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Executive Summary
This Lake and Watershed Management Plan was developed for Lake Maxinkuckee and its 8,850
acre watershed which is located in and around Culver, Indiana and is designated by the 14-digit
Hydrologic Unit Code (HUC) 05120106060010. Three main tributaries, Curtiss Ditch, Wilson
Ditch and Kline Ditch, drain into the lake and contribute approximately 70% of the phosphorus
loading. The watershed is mainly rural with agricultural land comprising 41% of the watershed
(27% row crop, 14% pasture). Developed areas cover almost 13%.
With funding through the Indiana Department of Environmental Management’s Section 319
grant program and the Indiana Department of Natural Resources Lake and River Enhancement
Program, the Lake Maxinkuckee Environmental Council and their consultant held several public
meetings to hear residents input, reviewed historical data, and conducted water quality sampling
to identify current water quality concerns.
The 10 members of the Lake Maxinkuckee Environmental Council (LMEC) acted as the steering
committee. As per their bylaws, members of the LMEC represent lake residents, Culver
Academies, Town of Culver, and the agriculture areas – the major stakeholders in the watershed.
A second committee of volunteers helped categorized the hundreds of public comments and
reviewed problem statements. The first two public meetings focused on recording stakeholder
input, the third public meeting presented the water quality sampling results, the fourth discussed
goals and strategies and at the fifth the draft plan was presented for public comment.
After reviewing the public input it was clear the stakeholders are primarily concerned with
keeping the lake healthy for the benefit of all watershed residents and adopted the following
statement to guide their goals:
Working toward an ecologically sound Lake Maxinkuckee and its surrounding watershed
This statement guides all the aspects of lake and watershed management. All decisions were
then based on how the proposed objectives will promote a healthy lake ecosystem. While
developing the goals and objectives the steering committee considered the public comments and
was sensitive to all residents to include strategies and objectives which will achieve the goals
and are acceptable to most of the stakeholders. Some original strategies were modified to
achieve this.

Key issues were identified and strategies proposed for the following topics:
3

1.
2.
3.
4.
5.
6.
7.
8.

Nutrient and sediment loading
Land use issues (planning and zoning) and cooperation of local boards
Education of watershed residents on how to protect water quality of the lake
User-conflicts for boaters and potential over use by boaters
Shoreline and shoreland stewardship
Turbidity
Fisheries resource
Centralized watershed management

The associated management strategies focus on improving water quality and quality of life to
optimize ecological benefits to the lake while taking into account the stakeholders’ uses in the
lake and watershed, including agricultural production, residential, municipal, and recreation.
Distribution List
All members of the steering committee have copy of the lake and watershed management plan.
Copies were sent to individuals attending any of the watershed planning meetings and the
Marshall and Fulton County Soil and Water Conservation District in the care of Jim Schwanke
and Chris Gardner, respectively. The Culver Town Manager and members of the planning and
zoning boards were provided a copy. Ten copies of the plan are also available at the CulverUnion Township public library. Electronic copies were provided to the sponsoring organizations
(IDEM and LARE) and copies are available free upon request from the LMEC office.
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1.0 Introduction
The purpose of a watershed management plan is to identify ways to improve water quality in a
lake and conserve and enhance healthy natural resources in the watershed. Through the process
of developing the plan, a community identifies issues, proposes solutions and prioritizes actions
for future implementation. By working at the watershed level the project area is clearly defined
and the connection is made between water quality problems and their sources. In addition,
communities with approved plans are eligible to apply for funding from state and federal
agencies for soil and water conservation practices.
This Lake and Watershed Management Plan (LWMP) was developed for Lake Maxinkuckee and
its watershed. In the Lake Maxinkuckee watershed nonpoint source pollution is the primary
water quality issue. The nonpoint source pollution, specifically nutrients, sediments and bacteria,
in Lake Maxinkuckee originate from several sources including: the areas that drain into the
streams and ditches leading to the lake, the shoreline, the areas draining directly to the lake, and
the lake itself. In addition to nonpoint source concerns, this plan also incorporates the social,
recreational, and land use concerns stakeholders expressed at the public meetings.
Culver/Lake Maxinkuckee Community
The Culver/Lake Maxinkuckee watershed area is several sub-communities existing in one small
rural Indiana town. One of the more interesting aspects of the area is the diverse backgrounds of
the residents. Some people come to the area because of their association with the Culver
Academies, some to buy lake property, some are long-time seasonal residents, some are town
residents and local business owners, and some are farmers or landowners in the watershed.
Despite their various backgrounds or length of time in the area, all need to work together to
protect Lake Maxinkuckee. Lake Maxinkuckee is the primary resource of the community and
residents have supported the efforts of the local lake and watershed protection group, Lake
Maxinkuckee Environmental Council (LMEC) since 1981.
Lake front property owners are directly affected by the quality of the lake. Their property values
are related to the water quality, as well as their recreation and aesthetic use of the lake. For
example, if the shoreline has an overabundance of aquatic vegetation, is covered with duckweed,
foam or algae, or the water is turbid, their immediate use and view of the lake is impaired.
Lakefront property owners pay a higher real estate price to enjoy the benefits of lakeside living
and poor water quality diminishes their experience.
While town and watershed residents may not be directly involved in lake activities, their land use
practices contribute to the quality of Lake Maxinkuckee. Crisman, 1986 showed that nearly 60
% of the phosphorus loading is contributed by the three main ditches (Curtiss, Kline and Wilson)
that drain water from the watershed. Town residents are also concerned about the loss of public
access to the lake and want to keep the lake available for any person to enjoy, not just shoreline
property owners.
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At this time, Lake Maxinkuckee and the Culver Academies are the main economic engines for
local businesses. With the loss of three manufacturing facilities from the community in recent
years, most local businesses are dependent upon the trade brought to the community because of
the lake and Academies. The tax base to operate the Town of Culver was also reduced with the
loss of the Walker Plant, D.W. Wallcovering, and Rickman Tool. There has been a shift in
economic activity from manufacturing to service industries, such as restaurants, marine services,
and lawn and property care services.
While further development of Culver as a resort and service community fills a gap left by the
loss of the industrial base, continual development focused on the lake fosters concerns among
residents. This type of focused development could have a detrimental effect on the lake’s water
quality and the livability of the community through increased runoff and overuse of the lake.
Culver is a rather isolated community. The closest major highway is 10 miles east of the town
which makes traveling here on the smaller rural highways difficult for industrial traffic.
However, many residents like the quiet, small town atmosphere. There are ongoing differences
of opinions among community residents regarding the future growth of the community. Many
agree, with the loss of the industrial base, the Town needs to replace the lost tax dollars with new
development, but not all agree on the type of development the community should encourage.
Implementing sound land use practices by all landowners (lakefront, watershed, including
agricultural, Town of Culver, and Culver Academies) in the watershed will be necessary.
Developing initiatives that foster cooperation among the different stakeholders will be the key
for achieving the plan’s goals.
One aspect of a new watershed management plan which had not been addressed in previous
studies is stakeholder input. The previous studies did not seek this input as it is prescribed today
for management plans. They simply were reports on the state of the environment. Over the past
18 years the LMEC has been actively pursuing lake and watershed management strategies,
believing an essential factor for success is education. As the Lake Maxinkuckee watershed
experiences increased pressure for development the community works hard to balance the need
for an increased tax base with the need to preserve the quality of the lake. Now is a critical time
to bring all stakeholders to the table for education, open discussion and input. This is one of the
most critical times for the future of Lake Maxinkuckee.
Lake Maxinkuckee is the second largest natural lake in Indiana. It is important to Indiana
residents for recreational use (fishing, boating, swimming, education (Culver Academies)) and is
the major economic engine for the Culver community. Continuing to work to improve the lake's
water quality with an up-to-date management plan will allow this significant natural state
resource to continue to provide these opportunities and healthy benefits.
History
“Maxinkuckee,” is an Indian word which has been loosely translated to “diamond lake,” “clear
water,” or “gravelly bottom.” An exact translation is not known. Lake Maxinkuckee is a 1,854
10

acre kettle lake located in the southwest corner of Marshall County in Union Township and was
formed approximately 15,000 years ago by the receding glaciers. Kettle lakes are depressions in
the earth’s crust left behind after partially buried ice blocks melt and the depression is filled with
water. The lake is 2.6 miles long and 1.6 miles wide with a maximum depth of 88 feet and an
average depth of 24 ft.
The area around Lake Maxinkuckee was first home to the Potawatomi Indians, but in 1838 the
last of the Indians in northern Indiana were forced by the U.S. Army to march to reservations in
Kansas. This event was eventually called the “Trail of Death” because of the many deaths that
occurred on the journey. White settlers first began occupying the area around the lake in 1836
and for the next forty years most of the area was used for agriculture. After the Civil War, Lake
Maxinkuckee started to develop as a summer resort area. Several clubhouses, rooming houses
and small cottages began to appear around the lake. A variety of steamers serviced the
transportation needs of the resort goers as well as supplying food and supplies. In 1884 the
Vandalia Railroad was completed through Union Township and the depot was located on the
north shore of the lake. The railroad provided easy access to the lake and helped popularize
Lake Maxinkuckee. Historic accounts estimate that 10,000 people would come to Lake
Maxinkuckee on the weekend via the railroad. The late 19th and early 20th centuries saw a
dramatic increase in the construction of cottages and large vacation homes on the lake.
The Town of Culver is located on the northwest shore of Lake Maxinkuckee and was laid out in
1844 as Union Town. In 1851 the town was renamed Marmont. The town grew slowly until
1884 when the Vandalia Railroad passed through. During the next four decades the town
developed as a major resort area. In 1894, Henry Harrison Culver founded Culver Military
Academy on the northern shore of Lake Maxinkuckee. The Academy began with three buildings
and approximately 300 acres of land and has since grown to incorporate 37 buildings on
approximately 2,000 acres. The Culver Academies is the largest property owner on Lake
Maxinkuckee. And in 1895, due to the efforts of Henry H. Culver who founded the Culver
Academies, the town’s name was changed to Culver.
In 1900 the year-round population of Culver was 500; however, during the summer season that
number swelled to over 2,000 when daily excursion trains brought thousands of visitors to the
lake. (One can then understand why the Indiana State Board of Health conducted a sanitary
survey of the northern end of the lake in 1921.) This massive influx resulted in a building boom
in the town. Between the years 1910 and 1920, Culver was Marshall County’s fastest growing
town. By 1930 Culver’s population reached 1,500. The population has remained steady since
then with the current population still about 1,500 residents.
Unlike many small towns in Marshall County, Culver retained its economic vitality even with
the decline of the railroad. The Culver Academies, the construction of new homes along the
lakeshore and an increase in year-round residents resulted in commercial development in the
downtown which kept the community economically stable.
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Lake Studies and the Lake Maxinkuckee Environmental Council
Between 1899 and 1985 seventeen investigations were conducted on Lake Maxinkuckee. The
most extensive survey of the lake was that of the United States Bureau of Fisheries, which
maintained a field station on the lake between 1899 and 1914. Barton Warren Evermann and
Howard Walton Clark published the results of the work along with the Indiana Department of
Conservation in a two-volume set in 1920. With the exception of the1921 sampling by the
Indiana State Board of Health; no other data on the lake has been found before 1965. Appendix
A lists investigations within Lake Maxinkuckee and its watershed.
Appendix A: List of Investigations on Lake Maxinkuckee and the watershed.
In the late 1800’s, the Bureau of Fisheries (formerly known as the U.S. Fish Commission) began
to study streams and lakes in the United States to learn about the distribution of fishes in
response to resolutions from Congress. The studies started trying to cover a wide area, but the
investigations were hurried and incomplete. It became evident to the Bureau for the need of
more complete knowledge, not only of the fish, but also of the animals and plants associated
with them, and of the physical and biological conditions in which they thrive.
In 1899, the Bureau narrowed its focus to glacial lakes in the Upper Mississippi Valley to
conduct a study that would serve as a model for the investigation of all similar lakes. The
criteria for the chosen lake was that is must not be too large to enable all parts to be reached
readily from a central station; should possess no inlets or connecting waters which would
complicate the problems; and the lake should be one where there are fishing and angling
interests. Lake Maxinkuckee was chosen and on July 5, 1899 a station was established at the
Duenweg cottage (Shady Point) on the west side of the lake at the base of the Long Point and
continued through 1914. Evermann writes in the introduction, “… they feel that more is known
of Lake Maxinkuckee, particularly of its biology, than of any other lake in the world.”
During the early 1980’s there was a growing concern among shoreline residents the lake’s water
quality was declining. In 1982, wanting to prevent the lake from becoming eutrophic, the
residents of Lake Maxinkuckee supported the formation of the Lake Maxinkuckee
Environmental Fund, Inc. (LMEF) – a tax exempt organization charged with raising funds for
projects designed to address the lake’s water quality problems. Shortly thereafter the LMEF
established under its direction and authority the Lake Maxinkuckee Environmental Council
(LMEC) to serve as the implementing body for projects funded by the LMEF. Their first project
commissioned Dr. Thomas L. Crisman of the University of Florida to conduct a comprehensive
study of Lake Maxinkuckee - the “Historical Analysis of the Cultural Eutrophication of Lake
Maxinkuckee, Indiana” (Crisman Report, 1986). The Crisman Report,1986 compiled the
seventeen known investigations of Lake Maxinkuckee and essentially updating the seminal work
begun by Evermann and Clark in 1899. As a point of interest, only one natural glacial lake in
the United Stated (located in Montana) has as much comprehensive scientific historical data
going back as far as has Lake Maxinkuckee.
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The Crisman Report was completed in 1986. It:
1. Delineated the trophic history of Lake Maxinkuckee for the past 100 years;
2. Determined factors that may be contributing to the cultural eutrophication of the lake;
3. Predicted future changes in the water quality of the lake, and;
4. Provided management alternatives to prevent further deterioration of water quality from
current levels.
The Crisman Report revealed the water quality had significantly declined in recent years. The
lake had remained basically unchanged from the early settlements to the mid- 1960’s. From the
mid-1960’s to the early 1980’s the lake’s status had changed to bordering on the eutrophic
boundary. If nothing was done to protect the lake, the Crisman Report predicted the lake would
slip into the eutrophic category within the next 5-10 years and at that point (eutrophic status)
restoration efforts would be more difficult and considerably more expensive. A list of 14
recommendations to prevent this from happening was included in the study.
The LMEF continued raising funds and began forming partnerships with area landowners to
build three constructed wetlands on the lake’s three major inlet ditches. These wetlands would
serve to trap the sediment and nutrients flowing into the lake from the watershed. The first
project was completed in 1987 on the Wilson Ditch which flows into the lake from the north. It
became the first constructed wetland in Indiana. The second constructed wetland was completed
in 1990 on the Curtiss Ditch which flows into the lake from the east and the third wetland was
constructed on a previously drained wetland area on the south end of the lake – the Maxinkuckee
Wetland Conservation Area. Before the wetlands were built, these three ditches contributed 59%
of the phosphorus entering the lake. Since their construction these three wetlands have removed
up to 85% of the phosphorus which would have otherwise flowed into the lake. Continued
stewardship of these wetland areas to keep them functioning has been a priority of the LMEC.
Other major projects include:
• Instituting an on-going water quality monitoring program, including chemical and water
clarity testing.
• Installation of 4 stormwater treatment units to clean stormwater runoff from the Town of
Culver before it empties into the lake. (4 more still needed)
• Creation and adoption of an Erosion Control Ordinance for the Town of Culver and its
zoning jurisdiction.
• Working with local governing boards to implement sound land management practices,
such as a maximum lot coverage (lakefront lots: the total square footage for all building
footprints shall not exceed 60% of the lot)
• Providing educational information to watershed residents through quarterly newsletters
and various speaking engagements.
1.1 Watershed partnerships
The bylaws of the LMEC, adopted in 1987, state the members of the Council shall be composed
of two members of the farming community, two members from the Culver Academies, three
members from Lake Maxinkuckee area, two representatives from the Town of Culver, and one
at-large member. This group, representing the various stakeholder groups in the watershed, was
13

the local sponsor and acted as the steering committee during the development of the LWMP. The
steering committee met monthly throughout the planning period. The watershed coordinator and
the steering committee developed the problems statements; reviewed data; created goals,
strategies and objectives to meet the goals; and created the action plan.
Lake Maxinkuckee
Lake and Watershed Management Plan
Steering Committee
Tina Hissong, Watershed Coordinator
Allen Chesser, Chair
Gregg Anderson
Dave Blalok
Dusty Henricks
Anne Johnston
Jim Lemon
Dan Osborn
Bill Rhodes
Pam Buxton
Kevin Berger
Jack Cunningham
Katy Lewallen
Tom Sams
Public Workgroup Members
Patrick Bannon
Joel Fisher
Alex and Deanna Kolosowski
Fred Lane
Herb Rentschler
Ted and Chuckie Strang
Eleanor Swanke
Pete Trone
After a competitive bid process the LMEC selected JF New to conduct the water quality, habitat
and biological assessments and assist in writing the plan. D.J. Case & Associates facilitated the
first two public meetings. An NRCS specialist also worked with subcommittees during the
public input and problem statement development stage.
Prior to the first public meeting a list of key stakeholders was created, which included Culver
Chamber of Commerce, Second Century Committee, Lake Maxinkuckee Association (POA),
Retail Merchants Association, Culver Plan Commission, Culver Board of Zoning Appeals,
Culver Town Council, Culver Town Manager, Young Farmers, Soil and Water Conservation
District Supervisor, Bob Robertson (Department of Natural Resources (DNR) Division of Fish
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and Wildlife), Marshall County Plan Commissioner, Marshall County Drainage Board, Marshall
County Surveyor, County Commissioner, Steve Heim – State Representative, Culver Academies,
Lion’s Club, Kiwanis Club, Homemaker’s Club, Tri Kappa, Antiquarian & Historical Society,
Culver Community Schools, real estate businesses, local marinas, construction companies, Union
Township Assessor. Individual letters were sent requesting their participation in the planning
process. A copy of the letter is in Appendix F.
1.2 Public participation
Public participation (outside of the steering committee) began during the first quarter of the grant
period with the first public meeting held December 3, 2003 to receive input from stakeholders.
Participation in the public meeting was encouraged by the individual letters sent to the key
stakeholders mentioned above, articles in the local community paper, The Culver Citizen, and
the regional newspaper, The South Bend Tribune, the LMEC newsletter, flyers were posted
throughout the community and a postcard was bulk mailed to all residents in the watershed.
Forty-two (42) stakeholders attended the meeting
Because of the seasonal nature of lake communities many residents were not in town during the
December 3 meeting; therefore, a second public input meeting was held June 25, 2004 to
accommodate anyone who wanted to participate, but would have been out of town in December.
Forty-three (43) stakeholders attended the meeting. Over 200 comments were recorded at the
two meetings. The sign up sheets included an area where attendees could check if they were
interested in participating with planning process. Twenty-eight participants signed up and
formed a subcommittee to categorize the public input, review problem statements, goals and
strategies.
A third public meeting was held on October 13, 2004 to present and discuss the results of the
sampling (24 attendees) A fourth public meeting was held June 15, 2005 to review and discuss
the goals and strategies developed by the steering committee (21 attendees) . The fifth and final
public meeting to present the draft plan was December 15, 2005 (10 attendees).
Throughout the planning process, individuals were encouraged to contact the watershed
coordinator with questions or concerns and many individuals who did not participate in the
public meetings were able to provide input through this method.
1.3 Concerns
During the beginning phases of the plan’s development stakeholders identified a number water
quality related concerns for the lake and watershed. Public meetings were the primary avenue
for collecting concerns from stakeholders, but individuals did contact the watershed coordinator
to express concerns outside of the public meetings. The stakeholders concerns fit broadly into
the categories listed below.
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Local Government/Land Use
• Stakeholders expressed concerns about lakeside development and funneling
• The need for adequate planning and zoning to protect the lake from over development
• Political boundaries may not meet current needs: form a governing body to cover the
watershed
Watershed
• Stormwater runoff, both urban and agricultural
• Golf courses
• Development and impervious cover – want to keep development pressure under control,
both residential and commercial
• Impact of sewers on lake and development
Fish and Wildlife
• Desire for healthy and diverse fish population
• Carp – seem to be a lot of carp in the lake
• Mercury
• Nutrients from birds
• Zebra mussels
Shoreline
• Lakeside septic tanks
• Need more environmentally friendly seawalls and emergent vegetation
• Responsible use of lake side property
In-lake water quality
• Effects of turbidity – from boats and wave action near vertical seawalls
• Impact of lake level
• Buoy placement 200 ft vs. 10 ft water depth
• Amount of foam
• Boating impacts – wakeboarding effects on turbidity, docked boats, workers on the lake
• Need new map of lake depths
Education
• More education on what is good for the lake
• Communicate impact of wetlands
• Need to get information to visitors, not just residents
Recreation
• Keep recreational boating pressure at a non-detrimental level
• Optimal number of watercraft/noise and water pollution
• Wakeboarding effects on turbidity, docked boats, workers on the lake
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From 1987 to 1992 the LMEC constructed three wetlands on the three major ditches flowing into
the lake to capture some of the sediment and nutrient loading described in the Crisman report.
Follow up monitoring after construction showed the wetlands were retaining nutrients and
sediments (JFNew, 1993). A follow up study by Crisman showed an increase in water clarity in
the lake at the mouth of two of the three ditches (Crisman, 1999). With this background
information it was surprising to learn from the 2004 sampling the phosphorus loading to the lake
has increased since the USEPA sampling in 1973.
The confidence among the steering committee and stakeholders the wetlands were doing
“enough” to control phosphorus runoff from the watershed is evident in their stated concerns.
While there were a few comments relating to watershed runoff and it was ranked a priority item,
the bulk of the concerns were related to other lake issues. Through the planning process and the
water quality sampling it became clear additional work in the watershed needs to be done to
reduce phosphorus input, in addition to stewarding the constructed wetlands. With this
knowledge, implementation will begin with a focus on reducing the phosphorus loading through
the Kline, Curtiss and Wilson ditches by working with landowners to increase the use of best
management practices on the land in the watershed.

2.0 The Watershed
2.1 Watershed Location
The Lake Maxinkuckee watershed encompasses approximately 8,850 acres in and around Culver,
Indiana (Figure 1). Specifically, the watershed is located in Sections 9-11, 13-16, 20-28 and 33-36 in
Township 32 North, Range 1 East and Sections 1-3 in Township 31 North, Range 1 East. The Lake
Maxinkuckee watershed includes one major public lake, Lake Maxinkuckee. The watershed
stretches out to the east and south of the lake covering portions of Aubbeenaubbee Township in
Fulton County and Union Township Marshall County. The lake has three main tributaries, Curtiss
Ditch, Kline Ditch, and Wilson Ditch (Figure 2). Curtiss Ditch drains water from 1,563 acres in the
eastern portion the watershed, while Wilson Ditch carries water from 1,703 acres north and east of
Lake Maxinkuckee. Kline Ditch drains 1,849 acres southeast of the lake, including the entire portion
of the watershed located within Fulton County (Figure 3). The remaining 3,718 acres of the
watershed drain through small tributaries or directly into Lake Maxinkuckee. The Lake
Maxinkuckee watershed, shown in yellow, is part of the larger Lake Maxinkuckee-Lost Lake 14digit watershed (HUC 05120106060010), shown in yellow and green, which lies within the
Tippecanoe River basin (HUC 05120106; Figure 4). Water discharges through the lake’s outlet on
the western lakeshore and flows through Lost Lake to Wilson Ditch. Wilson Ditch transports water
to the Tippecanoe River, ultimately reaching the Wabash River northeast of Lafayette, Indiana.
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Project Location

Figure 1. Location map. Source: DeLorme, 1998. Scale: 1”=approximately 2.5 miles.
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Figure 2. Lake Maxinkuckee watershed. Source: See GIS Appendix G.
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Figure 3. Lake Maxinkuckee subwatersheds. Source: See GIS Appendix G.
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Figure 4. Tippecanoe River watershed. Source: See GIS Appendix G.

2.2 Climate
The climate of Fulton and Marshall Counties have warm summers and cold and snowy winters
that are characteristic of northern Indiana. Winters in Fulton and Marshall Counties typically
provide enough precipitation, in the form of snow, to supply the soil with sufficient moisture to
minimize drought conditions when the hot summers begin. Winters are cold in both counties,
averaging 26 to 27º F, while summers are warm, averaging 68 to 71º F. The highest temperature
ever recorded in Fulton County was 101º F on September 2, 1953, while Marshall County’s
highest recorded temperature was 109º F on June 20, 1953. Mild drought conditions occur
occasionally during the summer when evaporation is highest. Historic data from 1951-1974
suggest that the growing season (defined as days with an air temperature higher than 40º F) in
both Fulton and Marshall Counties is typically 139 days long, although it can last as long as 164
days (Smallwood, 1980; Furr, 1987). The last day of freezing temperatures in spring usually
occurs around May 6, while the first freezing temperature in the fall occurs around October 5.
During summer, average relative humidity differs greatly over the course of a day averaging 80
percent at dawn and dropping to an average of 60 percent in mid-afternoon. The average annual
precipitation is 38.52 inches. Table 1 displays average annual precipitation data for Fulton and
Marshall Counties as well as precipitation data for 2004.
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Table 1. Monthly rainfall data for year 2004 as compared to average monthly rainfall. Current data (2004) is
based on rainfall as measured in Plymouth, Indiana; averages are based on available weather observations taken
during the years of 1971-2000.
Jan Feb Mar Apr May Jun
Jul
Aug
Sept
Oct
Nov
Dec
Total
1.24 0.70 2.64
0.64
7.31 3.99 4.08 8.00
1.76
1.66
4.54 2.71
39.27
2004
2.03 1.74 2.70
3.81
4.16 4.12 3.81 3.73
3.36
2.89
3.42 2.74
38.51
Fulton
3.87
3.79 4.20 4.10 3.33
3.62
3.02
3.03 2.93
38.52
Marshall 1.92 1.84 2.87
Source: Purdue Applied Meteorology Group, 2004.

2.3 Topography and Geology
The advance and retreat of the glaciers in the last ice age shaped much of the landscape observed in
Indiana today. As the glaciers moved, they laid thick till material, or ground moraine, over much of
the northern two thirds of the state. This ground moraine left by the glaciers covers much of the
central portion of the state. In the northern portion of the state, ground moraines, end moraines, lake
plains, and outwash plains create a more geologically diverse landscape compared to the central
portion of the state. End moraines, formed by the layering of till material when the rate of glacial
retreat equaled the rate of glacial advance, add topographical relief to the landscape. Distinct glacial
lobes, such as the Michigan Lobe, Saginaw Lobe, and the Erie Lobe, left several large, distinct end
moraines, including the Valparaiso Moraine, the Maxinkuckee Moraine, and the Packerton Moraine,
scattered throughout the northern portion of the state. Glacial drift and ground moraines cover
flatter, lower elevation terrain in northern Indiana. Major rivers in northern Indiana cut through sand
and gravel outwash plains. These outwash plains formed as the glacial meltwaters flowed from
retreating glaciers, depositing sand and gravel along the meltwater edges. Lake plains, characterized
by silt and clay deposition, are present where lakes existed during the glacial age.
The Lake Maxinkuckee watershed lies within the southwestern portion of the Maxinkuckee
Moraine. The Maxinkuckee Moraine is a crescent shaped moraine covering approximately 30 to 40
miles of western Marshall County and portions of western St. Joseph and Fulton Counties. The
Maxinkuckee Moraine formed when the Huron-Saginaw Lobe of the last Wisconsin Age glacier
stalled during its last northeasterly retreat (Wayne, 1966). Movement of the Lake Michigan Lobe
from the northwest may have influenced the moraine’s formation as well (IDNR, 1990).
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Figure 5. Topographic relief of the Lake Maxinkuckee watershed. Source: See Appendix G.

The watershed’s geologic history is responsible for the watershed’s topography (Figure 5). As noted
previously, Lake Maxinkuckee is a kettle lake, part of the characteristic knob and kettle topography
of end moraines. The lake occupies the low spot in the watershed at 733 feet above mean sea level
(MSL). The highest elevations in the watershed reach over 850 feet above MSL and lie in the
northeastern portion of the watershed just east of the town of Culver (Figure 5). As with most
watersheds, the steepest slopes exist in the upper watershed. Steep slopes occur in the headwaters of
the Wilson Ditch. Both Curtiss Ditch and Kline Ditch drain flatter land than that drained by Wilson
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Ditch. Curtiss Ditch and Kline Ditch possess relatively wide valleys, particularly at their confluences
with Lake Maxinkuckee. Slopes bordering the eastern shoreline of Lake Maxinkuckee tend to be
steeper than western shoreline of the lake. Historical maps and the hydric soil map suggest that
Curtiss Ditch and Kline Ditch were historically wetland habitat rather than defined drainage
channels.
The watershed’s surficial geology covers a less complex bedrock foundation. Antrim shale lies
under most of the Lake Maxinkuckee watershed. This bedrock shale is from the DevonianMississippian Period. Older Muscatatuck bedrock from the Devonian Period underlies a small
portion of the northeastern and southwestern edges of the watershed (Gutschick, 1966).
2.4 Soils
Before detailing the major soil associations covering the Lake Maxinkuckee watershed, it may be
useful to examine the concept of soil associations. Major soil associations are determined at the
county level. Soil scientists review the soils, relief, and drainage patterns on the county landscape to
identify distinct, proportional groupings of soil units. The review process typically results in the
identification of eight to fifteen distinct patterns of soil units. These patterns are the major soil
associations in the county. Each soil association usually consists of two or three soil units that
dominate the area covered by the soil association and several soil units that occupy only a small
portion of the soil association’s landscape. Soil associations are named for their dominant
components. For example, the Riddles-Metea-Wawasee soil association consists primarily of
Riddles sandy loam, Metea loamy fine sand, and Wawasee sandy loam.
Because soil scientists developed county soil association maps at different times, soil associations in
one county are not always consistent with soil associations in an adjacent county. Smallwood
(1980) points to three reasons for the differences observed in soil association maps published at
different times: 1. changes in the concepts of soil series occur; 2. variations in the extent of the soils
occur; and 3. variations in the slope range allowed in the association occur. Differences between
county soil association maps can be the result of one or more of these reasons.
The Fulton County and Marshall County soil association maps were published at different times.
The Soil Survey of Marshall County (Smallwood, 1980) was issued in 1980, while the Soil Survey of
Fulton County (Furr, 1987) was published seven years later. Consequently, soil associations in these
counties do not agree with one another. Because the Lake Maxinkuckee watershed encompasses
part of both counties, the soil associations covering the watershed end abruptly at the county line
(Figure 6).
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Figure 6. Soil associations present in the Lake Maxinkuckee watershed. Source: See Appendix G.

Three major soil associations cover the Lake Maxinkuckee watershed (Figure 6). Two of these soil
associations, Riddles-Metea-Wawasee and Oshtemo-Owosso-Fox, lie within the Marshall County
portion of the Lake Maxinkuckee watershed. The Riddles-Metea-Wawasee soil association covers
the largest portion of the Lake Maxinkuckee watershed, including the northeastern, eastern, and
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southern shorelines of Lake Maxinkuckee and extending south to the Marshall County line. This
association is the most common soil association found in the county, covering approximately 36% of
the landscape. The Oshtemo-Owosso-Fox soil association covers the northern and western
shorelines of Lake Maxinkuckee and is the second most common soil association in Marshall
County (Smallwood, 1980). The third and final soil association, Plainfield-Ormas-Newton, covers
the portion of the watershed located within Fulton County. The following discussion on soil
associations in the Lake Maxinkuckee watershed relies heavily on the Soil Survey of Marshall
County (Smallwood, 1980) and the Soil Survey of Fulton County (Furr, 1987). Readers should refer
to these sources for a more detailed discussion of soil associations covering the Lake Maxinkuckee
watershed.
The Riddles-Metea-Wawasee soil association covers most of the watershed. This soil association is
characteristic of morainal areas in Marshall County, such as the Maxinkuckee Moraine. Soils in this
association developed from glacial till parent materials. In general, Riddles soils account for
approximately 54% of the total soils in the association; Metea soils account for 22%, while
Wawasee soils comprise 13% of the soil association. Much of the remaining portion of the soil
association consists of hydric soil components lining drainageways. Riddles soils occupy moraine
ridges. Metea soils occur on low knolls and sides of moraines. Like Riddles soils, Wawasee soils
exist on moraine ridges. Woodlands and forested areas thrive on the Riddles-Metea-Wawasee
association; however, the soils’ strong slopes may limit agricultural productivity. The strong slopes
and sandy texture of the major components of this soil association increase the erosion potential of
this soil association. As will be discussed later, most of the watershed’s highly erodible soil units
are mapped in this section of the watershed. The erodible nature of soils in this area suggests land
use management efforts should target this area.
The Oshtemo-Owosso-Fox soil association covers the western and northwestern portions of the
watershed immediately west and north of the Lake Maxinkuckee. Soils in the Oshtemo-Owosso-Fox
soil association are well drained soils that are found on nearly level to gently sloping landscapes.
Oshtemo soils comprise nearly 60% of this association, while Owosso and Fox soils account for
16% and 14%, respectively. Oshtemo soils lie on low knolls and ridges of moraines, Owosso soils
are typically located on plains between the moraines, and Fox soils cover the side slopes of knolls
and ridges. Minor soil units in the association include Linkville sandy loam, Brady sandy loam,
Fluvaquents, and Gilford sandy loam. Farming, sand mining, and residential and urban development
are typical uses of this soil type. Slope and poor water filtering limit the use of these soils for septic
system effluent.
Soils in the Plainfield-Ormas-Newton soil association cover the entire portion of the Lake
Maxinkuckee watershed located in Fulton County in the headwaters of Kline Ditch. This soil
association exists in glacial outwash and windblown ridges covered by sand. This association
consists of 25% Plainfield soils, 20% Ormas soils, and 15% Newton soils. Brems sand, Chelsea fine
sand, Morocco loamy sand, and Metea loamy fine sand are minor soils included in the remaining
40% in the association. Plainfield soils are excessively drained soils located on gently to moderately
sloped areas along moraine ridges. Ormas soils are gently to moderately sloping soils and are located
along outwash plains.Very poorly drained Newton soils cover low lying areas.Droughtiness, erosion,
and water ponding limit the use of this soil association for crops and sanitary effluent treatment.
26

2.4.1 Highly Erodible Soils and Land
Soils that erode from the landscape are transported to waterways where they degrade water quality,
interfere with recreational uses, and impair aquatic habitat and health. In addition, such soils carry
attached nutrients, which further impair water quality by increasing plant and algae growth. Soilassociated chemicals, like some herbicides and pesticides, can kill aquatic life and damage water
quality.
Highly erodible and potentially highly erodible are classifications used by the Natural Resources
Conservation Service (NRCS) to describe the potential of certain soil units to erode from the
landscape. The NRCS examines common soil characteristics such as slope and soil texture when
classifying soils. The NRCS maintains a list of highly erodible soil units for each county. Table 2
lists the soil units in the Lake Maxinkuckee watershed that the NRCS considers to be highly or
potentially highly erodible. As Figure 7 indicates, potentially highly erodible soils cover a
substantial portion (3,116 acres or nearly 35%) of the Lake Maxinkuckee watershed. This acreage is
spread throughout the watershed. Highly erodible soils exist on approximately 413 acres
(approximately 5%) of the watershed. Most of these are located in the eastern portion of the
watershed and along the northeastern lakeshore.
Table 2. Highly erodible and potentially highly erodible soils units in the Lake Maxinkuckee watershed.
Soil Unit
Soil Name
Detail*
Soil Description

County
ChC
FsB
FsC2
HdB
KoC
MeB
MeC
MeC2
MgC
OsB
OsC
OsD
PlC
PsC
PsD
RlB2
RlC2
RsB
RsC2
RsD
TyC
WkB
WkB

Chelsea fine sand
Fox sandy loam
Fox sandy loam
Hillsdale sandy loam
Kosciusko-Ormas complex
Martinsville loam
Metea loamy sand
Martinsville loam
Metea loamy fine sand
Oshtemo loamy sand
Oshtemo loamy sand
Oshtemo loamy sand
Plainfield sand
Plainfield sand
Plainfield sand
Riddles fine sandy loam
Riddles fine sandy loam
Riddles sandy loam
Riddles sandy loam
Riddles sandy loam
Tyner loamy sand
Wawasee fine sandy loam
Wawasee sandy loam

WkC2

Wawasee fine sandy loam

WkC2
WkD
WmD3

Wawasee sandy loam
Wawasee fine sandy loam
Wawasee sandy clay loam

Marshall
Marshall
Marshall
Marshall
Fulton
Marshall
Fulton
Marshall
Marshall
Marshall
Marshall
Marshall
Fulton
Marshall
Marshall
Fulton
Fulton
Marshall
Marshall
Marshall
Marshall
Marshall
Fulton
Fulton
Marshall
Fulton
Marshall

PHES
PHES
PHES
PHES
PHES
PHES
PHES
PHES
PHES
PHES
PHES
HES
PHES
PHES
PHES
PHES
PHES
PHES
PHES
HES
PHES
PHES
PHES
PHES
PHES
HES
HES

2-6% slopes
2-6% slopes
6-12% slopes, eroded
2-6% slopes
6-12% slopes
2-6% slopes
6-12% slopes
6-12% slopes, eroded
6-12% slopes
2-6% slopes
6-12% slopes
12-18% slopes
6-12% slopes
3-10% slopes
12-18% slopes
2-6% slopes, eroded
6-12% slopes, eroded
2-6% slopes
6-12% slopes, eroded
12-18% slopes
6-12% slopes
2-6% slopes
2-6% slopes
6-12% slopes, eroded
6-12% slopes, eroded
12-18% slopes
12-18% slopes, severely eroded

*HES=Highly Erodible Soils; PHES=Potentially Highly Erodible Soils
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Source: Smallwood, 1980; Furr, 1987; USDA/SCS Indiana Technical Guide II-C for Fulton County, 1993; USDA/SCS Indiana Technical Guide II-C
for Marshall County, 1993

Figure 7. Highly erodible and potentially highly erodible soils in the Lake Maxinkuckee watershed. Source: See
Appendix G.

2.4.2 Soils Used for Wastewater Treatment
As is common in many areas of Indiana, septic tanks and septic tank absorption fields are utilized for
wastewater treatment throughout much of the Lake Maxinkuckee watershed (shown in yellow in
Figure 8). This type of wastewater treatment system relies on the septic tank for primary treatment to
remove solids and the soil for secondary treatment to reduce the remaining pollutants in the effluent
to levels that protect surface and groundwater from contamination. The soil’s ability to sequester
and degrade pollutants in septic tank effluent will ultimately determine how well surface and
groundwater is protected.
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Figure 8. Sewer and septic tank system usage in the Lake Maxinkuckee watershed. Source: See Appendix B.

