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AND RECOMMENDATIONS

Kabekona Lake is a large lake (2,252 acres) located in eastern Hubbard County. Land use in the
watershed is characterized by forests (80 percent of the area) and water (lakes and wetlands - 11
percent). This land use composition is typical for lakes in this region of the state - the Northern
Lakes and Forests (NLF) ecoregion (see Figure 1).
Kabekona Lake was sampled during the summer of 1994 by M i ~ e s 0 t aPollution Control Agency
W C A ) staff and citizens from the Kabekona Lake Association (Association). Water quality data
collected during the study reveal a summer mean phosphorus concentration of 9.5 pg/L, mean
chlorophyll-a of 2.9 pg/L and Secchi transparency of 13.2 feet. The chlorophyll-a and Secchi
values are on well within the range of values exhibited by reference lakes in this ecoregion. The
phosphorus value, however, is belter than the typical range of values exhibited by reference lakes in
the NLF ecoregion. Total phosphorus, chlorophyll-a and Secchi transparency help to characterize
the trophic status of a lake. For Kabekona Lake, these measures indicate
conditions.
Historical Citizen Lake-Monitoring Program (CLMP) Secchi transparency reveal some minor
annual fluctuations in transparency from 1986 to 1995. During this period, the summer mean
annual Secchi ranged from 9.8 feet to 13.1 feet. Transparency varies from year to year but no longterm trend is evident.
Two lake water quality models were used to estimate the water quality of Kabekona Lake based on
its morphometry and watershed characteristics. These models provide a means to compare the
measured water quality of the lake relative to the predicted water quality.
The first model, MINLEAP, predicts a summer-mean phosphorus concentration of 20 pgA
compared to the 1994 summer-mean of 9.5 pg/l. This may be due to the presence of a large
number of wetlands and small lakes within the heavily forested watershed. The model uses the
total watershed area instead of the smaller contributing watershed.
The second model, Reckhow and Simpson predicted an in-lake phosphorus concentration of 24
pg/L. This model also over-estimates the in-lake phosphorus concentration.
Estimated
phosphorus loading was estimated at about 3,000 kg Plyr. Based on the observed 1994 phosphorus
concentrations, the site, volume of the lake, and the size of the watershed, the anaual phosphorus
load can be expected to be more on the order of about 1,000 kg Plyr. The majority of the P loading
is estimated to be contributed by the watershed (88 percent), followed by precipitation on the lake
(9 percent) and septics (2 percent).

iii
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The following recommendations are based on the 1994 Lake Assessment Program (LAP) study of
Kabekona Lake:
Kabekona Lake is very sensitive to change in trophic status because it presently has
relatively low phosphorus and chlorophyll concenh-ations. Relatively minor increases in the
nubient loading rates from any watershed or in-lake sources which would i n c m the
in-lake phosphorus concenh-ation can degrade the lake. It is essential, therefore, that the
lake protection effom be conveyed to all local government groups with land uselzoning
authorities for Hubbard County.

1.

The Association should be commended for their efforts to date, which include interacting
with the Hubbard Soil and Water Conservation Disbict, conducting a house-to-house septic
system survey, creation of the Kabekona Lake Foundation, development of a long range
management plan for the lake, the purchase of two environmentally sensitive lake lots and
sale to the state through the Reinvest In Minnesota - Critical Habitat Matching Program,
. . Guide to Lake P r o t e a to Association members,
disbibuting copies of -lbzm
tributary monitoring, strong involvement with the Hubbard County Coalition of Lake
Associations, attendance and participation at the Minnesota Lakes Association Annual Lake
Conference, and participation in the CLMP.
The Kabekona Lake Management Plan has been reviewed by the MPCA staff. In addition
to the agency review, it is recommended that the plan be developed cooperatively by a
Committee consisting of representatives from state agencies (e.g., MDNR, MPCA, BWSR),
local units of government, and lake association members. The following activities could be
included in the plan:
a.

The Association should continue to participate in the CLMP. Data h m this program
provides an excellent basis for assessing long-term and year-to-year variations in algal
productivity, i.e., trophic status of the lakes. At a minimum, measurements should be taken
weekly during the summer at consistent sites. Sites 202, 205, and 206 are the most
valuable for long-term characterization of the transparency of the lake.

b.

The continued education of homeowners around the lake, with respect to septic system and
lawn maintenance and shoreline protection may be beneficial. These near shore activities
are of greater significance in terms of phosphorus loading to Kabekona Lake due to the
relatively natural, undeveloped condition of the watershed. Staff h m the MPCA and the
Minnesota Department of Natural Resowces (MDNR), along with the county officials, such
as staff h m Minnesota Extension Senice, the Hubbard County Soil and Water
Conservation District and the County Environmental Services Office could provide
assistance in these areas.
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c.

Further development in the immediate watershed of the lake should occur in a manner that
minimizes water quality impacts on the lake. Considerations such as setback provisions and
septic tank regulations should be strictly followed. MDNR's and county shoreland
regulations will be important in this regard. Maintenance of shoreline vegetation (both
upland and aquatic) is very important. Soil erosion !?om the construction of roads and
homes should be minimized. The disturbance or the removal of vegetation on bluffs or
slopes should be avoided.
Activities in the total watershed that change drainage patterns, such as wetland removal,
creating new wetland discharges to the lake, or major alterations in lake use, should be
discouraged unless they are carefully planned and adequately controlled. The Association
should continue to seek representation on boards or commissions that address land
management activities so that their impact can be minimized. Safeguarding the Shoreland
Ordinance from those who would choose to weaken it should be a priority for Kabekona as
well as other lake associations in Hubbard County.
The booklet, P r o t e c t i n e s o t a ' s Waters: The Land-Use Connecting may be a useful
educational tool in this area.

d. The Association is encouraged to be aware of the possible nutrient sources such as logging
operations, wetland runoff, agricultural runoff, septic systems, lawn fertilizer, and the
effects of ditching and draining of wetlands, etc. As these activities occur with in the
watershed. the Association is e n c o w e d to make sure that the water aualitv effects are
minimized with the use of best management practices (Bh4Ps) for water quality. Some of
the county and state oftices mentioned above may be of help in this regard.

-

2.

The 1994 water quality of Kabekona Lake was very good relative to other lakes in the NLF
ecoregion. It could, however, exhibit a measurable decline in transparency, increases in the
amount of algae, and possibly increases in the amount of rooted vegetation with a fairly
small increase in-lake total phosphorus. Changing land use practices, poor management of
shorelands, failure to maintain (pump) septic tanks, logging without regard for water
quality, and draining of wetlands in the watershed provide the greatest likelihood for
changes in phosphorus loading.
Conversely, a reduction of the amount of nutrients that enter the lake may result in
improved transparency and a reduction in algal concentrations. One means of reducing
nutrient input is by implementing BMPs in the watershed (land management activities used
to control nonpoint source pollution). Technical assistance in BMP implementation may be
available through local resource management agencies. The Association should continue to
work with Hubbard SWCD to examine land use practices in the watershed and develop
strategies for reducing the transport of nutrients to the lake. It may be wise to first focus
efforts on the area of the watershed near the lake. This watershed is in a fairly natural state
with the Paul Bunyan State Forest comprising a significant portion. There may be few
opportunities (or the need) to implement Bh4P's on existing landuse. However,
opportunities may arise during road building, logging or other activities which may result in
increased sediment and P-loading to the lake.
v
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Restoring or improving wetlands in the watershed may also be beneficial for reducing the
amount of nutrients or sediments which reach Kabekona Lake. The U.S. Fish and Wildlife
Service at Fort Snelling may be able to provide technical and financial assistance for these
activities.
MPCA's Clean Water Partnership Program is also an option for further assessing and
dealing with nonpoint sources of nutrients in the watershed. However, since there is
extensive competition for CWP funding, it may be in the best interest of the Kabekona Lake
Association to continue to work with the Hubbard SWCD, Hubbard County Environmental
Services, and the local townships to do as much as possible to protect the condition of the
lake by means of local ordinances and education of shoreland and watershed residents. If
these steps prove to be inadequate or the lake condition declines (as evidenced by a
significant reduction in Secchi 4mnsparency), application to CWF' may then be appropriate.
One indication of a significant decline in m p a r e n c y could be if summer-mean
4mnsparency values are consistently less than the current long term mean of 11.3 2 1.8 feet.
A CWF' may not be needed at that time but a repeat of a LAP level effort may be necessary
to understand and document changes in total phosphorus, chlorophyll and Secchi within the
lake.
3.

