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Abstract 

People have a negative perception of Lake Kegonsa. It has been called the red-headed, 

carp-filled, green, “scumsusceptible”, impaired, end of the line, phosphorus catching, 

step-lake (Golden 2014, 2-3). The environmental history of Lake Kegonsa shows that 

people have repeatedly used it as a natural resource for the last 12,000 years. Although 

the water quality has suffered during times of differing perspectives, Lake Kegonsa 

continues to have an important role as a social and recreational feature. There are 

stakeholders from the national to the local level involved in the management of Lake 

Kegonsa’s resources. This project calls out the error in perception with an interactive 

map illustrating positive perspectives regarding Lake Kegonsa’s importance.  By 

comparing phosphorus, nitrogen, and chlorophyll data with corresponding water quality 

perspectives we begin to position ourselves to better assess lake health. Proper 

stewardship can ensure that Lake Kegonsa will continue to fill this important role. 
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1. Introduction 
 

The Yahara River Chain begins with lakes Mendota and Monona nestled around 

Madison’s isthmus with Lakes Waubesa and Kegonsa downstream. The close proximity 

of Madison’s lakes to the urban population heightens the perception of their importance. 

A few miles downstream lies Lake Kegonsa. Despite its direct connection to lakes 

Mendota and Monona, it occupies a position of significantly less importance in public 

opinion. Lake Kegonsa is the red-headed, carp-filled, green, “scumsusceptible”,  

impaired, end of the line, phosphorus catching, step-lake (Golden 2014, 2-3)! This 

negative perception is reflected in the comparatively few resources devoted to 

maintaining its health. Our interactive map tells a different story. By conducting a 

historical analysis of Lake Kegonsa, it will become clear that Lake Kegonsa has been a 

most favored natural resource for 12,000 years. We will use both qualitative and 

quantitative analysis to show that water quality has changed over time.  By comparing 

phosphorus, nitrogen, and chlorophyll data with corresponding water quality 

perspectives we can begin to better assess lake health. Proper stewardship can ensure 

that Lake Kegonsa will continue to fill an important role. 
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2. Site, Setting and Landscape 

- Lake Kegonsa, Dane County, WI 
 
- Towns of Dunn and Pleasant Springs 

- Size: 3,209 acres 

- Maximum Depth: 31 feet 

- Type: Highly Eutrophic 

- Within the Yahara River Chain	

  

Map Scale: 1:350,000 
Inset Map Scale: 1:40,000 
 
Watershed Shapefile Source: WI DNR 
Lakes Shapefile Source: WI DNR 
Rivers Shapefile Source: WI DNR 
Urban Boundaries Source: U.S. Census 
 
Projection: NAD 27 / Wisconsin Central 
Datum: NAD27 
Latitude 0 : 43.83 
Latitude 1: 44.25 
Latitude 2: 45.50 
Central Longitude: -90.00 
 

Figure 1: Yahara River chain of lakes, Dane County, Wisconsin 
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2.1 Glacial & Late Quaternary 
 

Lake Kegonsa, as well as the other Yahara River Chain lakes, formed from 

glacial action in late Quaternary times. The evidence of this comes from the western 

terminal Johnstown and recessional Milton moraines belonging to the Green Bay Lobe 

(Syverson 2004, 298). This lobe was part of a southward expanse of glacial ice, known 

as the most recent Wisconsinan Glaciation. The Wisconsinan Glaciation occurred 

between 33,000 to 9,500 years ago. Unconsolidated sediments, glacial till, and outwash 

deposited into a pre-Wisconsinan glacial river valley (Winkler 1985, 13). The sediment 

source, which now makes up the bottom parent sediments of Lake Kegonsa, belongs to 

the Holy Hill formation. These sediments are relatively low in iron content compared to 

the areas farther north in the same glacial lobe (Syverson 2004, 298-303). 