A variety of factors can affect a soil’s ability to function as a septic absorption field. Seven soil
characteristics are currently used to determine soil suitability for on-site sewage disposal systems:
position in the landscape, slope, soil texture, soil structure, soil consistency, depth to limiting layers,
and depth to seasonal high water table (Thomas, 1996). The ability of soil to treat effluent (waste
discharge) depends on four factors: the amount of accessible soil particle surface area; the chemical
properties of the soil surface; soil conditions like temperature, moisture, and oxygen content; and the
types of pollutants present in the effluent (Cogger, 1989).
The amount of accessible soil particle surface area depends both on particle size and porosity.
Because they are smaller, clay particles have a greater surface area per unit volume than silt or sand,
and therefore, a greater potential for chemical activity. However, soil surface only plays a role if
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wastewater can contact it. Soils of high clay content or soils that have been compacted often have
few pores that can be penetrated by water and are not suitable for septic systems because they are
too impermeable. Additionally, some clays swell and expand on contact with water closing the
larger pores in the profile. On the other hand, very coarse soils may not offer satisfactory effluent
treatment because the water can travel rapidly through the soil profile. Soils located on sloped land
also may have difficulty in treating wastewater due to reduced contact time.
Chemical properties of the soil surfaces are also important for wastewater treatment. For example,
clay materials all have imperfections in their crystal structure which gives them a negative charge
along their surface. Due to their negative charge, clays can bond cations of positive charge to their
surfaces. However, many pollutants in wastewater are also negatively charged and are not attracted
to the clays. Clays can help remove and inactivate bacteria, viruses, and some organic compounds.
Environmental soil conditions influence the microorganism community which ultimately carries out
the treatment of wastewater. Factors like temperature, moisture, and oxygen availability influence
microbial action. Excess water or ponding saturates soil pores and slows oxygen transfer. The soil
may become anaerobic if oxygen is depleted. The decomposition process (and therefore, effluent
treatment) becomes less efficient, slower, and less complete if oxygen is not available.
Many of the nutrients and pollutants of concern are removed safely if a septic system is sited
correctly. Most soils have a large capacity to hold phosphate. On the other hand, nitrate (the end
product of nitrogen metabolism in a properly functioning septic system) is very soluble in soil
solution and is often leached to the groundwater. Care must be taken in siting the system to avoid
well contamination. Nearly all organic matter in wastewater is biodegradable as long as oxygen is
present. Pathogens can be both retained and inactivated within the soil as long as conditions are
right. Bacteria and viruses are much smaller than other pathogenic organisms associated with
wastewater, and therefore, have a much greater potential for movement through the soil. Clay
minerals and other soil components may adsorb them, but retention is not necessarily permanent.
During storm flows, these bacteria and viruses may become resuspended in the soil solution and
transported in the soil profile. Inactivation and destruction of pathogens occurs more rapidly in soils
containing oxygen because sewage organisms compete poorly with the natural soil microorganisms,
which are obligate aerobes requiring oxygen for life. Sewage organisms live longer under anaerobic
conditions and at lower soil temperatures because natural soil microbial activity is reduced.
The Natural Resources Conservation Service has ranked each soil series in terms of its limitations
for use as a septic tank absorption field. Each soil series is placed in one of three categories: slightly
limited, moderately limited, or severely limited. Use of septic absorption fields in moderately or
severely limited soils generally requires special design, planning, and/or maintenance to overcome
the limitations and ensure proper function. Table 3 summarizes the soil series in the Lake
Maxinkuckee watershed in terms of their suitability for use as septic tank absorption fields. Figure 9
displays the septic tank absorption field suitability of soils mapped in the Lake Maxinkuckee
watershed.
Figure 9 also shows the portions of the watershed where wastewater drains to a sewer system and
treated off-site. All residences within the incorporated portion of Culver, including the Culver
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Academies, are hooked into the city sewer system. Wastewater is collected at the treatment plant
located south of town, cleaned, and discharged into Wilson Ditch downstream of Lost Lake (Figure
8). Residences along the eastern shoreline from just south of 18th Road south to State Road 117
utilize a wastewater treatment wetland. Approximately 85 of the 115 homes located within the
demarcated area (shown in green) are hooked into the wastewater wetland system. Water is pumped
from these homes to the wastewater wetland east of the lake (Figure 8). The remainder of the homes
along the Lake Maxinkuckee shoreline utilizes individual septic systems to treat their wastewater.
Table 3. Soil types present in the Lake Maxinkuckee watershed.

Suitability for Septic Tank
Absorption Field
Severe: ponding, poor filter
Severe: ponding

Symbol*

Name

County

High Water Table

Ad
Ad

Fulton
Marshall

+1.0-1.0 ft
+0.5-1.0 ft

Marshall

1-3 ft

Bb
Bd
BeA
BoA
Br
Br

Adrian muck
Adrian muck
Aubbeenaubbee sandy
loam
Barry loam
Brady sandy loam
Brems sand
Bronson loamy sand
Brady sandy loam
Brookston loam

+1.0.-1.0 ft
+1-3 ft
2-3 ft
2-3.5 ft
1-3 ft
+0.5-1.0 ft

ChB-ChC

Chelsea fine sand

CrA
CtA

Crosier loam
Crosier loam

Ed

Edwards muck

Fulton
Marshall
Marshall
Marshall
Fulton
Marshall
Fulton;
Marshall
Fulton
Marshall
Fulton;
Marshall

Fox sandy loam

Marshall

>6 ft

Gilford fine sandy loam
Gilford sandy loam
Hillsdale sandy loam
Histosols-Aquolls complex

Fulton
Marshall
Marshall
Fulton
Fulton;
Marshall
Fulton
Fulton
Fulton
Marshall
Marshall
Marshall
Marshall
Fulton
Fulton
Marshall
Marshall
Marshall

+0.5-1.0 ft
+0.5-1.0 ft
>6 ft
--

Severe: ponding, poor filter
Severe: ponding, poor filter
Moderate: percs slowly
--

+1.0-1.0 ft

Severe: ponding, percs slowly

>6 ft
1-3 ft
>6 ft
>6 ft
>6 ft
>6 ft
>6 ft
1-2 ft
+0.5-1.0 ft
>6 ft
>6 ft
>6 ft

Severe: poor filter
Severe: wetness
Severe: poor filter
Slight
Moderate: slope
Moderate: percs slowly
Moderate: percs slowly, slope
Severe: wetness, percs slowly
Severe: ponding, poor filter
Slight
Moderate-Severe: slope
Moderate: percs slowly

AuA

FsA-FsB;
FsC2
Gf
Gf
HdB
Hh

Hm; Ho; Hp Houghton muck
KoC
MaA
MeA-MeC
MeA-MeB
MeC2
MgB
MgC
Mu
Ne
OsA-OsB
OsC-OsD
OwA

Kosciusko-Ormas complex
Markton loamy sand
Metea loamy sand
Martinsville loam
Martinsville loam
Metea loamy fine sand
Metea loamy fine sand
Morocco loamy sand
Newton fine sandy loam
Oshtemo loamy sand
Oshtemo loamy sand
Owosso sandy loam

Severe: wetness
Severe: ponding
Severe: wetness, poor filter
Severe: wetness, poor filter
Severe: wetness, poor filter
Severe: ponding, wetness
Severe: ponding

>6 ft

Severe: poor filter

1-3 ft
1-3 ft

Severe: poor filter, wetness
Severe: percs slowly, wetness

+0.5-0.5 ft

Severe: ponding, percs slowly
Severe: poor filter
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Symbol*

Name

County

High Water Table

Pa
PlA-PlC;
PsA; PsC
PsD
Re
RlA; RlB2
RlC2
RsA-RsB
RsC2
RsD
Tx
TyA-TyC
Ua
Wa
Wa

Palms muck

+0.5-1.0 ft

Plainfield sand
Rensselaer loam
Riddles fine sandy loam
Riddles fine sandy loam
Riddles sandy loam
Riddles sandy loam
Riddles sandy loam
Troxel silt loam
Tyner loamy sand
Udorthents
Wallkill silt loam
Wallkill loam

Wh

Washtenaw silt loam

WkB
WkB
WkC2
WkC2
WkD
WmD3
Wt

Wawasee fine sandy loam
Wawasee sandy loam
Wawasee fine sandy loam
Wawasee sandy loam
Wawasee fine sandy loam
Wawasee sandy clay loam
Whitaker loam

Marshall
Fulton;
Marshall
Marshall
Marshall
Fulton
Fulton
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Fulton
Marshall
Fulton;
Marshall
Fulton
Marshall
Fulton
Marshall
Fulton
Marshall
Marshall

Plainfield sand

>6 ft

Suitability for Septic Tank
Absorption Field
Severe: ponding
Severe: poor filter

>6 ft
+1.5-1.0 ft
>6 ft
>6 ft
>6 ft
>6 ft
>6 ft
+0.5-0 ft
>6 ft
-+0.5-1.0 ft
+0.5-0.5 ft

Severe: poor filter, slope
Severe: ponding, percs slowly
Moderate: percs slowly
Moderate: percs slowly, slope
Moderate: percs slowly
Moderate: percs slowly, slope
Severe: slope
Severe: ponding
Severe: poor filter
-Severe: ponding, poor filter
Severe: ponding

+0.5-1.0 ft

Severe: ponding, percs slowly

>6 ft
>6 ft
>6 ft
>6 ft
>6 ft
>6 ft
1-3 ft

Moderate: percs slowly
Slight
Moderate: slope, percs slowly
Moderate: slope
Severe: slope
Severe: slope
Severe: wetness

*Different counties may use the same symbol for different soil units. Similarly, different counties may use different symbols for the same soil
units. Source: Smallwood, 1980; Furr, 1987.
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Figure 9. Soil series septic tank absorption field suitability. Source: See Appendix G.

2.5 Natural History
Geographic location, climate, geology, topography, soils, and other factors play a role in shaping the
native floral and faunal communities in a particular area. Various ecologists (Deam, 1921; Petty and
Jackson, 1966;Homoya, 1985; Omernik and Gallant, 1988) have divided Indiana into several natural
regions or ecoregions, each with similar geographic history, climate, topography, and soils. Because
the groupings are based on factors that ultimately influence the type of vegetation present in an area,
these natural areas or ecoregions tend to support characteristic native floral and faunal communities.
Under many of these classification systems, the Lake Maxinkuckee watershed lies at or near the
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transition between two or more regions. For example, the watershed lies at the western boundary
separating Homoya’s Northern Lakes Natural Area to the east from the Grand Prairie Natural Area
to the west. Similarly, the Lake Maxinkuckee watershed lies in Omernik and Gallant’s Eastern Corn
Belt Plains (ECBP) ecoregion south of the point where the ECBP ecoregion meets the Central Corn
Belt Plains and Southern Michigan/Northern Indiana Till Plains ecoregions. As a result, the native
floral community of the Lake Maxinkuckee watershed likely consisted of components of
neighboring natural areas and ecoregions in addition to components characteristic of the natural area
and ecoregion in which it is mapped.
Prior to European settlement of Union Township, dense oak-hickory forests covered the Lake
Maxinkuckee watershed (Historic Landmarks Foundation, 1990). Chamberlain (1849) describes the
area as being heavily timbered with oak openings or barrens covered by wet or dry prairies and
lakes. White oak was the dominant component of the heavily timbered areas with shagbark hickory,
maple, beech, elm, walnut, butternut, and red and black oak as subdominants (McDonald, 1908;
Petty and Jackson, 1966; Omernik and Gallant, 1988). White, red, and black oak, bur oak, and
hickory as well as sugar maple and beech also grew in the watershed but likely not to the extent
observed throughout northern Indiana (McDonald, 1908). Petty and Jackson (1966) list pussy toes,
common cinquefoil, wild licorice, tick clover, blue phlox, waterleaf, bloodroot, Joe-pye-weed,
woodland asters and goldenrods, wild geranium, and bellwort as common components of the forest
understory in the watershed’s region.
Historical accounts document the presence of unbroken forests and heavily timbered areas along the
shores of Lake Maxinkuckee (Thompson, 1856; McDonald, 1908). Farrar’s woods was the most
notable forest in the early 1900s; oak, hickory, elm, willow, poplar, sassafras, and a variety of
bushes vegetated this tract (Evermann and Clark, 1920). Thompson (1856) documented the presence
of hundreds of springs along the shoreline and across the lake bottom and noted the lack of plants
within the lake and the presence of a clean sand and gravel substrate. McDonald (1908) supports
these observations noting the lack of inlet streams, grass, plants, or other “unsightly” items around
the lake, and little brush, trees, logs, or other debris along the shoreline. Evermann and Clark (1920)
describe the presence of a number of wetlands along the lakeshore. These areas were located near
the mouth of present day Wilson Ditch, along the shoreline and extending to the head of present day
Curtiss Ditch, near the outlet stream, and along the southern tip of the lake. Blue-joint grass, sedges,
low willows, mountain holly, chokeberry, cotton grass, and pitcher plants vegetated wetlands
adjacent to Lake Maxinkuckee (Evermann and Clark, 1920).
Wet habitat (ponds, marshes, and swamps) intermingled with the upland habitat throughout the Lake
Maxinkuckee watershed. The hydric soil map and an 1876 map of Marshall County indicate that
wetland habitat existed along the northeastern, eastern, and southern shorelines of Lake
Maxinkuckee and in small openings throughout the watershed. These wet habitats supported very
different vegetative communities than the drier portions of the landscape. Swamp loosestrife,
cattails, soft stem bulrush, marsh fern, marsh cinquefoil, pickerel weed, arrow arum, and sedges
dominated the marsh habitat throughout the watershed. Within the lake itself, common species
included pondweeds, spatterdock, white water lilies, watershield, eel grass, and coontail (Evermann
and Clark, 1920). Swamp habitat likely covered the scattered shallow depressions at higher
topographical elevations in the watershed. Typical dominant swamp species in the area included
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red and silver maple, green and black ash, and American elm (Homoya, 1985). Smallwood (1980)
adds swamp white oak to the list of dominants in swamp habitat throughout the county.
2.6 Endangered Species
The Indiana Natural Heritage Data Center Database provides information on the presence of
endangered, threatened, or rare species, high quality natural communities, and natural areas in
Indiana. The Indiana Department of Natural Resources (IDNR) developed the database to assist in
documenting the presence of special species and significant natural areas and to serve as a tool for
setting management priorities in areas where special species or habitats exist. The database relies on
observations from individuals rather than systematic field surveys by the IDNR. Because of this, it
does not document every occurrence of special species or habitat. At the same time, the listing of a
species or natural area does not guarantee that the listed species is currently present or that the listed
area is in pristine condition. The database includes the date that the species or special habitat was
last observed in a specific location.
Appendix H presents the results from the database search for the Lake Maxinkuckee watershed.
(For additional reference, Appendix H also provides a listing of endangered, threatened, and rare
species documented in Fulton and Marshall Counties.) The database records the presence or
historical presence of ten state endangered animal species including four birds and six reptiles: the
least bittern (Ixobrychus exilis), king rail (Rallus elegans), Virginia rail (Rallus limicola), marsh
wren (Cistothorus palustris), spotted turtle (Clemmys guttata), Kirtland’s snake (Clonophis
kirtlandii), Blanding’s turtle (Emydoidea blandingii), eastern massasauga (Catenatus sistrurus),
ornate box turtle (Emydoidea blandingii), and Butler’s garter snake (Thamnophis butleri). The
Virginia rail and marsh wren sightings are fairly recent (1994 and 1995, respectively), while the king
rail (1927), spotted turtle (1906), Kirtland’s snake (1906), Blanding’s turtle (1954), eastern
massasauga (1899 and 1900), ornate box turtle (1935), and Butler’s garter snake (1900) are older.
The least bittern has been spotted both recently (1995) and historically (1926). The database
contains four additional animal records, including two state species of special concern, the hooded
warbler (Wilsonia citrina) and cerulean warbler (Dendoica cerulea). Two species that are not listed
as endangered, threatened, or rare, but their rarity warrants concern are the Ohio lamprey
(Ichtymyzon bdellium) and the great blue heron (Ardea herodias).
The database also documents the occurrence of six state endangered plant species in the watershed.
Horse-tail spikerush (Eleocharis equisetoides), Fries’ pondweed (Potamogeton friesii), straight-leaf
pondweed (Potamogeton strictifolius), and hairy valerian (Valeriana edulis) are all state endangered
species. The horse-tail spikerush (1926), straight-leaf pondweed (1900), and hairy valerian (1920)
observations occurred early in the twentieth century. The pondweed listings are fairly recent (1999),
and the database places their occurrence throughout Lake Maxinkuckee. The database also includes
two state rare species, small white lady’s slipper (Cypripedium candidum) and slender pondweed
(Potamogeton pusillus). The database places the lady’s slipper near the southern portion of the lake,
while the pondweed was documented throughout Lake Maxinkuckee. The pondweed’s sighting is
fairly recent (1999); however, the observation of the lady’s slipper occurred in 1920.

35

2.7 Hydrology
As is characteristic of much of the glaciated portion of the state, hydrological features, including
streams, wetlands, and lakes, are important components of the Lake Maxinkuckee watershed
landscape. Three major inlets flow into Lake Maxinkuckee. These are Wilson Ditch, Curtiss Ditch,
and Kline Ditch. Wilson Ditch is the longest of the three channels measuring approximately 4.3
miles in length, while Curtiss Ditch (2.5 miles) and Kline Ditch (3.5 miles) are slightly shorter.
Vegetated wetlands cover approximately 5.2% of the watershed (Figure 10). Several ponds are
scattered throughout the watershed. One lake, Lake Maxinkuckee, exists within the watershed. Lake
Maxinkuckee is 1,854 acres in size with a mean depth of 24 feet and a maximum depth of 88 feet.
The lake is approximately 1.5 miles wide and 2.5 miles long. Combined, wetlands, ponds, and lakes
cover approximately 26.5% of the watershed (Table 4).
Table 4. Acreage and classification of wetland habitat in the Lake Maxinkuckee watershed.
Wetland Type
Lake
Herbaceous
Forested
Shrubland
Submergent
Ponds
Total

Area (acres)

Percent of Watershed

1886.7
207.7
202.7
15.9
3.1
27.9
2343.9

21.3%
2.3%
2.3%
0.2%
0.0%
0.3%
26.5%

Humans have altered many of the watershed’s natural hydrological features. Some portions of the
stream channels still maintain elements of their historical structure. Evermann and Clark (1920)
document three main stream channels flowing to Lake Maxinkuckee totaling approximately 6.5
miles or 34,320 linear feet in length. Current maps indicate that stream channels total approximately
56,460 linear feet or nearly 10.7 miles. An additional 4.2 miles of stream channel have been created
over the past 85 years. Evermann and Clark (1920) describe Wilson Ditch (Culver Creek) as a marsh
over two miles in length which flows generally southwest before entering Lake Maxinkuckee. An
additional two miles of stream channel, which forms the western branch of Wilson Ditch, was dug at
least partly through historical wetland areas. McDonald (1908) documents the installation of over
300 miles of drainage tile within the acreage owned by the H.H. Culver in order to drain and farm
the land. Curtiss Ditch (Aubbeenaubbee Creek) also originated as a wetland approximately two
miles from the lake. A mixture of sand and muck substrate covered the upper portion of the channel
bed, while muck substrate and marshy vegetation covered the lower portion of the channel. The
stream has been channelized to drain historical wetland areas. Kline Ditch (Norris Inlet) originated
as a small spring approximately two and one-half miles southeast of Lake Maxinkuckee and flowed
through a marsh immediately south of the lake. Like Wilson and Curtiss Ditches, Kline Ditch has
been channelized to drain wetlands.
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Figure 10. Wetland locations within the Lake Maxinkuckee watershed. Source: See Appendix G.
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Figure 11. Hydric soils in the Lake Maxinkuckee watershed. Source: See Appendix G.

In additional to stream channelization, the landscape has lost many of its wetlands. Figure 11
illustrates the extent of hydric soils in the watershed. Because hydric soils developed under wet
conditions, they are a good indicator of the historical presence of wetlands. Comparing the total
acreage of wetland (hydric) soils in the watershed (4,376 acres) to the acreage of existing
wetlands (490 acres) suggests that nearly 11% of the original wetland acreage exists today.
Wetland loss in the Lake Maxinkuckee watershed is fairly typical for the area.(The Indiana
Wetland Conservation Plan (IDNR, 1996) estimates that approximately 85% of the state’s
wetlands have been filled.) Much of the loss occurred along the current locations of Wilson,
Curtiss, and Kline Ditches.The LMEC and watershed residents have undertaken efforts to protect
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and restore wetland acreage.
2.8 Cultural Resources
Early settlers began arriving in the area over 200 years ago. Prior to European settlement, two bands
of Pottawatomie Indians, the Aubbeenaubbee and Menominee, lived in the Lake Maxinkuckee
watershed. Both bands were living in this region year-around, frequently camping along the shores
of Lake Maxinkuckee. Hunting, fishing, trapping, and gathering were a part of their culture;
however, they also cultivated gardens for certain staple products. They sustainably harvested
resources from the woods, wetlands, and prairies that covered the land around them. Ultimately, as
the European pioneers entered the region, the majority of Pottawatomie tribes departed the region.
By the mid-1830s, the tribes were relegated to their federally designated reservations in Kansas.
Fulton County was formed from a portion of Cass County in 1835 (Historic Landmarks Foundation,
1987), while settlers carved Marshall County from Saint Joseph County in 1836 (Chamberlain,
1849; Historic Landmarks Foundation, 1990). In 1838, Marshall County planners created Union
Township, the township which includes the Lake Maxinkuckee watershed, from the western section
of Green Township (MCCVB, 2004). Surveyors completed platting the Marshall County in 1878
(Smallwood, 1980). In 1839, Fulton County planners formed Aubbeenaubbee Township from the
western portion of Richland Township. However, the remoteness of the area and swampy land use
present throughout Aubbeenaubbee Township limited settlement of the area (Historic Landmarks
Foundation, 1987). Nonetheless, settlers began to inhabit the immediate vicinity of Lake
Maxinkuckee in 1836 (McDonald, 1908).
During the next forty years, pioneers in the Lake Maxinkuckee watershed began altering the natural
landscape in order to use the area surrounding the lake for agriculture (Historic Landmarks
Foundation, 1990). In an effort to cultivate the rich ground, forests were logged for their resources.
Concurrently, wetland and prairies were filled or cleared then plowed for cultivation and pasture
land. Many of the streams were channelized and wetlands drained. Over time, corn, soybeans, and
small grain production increased. In the early 1900s, nearly 93% of Marshall County was farmed
(Indiana Agricultural Statistics Service, 1999). Glimpses of the watershed’s early history can be seen
in the historic landmarks present throughout the area. Figure 12 maps some of these notable
landmarks, which include homes, churches, cemeteries, and farmsteads dating back to the early to
late 1800s and early 1900s. Three districts, the East Shore Historic District, the Culver Commercial
Historic District and the Forest Place Historic District are listed in the National Register of Historic
Places. The Woodbank Building (also known as Rasmussen Cottage) is also listed as a historic
place.
Online Reference:
http://nationalregisterofhistoricplaces.com/IN/Marshall/state.html
(Landmarks shown in Figure 12 and discussed in this section are of local historical significance as
indicated in works completed by the Historic Landmarks Foundation in 1987 and 1990.)
As individual’s efforts to clear areas for farming and urbanization throughout the county increased,
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including the areas around Lake Maxinkuckee. In 1836, the town of Maxinkuckee was established
east of Lake Maxinkuckee. Eight years later, Bayless Dickson platted Union Town along the
northern shoreline of Lake Maxinkuckee (Historic Landmarks Foundation, 1990). The plat
established the town in a manner that all areas of the town could enjoy a beautiful view of the lake
(MCCVB, 2004). The town has since been renamed three times: once called Marmont after a French
general and, in 1895, renamed Culver City, then eventually Culver, for Henry Harrison Culver (State
Legislature, 1938). The town grew steadily until 1884 when the Vandalia and the New York,
Chicago, St. Louis Railroads passed through town. The railroad brought many new people to the
area, and houses soon dotted the shoreline of Lake Maxinkuckee (McDonald, 1908). The railroad
provided easy access to the lake and helped to develop the area as a resort. Clubhouses, small
cottages, and rooming houses provided hospitality to visitors along the shore of the Lake
Maxinkuckee. By the early 1900s, Culver’s population had grown to 500. Historic accounts indicate
that the population numbered more than 2,000 individuals when daily trains brought passengers to
Lake Maxinkuckee (Historic Landmarks Foundation, 1990).

Figure 12. Historic sites and structures in the Lake Maxinkuckee watershed. Source: See Appendix G.

Over the next twenty years, Culver was the fastest growing town in Marshall County. A new train
depot, a Carnegie library, several houses, a post office, and newly bricked streets accompanied the
town’s growth (Historic Landmarks Foundation, 1990). Homes and vacation cottages were built
along the shores of Lake Maxinkuckee during this period of growth. Evidence of the area’s
commercial and residential growth spurt can be seen in the historic landmarks that survive today.
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Many historical structures are still present in the Culver Commercial Historical District and the
Culver Bungalow Historical District and are also scattered throughout the town and along the shores
of Lake Maxinkuckee. Figure 12 maps these two districts and some of these notable landmarks,
which include the Carnegie library, homes, churches, and commercial buildings dating back to the
early to mid 1900s.
Figure 12 also maps the Culver Military Academy Historic District. In 1894, Henry Harrison Culver
established Culver Military Academy on the northeastern shore of Lake Maxinkuckee. Culver
purchased 300 acres of land and, in 1894, built three buildings including a hotel and small cottage
(Historic Landmarks Foundation, 1990). The first buildings were destroyed in a fire in 1895.
Following this tragedy, permanent buildings using only steel, brick, stone, or iron were built on the
grounds (Historic Landmarks Foundation, 1990). The main barracks and west barracks built in 1895,
the cavalry school established in 1897, the dining hall built in 1910, and the gothic revival Culver
Memorial Chapel created as a tribute to graduates who served in World War II are just some of the
historical sites present on the campus. More than 85 historic sites including many of the early
buildings still exist on the property owned and maintained by Culver Academies (MCCVB, 2004).
2.9 Land Use
Figure 13 and Table 5 present current land use information for the Lake Maxinkuckee watershed.
Agricultural land uses dominate the Lake Maxinkuckee watershed. Row crop agricultural areas
cover approximately 27% of the watershed. Pasture occupies an additional 14% of the watershed.
An additional 7% of the watershed includes former pasture or row crop agricultural fields currently
enrolled in the Conservation Reserve Program (CRP). CRP is a program managed by the Natural
Resources Conservation Service designed to convert land in production to non-productive uses such
as trees, hay, or prairie. The natural landscape remains on a smaller portion in the watershed.
Forested land exists on approximately 15% of the watershed. Wetlands and open water cover nearly
24% of the watershed. (This number differs slightly from the one in the Hydrology section since
different data sources were utilized.) Most of the wetlands in the watershed lie along the southern
portion of the lake within the Lake Maxinkuckee Wetland Conservation Area. Lake Maxinkuckee
accounts for all of the open water acreage (22%). Developed areas, including Culver, Culver
Academies, and residences around the shoreline of Lake Maxinkuckee cover almost 13% of the
watershed. Most of the developed land use consists of low intensity residential land use and urban
parkland. In the Indiana Land Cover Data Set, the USGS defines high intensity residential areas as
areas with high entities of multi-family residences (apartment complexes, condominiums, etc.).
Hardscape covers approximately 80-100% of the landscape in the high intensity residential land use
category. Low intensity residential areas consist largely of single family homes and hardscape
covers only 30-80% of the landscape.
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Figure 13. Land use in the Lake Maxinkuckee watershed. Source: See Appendix G.
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Table 5. Detailed land use in the Lake Maxinkuckee watershed.
Row Crops
Open Water
Deciduous Forest
Pasture/Hay
Low Intensity Residential
Conservation Reserve Program
Urban Parks
Woody Wetlands
Emergent Herbaceous Wetlands
High Intensity Commercial
Prairie/Grassland
Evergreen Forest
High Intensity Residential

Area (acres)

Percent of Watershed

2,386.9
1,900.8
1,271.5
1,227.5
633.9
615.4
414.0
124.4
87.0
74.6
60.7
25.5

27.%
21.5%
14.4%
13.9%
7.2%
7.0%
4.7%
1.4%
1.0%
0.8%
0.7%
0.3%

24.5

0.3%

2.10 Land Ownership
Figure 14 presents land ownership information for the Lake Maxinkuckee watershed. Land
ownership data from the Culver Academies, the Indiana Department of Natural Resources, Mystic
Hills Golf Course, and the Lake Maxinkuckee Country Club form the basis of Figure 14. Nearly
12% of the Lake Maxinkuckee watershed (1,065 acres) is owned by the Culver Academies (Figure
14). Henry Harrison Culver purchased 40 acres of land in 1890. By 1894, Culver owned
approximately 300 acres. Currently, the Culver Academies own approximately 1,800 acres of land,
1,065 acres of which are located in and around the northern portion of the watershed (Figure 14).
The Culver Academies own the northeastern corner of the Lake Maxinkuckee shoreline. The Culver
Academies and its associated buildings, sport fields, and equestrian facilities; the Culver airport; and
residential housing facilities are all associated with and located on property owned by the Culver
Academies.
The Indiana Department of Natural Resources owns nearly 80 acres or approximately 1% of the
Lake Maxinkuckee watershed (Figure 14). This acreage consists of two parcels, the Lake
Maxinkuckee public access site located along the western shoreline and the Lake Maxinkuckee
Wetland Conservation Area (WCA) at the south end of the lake. The IDNR purchased the Lake
Maxinkuckee WCA in 1976 in order to provide a wetland filter for sediment and nutrients entering
the lake through Kline Ditch and to establish a public area for hunting, fishing, and trapping (IDNR,
unpublished). Habitat varies throughout the Lake Maxinkuckee WCA and includes upland areas
covered by a variety of grasses, shrubs, and trees; wetland areas in which an uncatalogued number of
flora and fauna reside; and a drainage ditch (Kline Ditch) which carries water into Lake
Maxinkuckee from the southern portion of the watershed. Active management has been limited to
surveying and posting property boundaries, periodic site inspections, water level manipulation, and
trash removal. Hunting, wetland trapping, hiking, mushroom hunting, berry picking, bird watching,
boating, canoeing, and hosting school field trips are all encouraged in the Lake Maxinkuckee WCA
(IDNR, unpublished).
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Figure 14. Tracts of land owned by the Indiana Department of Natural Resources, Culver Academies, Lake
Maxinkuckee Country Club, and Mystic Hills Golf Course. Source: See Appendix G.

2.11 Organizational Resources
The Lake Maxinkuckee Environmental Fund, Inc. (LMEF) is the legal entity of the sponsoring
organization and has a 501(c)(3) designation from the IRS, which means donation to the
organization may be tax deductible. The LMEF has conducted fundraising activities annually since
1991 to fund water quality improvements in the Lake Maxinkuckee watershed. In addition to the
local funding, the organization has and will look to outside sources to supplement project funding.
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For projects in the lake and in the watershed, the Lake and River Enhancement Program of the
Department of Natural Resources, and the Indiana Department of Environmental Management’s 319
Non-Point Source programs offer competitive grant programs. The Marshall County Community
Foundation is a potential funding source for smaller outreach projects and equipment needs.
Agriculture programs such as the Conservation Reserve Enhancement Program which assist farmers
in installing filter strips along ditches are available through the Marshall County Soil and Water
Conservation District. Contact information for these and other agencies is located in Appendix N.

3.0 HISTORIC AND BASELINE WATER QUALITY CONDITIONS
Data contained in this section documents current water quality conditions in the waterbodies of the
Lake Maxinkuckee watershed. These waterbodies are Lake Maxinkuckee itself and the tributaries to
Lake Maxinkuckee including the major tributaries, Wilson Ditch, Curtiss Ditch, and Kline Ditch,
and minor tributaries, the north shore tributary, Maxinkuckee Landing, and the south shore tributary.
Understanding the waterbodies’ current conditions will help watershed stakeholders set realistic
goals for future water quality conditions. This data will also serve as the benchmark against which
future water quality conditions can be compared to measure stakeholder success in achieving their
vision for the future of these waterbodies.
A variety of resources were reviewed to establish the existing or baseline water quality conditions
within the Lake Maxinkuckee watershed. In general, few studies have been completed on the
waterbodies in the Lake Maxinkuckee watershed. The U.S. Environmental Protection Agency
sampled Lake Maxinkuckee and its tributaries in the early 1970s. Lake Maxinkuckee Environmental
Council (LMEC) volunteers monitored the major and minor inlets to Lake Maxinkuckee from 1993
to 1999. The LMEC monitored Lake Maxinkuckee’s water clarity through the Indiana Clean Lakes
Volunteer Monitoring Program from 1995 to 2004. Indiana Clean Lakes Program staff assessed the
health of Lake Maxinkuckee on multiple occasions. The latest details for the 2004 assessment are
included below. IDNR Fisheries Biologists documented the fish and macrophyte communities on
several occasions including1965, 1975, 1983, 1984, 1995, and 2001. The LMEC initiated three
aquatic vegetation surveys in 1993, 1999 and 2004. JF New collected additional data from each of
the three major streams and three minor streams listed above during the summer of 2004 as part of
this plan’s development to supplement the existing data. The following paragraphs outline the
findings of these assessments.
3.1 USEPA Assessment
The U.S. Environmental Protection Agency sampled Lake Maxinkuckee and its tributaries as part of
their National Eutrophication Survey in the 1970s. The USEPA sampled many common parameters
such as dissolved oxygen, temperature, pH, total phosphorus, total Kjeldahl nitrogen, ammonianitrogen, nitrate-nitrogen, transparency, and chlorophyll a within various depths of Lake
Maxinkuckee. Based on these parameters, the lake was rated as mesotrophic or moderately
productive (USEPA, 1975). In general, total phosphorus concentrations were below the level (0.03
mg/L) at which eutrophication occurs in a lake system (Correll, 1998). The lake also possessed low
nitrogen and chlorophyll a concentrations and maintained good transparency throughout the three
sampling events.
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Additional samples were collected from the three major inlets streams, Wilson Ditch, Curtiss Ditch,
and Kline Ditch. Parameters sampled included: total suspended solids (TSS), nitrate-nitrogen (NO3N), ammonia-nitrogen (NH3-N), total Kjeldahl nitrogen (TKN), orthophosphorus (OP), and total
phosphorus (TP). None of the concentrations of the measured parameters exceeded the state
standards for water quality. (It is important to note that Indiana does not have a state standard for
each parameter measured by the USEPA during this sampling event.) The concentrations of two
parameters, nitrate-nitrogen and total phosphorus, were higher than desirable during a number of the
twelve monthly sampling events. Indiana does not have numeric criteria that target biotic health for
either of these parameters, but some potential management targets for ensuring stream health are 1.0
mg/L for nitrate-nitrogen (Ohio EPA, 1999) and 0.075-0.1 mg/L for total phosphorus (Dodd et al.,
1998; Ohio EPA, 1999; USEPA, 2000).
3.2 LMEC Volunteer Sampling Program
The LMEC Volunteers monitored the water quality of the three major and nine minor inlet streams
from 1993 though 1999. Volunteers collected water quality data three times annually for a variety of
parameters. Total phosphorus concentrations in all inlet streams were generally greater than levels at
which biotic impairment occurs (Ohio EPA, 1999). The north shore and south shore tributaries
generally possessed the highest total phosphorus concentrations of any of the streams sampled.
Nitrate-nitrogen concentrations were also elevated, but did not exceed Indiana state standards.
Likewise, E. coli concentrations were also elevated throughout the sampling period. The highest
concentrations were measured in minor tributaries which correspond with the north shore and south
shore tributaries sampled during the current study. E. coli concentrations ranged from 10 to 3,200
colonies/100 mL in the south shore tributary and from 0 to 3,600 colonies/100 mL in the north shore
tributary (JFNew, 1993; JFNew, 1995; JFNew, 1996; JFNew, 1997; JFNew, 1999).
3.3 Indiana Clean Lakes Volunteer Monitoring Program
The LMEC monitored Lake Maxinkuckee’s water clarity through the Indiana Clean Lakes Volunteer
Monitoring Program from 1995 to 2004. Citizen volunteers in the ICLVMP are trained by
ICLVMP staff to collect water clarity data from individual lakes on a biweekly basis (if possible)
throughout the summer months, typically from June through August. Water clarity data is measured
by the volunteer with a Secchi disk using the standard methodology employed by most lake
management professionals (Indiana Clean Lakes Volunteer Monitoring Program, 2001). Volunteers
monitored one site over the deepest part the lake once a month in June, July and August each year
for the CLP. See Appendix J for Secchi disk testing sites. The mean July/August Secchi
transparency (in feet) has ranged from 5.3 in 2002 to 9.1 in 1999. The median value for Indiana
lakes is 6.9 feet.
3.4 Lake Maxinkuckee Secchi Monitoring Program
In addition to sampling the one location for the Clean Lakes Program, an extensive secchi program
was developed on Lake Maxinkuckee during the 1980’s by Dr. Thomas Crisman, which has been
continued. Twenty-six sites have been monitored in addition to the one location for the CLP. This
program was designed to address whether, as suggested by Hamelink (1971), power boats
significantly alter water clarity and the impact of inflowing streams on water clarity.
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Secchi disk transparency in Lake Maxinkuckee in 1971 approximated that of 1907. Between 1971
and 1977, water clarity progressively declined, displaying a 25% reduction for the six year period.
The results of the 1984 and 1985 secchi disk monitoring programs suggest that water clarity did not
changed appreciably from1977 to 1985. The averages for 1984 and 1985 were 7.24 and 5.81 feet
respectively. (Crisman, 1986)
In 1999, Dr. Crisman and a graduate student reviewed Secchi disk transparency and other relevant
data gathered since the completion of his study in 1986 and the three constructed wetland treatment
systems. This review was aimed at determining what, if any, changes to the lake had occurred. His
study, presented in December of 2000, concluded water clarity increased at the mouths of the Kline
and Wilson Ditches, showing a statistically significant improvement in Secchi disk transparency of
at least 20 cm since wetland construction. In addition, the 1991 improvement to the sewage
treatment system for the Town of Culver improved water clarity at three of the five stations located
near Culver, in some cases water clarity increased over 30 cm. Water clarity of the lake as a whole
has improved. While the improvement is relatively small (8 cm), it is statistically significant.
(Crisman and Patterson, 2000)
3.5 Indiana Clean Lakes Program Monitoring
The Indiana Clean Lakes Program sampled Lake Maxinkuckee on August 16, 2004 using their
standard protocol. Program staff collected and analyzed samples for total phosphorus, soluble
reactive phosphorus, total Kjeldahl nitrogen, nitrate-nitrogen, ammonia-nitrogen, chlorophyll a,
transparency, and plankton. The data were then used to calculate the Indiana Trophic State Index
(ITSI) which assigns a numeric value to all lakes based on their relative water quality. The values
are then used to determine the trophic status or productivity of the lake. Lakes are then compared
across the state based on their ITSI score.
Lake Maxinkuckee is best classified as a mesotrophic lake. Mesotrophic lakes often exhibit
moderate water clarity and low to moderate nutrient concentrations. Lake Maxinkuckee’s nutrient
concentrations were lower than nutrient concentrations found in other mesotrophic lakes
(Vollenweider, 1975 and Carlson, 1977). Lake Maxinkuckee’s chlorophyll a (an indicator of algae)
concentration was also comparable to chlorophyll a concentrations found in other mesotrophic lakes
(Carlson, 1977). Similarly, Lake Maxinkuckee’s water clarity was on par with that found in many
mesotrophic lakes. Altogether, this data suggests that the lake is mesotrophic in nature.
While the data above suggest the lake is in moderate shape, a comparison of data collected from
Lake Maxinkuckee with selected water quality data from other Indiana lakes suggests Lake
Maxinkuckee is better than most Indiana Lakes. Table 6 presents a comparison of Lake
Maxinkuckee data to data collected from 1994 through 2004 by the Indiana Clean Lakes Program.
The CLP data summarized in the table are minimum, maximum, and median values obtained by
averaging the epilimnetic (surface water) and hypolimnetic (bottom water) pollutant concentrations
from each of the 456 lakes. At the time of sampling, Lake Maxinkuckee possessed better water
clarity and lower nitrate-nitrogen, ammonia-nitrogen, total Kjeldahl nitrogen, soluble reactive and
total phosphorus, and chlorophyll a concentrations than most lakes in Indiana. All of the nutrient
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concentrations measured in Lake Maxinkuckee suggest that it is typically free from nuisance algae
blooms. (Total phosphorus concentrations greater than 0.03 mg/L and inorganic nitrogen
concentrations greater than 0.1 mg/L are known to support algal blooms.) The lake’s low
chlorophyll a concentration suggests that the lake was not experiencing an algal bloom at the time of
the survey.
Table 6. Water quality characteristics of 456 Indiana lakes sampled from 1994 through 2004 by the Indiana
Clean Lakes Program compared to data collected from Lake Maxinkuckee by the Indiana Clean Lakes Program
on August 14, 2004.