Should a CWF' application be deemed necessary, this LAP report serves as a foundation
upon which fiuther studies and assessments may be based. The next step would be to
define water and nutrient sources to the lake in a much more detailed fashion. These
detailed studies would allow the estimation of reasonably accurate total phosphorus (and
ortho-phosphorus), total nitrugen (and inorganic nitrogen) and water income-outgo
summaries. This should be accomplished prior to implementation of any extensive in-lake
restoration techniques.
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LAKE ASSESSMENT PROGRAM: 1994
INTRODUCTION
Kabekona Lake was sampled by the Minnesota Pollution Control Agency (MPCA) during the
summer of 1994 as a part of the Lake Assessment Program (LAP). rhis program is designed to
assist lake associations or municipalities in the collection and analysis of baseline water quality data
in order to assess the trophic status of their lakes. The general work plan for LAP includes
Association participation in the Citizen Lake-Monitoring Program (CLMP), cooperative
examination of land use and drainage patterns in the watershed of the lake, and an assessment of the
data by MPCA staff.
The Lake Assessment Program on Kabekona Lake was the result of the efforts of many residents
on the lake. The original water quality committee members that were instrumental in working to
protect Kabekona Lake, and who submitted the successful LAP application were: Ruth Bailey
(President of the Association), Rolf Smeby, Bill Powers, Dick Strub, Howard Willert, Marlyn and
Marlys Stom, Don Palm, Dick Kathe, Ed Hopps, and Ray (Bud) Glenn.
Kabekona Lake was sampled on five occasions during the spring and summer of 1994. Participants
in this effort include Bruce Paakh and Steve Heiskary from the h4PCA, and Don Palm, Lee
Christianson, Dick Strub and Rolf Smeby (Association). Association participants in the CLMP for
1994 included Don Palm, Lee Christianson and Rolf Smeby. Water level measurements were
taken by Don Palm and Lee Christianson. Land-use information for the lake's watershed was
assembled by Bill Alden (Hubbard SWCD) and ground truthed by Dick Strub, Jim Kelly, Curt
K l i e s , and Floyd Anderson (Association). The septic survey and follow up enforcement was
conducted by Gany Johanson (Hubbard County Environmental Services Office). A history of
Kabekona Lake was researched and written by Renee Hermanson. Rolf Smeby collected rainfall
data. Howard Willert served as the primary contact and coordinator for the Association's efforts on
this LAP project, conducted a study on the economic significance of Kabekona Lake, and collected
monthly samples at the 3 major tributaries for total phosphorus. Willert also conducted a shoreline
survey that was developed by Laird Hensel (Hubbard County Environmental Services Office) and
Bruce Paakh, (MF'CA). Dennis Emst (DNR Area Fisheries) provided the section of the report on
fisheries. Bob Murphy and Howard Willert provided updated information on the status of the
number of seasonal vs. permanent residences.
This study was conducted at the request of the Association, whose members are interested in
identifying sources of pollution to the lake, characterizing the quality of the lake, and developing a
program to assist in lake management. Several years of data was available for Kabekona Lake
from the CLh4P. Historical data provides a basis for assessing year-to-year fluctuations in the
quality of Kabekona Lake.
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BACKGROUND
Kabekona Lake is located about two and a half miles south of Laporte in Hubbard County. With a
surface area of about 2,252 acres and a maximum depth of 133 feet, it is in the upper five percent
of the lakes in the Northern Lakes and Forests ecoregion, in terms of its size. Kabekona Lake was
formed fiom ice block (Zumberge, 1952) deposits of the Des Moines Lobe, the most recent glacial
lobe. Soils of the watershed consist of a very wide variety of soil types ranging fiom sands to
various till soils (silts and clays). These soils generally consist of mucks, sands and peats on wet
sites, and sands to gravels, silts and clays on upland slopes ranging h m 1 to 40 percent. The soils
within the Paul Bunyan State Forest are extremely variable with the majority of the soil being
mapped as a complex. The rolling topography consists of many depressions which often result in
small isolated wetlands.
Kabekona Lake is located in the Mississippi Headwaters Watershed Unit which drains an area of
7,068 square miles in north central Minnesota. Kabekona Lake has a large watershed (94.4 m?)
(Figure I ) relative to its surface area (approximately 27: 1).
Since land use affects water quality, it has proven helphl to divide the state into regions where land
use and water resources are similar. Minnesota is divided into seven regions, referred to as
ecoregions, as defined by soils, land surface form, natural vegetation and current land use. Data
gathered h m representative, minimally-impacted (reference) lakes within each ecoregion serve as
a basis for comparing the water quality and characteristics of other lakes. Kabekona Lake is located
in the Northern Lakes and Forests ecoregion (Figure 1).

L23nduz
The land uses observed in the watershed of Kabekona Lake are similar to the typicd range for this
ecoregion (Table 1). Forested land accounts for about 80 percent of the land use in this watershed.
Many small open water and vegetated wetlands are present in the watershed (approximately 11
percent of the watershed). These wetlands provide an area where pollutants in snowmelt and
stormwater runoff can settle out and serve to slow the flow of nutrients which enter Kabekona Lake
during periods of precipitation and runoff.
The land use with in the watershed was "ground truthed" or visually assessed by the land use
assessment team of Dick Strub, Jim Kelly, Curt K l i e s , and Floyd Anderson (Association).
Following are excerpts h m their report of their assessment findings. The entire report can be
found in the appendix.
"Land use assessment generally provides information on how the land in the lake watershed is
being managed and what effect these management practices have on the quality of water f0und.h
the lake. Two types of land use characteristics were examined: (1) the "natural" characteristics of
those innate to the landscape, such as drainage patterns, wetlands, and natural vegetation; and (2)
the "cultural" characteristics or those which have been applied to the landscape through the activity
of humans, such as drainage ditches, irrigated areas, clear cut forested areas, cattle and hog feedlots,
etc."
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"The Kabekona Lake watershed land use assessment personnel found three fully active feedlots and
five or six fully occupied pastures with an approximate total of 300 to 400 cattle in the combined
pastures. Perhaps 20 to 30 horses were also observed. Twelve or thirteen abandoned or inactive
feedlots were also observed in the watershed."
"lt is the impression of the land use assessment personnel that the residents and users of Kabekona
Lake are fortunate to have a lake with a watershed that is relatively "low risk" as it relates to
potentially serious pollution issues. Even the solid waste transfer station just north of the town of
Kabekona at the intersection of Highways 200 and 71 is not particularly close to any of the streams.
However, because of the location of this landfill as well as the construction company and gravel pit
just west of the landfill, future chemical analysis of this stream should be considered."
Preci~itation
Precipitation in the Hubbard County area was about normal (Appendix 2) for the 1994 water year
(October 1993 - September 1994). The normal annual precipitation for this part of the state is 28
inches. Rolf Smeby of the Association recorded 26.8 inches of precipitation during 1994.
Evaporation typically exceeds precipitation in this region of the state and averages about 3 1 inches
per year. Runoff averages about 5 inches with 1 in 10 year low and high values of 1.2 inches and
7.9 inches respectively for this area (Gunard, 1985).
Lake Level
The Department of Natural Resources has monitored Kabekona Lake levels in cooperation with
volunteer readers - Don Palm and Lee Christenson since 1991. The water level has fluctuated 2.4
feet since 1991, from a high of 1298.6 on July 25, 1993 to a low of 1292.2 on June 9, 1992. The
heavy July 15-16, 1993 rainstorm raised the lake one foot in a period of one day. A graph of the
lake level data is found in Appendix 3.
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Figure 1. Kabekona Lake Location, Ecoregion and Watershed Map
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TABLE 1. KABEKONA LAKE: MORPHOMETRIC, WATERSHED
AND FISHERY CHARACTERISTICS.
STORET I.D. # 29-0075
heal:

2,252 acres (91 1.7 ha)

Mean Depth:

51.5 feet (15.7 m)

Maximum Depth:

140 feet (42.7 m)

volume':

115,969.8 acre-feet (143 hm')

Littoral area:

24 percent

Watershed Area2:

60,400 acres (94.4 mi2)(24,443.9 ha) [includes lake area]

-

Watershed Area : Lake Surface Ratio 26.8:l
Estimated Average Water Residence Time: 2.5 years
~isheries~
- Ecological type: Centrarchid
Management class: Walleye
Schupp's Lake Class: 22
Public Access: I
Inlets: 3
Outlets: 1
Water

LAND USE

&
!
I
&
&

Pasture &
QWl

Cultivatep

!&hm

0-6
3.1
1,774

0-7
4.5
2,610

0-7
0.8
576

mmh
NLF ecoregion2
Kabekona' (Percent)
Kabekona' (acres)