 

Figure 2: Cited from Figure 3 (Syverson 2004, figure 3). Lightly shaded regions belong to the the most 
recent Wisconsinan Glaciation. Medium shaded regions correspond to the Illinoian Glaciation. The darkly 
shaded regions are Illinoian Glaciation. Arrows indicate direction of glacial movement. 

 

During the time of farthest glacial extent, marked by the Johnston terminal 

moraine, melt waters collected in a depressional low behind the moraine deposits. This 

created glacial lake Yahara. As the glaciers retreated, the ice that dammed the glacial 
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lake broke along a weak margin of the terminal moraine. A rapid movement of water 

carved out the Yahara River valley. Unconsolidated sediments continued to deposit in 

this watershed via meltwater as the Green Bay Lobe further retreated northward. 

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

Natural Resource - “. . . the product of geological, hydrological, and biological 
processes” (Dictionary of Human Geography (5th Edition) 2009, 490) 

 

2.2 Paleoindians 
 

Since its post-glacial creation during Late Pleistocene to early Holocene times, 

Lake Kegonsa has been a natural resource, supplying sustenance to man.  There is 

evidence that Paleoindians followed the riverways to the Lake Kegonsa area between 

11,000-12,000 B.P. (Schroeder 2017, 78).  More specifically, many of the tools they 

made were found at the Skare site in Southeastern Dane County, Wisconsin, located 

between Waubesa and Kegonsa lakes. They were attracted to this area because of the 

abundant resources available for survival (Schroeder 2017, 64).  There was water to 

drink, stone for making tools, and a bountiful variety of plants and animals to support 

their hunter-gatherer lifestyles (Schroeder 2017, 78).  There is a lure for Lake Kegonsa 

that goes back farther than we can imagine. During the late Pleistocene to early 

Holocene, Lake Kegonsa supported such a richness of resources that it brought 

Paleoindians to her shores. 

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

Natural Resource - “biophysical materials that satisfy human wants and provide direct 
inputs to human well-being” (Dictionary of Human Geography (5th Edition) 2009, 490) 
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2.3 Holocene History 
 

From the onset of the Paleoindians in 12,000 B.C. to approximately 6,500 B.C., 

the natural landscape transformed into what we consider our near normal geography 

(The Wisconsin Cartographers’ Guild 1998, 2). During the Holocene, water levels for the 

Yahara Chain lakes have fluctuated according to climate changes. The end of the 

Wisconsinan Glaciation marks the beginning of the Holocene epoch, a geologic time 

span that ended with the start of the Anthropocene in recent times. We can correlate the 

history of Lake Kegonsa with information from the upper lakes due to their connectivity. 

Cores from Lake Mendota have revealed a changing environment for the entire 

watershed (Winkler 1985, 10-18).   

Sand lenses and peat stratums were used to indicate water level. Immediately 

after 11,400 years ago and a result of glacial meltwaters, Lake Mendota reached a 

maximum level of 0.5 meters above the 1846 undammed level. Lake Kegonsa can be 

assumed to have also reached a maximum water height at this time. Between 6,500 

and 3,500 years ago, water levels receded to a minimum of 4.4 meters lower than the 

present dammed levels or 2.9 meters lower than the 1846 undammed level.  These 

changes in levels were a result of a warm, dry Mid-Holocene.  Pollen data also 

corroborates this dry, warm period with a change from conifer dominant vegetation to 

oak savannahs.  The drop exceeds local elevational differences between the lakes, 

meaning that discharge outflow may have ceased from Lake Mendota into the lower 

lakes seasonally (Winkler 1985, 18).  The peat stratum used to corroborate this can be 

argued, as drifting peat bogs are known to become trapped at the outlet of Lake 
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Monona where it can be buried in sediments. Regardless, peat bogs and a peat stratum 

indicate lower water levels. It is likely at this time that a small stream may have 

connected the lakes, and if the 4.4 meter drop is related to the lakes down river, Lake 

Kegonsa was nothing more than a marsh. Starting 3,500 years ago with the return of 

conifers and maples, water levels have since risen to near present values during a 

cooler and wetter environment. 