Secchi Disk
(ft)

NO3-N
(mg/L)

NH3-N
(mg/L)

TKN
(mg/L)

SRP
(mg/L)

TP
(mg/L)

Chlorophyll a
(µg/L)

Minimum

0.3

0.01

0.004

0.230

0.01

0.01

0.013

Maximum

32.8

9.4

22.5

27.05

2.84

2.81

380.4

Median

6.9

0.275

0.818

1.66

0.12

0.17

12.9

Lake Maxinkuckee

7.8

0.013

0.343

0.816

0.010

0.023

2.71

3.6 Fisheries Reports
With the U.S. Bureau of Fisheries Survey of Lake Maxinkuckee from 1899-1914 which was
compiled by Evermann and Clark in 1920, Lake Maxinkuckee is fortunate to have a long history
of fish surveys which can be used to evaluate the status of the current fishery in the lake.
Fish surveys were conducted from 1899-1914 by the U.S. Bureau of Fisheries and in 1965, 1975,
1983, 1984, 1995, and 2001 by the Department of Natural Resources. Creel surveys (fisherman
catch) were conducted in 1985, 1988, 1990, 1991, 1996, 1999, and an ice fishing creel was
completed in 2004. Beginning in 1980 and continuing through 1990, walleye fry were stocked
yearly in the lake by the Indiana Department of Natural Resources Division of Fish and Wildlife
(Cwalinski, 1997) to enhance the sport fishing in the lake. A small walleye population existed in
the lake due to stocking in the late 1800’s. The 1980’s stocking has been successful. Lake
Maxinkuckee is one of three natural lakes in northern Indiana where extensive walleye
population research is conducted. Numerous walleye studies have been conducted with the most
recent in 2003. A 14” size limit for walleye was implemented in the fall of 1996.
While the more recent walleye stockings have been successful, not all attempts to manage the
sport fishery have been successful. Lake trout were stocked four times from 1890-1894;
however, not a single fish was taken by an angler. The demise of the lake trout was attributed to
the summertime hypolimnetic anoxia (deep water deoxygenation) that occurs in the lake each
year. Trout require cold well-oxygenated water (Evermann & Clark, 1920). Between 1889 and
1913 a total of 34,138,830 fish were stocked in Lake Maxinkuckee. The species and numbers
are shown in Table 7. (Evermann & Clark, 1920)
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Table 7. Fish stockings in Lake Maxinkuckee between 1889 and 1913

Species
Lake Trout
Pike Perch
Black Bass, both species
Warmouth Bass
Crappie
Yellow Perch
Catfish
TOTAL

Number stocked
10,587
34,100,000
18,558
400
3,200
385
5,700
34,138,830

At the turn of the century the fish community was dominated by yellow perch and blue gill with
rock bass being the principal subdominate. In the 1965 and 1975 surveys yellow perch was the
dominant species, as it had been at the turn of the century. In the 1983 and 1984 surveys yellow
perch slipped from being the most dominant to the third most dominant. This declined was
attributed to increased predation pressure associated with the introduction of walleyes starting in
1980. As Lake Maxinkuckee becomes more eutrophic, the decline of the perch population could
be beneficial for the lake. Perch prey on large zooplankton (microscopic animals). With fewer
perch there is more zooplankton. Zooplankton feed on algae (microscopic plants) and when
there is more zooplankton there will be less algae. Less algae provide better recreational
potential for the lake. Enhanced zooplankton populations have proven effective at eliminating
algal blooms in spite of high nutrient levels (Crisman, 1986).
An abundance of carp and shad are characteristic of eutrophic lakes. Gizzard shad are of
concern because an important part of their diet is algae. Shad feed by filtering water through
their gills and ingesting the collected algae; however, the fish are unable to digest blue-green
algae which are passed through the gut alive. Once shad are established in a lake, they promote
dominance of blue-green species of algae. Carp are undesired because they mix bottom
sediments during feeding activities, enhancing phosphorus release to the water column.
Gizzard shad and carp were not in the lake at the turn of the century. Carp established a
population around 1905. Gizzard shad were reported in the lake in the 1965-1984 surveys. At
this time, the shad and carp populations are not considered a problem as their populations remain
a small percentage of the overall fish population, but further eutrophication of the lake could
encourage population growth and should be watched.
Smallmouth bass, another popular sport fish, dominated the catch in the 2000 fish survey. Lake
Maxinkuckee smallmouth bass growth rates continue to be above average compared to
smallmouth bass in Indiana rivers.
Overall the composition of species of the fish community of Lake Maxinkuckee has not changed
much since the turn of the century. Instead the relative dominance ordering has changed in
response to increasing trophic state and an alteration in predation intensity associated with the
walleye stocking program.
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Appendix K lists the fish surveys.
3.7 Aquatic Vegetation
Regarding aquatic vegetation, again, Lake Maxinkuckee has numerous studies dating back to
1900. Aquatic vegetation surveys were conducted 1900, 1920, 1993, and 1999. The presence of
aquatic plants has many advantages including stabilizing sediments and shoreline, decreasing
erosion and turbidity, uptake of chemical toxins and excess nutrients, oxygen input into the lake,
and they provide habitats for invertebrates, such as snails and crayfish, and breeding areas for
fish. Invertebrates are the staple diet of many small gamefish which are in turn food to larger
fish. Healthy invertebrate populations are necessary for stable and expanding populations of
important game fish.
The first two studies of the lake’s flora were conducted by governmental agencies. Both these
vegetation studies occurred over a long period of time while the U. S. Fisheries Bureau
maintained a station at Lake Maxinkuckee. Unfortunately, budget constraints today do not
allow for such longitudinal studies. However, the extensive data from U.S. Geological Report
(1900) and Evermann and Clark’s (1920) study serves as a comparison with more recent aquatic
vegetation surveys. This comparison allows for identification of trends in the plant community.
In 1900, as part of the State Geologists Report, over 200 species of plants were identified in
Lake Maxinkuckee growing below the high water mark, 61 of those species were aquatic
vascular plants. The 1920 Evermann and Clark volumes compile data gathered from 1899 to
1914 including observations of the lake’s flora over many seasons. One interesting comment
was the lake became markedly more weedy than it was at the beginning of the study. Dr.
Scovell, who worked on the State Geologists Report is quoted as saying “Out to a depth of 25
feet the lake abounds in vegetation.” The increasing weediness was attributed to two possible
factors: 1) the removal of protecting trees opened the lake more to the sweep of winds which
disseminates the under-water plants and 2) the reduction in waterfowl fowl. Formerly immense
flocks of coots and ducks made great raids on some of the water plants. The birds uprooted the
plants before they ripened or set seed and therefore kept the growth of plants in check. Without
the water fowl predation, the plants grew unimpeded. (Evermann and Clark, 1920) No reason is
given for the reduction of waterfowl at the lake. A note of interest is a dam was placed at the
outlet to the lake the summer of 1906.
The current distribution of aquatic plants appears much different than the description of the early
1900’s. Since no official aquatic plant surveys occurred between 1914 and 1993, an exact
timeframe for plant community change cannot be determined.
No formal aquatic vegetation survey was conducted for the 1986 Crisman Report, however, there
is some discussion that included a reference to a 1965 Indiana Department of Natural Resources
fish survey which noted most macrophytes displayed a scattered distribution and were generally
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limited to water less than 25 feet deep. A letter dated February 10, 1985 from Dr. Scott Holaday,
botanist at Texas Tech University and a former lake resident, is also mentioned. Dr. Holaday
noted the exotic species Myriophyllum spicatum (Eurasian Watermilfoil) was not in the lake in
1900, but has become established and currently dominates most of the weed beds in the lake,
especially at the southeastern corner of the lake. Macrophyte beds often develop in lakes
immediately offshore from major sources of nutrient input. The southeastern inlet (now known
as the Kline Ditch) was a major nutrient source for the lake at the time (1985), contributing 2027% of the total phosphorus input and where a rich macrophyte bed established immediately
offshore.
The 1993, 1999 and 2004 aquatic vegetation surveys were initiated by the Lake Maxinkuckee
Environmental Council with the understanding that information on the identity, distribution and
abundance of aquatic plants can be useful in the context of evaluating ecosystem integrity and
developing lake management strategies.
A summary of the 1993 report showed 29 species of aquatic plants and one dominant
macrophytic species of algae. Relative to the size of the lake, species diversity and abundance
was lower than expected. The small number of aquatic plants is likely a result of a combination
of physical factors that have prevented the establishment of many plants into more extensive
populations, such as shoreline development, boat traffic and ice scouring. (New, 1993)
In 1993 the most common submergent aquatic plant throughout the lake was Chara globularis, a
macrophytic algal species known for its ability to form thick mats on the bottom of lakes at
depths up to 25 feet. This species requires less light than other species in the lake, seldom grows
to more than one and half feet and does an excellent job of stabilizing sediments. In water
exceeding 10 feet the most common aquatic plant species was Eurasian watermilfoil. Eurasion
watermilfoil is a non-native noxious weed which was has been spreading through Indiana lakes.
Eurasian watermilfoil begins to grow earlier in the season than native plants and continues
growing later in the year. It can form dense mats which shade out and replace native plants
producing a monoculture. Decaying mats of Eurasion watermilfoil also reduce oxygen levels in
the water. While in many Indiana lakes Eurasian watermilfoil creates considerable problems, it
has not historically been a problem in Lake Maxinkuckee.
The Kline Ditch outlet showed the highest diversity and abundance of aquatic plants. This area
has the most organic sediments of any site samples, likely from the extensive marsh area. From
the Culver Marina area as far as the Culver Academies Woodcraft swimming pier there is little
or no shallow water aquatic vegetation and virtually no noteworthy shallow water vegetation
exists heading west of the Academies until the public access site. (New, 1993)
In the 1999 survey 31 aquatic vascular plants were recorded, compared to the 61 species
identified in the Evermann and Clark survey (1920). Compared to the 1993 survey the most
pronounced change was the decrease in abundance of Eurasian watermilfoil which was far more
wide spread in 1993. This decrease could be attributed to a couple of factors. First, the 3
constructed wetlands were built on the major tributaries to reduce nutrient loading to the lake.
Eurasian watermilfoil tends to prefer eutrophic lakes, out-competing native species as nutrient
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loading increases. Second, zebra mussels were discovered in the lake in 1995 and they rapidly
spread throughout the lake. Zebra mussels filter large volumes of water and can reduce nutrients
in a water body. The resulting increase in water clarity has been strongly correlated with
reductions in Eurasian watermilfoil and increase in aquatic plant diversity. (Scribailo, 1999) The
study also noted there is very little aquatic plant growth out to a distance of 50 feet or greater
from the shoreline.
Appendix K lists the 1900, 1920, 1993, and 1999 aquatic plant inventories.
3.8 Historic In-lake Water Quality Data
As described in the previous sections, a variety of water quality data was collected from Lake
Maxinkuckee over the past 100 years. Much of this data was collected in various manners, which
can make comparison across the years somewhat difficult. With this in mind, a sub-sampling of
available water quality data is listed in Table 8.
Table 8. Summary of historic data for Lake Maxinkuckee.

Date

9/20/07
9/24/07
6/7/65
7/27/70
9/9/70
5/2/73
8/13/73
10/13/7
3
6/2/75
7/22/75
8/3/75
7/1/77
7/20/77
7/22/77
8/3/77
8/25/77
9/7/77
7/24/78
7/31/78
8/14/78
8/28/78
9/6/83
7/17/84
8/31/84
1984*
1985*
7/1/93

Secchi
(ft)
9.0
----11.0
7.5

Percent
Oxic
44%
27%
34%
41%
41%
---

Mean TP
(mg/L)
0.011
----0.022
0.014

Plankton
Density (#/L)
--------

TSI Score
(based on means)
--------

Chl a
(mg/L)
-----4.7
5.7

7.0

--

0.031

--

--

5.9

USEPA, 1976

--------7.5
-------7.24
5.81
7.2

85%
34%
34%
33%
15%
55%
8%
33%
-47%
45%
39%
34%
28%
34%
43%
--40%

-----0.010
--0.010
---------0.010

------------------1,083

------------------18

--------------------

Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
USEPA Storet
Crisman, 1986
Crisman, 1986
USEPA Storet
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
Crisman, 1986
CLP, 1993

Data Source
Evermann and Clark, 1920
Evermann and Clark, 1920

Crisman, 1986
Crisman, 1986
Crisman, 1986
USEPA, 1976
USEPA, 1976
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8/8/95
8/11/98
8/16/04

9.5
6.9
7.8

36%
32%
44%

0.020
0.022
0.023

806
1,731
806

13
17
16

2.84
3.34
2.71

CLP, 1995
CLP, 1998
CLP, 2004

*Summer averages for 22 stations throughout the lake from Crisman, 1986.

Fluctuations in transparency are normal within Lake Maxinkuckee as demonstration by this longterm data and by Crisman (1986) for data collected at more than 20 sites throughout the lake. There
is no apparent trend in lake transparency within Lake Maxinkuckee. Secchi disk transparency
measurements declined from 9 feet in 1907 to a mid-summer average of 5.8 in 1984. Crisman (1986)
noted a 25% decline in water clarity from 1971 to 1977 and indicated that water clarity had not
improved from 1977 to his sampling in 1984. Crisman (1986) describes the 1984 and 1985 averages
as average values for all 22 monitoring stations throughout the lake. The report further details
improvements in water clarity at increasing distances from the shoreline. The mid-lake average for
1984 measured 11.2 feet, which is the best transparency documented in Lake Maxinkuckee.
Transparency levels have fluctuated since 1984 reaching a mid-lake low of 6.9 feet in 1998.
Transparency improved during the 2004 assessment measuring 7.8 feet. Furthermore, all recorded
transparencies exceed the transparency measured in most Indiana lakes (6.9 feet).
The same holds true for dissolved oxygen levels within Lake Maxinkuckee. A variety of sources
document low oxygen levels in Lake Maxinkuckee’s hypolimnion. There is no apparent trend in this
data. The poorest dissolved oxygen level was recorded in August 1977 with minimal oxygen present
below 7 feet. The best dissolved oxygen level was observed in July 1977 where oxygen was present
to a depth of 45 feet. Evermann and Clark (1920) noted long periods of anoxia within Lake
Maxinkuckee annually during the fall. Crisman (1986) hypothesized that the morphometry of the
lake basin limited the ability of the lake to undergo fall overturn. This effectively minimizes the
ability for the whole lake to mix, rather mixing occurs in the deep pockets of the lake on an
individual basis much earlier than whole lake mixing occurs. Nonetheless, no apparent change in
dissolved oxygen levels can be observed in Lake Maxinkuckee.
Total phosphorus concentrations also exhibit the fluctuations observed in the transparency and
dissolved oxygen data. Total phosphorus concentrations were low in 1907 measuring only 0.011
mg/L (Evermann and Clark, 1920). Concentrations increased reaching their highest observed levels
in October 1973 measuring 0.031 mg/L. Concentrations measured 0.010 mg/L during the 1977 and
1993 assessments conducted by the Indiana Department of Environmental Management and the
Indiana Clean Lakes Program, respectively. Total phosphorus concentrations doubled from 1993 to
1995 (0.020 mg/L) and have remained at this level during the past three Clean Lakes Program
assessments (1995, 1998, and 2004). Crisman (1986) suggested that the 0.023 mg/L level observed
in Lake Maxinkuckee during the summer of 1973 were the stable level at which Lake Maxinkuckee
would reside.
It should be noted that elevated total phosphorus concentrations do not correspond with poor
transparency measurements or larger percentages of the water column containing low levels of
dissolved oxygen. There is, however, a general pattern between water transparency and plankton
density. Transparencies are typically poorer in Lake Maxinkuckee when plankton densities are
higher.
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The highest density plankton (1,731 colonies/100 mL) corresponds with the poorest transparency
recorded (6.9 feet). Likewise, the lowest density plankton (806 colonies/100 mL) occurred during
the highest transparency measurement (9.5 feet). Chlorophyll a concentrations also follow this same
pattern in that the highest plankton density, highest chlorophyll a concentration, and poorest Secchi
disk transparency all occur during the same sampling event. This suggests that algal turbidity affects
water transparency in Lake Maxinkuckee more than non-algal turbidity.
Historical data collected from within Lake Maxinkuckee does not provide a clear trend towards
improving or declining water quality. However, in-lake phosphorus concentrations have increased
over time suggesting that nutrient levels are higher in Lake Maxinkuckee than those historically
observed. Based on calculations using the Vollenweider (1975) model (see Section 3.14), a majority
of the phosphorus entering the lake comes from external sources. However, internal phosphorus
loading increased over time accounting for a larger percentage of the total. Water quality data
indicate that the effect of increasing total phosphorus concentrations has not yet become apparent.
This may be due in part to the lake’s extremely large volume (55,042,000 m3; USEPA, 1976), long
retention time (6.7 years; USEPA, 1976), and/or the relatively small watershed area to lake area ratio
(4.6:1). The lake’s retention time means that Lake Maxinkuckee’s water is entirely replaced every
6.7 years. Based on this calculation, only 15% of Lake Maxinkuckee’s volume is replaced on an
annual basis. Due to the small watershed area to lake area ratio (4.6 acres of watershed drain to each
acre of lake), nutrient and sediment controls implemented in the watershed should result in vast
improvements in water quality within the lake.
3.9 JFNew Watershed Stream Sampling
To supplement the base of existing data, JFNew collected water chemistry, biological community,
and physical habitat data from each of the three major watershed streams: Wilson Ditch, Curtiss
Ditch, and Kline Ditch and Maxinkuckee Landing and collected water chemistry data for two
remaining (Maxinkuckee Landing is considered a minor tributary) minor tributaries: the north shore
tributary and the south shore tributary. With the exception of Wilson and Curtiss Ditches, one
sampling station was located on each stream (Figure 15). JFNew biologists conducted
macroinvertebrate and habitat assessments at separate locations from the chemical collection sites
for Wilson and Curtiss Ditches. Macroinvertebrate and habitat assessments occurred upstream of the
constructed wetland on Curtiss Ditch and upstream of State Road 10 on Wilson Ditch to reduce the
negative impact of poor habitat on the streams’ biotic communities. Water chemistry samples were
collected three times from each stream, once following a storm event to capture a runoff event and
twice following a period of little precipitation to serve as the “normal” stream condition. For each of
streams where biological community and physical habitat assessments occurred, these were
conducted once in mid-late summer. The stream sampling quality assurance/quality control
procedures are referenced in the project’s Quality Assurance Project Plan (QAPP). Appendix P
contains the project QAPP. Tables 9 through 12 present the raw data collected during the stream
assessments in tabular form. Appendix L presents the data in graphical form. Sampling location
coordinates are also contained in Appendix L.
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Figure 15. Stream sampling locations. Source: See Appendix G. Scale: 1”=4,000
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Table 9. Physical parameter data collected during base and storm flow sampling events in the Lake Maxinkuckee
watershed waterbodies on June 1, July 21, and September 8, 2004.
Cond
Stream
Flow
Temp
DO
Turb
Site
Date
Event
% Sat pH
Name
(cfs)
(deg C) (mg/L)
(NTU)
(µs/cm)
6/1/2004
storm
0.25
14.7
7.9
77.7
7.2
-1.7
North Shore
1
------7/21/2004
base
-Tributary
9/8/2004
base
0.01
16.3
7.6
77.7
8.3
1437
4.6
6/1/2004
storm
5.63
16.0
8.9
90.1
7.4
-14
2
Wilson Ditch 7/21/2004
base
0.37
19.3
8.5
87.6
7.6
-4.1
9/8/2004
base
0.83
15.9
7.8
79.7
7.9
712
3.6
6/1/2004
storm
1.45
15.9
8.9
90.3
7.5
-10.5
Maxinkuckee
3
7/21/2004
base
0.29
18.1
9.4
100.6
7.6
-16.0
Landing
9/8/2004
base
0.37
16.1
6.7
68.3
8.3
779
3.9
6/1/2004
storm
7.49
18.0
5.5
57.4
7.3
-3.6
4
Curtiss Ditch 7/21/2004
base
0.24
24.8
7.8
104.2
7.7
-2.9
9/8/2004
base
0.02
19.2
6.4
69.9
7.7
653
3.8
6/1/2004
storm
5.55
17.9
6.7
70.4
7.1
-26
5
Kline Ditch 7/21/2004
base
0.39
21.1
7.3
81.6
7.0
-2.8
9/8/2004
base
1.59
16.7
5.6
56.9
7.6
659
1.6
6/1/2004
storm
0.50
16.0
8.6
87.1
7.4
-14
South Shore
----6
7/21/2004
base
---Tributary
9/8/2004
base
0.02
16.1
8.7
87.9
8.3
628
5.8
Table 10. Chemical and bacterial characteristics of the Lake Maxinkuckee watershed waterbodies on June 1, July
21, and September 8, 2004.
NO3-N
TKN
SRP
TP
TSS
E. coli
Stream
NH3-N
Site
Date
Event
(mg/L)
(mg/L)
(mg/L) (mg/L) (mg/L) (mg/L) (col/100 mL)
Name
6/1/2004
storm
0.200
0.733
1.347
0.068
0.117
3.5
440
North Shore
1
-7/21/2004
base
------Tributary
9/8/2004
base
0.018
0.237
0.873
0.136
0.212
12.0
920
6/1/2004
storm
0.176
5.150
1.959
0.038
0.117
27.7
1900
2
Wilson Ditch 7/21/2004
base
0.08
0.627
0.395
0.024
0.068
4.5
450
9/8/2004
base
0.018
0.571
0.593
0.028
0.052
1.8
446
6/1/2004
storm
0.192
7.990
0.871
0.051
0.093
14.7
3200
Maxinkuckee
3
7/21/2004
base
0.054
0.307
0.385
0.024
0.088
121.6
540
Landing
9/8/2004
base
0.022
0.994
0.415
0.027
0.054
23.3
1270
6/1/2004
storm
0.056
0.440
1.096
0.061
0.093
0.75
430
4
Curtiss Ditch 7/21/2004
base
0.027
0.018
0.579
0.04
0.095
4.3
112
9/8/2004
base
0.018
0.068
0.750
0.034
0.111
6.5
390
6/1/2004
storm
0.164
5.907
2.587
0.110
0.183
24.3
630
5
Kline Ditch 7/21/2004
base
0.025
0.858
0.505
0.027
0.074
6.3
1800
9/8/2004
base
0.018
1.688
0.727
0.037
0.069
7.1
320
6/1/2004
storm
0.095
1.259
2.127
0.122
0.202
20.3
13000
South Shore
6
7/21/2004
base
-------Tributary
9/8/2004
base
0.018
0.698
0.519
0.099
0.135
29.5
62
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Table 11. Chemical loading data for Lake Maxinkuckee watershed waterbodies on June 1, July 21, &September 8, 2004.

Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

NH3-N
Load
(kg/d)
0.122
-0.000
2.416
0.073
0.037
0.678
0.039
0.020
1.017
0.016
0.001
2.219
0.024
0.070
0.117
-0.001

NO3-N
Load
(kg/d)
0.448
-0.006
70.895
0.570
1.158
28.248
0.221
0.892
8.065
0.010
0.003
80.104
0.822
6.563
1.552
-0.039

TKN
Load
(kg/d)
0.823
-0.023
26.962
0.359
1.203
3.079
0.278
0.372
20.088
0.336
0.038
35.083
0.484
2.826
2.621
-0.029

SRP
Load
(kg/d)
0.042
-0.004
0.523
0.022
0.057
0.180
0.017
0.024
1.118
0.023
0.002
1.492
0.026
0.144
0.150
-0.006

TP
Load
(kg/d)
0.072
-0.006
1.611
0.062
0.106
0.329
0.063
0.048
1.705
0.055
0.006
2.482
0.071
0.268
0.249
-0.008

TSS
Load
(kg/d)
2.139
-0.320
381.044
4.093
3.724
52.151
87.711
20.864
13.746
2.509
0.334
329.930
6.067
27.700
25.053
-1.659

Table 12. Areal loading of sediment and nutrients for base and storm flow sampling events in the Lake Maxinkuckee
watershed waterbodies on June 1, July 21, and September 8, 2004.

Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

NH3-N
Load
(kg/ha-yr)
0.533
-0.021
1.419
0.427
0.215
6.397
3.675
1.862
0.651
0.100
0.006
1.200
0.130
0.378
1.362
-0.118

NO3-N
Load
(kg/ha-yr)
1.957
-0.276
41.629
3.349
6.799
266.492
20.891
84.149
5.160
0.067
0.022
43.323
4.448
35.492
18.041
-4.564

TKN
Load
(kg/ha-yr)
3.595
-1.016
15.832
2.110
7.065
29.045
26.199
35.133
12.852
2.147
0.246
18.1976
2.618
15.282
30.480
-3.394

SRP
Load
(kg/ha-yr)
0.182
-0.158
0.307
0.128
0.334
1.701
1.633
2.286
0.715
0.148
0.011
0.807
0.140
0.778
1.748
-0.647

TP
Load
(kg/ha-yr)
0.312
-0.247
0.946
0.363
0.620
3.102
5.988
4.571
1.091
0.352
0.036
1.342
0.384
1.451
2.895
-0.883

TSS Load
(kg/ha-yr)
9.343
-13.966
223.748
24.035
21.868
491.988
8274.655
1968.264
8.795
16.054
2.135
178.437
32.814
149.812
291.320
-192.909
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3.9.1 Wilson Ditch
In general, water quality was relatively good in Wilson Ditch, although some parameters were of
concern. During both base flow and storm flow conditions, none of the samples violated the Indiana
state standards for temperature, dissolved oxygen, pH, conductivity, nitrate-nitrogen, or ammonianitrogen concentrations. These results are consistent with historical data collected by the USEPA
(1975) and LMEC Volunteers (JFNew, 1993; 1995-1999). The evaluation of Wilson Ditch’s
physical habitat indicated that the ditch exceeded the threshold at which IDEM typically considers a
stream to be “fully supportive” of its aquatic life use designation. However, the biological
community assessment indicated that the ditch fell short of the threshold level set by IDEM for the
ditch’s aquatic life use designation. Wilson Ditch received the highest habitat score of any of the
streams in the Lake Maxinkuckee watershed (Figure 16). The stream rated a QHEI score of 66. The
ditch received a mIBI score of 1.6 which is the lowest of any of the Lake Maxinkuckee streams. This
score places the stream below the “non-supporting”-“partially supporting” threshold boundary. This
score places the ditch in the severely impaired category.

Figure 16. Typical habitat present in Wilson Ditch.

The 2004 sampling of Wilson Ditch highlighted a few areas of concern. First, the ditch exhibited E.
coli concentrations above the Indiana state standard of 235 cfu/100mL during both the storm flow
and base flow sampling events. While exceeding the state standard is of concern, the concern should
be tempered by the fact that the E. coli concentrations observed in Wilson Ditch were below the
average E. coli concentration typically found in Indiana streams. In reviewing ten years worth of
data from Indiana fixed monitoring stations, White (unpublished) found the average E. coli
concentration in Indiana streams to be approximately 650 cfu/100mL. The E. coli concentrations
measured during the 2004 water quality assessment were generally consistent with concentrations
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measured in Wilson Ditch by LMEC Volunteers (JFNew, 1993; 1995-1999). Also of concern are
Wilson Ditch’s nitrate-nitrogen and total phosphorus concentrations. While the nitrate-nitrogen
concentrations did not exceed the state standard, both the nitrate-nitrogen and total phosphorus
concentrations during storm flow conditions were above the concentration recommended by the
Ohio EPA to protect aquatic life. (In a study correlating nutrient concentrations to biotic health, the
Ohio EPA (1999) recommended keeping nitrate-nitrogen concentrations below 1.0 mg/L and total
phosphorus concentrations below 0.1 mg/L in most streams to protect aquatic life.) Additionally,
nitrate-nitrogen concentrations during storm flow were above the 3-4 mg/L concentration at which
the Ohio EPA found a definite correlation with impaired biotic health (Ohio EPA, 1999). Nitratenitrogen and total phosphorus concentrations measured during the 2004 water quality assessment
were also consistent with concentrations measured by the USEPA (1976) and LMEC Volunteers
(JFNew, 1993; 1995-1999).
Wilson Ditch also exhibited elevated pollutant loads relative to other streams during both base and
storm flow sampling. Wilson Ditch possessed the highest ammonia-nitrogen and total suspended
solids loads during the storm flow event and the second highest nitrate-nitrogen, total Kjeldahl
nitrogen, soluble reactive phosphorus, and total phosphorus loads during at least one of the base
flow events. The elevated (relative to other watershed streams) total suspended solids loading rate
suggests that the stream may carry a significant suspended solids load and/or stream erosion during
storm flow may be a considerable source of sediment in the ditch. Wilson Ditch also exhibited the
second highest ammonia-nitrogen areal loading rate during the storm flow event and the first base
flow event. (Areal loading rate is the pollutant loading rate divided by drainage area. This allows
for a comparison of loading rates in different sized drainages. Normally, pollutant loading rates in
larger drainages are expected to be higher than the pollutant loading rates in smaller drainages.)
3.9.2. Maxinkuckee Landing
Although temperature, dissolved oxygen, pH, conductivity, nitrate-nitrogen, and ammonia-nitrogen
concentrations measured in Maxinkuckee Landing did not violate any Indiana standards,
Maxinkuckee Landing exhibited some of the poorest water quality observed in any of the six
watershed streams. The stream possessed nitrate-nitrogen concentrations during storm event and
total phosphorus concentrations during both base and storm flow that exceed the level at which the
Ohio EPA indicate that biota are impaired. Total phosphorus concentrations measured by LMEC
Volunteers were consistent with concentrations observed during 1997 and 1999 water quality
assessments (JFNew, 1997; 1999). The total suspended solids concentration measured during the
July base flow sampling effort was elevated (129 mg/L) exceeding the level at which suspended
solids concentrations become deleterious to aquatic biota (Waters, 1995). All other TSS
concentrations were within normal levels for Indiana streams. These TSS concentrations are
consistent with historic TSS concentrations (USEPA, 1976; JFNew, 1993; 1995-1999). The E. coli
concentrations in Maxinkuckee Landing were four to ten times higher than the state standard and
two to five times higher than the average E. coli concentration in Indiana streams. These
concentrations are similar to those measured by volunteers in the 1990s where E. coli concentrations
ranged from 210 to 2000 colonies/100 mL (JFNew, 1993; 1995-1999).
Maxinkuckee Landing also possessed the highest total suspended solids loading rate during the July
base flow sampling event, and the second highest ammonia-nitrogen and total suspended solids
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loading rates during the July base flow event, and the second highest ammonia-nitrogen and total
phosphorus loading rates during the September base flow sampling event. When normalized for
area, Maxinkuckee Landing possessed the highest loading rates for all parameters during both base
flow events and the highest ammonia-nitrogen, nitrate-nitrogen, total phosphorus, and total
suspended solids loading rates during the storm event. Finally, the biological and physical habitat
(Figure 17) assessments indicated impairment of these components of the ecosystem. Maxinkuckee
Landing received the second lowest mIBI score (2.2) placing the stream in the moderately impaired
category. The stream’s habitat was poor receiving a QHEI score of 35. Both of these scores suggest
that the stream is non-supporting of its aquatic life use designation.

Figure 17. Typical habitat present in Maxinkuckee Landing.

3.9.3 Curtiss Ditch
Like Wilson Ditch, for many of the parameters measured, Curtiss Ditch exhibited relatively good
water quality. None of the temperature, dissolved oxygen, pH, conductivity, nitrate-nitrogen, or
ammonia-nitrogen measurements violated Indiana state standards. These results are consistent with
concentrations measured by the USEPA (1976) and LMEC Volunteers (JFNew, 1993; 1995-1999).
However, dissolved oxygen was low during the 2004 water quality assessment exhibiting
undersaturated conditions (57%) during the September base flow sampling event. When a stream is
less than 100% saturated with oxygen, decomposition processes within the stream may be
consuming oxygen more quickly than it can be replaced and/or flow in the stream is not turbulent
enough to entrain sufficient oxygen. As flow through Curtiss Ditch is relatively slow, it is likely that
low saturation results from a combination of both of these factors. Conversely, Curtiss Ditch
exhibited supersaturated (104%) conditions during the July base flow sampling event. Based on the
amount of algal growth observed in the stream during sampling, it is likely that supersaturated
conditions present in Curtiss Ditch during the July event are likely due to photosynthetic activity at
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this site. Additionally, Curtiss Ditch possessed the lowest nitrate-nitrogen concentrations of any of
the streams during both base and storm flow event sampling. The restored wetland located upstream
of the sampling site likely plays a part in the low nitrate-nitrogen concentrations observed in Curtiss
Ditch.
Curtiss Ditch also exhibited a few characteristics of concern. During both base and storm flow
conditions, the ditch’s total phosphorus concentration exceeded the concentration at which the Ohio
EPA found a definite correlation with impaired biotic health (Ohio EPA, 1999). Total phosphorous
concentrations also exceeded the levels at which streams are rated as eutrophic or highly productive
(Dodd et al., 1998). These exceedences are consistent with historic measurements (USEPA, 1976;
JFNew, 1993; 1995-1999). Additionally, total and soluble reactive phosphorus and total Kjeldahl
nitrogen concentrations were the highest of any of the streams during the July base flow sampling.
Curtiss Ditch also possessed E. coli concentrations during all three sampling efforts that exceeded
the state standard of 235 cfu/100mL. E. coli concentrations measured during the current assessment
concur with those observed historically in Curtiss Ditch (USEPA, 1976; JFNew, 1993; 1995-1999).
Curtiss Ditch possessed the second highest soluble reactive and total phosphorus loading rates
during the storm event and the second highest soluble reactive phosphorus loading rates during the
July base flow event. When drainage size is normalized, Curtiss Ditch contained the second highest
soluble reactive phosphorus loading rate during the September base flow event. This suggests that
phosphorus reduction techniques should be the focus when targeting management actions in this
subwatershed. Finally, Curtiss Ditch received the lowest QHEI score (31) and the second lowest
mIBI score (2.2) of any of the streams in the Lake Maxinkuckee watershed (Figure 18). IDEM
considers streams with QHEI scores under 51 non-supportive and mIBI scores between 2 and 4 to
be partially supportive of their aquatic life beneficial use. This suggests that IDEM would consider
Curtiss Ditch to be non-supporting to partially supporting for its aquatic life use designation. Curtiss
Ditch’s macroinvertebrate community was dominated by extremely tolerant taxa including the
mayfly family Caenidae, which is typically characterized as a silt tolerant taxon. When looking at
Curtiss Ditch’s habitat, the dominance of this family is not surprising.
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Figure 18. Typical habitat present in Curtiss Ditch.

3.9.4 Kline Ditch
The water chemistry conditions in Kline Ditch were fairly similar to those observed in Wilson Ditch,
Curtiss Ditch, and Maxinkuckee Landing. None of the temperature, dissolved oxygen, pH,
conductivity, nitrate-nitrogen, or ammonia-nitrogen measurements taken in Kline Ditch during either
the storm event or under base flow conditions violated Indiana state standards. These conditions are
generally consistent with those measured historically (USEPA, 1976; JFNew, 1993; 1995-1999).
However, some of the nitrate-nitrogen concentrations measured by the USEPA exceeded the level at
which biotic impairment occurs (Ohio EPA, 1999). The ditch received the highest mIBI score (3.0)
observed in the Lake Maxinkuckee watershed placing the ditch’s biological community in the
moderately impaired category.
Characteristics of concern within Kline Ditch include its high nitrate-nitrogen concentration; high E.
coli concentration; high nitrogen, phosphorus, and total suspended solids loading rates during base
and storm flows; high total Kjeldahl nitrogen and soluble reactive phosphorus loading rates relative
to the ditch’s drainage size during the storm event; and high total suspended solids and total
phosphorus loading rates relative to the ditch’s drainage size during base flow, and a poor habitat
score (Figure 19). Kline Ditch exhibited a nitrate-nitrogen concentration of 5.9 mg/L and 1.7 mg/L
during storm flow and base flow (September) conditions, respectively. These concentrations are
within the range found by the Ohio EPA to be correlated with biotic community impairment. Thus,
high nitrate-nitrogen concentrations could be negatively impacting the fauna within Kline Ditch.
Kline Ditch also possessed E. coli concentrations during all three sampling efforts that exceeded the
state standard of 235 cfu/100mL. Furthermore, Kline Ditch possessed the highest nitrate-nitrogen,
total Kjeldahl nitrogen, soluble reactive phosphorus, and total phosphorus loading rates during both
the July base flow event and the storm event and the highest loading rates for all parameters
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measured during the September base flow event. When drainage size is normalized, Kline Ditch had
the second highest nitrate-nitrogen loading rate following the storm event; the highest loading rate
for nitrate-nitrogen, total Kjeldahl nitrogen, total phosphorus, and total suspended solids during the
July base flow event; and the highest loading rate for all parameters measured during the September
base flow event. This suggests runoff related issues should focus on when targeting management
actions in this subwatershed. Finally, Kline Ditch received a low QHEI score (36). IDEM considers
streams with QHEI scores under 51 to be non-supportive of its aquatic life beneficial use. Kline
Ditch is primarily a highly modified feature so its low QHEI score is expected.

Figure 19. Typical habitat present in Kline Ditch.

3.9.5 North Shore Tributary
The north shore tributary possessed relatively good water quality throughout the assessment period.
Temperature, dissolved oxygen, pH, nitrate-nitrogen, and ammonia-nitrogen concentrations
measured in the north shore tributary did not violate any Indiana standards. However, the
conductivity concentration measured during the September base flow event exceeds the Indiana
standard. During both base and storm flow, the north shore tributary also possessed total phosphorus
concentrations in excess of the level at which the Ohio EPA indicate that biotic impairment occurs
(Ohio EPA, 1999). The E. coli concentrations in the north shore tributary exceeded the state standard
during the September base flow and the storm flow events. Results observed in the north shore
tributary are generally better than those measured by LMEC Volunteers in the 1990s (JFNew, 1993;
1995-1999). During historic assessments, the north shore tributary routinely possessed the highest
TKN, TP, and E. coli concentrations measured in any of Lake Maxinkuckee’s tributaries.
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3.9.6 South Shore Tributary
Like the north shore tributary, the south shore tributary possessed relatively good water quality.
Temperature, dissolved oxygen, pH, conductivity, nitrate-nitrogen, and ammonia-nitrogen
concentrations measured in the south shore tributary did not violate any Indiana standards. However,
there were some areas of concern related to the south shore tributary’s water quality. The E. coli
concentrations measured in the south shore tributary were 40 times the Indiana standard following
the storm event. Similar results were observed in historic water quality samples (JFNew, 1993;
1995-1999). This stream also possessed the highest total phosphorus concentration during the
September base flow event and the storm event. In both cases, the phosphorus concentration
exceeded the level at which the Ohio EPA indicates impairment of the biotic community occurs
(Ohio EPA, 1999). When normalized for drainage size, the south shore tributary possessed the
highest total Kjeldahl nitrogen and soluble reactive phosphorus loading rates and the second highest
total phosphorus and total suspended solids loading rates following the storm event. This indicates
that the stream carries a relatively high sediment load for its small drainage area and that sedimentrelated measures should be targeted in this subwatershed.
3.10. Indiana Geological Survey
Data layers within the Indiana Geological Survey’s GIS (Geographical Information Systems) Atlas
for Indiana were reviewed to identify any additional water quality data or threats. A review of the
data layers revealed the presence of one permitted confined feeding operation, three restricted waste
sites (RCRA), and five documented leaking underground storage tank locations (LUST) within or
immediately adjacent to the Lake Maxinkuckee watershed. Locations of each of these facilities are
documented in Figure 20. Additional review revealed that no corrective action sites, construction
demolitions waste sites, industrial waste sites, National Pollution Discharge Elimination System
facilities or pipe locations, open dump sites, septage waste sites, solid waste landfills, Superfund
sites, or voluntary remediation program sites exist within the Lake Maxinkuckee watershed (IDEM,
2002a-b; IDEM, 2004a-e; IDEM, 2004g-q).
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Figure
20. Confined feeding operation (CFO), restricted waste (RCRA), and underground storage tank (LUST) locations
within the Lake Maxinkuckee watershed. Source: See Appendix G. Scale: 1”=4,000’.