54-81
80.5
46,792

14-31
I i.0
6,396

Shoreland zoning3: Recreational Development

-Seasonal
1967
1982
Current
1

81
148

permanent
20
45

mal
101
193
295

Planimetered by MPCA
2~upplied
by Hubbard Co. SWCD
3
SWIM database, State Planning Agency, Information Center, St. Paul, MN
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A Brief Historv of Kabekona Lake - by Renee Hermanson.
Kabekona Lake is one of the many lakes in Northern Minnesota that were formed at the end of the
glacial period, about 10,000 years ago. All these lakes were once part of a huge lake (Agassiz) that
covered southem Manitoba and the northern parts of Minnesota and North Dakota. Geologists
believe the present shoreline was established sometime after 2000 B.C.
"Nate" Dally, an early settler who studied the shorelines of the lake, believed that at different times
in the lake's history, the level was as much as six to seven feet higher and eight to ten feet lower.
He also theorized that the lake once covered a much larger area, to Benedict on the east and one
mile west of the present shoreline.
Dally claims to have found some ancient lake walls northwest of Benedict and others south of a
marsh west of Benedict. He also found coal deposits, a cannon ball and gun barrel he believed
came form early trappers, as well as some large animal bones, probably fiom a moose.
Despite the presence of those artifacts, there is no evidence of continuous habitation around the lake
be either Native Americans or white settlers before the 19th century. Trappers and traders may
have known about Kabekona, but Leech Lake was the center of trade, with several trading posts
established around its shores.
Leech Lake's convenient land and water routes brought Native American people to its shores as
well. There, where there was an abundance of game, fur and wild rice, they could live, work and
trade.
We are investigating stories that Native Americans avoided Lake Kabekona because of some kind
of taboo. The name means "end of the trail". Which could suggest a place of death. One story we
have heard is that after a young boy drowned in the lake, native people feared some kind of evil
spirit lived there.
Dally mentions the following trees creating color around the lake in the fall: white birch, larches
and a few maples. We know there was an abundance of white and Norway pine in the whole area.
The first white men in the area were French explorers and Jesuit missionaries. Leech Lake was
claimed by the French in 1672. British and French trappers and trades followed. The Northwest
Trading Co. was established on Leech Lake in 1765. Fur trapping and trading was the main
industry in the area h m the late 1700s through the 1850s.
Agriculture and lumbering began moving west to the Minnesota territory in 1855. This movement
swelled when the Nelson Act of 1889 ceded Indian land to farmers and loggers. The Leech Lake
area became a center for the lumber industry, largely because of the thick forests of straight pine
trees there were ideal for lumber needed to build the houses, stores and factories in the growing
United States. A history of Laporte records a sawmill near the public access on the west end of
Kabekona. Another mill reportedly operated on the Yarger property on the north shore. Loma
Imm (north shore) says wagon ruts h m a stage coach station that once operated on that land are
still visible.
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Some farsighted citizens worked to preserve some of the forest land around Cass, Leech and
Winnibigoshish Lakes as a park. In 1902, they succeeded in establishing a national forest reserve,
first called Minnesota National Forest and later changed to Chippewa National Forest.
While much of the forest was being destroyed by loggers, farmers were cutting trees to clear land
for cultivation. Because much of the logging was done in the winter, many farmers worked for the
lumber companies during their "off season" and farmed during the short summers. Most logging
camps lasted only two to three years, but with the railroads there, many of the settlers who had
supported the camps stayed on to establish new towns.
Farmers and others also profited from a kind of second harvest of timber. Logs often were piled on
the frozen lakes during the winter and then moved to the sawmills after the spring thaws. In the
process, many logs became water soaked and sunk. Local citizens would retrieve those logs with
special (homemade) equipment, dry them out and sell them to the lumber mills. One record report
15 million feet of lumber at the bottom of Garfield Lake (north of Kabekona). A dam was built on
the Kabekona River to hold the spring floods back so the winter's log cutting could be floated down
to Leech Lake Bay. Hal Malmborg remembers watching people pull logs from Kabekona
(probably in the 1940s or '50s).
The first people in what was to become Lakeport Township were John and Robert Cline, who
arrived in 1895 to begin a dairy business. They cleared land and built a log house on a point half a
mile form the mouth of the Kabekona River. But after a year, they moved on to look for land with
fewer flies and mosquitoes to bother them and their livestock.
Soon after, a saloon/boardiig house was built on the site of present Laporte in anticipation of
business from the railroad, which arrived in 1898. The town (then named Ann) began to grow as
farmers moved into adjacent areas. By 1908, the railroad was serving a lumber industry that
employed 400-600 people. There was also a pickle factory and potato shipping business.
Blueberries were so abundant that people came in on the train to pick in the area around Laporte.
In 1900, the only road out of Laporte (called the "blue trail") went up the hill toward the southwest,
through the woods to Kabekona Lake. It was the first road built with county h d s . The road
crossed the dam built on Kabekona River and ran south through the gullies to Akeley. Residents
wuld drive across the ice in the winter, but had to brave the ungraded, corduoyed, sometimes
flooded road the rest of the year.
In 1916, a road was built south of town to connect with old 371. Bridges were built over the
Kabekona and Benedict rivers. The first people to build cabins on the south shore of Kabekona
Lake drove on ruts made by loggers. When that route was impassable, they used their boats to get
supplies from Benedict.
Some of the land around Lake Kabekona was government owned, some belonged to lumber
companies. An 1883 abstract showed that Pillsbtuy owned a parcel that was later sold to Walker
and the Red River Lumber Company. Also in 1883, the government sold property which later
became the Benedict Resort to several owners. By 1919, that community was flourishing, but poor
wq-lar29-0075

roads in the area were blamed for lack of other development. In 1921, the Benedict area was
plotted as Kabekona Park Addition. It was sold to the Mutual Land Company in 1925 and passed
into several hands until 1945, when it was sold to Ethel Benedict, who ran the resort until 1969. In
the 1920s, a resort was built near the Kabekona River on the northeast side of the lake. There was
also some private ownership on land along the north shore.
Moonshiners must have found the comparative isolation of the lake an ideal site for brewing during
prohibition. The Laporte history reports arrests made in the area and the Golv family (south shore)
found remnants of a still on their property.
The era of recreational development on the south shore began in 1932 when a group of seminary
students bought a 60.5 acre tract of heavily wooded land from the Red River Lumber Company.
They subdivided the land for later building and shared the first cabin (built in 1934) for several
years.
Two fishermen owned a lot on the west side of the tract.
In 1935, the
Rev. Alexander Malmborg bought that property. Nearby (on land later bought by David Preus)
was an old railroad car, moved to the property many years earlier by the Huddleston family.
The south shore expanded fiuther when faculty from Concordia College in Moorhead, Minnesota
bought a large tract of land and sold parcels to colleagues and friends. These early summer
residents lived without electricity or running water for many years. They bought ice from the
Benedict Resort, which had a huge sawdust-filled barn that kept ice cut from the lakes during the
winter. In addition to drawing water from the lake, some residents were able to tap into springs on
their property for more convenient access.
In 1950, land around the lake was cleared for the REA (Rural Electrification Administration),
which brought electricity to the area in 1957. In 1951, an invasion of army worms was so severe,
the Friendship Springs Association hired a crop dusting plane to spray the area. In 1970,
underground cable was laid for telephone service. In 1971, Kabekona was named the second
cleanest lake in Minnesota.
Over the years, a number of resorts were established around the lake - Benedict Resort, Smitty's
Laughmg Waters Resolt, Point of Pines (formerly Tannenbaum), Kabekona Camp, Brown's Silver
Beach, Birchwood Acres, Pine Air Resort, Leaf Lodge (later Cry of the Loon), Johanson's Resort
and Wolfs (later Klime's Resort). Most of these have since been sold to individuals for summer
andlor year-round residences.
Changes around the lake noted by residents in a 1993 survey include: Decline in lake clarity, weed
growth in the lake, decrease in fishing quality, more clear cutting of trees, resorts decreasing,
privately owned homes and year-round homes increasing, improved environmental consciousness
and regulations, gardens and lawns, improved roads, increase in deer, porcupine, raccoon, beaver
and woodchuck, decrease in loons, grouse, orioles and buttedies, shoreline washout and birches
dying.
Respondents to the survey were consistent in their concerns for the future of Kabekona: a desire for
controlled development; maintenance of water quality and wildlife habitats (which might mean
controlling the use of disturbing water vehicles and fertilizers) and decrease in clear cutting timber.
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The following assessment was conducted and written by Howard Willert.
Most lake residents have pretty strong and clear reasons why they love and cherish the time they
spend at the lake, whether it is for limited seasonal enjoyment or year 'round occupancy. There is
no reason to expect that Kabekona Lake is an exception and the residents often wax eloquent about
their experience. They talk of such things as the quality of life, the clarity of the water, the sound of
the wind in the pines, the cacophony of loon calls as they advertise their presence, the eagles,
ospreys and herons. The list goes on and is as personal as each cabii is distinctive.
There is another value of the lake and its shoreline that is rarely discussed but that is also very
important, and that is its economic value to the area. Back in 1989 a man named H. Todd gave a
presentation to the Minnesota Lake Management Conference in which he related lake size in acres
to their economic value. This was a state-wide study and it came up with some interesting and
impressive figures. His figures have been adjusted for inflation since then and the results are based
on Kabekona Lakes size of 2,500 acres. The following data is based on lakeshore property only as
second tier pmperty has not been added in. The results are as follows and are annual:
CONSUMER PURCHASES = 2,500 acres X $756 = $1,895,000
TOTAL GROSS OUTPUT = 2,500 acres X $1,216 = $3,040,000
TOTAL VALUE ADDED = 2,500 acres X $544 = $1,360,000
ESTIMATED MARKET VALUE OF LAKESHORE PROPERTY IN 1994 = $15,368,810
IMPACT ON EMPLOYMENT = 2,500 acres X 16.5jobsI1000 acres = 41 jobs
1994 TAXES PAID