 

2.4 Mound builders 

Traces of Early Woodland conical mounds, 

burial mound groupings indicative of Middle 

Woodland cultures, and the effigy mounds of the 

Late Woodland cultures were all present in areas 

around Lake Kegonsa (The Wisconsin 

Cartographers’ Guild 1998, 2-3). A ten year survey 

by Dr. W.G. McLachland reported 26 Indian mound 

groups to the Wisconsin Archeological Society 

(Pyre 1926, 1).  Figure 8.1 shows the existence of 

a fish dam between Lakes Waubesa and Kegonsa 

along with the Barber, Colladay, and Lake 

Kegonsa State Park mound groupings 

(Birmingham 2010, 188). The fish dam was a weir 

made from stone that was used to entrap large 

numbers of fish.  The different types of mounds indicate various cultures of native 

Figure 3: Mounds of Lake Kegonsa Figure 8.1 
(Birmingham 2010, 189) 
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peoples. Moreover, the fish and fowl shapes of the mounds indicate the presence of 

those animals. Early cultures of Native Americans utilized the resources of Lake 

Kegonsa for sustenance as well as ceremony. 

 

2.5 Ho-Chunk 

In the early nineteenth century, Lake Kegonsa was called “Na-sa-koo-cha-tel-a,” 

or “hard maple grove” by the resident Ho-Chunk people (Pyre 1926, 1; Birmingham 

2010, 190).  In the spring, the Ho-Chunk people ceremoniously tapped the maples for 

the sugar.  Like those before them, they planted gardens and enjoyed the abundance 

of vegetation and growth in the area (Birmingham 2010, 190).  A survey in1833 by 

Lorin Miller states: “Its waters abound with different kinds of fish, such as cat-fish, pike, 

black bass and rock bass. Geese and ducks are found in abundance” (Pyre 1926, 1). 

For 12,000 years Lake Kegonsa has been a rich resource that supported the well-

being of human life. 

 

2.6 Euro American 

Dr. W.G. McLachland’s ten year survey of the various mounds wrapped up in 

1926. Along with the end of his work came the realization that these sacred mounds 

were being destroyed by the lake’s new residents.  They too wanted to live off the land 

and farm it; however, their methods involved restructuring the landscape.  They filled 

in, smoothed out, raised and lowered, and planted their fields without understanding 

the importance of preservation (Pyre 1926, 1-3).  It was an article about this survey 

written by Russell B. Pyre and published in The Wisconsin State Journal that 
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stimulated the conversation about the currently expanded definition of natural 

resources which includes: “any component . . . that performs a socially valuable 

function” (Dictionary of Human Geography (5th Edition) 2009, 490).  History serves as 

an ‘entertain me’ value referred to in the Craft of Research (Booth 2008, 21-22). 

Storytelling involves knowledge of place and is of great social value.  Lake Kegonsa is 

an abundant natural resource for fishing, hunting, and vegetation, as well as a place 

with a rich Native American history.	

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

Natural Resource - “any component of the non-human world that performs a socially 
valuable function” (Dictionary of Human Geography (5th Edition) 2009, 490) 
 
 

2.7 Today 
 

Today, resource management is a necessary component to any natural 

resource.  The appreciation of Lake Kegonsa’s history and the passion to defend its 

richness is ever present in the management efforts today.  Stakeholders are the 

‘actors’ referred to in the definition of resource management.  At the National level, 

stakeholders consist of the Environmental Protection Agency (EPA) and the 

Department of Natural Resources (DNR).  Local stakeholders are the Wisconsin 

Department of Natural Resources (WDNR), Friends of Lake Kegonsa (FOLKS), Clean 

Water Alliance (CLA), Dane County, the City of Madison, Department of Agriculture 

(DOA), the UW-Madison community, and the households and businesses surrounding 

the lake.  Lake Kegonsa has many groups and individuals working together to protect, 

monitor, evaluate, and plan on her behalf.  Preserving water quality, historic 
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significance, and aquatic richness are all considered important environmental and 

social values of a natural resource to society. 