3.11 Statewide Impaired Waters 303(d) list
The Section 303(d) list, named after the enabling legislation in the federal Clean Water Act,
provides a listing of waters that do not or are not expected to meet applicable water quality
standards.
Lake Maxinkuckee which is part of the Upper Wabash Basin and identified by the HUC
0512010606001, is listed in Category 5B of the 303(d) list as being impaired due to a fish
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consumption advisory for PCBs and/or mercury. Category 5B of the 303(d) list composes a
portion of the impaired waters the State believes a conventional TMDL is not the appropriate
approach, and therefore is not a targeted area for funding through the Section 319 Nonpoint
Source Grant Program.
Online Resource:
http://www.in.gov/idem/water/planbr/wqs/303d.html
3.12 Unified Watershed Assessment (UWA)
Lake Maxinkuckee and its watershed is located within the priority areas in the 2001 Unified
Watershed Assessment that described watersheds in need of financial or technical assistance for
maintenance and improvement of water quality.
Online Resource:
http://www.in.gov/idem/water/img/prioritywatersheds.jpg
3.13 Fish consumption advisories
A number of Indiana lakes, including Lake Maxinkuckee, are listed on the 2004 fish
consumption advisory for mercury and polychlorinated biphenyls (PCBs) in fish. The
information below regarding these persistent chemicals is provided by the Indiana State
Department of Health (ISDH) in the 2004 Indiana Fish Consumption Advisory
Mercury is a naturally occurring metal that does not break down, but cycles between land, water
and air. Naturally it occurs as a result of normal breakdown of minerals in the earth’s crust and
some mercury reaches our waters naturally. Mercury is also released into the air from coalburning power plants and from burning household and industrial waste. Once in the water,
methyl mercury is very persistent in lakes and streams. Like mercury, PCBs remain in aquatic
systems long after their introduction. PCBs were used as industrial coolants, insulating materials
and lubricants in electrical equipment. The United States stopped making PCBs in 1977 because
of a range of potential health effects demonstrated in laboratory animals.
PCBs and methyl mercury build up in the body over time. Long and short term exposure to
mercury can damage the brain, kidney, and developing fetuses. Men face fewer health risks
following exposure to mercury. Unborn children are especially sensitive to mercury poisoning
and the strictest consumption advisories are focused on children under age 15, nursing mothers,
and women of childbearing years to protect children from developmental problems.
In the 2004 Indiana Fish Consumption Advisory, for children and women of childbearing years;
Group 1 fish should be limited to one meal per week; Group 2 fish should be limited to 1 meal
per month; Group 3 fish should not be eaten. Note that advisories for men and women beyond
childbearing years are less restrictive.
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The fish consumption advisory for Lake Maxinkuckee is for mercury contamination in walleye
over 23 inches (Group 3) and for PCB contamination in channel catfish over 21 inches (Group
3).
Two other Marshall County lakes, Mill Pond and Lake of the Woods, have fish consumption
advisories for PCBs. Lake Wawasee in Kosciusko County is the closest in size in the northern
region to Lake Maxinkuckee. Lake Wawasee is listed for PCB contamination in bullhead larger
than 15 inches.
Online resource:
Indiana State Department of Health Fish Consumption Advisories
http://www.ai.org/isdh/programs/environmental/fa_links.htm
3.14 Vollenweider Phosphorus Loading Model
Vollenweider’s Model
Since phosphorus is the limiting nutrient in Lake Maxinkuckee, a phosphorus model can be used to
estimate the dynamics of this important nutrient. With its role as the limiting nutrient, phosphorus
should be the target of management activities to lower the biological productivity of Lake
Maxinkuckee.
The relationships among the primary parameters that affect a lake’s phosphorus concentration were
examined employing the widely used Vollenweider (1975) model. Vollenweider’s empirical model
says that the concentration of phosphorus ([P]) in a lake is proportional to the areal phosphorus
loading (L, in g/m2 lake area - year) and inversely proportional to the product of mean depth ( z ) and
hydraulic flushing rate (ρ) plus a constant (10):
L
[P] = 10+ z ρ
During the 2004 sampling of Lake Maxinkuckee completed by the Indiana Clean Lakes Program,
the mean volume weighted phosphorus concentration in the lake was 0.023 mg/L. It is useful to
determine how much phosphorus loading from all sources is required to yield a mean phosphorus
concentration of 0.023 mg/L in Lake Maxinkuckee. Plugging this mean concentration along with the
lake’s mean depth and flushing rate into Vollenweider’s phosphorus loading model and solving for
L yields an areal phosphorus loading rate (mass of phosphorus per unit area of lake) of 0.255 g/m2yr. This means that in order to get a mean phosphorus concentration of 0.023 mg/L in Lake
Maxinkuckee, a total of 0.255 grams of phosphorus must be delivered to each square meter of lake
surface area per year.
Total phosphorus loading (LT) is composed of external phosphorus loading (LE) from outside the
lake (watershed runoff and precipitation) and internal phosphorus loading (LI). Since LT = 0.255
g/m2-yr and LE = 0.252 g/m2-yr (estimated from the watershed loading of 1,890 kg/yr), then internal
phosphorus loading (LI) equals 0.003 g/m2-yr. Thus, internal loading accounts for about 1.2% of
total phosphorus loading to the water column Lake Maxinkuckee.
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When current results are compared with historic phosphorus concentration, phosphorus areal loading
rates appear to have increased (Table 13). Land use information was gathered from aerial
photographs from the early 1900s and 1971 to calculate external phosphorus loading rates. In 1907,
external phosphorus accounted for nearly 100% of the phosphorus in Lake Maxinkuckee. Internal
phosphorus likely accounted for a small portion of the total phosphorus present in the water column;
however, based on Vollenweider’s model, this concentration was negligible. By 1973, the areal
loading rate was nearly double the level present in 1907. External loading still accounted for a major
portion of the phosphorus present in the water column (99.6%) with internal loading accounting for
less than 1% of the phosphorus in the lake’s water column. During the latest assessment, this trend
continues. Total areal loading was more than double the level observed in 1907. External loading
accounted for 99% of the total load, while internal loading accounted for a little more than 1% of the
total load. Overall, this suggests that while total phosphorus loading rates have increase, both the
external and internal loading rates have also increased. Of greater importance, internal sources of
phosphorus account for a greater portion of the total load.
Table 13. Areal phosphorus loading rates in Lake Maxinkuckee over the past 100 years.

Date Total Loading Rate External Loading Rate Internal Loading Rate
1907
0.125 g/m2-yr
0.125 g/m2-yr
0 g/m2-yr
2
2
1973
0.220 g/m -yr
0.219 g/m -yr
0.001 g/m2-yr
2004
0.255 g/m2-yr
0.252 g/m2-yr
0.003 g/m2-yr
Source: Evermann and Clark, 1920; USEPA, 1976; CLP, 2004.
The significance of Lake Maxinkuckee’s phosphorus areal loading rate is best illustrated in Figure
21 in which areal phosphorus loading is plotted against the product of mean depth times flushing
rate. Overlain on this graph are two curves, which are based on Vollenweider’s model. These curves
represent two different acceptable loading rates that yield a phosphorus concentration in lake water
of 10 µg/L (0.01 mg/L) and 30 µg/L (0.03 mg/L), respectively. Lake Maxinkuckee’s areal
phosphorus loading rates from three separate sampling are included on the graph. These assessments
occurred in the early 1900’s (Evermann and Clark), in the mid-1970’s (Howard/USEPA), and in
August of 2004 (CLP). The oldest assessment of the lake was completed by Evermann and Clark in
the early 1900’s. This assessment possesses the lowest areal phosphorus load. The assessment
completed in the 1970’s indicates that areal phosphorus loading from the watershed is increasing
over time. Likewise, the assessment completed in 2004 contains the highest areal phosphorus load.
However, it should be noted that none of these assessments results in areal phosphorus loads above
the acceptable line (0.03 mg/L).
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Nutrient Loading/Lake Condition
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Figure 21. Phosphorus loadings to Lake Maxinkuckee from three separate assessments as compared to acceptable
loadings determined from Vollenweider’s model.

69

4.0 Developing Problems Statements
4.1 From Concerns to Problem Statements
During the December 3, 2003 and June 25, 2004 public input meetings several hundred stakeholder comments
were recorded. (Appendix F) Because of the large number of stakeholder concerns expressed, each concern
could not be investigated individually. Concerns with common themes were grouped together and from these
grouped themes twenty-five Problem Statements were developed. Steering Committee and subcommittee
members prioritized the top 12 concerns.
Not all the problem statements can be linked to empirical data because they reflect recreational or governmental
concerns, or areas which have not been sampled. While some problem statements do not have the data link to
back up the concerns, they were ranked as a priority concern by stakeholders and therefore were retained in the
list which was then converted into goal statements and action items.
Problem Statements
(indicates priority concern)
1. Interaction with Local Boards (Goal 7) 
Problem Statement: Part-time Culver residents are concerned that since their primary residence, where they
vote, is elsewhere, they are not adequately represented on local boards and since they don’t vote in the
community their concerns may not be considered when decisions are made.
Local board members encouraged non-voting property owners’ attendance at local meetings even if they do not
have direct personal issues on the agenda. Public interest drives the decisions.
2. Planning and Zoning (Goal 4) 
Problem Statement: Concerns were expressed to minimize on-lake and near-lake development such as
multifamily housing, commercial establishments and funneling. Local Planning and Zoning ordinances should
be reviewed regarding lot coverage and height of homes.
3. Centralized Watershed Management 
Problem Statement: The Lake Maxinkuckee watershed is in three zoning and planning districts (Culver,
Marshall Co. and Fulton Co.), two counties (Marshall and Fulton), and three taxing districts (Town of Culver,
Union Township (Marshall County), Aubbeenaubbee Township (Fulton County)). Because the lake is impacted
by the watershed and the watershed is not inside one political or governing boundary, a new governing body
could be created to regulate activities in the watershed regardless of what township, county, or zoning district
currently has regulatory authority.
This is a long-range goal as achieving it will be difficult.
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4. Boat Restrictions (Goal 6) 
Problem Statement: Over the years, residents and lake users have noticed a change in the type of boats
appearing on the lake. Boats are larger, faster and louder. Residents have safety concerns with the larger, faster
boats on an inland lake. Recreational quality is also a concern with the noise level and the number of boats on
the lake. As a public lake in Indiana, the Indiana Department of Natural Resources regulates on the lake
activities. Addressing size, horsepower, speed limits, noise, and optimal number of watercraft will need the
cooperation of the Indiana Department of Natural Resources.
5. Buoy Placement (Goal 6) 
Problem Statement: Boating activity in shallow water churns the lake bottom and resuspends sediments into
the water column creating environmental damage and ascetic problems with the turbid water. High-speed
boating activity is lawful outside the 200 ft buoy line; however, water depth is variable at 200 feet from shore.
In some places, the water may only be 4 feet deep 200 feet from shore. Placing buoys according to lake depth
and not a specified distance from shore would keep high speed boating in deeper water and reduce churning of
the lake bottom. The Department of Natural Resources (DNR) regulates the buoy placement on public lakes
and change from a distance from shore to lake depth will require DNR approval.
6. Stormwater runoff/Impervious and agricultural (Goal 1) 
Problem Statement: Stormwater runoff, whether from developed areas or the agricultural areas of the
watershed, are avenues to bring pollutants to the lake. As the watershed becomes more developed and
impervious surfaces increase, local stormwater regulations in town and around the lake need to be upgraded to
prevent further degradation of the lake. Watershed areas that drain into local ditches need to comply with
regulations, such as buffer strips.
7. Academy (Goal 1) 
Problem Statement: The Culver Academies is the largest landowner in the watershed. This private boarding
school is its own community within the Culver/Lake Maxinkuckee community and has potential to impact the
lake’s water quality. They operate their own physical plant, maintain their buildings, walkways, horse troupe,
and grounds and there is a need to work with the Academies separately to reduce contaminants in their runoff.
8. Wetlands (Goal 2) 
Problem Statement: Three wetlands were constructed on the three major ditches to trap sediment and
nutrients and prevent them from reaching the lake. Maintaining optimal performance of the wetlands is
important to the lake. There is a need to continue monitoring of the wetlands to determine their impact in order
to evaluate their performance and value to the lake.
9. Seawalls and emergent vegetation (Goal 7) 
Problem Statement: Previous studies identified the Lake Maxinkuckee shoreline is composed almost entirely
71

of bulkhead seawalls and results of these shoreline alterations are the decline of emergent shoreline vegetation
and increased turbidity near shore. Educational efforts of the LMEC and the DNR permitting requirements has
begun a trend toward more environmentally friendly seawalls, such as glacial stone and bioengineering at Lake
Maxinkuckee. A 2003 shoreline survey showed 73 properties have either a glacial stone seawall or natural
shoreline or beach, and 5 properties have emergent shoreline vegetation. While these numbers show the
beginning of a trend they are still a minority of all the seawalls and more are needed. More educational efforts
are needed to promote the benefits of environmentally friendly seawalls and emergent shoreline vegetation.
10. Shoreland Stewardship (Goal 7) 
Problem Statement: The shoreland (area immediately landward of the waterline) around Lake Maxinkuckee
is extensively developed. Larger homes are being built on existing lots reducing greenspace. Manicured lawns
up to the water’s edge remain prominent around the lake. The number of watercraft per home, in some cases, is
increasing beyond usual and customary. Planning and zoning can regulate building, but fostering stewardship
practices of landowners will assist with restoration efforts.
11. Turbidity (Goal 5) 
Problem Statement: A common observance on Lake Maxinkuckee is cloudy or turbid water during and
several days after busy boating times. There are areas of the lake outside the 200 ft buoy line that are shallow,
less than 10 feet, and prop action from high speed boating churns the lake bottom creating turbid conditions.
Water clarity typically returns to pre-boating level by the Tuesday or Wednesday following the weekend.
Scouring of the shoreline from wave action along bulkhead seawalls also creates turbid water. Wakeboarding is
a recent trend in water recreation. Boats are designed to create a significant wake for a wakeboarding and the
deep draft of the boats needed to make a wake could be contributing to turbidity. The LMEC installed a new
weir at the outlet to maintain the water level of the lake and help combat turbidity. Is that enough and what
more needs to be learned about this subject?
12. Education (Goal 7) 
Problem Statement: Education of all watershed stakeholders will be the key to successfully implementing the
goals developed in the watershed management plan. Educational efforts should include: information to visitors
at the public access, information on how the constructed wetlands improve water quality, how a lake works and
what it needs to be healthy, available map of lake depths highlighting the shallow areas for boaters to avoid.
Simply disseminating information will not be enough, on-going learning to keep pace with new management
techniques and lake management issues needs to be part of the education issue. There is a need to develop
further educational campaigns and strategies.
13. Direction to assist local government from other agencies, entities
Problem Statement: Some of the concerns and problems expressed cannot be addressed through the local
zoning, planning and municipal boards. Action at the State and County level may be needed to move these
concerns into regulations that will address them.

72

14. Toilets at Public Access
Problem Statement: The Department of Natural Resources places and maintains a portable toilet at the public
access site on the west side of Lake Maxinkuckee. During peak boating times the toilet is overloaded and
creates a health hazard. As a portable unit, residents are concerned about vandalism.
15. Hawk/Lost Lake (USGS official name: Lost Lake/Hawk Lake is the common name)
Problem Statement: Lost Lake is an approximately 60 acre shallow, degraded lake downstream of Lake
Maxinkuckee. It appears the primary cause for the degradation of Lost Lake was the Town of Culver’s sewage
treatment plant effluent that emptied into the lake until the early 1990’s. While Lost Lake is out of the Lake
Maxinkuckee watershed, outflow water from Lake Maxinkuckee flows into Lost Lake. Concerns were raised
regarding the affect of the input of water from Lake Maxinkuckee versus Lost Lake’s watershed.
16. Sewers/ Septic Systems around Lake Maxinkuckee (Goal 3)
Problem Statement: Until recently all lakeside homes outside of the Culver town limits (approximately 350
homes) used on-site sewage disposal systems. Homes within the town limits are served by Culver’s sewage
treatment system. In 2002, residents on the East Shore formed a corporation and installed a wastewater wetland
treatment system that serves 85 of the 114 homes in the East Shore Corporation’s defined territory. On-site
sewage disposal systems, such as septic systems, used for lakefront property can leach untreated sewage
effluent into Lake Maxinkuckee, which can impair water quality. Previous leachate testing has shown this is
happening at Lake Maxinkuckee. Some type of collection and treatment system is necessary for the remaining
homes along the lake, yet a centralized sewage treatment system, while good for the water quality, may allow
more development than is desirable around the lake. Balancing the need for proper sewage treatment with the
desire to prevent overdevelopment in the watershed (which can be a degradation factor) concerns residents.
17. Golf Courses in the Watershed (Goal 1)
Problem Statement: There are three golf courses in the Lake Maxinkuckee watershed. Two private nine hole
courses are operated by the Culver Academies and the Maxinkuckee Country Club (whose future plans include
expanding to eighteen holes) and the third is a public eighteen hole course called Mystic Hills. The
Maxinkuckee Country Club course boarders and drains into the Curtiss Ditch, less than a quarter mile from
Lake Maxinkuckee and the Mystic Hills course boarders the Kline Ditch. The Maxinkuckee Country Club and
Mystic Hills are two of the 5 major property owners in the watershed. The 80-acre restored wetland on the
Kline Ditch is between the lake and the Mystic Hills course. Typically, golf courses maintain their grounds,
fairways and greens for an aesthetically pleasing appearance and playability with turf chemicals and fertilizers.
These chemicals and fertilizer can make their way into the lake. Because of the large amount of land use in the
watershed as golf courses, regulations to prevent runoff into the lake need to be enforced and probably
enhanced. In addition, the Maxinkuckee Country Club periodically cleans a large sediment trap in the Curtiss
Ditch. Arrangements for cleaning and work on the pumps near the lake need to be timed and executed to
prevent the release of sediment into the lake.
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18. Inclusion for representation for all watershed stakeholders
Problem Statement: All watershed landowners, lakeside, agricultural, and Town residents need to be
represented during the development of the Watershed Management Plan.
19. Healthy fish population (Goal 5)
Problem Statement: There seems to be an adequate population of walleyes and small mouth bass, which are
popular game fish, however, fisherman have reported fewer large mouth bass and fewer bluegill and perch,
which are forage fish. Carp and gar seem to be abundant. Does Lake Maxinkuckee have a healthy fish
population? Residents report seeing fewer turtles now, than in the past few decades.
20. Nutrients from birds (Goal 3)
Problem Statement: Populations of Canada geese and seagulls have increased in recent years. With the
increase in the number of birds, comes the increase in the amount of bird waste. The birds and their waste are
creating hazardous conditions along the lakeshore and with lakefront property.
21. Mercury contamination in fish (Goal 6)
Problem Statement: Lake Maxinkuckee is listed on 2003 IDEM 303(d) list of impaired waters for mercury
contamination in walleye over 23 inches and for PCB contamination channel catfish over 21 inches. It is
suspected the mercury and PCB’s enter the system through air deposition from coal burning power plants.
22. Zebra Mussels (Goal 5)
Problem Statement: Zebra mussels were discovered in Lake Maxinkuckee in 1995. Since their discovery, the
population has grown considerably. Over the years, the zebra mussel infestation has been a hazard for
swimmers and residents have become accustomed to wearing water shoes to prevent cuts. Any hard object left
in the water will become covered with zebra mussels. While residents have become accustomed to the zebra
mussels, all are concerned what the long-term consequences are for the lake.
23. Dredging/Silt (Goals 1 & 2)
Problem Statement: Residents have observed areas of the lake bottom that were sandy and now silty and
dirty. Water quality sampling data indicate that each of the watershed streams carry elevated sediment loads
during at least some portion of the year. Can the accumulated silt be removed and what are the regulations?
24. Foam/Organic matter
Problem Statement: After windy days or times of heavy boat traffic foam accumulates on shorelines around
the lake. Residents have commented the amount of foam is greater now than in previous decades. The foam is
not aesthetically pleasing to the residents where it collects. If the appearance of foam is determined by the
amount of organic plant material in the lake, is there more plant material in the lake?
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25. Miscellaneous
Problem Statement: Residents have commented the lake is “spring-fed” and have wondered how that helps
the lake quality. Each year firework displays are performed over the lake and is that a pollution issue? The
water level of the lake fluctuates throughout a year. How does that relate to water quality? The location of
weed patches, deep holes and shallows were common knowledge among regular fisherman on the lake, but not
so anymore. What do changes in the location of weed patches, etc. mean?
4.2 Linking Concerns to Existing Data
Table 14. Linking Stakeholder’s Concerns to Existing Data

Problem Statement
Bold lettering indicates priority rank concern
1. Interaction with Local Boards
2. Planning and Zoning
3. Centralized Watershed Management
4. Boat Restrictions
5. Buoy Placement

6. Stormwater Runoff/Impervious Cover and
Agriculture
7. Academy
8. Wetlands
9. Seawalls and emergent vegetation

10. Shoreland Stewardship
11. Turbidity
12. Education
13. Direction to Assist Local Government

Existing Data
No data link
No data link
No data link
Recommendations #26 and #27 of the 1999 Final
Report of the IN Lakes Mgmt Workgroup echoes
these same concerns. (ILMWG, 1999)
Boating impacts on water clarity are documented in
the Crisman Report (Crisman, 1986) and in
volunteer secchi disk data. Recommendation #3 of
the 1999 Final Report of the IN Lakes Mgmt
Workgroup echo these same concerns. (ILMWG,
1999)
The Vollenweider Phosphorus loading model
which utilized the 2004 water quality sampling
program indicates increasing phosphorus loading to
the lake from the watershed.
No data link
2004 water quality sampling indicate the wetlands
are positively affecting the lake’s water quality.
Historic and current vegetation surveys indicate a
reduction in near shore vegetation and visual,
informal surveys indicate the majority of seawall
types around the lake are bulkhead style.
Phosphorus loading model suggests nearly ¼ of the
phosphorus entering the lake is from direct
drainage
While the overall water clarity of the lake is
improving (Crisman, 1999), regional areas see
reduced water clarity during the boating season
The increasing number of glacial stone seawalls
indicates educational efforts can be effective.
No data link
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14. Toilets at Public Access

15. Hawk/Lost Lake
16. Sewers/Septics around lake

17. Golf Courses

18. Inclusion of all Watershed Stakeholders

19. Healthy Fish Population
20. Nutrients from birds

21. Mercury Contamination in Fish
22. Zebra Mussels
23. Dredging/Silt

24. Foam/Organic Matter
25. Misc.

A 1995 leachate study identified the most serious
hotspots occurred immediately off the boat ramp at
the public fishing site and near Long Point,
indicating a need for toilet facilities at the public
access site. (Commonwealth, 1995) Maintaining
these facilities so they are regularly used may
improve these hotspots.
Lost Lake is not in the Lake Maxinkuckee
Watershed, but Lake Maxinkuckee is a large part of
the Lost Lake watershed.
Nearly ¾ of the lake is not on septic systems. Only
the South and West shores remain on septic
systems and they are currently organizing for form
a conservancy district to sewer.
Three golf courses are in the Lake Maxinkuckee
watershed. No data exists which shows specific
impact from the golf courses, however, phosphorus
loading model indicates nearly 4,000 pounds of
phosphorus enters the lake each year. As part of
the watershed it is assumed they may be
contributing.
Every watershed resident was sent postcards
announcing the first two public input meetings
along with numerous newspaper articles to increase
awareness of planning process.
Historic and current fishery studies indicate a
healthy fish population.
No data specifically identifies contamination from
birds, however, residents confirmation of geese,
seagull and other waterfowl populations on the
lake, and from e. coli data collected, it is assumed
they may be contributing.
Lake Maxinkuckee does have a fish consumption
advisory for mercury and PCBs
Zebra mussels were discovered in the lake in 1995.
Sediment coring conducted for the Crisman Report
suggests sedimentation increased 39% from the
early 1960’s to 1984. (Crisman,1986) Results of
the 2004 modeling suggest that wetlands and ponds
throughout the watershed are removing and storing
a portion of the TSS load reaching the ditches.
No data exists to confirm or deny problems
associated with lake foam.
No data exists to confirm or deny concerns
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5.0 Critical Areas Based on Nutrient/Sediment Loading to Lake
Due to delays at the Federal level, the grant contract for this project was not finalized until the
fall of 2003. Typically, contracts are completed in July and sampling can be conducted in the
beginning of the watershed planning process. Work on the project could not begin until the
contract was signed, which, by September, was too late in the season to conduct water quality
sampling. However, project work did began the fall of 2003 by collecting and reviewing historic
data, identifying stakeholders, conducting the public input meetings and organizing input
information. Water quality sampling was conducted the summer of 2004, being finalized in
September. Both public input sessions were without the benefit of actual sampling data to guide
public concerns. The public input, however, was comprehensive, covering all major areas of
concern for watershed management: runoff from watershed, shoreline habitat, in-lake
management, recreation, land use planning. The stakeholder’s comprehensive overview of
concerns demonstrates their high education level and concern for the health of the lake and
should be recognized.
The Lake Maxinkuckee Environmental Council has been working on lake and watershed issues
since 1981 and has provided information to stakeholders for many years. Public input was
comprehensive and covered all major areas of concern for lake and watershed management,
demonstrating the high education level of stakeholders in the community. Of the twelve priority
concerns, only one regarded nutrient loading from the watershed. As the Lake Maxinkuckee
watershed land use consists primarily of agricultural land uses, this land use type was a primary
focus of critical area identification. These areas are also key targets for water quality
improvement projects.
5.1 Agricultural Land Use
Agricultural land uses dominate the Lake Maxinkuckee watershed. Row crop agricultural areas
cover approximately 27% of the watershed. Pasture occupies an additional 14% of the
watershed. Production of crops can affect water quality, depending upon use of nutrient
application, drainage, and erosion control practices. Nutrients applied to fields can reach
waterways in stormwater runoff if sufficient management practices are not utilized. Most of the
agricultural lands, (82%), lie in the Curtiss, Kline, and Wilson ditch watersheds.
Based on a review of aerial photography, approximately 10,000 feet of ditch in these three
watersheds were estimated to be in need of filter strips or widening and/or enhancement of
existing filter strips.
Tillage transects for Marshall and Fulton Counties suggest corn producers utilize mulch tillage
66% and 29% of the time, respectively; no-till 11% and 14% of the time, respectively; and
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conventional tillage methods 23% and 57% of the time, respectively. The tillage transect data
indicate soybean producers in Marshall and Fulton Counties utilize mulch tillage 59% and 37%
of the time, respectively; no-till 36% and 56% of the time, respectively; and conventional tillage
methods 5% and 11% of the time, respectively. Use of conservation tillage specifically in the
Lake Maxinkuckee watershed is not known, but the county-wide tillage data may serve as a good
estimate.
Tillage practices have changed dramatically over the past few decades. Historically, all cropland
was plowed in the spring and fall to prepare the soil and reduce weed growth. As a consequence,
bare ground eroded easily, sending sediment into streams and lakes. Conservation tillage leaves
residue on the ground in the form of roots, stems and leaves that are effective in reducing soil
erosion and sedimentation. By reducing soil loss, transport of phosphorus bound to the soil is
also reduced.
IDNR Soil Conservation defined tillage practices:
No-till - any direct seeding system, including strip preparation, with minimal soil disturbance.
Mulch Till – Any tillage system leaving greater than 30% crop residue cover after planting,
excluding no-till.
Conventional – Any tillage system leaving less than 30% crop residue cover after planting.
5.2 Nutrient/Sediment Loading to Lake
In 1973 the US EPA determined Lake Maxinkuckee is phosphorus-limited (Crisman, 1986),
meaning the photosynthesis of algae and aquatic plants are limited by the amount of available
phosphorus. In other words, the more phosphorus added to the lake, the greater the growth and
abundance of algae and aquatic plants. Conversely, less phosphorus in the system, results in less
problem aquatic plant growth. Excessive plant growth is typically a characterization of
increasing eutrophication. From a lake management standpoint reducing the amount of
phosphorus entering the lake is a critical goal.
Lake water quality is categorized into three broad categories: oligotrophic, mesotrophic and
eutrophic. Oligotrophic lakes are clear, unproductive lakes that support little algae and aquatic
plants and have reduced fish abundance. Mesotrophic lakes have moderate algae, aquatic plant
production, and water clarity with well developed gamefish populations. Eutrophic lakes are
extremely productive and experience severe aquatic plant management problems which may
include algae blooms.
At the turn of the century Lake Maxinkuckee’s classification was on the oligotrophicmesotrophic boundary (Crisman, 1986).
The 1982 Howard Consultants phosphorus loading model shows an annual phosphorus load to
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the lake of 1,566 kilogram per year. A Vollenweider model constructed in 1982 placed the lake
near the mesotrophic-eutrophic boundary. (Crisman, 1986)
The 2004 phosphorus loading budget shows an increase in the annual loading to 1,703 kilograms
per year and the Vollenweider model places Lake Maxinkuckee closer to the mesotrophiceutrophic boundary than the 1982 model. While the phosphorus loading has increased over the
years, the rate of increase has slowed, evidence practices put in place since the 1986 Crisman
Report are working. Lake Maxinkuckee, based on the phosphorus loading, should be becoming
more eutrophic. However, it is not experiencing excessive plant growth or algae blooms and
Indiana Clean Lakes Program, based on their data collection, classify Lake Maxinkuckee as
mesotrophic. It should be noted Clean Lakes data collection occurs over the deepest part of the
lake and not near inlet ditches. Possible explanations for the increasing phosphorus loading
without the eutrophication symptoms are the enhanced zooplankton populations brought on by
the walleye stocking as mentioned in the fisheries section and the “sinking” of the phosphorus
into the deeper waters. Despite the varying degrees of classifications of the lake, it is prudent to
continue phosphorus reducing strategies in the lake management program and therefore are
priority goals in this plan. The critical areas defined below are areas where improvement in land
use practices can result in reduced phosphorus loading into the lake.
2004 Phosphorus Loading
Table 15. 2004 Phosphorus Loading

Total
Phosphorus (TP)
based on
Sampling
Wilson Ditch
Curtiss Ditch
Kline Ditch
Maxinkuckee Landing
North Shore Tributary
South Shore Tributary
Total From Tributaries
Direct to Lake*
Subtotal
Septics*
Precipitation**
Total Annual
Phosphorus load
to Lake
*Used estimate from TP model

(TP kg/yr)
216.32
214.78
343.19
53.62
14.08
46.82
888.82
374.64
1,263.46

%

24.34
24.16
38.61
6.03
1.58
5.27
100%

Total
Phosphorus
based on Model
(TP kg/yr)
465.84
355.80
528.31
59.21
90.56
16.12
1,15.85
374.64
1,890.49

40.00
400.00

40.00
400.00

1,703.46

2,330.49

%

30.73
23.47
34.85
3.91
5.97
1.06
100%

** Used estimate from Howard Consultants, Inc.
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The sampling data is used to estimate the current annual total phosphorus load to Lake
Maxinkuckee of 1700 kg/yr. A simple model suggested that the current annual total phosphorus
load to Lake Maxinkuckee is 2330 kg/yr rather than 1700 kg/yr. The 1700 kg/yr estimate should
be viewed with caution since it is based on three sampling events. This is the only data available
at this point. At the same time, the 2330 kg/yr estimate may be an overestimate since it does not
account for the presence of the three wetlands on the three major inlets which likely are
removing some phosphorus from the system. For ease, the figures based on sampling data will be
used in discussion and comparisons.
(note: 1 kg = 2.2 lbs, therefore 1703.46 kg = 3,747.60 lbs)

Howard Consultants
Annual Phosphorus Loading
1982
Table 16. Howard Consultants

Total
Phosphorus (TP)
%
Wilson Ditch
Curtiss Ditch
Kline Ditch
Minor Tributaries and
direct drainage
Septics
Precipitation
Total Annual
Phosphorus Load
to Lake

(TP kg/yr)
100
240
310
476

6.4
15.3
19.8
30.4

40.00
400.00

2.6
25.5

1,566

100

Based on the 2004 Phosphorus Loading Budget, of the phosphorus reaching the lake from the
watershed (tributaries and direct drainage), approximately 30% is being contributed by the direct
drainage areas and 70% from the outlying watershed through the tributaries. (see Appendix I for
Subwatershed Land Use)
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5.3 Direct Drainage
Hot spots
• Residential and urban land due to lawn fertilizer use and high percentage of impervious
surface: 70% of the residential/urban land drains immediately to the lake or to the lake via a
storm sewer or minor drainage.
• Shoreline residential land due to lawn fertilizer use and lack of buffer between property and
lake
Primary phosphorus exporting land uses where change in practices can reduce phosphorus export
is shown in Table 17.
Table 17: Direct Drainage Primary Land Uses

Land Use
Low Intensity
Residential
Row Crop
High Intensity
Commercial
High Intensity
Residential

Phosphorus export
Kg/yr

Acres
318

103

296
37

120
37

23

23

Reducing phosphorus input from direct drainage areas can be addressed by increasing landowner
education and incorporating Best Management Practices into property management.
5.4 Tributaries
Hot spots in the subwatersheds of three main tributaries
Three golf courses and recreational or park land: 83% of the golf course or recreational/park land
in the Lake Maxinkuckee watershed lies within the subwatersheds of the lake’s three main
tributaries. Based on a review of aerial photography, approximately 5,000 feet of ditch were
estimated to be in need of wider buffer.
• Agricultural land: 82% of the agricultural land in the watershed lies in one of these three
subwatersheds. Based on a review of aerial photography, approximately 10,000 feet of ditch
were estimated to be in need of filter strips or widening and/or enhancement of existing filter
strips.
• Eroding banks along Wilson Ditch: approximately 3,100 feet of ditch were estimated to be in
need of some type of erosion control or stabilization work.
5.4.1 Kline Ditch In both the 1982 and the 2004 budgets, the Kline Ditch carries the
largest phosphorus load into the lake. Primary phosphorus exporting land uses where change in
practices can reduce phosphorus export is shown in Table 15. Review of aerial photographs
shows approximately 5,000 feet of ditch are estimated in need of a wider buffer or filter strip.
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Table 18: Kline Ditch Primary Land Uses

Land Use

Phosphorus export
Kg/yr

Acres

Low Intensity Residential
Row Crop
Golf Course
Pasture/Hay

174
697
174
214

56
282
106
146

5.4.2 Curtiss Ditch Primary phosphorus exporting land uses where change in practices
can reduce phosphorus export is shown in Table 16. Review of aerial photographs shows
approximately 2,300 feet of ditch are estimated in need of a wider buffer or a filter strip.
Table 19: Curtiss Ditch Primary Land Uses

Land Use

Phosphorus export
Kg/yr

Acres

Golf Course
Row Crop
Pasture/Hay

48
551
335

29
223
54

5.4.3 Wilson Ditch In addition to phosphorus loading Wilson Ditch exhibited elevated
Total Suspended Solids, suggesting streambank erosion may be a considerable source of the
sediment. Approximately 3,100 feet of ditch were estimated to be in need of some type of
erosion control or stabilization work.
Primary phosphorus exporting land uses where change in practices can reduce phosphorus export
is shown in Table 17. Review of aerial photographs shows approximately 8,200 feet of ditch are
estimated in need of a wider buffer or filter strip.
Table 20. Wilson Ditch Primary Land Uses

Land Use
Row Crop
Golf Course
Pasture/Hay

Phosphorus export
Kg/yr

Acres
714
120
300

289
73
49

5.4.4 Maxinkuckee Landing, North Shore Tributary, South Shore Tributary These
three tributaries each showed areas of concern, especially Maxinkuckee Landing which exhibited
the poorest water quality observed in the six watershed streams; however, their overall
contribution to the lake is much smaller than the Curtiss, Kline and Wilson Ditches.
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6.0 Setting Goals, Objectives and Action Plans
To maintain the integrity of a watershed stakeholder driven plan, goals were developed from the
problem statements. The seven goals address the recreational, governmental, in-lake, and watershed
concerns shown by the water quality sampling and expressed by stakeholders. The goals developed and
reviewed by steering committee members, were presented at a public meeting June 15, 2005.
Additional comments were received and incorporated into the goals and strategies.
During the development of implementation strategies, care was taken to discuss strategies with
representative stakeholders to ensure strategies in the plan were acceptable and practical to implement.
Modifications were made as necessary. For example, vegetative buffer strips are an effective Best
Management Practice used to reduce runoff of lawn care products, particularly fertilizer, from lakeside
property. Lakeside property owners were more receptive to using phosphorus-free fertilizer and using
more care in its application to prevent runoff than creating vegetative buffer strips. With the highly
positive response to more carefully applied phosphorus-free fertilizer, the strategy of increasing
vegetative buffer strips was replaced. With increased stakeholder participation it is expected this
practice will substantially reduce phosphorus loading from this source than an unpopular strategy.
The Lake Maxinkuckee Environmental Council has made a policy of basing decisions and actions on
science-based information. Development of the current status of the lake through the water quality
sampling and phosphorus budget was based on sound scientific methods to provide usable data from
which management decisions could be made. Adherence to the Quality Assurance Project Plan (QAPP)
provides that assurance. All strategies relating to nutrient and sediment reduction were developed with
the most current knowledge of practices proven to provide water quality improvement.
Action plans highlighted in this section are for priority goals. A full list of action plans for all goals and
objectives are listed in Appendix M.
Highlighted areas indicate priority item
Goal 1: Slow the cultural eutrophication of Lake Maxinkuckee. In the next ten years, reduce the
annual total phosphorus load to Lake Maxinkuckee from approximately 1700 kg/yr estimated
from current sampling to the 1973 estimate of 1565 kg/yr. This is just over 8% reduction in total
phosphorus load to the lake.
Sources of phosphorus
Fertilizers
Atmospheric deposition
Wildlife waste
Human waste
Bank erosion
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Figure 22. Critical areas targeted for nutrient loading reduction in the Lake Maxinkuckee watershed. Goal 1.
Source: See Appendix G.

Subgoal A: Achieve a 33% reduction in total phosphorus load from each of the main tributaries
to Lake Maxinkuckee (Wilson Ditch, Curtiss Ditch, and Kline Ditch).
Objective 1. Work with the Culver Academies and the three golf courses to greatly
reduce or eliminate use of phosphorus containing fertilizers on these properties.
• No model available to predict reduction in TP but restricting fertilizer use to
phosphorus-free fertilizers should significantly lower TP load to the lake.
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• Potential Strategy 1. Golf courses to become certified through Audubon International
golf course management program.
• Potential Strategy 2. Golf course to use ditch water to irrigate property.
Action Plan:
Contact major non-agricultural landowners, obtain fertilizer practices, evaluate and suggest
appropriate changes to reduce runoff.
Responsibility: LMEC
Time: Fall 05
Funding Source: LMEC Staff salary

Objective 2. Plant or increase existing buffers along ditches, particularly in the parks and golf
course areas and agricultural land. Installing or improving 1,500 feet of buffer strip/grassed
waterways each year for the next 10 years will achieve the needed 10,000 feet of buffer
strips/grassed waterways along the main tributaries in the watershed.
• Based on model, expect to see an approximately 9% reduction in TP load if filter strips
are added to all agricultural land where filter strips are limited in size or lacking.
• No model available to predict reduction in TP by using buffers along golf courses, but
it is reasonable to expect a reduction.
Action Plan: Identify all agricultural landowners in watershed and develop a contact list.
Identify major, influential farmers to approach first. Work with Marshall and Fulton County
SWCD to enroll riparian areas in programs. Host Informational dinner for agricultural
landowners with representatives of Conservation Reserve Enhancement Program and The
Nature Conservancy.
Responsible: LMEC create contact list and influential farmer list. LMEC to plan and pay
for informational dinner. SWCD and LMEC to contact landowner. LMEC track process of
enrolled programs.
Time: Fall 05 – create contact list
Winter 06 – begin landowner contact, host informational dinner
Funding Source: LMEC staff salary, Conservation Reserve Enhancement Program or
other Agricultural programs

Objective 3. Work with the Marshall and Fulton County SWCDs to increase the use of no-till
tillage methods throughout the watershed.
Action Plan: Same as Objective 2’s Action Plan. Include tillage education with buffer
strip, grassed waterway education.

Objective 4. Stabilize eroding ditch banks along Wilson Ditch.
• Based on model, expect approximately 1.8% reduction in TP using this BMP.
• Practice will also reduce TSS to the lake.
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• Method depends on amount of erosion, which varies in Wilson Ditch, and the available
funding. Biolog installation, soil encapsulated lifts, erosion control blankets and
seeding/plugging, and Palmiter methods are all options for stabilizing the ditch banks.