Lakeport
$282,399

Steamboat
$30,161

Hendrickson
$7,992

Lake total
$328,324

SEPTIC SYSTEM UPGRADE 100 Homes and 2 resorts = $250,000
While these figures may not affect your day to day living, they do illushate that value goes both
ways and you need never feel guilty about the enjoyment you derive from your special place on the
lake. Your contribution to the area economy is significant.
Seutic System S w e v Results

A septic system survey was conducted by Garry Johanson of the Hubbard County Environmental
Services Office during the summer and fall of 1992. The purpose of this survey was to identify
those systems that were in non-conformance with Minnesota Rule Chapter 7080 (Onsite
Wastewater System Code) so that all systems could be brought into compliance. This information
should assist the Association with determining whether more education is needed with respect to
design and maintenance of on-site systems and whether assistance from Hubb9d County is needed
in the areas of education.
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The county determined that there were 300 parcels within 1000 feet of the lake. They reviewed the
parcels for dwellings and researched the status of the onsites systems serving each dwelling. Of the
300 parcels, the county determined that 114 propexties with dwellings had insufficient data, data
indicating a nonconforming system, or a very old system. All 114 systems were inspected during
August through October, 1992. Of the 114 systems inspected, 93 were determined to be nonconforming. Of the 93 non-conforming systems, 90 were lakeshore properties and only 3 were on
back lots (non-lakeshore lots). Of the 93 systems, 63 systems were upgraded into conformance
with state standads during the summer of 1993. The remainder of the systems were upgraded
during the 1994 conshuction seasons. The lake now has 100 % conforming onsite septic systems.
Minnesota Extension Service recommends pumping every one to three years for a 1,000 gallon
tank serving a three-bedroom house and four occupants (assumes year-round use). The importance
of septic system maintenance to Kabekona Lake should be emphasized to all lake residents. The
Association is encouraged to look into developing a program which encourages or arranges for the
periodic pumping of septic tanks. The Association should inform it's membership that poor septic
system maintenance can lead to the contamination of shallow wells.
Lakeshore residents are encouraged to locate on their property an alternative drainfield site. This
site should be picked with the necessary setbacks in mind and should be protected for the time
when it will be needed in the future when the existing drainfield begins to fail. This is especially
site available.
crucial for small lots where there may only be one good alternative drainfield
Drainfields typically have a design lifetime of 20 to 30 years. Keep in mind that proper
maintenance of the septic tank (regular pumping), protecting the drainfield from compaction (keep
vehicles and other heavy objects off), and water conservation in the home will all help to extend the
useful lifetime of the drainfield.
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Tributaw Stream M o n i t o a
The association took on an additional element to the LAP by monitoring the three significant
tributaries to Kabekona Lake. The three tributaries, Kabekona River, Gulch Creek and Sucker
Creek (see Figure 2) enter the lake on the west end. Monthly total phosphorus samples were
collected and iced by Howard Willert (Association) and shipped to ERA Laboratories, Inc. in
Duluth, Minnesota in C O ~ ~ d i i twith
i ~ n lake. samples ftom the Hubbard County Coalition of Lake
Associations. EPA approved methods were followed in the field as well as the lab. Staff gages
were installed on the tributaries to gather information on stream discharge throughout the summer.
The monitoring sites for the Kabekona River and Sucker Creek were located at the road crossings
nearest Kabekona Lake. The Gulch Creek site was at the outfall of the control structure on the west
side of State Hwy 64. The monitoring results are provided in Table 2.Table 2. Tributary Monitoring Results for Total Phosphorus (p&)

&&
June 15,1994
July 14,1994
August 10,1994
September 15.1994
Mean

Kabekona
Rwer
56
43
40
54
48.3

Gulch
Creek

-44
71
73
62.7

Sucker
Creek
57
44
39
50
47.5

The phosphorus data for the three tributaries indicate that these streams are in good condition. As
previously discussed, the landuse within the watershed of Kabekona Lake is 80% forested with
another 11% in water and wetlands. These tributary results are typical of what would be expected
with this type of natural landscape. Review of the work by McCollor and H e i s k w ( l 9 9 3 )
"Selected Water Quality Characteristics of Minimally Impacted Streams h m Minnesota's Seven
Ecoregions," enables us to compare the phosphorus results with other streams in the ecoregion. For
minimally impacted streams in the NLF Ecoregion, the middle 50% of the values (iterquartile
range) range from 30 to 60 p&. The median value for this ecoregion was 40 CI/L The data for the
three stream sites compare well with the NLF Ecoregion data. The data fiom the three tributaries
indicate that the TP concentrations in the streams are similar to unimpacted streams in the NLF
ecoregion.
The August and September samples ftom Gulch Creek reached into the 70 p& range. This may
be due to the 60 acre impoundment created by the control structure west of State Hwy 64 (sampling
site). The late summer metabolism of the organic sediments in the impoundment can consume
more oxygen than the algae and aquatic plants can produce. In addition, the warmer water, that is
typical of late summer, is unable to contain as much oxygen, as the saturation of oxygen in water
decreases with temperature. Under anaerobic conditions (lack of oxygen) the sediments tend to
release phosphorus to the water column. Thus this may have been the cause of the slightly elevated
concentrations.
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Stream level data was also collected at each of the tributaries throughout the summer. The data,
and the associated graphs are included in Appendix 4. The data for the streams combined with the
precipitation data show them to react rather quickly to storm events and just as quickly return to a
base flow. The sharp peaks on the graphs of the flow data are typical of what is termed a "flashy"
stream. This indicates that the streams are reacting to surface runoff and that they have a consistent
ground water component that tends to keep a minimal flow in the streams except for periods of
extended drought.
Analysis of the phosphorus data in combition with the stream water levels and the precipitation
data shows that on the dates when TP samples were taken, the stream water levels were near base
flow, except on September 15th. Peak summer stream levels were recorded for Kabekona River
and Sucker Creek during this sample date. The phosphorus results for these samples were 54 and
50 pg/L respectively. Gulch Creek did not respond to this series of precipitation events do to the
buffering effect that the impoundment has on stream flow.

A shoreland assessment survey was conducted on Kabekona Lake during the summer of 1994. The
survey was developed by Laird Hensel (Hubbard County Environmental Senices Ofice) and
Bruce Paakh W C A ) for the purpose of gathering information on the condition or status of the
lakeshore. The data fiom the survey can assist with gaining a better understandiig of the character
of the lakeshore and can be used to help focus informational literature or presentations on issues
that are common to many properties (i.e., erosion, septic maintenance). If significant problems are
identified, the association can develop specific programs to assist property owners with
implementing the necessary corrective measures.

The survey was divided into three sections: shore impact zone characteristics (that area within 100
feet of the shoreline),' shoreline characteristics, and property maintenance. 65 surveys were
returned representing about 22% of the property owners on the lake. A copy of the survey and a
complete table of the results can be found in Appendix 5.
The survey found 30% of the respondents indicating that their shore impact zone was comprised of
bluff or steep-slope. An additional 43% considered their shore impact zone to be moderate to
gently sloped. The respondents indicated that upland vegetative cover was primarily trees and
natural brush (57%) that was comprised of pines (41%) and hardwoods(25%). 27 percent of the
respondents indicated that their property was either trees and gmss lawn or grass lawn.
The shoreline characteristics section found that 71% of the respondents indicated that an ice ridge
exists on their lot. Of these, 74% indicated that their ice ridge had not been altered. The question
concerning the type of aquatic vegetation present found that a healthy diversity of plants exist in the
lake. 41% of the respondents indicated that they had submergent vegetation dominating their
waterfront. Shoreline soil types were found to consist of sand (25%), gravel and rocks (22%); and
sand and gravel (21%).
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The property maintenance section revealed that most of the respondents (83%) indicated that wave
induced erosion was an issue on their property while 17% indicated that erosion on steep slopes
was a concern. The handling of yard waste was broken down as follows; leaves were either left in
the yard or composted by 82% of the respondents. Grass clippings were left in the yard or
composted by 96% of the respondents. Brush was burned by 59% of the respondents. Results
korn the survey indicate that 86% of the respondents don't fertilize their yard while 12% fertilized
once a year and one respondent fertilized twice a year.
Septic tank maintenance was also addressed in the questionnaire. 41% of the respondents indicated
that they had never had their septic tank pumped. 30% indicated that they have it pumped every
four to five years.
This information can be interpreted in the following manner. The shore impact zone is generally
comprised of moderate to steep slopes with wooded cover. Development of these steeply sloped
areas should be kept to a minimum as these areas can become an erosion problem when vegetation
is removed. Significant areas of grass lawn are present on some of the lots but the lake still retains
much of its natural shore impact zone .vegetation. The Association should focus an effort at
preserving this natural feature of the lake and should encourage residents to minimize the expansion
of lawn areas around the lake. Research in Maine comparing forested and typical residential
watersheds found that residential development increases phosphorus transport ( m f f to lake) from
two to as much as 30 times its level in forested areas.
Some alteration of ice ridges has occurred around the lake. Further alterations should be
discouraged or minimized. The survey and direct visual observation indicate that the natural
shoreline aquatic vegetation is in relatively good condition. The lakeshore owners are encouraged
to maintain the existing aquatic vegetation as it is important for both water quality and fishery
reasons. The Association is encouraged to develop a map of the aquatic vegetation so that its
condition can be periodically monitored and more aggressive protection measures taken if needed.
A large majority of the residents are handling their yard waste in an environmentally friendly
manner. Residents are encouraged to either mulch their grass and leaves back into their yard or
compost them. The burning of brush should be done well away from the lake and the resultant ash
should be either added to the compost pile or spread out over the lawn as a soil amendment.
Campfire and wood stove ash should be handled in the same manner.

