
pine plantations, dry, dry-mesic, mesic, wet-mesic,
wet hardwood, and conifer swamp forests. The last
three are also considered wetlands. In the White-
water and Rice Lakes drainage area, shown on
Map 21, approximately 1,195 acres of woodland

8SEWRPC Technical Record, Vol. 4, No. 2, March
1981.
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were inventoried in 1990. These woodlands covered
about 24 percent of the drainage area. The major
tree species include the black willow (Salix nigra),
quaking aspen (Populus tremuloides), ironwood
(ostrya virginiana), black cherry (Prunus serotina),
green ash (Fraxinus pennsylvanica), box elder
(Acer negundo) silver maple (Acer saccharinum),
American elm (Ulmus americana), basswood (Tilia
americana), northern red oak (Quercus rubra), bur
oak (Quercus macrocarpa), and shagbark hickory
(Carya ovata). Some planted pine plantations also
occur in the drainage area. Conifers planted in
these plantations include red pine (Pinus resinosa),
white pine (Pinus strobus),and Norway spruce

(Picea abies).

The amount and distribution of woodlands in the
area should also remain relatively stable if the
recommendations contained in the regional land use
plan are followed.

ENVIRONMENTAL CORRIDORS

One of the most important tasks undertaken by the
Regional Planning Commission in its work program
has been the identification and delineation of those
areas of the Region having concentrations of
natural, recreational, historic, aesthetic, scenic
resources, and which, as such should be preserved
and protected in order to maintain the overall
quality of the environment. Such areas normally
include one or more of the following seven
elements of the natural resource base which are
essential to the maintenance of both the ecological
balance and the natural beauty of the Region:
1) lakes, rivers, and streams and the associated
undeveloped shorelands and floodlands, 2) wet-
lands, 3) woodlands, 4) prairies, 5) wildlife habitat
areas, 6) wet, poorly drained, and organic soils,
and 7) rugged terrain and high-relief topography.
While the foregoing seven elements constitute
integral parts of the natural resource base, there are
five additional elements which, although not a part
of the natural resource base per se, are closely
related, to or centered on, that base and, therefore,
are important considerations in identifying and
delineating areas with scenic, recreational, and
educational value. These additional elements are:
1) existing outdoor recreation sites, 2) potential
outdoor recreation and related open space sites,



Map 21

EXISTING WETLANDS IN THE DRAINAGE AREA TRIBUTARY TO WHITEWATER AND RICE LAKES
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3) historic, archaeological, and other cultural sites,
4) significant scenic areas and vistas, and 5) natural
and scientific areas.

In Southeastern Wisconsin, the delineation of these
12 natural resource and natural resource-related
elements on maps results in an essentially linear
pattern of relatively narrow, elongated areas which
have been termed “environmental corridors” by the
Commission. Primary environmental corridors
include a wide variety of the aforelisted important
resource and resource-related elements and are, by
definition, at least 400 acres in size, two miles in
length, and 200 feet in width. The primary envi-
ronmental corridors identified in the Whitewater
and Rice Lake drainage area are contiguous with
environmental corridors and isolated natural areas
lying within the Whitewater Creek watershed, and,
consequently, meet these size and natural resource
element criteria.

It is important to note here that, because of the
many interlocking and interacting relationships
between living organisms and their environment,
the destruction or deterioration of one element of
the total environment may lead to a chain reaction
of deterioration and destruction. The drainage of
wetlands, for example, may have far-reaching
effects, since such drainage may destroy fish
spawning grounds, wildlife habitat, groundwater
recharge areas, and natural filtration and floodwater
storage areas in interconnected lake and stream
ecosystems. The resulting deterioration of surface
water quality may, in turn, lead to a deterioration
of the quality of the groundwater which serves as
a source of domestic, municipal, and industrial
water supplies and provides a basis for low flows
in rivers and streams. Similarly, the destruction of
woodland cover, which may have taken a century
or more to develop, may result in soil erosion and
stream siltation, and in more rapid runoff and
increased flooding, as well as in the destruction of
wildlife habitat. Although the effects of any one of
these environmental changes may not in and of
itself be overwhelming, the combined effects may
lead eventually to the deterioration of the under-
lying and supporting natural resource base, and of
the overall quality of the environment for life. The
need to protect and preserve the remaining
environmental corridors within the Whitewater and
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Rice drainage area thus becomes apparent and
critical.

Primary environmental corridors were first iden-
tified within the Region in 1963 as part of the
original regional land use planning effort of the
Commission and were subsequently refined under
the Commission watershed studies and regional
park and open space planning programs. The pri-
mary environmental corridors in Southeastern
Wisconsin generally lie along major stream valleys
and around major Lakes and contain almost all the
remaining high-value woodlands, wetlands, and
wildlife habitat areas, and all the major bodies of
surface water and related undeveloped floodlands
and shorelands.

Primary environmental corridors in the drainage
area tributary to Whitewater and Rice Lakes are
shown on Map 22. About 1,498 acres, or 30 per-
cent, of the drainage area are identified as primary
environmental corridor. The corridor areas are
largely, but not entirely, located around the
shorelands of both Whitewater and Rice Lakes, and
some of these corridor areas are in public owner-
ship. An ad