Action Plan: Obtain landowner contact information. Set appointment to make
presentation on problem.
Responsible: LMEC
Time: Fall 05/Winter 06
Funding Source: Culver Academies, Lake and River Enhancement Program

Subgoal B: Achieve a 50% reduction in total phosphorus load from the area draining directly to
the lake or indirectly to the lake via storm sewers or minor tributaries.
Objective 1. Work with City officials, local businesses, and residents to ensure streets,
sidewalks, driveways, and any other hardscape is swept regularly to reduce impact of
atmospheric deposition.
• Based on model, expect a 6% reduction in TP using this BMP.
• Practice will also reduce TSS to the lake by 16%.
Action Plan: Evaluate Town of Culver’s current street sweeping program and work with
Town toward changes that may improve program. Include hardscape sweeping benefits in
educational program.
Responsible: LMEC/Town of Culver/Education Committee
Time: Fall05/Winter 06 (if time constraints then Spring 06)
Funding Source: LMEC staff salary and Volunteer effort

Objective 2. Conduct outreach to ensure lake residents are utilizing best management practices.
These include proper yard, pet, and wildlife waste disposal; use of lake water rather than
fertilizers to fertilize yards; stabilization of all drainages with rock or preferably vegetation; and
use of rain gardens/barrels where appropriate.
• No model available to predict reduction in TP by using implementing individual
property BMPs, but it is reasonable to expect a reduction.
Action Plan: Include these topics for agenda for Education Committee. Investigate
communal compost for yard waste disposal
Responsible: LMEC/Education Committee
Time: Fall 05 – on going
Funding Source: LMEC staff salary, LMEC budget and/or Marshall Co. Comm. Fnd.
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Objective 3. Work with the south side residents to enable the elimination septic systems for
treating residential waste water.
• Elimination of septic systems would reduce TP loading to lake by 1.7-2.3%.

Goal 2: Decrease the sediment load to Lake Maxinkuckee by 25% over the next 10 years.
Sources
Active construction sites
Eroding stream banks
Agricultural land
Hot spots
• Near shore area likely to be location of development (i.e. active construction)
• Eroding banks along Wilson Ditch: approximately 3,100 feet of ditch were estimated to be in
need of some type of erosion control or stabilization work.
• Agricultural land: 82% of the agricultural land in the watershed lies in one of these three
subwatersheds
• Proposed bridge reconstruction/realignment: will be a future hot spot. (The IN. Dept. of
Transportation will be replacing a culvert and realigning a portion of the Wilson Ditch
upstream of the constructed wetland in 2007)
Objective 1. Stabilize eroding stream banks along Wilson Ditch
• The model predicts a greater decrease in TSS loading than the measured TSS load in
Wilson Ditch. Some of the sediment that has eroded from these unstable banks is
likely stored in the wetland/pond complex immediately upstream of the intersection of
State Road 10 and State Road 117. Thus, the measured TSS in the ditch is lower than
the TSS load reaching the ditch. It is important to remember that the measured TSS is
an estimate of the annual load rather than a calculation of it. It was estimated from the
three sampling events. Consequently there is likely error associated with it.
Regardless, it is reasonable to expect a reduction in TSS if the banks along the eroding
portions of Wilson Ditch are stabilized.
• Method depends on amount of erosion, which varies in Wilson Ditch, and the available
funding. Biolog installation, soil encapsulated lifts, erosion control blankets and
seeding/plugging, and Palmiter methods are all options for stabilizing the ditch banks.

Action Plan: Same as Goal 1, Objective 4
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Figure 23. Critical areas targeted for sediment loading reduction in the Lake Maxinkuckee watershed. Goal 2.
Source: See Appendix G.
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Objective 2. Construct filter strips and grassed waterways or increase width of existing filter
strips along agricultural land.
• Again, the model predicts a greater decrease in TSS is possible with the
implementation of filter strips than the measured TSS load in the ditches. The
watershed’s existing wetlands and ponds likely trap and store a significant portion of
the TSS load reaching them, resulting in lower measured TSS loads at the mouths of
the ditches than the TSS loads that may be reaching the ditches. It is reasonable to
expect a reduction in TSS load to the lake if filter strips are installed throughout the
watershed.

Action Plan: Same as Goal 1, Objective 2

Objective 3. Work with the Marshall and Fulton County SWCDs to increase the use of no-till
tillage methods throughout the watershed.
Action Plan: Same as Goal 1, Objective 2

Objective 4. Restore the watershed’s wetlands where feasible.
• The results of the modeling suggest that wetlands and ponds throughout the watershed
are removing and storing a portion of the TSS load reaching the ditches. Restoring
wetlands where feasible will increase the storage potential of the watershed. In
addition to storing sediment, wetlands serve as groundwater recharge sites and allow
the watershed to regain its natural hydrological regime. This helps prevent bed and
bank erosion in adjacent streams since water is stored in wetlands during high flows,
protecting the streams from the energy associated with high flows. Wetland restoration
should be targeted to the Wilson Ditch subwatershed first where stream banks are
already eroding.
• No model is available to predict reduction in TSS loading by restoring wetlands in the
watershed.
Action Plan: Same as Goal 1, Objective 2. Will include wetland restoration information
when contacting landowners.
Funding Source: Wetland Reserve Program

Objective 5. Protect existing wetlands, ponds, and other water storage areas.
• Of the tributaries sampled, the TSS load was second lowest in Curtiss Ditch despite the
fact that this ditch drains the third largest subwatershed. The TSS load in Curtiss Ditch
was less than that in Maxinkuckee Landing and the South Shore Tributary. Curtiss
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Ditch flows through several wetland and ponds complexes before it outlets to Lake
Maxinkuckee. These areas likely play a role in removing sediment from the water
before it reaches the lake. These areas and other similar areas should be protected from
development to ensure they continue providing this benefit to the lake.
• No model available to predict reduction in TSS by protecting wetlands and ponds in
the watershed.
Objective 6. Install check dams in steep minor drainages such as the South Shore Tributary.
• Based on the model, expect to see a 50% reduction in TSS load from the South Shore
Tributary if check dams are installed in that ravine.
Objective 7. Address erosion from active construction sites.
• No model is available to predict reduction in TSS loading by increasing the use of
erosion control on watershed sites, but it is reasonable to expect a reduction.
• Potential strategy: Work with city officials to amend erosion control ordinance to
include provisions requiring site clearing to be done in phases, eliminating the
possibility of complete site clearing prior to building.
• Potential strategy: Work with local officials to ensure the existing erosion control
ordinance is being adhered to at all sites under which it is applicable.
Goal 3: Reduce pathogenic inputs to the lake and its tributaries to the point where the
waterbodies meet the state geometric mean standard for E. coli in the next 10 years.
Sources
Failing or ill-sited septic systems
Illicit connections
Wildlife – including geese
Fertilizers containing manure
Hot spots
• The residential areas along the south side of the lake utilize septic systems for the treatment of
household wastewater. Figure 9 (Soil series septic tank absorption field suitability) shows
areas where soils are severely and moderately limited for use as a septic tank absorption field.
These are areas of concern and should be considered hot spots. Similarly, areas located within
100 feet of a tributary to the lake and where soils are severely and moderately limited for use
as a septic tank absorption field should be considered hot spots.
• Culver Academies manure pile
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Figure 24. Critical areas targeted for pathogenic concentration reduction in the Lake Maxinkuckee
watershed. Goal 3. Source: See Appendix G.

Objective 1. Assist the south side residents were possible in the formation of a Conservancy
District to enable the elimination of septic systems for treating residential wastewater.
Objective 2. Develop a manure management program or implement a structural project to
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increase the effectiveness of the current BMPs used for the Culver Academies manure pile.
Objective 3. Work with golf course officials and other commercial properties that have open
water areas to install vegetative buffers around the open water areas to discourage geese from
taking up residence in these areas.
Objective 4. Educate watershed residents on BMPs to reduce pathogenic contamination of
adjacent waterbodies.
Individual property owner BMPs to discourage geese include (McGowan et al., 2002):
1. Do not feed geese
2. Reduce or eliminate fertilizer use; geese prefer fertilized lawns
3. Reduce lawn size and/or utilize less palatable grasses (i.e. fescue vs. bluegrass) for
lawns
4. Eliminate mowing where possible, particularly around the water’s edge.
5. Plant a vegetative buffer that is ideally at least 30 inches tall.
6. Use rock barriers and fences. These may help some but these must be tall enough in
the case of rock barriers and without openings in the case of fences.
Individual property owner BMPs to maintain septic systems include:
1. Clean (not just pump) septic tanks with a frequency dictated by tank size and number
of members in the household according to Jones and Yahner (1994).
2. Decrease or eliminate use of a garbage disposal.
3. Avoid the use of cleaning products that damage or kill the bacteria in the absorption
field.
4. Implement water conservation measures to decrease load to septic system.
Objective 6. Work with watershed landowners that have septic system absorption fields located
within 100 feet of a tributary to the lake to ensure these fields are being maintained properly
and/or help landowners obtain the assistance needed to install an alternative method of
wastewater treatment.

Goal 4: Improve land use planning in the Lake Maxinkuckee watershed to include all appropriate
measures that will safeguard the quality of Lake Maxinkuckee. Impervious cover in the Lake
Maxinkuckee Watershed is estimated between 2.8% and 8%. Research shows water quality begins to
decline when impervious surface exceeds 10% with severe degradation expected when it exceeds 25%.
(Impacts, March 2003)
Objective #1: Keep the impervious cover in the Lake Maxinkuckee watershed at or below 10% .
Work with Town of Culver and Planning Boards to adopt within 2 years of the completion of the Watershed
Management Plan:
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•
•

Greenspace and Open Space Ordinance
Stormwater Ordinance

Work with Marshall County Planning Boards to adopt within 3 years of completion of the Watershed
Management Plan.
•
•

Greenspace and Open Space Ordinance
Stormwater Ordinance

Objective #2: Maintain low density nature of existing watershed development and control potential
multifamily, commercial, or funneling developments:
•
•

Review interpretation of existing anti-funneling ordinance with Plan Commission within one
year of completion of the plan.
Work with DNR to coordinate pier size with lakefrontage and coordinate pier permits with land
use activities.

Objective #3: Form watershed-wide conservancy district to create one (1) governing body to regulate land use
planning. (Long-range Goal, achieving this goal is not expected for 10years.)

Action Plan: Facilitate the formation of a Citizen’s Committee to address the above
objectives.
Responsibility: LMEC to facilitate formation of group
Time: Fall 05 formation, group will meet until agenda items are completed.
Funding Source: Volunteer and LMEC staff time

Goal 5: Develop an understanding of the internal dynamics of the lake including the biological, chemical
and physical aspects. Improve the biological communities, reduce damaging physical effects (wave action,
vertical seawall), reduce internal phosphorus release (chemical). Lakes are dynamic ecosystems and inlake issues are important aspects of lake management in addition to reducing nutrient, sediment and
pathogenic inputs from the watershed.
Objective 1: Work with universities to develop a lake-wide study of the internal phosphorus release in the lake.
Potential study topics include:
• Monitor the anoxic boundary when the lake is stratified
• Monitor the internal response to turbidity (phosphorus release, algal response)
Action Plan: Develop potential project, identify funding sources and deadlines
Responsibility: LMEC
Time: Fall 05 for project development, implementation summer 06, if funded
Funding Source: LMEC Budget
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Objective 2: Increase shoreland Best Management Practices around Lake Maxinkuckee to reduce the runoff of
lawn care products into the lake and improve near shore habitat by:
1. Develop an environmental policy with the Property Owners Association
2. Produce educational brochures to be distributed at least once a year.
3. Develop program for shoreline residents to install natural or glacial stone seawalls and shoreline
(littoral zone) vegetation. Develop pilot project.
4. Work with agencies to open funding for shoreline restoration
Also See Goal #7

Action Plan Goal 5 Objective 2.3 : Identify landowners wiling to participate in shoreline
restoration. Develop individual restoration plans. Identify funding sources. Apply for funding.
Develop education/promotion campaign.
Responsible: LMEC/Education Committee
Time: Winter ’06 with implementation summer 06, if funded.
Action Plan Goal 5 Objective 2.1: Work with Property Owners Association to develop an
environmental policy for homeowners.
Responsible: LMEC
Time: Winter 06
Objectives 2.2 and 2.4 will be on agendas for Education and Citizens Committee, respectively.
Funding Source: LMEC budget and Lake and River Enhancement Program

Objective 3: Increase near shore water clarity by 1 foot over the next 5 years by instituting a multi-faceted
approach to managing activities in the near shore area.
1. In the first year develop additional Secchi disk monitoring program to test water clarity in near shore
areas not offshore of an inlet ditch or stream.
2. Develop a program within two years to place buoys at a specified depth rather than distance from
shore
3. Increase the number of glacial stone or natural shorelines at a rate of at least 5 per year.
4. Develop map of current lake depth
5. Investigate dredging options
6. Determine appropriate size, horsepower, speed limit and optimal number of boats to protect and
preserve Lake Maxinkuckee’s water quality
By improving shoreline habitat with more natural seawalls, an increase in aquatic vegetation should occur. It is
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expected that the fish, amphibian, macroinvertebrate and other wildlife populations will increase in numbers
and diversity, thereby improving the overall ecosystem integrity of Lake Maxinkuckee.
The current Secchi disk testing sites were selected in the early 1980’s during Crisman’s investigation primarily
to determine the impact of sedimentation from the inlet ditches. The program has continued with no change to
maintain a long-term record of water clarity readings. It is strongly suspected the turbidity lake shore residents
are concerned with results from motorized watercraft. New sites will need to be tested to determine this impact.

Action Plan: Develop secchi disk testing sites based on internal turbidity, not inlet streams
Responsible: LMEC
Time: Develop program winter 06, implement summers thereafter.
Action Plan: Develop glacial stone seawalls project with local contractors. Identify potential fund
sources
Responsible: LMEC to facilitate program development with contractor and identify funding
sources, then contractor continues program
Time: Winter 06
Action Plan: Develop buoy placement based on water depth.
Responsible: Citizens Committee
Time: 2006
Funding Source: LMEC staff time and LMEC budget

Objective 4: zebra mussels
• Maintain zebra mussels infestation warning signs at access sites to prevent spreading to other
waterbodies.
Goal 6: Lake Maxinkuckee is primarily used for recreation. Investigate potential user-conflicts and
potential over-use and develop management plans as appropriate.
Objective 1: Within one year form a Governance Committee to encourage development and enforcement of
laws and regulations designed to protect Lake Maxinkuckee and its watershed. Potential topics to address are:
•
•
•

Boat size and speed on an inland lake;
Boating capacity;
Investigate and facilitate the development of legislation to reduce mercury emissions.

Lake Maxinkuckee is listed on the 303 (d) list as impaired for Mercury and PCB’s. The ISDH specifically
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lists Lake Maxinkuckee and provides a fish consumption advisory for certain fish in the lake. A reduction in
air-borne mercury emissions from coal burning power plants will reduce mercury levels, but a regulatory
change is necessary to insure compliance by emitting power plants.
Action Plan: Form Citizen’s Committee to advocate and facilitate regulations to address
boat size, speed, boating capacity and local building and development. Members of the
committee to ask: large landowners, Property Owners Assoc., Township Trustee,
Business Owners, local government officials, general public.
Responsible: LMEC facilitate formation of committee
Time: Winter 06
Funding Source: LMEC staff time

Goal 7: Develop and implement educational programs for all watershed residents.
Objective 1: Work with outside communications specialists to develop a marketing strategy to more
effectively utilize communication tools, staff and other resources to positively affect landowner
behavior.
Objective 2: Work with local board to ensure part-time Culver residents are allowed input and
watershed-level decisions.

Action Plan: Develop marketing strategy with outside communications specialists to
guide education committee. Apply for funding
Responsible: LMEC
Time: Fall 2005 or Winter 2006
Action Plan: Form education committee to guide the educational programs outlined in
plan
Responsible: LMEC facilitate committee formation
Time: Winter 06 – on going
Action Plan: Host luncheon for area Realtors to provide them with lake education for
new lakeshore property owners. Educating and engaging realtors will help enlighten new
owners to lakeside living.
Responsible: LMEC
Time: Fall 2005 or Winter 2006
Funding Source: LMEC Staff time, LMEC budget and IDEM 319 program

An Action Register and Action Plan can be found in Appendix M. The Action Register lists the
action items along with an estimated range of cost and potential funding source. The Action
Plan list the action items based on their priority and who will be responsible for the action.
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7.0 Measuring Progress
Measuring the progress of the implementation strategies is an important component of this plan.
Periodic evaluation of the implementation process gives the organization valuable feedback on
their progress and helps to keep the watershed management process on track with the stated
goals. Tracking progress will also help evaluate which strategies are working, those that are not
and what changes need to be made; information that will be valuable when evaluating the plan.
This plan calls for the instigation of numerous programs and tasks. Keeping track of the progress
of each, based on its priority level, will be critical for the organization to stay organized and
focused on its goals. These tasks are shown below for ease in evaluating progress.
First Quarter
o
o
o
o
o
o
o
o
o
o
o

Contact major landowners regarding phosphorus use
Create list of agricultural landowners
Organize agricultural landowner dinner
Organize realtor luncheon
Meet with town officials regarding maintenance, erosion control, ordinance review
Form Education Committee
Form Citizen’s Committee
Develop lake study projects
Develop environmental policy with Lake Association
Develop seawall project
Determine new secchi testing sites

First year
o
o
o
o
o
o
o

Install 1,500 feet of new or improved buffer strips or grassed waterways
Meet with Wilson Ditch landowner regarding streambank erosion
Begin new Secchi disk testing in addition to regular testing
Clean Lakes Volunteer Monitoring Program four time during the summer.
Develop Open Space/Stormwater Ordinance
Shoreline restoration projects
Implement in-lake studies

Yearly
o Continue Clean Lakes Program Secchi disk and total phosphorus testing
o Continue Secchi testing programs, both old and new
o Inspect Culver Academies manure pile. Current investigation shows appropriate
practices are in place: pile is in pit, most runoff water is detained, risers and detention
basins control runoff for major events. Yearly check is recommended
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o Continue agriculture conservation initiative (goal 1,500 feet of buffer strip/grassed
waterway each year for 10 years)
o Educational programs
o Yearly evaluation of program progress and updates to the plan
o Tributary sampling through Hoosier Riverwatch trained volunteers
5-Year
o Clean Lakes Program (CLP) evaluated the lake in 2004, Based on their 5 year rotation,
Lake Maxinkuckee will be tested again in 2009
o Water quality sampling to coincide with CLP sampling to produce new phosphorus
loading budget and Vollenweider model and assess BMPs
o Vegetation survey
8.0 Plan Evaluation
This plan is not intended to be static document. The impacts of implementation must be
periodically evaluated and updated to accommodate success or failure of strategies, changes in
the watershed, changes in watershed management, and changing expectations for land and water
use.
Responsibility for evaluation
The Lake Maxinkuckee Environmental Council (LMEC) sponsored the watershed management
plan and acted as the steering committee during plan development and will be responsible for
plan implementation and evaluation. As stated in their bylaws, volunteers in the organization
represent the major stakeholders in the watershed: lake, agriculture, Academy, & Town of
Culver. As a long standing organization which adequately represents the lake and watershed
interests, the LMEC is the most logical and most capable organization to assume this
responsibility.
Timeline for evaluation and adaptation
The plan will be reviewed annually in the fall. Evaluating in the fall will allow for completion of
summer projects, creation of annual work plans and budgets for the upcoming year. Evaluating
in the fall will also allow the group to prepare project plans in time for grant due dates later in
the year. Results of the annual evaluation may be reported in newsletters, direct mailing, local
newspaper, and/or other local events.
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Appendix A
List of Investigations on
Lake Maxinkuckee

Appendix A
Chronology of Investigations at Lake Maxinkuckee
1900

1899-1914
1921
1965 - 1998
1970
1971
1973
1974
1975
1975
1977-1978
1982
1982
1986

1993

1995
1997
1999
1995-1999
2000

2000 and 2001
2000
2000 and 2002
2004

Indiana Department of Geology and Natural Resources Twenty-fifth
Annual Report. W.S. Blatchley, State Biologist An exploration of the
lakes and marshes of Northern Indiana in search of deposits of marl for
the manufacture of Portland Cement
United States Bureau of Fisheries. Detailed survey of physical, chemical
and biological parameters of the lake. Data are summarized by Evermann
and Clark. (1920)
Indiana State Board of Health. Sanitary survey of northern end of lake by
J.G. Diggs
Indiana Department of Natural Resources. Survey of fish community
with some field data on physical/chemical parameters. Species and
relative abundance lists from 1965, 1975, 1983, 1995, 1996, 1997, 1998
Indiana State Board of Health. Bacteriological survey for coliforms
J. Hamelink. Chemical survey of lake with some biological data
United States Environmental Protection Agency. Collection of water
chemistry and plankton, and calculation of nutrient budget for the lake.
Indiana State Board of Health. Bacteriological survey for coliforms.
Indiana Department of Natural Resources. Survey of fish community
with some field and laboratory data on physical/chemical parameters
Indiana State Board of Health. Survey of physical and chemical
parameters and algal composition and abundance for use in BonHomme
eutrophication index.
J.M. Bell and A. Spacie. Collection of physical and chemical parameters
and phytoplankton for use in evaluating trophic status.
Howard Consultants, Inc. Revision of phosphorus model for the lake.
Prediction of potential effects of further developments.
ESEI. Prediction of potential effects from proposed development of Cove
West condominiums.
Historical Analysis of the Cultural Eutrophication of Lake Maxinkuckee,
Indiana. By Thomas L. Crisman. Study delineated history of lake,
determined factors contributing to cultural eutrophication, and provided
management alternatives.
Lake Maxinkuckee Water Quality Monitoring. By JF New, Report
summarized the water quality monitoring program, evaluated the status of
the three constructed wetlands, aquatic vegetation survey and leachate
survey.
Septic Leachate Monitoring Study. By Commonwealth Biomonitoring.
Study was conducted to identify potential septic tank leachate hotspots in
Lake Maxinkuckee
Fish Community and Fish Harvest Surveys at Lake Maxinkuckee. By
Tim Cwalinski, Indiana Department of Natural Resources.
Lake Maxinkuckee Aquatic Vegetation Survey. By Dr. Robin W.
Scribailo,
Various water quality and wetland monitoring reports by JF New
Historical Assessment of Water Clarity in Lake Maxinkuckee, Indiana
and its Relationship to Recent Changes in Watershed Management. By
Thomas L. Crisman and James D. Patterson, Center for Wetlands,
University of Florida
Progress Report for Evaluation of a 14-inch Minimum Size Limit on
Walleye at Lake Maxinkuckee. By Tim Cwalinski, Indiana Department of
Natural Resources.
Curtiss Ditch Subwatershed Analysis by JF New. Detailed survey of
Curtiss Ditch watershed with recommendations for Best Management
Practices.
Secchi DiskTransparency Trends and Chlorophyll-a and Total
Phosphorus Summaries. Indiana University School of Public and
Environmental Affairs
Indiana Integrated Water Quality Monitoring and Assessment Report,
Indiana Department of Environmental Management, Office of Water
Quality
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Appendix B
Public Meeting Attendee List
The following agency technical staff provided assistance to the project:
Larry Fisher, Marshall County Surveyor
Beth Forsness, IDNR Division of Soil Conservation
Eric Oliver, IDEM Watershed Management Section
Cecil Rich, IDNR Division of Fish & Wildlife/LARE Program
Bob Robertson, IDNR Division of Fish & Wildlife

The following 82 individuals attended one or more public meeting and/or submitted
written or verbal comments (listed in alphabetical order)
Hugo Anderson
Marylou Anderson
Gregg Anderson
David Arnt
Patrick Bannon
Charles Barko
Leon Bennett
Warren Bickel
Patricia Birk
Agnes Bramfeld
Kathryn L. Breyfogle
Robert Breyfogle
Pam Buxton
Allen Chesser
Kathy Clark
Bill Cleavenger
Alan G. Clyne
Culver Portside Marine
Caroline Craig
John Crist
Jack Cunningham
Ned Davis
Jo Dugger
Dick Dugger
Joel Fisher
Lynn Flora
Kevin Foley
Fred Ford

Jerome Frys
Krista Furry
Bill Furry
Anthony Gadson
Ed Gastel
Jane Grund
Jon Guenin
Elizabeth Hahn
Steve Heim
Dusty Henricks
Fred Hord
Anne Johnston
Tom Kniesly
Alex Kolosowski
Deanna Kolosowski
Robert Kreuzberger
Frederick Lane
John Large
Jim Lemon
Katy Lewallen
Bryon Macey
Janet Macey
Ralph Macey
Alan Mahler
Rita Mason
Russ Mason
Kelly Masson

Robert Matz
Lowell Michaels
Jack Montgomery
Jim Moss
Robert Neland
George Nolan
Lance Overymyer
George Posejpal
Jean Rakich
Herb Rentschler
Bill Rhodes
John Richardson
Steward Roberts
Glen Roberts
Anthony Schuller
Tony Sellers
Jeff Sheriden
Mike Stallings
Nancy Stimson
Ted Strang
Don Stubbs
Eleanor Swanke
Dick Swennumson
Susan Thews
Pete Trone
Bob Volkert
Hal Weitgenant

Appendix C
Meeting Agendas

LAKE MAXINKUCKEE
WATERSHED MANAGEMENT PLAN
FIRST PUBLIC MEETING AGENDA
December 3, 2003; The Depot, Culver, Indiana
Meeting purpose: To provide the public with an understanding of the process of
developing a watershed management plan for Lake Maxinkuckee, discuss
outcomes desired by the public, and identify key participants and partners.

7:00

Introductions

7:15

Why we’re here: Description of the process
- brief introduction to watershed concepts
- general requirements for IDEM Watershed Management Plan
- primary reasons the LMEC applied for funding

7:45

What concerns does the public have about the
lake, watershed, and water resources?
- what is the public’s vision for the future of the lake and watershed
- what is the public’s vision for what this process should accomplish

8:15

What is the current condition of the lake,
watershed, and water resources?
- historical and trend information on lake conditions and use
- current conditions and uses of the lake/water resources
- what information do we have already? Who has it, where is it?
- what do we need to collect?

8:45

Who will participate in the process?
- list groups that should be involved
- identify individual contacts to represent interests

9:00

Adjourn

LAKE MAXINKUCKEE
WATERSHED MANAGEMENT PLAN
SECOND PUBLIC MEETING AGENDA
June 25, 2004; The Depot, Culver, Indiana
Meeting purpose: To provide the public with an understanding of the process of
developing a watershed management plan for Lake Maxinkuckee, discuss
outcomes desired by the public, and identify key participants and partners.

7:00

Lakes, Phosphorus and Aquatic Plant Mgt
- Jill Hoffmann, Indiana Lakes Management Society

7:30

Why we’re here: Description of the process
- brief introduction to watershed concepts
- general requirements for IDEM Watershed Management Plan
- primary reasons the LMEC applied for funding
- progress to date on the project
-

8:00

LMEC (Tina Hissong)

What concerns does the public have about the
lake, watershed, and water resources?
- what is the public’s vision for the future of the lake and watershed
- what is the public’s vision for what this process should accomplish

8:30

What is the current condition of the lake,
watershed, and water resources?
- historical and trend information on lake conditions and use
- current conditions and uses of the lake/water resources
- what information do we have already? Who has it, where is it?
- what do we need to collect?

8:45

Who will participate in the process?
- list groups that should be involved
- identify individual contacts to represent interests

9:00

Adjourn

LAKE MAXINKUCKEE
WATERSHED MANAGEMENT PLAN
THIRD PUBLIC MEETING AGENDA
October 13, 2004
The Culver Public Library Meeting Room
Meeting purpose: To present results of the watershed investigation being
conducted as part of Lake Maxinkuckee’s watershed management plan. The
results of the watershed investigation will help in establishing the watershed’s
current conditions and in setting goals to achieve our vision for the lake and its
watershed.

7:00

Introduction

7:05

Aquatic Plant Survey and Management Plan
- Tony Cunningham will present the aquatic plant survey recently
conducted on Lake Maxinkuckee and the aquatic plant management
plan being developed with the LMEC.

7:30

Results of the watershed investigation Part I –
Mapping and other desktop/office investigations
- Maps from the first part of the watershed investigation will be
presented, including land use maps, soil maps, and wetland maps.

8:00

Results of the watershed investigation Part II –
Inlet water chemistry and biological testing
- Descriptions of the parameters tested and an explanation of WHY
these parameters were selected.
- Results from the testing will be presented.

8:45

The next steps
- Where do we go from here
- Where you can provide further input

9:00

Adjourn

LAKE AND WATERSHED MANAGEMENT PLAN
Fourth Public Meeting Agenda
June 15, 2005; Culver Public Library, Culver, Indiana
Meeting purpose: To present, discuss and receive input on the goal and strategies
developed from public input and sampling data.

7:00

Why Watersheds Presentation
- Tina Hissong – Executive Director, Lake Maxinkuckee
Environmental Council

7:15

Recognition of “Lake Friendly” Community
Actions

7:30

Presentation, Discussion and Input on Goals and
Strategies that will protect and improve Lake
Maxinkuckee
- Review of how we got to this point
- Presentation, Discussion and Input on Goals and Strategies

9:00

Adjourn
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Your help is needed……

Join your friends and neighbors
at a Public Meeting
to share your concerns, thoughts
and comments on Lake
Maxinkuckee and learn about
lakes and watersheds.

Date: Friday June 25, 2004
Time: 7:00 pm
The Depot at the Town Park

Questions? Contact Tina Hissong
842-3686 or lmec@culcom.net

Your help is needed……

… at the second public input meeting for the Lake

… at the second public input meeting for the Lake

Maxinkuckee Watershed Management Plan. The meet-

Maxinkuckee Watershed Management Plan. The meet-

ing will be kicked off with a presentation by Jill Hoffman of Parsons Con-

ing will be kicked off with a presentation by Jill Hoffman of Parsons Con-

sulting on nutrients, lakes and watersheds and will be followed by Gwen

sulting on nutrients, lakes and watersheds and will be followed by Gwen

White of D.J. Case & Assocs who will lead the input session to hear your

White of D.J. Case & Assocs who will lead the input session to hear your

thoughts on Lake Maxinkuckee. Please join us…..We need to hear from

thoughts on Lake Maxinkuckee. Please join us…..We need to hear from

you—landowners, fisherman, farmers, and business owners.

you—landowners, fisherman, farmers, and business owners.

Join your friends and neighbors
at a Public Meeting
to share your concerns, thoughts
and comments on Lake
Maxinkuckee and learn about
lakes and watersheds.

Date: Friday June 25, 2004
Time: 7:00 pm
The Depot at the Town Park

Questions? Contact Tina Hissong
842-3686 or lmec@culcom.net

Join your friends and neighbors
at a Public Meeting
to share your concerns, thoughts
and comments on Lake
Maxinkuckee and learn about
lakes and watersheds.

Date: Friday June 25, 2004
Time: 7:00 pm
The Depot at the Town Park

Questions? Contact Tina Hissong
842-3686 or lmec@culcom.net

110 N. Main St.
P.O. Box 187
Culver, IN 46511

110 N. Main St.
P.O. Box 187
Culver, IN 46511

PRSRT STD
U.S. POSTAGE
PAID
NON-PROFIT
CULVER, IN
PERMIT NO. 10

PRSRT STD
U.S. POSTAGE
PAID
NON-PROFIT
CULVER, IN
PERMIT NO. 10

110 N. Main St.
P.O. Box 187
Culver, IN 46511

110 N. Main St.
P.O. Box 187
Culver, IN 46511

PRSRT STD
U.S. POSTAGE
PAID
NON-PROFIT
CULVER, IN
PERMIT NO. 10

PRSRT STD
U.S. POSTAGE
PAID
NON-PROFIT
CULVER, IN
PERMIT NO. 10

Lake Maxinkuckee Public Watershed Planning Meeting
Wednesday December 3, 2003
7:00 pm
The Depot at the Town Park
The first public meeting for the Lake Maxinkuckee Watershed Management Plan will be
held Wednesday December 3, 2003 at 7:00 pm at the The Depot at the Town Park in
Culver. The Lake Maxinkuckee Environmental Council (LMEC) in Culver has received
grant funding to create a management plan for Lake Maxinkuckee and its watershed from
the Indiana Dept. of Environmental Management and the Lake and River Enhancement
Program. To kick off the planning process the LMEC has scheduled a public meeting to
hear comments, ideas and thoughts from the landowners, fisherman, farmers, lake users,
and business people on Lake Maxinkuckee. The meeting will be run by Dr. Gwen White
of D.J. Case and Associates, a communications firm from Mishawaka. She will explain
watershed management planning and listen to comments and ideas from the attendees.
Public input during the planning process plays a significant role in developing the plan.
Everyone’s knowledge of the local social, economic, political, and ecological conditions
provide the yardstick against which proposed solutions must be measured. Weaving
public input, legal requirements, and resource protection strategies into an integrated
tapestry for managing Lake Maxinkuckee is what the watershed approach is all about.
The LMEC invites everyone in the Lake Maxinkuckee watershed to attend to discuss any
concern regarding the lake.
Water quality is everyone’s responsibility.

Your help is needed……

.… at the second public input meeting for the
Lake Maxinkuckee Watershed Management Plan.
The meeting will be kicked off with a presentation by Jill
Hoffmann of Parsons Consulting on nutrients, lakes and
watersheds and will be followed by Gwen White of D.J.
Case & Assocs. who will lead the input session to hear your
thoughts on Lake Maxinkuckee. Please join us…..We need
to hear from you—landowners, fisherman, farmers, and
business owners.
Join your friends and
Date: Friday June 25, 2004
neighbors at a Public Meeting
to share your concerns,
Time: 7:00 pm
thoughts and comments on
Place: The Depot at the Town Park
Lake
Maxinkuckee
and learn about lakes and
watersheds.
Questions?
Contact Tina Hissong
842-3686 or lmec@culcom.net

Lake Maxinkuckee Public Watershed Planning Meeting
Friday June 25, 2004
7:00 pm
The Depot at the Town Park
The second public meeting for the Lake Maxinkuckee Watershed Management Plan will
be held Friday June 25, 2004 at 7:00 pm at the Depot at the Town Park in Culver. The
Lake Maxinkuckee Environmental Council (LMEC) in Culver has received grant funding
to create a management plan for Lake Maxinkuckee and its watershed from the Indiana
Dept. of Environmental Management and the Lake and River Enhancement Program. The
first meeting held last December was attended by over 40 people who communicated
over 200 ideas and issues regarding Lake Maxinkuckee during the 2 hour meeting. Jill
Hoffmann, aquatic biologist, will begin the meeting with a presentation on lakes and
nutrient input and will be followed by the input session which will be run by Dr. Gwen
White of D.J. Case and Associates, a communications firm from Mishawaka.
Public input during the planning process plays a significant role in developing the plan.
Everyone’s knowledge of the local social, economic, political, and ecological conditions
provide the yardstick against which proposed solutions must be measured. Weaving
public input, legal requirements, and resource protection strategies into an integrated
tapestry for managing Lake Maxinkuckee is what the watershed approach is all about.
The LMEC invites everyone in the Lake Maxinkuckee watershed to attend to discuss any
concern regarding the lake.
Everyone Lives In a Watershed and Water Quality is Everyone’s Responsibility.
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Time: 7:00 pm
The Depot at the Town Park

Questions? Contact Tina Hissong
842-3686 or lmec@culcom.net
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Watershed Management
Planning
Public Meeting to Present

Water Quality
Sampling Data
Wednesday October 13, 2004
7:00 PM at the
Culver Public
Library
Water quality, habitat assessment & macroinvertebrate
results presented by Marianne Giolitto of JF New
Aquatic vegetation survey results presented by
Tony Cunningham of Weed Patrol, Inc.

Lake Maxinkuckee Goals to be Presented/Wetland Tour
Offered
The Lake Maxinkuckee Environmental Council (LMEC) will be holding their fourth
public meeting for Lake and Watershed Management Planning on Wednesday June 15,
2005 from 7 - 9 pm at the Culver Public Library meeting room to present lake and water
quality improvement goals.
Goals to reduce nutrient input into the lake and improve water quality were developed from
public input gathered at previous meetings and the water sampling conducted last summer.
According to LMEC Executive Director Tina Hissong, “These goals will guide lake water
quality projects for the next 5 – 10 years and involve everyone in the watershed – town,
lakeshore, watershed residents and farmers. The meeting is for everyone in the watershed to
learn more about the issues facing Lake Maxinkuckee, learn what they can do, and help us
develop projects that will effectively reduce nutrient loading into the lake. ”
Copies of the goals and strategies are available by contacting the LMEC office at 574842-3686 or LMEC@culcom.net, and at the Culver Public Library.
A tour of wetland projects will also be available Wednesday June 15 from 1- 3 pm.
Anyone interested in learning more about the LMEC’s constructed wetlands can stop by
the LMEC office between 1 and 3 on Wednesday June 15, pick up a map and drive to the
wetland locations. LMEC volunteers will be onsite with information about the projects.
Find out more about the projects that are helping the lake!
For more information contact Tina Hissong at 574-842-3686 or LMEC @culcom.net

Wetland Tours
SPONSORED
BY THE:

Wednesday
June 15

First prize
S econd prize
Third prize
T-shirt s providedto a ll part c
i ipant s

1:00—3:00 pm
Learn about the projects in
our watershed that are
helping the lake!
Stop by the LMEC office (116 N.
Main St.), between 1 and 3 pm,
pick up a map and drive to the
wetland locations. LMEC
volunteers will be onsite with
information about the projects.