Septic tank maintenance is an important issue for Kabekona Lake. The septic system does a more
effective job of treating wastewater and the useful life of the system can be greatly increased if it is
properly maintained through periodic pumping. It is recommended that the Association develop
and distribute information concerning the proper maintenance of septic systems. Only a small
percentage of the respondents indicated that they fertilize their yard. Those that do use lawn
fertilizer should be using a phosphorus fiw fertilizer unless they have soil tests indicating that
phosphorus is needed. Phosphorus is typically not needed in established lawns.
In summary, it is encouraging to see that the character of the lakeshore on Kabekona Lake still
exhibits some of the natural predevelopment conditions. The challenge for the Association is to
work with the lake shore property owners to maintain the natural character of the shoreland by

-
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minimizing further property development (i.e. expanded lawn areas, removal of aquatic vegetation)
of existing developed lakeshore property, and by assisting residents in the ecologically sound
property maintenance on Kabekona Lake.

Fisheries Summay
Fish species composition of any lake is related to the water quality, chemistry, and morphology of
the lake as well as the characteristics and productivity of the watershed. Kabekona Lake is a deepwater lake with hard water and low to moderate fertility. The watershed is composed of vast tracts
of conifer and hardwood forest. The fish species composition of Kabekona Lake is reflected by
these water quality and watershed characteristics.
Kabekona Lake covers an area of 2,252 acres, with a maximum depth of 133 feet and a mean depth
of 53 feet. Only 532 acres, or 23.6% of the total lake acreage is littoral. The lake has a maximum
fetch of 3.6 miles, and a shoreline length of 10.4 miles. In most of the lake, the bottom drops off
quickly from shallow to deep water. Dissolved oxygen readings from 1993 field work show that
5.3 ppm oxygen was found at 80 feet. The deeper, cooler oxygenated waters are suitable for coldwater fish such as lake trout. Water clarity was found to be good, with a Secchi disk reading of 12
feet. The shoreline bottom is mainly sand, with areas of marl, rubble and gravel. Paul Bunyan
State Forest borders to the south and west of Kabekona Lake. The shoreline has scattered
development of cabins and lakeshore homes and is zoned for recreational development. Kabekona
River flows through the lake along with two other tributaries, Gulch Creek and Sucker Creek.
Aquatic vegetation is limited to the narrow band of shallow water around the shores of the lake.
Chara is the most abundant vegetation type, which grows well in the sand and marl bottom soils.
Other species reported during the 1988 lake survey include: Canada waterweed, bladderwort,
flatstem pondweed, claspingleaf pondweed, coontail, sago pondweed, bushy pondweed, yellow
water lily, and floating leaf pondweed. Emergent vegetation documented includes hardstem
bulrush and arrowhead.
Kabekona Lake is managed as a walleye lake and will be stocked every other year with walleye fiy
beginning in 1995. Walleye stockings since 1981 were done annually and alternated between
walleyes fingerlings and fiy. Lake trout yearlings were stocked in 1986 and lake trout adults in
1987. Future stockings of lake trout into Kabekona Lake are being proposed in order to utilize a
currently unused niche in deep, cold areas of the lake, where oxygen and forage are sufficient.
Kabekona Lake was last surveyed by the DNR Fisheries in 1993. The 1993 walleye gillnet catch of
4.9lnet is the highest recorded gillnet catch dating back to 1971, however, previous catches over
this period have been fairly similar, ranging form 1.8lgillnet (1983) to 4.8lgillnet (1971). Water
quality, an excellent forage base and stocking have all contributed to the stability of the walleye
population, but lack of productive littoral areas limits population size. This walleye gillnet catch of
4.9lnet is in the normal range for similar type lakes (lake class 22). The average weight of walleyes
was near 2.0 lbs., with about 65% of the sample over 15 inches. Nearly all year class up to 13 years
of age were represented, with the majority being 3 to 4 years of age. Growth lates of walleyes were
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average to age 4, but increased beyond that. Natural reproduction is difficult to evaluate as
Kabekona Lake has been stocked each year with either fiy or fingerlings since 1981.
The yellow perch gillnet catch of 20.6 /net is similar to historical catches. Yellow perch provide a
good forage base for the predator fish as well as a good fishery of their own. Thuty-thee percent
of the yellow perch sampled were over 8 inches with fish up to 11 inches measured.
Northern pike were sampled in low numbers (1.7lgillnet). Average size was 23.9 inches and 3.7
pounds. Except for 1983 (7.3/gillnet), historical catches of northern pike have been low. Northern
pike in Kabekona Lake have had sporadic recruitment due to limited spawning habitat. The lake
itself lacks shallow weedy bays and a dam on Gulch Creek may keep northern pike out of a marshy
area. Beaver dams may have a similar effect by keeping fish out of possible spawning areas on
Sucker Creek, while Kabekona Creek lacks suitable spawning areas. Northern pike exhibited
average growth rates.
Kabekona Lake has neither sufficient littoral area nor sufficient vegetation to support a large
Centrarchid population. Largemouth bass, smallmouth bass, and black crappie populations are
present in low numbers. Evaluation of their status is difficult due to the low catches of these
species with standard survey gear. Historical catches of this species have been low. Bluegill were
sampled in low numbers as well (1.Ytrapnet). Twenty-nine percent of the sampled bluegill were
6.0 inches or larger. Historical catches of bluegill have been similar.
Tullibee were sampled at 2.9lgillnet and provide a good forage base for predator fish. Historical
tullibee gillnet catches have fluctuated from 0.31net (1988) to 87.3lnet (1971).
Other species sampled during the 1993 netting include bowfin, burbot, pumpkinseed, rock bass,
shorthead redhorse, white sucker, brown bullhead, and yellow bullhead.
(Please see Appendix 6 for the Fisheries Lake Management Plan, and Fisheries Survey).
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RESULTS AND DISCUSSION
Water quality data was collected on May 25, June 23, July 11, August 16, and September 20, 1994.
Three sites were used: Site 101 over the point of maximum depth at a point near mid-lake, site 102
at the west end, and site 103 at the east end (Figure 2). Lake surface samples were collected with
an integrated sampler, which is a PVC tube 6.6 feet (2 meters) in length with an inside diameter of
1.24 inches (3.2 centimeters). Near-bottom samples were collected with a two-liter PVC
Kemmerer sampler. In addition, phytoplankton (algae) samples were taken at site 101 with an
integrated sampler. The three sites had Secchi transparency monitoring through the CLMF', sites
205,202, and 206.
Sampling procedures were employed as described in the MF'CA Quality Control Manual.
Laboratory analyses were performed by the laboratory of the Minnesota Department of Health
using U.S. Environmental Protection Agency @PA)-approved methods. Samples were analyzed
for nutrients, color, solids, pH, alkalinity, turbidity, conductivity, chloride and chlorophyll (Table
3). Temperature and dissolved oxygen profiles and Secchi transparency measurements were also
taken. CLMF' measurements from previous years were available for comparison. All data was
stored in STORET, the EPA's national water quality data bank. The following discussion assumes
that the reader is familiar with basic water quality terminology as used in the Citizens Gulde t0
Lake Protection (distributed to association members at 1994 annual meeting).
8

.