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

Resource Management - “The knowledges and practices associated with monitoring, 
evaluating, decision-making and intervention in environments, with the objective of 
ensuring that these environments produce goods and services of value to society.” 
(Dictionary of Human Geography (5th Edition) 2009, 650). 
 

3. Water Quality 
 

The three main chemical constituents that affect aquatic ecosystems are 

phosphorus, nitrogen, and chlorophyll. Phosphorus and nitrogen are the predominant 

chemical nutrients for photoautotrophic phytoplankton containing chlorophyll-a. Lake 

Kegonsa is a shallow lake, a geomorphic setting that exacerbates eutrophication when 

excessive phosphorus and nitrogen are present (Dolman 2012, 4-10; Beaulieu 2013, 

1740-1743). A total phosphorus to total nitrogen ratio alone cannot determine either 

phosphorus or nitrogen as a limiting nutrient for highly eutrophic lakes because of 

physical and biochemical complications (Lv 2011, 48-49). These complications include, 

but are not limited to, runoff and greater nitrogen versus phosphorus fixers. In cases 

where nitrogen and phosphorus are excessively bioavailable, such as with highly 

eutrophic lakes, chemical nutrient limitation of both phosphorus or nitrogen is less 

understood. Because Lake Kegonsa is a highly eutrophic lake, many chemical 

constituents must be studied to accurately assess water quality (Lv 2011, 48-49; 

Dolman 2012, 1-2; Lathrop 2014, 8; McDonald 2017, 386-387). We limit our study to 

phosphorus, nitrogen, and chlorophyll only. Further study should account for dissolved 

silica, carbon, oxygen, and water temperature. 
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3.1 Eutrophication 

Eutrophication is a process causing an increase in plant and algae growth due to 

excess nutrients.  Natural erosion and stormwater runoff are physical drivers of 

eutrophication because of their chemical inputs to a water body. These chemical drivers 

are called nutrients and they refer mainly to nitrates and phosphates.  Consequently, 

the water becomes overactive biologically with excess plant growth, algal blooms and 

increased production. There are three main trophic classifications: oligotrophic (nutrient 

poor), mesotrophic (moderately productive), or eutrophic (very productive and fertile) 

(Betz 2005,19). Although an increase in plant growth seems healthy, it is perceived as a 

downside because it upsets the ecosystem of the lake and overgrowth can cause 

physical changes that are undesirable for humans. Sensory perceptions of color 

changing to green, smell of mold, and touch of impassable plant growth are a nuisance 

to people.  Lastly, eutrophication can be toxic when certain blue-green algal blooms 

develop. 

3.2 Water Clarity 

Water clarity is a measurement of a lake’s trophic state. There is a trophic state 

index (TSI) that ranges from 0 to 100. Zero being oligotrophic and the clearest or having 

basically no nutrients, to one-hundred being hypereutrophic with algal scum and 

extremely poor water clarity (Betz 2005,18). Water clarity is a measure of how deep into 

the water a secchi disk is visible. While measures of clear water are desirable it does 

not indicate a strictly healthy lake. This perspective is influenced by color and 

cloudiness. Physical factors such as water level, lake mixing, runoff, and even boating 



13 

activity can create temporarily poor water clarity. The position of the sun can also 

change the perception of clarity levels. In some instances, we find that water clarity is 

more important to individuals than water quality is. 