Organization Name

Organizatio n

Organization Name

Organizatio n

Organization Name

For More Information Contact:
Tina Hissong at the LMEC Office
574-842-3686 or LMEC@culcom.net

Press Release
Lake Maxinkuckee Management Plan Ready for Review
The process of developing a lake and watershed management plan for Lake
Maxinkuckee began in December of 2003 with the first public input meetings. Two
public input meetings were held to hear the watershed residents concerns. Water
quality data was collected. Previous studies and information on the lake were reviewed.
Water quality goals were set and, with the help of residents’ input, strategies to achieve
those goals were developed. The plan is now compiled and ready for public review.
There will be a public meeting Thursday December 15, 2005 at 7:00 pm in the meeting
room of the Culver Public Library to hear public comments on the plan. A copy of the
plan is available on the website www.culverlmec.com. If you would like a hard copy,
please call the LMEC office at 574-842-3686. If you are unable to attend the meeting,
comments will be accepted until December 31 and can be mailed, emailed or phoned to
the LMEC office. 116 N. Main St., P.O. Box 187, Culver, IN 46511, 574-842-3686,
LMEC@culcom.net.
Results of the study show, like most other waterbodies in Indiana, the water quality in
the lake is threatened by the input of nonpoint source pollution, specifically nutrients,
sediments and bacteria. The pollution that enters the lake originates from several
sources including: the areas that drain into the streams and ditches leading to the lake,
the shoreline, the areas draining directly to the lake, and the lake itself. In addition to
nonpoint source concerns, the plan also incorporates the social, recreational, and land
use concerns stakeholders expressed at the public meetings.
Phosphorus is the key nutrient to reduce to improve water quality, however the testing in
2004 shows an increase of phosphorus entering the lake compared to data gathered in
1982. In 1982 the Total Annual Phosphorus Loading was estimated at 1,566 kg/yr. In
2004 the Total Annual Phosphorus Loading was estimated at 1,703 kg/yr (nearly 4,000
lbs). While phosphorus loading has increased over the years, the rate of increase has
slowed which is evidence practices put in place over the past 25 years are working.
(See Figure 21, Phosphorus Loadings/Vollenweider Models on page 67 of the plan.)
Of the phosphorus entering the lake approximately 75% comes from the watershed
through the three main tributaries, the Kline, Curtiss and Wilson ditches and
approximately 25% comes directly to the lake from the land immediately surrounding the
lake. (See Table 12 - 2004 Phosphorus Loading on page 77 of the plan.)
To address all the concerns identified in the plan, twenty seven (27) objectives were
developed, with the first goal to reduce the phosphorus loading.
Contact:
Tina Hissong, Exective Director
Lake Maxinkuckee Environmental Council
116 N. Main St.
P.O. Box 187
Culver, IN 46511

574-842-3686
LMEC@culcom.net

Appendix E
Letter to Stakeholders

Appendix E
Example letter to Stakeholder

November 15, 2003
Mr. John Buxton
Culver Academies
1300 Academy Road, Box 159
Culver, IN 46511
Dear John,
The Lake Maxinkuckee Environmental Council has received grant funding to create
an updated watershed management plan for Lake Maxinkuckee from the Indiana
Department of Environmental Management and the Lake and River Enhancement
Program. Part of the process of developing a management plan is to get input from
stakeholders in the watershed – their thoughts, comments, and ideas about Lake
Maxinkuckee and about preserving it. To do this the Lake Maxinkuckee
Environmental Council will be hosting the first public Watershed Management
Planning meeting on Wednesday December 3, 2003 at 7:00 pm at the Depot at
the Town Park and with your position in the Culver/Lake Maxinkuckee
community we invite you or someone from your organization to join us.
To develop a workable watershed management plan we need your involvement.
Everyone’s knowledge of the local social, economic, political and ecological
conditions provide the yardstick against which proposed solutions must be
measured. Also, the goals, problems, and remediation strategies generated by the
stakeholders define what is desirable and achievable. Weaving stakeholder input,
legal requirements, and resource protection strategies into an integrated tapestry for
managing Lake Maxinkuckee is what the watershed approach is all about. To help
us weave these issues together Dr. Gwen White of the communications firm of D.J.
Case and Associates will be facilitating the meeting.
Successful watershed management involves and benefits everyone! Please join us
and be a part of it.
Sincerely,
Tina Hissong, Director
Lake Maxinkuckee Environmental Council

Appendix F
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Appendix F
Lake Maxinkuckee Watershed Planning Meeting Notes
December 3, 2003
What concerns the public about the lake, watershed and water resources?
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Time period for plan (2 years)
Communicating impact of wetlands on lake
Map of Lake Maxinkuckee Watershed
Identity of organization who is in charge of process
Funding to implement
Cost of this plan $75,000 IDEM and $27,000 DNR
What is different about this plan
Representatives of all parts of the lake
Map needed of the watershed to determine who resides in it. (what are we talking
about/addressing)
Interests in the lake extend beyond where you reside
Will the plan move in to regulations
Lake is an important asset to preserve – need “hands on” approach
Everyone must contribute
Did landowners outside Culver receive invitations
Role of development (home construction around lake)
See turtles
Healthy fish population fishing – not enough bluegill & perch; enough (big)
walleye & bass
Zebra mussels: swim shoes
Solution to carp (pellets-Michigan) lots of carp and gar
Clean up of Hawk Lake/restored
Pump out of septic tank regularly
Turbidity – understand sources, affects of shallow area
Stormwater runoff
Nutrients from birds
Drywells in paved areas
Is there a mercury problem
Promote environmentally friendly seawalls and areas of emergent vegetation
Quality and effect of “spring-fed” lake
Optimal number of watercraft/noise and water pollution
SE corner water filtration (Campbell wetland) impact on spawning beds and boat
impacts
More activity in Winter (sports)
Effect of fireworks on pollution
Impact of Maxinkuckee outflow on Hawk Lake versus its watershed
Leaf pollution

•

More wakeboarding – impact of wake on turbidity and docked boats/workers on
lake
Upgrade stormwater runoff regulations – Town and around lake
Docking area on west side has pier and port-a-pot (DNR access site)

•
•
•
Public’s vision for what this process should accomplish
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Comprehensive plan for Town Board to enact ordinances
Reach of Town zoning around lake (modernizing maps for zoning)
Focus on doing things to protect the lake/recognizing effects of actions on lake
“natural bodies clean themselves”
Can’t reverse what is happened, lost concept of “coming to the lake”
Make a list, identify number one pollutant, causes, solution; find out what the
worst problems are.
Order of importance of pollutants. More natural process, better fish – “rid of
pollutants, not the people”
See the process grow; people take stewardship, not look to others to fix the
problem
Identify concerns not yet addressed
Too much grass/golf courses and fertilizer runoff
More people playing bingo, community participation
Be able to stop pollutants; be able to enforce rules
Schedule all public meeting dates now
Support creation of sanitary districts
Consider water and sewer around lake
Keep people from raking leaves into the lake
Improve understanding of septic tank maintance and design
Information for lake property owners on effects of management on lake (how to
reach property owners w/info)
Historical studies
Fish surveys
Water clarity changes
Is it getting better
Lots of information now – how will report improve on that?
Modern technology; feasibility; current data and techniques
Reference use of new conservation programs
New information: stream water quality and biology
Map of watershed
Condition of resources and responsibility of various sectors of society (impact)
Identify species that have disappeared (diversity change)
Nuisance species and methods to eradicate it
Renew and assemble information

Further Comments

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Lake “dirty”/silt on bottom in areas that were sand
Boats churning up bottom
Impact of lake level on water (new weir)
Skiing in shallow areas
Cycle of lake levels
Fisherman on lake knew where holes, weed patches, and shallows were
More boats
Lake was for fishing, not more than 9.9 hp – no big outboards
Good public relations, provide more information at public access, info for visitors
on shallows, fishing holes, ski areas
Impact of sewers on development
More impervious area
Lake as economic engine for community
Map of lake depths for everyone with directions on shallows for boaters – no bait
shop so need central source of info
Everyone used to know characteristics of lake
Regulations on pumping silt out of lake (dredging)
NRCS/SWCD soils data
Historical aerial photos
Comprehensive planning and zoning
East Shore Corporation/sewers removed 85 septic tanks/volume of water
Cleaning sediment pools in creeks – impacts downstream (timing of dredging
traps or maintenance
Golf course pumps sediment to East side
Regulation of golf course chemicals

Who should participate in the process?
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Everyone in Union Township[
Golf courses
Marinas (one on/one off)
Lake Maxinkuckee Association (property owners)
East Shore Sewer Corporation
Bingo players
Historical Society of Culver
Park Department
Cove Residents
Chamber of Commerce
Second Century
City of Culver
Culver Academy
Soil and Water Conservation District
DNR

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Town Council
Agricultural community
4-H
Schools
Culver Young Farmers
County Health Department
Lions/Kiwanis
Culver Citizen
Drainage Board
County GIS Department
County Planning Department
INDOT/State highways
Fire Department/Police
Street and Water Departments
County Highway Department
Lake Maxinkuckee Watershed Planning Meeting Notes
June 25, 2004 Public Meeting

What is the public’s vision for the future of the lake and watershed and for what
this process should accomplish?
• Several Communities, more interesting people
• Clarity compared to others, visually desirable
• Keep recreational pressure at a non-detrimental level (boating)
• Keep development pressure in control, not a lot of development too near the lake,
less multi-family, commercial
• Some development benefits to community, affects on lake use and infrastructure
• Own land responsible, private property use around lake (density, safe use)
• Avoid funneling
• Restriction on size/horsepower, speed limits, cigar boats, young kids on jet skis
(safety)
• Turbidity – buoy placement 200 ft out versus 10 ft depth
• Compliance of drainage (storm sewers, ditches)
• Accomplish cooperation between types of owners (town, private)
• Septic systems that drain into the lake
• No access to lake (roads) , but want it to remain as is (not Disney World)
• This is a recreational community – depends on lake use (many different opinions
– farming, industrial uses in community)
• People who come to the lake need awareness of concerns (signs)
• Turbidity at access point (tourney fishing)
• Public toilets at access (improper use, vandalism)
• Review of current zoning ordinances – lot space, heights of homes – on and off
the lake

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Property owners in town come to Council meetings, lake residents attend board of
zoning appeals even without direct personal issues
Pump water out of lake when it’s dry – effect on lake unknown
Motivation for people living around lake may differ from watershed residents
awareness
Relative impact of actions near lake and up in watershed
More education on what is good for the lake
Preaching to the choir – many who live on lake vote somewhere else (no say in
political reps here because primary residence is elsewhere – vote where you pay
taxes)
May need legislative help at state level, DNR, Marshall Co Plan Commission for
authority – stewardship
Concerns have been brought to Commission (height of buildings, lot coverage)
Can attend gov’t meetings eve if you don’t vote – interest drives
Bigger issue than plan commission (development, docking space/pier control at
DNR)
Each time rains, lake turns red at Peru Court (storm sewer from town)
Water and sewer from Town of Culver input from people outside town (standing
of people who don’t vote)
Inputs to Hawk Lake
Loss of 4-5 public accesses (town adjacent property owners, trend continues,
private pier, lake not just asset of shoreline owners
Representation and awareness of watershed owners (include them) management
of agriculture/rural land
Form governing body that covers the watershed?
Centralized gov’t/management of watershed?
More industry/jobs or resort/retirement town (annexing lake to town proposed?)
Political boundaries may not meet current needs
Churning sediments in shall water (weir height, high speed boating)
Look at other lake communities in Midwest addressing same problems
(benchmarking best practices to achieve goals)
Two organizations (LMEC 501(c)(3) and lake association) different missions,
large agenda, need to keep everyone informed)
Support of lake leadership as model
Water quality as founding issue
POA – safety, security, property

What are the past and current conditions of the lake and watershed?
•
•
•
•
•
•

Quiet
Lily pads and reeds on South Shore
Indians - to – fishing cottages – to – current development
Cove was reeds, sand, bulrush sand beach
Population smaller, # of people who could afford recreational boating
Turn of the century – steamboats, thousands of people, trash dumped

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Infestation of zebra mussels, rocks and depth of rocks
Proactive about what might happen (invasive species)
Giant speed boats/motors
Max. size inboard speed boats, outboards were 25 hp, now 250 hp, jet skies, large
boats,, waves/wake
Safety for fishing, sailing
No stipulated max. speed limit, hours of operations, boat speed, direction
Impact of boat speeds displacement, # of boats and style on water quality
Wake impacts on bulkhead seawalls
Boating in shallow water
Total # of watercraft up slightly, more personal watercraft; used to be more
sailboats
Is there a saturation point (# of boats, size of motors, carrying capacity, space and
speed)
What entity would restrict boating?
Boats still fishing sand bars West Shore
Amount of duckweed differs?
2004 tillage transect-drive route/GPS trends to more residue and protection from
soil erosion, CRP
Fewer turtles
Changes from more largemouth bass to more smallmouth now
Effect of tourney fishing on bass

Who will participate?
•
•
•
•
•
•
•
•
•
•
•
•
•

DNR on pier placement
Farming Community
Academy
Lake residents
Mix of year round and seasonal
Town
LMEC
Non-resident lake users
County (Marshall and Fulton), State and Federal Gov’t
Lake Association
Churches, Kiwanis, EMT, Chamber of Commerce, etc.
Realtors
Contractors
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Appendix G – GIS Sources
Figure 2. Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage (2002). Road
(2002), highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER
data set.
U.S. Department of Agriculture, Natural Resources Conservation Service, Indiana Department
of Environmental Management, Indiana Department of Natural Resources, Division of Water.
2002. WATERSHEDS_HUC14_SUBWATERSHEDS_USGS_IN: Subwatersheds, 14-digit,
Hydrologic Units, in Indiana, (US Geological Survey, 1:24000 Polygon Shapefile).
U.S. Department of Commerce, U.S. Census Bureau, (conversion): AVENZA Systems Inc.
2002. ROADS_TIGER00_IN: Indiana Roads from TIGER Files (U.S. Census Bureau,
1:100,000, Line Shapefile).
Indiana Geological Survey. 2000. HIGHWAYS_TIGER_IGS_IN: U.S. and State Highways in
Indiana, Derived from TIGER Files (U.S. Census Bureau, 1:100,000, Line Shapefile).
U.S. Geological Survey and U.S. Environmental Protection Agency. 2001.
HYDROGRAPHY_LINE_NHD_IN: Streams, Rivers, Canals, and Ditches in Indiana (United
States Geological Survey, 1:100,000, Polygon Shapefile).
Figure 3. Subwatersheds of the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Subwatershed
boundaries were generated using ArcView 3.3 Spatial Analyst with a hydrological modeling
extension available from ESRI. Computer generated boundaries were field checked for accuracy.
Road (2002), highway (2000), and stream (2001) coverages are from the U.S. Census Bureau
TIGER data set.
Figure 4. Tippecanoe River watershed.
Watershed boundaries are from the 8-digit Hydrologic Unit Code coverage (2002). Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
U.S. Department of Agriculture, Natural Resources Conservation Service, Indiana Department
of Environmental Management, Indiana Department of Natural Resources, Division of Water.
2002. WATERSHEDS_HUC08_CATALOG_UNITS_USGS_IN: Cataloging Units, 8-digit,
Hydrologic Units, in Indiana, (Derived from US Geological Survey, 1:24,000 Polygon
Shapefile).
Figure 5. Topographic relief of Lake Maxinkuckee Watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. The topographic
map is from the U.S. Geological Survey National Elevation Dataset
(http://gisdata.usgs.net/ned/).
Figure 6. Soil associations present in the Lake Maxinkuckee watershed.
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Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. The soil association
coverage was generated by JFNew based on soil associations from the U.S. Department of
Agriculture (Douglas, 1981). Road (2002), highway (2000), and stream (2001) coverages are
from the U.S. Census Bureau TIGER data set.
Figure 7. Highly erodible and potentially highly erodible soils in the Lake Maxinkuckee
watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
Soils coverage is from the Natural Resources Conservation Service National Ssurgo Soils
Database. Highly erodible and potentially soils criteria were set by the NRCS and obtained from
Douglas (1981).
Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. 2004. Soil Survey Geographic (SSURGO) Database for Cass County, Indiana.
[http://soildatamart.nrcs.usda.gov/Survey.aspx?County=IN017]. [Accessed November 20,
2004.]
Figure 8. Sewer and septic tank system usage in the Lake Maxinkuckee Watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Sewer and septic
tank usage information and boundaries were provided by they Lake Maxinkuckee Environmental
Council
Figure 9. Soil septic field absorption suitability in the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
Soils coverage is from the Natural Resources Conservation Service National Ssurgo Soils
Database. Soil septic tank limitations were set by the NRCS and are reported in Douglas (1981).
Figure 10. Wetland locations within the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
Wetland location source is U.S. Fish and Wildlife Service National Wetland Inventory GIS
coverage.
U.S. Fish & Wildlife Service. 1981. National Wetlands Inventory. St.Petersburg, Florida.
Figure 11. Hydric soils in the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
Soils coverage is from the Natural Resources Conservation Service National Ssurgo Soils
Database. Hydric soil classifications were previously set by the NRCS.
Figure 12. Historical structures and sites in the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
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The historical structures coverage was generated by JFNew based on information from the
Historic Landmarks Foundation (1990)
Figure 13. Land use in the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
Land use comes from the USGS Indiana Land Cover Data Set. The data set was corrected by
JFNew based on 2003 aerial photographs.
U.S. Geological Survey. 1998. Indiana Land Cover Data Set, Version 98-12.
Figure 14. Tracts of land owned by Indiana Department of Natural Resources, Culver
Academies, Lake Maxinkuckee Country Club, and Mystic Hills Golf Course.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
The public entities coverage was generated by JFNew from the Marshall County Plat Book.
Figure 15. Stream sampling locations.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
JFNew recorded stream sampling locations during the macroinvertebrate and habitat assessment
conducted on August 17, 2004. The locations were recorded using a Trimble Pro XRS global
positioning system with sub-meter accuracy.
Figure 20. Confined feeding operation (CFO), restricted waste (RCRA), and underground
storage tank (LUST) locations within the Lake Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
JFNew recorded watershed survey locations during the various assessments completed during
2004. Coverages for leaking underground storage tanks, restricted waste, and confined feeding
operations are from the Indiana Geological Survey website. [LUST_IDEM_IN: Leaking
Underground Storage Tanks in Indiana (Indiana Department of Environmental Management,
Point Shapefile)]; [CONFINED_FEEDING_OPERATIONS_IDEM_IN: Confined Feeding
Operation Facilities in Indiana(Indiana Department of Environmental Management, Point
Shapefile)]; SUPERFUND_IDEM_IN: Superfund Program Facilities in Indiana(Indiana
Department of Environmental Management, Point Shapefile)]
Figure 22. Critical areas targeted for nutrient loading reduction in the Lake Maxinkuckee
watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
The agricultural lands coverage comes from the U.S. Geological Survey Indiana Land Cover
Data Set, Version 98-12. Highly erodible soils coverage is generated from information contain in
Douglas (1981) and from the Ssurgo soils coverage. JFNew generated the critical areas coverage
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based on field assessments and information provided by stakeholders during the planning
process.
Figure 23. Critical areas targeted for sediment loading reduction in the Lake Maxinkuckee
watershed. Goal 2.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
The agricultural lands coverage comes from the U.S. Geological Survey Indiana Land Cover
Data Set, Version 98-12. Highly erodible soils coverage is generated from information contain in
Douglas (1981) and from the Ssurgo soils coverage. JFNew generated the critical areas coverage
based on field assessments and information provided by stakeholders during the planning
process.
Figure 24. Critical areas targeted for pathogenic concentration reduction in the Lake
Maxinkuckee watershed.
Watershed boundaries are from the 14-digit Hydrologic Unit Code coverage. Road (2002),
highway (2000), and stream (2001) coverages are from the U.S. Census Bureau TIGER data set.
The severely limited soils coverage was generated from information contained in Douglas (1981)
and the Ssurgo soils coverage. JFNew generated the critical areas coverage based on field
assessments and information provided by stakeholders during the planning process.
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Appendix H
Endangered, Threatened
or Rare Species List

November 12, 1999
ENDANGERED, THREATENED AND RARE SPECIES DOCUMENTED FROM MARSHALL COUNTY, INDIANA
SPECIES NAME

COMMON NAME

STATE

FED

SRANK

GRANK

VASCULAR PLANT
ARMORACIA AQUATICA
ASTER BOREALIS
COELOGLOSSUM VIRIDE VAR VIRESCENS
CYPRIPEDIUM CANDIDUM
ELEOCHARIS EQUISETOIDES
GLYCERIA GRANDIS
HYPERICUM PYRAMIDATUM
PLATANTHERA ORBICULATA
POA ALSODES
POTAMOGETON STRICTIFOLIUS
VALERIANA EDULIS
ZANNICHELLIA PALUSTRIS

LAKE CRESS
RUSHLIKE ASTER
LONG-BRACT GREEN ORCHIS
SMALL WHITE LADY'S-SLIPPER
HORSE-TAIL SPIKERUSH
AMERICAN MANNA-GRASS
GREAT ST. JOHN'S-WORT
LARGE ROUNDLEAF ORCHID
GROVE MEADOW GRASS
STRAIGHT-LEAF PONDWEED
HAIRY VALERIAN
HORNED PONDWEED

SE
SR
ST
SR
SE
SX
SE
SX
SR
SE
SE
SE

**
**
**
**
**
**
**
**
**
**
**
**

S1
S2
S2
S2
S1
SH
S1
SX
S2
S1
S1
S1

G4?
G5
G5T5
G4
G4
G5
G4
G5?
G4G5
G5
G5
G5

MOLLUSCA: GASTROPODA
CAMPELOMA DECISUM
LYMNAEA STAGNALIS

POINTED CAMPELOMA
SWAMP LYMNAEA

SSC
SSC

**
**

S2
S2

G5
G5

MOLLUSCA: BIVALVIA (MUSSELS)
ALASMIDONTA VIRIDIS
LAMPSILIS FASCIOLA
LIGUMIA RECTA
PLEUROBEMA CLAVA
PTYCHOBRANCHUS FASCIOLARIS

SLIPPERSHELL MUSSEL
WAVY-RAYED LAMPMUSSEL
BLACK SANDSHELL
CLUBSHELL
KIDNEYSHELL

**
SSC
**
SE
SSC

**
**
**
LE
**

S2
S2
S2
S1
S2

G4G5
G4
G5
G2
G4G5

FISH
COREGONUS ARTEDI
ETHEOSTOMA PELLUCIDUM
ICHTHYOMYZON BDELLIUM

CISCO
EASTERN SAND DARTER
OHIO LAMPREY

SSC
SSC
**

**
**
**

S2
S2
S2

G5
G3
G3G4

REPTILES
CLEMMYS GUTTATA
CLONOPHIS KIRTLANDII
EMYDOIDEA BLANDINGII
SISTRURUS CATENATUS CATENATUS
TERRAPENE ORNATA
THAMNOPHIS BUTLERI

SPOTTED TURTLE
KIRTLAND'S SNAKE
BLANDING'S TURTLE
EASTERN MASSASAUGA
ORNATE BOX TURTLE
BUTLER'S GARTER SNAKE

SE
SE
SE
SE
SE
SE

**
**
**
**
**
**

S2
S2
S2
S2
S2
S1

G5
G2
G4
G3G4T3T4
G5
G4

BIRDS
ACCIPITER STRIATUS
ARDEA HERODIAS
BOTAURUS LENTIGINOSUS
CERTHIA AMERICANA

SHARP-SHINNED HAWK
GREAT BLUE HERON
AMERICAN BITTERN
BROWN CREEPER

SSC
**
SE
**

**
**
**
**

S2B,SZN
S4B,SZN
S2B
S2B,SZN

G5
G5
G4
G5

STATE:
FEDERAL:

SX=extirpated, SE=endangered, ST=threatened, SR=rare, SSC=special concern, WL=watch list, SG=significant,** no status but
rarity warrants concern
LE=endangered, LT=threatened, LELT=different listings for specific ranges of species, PE=proposed endangered,
PT=proposed threatened, E/SA=appearance similar to LE species, **=not listed
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November 12, 1999
ENDANGERED, THREATENED AND RARE SPECIES DOCUMENTED FROM MARSHALL COUNTY, INDIANA
SPECIES NAME

COMMON NAME

STATE

FED

SRANK

GRANK

CISTOTHORUS PALUSTRIS
DENDROICA CERULEA
IXOBRYCHUS EXILIS
RALLUS ELEGANS
RALLUS LIMICOLA
WILSONIA CITRINA
XANTHOCEPHALUS XANTHOCEPHALUS

MARSH WREN
CERULEAN WARBLER
LEAST BITTERN
KING RAIL
VIRGINIA RAIL
HOODED WARBLER
YELLOW-HEADED BLACKBIRD

SE
SSC
SE
SE
SSC
SSC
SE

**
**
**
**
**
**
**

S3B,SZN
S3B
S3B
S1B,SZN
S3B,SZN
S3B
S1B

G5
G4
G5
G4G5
G5
G5
G5

MAMMALS
SPERMOPHILUS FRANKLINII
TAXIDEA TAXUS

FRANKLIN'S GROUND SQUIRREL
AMERICAN BADGER

SE
SE

**
**

S2
S2

G5
G5

HIGH QUALITY NATURAL COMMUNITY
PRAIRIE - MESIC
WETLAND - BEACH MARL
WETLAND - BOG ACID
WETLAND - FEN
WETLAND - FLAT MUCK

MESIC PRAIRIE
MARL BEACH
ACID BOG
FEN
MUCK FLAT

SG
SG
SG
SG
SG

**
**
**
**
**

S2
S2
S2
S3
S2

G2
G3
G3
G3
G2

STATE:
FEDERAL:

SX=extirpated, SE=endangered, ST=threatened, SR=rare, SSC=special concern, WL=watch list, SG=significant,** no status but
rarity warrants concern
LE=endangered, LT=threatened, LELT=different listings for specific ranges of species, PE=proposed endangered,
PT=proposed threatened, E/SA=appearance similar to LE species, **=not listed
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November 16, 1999
ENDANGERED, THREATENED AND RARE SPECIES DOCUMENTED FROM FULTON COUNTY, INDIANA
SPECIES NAME

COMMON NAME

STATE

FED

SRANK

GRANK

VASCULAR PLANT
BIDENS BECKII
CAREX ATLANTICA SSP CAPILLACEA
CAREX BEBBII
CAREX PSEUDOCYPERUS
CAREX SPARGANIOIDES VAR CEPHALOIDEA
CIRSIUM HILLII
CRATAEGUS SUCCULENTA
ERIOPHORUM VIRIDICARINATUM
GERANIUM BICKNELLII
LATHYRUS VENOSUS
SCIRPUS PURSHIANUS
STENANTHIUM GRAMINEUM

BECK WATER-MARIGOLD
HOWE SEDGE
BEBB'S SEDGE
CYPERUS-LIKE SEDGE
THINLEAF SEDGE
HILL'S THISTLE
FLESHY HAWTHORN
GREEN-KEELED COTTON-GRASS
BICKNELL NORTHERN CRANE'S-BILL
SMOOTH VEINY PEA
WEAKSTALK BULRUSH
EASTERN FEATHERBELLS

SE
SE
ST
SE
ST
SE
SR
SR
SE
ST
SE
SE

**
**
**
**
**
**
**
**
**
**
**
**

S1
S1
S2
S1
S2
S1
S2
S2
S1
S2
S1
S1

G4G5T4
G5T5?
G5
G5
G5
G3
G5
G5
G5
G5
G4G5
G4G5

MOLLUSCA: BIVALVIA (MUSSELS)
ALASMIDONTA VIRIDIS
EPIOBLASMA TORULOSA RANGIANA
FUSCONAIA SUBROTUNDA
LAMPSILIS FASCIOLA
LAMPSILIS OVATA
LIGUMIA RECTA
OBOVARIA SUBROTUNDA
PLETHOBASUS CYPHYUS
PLEUROBEMA CLAVA
PLEUROBEMA PLENUM
PLEUROBEMA PYRAMIDATUM
PTYCHOBRANCHUS FASCIOLARIS
QUADRULA CYLINDRICA CYLINDRICA
SIMPSONAIAS AMBIGUA
TOXOLASMA LIVIDUS
VILLOSA FABALIS
VILLOSA LIENOSA

SLIPPERSHELL MUSSEL
NORTHERN RIFFLESHELL
LONG-SOLID
WAVY-RAYED LAMPMUSSEL
POCKETBOOK
BLACK SANDSHELL
ROUND HICKORYNUT
SHEEPNOSE
CLUBSHELL
ROUGH PIGTOE
PYRAMID PIGTOE
KIDNEYSHELL
RABBITSFOOT
SALAMANDER MUSSEL
PURPLE LILLIPUT
RAYED BEAN
LITTLE SPECTACLECASE

**
SE
SE
SSC
**
**
SSC
SE
SE
SE
SE
SSC
SE
SSC
SSC
SSC
SSC

**
LE
**
**
**
**
**
**
LE
LE
**
**
**
**
**
**
**

S2
S1
S1
S2
S2
S2
S2
S1
S1
S1
S1
S2
S1
S2
S2
S1
S2

G4G5
G2T2
G3
G4
G5
G5
G4
G3
G2
G1
G2
G4G5
G3T3
G3
G2
G1G2
G5

FISH
COREGONUS ARTEDI
ETHEOSTOMA CAMURUM
ETHEOSTOMA MACULATUM
ETHEOSTOMA PELLUCIDUM
ETHEOSTOMA TIPPECANOE
HYBOPSIS AMBLOPS
ICHTHYOMYZON BDELLIUM
PERCINA EVIDES

CISCO
BLUEBREAST DARTER
SPOTTED DARTER
EASTERN SAND DARTER
TIPPECANOE DARTER
BIGEYE CHUB
OHIO LAMPREY
GILT DARTER

SSC
SE
SE
SSC
SE
**
**
SE

**
**
**
**
**
**
**
**

S2
S1
S1
S2
S1
S2
S2
S1

G5
G4
G2
G3
G3
G5
G3G4
G4

STATE:
FEDERAL:

SX=extirpated, SE=endangered, ST=threatened, SR=rare, SSC=special concern, WL=watch list, SG=significant,** no status but
rarity warrants concern
LE=endangered, LT=threatened, LELT=different listings for specific ranges of species, PE=proposed endangered,
PT=proposed threatened, E/SA=appearance similar to LE species, **=not listed
Page 1

November 16, 1999
ENDANGERED, THREATENED AND RARE SPECIES DOCUMENTED FROM FULTON COUNTY, INDIANA
SPECIES NAME

COMMON NAME

STATE

FED

SRANK

GRANK

AMPHIBIANS
NECTURUS MACULOSUS

MUDPUPPY

SSC

**

S2

G5

REPTILES
CLEMMYS GUTTATA
EMYDOIDEA BLANDINGII
SISTRURUS CATENATUS CATENATUS

SPOTTED TURTLE
BLANDING'S TURTLE
EASTERN MASSASAUGA

SE
SE
SE

**
**
**

S2
S2
S2

G5
G4
G3G4T3T4

BIRDS
ARDEA HERODIAS
BOTAURUS LENTIGINOSUS
BUTEO PLATYPTERUS
CISTOTHORUS PALUSTRIS
CISTOTHORUS PLATENSIS
IXOBRYCHUS EXILIS
RALLUS LIMICOLA
STERNA FORSTERI
TYTO ALBA

GREAT BLUE HERON
AMERICAN BITTERN
BROAD-WINGED HAWK
MARSH WREN
SEDGE WREN
LEAST BITTERN
VIRGINIA RAIL
FORSTER'S TERN
BARN OWL

**
SE
SSC
SE
SE
SE
SSC
**
SE

**
**
**
**
**
**
**
**
**

S4B,SZN
S2B
S3B,SRFN
S3B,SZN
S3B,SZN
S3B
S3B,SZN
SHB,SZN
S2

G5
G4
G5
G5
G5
G5
G5
G5
G5

MAMMALS
CONDYLURA CRISTATA
LYNX RUFUS
MYOTIS SODALIS
SPERMOPHILUS FRANKLINII
TAXIDEA TAXUS

STAR-NOSED MOLE
BOBCAT
INDIANA BAT OR SOCIAL MYOTIS
FRANKLIN'S GROUND SQUIRREL
AMERICAN BADGER

SSC
SE
SE
SE
SE

**
**
LE
**
**

S2?
S1
S1
S2
S2

G5
G5
G2
G5
G5

HIGH QUALITY NATURAL COMMUNITY
FOREST - UPLAND MESIC
SAVANNA - SAND DRY
SAVANNA - SAND DRY-MESIC
WETLAND - FEN
WETLAND - MARSH

MESIC UPLAND FOREST
DRY SAND SAVANNA
DRY-MESIC SAND SAVANNA
FEN
MARSH

SG
SG
SG
SG
SG

**
**
**
**
**

S3
S2
S2S3
S3
S4

G3?
G2?
G2?
G3
GU

STATE:
FEDERAL:

SX=extirpated, SE=endangered, ST=threatened, SR=rare, SSC=special concern, WL=watch list, SG=significant,** no status but
rarity warrants concern
LE=endangered, LT=threatened, LELT=different listings for specific ranges of species, PE=proposed endangered,
PT=proposed threatened, E/SA=appearance similar to LE species, **=not listed
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Appendix I
Subwatershed Land Use

Appendix I: Subwatershed Land Use

CLASSIFICATION
Conservation Reserve Program
Deciduous Forest
Emergent Herbaceous Wetlands
Evergreen Forest
High Intensity Residential
High Intensity:Commercial/Ind/Trans
Low Intensity Residential
Mixed Forest
Open Water
Other Grasses(Urban/rec;parks
Pasture/Hay
Row Crops
Woody Wetlands
Prairie/Grassland

Row Crops
Deciduous Forest
Pasture/Hay
Low Intensity Residential
Conservation Reserve Program
Other Grasses(Urban/rec;parks
Woody Wetlands
Emergent Herbaceous Wetlands
High Intensity:Commercial/Ind/Trans
Prairie/Grassland
Evergreen Forest
High Intensity Residential
Mixed Forest

Wilson
Curtiss
Kline
Max. Landing
North Shore
South Shore
Direct to Lake
total watershed p-export

Wilson
acres

percent

44.4520
418.6080
11.6350
4.7700
0.4440
6.3400
24.6010
0.3040
2.3630
120.0180
299.6460
713.6750
56.2780
0.0000
1703.1340

2.61
24.58
0.68
0.28
0.03
0.37
1.44
0.02
0.14
7.05
17.59
41.90
3.30
0.00
100.00

2386.945
1271.196
1227.395
633.916
615.436
414.041
124.384
87.022
74.584
60.682
25.541
24.546
0.546

966.3744939
514.654251
496.9210526
256.6461538
249.1643725
167.6279352
50.35789474
35.23157895
30.19595142
24.56761134
10.34048583
9.937651822
0.221052632

465.84
355.80
528.31
59.21
90.56
16.12
374.64
1890.49

24.64
18.82
27.95
3.13
4.79
0.85
19.82
100

Curtiss
Kline
Max. Landing
p-export coeff p-export (kg/yr) acres
percent
p-export coeffp-export (kg/yacres
percent
p-export coef p-export (kg/yacres
percent
p-export coeff p-export (kg/yr)
0.2
3.60
295.3520
18.89
0.2
23.92
192.6050
10.42
0.2
15.60
0.0000
0.00
0.2
0.00
0.2
33.90
272.5170
17.43
0.2
22.07
227.3100
12.29
0.2
18.41
35.8040
13.62
0.2
2.90
0.1
0.47
8.4660
0.54
0.1
0.34
61.0790
3.30
0.1
2.47
0.6670
0.25
0.1
0.03
0.2
0.39
0.5870
0.04
0.2
0.05
16.2980
0.88
0.2
1.32
0.0630
0.02
0.2
0.01
2.5
0.45
0.0000
0.00
2.5
0.00
0.4440
0.02
2.5
0.45
0.0000
0.00
2.5
0.00
2.5
6.42
0.0000
0.00
2.5
0.00
5.5920
0.30
2.5
5.66
0.0000
0.00
2.5
0.00
0.8
7.97
4.5910
0.29
0.8
1.49
173.7460
9.40
0.8
56.27
3.1820
1.21
0.8
1.03
0.2
0.02
0.0000
0.00
0.2
0.00
0.0900
0.00
0.2
0.01
0.0000
0.00
0.2
0.00
0.00
0.00
3.3690
0.22
0.00
0.00
11.9100
0.64
0.00
0.00
0.4940
0.19
0.00
0.00
1.5
72.89
47.7650
3.06
1.5
29.01
174.0140
9.41
1.5
105.68
3.1100
1.18
1.5
1.89
0.4
48.53
334.9410
21.43
0.4
54.24
213.6200
11.55
0.4
34.59
146.4240
55.68
0.4
23.71
1
288.94
550.4640
35.21
1
222.86
697.4250
37.71
1
282.36
73.2300
27.85
1
29.65
0.1
2.28
45.2360
2.89
0.1
1.83
14.4730
0.78
0.1
0.59
0.0000
0.00
0.1
0.00
0.2
0.00
0.0000
0.00
0.2
0.00
60.6820
3.28
0.2
4.91
0.0000
0.00
0.2
0.00
465.84 1563.2880
100.00
355.80 1849.2880
100.00
528.31
262.9740
100.00
59.21

1
0.2
0.4
0.8
0.2
1.5
0.1
0.1
2.5
0.2
0.2
2.5
0.2

966.3744939
102.9308502
198.7684211
205.3169231
49.83287449
251.4419028
5.035789474
3.523157895
75.48987854
4.913522267
2.068097166
24.84412955
0.044210526
1890.584251

Appendix I: Subwatershed Land Use

CLASSIFICATION
Conservation Reserve Program
Deciduous Forest
Emergent Herbaceous Wetlands
Evergreen Forest
High Intensity Residential
High Intensity:Commercial/Ind/Trans
Low Intensity Residential
Mixed Forest
Open Water
Other Grasses(Urban/rec;parks
Pasture/Hay
Row Crops
Woody Wetlands
Prairie/Grassland

North Shore
acres
0
21.8490
0.2220
1.1120
0.9600
25.9270
98.9110
0.0000
0.0000
6.0430
51.0470
43.2450
0.0000
0.0000
249.3160

percent
0.00
8.76
0.09
0.45
0.39
10.40
39.67
0.00
0.00
2.42
20.47
17.35
0.00
0.00
100.00

South Shore
Direct to lake
p-export coeff p-export (kg/yr) acres
percent
p-export coeff p-export (kg/yr)acres
percent
w/o lake p-export cop-export (kg/yr)
0.2
0.00
25.4500
29.52
0.2
2.06
57.5770
1.84
4.60
0.2
4.66
0.2
1.77
2.0560
2.38
0.2
0.17
293.0200
9.35
23.39
0.2
23.73
0.1
0.01
0
0.00
0.1
0.00
4.9530
0.16
0.40
0.1
0.20
0.2
0.09
0
0.00
0.2
0.00
2.7110
0.09
0.22
0.2
0.22
2.5
0.97
0
0.00
2.5
0.00
22.6980
0.72
1.81
2.5
22.97
2.5
26.24
0
0.00
2.5
0.00
36.7240
1.17
2.93
2.5
37.17
0.8
32.04
10.8950
12.64
0.8
3.53
317.9880
10.15
25.38
0.8
102.99
0.2
0.00
0
0.00
0.2
0.00
0.1520
0.00
0.01
0.2
0.01
0.00
0.00
3.0240
3.51
0.00
0.00
1879.6770
60.00
0.00
0.00
1.5
3.67
0
0.00
1.5
0.00
63.0900
2.01
5.04
1.5
38.31
0.4
8.27
31.9560
37.07
0.4
5.18
149.6570
4.78
11.95
0.4
24.24
1
17.51
12.8270
14.88
1
5.19
295.8910
9.45
23.62
1
119.79
0.1
0.00
0.0000
0.00
0.1
0.00
8.3970
0.27
0.67
0.1
0.34
0.2
0.00
0.0000
0.00
0.2
0.00
0.0000
0.00
0.00
0.2
0.00
90.56
86.2080
100.00
16.12
3132.5350
100.00
374.64
1252.8580
100.00

Appendix J
Secchi Disk Testing Sites

Appendix K
Aquatic Vegetation
Inventories
and
Fish Surveys

Appendix K
Lake Maxinkuckee Aquatic Vegetation Inventories 1900 - 2006
IN Dept of Geology &
Natural Resources, 1900
Scientific Name
Acorus calamus
L.
Aletris farinose
L.
Alisma
plantagoaquatica L.
Batrachium
trichophyllum
(Chaiz.)
Bossch.
Betula Pumila
L.
Bidens beckii
torr.
Setting Bidens
connata Muhl.
Brasenia
purpurea
(michx.) Casp.
Campanula
aparinoides
Pursh.
Castalia odorata
(dryland) Wood
and Wood
Cephalanthus
occidentalis L.
Ceratophyllium
demersum L.
Chara
Cuscuta
cephalanth
Engelm.
Cyperus
Diandrus Torr.
Decodon
verticillatus (L.)
ell.
Drosera
rotundifolia L.

Common Name
Sweet flag,
calamus-root
Star grass, colic
root
Water plantain
Stiff white
water crowfoot
Low birch
Water marigold
Swamp beggar
ticks
Water shield
Marsh
bellflower
White water
lily, pond lily
Button bush,
globe flower
Hornwort
Chara
Button bush
dodder
Low Cyperus
Swamp
Loosestrife
Round leaved
sun dew

Evermann and Clark
1920
Scientific Name
Acorus calamus
Batrachium
trichophyllum
Brasenia
schreberi
Carex Comosa
Castalia odorata
Ceratophyllum
Demersom L.
Chara contraria
Chara foetid
Chara foliolosa
Cyperus
Diandrus
Cyperus
strigosus
Decodon
Verticillatus
Dulichium
arundinaceum
Eleocharis
aciculars
Eleocharis
interstincta
Eleocharis
mutata
Eleocharis
obtuse
Eleocharis
olivacea
Eleocharis
palustris
Eriocaulon
septangulare
Heteranthera
dubia
Lemna Minor

Common Name
Sweet flag,
calamus root
Stiff white
water crow foot
Watershield
Bristly sedge
Sweet scented
white water lily,
pond lily
Hornwort
Carpet chara
Chara
Full fruited
chara
Low Cyperus
Straw colored
cyperus
Swamp
loosestrife
Dulichium
Needle spike
rush
Knotted spike
rush
Angled spike
rush
Blunt spike rush
Bright green
spike rush
Creeping spike
rush
Seven angled
pipewort
Water star grass
Lesser
duckweed

JF New
1993
Scientific Name
Cephalanthus
occidentalis
Ceratophyllum
demersum
Chara
globularis
Decodon
verticillatus
Elodea
Canadensis
Lemna minuta
Lemna obscura
Lythrum
salicaria
Myriophyllum
spicatum
Najas flexilis
Nuphar luteum
(Nuphar
advena)
Nymphaea
odorata
Peltandra
virginica
Polygonum
fluitans
Pontederia
cordata
Potamogeton
crispus
Potamogeton
illinoensis
Potamogeton
natans
Potamogeton
nodosus
Potamogeton
pectinatus
Potamogeton
praelongus
Potamogeton
richardsonii

Common Name
Buttonbush
Coontail
Stonewort
Water willow
American
elodea
Duckweed
Duckweed
Purple
loosestrife
Eurasian water
milfoil
Slender naiad
Spatterdock
White water lily
Arrow arum
Water
smartweed
Pickerelweed
Curlyleaf
pondweed
Illinois
pondweed
Floating leaved
pondweed
American
pondweed
Sago pondweed
White stem
pondweed
Richardson’s
pondweed

Scribailo
1999
Scientific Name
Ceratophyllum
demersum
Chara
globularis
Chara vuigaris
Chara zelandica
Dulichium
arundinaceum
Elodea nuttallii
Lemna minor
Lemna trisulca
Myriophyllum
spicatum
Najas flexilis
Najas marina
Nuphar advena
Nyphaea
odorata
Peltandra
virginica
Pontederia
cordata
Potamogeton
amplifolius
Potamogeton
crispus
Potamogeton
foliosus
Potamogeton
friesii
Potamogeton
gramineus
Potamogeton
illinoensis
Potamogeton
natans
Potamogeton
pectinatus

2006
Scientific Name

Common Name

Common Name
Common
Coontail
Stonewort
Stonewort
Stonewort
Threeway sedge
Slender
waterweed
Small
duckweed
Star duckweed
Eurasian Water
milfoil
Slender naiad
Spiny naiad
Yellow water
lily
White water lily
Arrow arum
Pickerel weed
Large leaved
pondweed
Curly leaf
pondweed
Leafy
pondweed
Frie’s
pondweed
Grass leaved
pondweed
Illinois
pondweed
Common
pondweed
Sago pondweed

1

Appendix K
Lake Maxinkuckee Aquatic Vegetation Inventories 1900 - 2006
IN Dept of Geology &
Natural Resources, 1900
Scientific Name
Dryopteris
thelypteris (L.)
a Gray.
Dulichium
arundinaceum
(L.) Britton.
Eclipta alba (l.)
Hassk.
Eleocharis
acicularis (L.)
R. & S.
Eleocharis
interstincta
(vahl.) R. & S.
Eleocharis
mutate (L.) R &
S
Eleocharis
palustris (L.) R
&S
Equisetum
fluviatile L.
Ericaulon
septangulare
With.
Gyrostachys
cernua (L.)
Kuntze.
Habenaria
lacera (michx.
R. Br.
Habinaria
ciliaris (L.) R.
Br.
Hippuris
vulgaris L.
Impatiens
biflora Walt.
Iris versicolor
L.
Juncus effuses
L.