In-lake Conditions: 1994
Dissolved oxygen and temperatures profiles were taken at the point of maximum depth at site 101.
Kabekona Lake was stratified on the May sampling date with the thermocline (zone of greatest
change in temperature over a small depth range) between about 5-12 meters (16-39 feet)
(Figure 3). Dissolved oxygen concentrations remained high in the h y p o l i o n (lower cooler
layer). By July, the thermocline was between 7-12 meters (23-39 feet). Oxygen levels remained
above 5 mg/L throughout the hypolimnion. This is preferred for "cool water" game fish, which
typically require a dissolved oxygen concentration of 5 mgL or greater for long-term survival.
Kabekona Lake remained stratified through September with the thermocline between 8-14 meters
(26-46 feet). Because of the large size and great depth of Kabekona Lake, it has a reputation for
being one of the last lakes to freeze over each year. The large volume of water tends to buffer the
cooling effect of the fall weather and can serve to delay the period of fall turnover. Based on the
dissolved oxygen and temperature profiles, Kabekona Lake would be considered diiictic (mixes
once in spring and fall).
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Figure 3. Kabekona Lake Dissolved Oxygen and Temperature Profiles
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Total phosphorus (TP) concentrations (an important nutrient for plant growth) averaged
approximately 9.5 pg/L (micrograms per liter or parts per million) in the epilimnion for the entire
lake during the summer of 1994. This value is slightly below the range of concentrations typically
found in reference lakes in the Northern Lakes and Forests ecoregion (Table 3). The summer-mean
phosphorus concentrations are very comparable between the three sites (Figure 4).
Hypolimnetic (I meter off the bottom) phosphorus samples were taken on all five sample dates at
site 101. Phosphorus concentrations in the hypolimnion ranged fiom 1 1-54 pg/L. Phosphorus can
be released by the sediments under anoxic (void of oxygen) conditions. Although this phosphorus
is effectively trapped in the hypolimnion while the lake is stratified, it will be mixed into the water
column when stratification breaks down (due to cooling of the w a g and wind mixing) in the fall.
This may have occurred in late September or early October based on the temperature profiles
(Figure 3) and the in-lake phosphorus measures.
Total nitrogen (TN) concentrations, which consists of total Kjeldahl nitrogen plus nitrite and
nitrate-N, averaged .32 mg/L over the summer. This value is within the range of values for this
ecoregion. Nitrite and nitrate-N concentrations remained constant at < 0.05 mg/L. These values
are similar to the typical range of values for this ecoregion.
The ratio of TN:TP can provide an indication as to which nutrient is limiting the production of
algae in the lake. For Kabekona Lake, the TN:TP ratio is about 33:l. This suggests that
phosphorus is the limiting nutrient in Kabekona Lake. Generally, phosphorus is the least abundant
nutrient and, therefore, is the limiting nutrient for biological productivity in a lake. The TN:TP
ratios range fiom 25: 1 to 35: 1 for reference lakes in this eocregion.
Chlorophyll-a concentrations provide an estimate of the amount of algal production in a lake.
During the summer of 1994, chlorophyll-a concentrations ranged fiom 1.64.8 pg/L with an
average of 2.9 pg/L (Figure 5). Concentrations from 10-20 pg/L are frequently perceived as a mild
algal bloom, while concentrations greater than 30 pg/L may be perceived as a severe nuisance
(Heiskary and Walker, 1988). Both the average and maximum chlorophyll-a concentrations for
Kabekona Lake are well within the range of values for reference lakes from this ecoregion.
The composition of the phytoplankton population of Kabekona Lake is presented in Figure 6.
Data are presented in terms of algal type. Samples were collected at site 101. The May sample
was dominated primarily by diatoms, with Fragilana Tabellaria, and M&s& forms being most
common. The brown algae, Dinob~on,was also very abundant in the May sample population.
, the bluegreen algae, Anabaena, dominated the algae
By July, the brown algae, h & r y ~ ~and
population. In August, bluegreen algae forms dominated the population with the genera
Anacystis. Anabaena, and Chroococcus, being most common. By September, the bluegreen
population was still dominate with the forms Anabaena and Chroococcus being most common.
The brown algae, Dinob~on,was also very abundant in the September sample population. A
seasonal transition in algae types from diatoms to greens to bluegreens is rather typical for
mesotrophic and eutrophic lakes in Minnesota.
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TABLE 3: KABEKONA LAKE: AVERAGE SUMMER WATER QUALITY AND TROPHIC
STATUS INDICATORS. Based on 1994 epilimnetic data.
Tvpical Range for NLF

Parameter

~coreeion'
Total Phosphorus pgR.
Chlorophyll a (pglL)
Mean
Maximum
Secchi disk (feet)
Total Kjeldahl Nitrogen (mgA)
Nitrite + Nitrate-N (mg/l)
Alkalinity (mgl 1)
Color (Pt-Co Units)
PH (SU)
Chloride (md)
Total Suspended Solids (mgA)
Total Suspended Inorganic Solids
Turbidity (NTU)
Conductivity (umhodcm)
TN:TF' Ratio

14-27

Trophic Status Indicators: 1994

percentile2
NLF Emregion

Carlson Trophic State
Index Values

TF'
Chl _a
Secchi
Mean (All)

TSIP = 38
TSIC = 41
TSIS = 40
TSI = 40

80

'~orthernLakes and Forests as derived kom Heiskaq and Wilson (1990).
Relative to approximately 970 assessed lakes in Northern lakes and Forests Ecoregion, whereby
the lower the tmphic state (TSI), the higher the percentile ranking (100 percent level implies lowest
TP or deepest Secchi disk for that ecoregion).
2
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Figure 4. Kabekona Lake Total Phosphorus Concentrations

Kabekona Lake MonU~lyMean Total Phosphorus
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Figure 5. Kabekona Lake Chlorophyll a Concentrations

Kabekona Lake Chlomphyll-r Concentnlionr

Figure 6. Kabekona Lake Phytoplankton Composition
Kabekona Lake Phytoplankton Cornposltlon

wq-lar29-0075

Secchi transparency is generally a function of the amount of algae in the water. Suspended
sediments or color due to dissolved organics may also reduce water transparency. Color averaged 9
Pt-Co Units indicating a low coloration. Total suspended solids averaged 1.7 mg/L over the
summer. The total suspended solids value is comparable to the reference lakes in this region.
These levels of color and total suspended solids should not appreciably limit water transparency in
Kabekona Lake. Secchi transparency ranged from 8.5 - 14 feet (2.6 - 4.3 m) and averaged 11.7 feet
(3.6 m) during the summer of 1994 based on measures taken at 4 sites (201,202, 204, and 206) by
CLMF' volunteers (Figure 7). These transparency measures are well within the typical range of
values for reference lakes in this ecoregion (Table 3). It is recommended that the primary site, 205,
should be monitored each year, in addition to sites 202 and 206. Long term monitoring of Secchi
transparency at a consistent site will yield the best data for performing water quality trend analysis.
Along with CLMP transparency measurements, subjective measures of Kabekona Lake physical
appearance and recreational suitability were made by the CLMF' observers (Appendix 1). Physical
appearance ratings range from "crystal clear" (Class 1) ... to "dense algal blooms, odor, etc." (Class
5) and recreational suitability ratings range from "beautiful, could not be any nicer" (Class 1) ... to
"no recreation possible" (Class 5) in this rating system (Heiskary and Wilson, 1988). Lake
conditions were typically characterized as either crystal clear (Class 1) to "not quite crystal clear"
(Class 2). Recreation suitability ratings were either "beautiful, could not be better" (Class 1) or
"very minor aesthetic problems; excellent for swimming and boating" (Class 2) throughout the
entire monitoring season.
The change in the transparency of Kabekona Lake over the course of the summer, is fairly typical
for mesotrophic Lakes in Minnesota. Transparency is high in the spring when the water is cool and
algae populations are low. Frequently, zooplankton (small crustaceans which feed on algae)
populations are high at this time of year also, but decline later in the due to predation by young
fish. As the summer goes on and the waters wann, the algae make use of available nutrients. As
algae become more abundant, the transparency declines. The decrease in the abundance of
zooplankton may allow for further increases in the amount of algae. Later in the summer, surface
blooms of algae may also appear. On a day-today basis, transparency may differ between the sites,
but the overall pattern was consistent among the four CLMP sites.
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Figure 7. Kabekona Lake Secchi Transparency
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One means to evaluate the trophic status of a 1ake.and to interpret the relationship between total
phosphorus; chlorophyll a and Secchi transparency is Carlson's Trophic State Index (TSI, Carlson
1977). This index was developed from the interrelationships of summer Secchi transparency and
the concentrations of surface water chlorophyll a and total phosphorus. TSI values are calculated as
follows:
Total phosphorus TSI (TSIP) = 14.42 In (TP) + 4.1 5
Chlorophyll a TSI (TSIC) = 9.91 1n (Chl a) + 30.6
Secchi disk TSI (TSIS) = 60 - 14.41 i n (SD)
TP and chlorophyll-a are in pglL and Secchi transparency is in meters. TSI values range from 0
(ultra-oligotrophic) to 100 (hypereutrophic). In this index, each increase of 10 units represents a
doubling of algal biomass.
Average values for the trophic variables in Kabekona Lake and respective TSIs are presented in
Figure 8. Based on these values, Kabekona Lake is considered mesotrophic in condition. The
mean TSI of 40 ranks Kabekona Lake at the 80th percentile relative to 987 other lakes in the
Northern Lakes and Forests ecoregion. In other words, its TSI value is lower (less eutrophic) than
80 percent of the lakes assessed in this region. The individual TSI values agree fairly well.