3.3 Phosphorus 

Occurring primarily within phosphates, phosphorus is the eleventh most 

abundant element within the Earth’s crust, either formed within rocks, dissolved in 

water, or present within organisms (“Biogeochemical Role of Algae” 2012, np).  It is an 

important source nutrient for all life with inorganic and organic sources. Inorganic 

sources within rocks or phosphate minerals become dissolved in water through 

weathering before becoming bioavailable. Organic phosphorus is derived from the 

decay of living things. Rainwater not only enables weathering inorganic sources, but it 

also transports both inorganic and organic dissolved sources of phosphorus via streams 

and groundwater to lakes like Lake Kegonsa. Our discussion of phosphorus will address 

total phosphorus, that is the total of all phosphorus bearing inorganic and organic 

phosphate compounds, knowing that total phosphorus has a higher response to 

chlorophyll-a than total nitrogen (Lv 2011, 54-55). Total phosphorus in lakes is 

influenced by soil variation and geology, abundance of benthivorous fish (carp), and 

agriculture within the watershed (McDonald 2017, 391-393). Algal blooms are often 

evident in cases of high phosphorus influx to a water body. Because efforts to manage 

water quality in the Yahara Chain focuses on phosphorus control, understanding the 

relation between phosphorus and Lake Kegonsa will be important for an assessment of 

the lake’s environmental history. 
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I. Sources 

Lake Kegonsa’s main source of phosphorus comes from upstream surface water 

influx. This is a reason for concern because it is the main contributor of eutrophication 

(Qiu et al. 2017, 63).  The Yahara Chain has a cascading effect in which the 

downstream lakes such as Kegonsa, receive more runoff phosphorus from upstream 

than it receives from its own surroundings (Lathrop R.C. and Carpenter S.R. 2014, 7; 

McDonald 2017, 390-393 ).  Nonpoint source phosphorus from agricultural and urban 

runoff from the top of the Yahara Chain system loads 76% of the annual phosphorus 

into Lake Kegonsa (Lathrop R.C. and Carpenter S.R. 2014, 7).  Therefore, 24% of the 

phosphorus influx is from the local surroundings such as carp related point sources and 

other nonpoint sources of agricultural and urban discharges, runoff, and groundwater. 

The Carp Project headed by Friends of Lake Kegonsa is currently focused on a point 

source by removing the overpopulated Carp in the Lake. One such localized nonpoint 

source is Door Creek, which is of particular concern for organizations like Friends of 

Lake Kegonsa (FOLKS, interview, 4 October 2017). Dane County is also focused on 

dredging streams like Door Creek to control legacy phosphorus influx into the Yahara 

chain lakes. 

In 1886, carp established a presence in Lake Kegonsa and the rest of the Yahara 

chain (Nichols and C. Lathrop 1994, 239; Lead Staff for Each MOU Signatory Agency et 

al. 2010, 134; ).  By nature, carp are bottom feeders and release chemicals such as 

inorganic phosphorus from the lake bed sediments through grazing.  This aids in the 

development of algal blooms in addition to poor water clarity (Lead Staff for Each MOU 

Signatory Agency et al. 2010, 75; FOLKS “About Us” 2017, np).  Lathrop and Carpenter 
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very clearly explain how phosphorus affects water quality and creates the blue-green 

algal blooms that can be toxic (2014, 1-2).  In turn, removing carp eliminates 

phosphorus.  The Friends of Lake Kegonsa October, 2017 newsletter states: “The 

bottom line is that based on this conversion factor the first 111,000 lbs. of carp we 

removed this spring would result in 2,053 lbs. of P reduction.  Remember, one lb. of P 

generates 500 lbs. of algae.  This would be 1,026,750 lbs. of algae.” (FOLKS October 

2017, np).		

 

II. Complexities and Interactions 

Phosphorus is a heavy molecule that cannot dissolve into the atmosphere 

making it an important weakly bound ionic compound or free ion within aqueous 

environments.  Autotrophs, as well as heterotrophs, utilize phosphorous for cell 

structure and most importantly ATP production, an inherent part of the phosphorus 

cycle (“Biogeochemical Role of Algae” 2012, np).  Inorganic phosphorus is linked to 

planktonic activity and algal formation, a major concern for Friends of Lake Kegonsa 

and businesses using the lake. Thus, we need to understand the inorganic phosphorus 