Common Name
Marsh shield
fern

Eclipta
Needle Spikerush
Knotted spikerush
Quadrangular
spike rush
Creeping spike
rush
Swamp
horsetail
Seven angled
pipewort
Nodding ladies’
tresses
Ragged Orchis
Yellow fringed
orchis
Mares tale, joint
weed
Spotted touchme-not
Larger blue flag
Common rush,
Bog rush

Evermann and Clark
1920
Scientific Name
Lmena
perpusilla
Lemna Trusulca
L.
Megalondonta
beckii
Micriophyllum
verticillatum
Naias flexilis
Naias flexilis
robusta
Nitella
tenuissima
Nymphaea
advena
Peltandra
virginica
Philotria
Canadensis
Philotria
candensis
Pontederia
cordata
Potamogeton
americanus
Potamogeton
amplifolius
Potamogeton
compressus
Potamogeton
filiformis
Potamogeton
friesii
Potamogeton
heterophyllus
Potamogeton
interruptus
Potamogeton
lucens
Potamogeton
natans

Common Name
Minute
duckweed
Ivy leaved
duckweed
Water marigold
Whorled water
milfoil
Slender naias
Stout Naias

Large yellow
pond lily
Green arrow
arum
Water weed,
Ditch moss,
Water thyme
Ditch moss

JF New
1993
Scientific Name
Potamogeton
zosterformis
Rosa palustris
Sagittaria
Latifolia
Scirpus validus
Spirodela
polyrhiza
Typha latifolia
Vallisneria
Americana
Veronica
catenata
Wolffia
Columbiana

Common Name
Flatstem
pondweed
Swamp rose
Arrowhead
Softstem
bulrush
Greater
duckweed
Broad leaved
cattail
Eel grass
Tufted water
speedwell
Water meal

Scribailo
1999
Scientific Name
Potamogeton
pusillus
Potamogeton
zosterformis
Sagittaria
ambigua
Sagittaria
latifolia
Spirodela
polyrhiza
Utricularia
vulgaris
Vallisneria
Americana
Wolffia
Columbiana
Wolffia
punctata
Zosterella dubia

Common Name
Small
pondweed
Flat stemmed
pondweed
Grass-leaved
arrowhead
Common
arrowhead
Giant duckweed
Great
bladderwort
Eel grass
American water
meal
Spotted water
meal
Water star grass

Pickerel weed
Long leaved
pondweed, river
pondweed
Large leaved
pondweed
Eel grass
pondweed
Filiform
pondweed
Fries’
pondweed
Various leaved
pondweed
Interrupted
pondweed
Shining
pondweed
Common
floating
pondweed

2

Appendix K
Lake Maxinkuckee Aquatic Vegetation Inventories 1900 - 2006
IN Dept of Geology &
Natural Resources, 1900
Scientific Name
Lemna minor L.
Lemna trisulca
L.
Lobelia
syphalitica L.
Lycopus
virginicus
Mentha
Canadensis
Mentha piperita
Menthe spicata
L.
Mimulus
ringens
Muhlenbergia
Sylvatica Torr.
Myriophyllum
spicatum L.
Myriophyllum
verticillatum L.
Naias flexilis
(wild.) Rost and
Schmidt
Naias flexilis
robusta
Nitella
Nymphaea
advena Soland.
Nyssa sylvatica
Marsh.
Panicum crusgalli L.
Peltandra
virginica (L.)
Knuth.
Philotria
Canadensis
(michx.) Britton
Polygala
cruciata L.
Polygonum
pennsylvanicum
L.

Common Name
Lesser
duckweed
Ivy leaved
duckweed
Great lobelia
Bugle weed
Wild mint
Peppermint
Spearmint
Monkey flower
Wood
Muhlenbergia
Spiked water
millfoil
Whorled water
millfoil
Slender Naias
Morong
Large yellow
pond lilly
Black or sour
gum
Barnyard grass
Green arrowarum

Evermann and Clark
1920
Scientific Name
Potamogeton
pectinatus
Potamogeton
perfoliatus
Potamogeton
praelongus
Potamogeton
pusillus
Potamogeton
robbinsii
Ricciocarpus
natans
Sagittaria
graminea
Sagittaria
latifolia
Scirpus
americanus
Scirpus
americanus
Scirpus validus
Sisymbrium
nasturtium
aquaticum
Sparganium
simplex
Spirodela
Polyrhiza
Triglochin
Maritima
Typha Latifolia

Water weed

Vallisneria
spiralis

Marsh milkwort

Wolffia
Columbiana

Common Name
Fennel leaved
pondweed
Clasping leaved
pondweed
Whitestemmed
pondweed
Small
pondweed
Robbins’
pondweed
Ricca
Grassed leaved
arrowhead
Broad leaved
Arrowhead
Three corned
bulrush
Three square,
chair makers’
rush
American great
bulrush, mat
rush
True watercress
Simple
stemmed bur
reed
Greater
duckweed
Seaside Arrow
grass
Broad leaved
cattail
Eel grass, tape
grass, wild
celery
Columbia
Wolffia
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Lake Maxinkuckee Aquatic Vegetation Inventories 1900 - 2006
IN Dept of Geology &
Natural Resources, 1900
Scientific Name
Polygonum
sagittatum L.
Pontederia
cordata L.
Potamogeton
Amplifolius
Tuckerm
Potamogeton
friesii ruprecht.
Potamogeton
heterophyllus
schreb
Potamogeton
lonchites
Tuckerm
Potamogeton
Lucens L.
Potamogeton
Natans L.
Potamogeton
pectinatus L.
Potamogeton
perfoliatus L.
Potamogeton
prelongus wulf
Potamogeton
pusillus L.
Potamogeto
robbinsii oakes
Potamogeton
zosteraefolius
Roripa
nasturtium (L.)
Rusby.
Sagittaria
graminea
michx.
Sagittaria
latifolia Willd.

Common Name
Arrow leaved
tear thumb
Pickerel weed

Evermann and Clark
1920
Scientific Name
Wolffia
punctata
Wolffiella
floridana

Common Name
Dotted wolffia
Florida
wolffiella

Large-leaved
pondweed
Fries’
pondweed
Various-leaved
pondweed
Long-leaved
pondweed
Shining
pondweed
Common
floating
pondweed
Fennel leaved
pondweed
Clasping-leaved
pondweed
White-stemmed
pondweed
Small
pondweed
Robbins’
pondweed
Eel grass
Water cress
Grass leaved
arrowhead
Broad leaved
arrowhead
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Lake Maxinkuckee Aquatic Vegetation Inventories 1900 - 2006
IN Dept of Geology &
Natural Resources, 1900
Scientific Name
Salix nigra
Marsh.
Saliz discolor
Muhl.
Sarracenia
purpurea L.
Saururus
cernuus L.
Scirpus
americanus
Pers.
Scirpus
lacustris L.
Scripus smithii
A. Gray
Spirea
tomentosa L.
Spirodela
polyrhiza (L.)
Schleid
Teucrium
canadense L.
Typha latifolia
L.
Utricularia
gibba L.
Utricularia
intermedia
Hayne.
Utricularia
minor L.
Utricularia
purpurea Walt.
Utricularia
vulgaris L.
Vallisneria
spiralis L.
Wolffia
Columbiana
Xanthium
candense Mill.
Xyris flexuosa
Muhl.

Common Name
Black willow
Pussy willow
Pitcher plant,
side daddle
flower
Lizard’s tail
Chair makers’
rush
Great bulrush

Steeple bush
Greater
duckweed
Wood sage
Broad leaved
cattail
Humped
bladderwort
Flat-leaved
bladderwort
Lesser
bladderwort
Purple
Bladderwort
Greater
bladderwort
Eel grass, tape
grass
Karst
Hedgehog
burweed
Slender yelloweyed grass
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Appendix K
Lake Maxinkuckee Fish Inventories Conducted by IDNR 1965 - 1999

1965
Scientific Name
Perca
flavescens
Ambloplites
rupestris
Lepomis
macrochirus
Lepisosteus
osseus
Roccus
chrysops
Dorosoma
cepedianum
Micropterus
salmoides
Catostomus
commersoni
Lepomis
megalotis
Cyprinus carpio
Pomoxis
nigromaculatus
Minytrema
melanops
Lepomis
gibbosus
Micropterus
dolimieui
Ictalurus melas
Chaenobryttus
gulosus
Lepisosteus
oculatus
Ictalurus natalis
Erimyzon
sucetta
Notemigonus
crysoleucas
Amia calva
Stizostedion
vitreum

Common Name
Yellow perch
Rock bass
Bluegill
Longnose gar
White bass
Gizzard shad
Largemouth
Bass
White sucker
Longear sunfish
Carp
Black crappie
Spotted sucker
Pumpkinseed
Smallmouth
bass
Black bullhead
Warmouth
Spotted gar
Yellow bullhead
Lake
chubsucker
Golden shiner
Bowfin
Walleye

1975
Scientific Name
Perca flavescens

Lepisostus
osseus
Dorosoma
cepedianum
Morone
chrysops
Catostomus
commersoni
Labidestes
sicculus
Minytrema
melanops
Lepomis
macrochirus
Ambloplites
repestris
Micropterus
salmoides
Lepisosteus
oculatus
Erimyson
sucetta
Ictalurus
punctatus
Cyprinus carpio
Lepomis
megalotis
Ictalurus
nebulosus
Lepomis
gibbosus
Lepomis
gulosus
Pomoxis
nigromaculatus
Stizostedion
vitreum
Ictalurus natalis
Amia calva

Common Name
Yellow perch
Longnose gar
Gizzard shad
White bass
White sucker
Brook
silverside
Spotted sucker
Bluegill
Rock bass
Largemouth
bass
Spotted gar
Lake
chubsucker
Channel catfish
Carp
Longear sunfish
Brown bullhead
Pumpkinseed
Warmouth
Black crappie
Walleye

1983
Scientific Name
Micropterus
salmoides
Stizostedion
vitreum
Perca
flavescens
Lepomis
macrochirus
Pomoxis
nigromaculatus
Lepisosteus
osseus
Micropterus
dolimieui
Minytrema
melanops
Roccus
chrysops
Ictalurus
punctatus
Dorosoma
cepedianum
Lepomis
gibbosus
Ambloplites
rupestris
Chaenobryttus
gulosus
Amia calva
Ictalurus
nebulosus
Lepisosteus
oculatus
Catostomus
commersoni
Cyprinus carpio
Ictalurus natalis

Common Name
Largemouth
bass
Walleye
Yellow perch
Bluegill
Black crappie
Longnose gar
Smallmouth
bass
Spotted sucker

1995
Scientific Name
Micropterus
salmoides
Lepomis
macrochirus
Labidestes
sicculus
Stizostedion
vitreum
Micropterus
dolimieui
Dorosoma
cepedianum
Perca flavescens

Pumpkinseed

Lepisosteus
osseus
Cyprinus carpio
Ambloplites
rupestris
Pomoxis
nigromaculatus
Chaenobryttus
gulosus

Rock bass

Lepomis gibbosus

White bass
Channel catfish
Gizzard shad

Warmouth
Bowfin
Brown bullhead
Spotted gar
White sucker
Carp
Yellow bullhead

Yellow bullhead

Bowfin

Amia calva
Lepisosteus
oculatus
Lepomis
megalotis
Ictalurus natalis
Catostomus
commersoni
Minytrema
melanops
Ictalurus
nebulosus

Common Name
Largemouth
Bass
Bluegill
Brook
silverside
Walleye
Smallmouth
bass
Gizzard shad
Emerald shiner
Yellow perch
Longnose gar
Common Carp
Rock bass
Black crappie
Warmouth
Log perch
Pumpkinseed
Bowfin
Spotted gar
Longear sunfish
Yellow bullhead

White sucker
Spotted sucker
Brown bullhead

Erimyson sucetta

Lake chubsucker

Ictalurus
punctatus

Channel catfish
Golden shiner
Hybrid sunfish

Species are listed in order of abundance from the most abundant to the least abundant.

1996
Scientific Name
Stizostedion
vitreum
Lepisosteus
osseus
Micropterus
dolimieui
Micropterus
salmoides
Lepomis
macrochirus
Dorosoma
cepedianum
Ictalurus
punctatus
Catostomus
commersoni
Cyprinus carpio
Amia calva
Pomoxis
nigromaculatus
Ambloplites
rupestris
Ictalurus
nebulosus
Lepisosteus
oculatus
Minytrema
melanops
Chaenobryttus
gulosus
Perca
flavescens

Common Name
Walleye
Longnose gar
Smallmouth
bass
White bass
Largemouth
bass
Bluegill
Gizzard shad
Channel catfish
White sucker
Carp
Bowfin
Black Crappie
Rock Bass
Brown bullhead
Spotted gar
Spotted sucker
Warmouth
Yellow perch

Appendix K
Lake Maxinkuckee Fish Inventories Conducted by IDNR 1965 - 1999
1965
Scientific Name
Esox
americanus
Hypentelium
nigricans
Ictalurus
punctatus
Lepomis
cyanellus
Labidesthes
sicculus
Umbra limi

Common Name
Grass pickerel
Northern hog
sucker
Channel catfish
Green sunfish
Brook silverside
Mud minnow

Species are listed in order of abundance from the most abundant to the least abundant.
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Lake Maxinkuckee Fish Inventories Conducted by IDNR 1965 - 1999

1997
Scientific Name
Stizostedion
vitreum
Micropterus
dolimieui
Lepomis
macrochirus
Catostomus
commersoni
Ictalurus
punctatus
Perca
flavescens
Dorosoma
cepedianum
Ambloplites
repestris
Amia calva
Morone
chrysops
Cyprinus carpio
Minytrema
melanops
Micropterus
salmoides
Pomoxis
nigromaculatus
Lepisosteus
oculatus
Lepomis
gulosus

Common Name
Walleye
Smallmouth
bass
Bluegill
White sucker
Channel catfish
Yellow perch
Gizzard Shad
Rock bass
Bowfin
White bass
Carp
Spotted sucker
Largemouth
bass
Black crappie
Spotted gar
Warmouth

1998
Scientific Name
Micropterus
dolimieui
Stizostedion
vitreum
Lepisosteus
osseus
Micropterus
salmoides
Catostomus
commersoni
Dorosoma
cepedianum
Roccus
chrysops
Ambloplites
repestris
Ictalurus
punctatus
Minytrema
melanops
Perca
flavescens
Cyprinus carpio
Lepisosteus
oculatus
Lepomis
macrochirus
Amia calva
Lepomis
gulosus
Pomoxis
nigromaculatus

Common Name
Smallmouth
bass
Walleye
Longnose gar
Largemouth
bass
White sucker
Gizzard shad
White bass
Rock bass
Channel catfish
Spotted sucker
Yellow perch
Carp
Spotted gar

1999
Scientific Name
Micropterus
dolimieui
Stizostedion
vitreum
Lepisosteus
osseus
Micropterus
salmoides
Catostomus
commersoni
Perca
flavescens
Ambloplites
repestris
Dorosoma
cepedianum
Chaenobryttus
gulosus
Lepomis
macrochirus
Cyprinus carpio
Ictalurus
punctatus
Lepisosteus
oculatus

Bluegill
Bowfin
Warmouth

Ictalurus
nebulosus
Minytrema
melanops

Black crappie
Amia calva

Common Name
Smallmouth
bass
Walleye
Longnose gar
Largemouth
basss
White sucker
Yellow perch
Rock bass
Gizzard shad
Warmouth
Bluegill
Carp
Channel catfish
Spotted gar
White bass
Brown bullhead
Spotted sucker
Black bullhead
Bowfin

Species are listed in order of abundance from the most abundant to the least abundant.

Appendix K
Lake Maxinkuckee Fish Inventories between 1899 and 1914
Scientific Name
Lampertra
Aepyptera
Polyodon
Spathula
Lepisosteus
osseus
Lepisosteus
platostomus
Amia Calva
Ameiurus
Natalis
Ameiurus
Nebulosus
Ameiurus
Melas
Schilbeodes
gyrinus
Ictiobus
cyprinella
Catostomus
commersonii
Hypentelium
Nigricans
Erimyzon
sucetta
Minytrema
melanops
Moxostoma
aureolum
Campostoma
anomalum
Cyprinus carpio
Pimephales
notatus
Semotilus
Atromaculatus
Abramis
crysoleucas

Common Name
Western brook
lamprey
Paddlefish
Longnosed gar

Scientific Name
Notropis
bifrenatus
Notropis Cayuga
Notropis
Heterodon
Nitropis blennius

Shortnosed gar
Dogfish
Yellow catfish
Common
bullhead
Black bullhead
Mad Tom;
Tadpole cat
Common
buffalo-fish
Common sucker
Hog-sucker
Chubsucker
Spotted sucker
Redhorse
Rot-gut minnow
Carp
Blunt-nosed
minnow
Common chub
Roach

Notropis
Hudsonius
Notropis
Whipplii
Notropis
cornutus
Notropis
rubrifrons
Notropis
umbratilis
Ericymba
buccata
Rhinichthys
atronasus
Hybopsis
kentuckiensis
Anguilla rostrata
Umbra limi
Esox
vermiculatus
Esox lucius
Fundulus
Diaphanus
Fundulus dispar
Fundulus
Notatus
Eucalia
Inconstans
Labidesthes
sicculus

Common Name
Black-striped
minnow
Cayuga minnow
Variable
toothed minnow
Straw-colored
minnow
Spot-tail
minnow
Silver-fin

Scientific Name
Pomoxis
annularis
Pomoxis
sparoides
Ambloplites
rupestris
Chaenobryttus
gulosus
Apomotis
cyanellus

Shiner

Lepomis
megalotis
Lepomis
pallidus
Eupomotis
heros
Eupomotis
gibbosus
Micropterus
dolomieu
Mocropterus
salmoides
Stizostedion
vitreum
Perca flavescens
Percina
caprodes
Hadropterus
aspro
Hadropterus
scierus
Hadropterus
maxinkuckiensis
Boleosoma
nigrum

Red-nosed
minnow
Red-fin
Cavern-jawed
minnow
Black-nosed
darter
River chub
Common eel
Mud minnow
Grass pike
Common pike
Grayback
Top-minnow
Spotted topminnow
Brook
stickleback
Skipjack

Common Name
Crappie
Calico bass
Rock bass
Warmouth
Blue-spotted
sunfish; green
sunfish
Long-eared
sunfish
Bluegill

Scientific Name
Diplesion
blennioides
Etheostoma
Iowae
Etheostoma
Iowae
aubeenaubei
Etheostoma
coeruleum
Microperca
punctulata

Read-eared
sunfish
Common
sunfish
Small-mouthed
black bass
Straw bass
Wall-eyed pike
Yellow perch
Log perch
Black-sided
darter
Dusky darter
Maxinkuckee
darter
Johnny darter

This listing of fishes (64 total) is from Lake Maxinkuckee, Physical and Biological Survey by Evermann and Clark
and are in random order as listed in the book.

Common Name
Green-sided
darter
Iowa darter
Aubeenaubee
darter
Rainbow darter
Least darter

Appendix L
Water Quality

Appendix L
WATER CHEMISTRY DATA
Table L1. Physical parameter data collected during base and storm flow sampling events in
the Lake Maxinkuckee watershed waterbodies on June 1, July 21, and September 8, 2004.
Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

Flow
(cfs)
0.25
-0.01
5.63
0.37
0.83
1.45
0.29
0.37
7.49
0.24
0.02
5.55
0.39
1.59
0.50
-0.02

Temp
(deg C)
14.7
--

DO
(mg/L)
7.9
--

16.3
16.0
19.3
15.9
15.9
18.1
16.1
18.0
24.8
19.2
17.9
21.1
16.7
16.0
-16.1

7.6
8.9
8.5
7.8
8.9
9.4
6.7
5.5
7.8
6.4
6.7
7.3
5.6
8.6
-8.7

--

7.2
--

Cond
(µs/cm)
---

Turb
(NTU)
1.7
--

77.7
90.1
87.6
79.7
90.3
100.6
68.3
57.4
104.2
69.9
70.4
81.6
56.9
87.1
-87.9

8.3
7.4
7.6
7.9
7.5
7.6
8.3
7.3
7.7
7.7
7.1
7.0
7.6
7.4
-8.3

1437
--712
--779
--653
--659
--628

4.6
14
4.1
3.6
10.5
16.0
3.9
3.6
2.9
3.8
26
2.8
1.6
14
-5.8

% Sat

pH

77.7

Stream Discharge (cfs)
8
6/1/2004

7

7/21/2004

Flow (cfs)

6

9/8/2004

5
4
3
2
1
0
North shore
tributary

Wilson Ditch

Maxinkuckee
Landing

Curtiss Ditch

Kline Ditch

South Shore
tributary

Figure L1 Stream discharge in the Lake Maxinkuckee watershed streams during both base
and storm flow assessments.
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Figure L2. Turbidity in the Lake Maxinkuckee watershed streams during both base and
storm flow assessments.
Table L2. Chemical and bacterial characteristics of the Lake Maxinkuckee watershed
waterbodies on June 1, July 21, and September 8, 2004.
Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

NH3-N
(mg/L)
0.200
-0.018
0.176
0.08
0.018
0.192
0.054
0.022
0.056
0.027
0.018
0.164
0.025
0.018
0.095
-0.018

NO3-N
(mg/L)
0.733
-0.237
5.150
0.627
0.571
7.990
0.307
0.994
0.440
0.018
0.068
5.907
0.858
1.688
1.259
-0.698

TKN
(mg/L)
1.347
-0.873
1.959
0.395
0.593
0.871
0.385
0.415
1.096
0.579
0.750
2.587
0.505
0.727
2.127
-0.519

SRP
(mg/L)
0.068
-0.136
0.038
0.024
0.028
0.051
0.024
0.027
0.061
0.04
0.034
0.110
0.027
0.037
0.122
-0.099

TP
(mg/L)
0.117
-0.212
0.117
0.068
0.052
0.093
0.088
0.054
0.093
0.095
0.111
0.183
0.074
0.069
0.202
-0.135

TSS
(mg/L)
3.5
-12.0
27.7
4.5
1.8
14.7
121.6
23.3
0.75
4.3
6.5
24.3
6.3
7.1
20.3
-29.5

E. coli
(col/100 mL)
440
-920
1900
450
446
3200
540
1270
430
112
390
630
1800
320
13000
-62
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Figure L3. Ammonia-nitrogen in the Lake Maxinkuckee watershed streams during both
base and storm flow assessments.
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Figure L4. Nitrate-nitrogen in the Lake Maxinkuckee watershed streams during both base
and storm flow assessments.
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Figure L5. Total Kjeldahl nitrogen in the Lake Maxinkuckee watershed streams during
both base and storm flow assessments.
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Figure L6. Soluble reactive phosphorus in the Lake Maxinkuckee watershed streams
during both base and storm flow assessments.
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Figure L7. Total phosphorus in the Lake Maxinkuckee watershed streams during both
base and storm flow assessments.
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Figure L8. Total suspended solids in the Lake Maxinkuckee watershed streams during
both base and storm flow assessments.
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Figure L9. E. coli in the Lake Maxinkuckee watershed streams during both base and storm
flow assessments.
Table L3. Chemical loading data for the Lake Maxinkuckee watershed waterbodies on
June 1, July 21, and September 8, 2004.
Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

NH3-N
Load
(kg/d)
0.122
-0.000
2.416
0.073
0.037
0.678
0.039
0.020
1.017
0.016
0.001
2.219
0.024
0.070
0.117
-0.001

NO3-N
Load
(kg/d)
0.448
-0.006
70.895
0.570
1.158
28.248
0.221
0.892
8.065
0.010
0.003
80.104
0.822
6.563
1.552
-0.039

TKN
Load
(kg/d)
0.823
-0.023
26.962
0.359
1.203
3.079
0.278
0.372
20.088
0.336
0.038
35.083
0.484
2.826
2.621
-0.029

SRP
Load
(kg/d)
0.042
-0.004
0.523
0.022
0.057
0.180
0.017
0.024
1.118
0.023
0.002
1.492
0.026
0.144
0.150
-0.006

TP
Load
(kg/d)
0.072
-0.006
1.611
0.062
0.106
0.329
0.063
0.048
1.705
0.055
0.006
2.482
0.071
0.268
0.249
-0.008

TSS
Load
(kg/d)
2.139
-0.320
381.044
4.093
3.724
52.151
87.711
20.864
13.746
2.509
0.334
329.930
6.067
27.700
25.053
-1.659

Ammonia Loading
0.8
0.7
Load (kg/day)

0.6

2.42

6/1/2004

1.17

7/21/2004
9/8/2004
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Figure L10. Ammonia-nitrogen loading rates in the Lake Maxinkuckee watershed streams
during both base and storm flow assessments.
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Figure L11. Nitrate-nitrogen loading rates in the Lake Maxinkuckee watershed streams
during both base and storm flow assessments.
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Figure L12. Total Kjeldahl nitrogen loading rates in the Lake Maxinkuckee watershed
streams during both base and storm flow assessments.
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Figure L13. Soluble reactive phosphorus loading rates in the Lake Maxinkuckee watershed
streams during both base and storm flow assessments.
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Figure L14. Total phosphorus loading rates in the Lake Maxinkuckee watershed streams
during both base and storm flow assessments.
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Figure L15. Total suspended solids loading rates in the Lake Maxinkuckee watershed
streams during both base and storm flow assessments.

Table L4. Areal loading of sediment and nutrients for base and storm flow sampling events
in the Lake Maxinkuckee watershed waterbodies on June 1, July 21, and September 8,
2004.
Site

Stream
Name

1

North Shore
Tributary

2

Wilson Ditch

3

Maxinkuckee
Landing

4

Curtiss Ditch

5

Kline Ditch

6

South Shore
Tributary

Date

Event

6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004
6/1/2004
7/21/2004
9/8/2004

storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base
storm
base
base

NH3-N
Load
(kg/ha-yr)
0.533
-0.021
1.419
0.427
0.215
6.397
3.675
1.862
0.651
0.100
0.006
1.200
0.130
0.378
1.362
-0.118

NO3-N
Load
(kg/ha-yr)
1.957
-0.276
41.629
3.349
6.799
266.492
20.891
84.149
5.160
0.067
0.022
43.323
4.448
35.492
18.041
-4.564

TKN
Load
(kg/ha-yr)
3.595
-1.016
15.832
2.110
7.065
29.045
26.199
35.133
12.852
2.147
0.246
18.974
2.618
15.282
30.480
-3.394

SRP
Load
(kg/ha-yr)
0.182
-0.158
0.307
0.128
0.334
1.701
1.633
2.286
0.715
0.148
0.011
0.807
0.140
0.778
1.748
-0.647

TP
Load
(kg/ha-yr)
0.312
-0.247
0.946
0.363
0.620
3.102
5.988
4.571
1.091
0.352
0.036
1.342
0.384
1.451
2.895
-0.883

TSS Load
(kg/ha-yr)

9.343
-13.966
223.748
24.035
21.868
491.988
8274.655
1968.264
8.795
16.054
2.135
178.437
32.814
149.812
291.320
-192.909

HABITAT DATA
Table L5. QHEI scores for the Lake Maxinkuckee watershed streams as sampled August
17, 2004.
Site
Maximum Possible Score
Wilson Ditch
Max Landing
Curtiss Ditch
Kline Ditch

Substrate

Cover

Channel

Riparian

Pool

Riffle

Gradient

Total

Score

Score

Score

Score

Score

Score

Score

Score

20
15
6
1
7

20
12
10
14
10

20
13
5
5
8

10
9.5
4.5
5
7

12
3
0
0
0

8
3
1
0
0

10
10
8
6
4

100
66
35
31
36

QHEI Scores
100
90
80
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70
60
50
40
30
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10
0
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Figure L16. QHEI scores in the Lake Maxinkuckee watershed waterbodies as observed
August 17, 2004.

MACROINVERTEBRATE DATA
Table L6. Number and type of macroinvertebrates collected from Lake Maxinkuckee
watershed streams as sampled August 17, 2004.
Order

Family

Wilson Ditch

Maxinkuckee Landing

Curtiss Ditch

36

1
1
1

49

1
1
22
1
25

5
2
5

2
1
3

Bivalvia
Sphaeriidae
Coleoptera
Dytiscidae
Coleoptera
Elmidae
Coleoptera
Haliplidae
Diptera
Chironomidae
Diptera
Culicidae
Diptera
Ephydridae
Diptera
Simuliidae
Ephemeroptera Baetidae
Ephemeroptera Caenidae
Gastropoda
Ancylidae
Gastropoda
Lymnaeidae
Gastropoda
Physidae
Gastropoda
Planorbidae
Hempitera
Veliidae
Odonata
Aeshnidae
Odonata
Coenagrionidae
Oligochaeta
Platyhelminthes Hirundinea
Trichoptera
Hydropsychidae
Arthropoda
Asellidae
Arthropoda
Cambaridae
Arthropoda
Talitridae
Total Number of Individuals

5
2

5
47
1
1

13
1

111

1
2
1
2
3
17
33
1
116

Kline Ditch

3
2
1

22
3
1
5
55
1

14

3

3

2
1

20
101

5
104

Table L7. Metric values for the Lake Maxinkuckee watershed streams as sampled August
17, 2004.
Metric

HBI
Number of Taxa (family)
Number of Individuals
% Dominant Taxa
EPT Index
EPT Count
EPT Count/Total Count
EPT Abundance/Chironomid Abundance
Number of Individuals Per Square
Chironomid Count

Wilson Ditch
5.05
7
111
44.1
2
18
0.16
0.37
37.00
49.00

Max Landing
5.83
16
116
28.4
2
20
0.17
0.80
11.60
25.00

Curtiss Ditch
7.30
13
101
46.5
2
52
0.20
0.40
10.10
5.00

Kline Ditch
6.81
13
104
52.9
3
27
0.26
27.00
11.56
1.00

Table L8. Metric classification scores and mIBI scores for the Lake Maxinkuckee
watershed streams as sampled August 17, 2004.
Metric

HBI
Number of Taxa (family)
Number of Individuals
% Dominant Taxa
EPT Index
EPT Count
EPT Count/Total Count
EPT Abundance/Chironomid Abundance
Number of Individuals Per Square
Chironomid Count
mIBI Score

Wilson Ditch
4
0
2
2
0
0
2
0
2
4
1.6

Max Landing
0
6
2
6
0
2
2
0
0
4
2.2

Curtiss Ditch
0
4
2
2
0
4
2
0
0
8
2.2

Kline Ditch
0
4
2
2
2
2
2
8
0
8
3.0

Figure L17. Macroinvertebrate Index of Biotic Integrity scores as sampled in the Lake
Maxinkuckee watershed streams on August 17, 2004.
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Table L9. Water quality sampling locations and coordinates.
Sample Site and Type
Site Number
Northing
North shore tributary
1
549362.1
Maxinkuckee Landing
3
551254.7
Curtiss Ditch water chemistry
4
551231.0
Curtiss Ditch macroinvertebrate
4M
551367.5
Wilson Ditch macroinvertebrates
2M
550538.8
Wilson Ditch water chemistry
2
550494.8
Kline Ditch
5
551441.1
South shore tributary
6
549372.4

Kline Ditch

Easting
4563336.2
4562057.2
4561501.6
4561321.6
4563526.9
4564187.1
4558905.3
4560005.6
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Appendix M
Action Plan for Priority Items
Lake Maxinkuckee Lake and Watershed Management Plan
Time
2005 – Fall

2005 - Fall
create contact
list

Goal
1. Subgoal A
Phosphorus
Reduction from
Watershed
1. Subgoal A
Phosphorus
Reduction from
Watershed

2006 – Winter
contact farmers.
Host info.
dinner
2005 - Fall
1. Subgoal A
create contact
Phosphorus
list
Reduction from
Watershed
2006 – Winter
contact farmers.
Host info.
dinner
2005 – Fall or
1. Subgoal A
2006 Winter
Phosphorus
Reduction from
Watershed
2005 – Fall or
1 Subgoal B
2006 Winter (if Phosphorus
time constraints Reduction from
then Spring 06) Direct Drainage

Objective Responsible
1
LMEC

Action
Contact major landowners to evaluate fertilizer practices.
Include information to discourage geese and reduce
bacterial contamination

2

LMEC/Marshall
and Fulton
County SWCD

Identify all agricultural landowners to develop contact list.
Identify major, influential farmers to approach first. Work
with SWCDs to enroll riparian areas in programs. Host
informational dinner for agricultural landowners with
representatives from The Conservation Reserve
Enhancement Program and The Nature Conservancy.
Include wetland restoration information

3

LMEC/Marshall
and Fulton
County SWCD

Same as Objective 2. but while contacting for riparian
issues, include tillage education.

4

LMEC

Obtain Landowner contact information. Set appointment
to make presentation on problem of eroding streambanks.

1

LMEC/Town of
Culver/Education
Committee

Evaluate Town of Culver’s current street sweeping
program and work with Town toward changes that may
improve program. Include hardscape sweeping benefits in
education program.

1

Appendix M
Action Plan for Priority Items
Lake Maxinkuckee Lake and Watershed Management Plan
Fall 05 –
ongoing
Fall 05
planning
Summer 06
implementation
Fall 05
2005 – Fall
2006 – Summer
for
implementation
if funded
2006 – Winter
planning.
Summer 2006
implementation,
if funded
2006 Winter

2006 Winter –
plan
2006 Summer
and onward implement

LMEC/Education
Committee

Include these topics for agenda for Education Committee

LMEC

Develop assessment plan in Fall 05 and apply for funding.
If funded, implement Spring/Summer 06

4 Land Use
1,2,3
Planning
5. Internal Lake
1
Dynamics/Improve
biological
Communities

LMEC/Citizen
Committee
LMEC

Facilitate the formation of a Citizen’s Committee with
these three objectives as part of their agenda
Develop potential project, identify funding sources and
deadlines

5. Internal Lake
2
Dynamics/Improve
Biological
Communities

LMEC/Education
Committee

Identify landowners willing to participate in shoreline
restoration. Develop individual restoration plans. Identify
funding sources and apply. Develop education/promotion
campaign.

5. Internal Lake
2
Dynamics/Improve
Biological
Communities
5. Internal Lake
3
Dynamics/Improve
Biological
Communities

LMEC

Work with Property Owners Association to develop an
environmental policy for homeowners

LMEC

Develop secchi disk testing sites based on internal
turbidity, not inlet streams.

1 Subgoal B
Phosphorus
Reduction from
Direct Drainage
1 Subgoal C

2

2
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Action Plan for Priority Items
Lake Maxinkuckee Lake and Watershed Management Plan
2006 Winter

3
5. Internal Lake
Dynamics/Improve
Biological
Communities

2006

5. Internal Lake
3
Dynamics/Improve
Biological
Communities
6. User-conflicts
1
and Over Use

2006 – Winter

LMEC to
facilitate program
development and
identify funding.
Contractor
implements
Citizens
Committee

Develop glacial stone seawall project with local
contractors. Identify potential funding sources

LMEC Facititate
Formation of
Committee

Form Citizen’s Committee to advocate and facilitate
regulations to address boat size, speed, boating capacity
and local building and development. Potential committee
members: large landowners, Property Owners Assoc.,
Township Trustee, business owners, local government
officials, general public.
Develop marketing strategy with outside communications
firm
Form education committee to guide the educational
programs outlined in plan. Host luncheon for area Realtors
to provide them with lake education for new lakeshore
property owners. Educating and engaging realtors will
help enlighten new owners toward lake stewardship.
Possbily co-host with Property Owners Association.

2006

7. Education

1

LMEC

2006 – Winter,
on-going

7. Education

2

LMEC Facilitate
Formation of
Education
Committee
LMEC host
realtor luncheon

Develop buoy placement based on water depth

3

Appendix M
Action Plan for Non-Priority Items
Lake Maxinkuckee Lake and Watershed Management Plan
Time
2005 – Fall,
ongoing

Goal
1. Subgoal B
Phosphorus
Reduction from
Watershed

Objective Responsible
3
LMEC

2
2
2

1
2&3
4

2

5

2007

2

6

Fall 2005

2

7

3
3

1
2

3

3

Winter 2006
agricultural
landowner
dinner
2007 – Review
programs in
new farm bill
2005 - ongoing

Spring 2006
and yearly
thereafter

Action
Provide support reference material as needed for the
formation of a conservancy district for the unsewered .
South and West Shores. As of August 2005 a group has
formed and is waiting on approval for legal approval of
conservancy district. Once formed continue assistance
LMEC/Landowners Same as Goal 1A Objective 4
Same as Goal 1A Objective 2
LMEC/Landowners CSP signup currently closed for Tippecanoe Watershed.
Work with US Dept. of Ag for wetland restoration in
watershed. Include wetland restoration information
during agricultural landowner dinner.

LMEC/Landowners Communicate with regulatory agencies when wetlands
are threatened, continue stewardship of constructed
wetlands
LMEC/Landowners Collaborate with landowners of the ditch to seek
cooperation to install check dams. Apply for funding as
available
LMEC
Meet with Building Commissioner, Town Manager, Plan
Commission President and BZA President to review
ordinance
Same as Goal 1B Objective 3
LMEC/Landowner Assessment completed during planning process. Monitor
current practices yearly with walk through with
landowner representative.
LMEC
Add to Goal 1A Objective 1

1
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Lake Maxinkuckee Lake and Watershed Management Plan

2007

3

4

LMEC/Education
Committee

3

5

LMEC/Health
Dept.

Include information on reducing pathogenic
contamination in educational material/programs designed
by Education Committee. See Goal 7
Isolate target audience. (landowners on septic and
adjacent to waterway) Where concern exists, test for
e.coli and provide information to landowner for
appropriate placement of septic field.