Eight years of Secchi data are available for determining trends in the quality of Kabekona Lake.
The best source of data, CLMP data, date back to 1986. These data do not reveal a significant trend
but do indicate that summer-mean transparency varies between about 10 feet and I3 feet
(Figure 9). The long-term mean transparency is 11.4 feet and the average year to year variability
(residual, Figure 9) is on the order of about 2.0 feet. This amount of year to year variability (about
10-20% of the mean) is typical for Minnesota lakes. The year-to-year fluctuations in transparency
may be related to differences in the amount of precipitation, runoff and groundwater which enters
the lake. Due to the relatively low in-lake phosphorus levels, year to year variability can be caused
by relatively small differences in annual nutrient loading and small increases in algal biomass.
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Figure 8. Carlson's Trophic State Index for Kabekona Lake
RE. Carlson
TSI < 30

Classical Oligotrophy: Clear water, oxygen throughout the year in the hypolimnion,
salmonid fisheries in deep lakes.

TSI 30 - 40

Deeper lakes still exhibit classical oligotrophy, but some shallower lakes will become anoxic
in the hypolimnion during the summer.

-

TSI 40 50

Water moderately clear, but increasing probability of anoxia in hypolimnion during summer.

TSI 50 - 60

Lower boundary of classical eutmphy: Decreased transparency, anoxic hypolimnia during
the summer, macrophyte problems evident, warm-water fisheries only.

TSI 60 - 70

Dominance of blue-green algae, algal scums probable, extensive macrophyte problems.

TSI 70 - 80

Heavy algal blooms possible throughout the summer, dense macrophyte beds, but extent
limited by light penetration. Often would be classified as bypereuhophic.

TSI > 80

Algal scums, summer fish kills, few macrophytes, dominance of rough fish.
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Lake:

Figure 9. Kabekona Lake Long-Term Seccbi Transparency
Kabekona Lake Annual Secchl Tmnspamncy
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Numerous complex mathematical models are available for estimating nutrient and water budgets
for lakes. These models can be used to relate the flow of water and nutrients fiom a lake's
watershed to observed conditions in the lake. Alternatively, they may be used for estimating
changes in the quality of the lake as a result of altering nutrient inputs to the lake (e.g. changing
land uses in the watershed) or altering the flow of amount of water that enters the lake. To analyze
the 1994 quality of Kabekona Lake, the models of Reckhow and Simpson (1980) and MINLEAP
(Wilson 1988) were used. Reckhow and Simpson's model is used extensively for assessing lake
water quality. A more recently developed model, the "Minnesota Lake Eutrophication Analysis
Procedures" (MINLEAP), was also used. This model was developed by MPCA sta€f based on an
analysis of data collected fiom the ecoregion reference lakes. It is intended to be used as a
screening tool for estimating lake conditions with minimal input data and is described in greater
detail in Wilson and Walker (1988).
No actual measure of water flow into or out of the lake or measures of nutrient concentrations into
or out of the lake were made. Rather, published runoff coefficients, precipitation and evaporation
data, and nutrient export coefficients were used in this modeling. Precipitation and evaporation
data were derived fiom Gunnard (1985) and preliminary data fiom the State Climatology Office
1994.
The MINLEAP model predicts a summer-mean P concentration of 20.2 pg/L for Kabekona
Lake (Table 4). This value is higher than the observed summer-mean P concentration (9.8 pg/L )
for 1994. The MINLEAP model does not take into account the large number of wetlands and
small lakes in Kabekona's watershed. These wetlands and lakes serve to trap P which arises
from runoff from the watershed thus reducing the i d o w P concentration to Kabekona Lake. The
estimated P loadimg rate which corresponds to the estimated in-lake P is 3,060 kg Plyr. Based on
MINLEAP, Kabekona Lake retains about 62 percent of the P which enters the lake. Water
residence time (time it would take to fill the lake if it were empty) is on the order of 2.5 years. In
addition to the MINLEAP model, a simple regression model referred to as the Vighi and
Chiaudani (1985) model was used to estimate "background" P concentrations for the lakes. The
model predicted an in-lake P concentration of 16.8 pg/L for Kabekona Lake which is similar to
the MINLEAP model oredicted summer-mean P concentration. The various wetlands and
depressions throughout the watershed may be "noncontributing" in terms of surface runoff to the
lake and thus the contributing portion of the watershed may be less than the total watershed.
The Reckhow-Simpson
model was used to estimate the water quality of Kabekona Lake. For
Reckhow-Simpson modeling, estimates of precipitation, runoff and evaporation for Kabekona's
watershed were used. P loading to the lake was estimated based on land use composition, as
provided by the Hubbard county Soil and Water Conservation District, and P export coefficients.
P export coefficients were taken fiom the literature (Prairie and Kalff, 1986; Reckhow and
Simpson, 1980) and were comparable to coefficients used in previous LAP studies. P loading
from septic systems around the lake was estimated based on the number of residences (seasonal
and year round), an estimated number of persons per residence (2.8), and a soil retention
coefficient. The soil retention coefficient is a means for estimating the soils' ability to trap P
which may leach form the septic system. A high retention coefficient in the case of this model
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(0.8) can reflect a high degree of trapping (80 percent) by the soils andlor well maintained septic
Systems. In contrast, a low coefficient (0.3) can reflect poor trappingby soils (30 percent).
Knowledge
- of soils around the lake and results of the septic system survey can be used to
determine which coefficient may be appropriate. Considering that all systems are up to code, a
coefficient of 0.8 was used for Kabekona Lake. This implies that 80 percent of the P-loaded to
the septic systems is retained in the system and soils.
A low P export coefficient provided the estimate of in-lake P for Kabekona Lake (24 pg/L
predicted vs. 10 pg/L observed, Table 5). These coefficients yielded an estimated P loading of
2,966 kg P/yr. Based on a P loading rate of about 3,000 kg P/yr, watershed sources contribute
about 88 percent, septics 2 percent, and precipitation on the lake 9 percent. This loading is most
likely higher than the actual loading to Kabekona Lake, based on 1994 in-lake data. Given the
1994 in-lake conditions, the size and volume of Kabekona Lake and the relative size of its
watershed, a P loading rate of 1,000 kg P/yr would correspond closer to an in-lake P on the order
of 11 p a .
Goal Setting
The phosphorus criteria value for lakes in the Northern Lakes and Forests ecoregion is less than
30 pg/L for support of swimmable use. At or below 30 pg/L , "nuisance algal blooms"
(chlorophyll a > 20 pg/L ) should occur less than 10 percent of the summer and transparency
should remain at or above 3 meters over 85 percent of the summer. Kabekona Lake did not
experience nuisance bloom conditions in 1995.
For Kabekona Lake, it would be desirable to keep in-lake P concentrations at or below levels
encountered in 1994. Should in-lake P concentrations increase, it is likely that the frequency of
nuisance algal blooms would increase and transparency would decrease. Maintaining a summermean P concentration of about 10 pg/L or lower over the long term, may require that P loading to
the lake be reduced. Important considerations include land use practices in the shoreland and
watershed area of the lake. A more comprehensive review of land use practices in the watershed
may reveal opportunities for implementing BMPs in the watershed and reducing P loading to the
lake.
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Table 4. MINLEAP Model Results
Minnesota Lake Eutrophication Analysis Procedure
ENTER INPUT VARIABLES
LAKE NAME ? KABEKONA
ECOREGION NUMBER l=NLF,2=CHF,3=WCP,4=NGP? 1
? 24443.9
WATERSHED AREA (HA)
LAKE SURFACE AREA (HA)
? 911.4
LAKE MEAN DEPTH (M)
? 15.7
OBSERVED MEAN LAKE TP (UG/L) ? 9.8
OBSERVED MEAN CHL-A (UG/L)
? 3
OBSERVED MEAN SECCHI (M)
? 4
OBSERVED MEAN ALKALINITY-CA (mg/L)? 176
INPUT DATA:

LAKE NAME =KABEKONA

ECOREGION=NLF
LAKE AREA = 911.4 HA
WATERSHED AREA (EXCLUDING LAKE) = 24443.9 HA
MEAN DEPTH = 15.7 METERS
OBSERVED MEAN TP = 9.8 UG/L
OBSERVED MEAN CHL-A = 3 UG/L
OBSERVED MEAN SECCHI = 4 METERS
cpress ENTER to view results>