fluxes from sediments in Lake Kegonsa.  Absorption is the process of combining 

phosphorus into sediments from the water column. The process for releasing 

phosphorus from these sediments is called desorption.  Iron, aluminum, and calcium 

rich sediments can serve as a temporary fixation of phosphorus and can help regulate 

influx of nutrients.  Iron oxides present within sediment can have a high affinity for 

adsorption of phosphorus (Fink 2016, 372). However, Lake Kegonsa has low levels of 

oxide abundance with a glacially deposited, silty-clay rich till sediment (Syers 1973, 
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112-117; Syverson 2004, 298-303; McDonald 2017, 386). This lack of iron in the 

sediments is further supported by the lack of stored mercury in cores taken from Lake 

Kegonsa, despite the reported sewage dumping into all Yahara Chain lakes (Syers  

1973, 112). The relationship is unclear, but mercury has a high affinity to bond with iron.  

This may suggest that the iron is relatively more abundant in the upstream lakes than in 

Lake Kegonsa.  Hydroxyl groups within clays can also bond with phosphates, but this 

depends on the types of clay minerals present and water pH.  Phosphates tied up in 

either clay minerals or iron oxides diffuse with time, leaving sediments with a limited 

effect on phosphorus control of a lake unless buried (Fink 2016, 371-73). Organic 

carbon and notably humic acids, compete with phosphorus for adsorption sites, thus 

reducing phosphorus adsorption in sediments (Fink 2016, 374-75).  There are instances 

where the type of organic carbon compound does not affect phosphorus adsorption; it 

only delays it.  Further research on this topic is required to more efficiently manage 

phosphorus inputs into Lake Kegonsa from agricultural and inorganic sources.  

Regardless, we now understand that Lake Kegonsa’s environment lacks the ability for 

sediments to effectively adsorb and store phosphorus. This makes legacy phosphorus, 

phosphorus retained within mucky soils along stream banks and lake bottoms, a major 

problem deriving from prior poor land use decisions. 

3.4 Nitrogen 
 

We begin this section knowing that phosphorus is a key limiting nutrient, with 

‘limiting’ meaning that biomass growth is constrained to the abundance of the chemical 

constituent.  Nitrogen can also be a limiting nutrient according to research in Norway 
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studying the influx of atmospheric nitrogen deposition and export into lakes (Hessen 

2013, 330-336).  Nitrogen, or the nitrogen cycle, is more complex than phosphorus as it 

dissolves in both water and the atmosphere; however, only the aqueous solution of 

nitrates and ammonia are considered important to autotrophic behavior in eutrophic 

lakes (“Biocyclopedia” 2012, Biogeochemical Role of Nitrogen; Beversdorf 2015, 2-3).  

Nitrogen has both inorganic and organic sources, but for simplicity, we will only refer to 

organic sources due to the relative abundance of nitrogen in general. The major 

sources of these compounds are from nonpoint sources in agriculture; farm fields 

spread fertilizers that are high in nitrates NO3- and ammonia NH4+ (Ghane 2016, 1-2).  

Excessive rain results in ground surface runoff of these compounds into streams that 

are channeled into lakes, such as Lake Kegonsa.  

 

I. Sources 

Nitrogen can be converted to nitrate by soil bacteria and can move into 

groundwater (Shepard 2000, 64). When it is converted to nitrate, it is hazardous when 

found in drinking water and can be unsafe to consume, especially for babies or 

pregnant women, when it surpasses ten parts per million (Shepard 2000, 64).  It is more 

common for nitrogen to move into water systems when there is a relatively high water 

table or where soils are above fractured limestone or bedrock (Shepard 2000, 64).  

Nitrate pollution problems can be mitigated by injecting manure at strategic times (low 

winds, low humidity, and cooler temperatures) (Shepard 2000, 66). Manure should be 

injected within three days of application and there should be less than 25 tons per acre 

applied in any year (Shepard 2000, 64).  Additionally, it should not be applied to areas 
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of no-till row crop production or fields used for the production of hay or pasture 

purposes (Shepard 2000, 65).  Lastly, subsoil structures should be analyzed to address 

if nitrogen should be used at all (Shepard 2000, 67). 