2
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Action Item

Cost Estimate

Potential Funding Source

Work with Culver Academies and three golf courses to use
phosphorus-free fertilizers
Plant or increase existing buffers along ditches
Work with Marshall and Fulton County SWCDs to increase use of no-till tillage
practices
Stabilize eroding ditch banks along Wilson Ditch
Work with City Officials, local businesses and residents to ensure hard surfaces are
swept
Outreach to ensure residents are utilizing best management practices

Small - Moderate

LMEC staff salary

Moderate – Large
Small - Moderate

SWCD, CREP
LMEC staff salary

Large
Small

Culver Academies/LARE
LMEC staff salary

Small
Small
Moderate – Large
Small
Moderate – Large
Small
Small – Moderate

LMEC Staff salary/LMEC
Budget/Marshall Co. Comm.
Fnd
LMEC staff salary
LMEC/WRP
LMEC staff salary
LMEC/LARE
LMEC staff salary
Culver Academies

Small

LMEC staff salary

Small
Small

LMEC
LMEC staff salary

Small
Small

LMEC staff salary
LMEC staff salary

Small

LMEC staff salary

Work with south side residents to enable the elimination of septic systems
Restore the watershed’s wetlands where feasible
Protect existing wetlands, ponds and other water storage areas
Install check dams in steep minor drainages
Address erosion from active construction sites
Develop a manure management program or implement a structural project to increase
effectiveness of current BMPs use for the Culver Academies manure pile
Work with golf course officials and other commercial properties that have open water
areas to install vegetative buffers around the open water areas to discourage geese
Educate watershed residents on BMPs to discourage gees
Work with Marshall County and Town of Culver Planning boards to adopt
Greenspace and Stormwater Ordinances
Review existing anti-funneling ordinance with Plan Commission
Form watershed-wide conservancy district to create one governing body to regulate
land use
Work with DNR to coordinate pier size with lakefrontage

Appendix M
Action Register
Develop a lake-wide study of the internal phosphorus release in the lake
Develop an environmental policy with Property Owners Association
Produce educational brochures
Develop shoreline revegetation pilot projects
Work with agencies to open funding for shoreline restoration
Develop additional Secchi disk monitoring program
Develop buoy program to place buoys based on depth
Increase the number of glacial stone seawalls to at least 5 per year
Develop current lake depth map
Determine appropriate size, horsepower, speed limit and optimal number of boats
Maintain zebra mussel infestation warning signs at access sites
Form Citizens Committee to encourage development and enforcement of laws and
regulations designed to protect the lake
Develop marketing strategy to more effectively utilize communication tools, staff,
and other resources to positively affect landowner behavior
Cultivate Hoosier Riverwatch volunteer monitors
Host luncheon for realtors
Develop new homeowners guide
Create education committee

Small – Moderate
Small
Small – Moderate
Moderate – Large
Small
Small
Small
Small
Large
Large
Small
Small

LMEC/LMEC staff salary
LMEC staff salary
LMEC/Marshall Co. Comm. Fnd
LMEC/LARE
LMEC staff salary
LMEC staff salary
LMEC staff salary
LMEC staff salary
LARE
LMEC staff salary/LARE
LMEC/Marshall Co. Comm Fnd
LMEC staff salary

Large

IDEM/LMEC

Small
Small
Small
Small

LMEC staff salary
LMEC
LMEC
LMEC

Appendix N
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Appendix N
Potential Funding Sources
Program

Agency

Phone

Website

Lake and River Enhancement Program
Resource Specialist
Section 319
EQIP
CRP/CREP
Wetlands Reserve Program
Marshall Co. SWCD
Marshall Co. Comm. Foundation

IDNR
Dept of Ag
IDEM
NRCS
NRCS
NRCS
MC
Private

317-233-3871
317-223-3220
317-232-0019
317-290-3200
317-290-3200
317-290-3200
574-936-2024
574-395-5159

http://www.in.gov/dnr/fishwild/lare
http://www.in.gov/isda/soil
http://www.in.gov/idem/water/planbrh
http://www.in.nrcs.usda.gov/
http://www.in.nrcs.usda.gov/
http://www.nrcs.usda.gov/programs/wrp/
http://marshallcountyswcd.iaswcd.org/
http://www.marshallcountycf.org/mccf.htm
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Section 1: Study Description
Historical Information
The Lake Maxinkuckee Environmental Council (LMEC) has been working on lake and
watershed issues for the past 16 years using a study titled "The Historical Analysis of the
Cultural Eutrophication of Lake Maxinkuckee, Indiana" by Dr. Thomas Crisman of the
University of Florida. The conclusion of the study stated Lake Maxinkuckee has become
significantly more eutrophic since 1970. The lake is boarding on the mesotrophic/
eutrophic boundary and is or soon will be considered eutrophic. This study was produced
for the Lake Maxinkuckee residents in 1986 and has been used as a watershed
management tool by the LMEC. The document is now 16 years old and needs to be
updated.
To address the issues identified in the Crisman study several treatment practices have
been implemented during the past 16 years, including three constructed wetlands on the
major inlet ditches to retain sediment and nutrient loading from the watershed through
those ditches, four in-line stormwater treatment units have been installed in the Town of
Culver, work with the local zoning and land planning boards to incorporate appropriate
ordinances to protect water quality, and an education campaign for the lake and
watershed residents has been on-going since 1986.
While considerable work has been done to improve the quality of Lake Maxinkuckee, a
1993 report by J.F. New & Associates states " nutrient levels in the lake samples at the
minor inlet ditches is very high: ten-fold higher than previous data. (Crisman, 1986 and
Indiana Dept. of Environmental Management, 1986) " Subsequent water sampling by the
LMEC, unpublished, of those same tributaries has not shown a noticeable change from
the 1993 data.
Since the 1986 study was completed changes in the watershed have occurred.
Commercial and residential development and agriculture have continued to alter the
watershed which warrants an updated management plan for Lake Maxinkuckee.

Study Goals
The goal of the monitoring portion of this project is to determine the quality of incoming
water to Lake Maxinkuckee. Physical, biological and chemical conditions of selected inlet
streams will be documented. The monitoring data collected will be used to make
management decisions for the watershed management plan. It will be incorporated with
other information, such as mapping and stakeholder input collected during the planning
phase to develop a comprehensive watershed mangement plan, including
recommendations for remediation if necessary. The data will be compared to previous
data to determine changes in conditions of the watershed and success of completed
watershed management projects. The information will also be used as baseline data to
track the success of any restoration project undertaken as a result of the management
plan.
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Goal 1: Water quality data collected at each site will include temperature, pH, nitrate +
nitrite, organic nitrogen (TKN), ammonia nitrogen, total suspended solids, total phosphorus
and E. coli bacteria.
Goal 2: Discharge will also be measured to allow for the calculation of pollutant loads
Goal 3: Conduct macroinvertabrate sampling to assess the biological communities at
three sites.
Goal 4: Analyze chemical data to determine level of pollutant loading
Goal 5: Compare chemical data to previous data (if possible) to determine changes
Goal 6: Analyze macroinvertabrate information.
Goal 7: Use physical, chemical, and biological information collected and analyzed to
develop recommendations for appropirate Best Management Practices to curb ecological
degradation.

Study Site
The Lake Maxinkuckee watershed lies in Union Township in the Southwest corner of
Marshall County and Aubbeenaubbee Township in the Northwest corner of Fulton County.
(HUC 05120106060-010). Lake Maxinkuckee is a subwatershed of the Tippecanoe
River.
Because the project's goal is to document the physical, biological and chemical conditions
in the watershed and guide management of the watershed, the study will examine/identify
the following parameters:
1. Land use, current and proposed, including wetlands
2. Climate
3. Geology
4. Topography
5. Soils
6. Significant natural areas
7. Biological communities including the location of endangered, threatened, and rare
species (ETR)
8. Water quality
9. Riparian/stream habitat quality
10. Biological (aquatic invertebrate ) population in the watershed
Parameters 1-7 are general parameters that will be examined on a watershed scale (i.e.
not specific sampling sites). Much of this data has already been collected by several
natural resources governmental agencies following specific protocols. The project will
utilize this existing data rather than conducting field investigations for these parameters.
This existing data has been collected and verified in a manner sufficient to achieve the
goals of this project (i.e. development of a watershed management plan).
Parameters 8-10 are site specific. Water quality sampling sites were selected based on
location in the watershed and accessibility. Preliminary site selection was based on map
analysis and solidified with field investigation. The map analysis consisted of locating
5

tributaries with relatively large watershed and were field checked by the watershed
coordinator and the project manager for confirmation of site accessibility and
appropriateness of the assessment protocols . Following the field inspection seven (7)
sites were selected for chemical sampling and three (3) for macroinvertabrate sampling.
All sites will be geo-located using a Trimble Pathfinder Pro XRS GPS.
Lake Maxinkuckee has three major inlet ditches: The Curtiss Ditch enters on the east
side, the Wilson Ditch enters on the north, and the Kline Ditch enters from the south.
Chemical data will be collected at the mouth of the Wilson Ditch (Site 1) and the mouth of
the Curtiss Ditch (Site 2). Due to the inaccessiblity of an adequate sampling point, the
Kline ditch (Site 3) will be sampled prior to entering into the wetland. The chemical data
will provide information on the inputs from these three major inlets. Three (3) additional
minor inlet streams (Sites 4-6) were selected for chemical sampling to provide water
quality information on these subwatersheds which are not part of the major inlet ditches.
All of the selected sites have been previously sampled for nitrates, total suspended solids,
total phosphorus, and total Kjeldahl nitrogren by volunteers of the LMEC under the
guidance and direction of JFNew. The sampling information is in report form in the LMEC
office.
Macroinvertabrate sampling will occur on the Curtiss Ditch, the Kline Ditch, the Wilson
Ditch and Maxinkuckee Landing.
Water quality parameters to be sampled include are temperature, pH, nitrate + nitrite,
organic nitrogen (TKN), ammonia nitrogen, total suspended solids, total phosphorus and
E. coli bacteria. PH, temperature, and dissolved oxygen will be analyzed in the field with
field equipment. Discharge will be measured at each site to allow loading calculations and
therefore comparision of relative contributions of the tributaries. EIS Laboratories in South
Bend, Indiana will analyze the remaining parameters at their lab. The aquatic
macroinvertabrate community will be assessed using the Indiana Department of
Environmental Management (IDEM) Rapid Bioassessment protocol (IDEM, unpublished).
Habitat quality will be assessed using Ohio Enviornmental Proptection Agency (OEPA)
Qualitative Habitat Evaluation Index (QHEI) protocol (OEPA, 1989).
Permission has been obtained from landowners to conduct sampling in these locations.
Should additions or changes occur for chemical sampling sites the situation will be
discussed with the IDEM Quality Assurance Manager and any changes in sampling
locations will be submitted as an addendum to this QAPP. See Sampling Location Map
Appendix A.

Sampling Design
General parameters collected from this variety of situations (Parameters 1-7 under Study
Site) will be collected throughout the course of the study to give an overview of water
quality in the watershed under varying conditions. Effort will be made to do the majority of
this data collection in the initial stages of the project to allow for any adjustments in sitespecific selection (water quality/biological riparian habitat sampling sites) as necessary.
General parameters will be collected from sources that are required to follow specific and
reviewed protocols such as state and federal natural resource agencies or peer reviewed
scientific papers. Anecdotal data will be noted as such, if included at all in the data set.
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Sampling station specific parameters (Parameters 8-10: macroinvertebrates, habitat, water
quality) will be sampled periodically throughout the project period (Table 1). Biological
sampling events will take place at the density and diversity peaks of aquatic
macroinvertebrates (late summer) to achieve representativeness of feeding guilds.
Macroinvertebrates will be identified to the family level. Several researchers (Hilsenhoff,
1988, USEP, 1989, and IDEM, Unpublished) have confirmed the appropriateness of using
family level identification (vs. species level) to make broad scale management decisions
as is the goal with this project.
Water quality samples will be collected three times throughout this study including field
and laboratory water chemistry and stream discharge. Field water chemistry parameters
will be analyzed using equipment calibrated the day of sampling in accordance with
manufacturer's specifications. Laboratory water chemistry samples will be collected in
bottles prepared and provided by EIS Analytical. Discharge will be measured at each site
during each sampling event using a measuring tape and a Marsh McBirney Model 2000
Flo-Mate. Discharge measurements will be conducted using the trapezoid method as
detailed by Marsh McBirney (1990). Water quality sampling events will be timed to capture
samples from base flow and peak flow (1" or more of rain in a 24-hour period) events and
an additional sampling at a time to be determined. If soils are saturated by previous storm
events, a storm event releasing 0.75" of rain may be sufficient to produce runoff and will be
used as the storm event sample. JFNew will use best professional judgement to
determine if a rain event of less than 1" qualifies as a storm event. This timing allows
collection during a wide range of temporal and seasonal factors that may impact water
quality. Collections of water quality from this variety of situations will give an overview of
water quality in the watershed under varying conditions.

Study Schedule
The water quality sampling schedule is flexible to prevent sampling during inappropriate
weather or when equipment is not working.
Project schedule is outlined in Table 1
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Table 1: Study Schedule
Activity

General Data – Land uses, Soils, ETR, etc.
Biological – macroinvertebrate
1 sampling event
4 sites
Physical – Habitat
Chemical – Water Quality and Discharge
3 sampling events
3 major sites (to be used for subwatershed
prioritization)
3 minor sites (to supplement major tributary
information)
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Start Date

End Date

Fall 03
Fall 04

Spring 05
Fall 04

Fall 03
Spring 04

Spring 05
Fall 04

Section 2: Study Organization and Responsibility
Key Personnel
Tina Hissong, Watershed Coordinator
Lake Maxinkuckee Environmental Council
116 N. Main St.
P.O. Box 187
Culver, IN 46511
574-842-3686 Fax 574-842-3704 email: lmec@culcom.net
Responsible for general coordination with technical project manager as well as
coordination of public input and development of the watershed management plan

Marianne Giolitto, Technical Project Manager
JF New
708 Roosevelt Road
P.O. Box 243
Walkerton, IN 46574
574-586-3400
Lead person in developing the technical (sampling) aspects with Watershed Coordinator,
data analysis and oversight of field sampling and macroinvertebrate identification,
development of watershed management plan with assistance from coordinator.
EIS Analytical Services
1701 N. Ironwood
South Bend, IN 46635
Water quality sampling analysis
JF New
708 Roosevelt Road
Walkerton, IN 76574
574-586-3400
Macroinvertebrate sampling and identification, habitat analysis, geo-location of sampling
sites, water quality sampling (chemical) with oversight of Technical Project Manager.
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Project Organization
In general, JF New will be responsible for the design, planning, execution, analysis and
documentation of technical aspects of the project. The watershed coordinator will
coordinate the public input. JF New will have primary responsibility for development of the
watershed plan. The water testing lab (EIS laboratories) will be responsible for chemical
water quality analysis. The Lake Maxinkuckee Environmental Council and the watershed
coordinator will be responsible for providing forums for public input and documenting the
public's concerns and goals. Indiana Department of Environmental Management (IDEM)
will proved the overall project guidance and assistance. Specific duties and responsiblities
are outlined below.
Chain of Authority:
Project Technician reports to the Technical Project Manager
Technical Project Manager coordinates with EIS Laboratories
Technical Project Manager coordinates with the Watershed Coordinator
Watershed Coordinator coordinates with IDEM and Lake Maxinkuckee Environmental
Council (LMEC)
Duties List:
- Location of sampling sites (Technical Project Manager and Watershed Coordinator)
- Creation of QAPP (Watershed Coordinator)
- Collection of general parameters for watershed (Technical Project Manager and
Watershed Coordinator)
- Collection of historical water quality data (Technical Project Manager and Watershed
Coordinator)
- Water quality sampling (Project Technician with assistance from LMEC and oversight by
Technical Project Manager)
- Water quality sampling analysis (EIS Laboratories)
- Biological/habitat sampling (Project Technician with assistance from LMEC with oversight
by Technical Project Manager)
- Invertebrate identification (Project Technician with oversite from Technical Project
Manager)
- Monthly/quarterly updates (Watershed Coordinator)
- Final Project Report (Technical Director/Project Manager with assistance of Watershed
Coordinator)
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Section 3: Data Quality Objectives
Precision
The project goal is to obtain an overview of water quality in the Lake Maxinkuckee
watershed from which a watershed management plan can be developed. Like many
projects, this project has financial, temporal, and other constraints. For example, we will
collect physical, biological, and chemical data from each of the major tributaries to Lake
Maxinkuckee. Sites sampled on each of the tributaries will provide information on the
relative pollutant inputs of each tributary. This information will prioritize one tributary's
watershed over another tributary's watershed when evaluating where to spend limited
funding. The sampling design will not; however, provide representative data for the whole
watershed. Specificity will be sacrificed in order to obtain a greater quantity of general
information on of the entire watershed, rather than specific information on a portion of it.
For example, land use will be categorized on large-scale areas (1 ha units) rather than
smaller areas (10x10 m areas). Collecting information on this larger scale will allow for the
collection of more data for the same cost as the collection of a lesser quantity of data at a
small scale. Similarly, family level identification will be used rather than species level of the
macroinvertebrate communities. This will allow for the collection of more data per level of
effort. Researchers have already confirmed the acceptable use of family level identification
to make broad management decisions and prioritize areas for future specific work
(USEPA, 1989; IDEM, Unpublished;Hilsenhoff, 1988). Based on this, the general data
quality objectives are to gather representative information on the ecosystem's health at a
watershed scale, collect broad, watershed scale data to make broad conclusions, and
perform collection by accepted protocols to ensure the effort can be repeated in the future.
General Parameters:
Because of time and financial constraints, existing data will be utilized rather than
collecting original data for land use, soils, (Highly Erodible Land), natural area (ETR)
locations and historical water quality measurements. Precision, accuracy and
representativeness of these data will be ensured by only using data from local, state or
federal agencies and peer or similarly reviewed publications. If anecdotal data is included
in the plan, it will be noted as such. Due to the time frame available to collect this data and
availability of the data, 100% completeness should be achieved. Because only data that
was collected through a specific protocol (i.e. the Indiana Gap Analysis project protocol for
land use) will be utilized by this project, the data can be compared to others efforts using
the same data collections protocol.
Water Quality Parameters:
The contracted laboratory has implemented Quality Control/Quality Assurance (QA/QC)
measures to ensure data quality (Appendix B). The laboratory standards are sufficient
tomeet the stated goals of this project.
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Biological and Habitat Parameters: Accuracy and Precision
The ensure precision and accuracy, all sampling protocols will be carried out as required in
the procedural documentation by qualified individuals. The same field team, consisting of
a Project Technician and the Technical Project Manager, will sample each site using the
same procedure to maintain consistency among sites. The consistency of field personnel
and procedural organization will enhance precision by minimizing sampling variablility.
Replicate field measurements will be with the following field equipment: the Hach Pocket
Pal pH Meter, the YSI model 555, and the Marsh McBirney, Inc. Flo-Mate Model 2000.
One replicate will be taken in every 7 measurements. Precision will be calculated using
the Relative Percent Difference Equation:
RPD = (C-C') x 100%/(C + C')/2
Where:
C = the larger of the two values
C' = the smaller of the two values
Macroinvertebrates will be identified by an experienced/trained Project Technician. At
least 10% of the invertebrate specimens identified will be checked for identification
accuracy by the Technical Project Manager. Based on IDEM's sampling and subsampling
methodolgy, each sample will consist of 100 organisms. Ten percent of each subsample,
or ten organisms, will be checked for accuracy. This level of quality control will allow for
making broad management decisions. The accuracy and precision in identification is
expected to be high given the limited number of technicians involved, their technical
expertise, and the level of oversight they recieve in the collection and identification of
macroinvertabrate samples and habitat evaluation.

Accuracy
See above
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Completeness
In the event that some catastrophic event (i.e. weather anomaly, chemical spill, or other
event that would prohibit access to the streams) were to take place, the first action would
be to delay the sampling to a later time that year, in hopes that access to the creek would
be attainable during a more appropriate time. Since the sampling for biological parameters
occurs once over the period of Watershed Management Plan Development, there is
flexibility built into the project schedule to allow sampling to occur during favorable
conditions, preserving data quality. Because the project occurs over two years, during the
first year sampling could be postponed until the following year in the event of some
unforeseen catastrophic event.
Samples collected from the three major inlets and the three additional sites will allow for
prioritization of the Lake Maxinkuckee subwatersheds. Physical, chemical, and biological
data for these three sites will allow watershed stakeholders to make watershed dependent
decisions as to where limited funds will be allocated and in what manner. One hundred
percent (100%) collection of water quality, macroinvertebrate, and habitat samples and
geolocation of sampling sites is expected at the major inlets. The sampling locations have
been field checked to ensure sampling access and proper sampling hydrology is present
at each site. However, climatic or other changes beyond the project's control may also limit
the sample collection. Refusal of landowners to grant access to the property may also limit
sample collection.
Loss of one sample site would not prevent the project from attaining its goal of developing
a watershed management plan. Based on this, 67% completeness (see top equation
below) will be acceptable for completion of this project.
% completeness = (number of valid measurements) x 100%/ (number of valid
measurements expected) = 6 x 100%/9 = 67%
Sample collection from the minor tributaries may prove to be more difficult. These
tributaries are intermittent streams that at some point during the year may not contain
flowing water. These tributaries where chosen to supplement water quality information
provided by the major tributaries. Chemical data gathered at these sites, along with land
use, soils, and other watershed characteristics, will provide additional watershed
information and will be used to help drive decision making and assist in watershed
prioritization. Decisions on water quality and watershed project prioritization will not be
made using data collected from these sites alone. According to local sources, the minor
sampling sites identified for this study have had continous flow even during drought
seasons. However, to protect the study and allow it to be completed within the project
timelines and with the best information available, in the event two consecutive drought
seasons should occur, 50% completeness (absence of stream water samples under
extreme curcumstances) will be acceptable for completion of the project.
% completeness = (number of valid measurements) x 100%/ (number of valid
measurements expected) = 9 x 100%/18 = 50%
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The geo-locating of the sampling sites is not dependant upon the weather or other climatic
situations (barring the loss of all satelites) and will achieve 100% completeness.
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Table 2: Data Quality Objectives*
Parameter

Precision

Accuracy

Completeness

Macroinvertebrates
Habitat Analysis
pH
Temperature
Dissolved Oxygen
Flow

High
High
RPD<5%
RPD<5%
RPD<5%
RPD<5%

High
High
+-0.1 at 20 degrees C
±0.3 mg/l
±0.3 mg/l
If ±2% of reading + zero stability
Zero stability=± 0.5 ft/sec

75-100%
100%
75%
75%
75%
75%

E. Coli

See Appendix B.See Standard
Methods Reference

See Appendix B.
See Standard Methods
Reference

75%

Ammonia,Nitrate + Nitrite,
Kjeldahl Nitrogen, Total
Phosphorus, Total Suspended
Solids
GPS Measurements

See Appendix B.See EPA
Reference

See Appendix B.See EPA
Reference

75%

RPD = submeter

50 cm + 1ppm on a second by
second basis

100%

• Accuracy values for the field measurements are equipment
specifications.
Representativeness
Representativeness is the most important data quality metric in the project since the
project objective is to provide watershed scale data. Representativeness of sampling sites
was achieved by performing a desktop review as well as field investigations of potential
sampling sites. Because the number of tributaries to Lake Maxinkuckee exceeds the
number of sites that can be sampled by this project given the limited resources, not all
tributaries could be sampled. The following criteria were used to narrow the set of
potential sites. Accessibility (proximity to the road) and location in the watershed (ensuring
that tributaries and main ditches are sampled) were the two criteria used to select
potential sites. Potential sites were field checked by the Technical Project Manager and
Watershed Coordinator to ensure accessibility and the variety of physical, riparian, and instream habitats in the watershed were all represented in the set of sampling stations.
Landowner permission has confirmed potential sites usability. Additional criteria for
choosing sites was whether it had been used in historical studies to which the project's
data may be compared.

Comparability
The biological and habitat samples are expected to be comparable because the project
will follow biological sampling and habitat assessment procedures set forth by IDEM's
Rapid Bioassessment protocol for macroinbertebrates, using the Macroinvertebrate Index
of Biotic Integrity (IDEM, unpublished) and OEPA's quality Habitat Evaluation Index
(QHEI) (Appendex C & D). Results of this study can be compared to other studies using
these protocols. All chemical, biological, and habitat data to be used for comparison with
the data collected during the present study will be reviewed prior to its use to ensure
comparability. Any non-analogous data (collected under different protocol using different
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data quality objectives) used in this study will be cited as such in the final report.
Additionally, if there are discrepancies, they will be noted in the report.

Section 4: Sampling Procedures
The sampling methods and equipment are summarized in Table 3.
Macroinvertebrate Sampling:
Macroinvertebrates will be collected at four sites. Methods for sampling
macroinvertebrates will follow standard methods established by IDEM's Rapid
Bioassessment Protocol. One sample using a 1x1 meter, 600 um kick net will be
performed at each of the sample stations. Organisms collected in the net will be placed in
clean, wide-mouthed plastic collection jugs containing 70-80% alcohol for identification and
stored on ice. Identification will take place within 1 week of collection. (Appendix C - data
sheets 1 and 2). Since the water is less than chest deep, each site lends itself to the use
of a kick net. Invertebrate samples will be transported on ice to the JF New laboratory
immediately following collection of the samples. Invertebrate samples will be identified
and checked within one week of collection to limit any potential deterioration of the
identifying features of the organisms. During the identification and confirmation time
period, invertebrate samples will be stored on ice or in a refrigerated cooler.
Water Quality Sampling:
Water quality samples will be taken at each station to test the parameters listed in Table 3.
PH, dissolved oxygen, temperature, and water velocity measurements will be made in the
field using the following instruments: Hach pH meter, YSI model 55 D.O. meter, Marsh
McBirney flow meter. All measurements will be taken according to the standard operating
procedures provided by the manufacturer of the equipment. Project biologists will record
water quality field measurements on standardized field log data sheets (Appendix E). Grab
samples will be collected for the remaining water quality parameters. Samples will be
placed in plastic containers supplied by the EIS Laboratories in South Bend, Indiana. EIS
Laboratories will provide the appropriate preservatives in the containers as necessary.
Sample collection will proceed in a manner similar to that outlined in EPA Volunteer
Stream Monitoring: A Methods Manual (1997). One member of the field crew will wade to
the center of the stream/creek thalweg to collect the water sample. The crew member will
invert a clean sample bottle (an extra one, not one used for sample storage) from the
laboratory into the stream’s thalweg. At a depth of approximately 8 to 12 inches below the
water surface, the crew member will turn the bottle into the current to allow for collection of
water. (If the stream at the sampling station is shallower than 16 inches, water collection
will occur mid-way between the water’s surface and the stream bottom.) Once the bottle is
full the crew member will scoop the bottle up toward the surface. Water in this bottle will
be poured into the sample container. The sample container will be labeled as outlined in
the proceeding section, stored on ice and transported in the laboratory for analysis. Water
quality samples will be transported immediately to the lab. The lab is a 1 hour drive from
the sampling sites and it will take approximately 2 hours to complete the sampling. The
shortest holding time as set by EIS Laboratory is 6 hours (E. coli). Water quality samples
will be transported (on ice) immediately to the lab upon completion of all the samplings and
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will be at the lab in less than 6 hours from the time of the first sample. Required chain of
custody procedures as outlined in the laboratory's QA/QC plan (Appendix B) will be
followed. Water quality samples will be processed at the lab using standard operating
protocol (see Appendix B). Analytical results from the water quality lab will be based on
their schedule but are anticipated within 2-3 weeks of sample collection.
Flow measurements will be taken utilizing protocols outlined in Marsh-McBirney (1990). A
tape measure will be staked across the width of the channel prior to any measurements
being taken. If the stream is less than two inches (2”) deep multiple point velocity
measurements will be taken throughout the width of the channel. Channel depths will be
measured at a minimum of five points across the channel. Discharge will be calculated
using the following formula:
Discharge = (di ) w*vΣ
(n+1)
where d equals stream depth, n equals the number of streams depths measured, w equals
the width of the stream, and v equals the velocity of the stream (0.9 times the fastest
velocity recorded). This equation has been modified from EPA (1997).
If the stream is greater than two inches in depth, then the trapezoid channel method will be
utilized to calculate stream discharge. The interval width, thus the number of flow
measurements recorded across the channel, is determined by the channel width. If the
channel width is less than fifteen feet, then the interval width will be equal to the stream
width divided by five. If the channel is greater than fifteen feet wide, then the interval width
will be equal to the channel width multiplied by 0.1. Stream depths will be recorded at the
right and left edges of the predetermined trapezoid (SIo and SI1). Flow measurements will
be recorded at the midpoint of each trapezoid (SI1/2). All data will be recorded on the data
sheet included in Appendix A. Discharge will be calculated using a calibrated Excel
spreadsheet to minimize data errors involved in performing hand calculations.
QHEI Analysis:
Habitat evaluation will be conducted at each station using Ohio EPA's Quality Habitat
Evaluation Index (QHEI). The field crew will adhere to OEPA QHEI standard procedures.
Assessments will be made by the field crew and noted on QHEI data sheets (Appendix
D,data sheet 1).
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Table 3: Sampling Procedures
Parameter

Sample
Matrix

Sampling
Frequency

Sampling Method

Sample
Container

Macroinvertebrates

Substrate

1

IDEM

Habitat analysis
pH
Temperature
Dissolved oxygen
E.e. coli

Habitat
Water
Water
Water
Water

1
3
3
3
3

OEPA QHEI
Hach pH meter
YSI Model 55
YSI Model 55
40CFR141Standard
Methods 923D

Ammonia
Nitrate+nitrite

Water
Water

3
3

EPA 350.1
EPA 353.2

Clean, widemouth plastic
collection jugs
containing 7080% alcohol
N/A
N/A
N/A
N/A
Plastic containers
supplied by EIS
Laboratories
Same as above
Same as above

Kjeldahl nitrogen

Water

3

EPA 351.2

Total Phosphorus

Water

3

Total Suspended
Solids
Flow

Water
Water

Sample
Volume

Holding
Time

N/A

1 week

N/A
N/A
N/A
N/A
100 ml

N/A
N/A
N/A
N/A
6 hours

100 ml
100 ml

28 days
28 days

Same as above

100 ml

28 days

EPA 365.3

Same as above

100 ml

28 days

3

EPA 160.2

Same as above

100 ml

7 days

3

Marsh McBirney, Inc. FloMate Model 2000

N/A

N/A

N/A

Section 5: Custody Procedures
All invertebrates removed from the sites will be placed in wide-mouth plastic containers
with a preservative and labeled with the sample location, sample number, date and time of
the collection, sample parameter, and sampler(s) name(s). Sample will be stored on ice.
Samples will be transported to the JF New laboratory and stored in a cooler until
identification is completed. Identification will be completed within one week of sampling.
Appendix C contains the data sheet to be used for macroinvertebrate identification.
The field crew will take water quality samples using the laboratory protocol. Samples will
be labeled with the sample location, sample number, date and time of collection, sample
parameters, and sampler name(s). Samples will be stored on ice and transported on the
same day to EIS Laboratories. Chain of Custody forms provided by EIS Laboratory will
be completed and given to the lab at the time the samples are transported. Water
samples given to EIS Analytical will contain data sheets similar to the one shown in
Appendix B. This data sheet will be completed by the Project Manager or Lead
Technician and hand delivered along with the samples to EIS in South Bend, IN. EIS will
review sample labels and remove from the data set any that cannot be attributed to
specific samplers, have not been properly preserved, or that exceed the maximun holding
time. The laboratory manager will also sign-off on lab bench sheets after all checks have
been completed. The report from EIS Laboratories is expected within three weeks of
sampling.
The field crew will take QHEI measurements using OEPA protocols. Measurements will
be noted on the QHEI data sheet located in Appendix D. Samples are not collected as
part of this procedure.
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Field sampling data and data sheets utilized for water chemistry, field sampling,
macroinvertebrate collection, and habitat assessment will remain in JFNew custody;
therefore, chain of custody does not apply.

Calibration Procedures and Frequency
Calibration measures will be performed on all field equipment to be used (where
appropriate) based upon the manufacturers recommendations as spelled out in the users
manual for each individual piece of equipment. Calibration will be performed the day of
each sampling prior to use of the equipment in the field. If equipment cannot be properly
calibrated, sampling will be rescheduled. See Appendix B for EIS Laboratory calibration
procedures and frequencies.
GPS Calibration: If the GPS cannot be properly calibrated on the day of the sampling,
then all other sampling will proceed as scheduled. GPS measurements will be recorded at
a later time following correct equipment calibration.

Section 7: Sample Analysis Procedures
All proceedures that will be used to analyze the macroinvertebrate samples and QHEI
assessments will strictly adhere to the IDEM Rapid Bioassessment protocol or the OEPA
QHEI protocol respectively. In general, detection limits are not applicable to the biological
and physical habitat assessment used in this project. Small organisms (smaller than 600
um) however, may not be collected due to mesh size of the sampling net. Similarly, the
field picker may overlook small organisms caught in the net. Nets will be double checked
to prevent this. Table 4 provides an overview of the analytical procedures. Appendix B
details the analytical procedures EIS Laboratories utilize for chemical water quality
assessments.
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Table 4: Analytical Procedures
Parameter

Analytical Method

Performance Range or
Detection Limits

Units

Macroinvertebrates
Habitat analysis

IDEM
OEPA QHEI

N/A
N/A

N/A
N/A

pH

Hach pH meter

0.1

N/A

Temperature

YSI Model 55

1 degree C

degree C

Dissolved Oxygen

YSI Model 55

0-20 mg/l

mg/l

E. coli

40CFR141

N/A

cfu/100 ml

Ammonia

EPA 350.1

0.01 mg/l

mg/l

Nitrate+Nitrite

EPA 353.2

0.05 mg/l

mg/l

Kjeldahl nitrogen

EPA 351.2

0.5 mg/l

mg/l

Total phosphorus

EPA 365.3

0.1 mg/l

mg/l

Total suspended solids

EPA 160.2

1.0 mg/l

mg/l

Flow

Marsh McBirney, Inc. Flo-Mate Model
2000

-0.01 to 19.99

ft/sec
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Section 8: Quality Control Procedures
Quality control will be achieved by strict adherence to written protocol. Quality control
in the field will be obtained by adherence to standard operation protocols. Independent
QHEI assesments will be made by each member of the field crew to ensure precision
and accuracy of habitat assessment. Any differences in assessments will be averaged
if possible based on the metric. Where averaging of a metric is not possible, the value
given by the technical manager will be accepted. Fieldwork will be performed by the
same crew at each site. The Technical Project Manager will ensure consistency in
sample collection and field work. Quality control of macroinvertebrate identification will
be achieved by having a single initial identifier of each sample with 10% of each
sample being checked by the Technical Project Manager using the following taxonomic
references: Eddy and Hodson (1982), Merritt and Cummins (1996) and Eckblad
(1978). Inaccuracies greater than 25% of the checked portion will trigger reevaluation
of the entire sample unless deemed unnecessary. (For example, technician is
consistently misidentifying one family; in that case, only the individuals of that family
will be reevaluated.) Consistency in protocol will allow for comparisons to be made
among sample sites and thus achieve the project goals of identifying hot spots within
the watershed for more targeted intesive management.
Quality control of lab water quality analysis will be performed as outlined in the lab's
QA/QC plan. This quality control includes use of lab duplicates, split samples,
reference standards and method blanks where appropriate. This level of quality control
is sufficient to achieve project goals.
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Section 9: Data Reduction, Analysis, Review, and Reporting
Data Reduction
Field sheets will be given to the Technical Project Manager at the end of the sampling
day for review. Field data sheets will be inspected for completeness and signed by the
Technical Project Manager before leaving the site. Within 72 hours, the Technical
Project Manager will contact any samplers whose field sheets contain significant
errors. Data from the field data sheets and invertebrate identification data sheets will
be used to calculate both a (mIBI) and QHEI to indicate the biological integrity or
habitat quality of the aquatic system at the specific sites studied. The Technical Project
Manager will review macroinvertebrate identification. Field measurements using
electronic instrumentation need no further reduction. Data reduction in the laboratory
will be done in accordance with EIS Laboratory's QA/QC.

Data Analysis
Once the raw data has been reviewed by the Technical Project Manager, discharge
will be calculated using the following formula:
Discharge = [sum(d)]/(n+1) w*v
Where d equals stream depth, n equals the number of streams depth measured, w
equals the width of the stream and v equals the velocity of the stream. Once discharge
has been calculated, the pollutant load will be calculated by multiplying the specific site
discharge by the concentration of a pollutant found at that site. Pollutant loads among
sites will be compared to identify which sites provide the greatest load of pollutant to
Lake Maxinkuckee.

Data Review
The Project Technician will enter all data into a computerized spreadsheet/database
program designed for this project and compatible with hardware and software used by
JFNew, LMEC, and IDEM. The Technical Project Manager will review data entry for
completeness and errors. Discharge and loadings will be calculated using the
computerized spreadsheet to minimize errors involved with performing hand
calculations.

Data Reporting
EIS Analytical will provide sample results with qualifying information for any results that
fall outside the control limits. A copy of the chain of custody for will accompany
laboratory results.
The Technical Project Manager will be responsible for report production and
distribution. Assistance in these tasks will be provided by the Project Technicians and
the Watershed Coordinator. The report will contain the data results, interpretation of
the data, Best Management proposals for existing watershed conditions, a compilation
of watershed stakeholder's concerns and goals, and proposals for future development
in the watershed.
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All raw data and data analysis results generated as part of this grant project will be
submitted in an electronic format with the Final Report to the IDEM Project Manager or
Quality Assurance Manager. The format will be compatible with the software currently
used by IDEM.

Section 10: Performance and System Audits
While specific audits such as those conducted on the contracting laboratory by outside
auditors are not applicable to this type of project, the following checks and balances
and oversight will be utilized to ensure data quality:
- The Technical Project Manager will provide oversight to all technical staff ensuring
strict adherence to all protocols.
- Field data sheets will be reviewed for completeness prior to leaving the field
- QHEI assessments at each site will be made by two individuals
EIS Laboratories has built in audits. The Project staff is open to IDEM's audits upon
IDEM's request
IDEM reserves the right to conduct external performance and/or systems audits of any
component of this study.

Section 11: Preventative Maintenance
A kick net, thermometer (YSI Model 55) tape measure, flowmeter (Marsh McBirney),
pH meter and dissolved oxygen meter (YSI Model 55) will all be used for
macroinvertebrate and water quality sampling by JFNew. To keep these instruments
in proper working order all maintenance will be performed as outlined in the users
manuals which are provided with the equipment, where appropriate. Power sources
will be checked prior to going into the field. An additional set of collection bottles and
dip nets will be taken along the sampling trip

Section 12: Data Quality Assessment
Precision
As stated in the Project Objectives portion of Section 1, the goals of the project are to
document the current physical, biological and chemical condition of Lake Maxinkuckee
relative to the conditions of its tributary watersheds. Data quality controls outlined in the
Sections above will be sufficient to meet the objectives of the project. Data quality
assessments taken by the contracting laboratory will be sufficient to meet the
objectivies of the project (See Appendix C). In addition, the project has built into it
several measures to provide continuous review of data throught the project period to
ensure completeness and modify the project if necessary. Field measurements and
biological and habitat data will be accepted as valid provided no significant problems
occur during calibration and sampling. Field measurements will be repeated in field if
precision failures are observed, while sampling will be repeated if completeness goals
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are not met. Data that does not meet precision goals will not be included in sample
analysis and subwatershed prioritization. Data that is qualified will not be utilized in
sample analysis and subwatershed prioritization

Accuracy
see Precision section

Completeness
see Precision section

Section 13: Corrective Action
Should extraordinary events occur that may adversely affect the collection of accurate,
representative data (extreme climatic conditions, chemical spill, etc.) testing shall be
rescheduled during the same year when conditions are more favorable. The data can
then be analyzed so that reports can be written. Since sampling is done only during
certain seasons, it is feasible, due to the length of the project time, to schedule another
sampling trip at a time when conditions permit, either later that season or the following
year.

Section 14: Quality Assurance Reports
Quality Assurance (QA) reports will be submitted to IDEM’s Watershed Management
Section as part of the Quarterly Progress Report and/or Final Report.
Any problems that are found with the data will be documented in the quarterly reports.
Quality assurance issues that may be addressed in the reports include, but are not
limited to the following:
- Assessment of such items as data accruacy and completeness
- Results of performance and/or system audits
- Significant QA/QC problems and recommended solutions
- Discussion of whether the QA objectives were met and resulting impact on decision
making
- Limitations on use of the measurement data
If no QA/QC problems arise, this will be noted in the report.
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