LAKE = KABEKONA
AVERAGE INFLOW TP = 53.30822 UG/L
LAKE OUTFLOW
= 57.40579 HM3/YR
RESIDENCE TIME
= 2.492602 YRS

ECOREGION = NLF
TOTAL P LOAD
AREAL WATER LOAD
P RETENTION COEF

=

3060.2 KG/YR

= 6.298638 M/YR
= .6214986

VARIABLE UNITS
OBSERVED PREDICTED STD ERROR RESIDUAL
T-TEST
TOTALP
(UG/L)
9.80
20.18
6.36
-0.31
-2.03
CHL-A
(UG/L)
3.00
5.31
3.09
-0.25
-0.89
SECCHI
(METERS)
4.00
2.90
1.14
0.14
0.77
NOTE: RESIDUAL = LOG~O(OBSERVED/PREDICTED)
T-TEST FOR SIGNIFICANT DIFFERENCE BETWEEN OBS. AND PREDICTED
*******Vighi & Chiaudani (1985) Estimated TP * * * * * * * * * *
16.8
CHLOROPHYLL-A INTERVAL FREQUENCIES ( % )
CHL-A
PREDICTED PREDICTED PREDICTED
PPB OBSERVED
CASE A
CASE B
CASE C
10
0.30
5.96
7.51
16.85
20
0.00
0.13
0.28
3.23
.30
0.00
0.01
0.02
0.89
60
0.00
0.00
0.00
0.06
CASE A = WITHIN-YEAR VARIATION CONSIDERED
CASE B = WITHIN-YEAR + YEAR-TO-YEAR VARIATION CONSIDERED
CASE C = CASE B + MODEL ERROR CONSIDERED
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Table 5. Reckhow-Simpson Model Results
This soflware was developed by Bruce Wllson for research use by the
Minnesota Pollution Control Agency, 520 Lafayette Road. StPaul, MN 55155.
This sohare should be considered drafland not used for commercial applications.
February. 1994 Version 2.0 (Wilson and Heiskary. 1994). Use at Your Own Risk.
(612)29&9210 (Revised Feb. 1991 to indude Prairie and Kalff, 1986 TP export and Carlson TSI cak.)
(Revised 2/26/94 to estimate nuMent loading from livestock).
Model 1 Is described in Reckow. KH., and J.T. Slmpsm. 1980. A prowdum uslng modeling
and error analyrb for the prediction of lake phosphorus concsntntion from land use lnformatlon
analysle. forthe prediction of lake phosphow concentration from land use Information.
CanJ.Fl~hAq.Scl.37(O]:l439-1U8~

INPUT SECTION
Kabekona
Watershed Area (ha)
23533
Lake Area (ha)
911
Water Runoff (m)
0.13
Precipitation(m)
0.61
Mean Evaporation (m)
0.81
Mean Depth (m)
15.7
County capitaslcabin
2.8
No. Seasonal Cabins
240
No. Permanent Res.
60
'Fill in estimated animal units at cell A102

Forest Area (ha)
Agric Area (ha)
Urban Area (ha)
Wetland Area (ha)
Pasturdpen (ha)
Sum of land uses

0.0095
0.0023
4
3
4
143.027

Before
18944
1059
235
2589
706
23533

After
18944
1059
235
2589
706
23533

Wgha)
(percent)
(kW)
(kar)
(kg/yr)
(kglyr)
(years)

0.3
08
0

= Observed TP (mgn)
= Observed TP Standard Deviation
= N
= Observed Chla ( u g )
= Observed Seochi (m)
= Calculated Volume (Hm3)

Delta
0
0
0
0
0

%Total
80%
5%
1%
11%
3%
100%

Fxoort Values
Forest P Export
Agric P Export
Urban P Export
Wenand P Export
Pasturdopen Export
Atmospheric Export
Soil Retention Coef
Point Source Before
Point Source Afler
D e b Point Source
Unnacmuntedfor P
Capita Years
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o
oo
345.2

0.3
0.8
0

0.5
0.8
0

o
o

o

o
o
o

345.2

345.2

-

OUTPUT SECTION #2
Estimated phosphorus contributions by different soums in the watershed.

Low Flux
Wshed
Septic
p pt
Point
Unacc for P

2624
69
273
0
0

Sum kgtyr

2966

YO
88%
2%
9%
0%

Average
Flux
3403
69
273
0
0

%
91%
2%
7%
0%

3745

OUTPUT SECTION # I
Reckhow-Simpson Modeling Summary
Low

Average

High

2966
326
97

2273
424
235
259
212
273
69
0
0
3745
41 1
122

2842
847
294
259
282
456
69
0
0
5049
554
165

24

28

kg Plyear

............................................................
1894
212
118
259
141
273
69
0
0

Forested Flux
Ag flux
Urban flux
etland flux
rdopenflux
Ppt flux
Septic flux
int Source
Unaccountedfor P
Total P Flux
P LOAD (kg)
InflowP ugn

............................................................

wq-lar29-0075

CANFIELDBACHMANN
34 Predicted inlake P (ugn)

High Flux
4524
69
458
0
0
5049

%
90%
1%
9%
0%

Reference Phosohorus e x ~ o rcoefficients
t
corrected for catchment size.
Pralrie and Kalff. 1986. Emct of catchment Wtlson 8 Walker, 1989. Development of I
slze on phospho~sexporLWaL Res. Bull. on the aquatJc ecomglon concept. Lake and Re.
22:465470

5:Il-22

Use
Forest
Ag-mix
Row crop ag.#
Non-row ag.#
Pasture

Hectares
18944
1059
1059
1059

P export
0.08
0.65
0.29
0.6
0.16

706

#Fill in estimated area of these land uses.
- --

- - --

Mngmt

-- --

---

Ecoreg.
NCHF
NLF
NGP
WCBP

Dominant
Landuse
Cul+Mixed
For (75%)
Cul(83"h)
CuI(8446)

'Net
P Export
0.19
0.12
0.76
0.74

' P exoort from all land uses

--

-

--

OUTPUT SECTION 3. Reckhow-Simpsonand MINLEAP modeling summary, predicted changes in
Secchi disk transparency, chlorophyll concentrations, and trophic status based on observed
or predicted total phosphorus concentrations.

Low
TP conc.

Avenge
High
MINLEAP
Observed lake
TP conc.
TP conc.
values
IDredlcted)'b r e dicted)' (Dredicted)( P m u d d

..

LAKE TP
LAKE CHLA

mgn
ugn
LAKE SECCHI m
MINLEAP load prediction (kglyr)

0.010
3
4

0.024
6.8
2.5

0.028
8.6
2.2

0.034
11.4
I.8

0.020
5.3
2.9
3060.2

TSI TP
; TSI CHLA
TSI SD
'Fill in predicted TP mncentrations from output sedon 1 (Cankld and Bachman), or use olher esliites.
Hydrologic Summary Information
Estimated Flow 30592718 (m3lyear)
Estimated (1
3.36 ( w r )
Residence tim
4.70 (years)

30.59 (hm3)

.

Useful conversions: lhm3 = 1,000,000 m3; hm3 = Au~feeVB11;Ha = Auesi2.47: k m 2 = 2.59(mile2)
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APPENDIX

Appendix 1. Water Quality Data
Appendix 2. Precipitation Map
Appendix 3

Lake Level Data.

Appendix 4

Tributary Monitoring Data.

Appendix 5

Shoreland Assessment Survey

Appendix 6

Fisheries Lake Management Plan and S u ~ e y
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Appendix 1. Water Quality Data
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Kabekona DO (mglL) for 1994
Aug. 16
Depth
lMay 25
IJune 23 July I 1
Sept.20
11.61
9.3
0
8.5
8.7
8.8
11
11.71
8.7
8.8
9.4
8.6

1
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SITE= sampling site ID
DM
...= -sarnale
-... .- death
- - - in meters(O=O-2 m intearatedl
TP= total phosphorus in mg/l
OP= total ortho-phosphorus in mgn
DP- dissolved phosphorus in mgn
TKN = total Kjeldahl nitrogen in mgn
N2N3 nitrite + nitrate N in mgfi
NH4= ammonia-N i n mgA
TNTP =TN:TP ratlo
PH = pH In SU (F-field, L or -=lab)
ALK- alkalinity In mgn (lab1
TSS = total suspended solids in mgn
TSV = total suspended volatile solids in mgn
TSIN total suspended inorganic solids in man
TURBP turbidity in M U (F-field)
CON- conductivity In umhoskm (F-field, L=lab)
CL- chloride In mgA
S1= total silica in mgR
DO = dissolved oxygen in mgn
TEMP= temperature In degrees centigrade
S D = Secchi disk in meters WDF=feet)
CHLA- chlorophyll-a in UQA
TSI = Carlson's TSI (P -TP, S = Secchi, C = Chla)
PHEO = pheophytin in ugil
PHYS = physical appearance rating (classes 1 t o 5)
REC P recreational suitability rating (classes = 1 to 5)
RTP, RN2N3
remark code; k=less than, Q-exceeded holding time

-

-
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Minnesota Algal Rapid Assessment
M e Na~c

Kabckona
Sample datc:

I

%k

-

Assessment Form v. 2.0 e.bs. 12/14/92
Bull 2%

Assessment date:

qs0a03

4't o S & $
Taxon
Allkisuodmnus
ChloKUa
Qostcrium

as - o o 7~

Site I&

'1
Assessor's name:

H . Marku 5

% Abundance* note-

I

-

-

Mougwtia
oocystir

Pediasm
SCmcdesmUS
Selanashum
StaurasuvIn
ULothrix
otha-

Euglenophpa

Tndrelomonas
other-

Tribmema

-
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Dinobryon

-

Lake Nun

~

-

~

Sample date:

b

%th:

~

e

k

Bull Wt.

~

Algal Group

Taxon
AnkhAUS

Site Id:

~24-0075-

Assessmeat date:

q'1b?1\

C~mophVla

kF-1

~

9 ~ a003

10

96 Abundance* not=-'

I

Chlorella

ohexothaother-

I
1

I
-

*% abundance should be assessed by volume, not by numerical quantity alone.
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A.ucsofs name:

-

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

wq-lar29-0075