Farmers today are aware of the water quality issues stemming from nitrogen.  

Yahara Pride is an organization that allows for the collaboration of the progressive 

farmer and other stakeholders to exchange best management practices to protect our 

waters from agricultural runoff (Foy 2017, np).  Some of those innovative practices are 

riparian buffers, manure digesters and soil nutrient injections.  These practices help 

reduce runoff of over fertilized fields from ending up in the surrounding lakes, rivers, and 

streams.  Practices like manure digesters are a “win-win”; waste from cattle can be 

repurposed into fertilizer, which can then be sold for profits (Lead Staff for Each MOU 

Signatory Agency et al. 2010, 105).  This keeps nitrogen runoff in check and points to 

phosphorus inputs as the cause for concern.	

II. Complexities and Interactions 

	Much like phosphorus, nitrogen is an inherent part of cell structure, as well as 

the creation of glucose.  Natural lakes, or “pristine lakes,” that have not been altered 

significantly by humans, are often nitrogen limited (Hessen 2013, 330-37).  For these 

types of aquatic settings, autotrophic biomass growth responds to fluxes to nitrogen 

input more readily than phosphorus, as phosphorus in these settings is relatively 

abundant.  Nevertheless, for lakes like Lake Kegonsa that are significantly impacted by 

humans, autotrophic biomass growth responds more readily to influxes of both nitrogen 

and phosphorus with a more elastic response to phosphorus, as nitrogen is relatively 

abundant (Hessen 2013, 333-34). The amount of nitrogen input into the lake is directly 
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related to the type of land cover source.  Forests are reportedly more effective at 

reducing bioavailable nitrogen, but the ability for nitrogen retention in all land cover 

types is decreased with increased precipitation and greater runoff  (Hessen 2013, 330-

31;  Ghane 2016, 10-12; McDonald 2017, 389-390). 

3.5 Chlorophyll: Algae and Cyanobacteria 
 

Understanding	phosphorus	and	nitrogen	feedbacks	allows	us	to	better	analyze	

autotrophic	behavior	and	more	specifically,	photoautotrophs.		Autotrophs	are	organisms	that	

utilize	inorganic	compounds	(can	use	similar	organic	equivalents)	for	their	source	nutrients.		

Photoautotrophs	relate	more	to	organisms	that	use	photosynthesis	and	incorporate	other	

inorganic	source	nutrients.		Phytoplankton	are	a	type	of	photoautotrophic	eukarya,	or	in	some	

cases	bacteria	like	cyanobacteria.		Phytoplankton	include	microorganisms	such	as	

cyanobacteria,	diatoms,	dinoflagellates,	green	algae,	and	coccolithophores.		These	are	primary	

producers	(“Biocyclopedia”	2012,	Biogeochemical	Role	of	Chlorophyll,	np).		Inputs	of	

phosphorus	and	nitrogen	are	considered	source	nutrients,	whether	organic	or	inorganic,	which	

is	why	we	must	gather	data	on	both	chemical	nutrients	to	allow	us	to	compare	changes	in	

autotrophic	activity.		With	our	focus	on	Lake	Kegonsa,	our	mention	of	phytoplankton	will	be	

restricted	to	cyanobacteria	and	algae	due	to	their	connectedness	to	Lake	Mendota	and	its	

status	as	a	eutrophic	lake	(Beversdorf	2015,	1-4).	The	penetration	of	sufficient,	sustainable	light	

on	a	constrained	water	depth	containing	photosynthetic	life	is	what	has	been	referred	to	as	a	

euphotic	zone.		Phytoplankton	are	restricted	to	the	euphotic	zone	due	to	their	photosynthetic	

properties.			



20 

I. Complexities and Interactions 

When Lake Kegonsa turns green, the change of color is due to the presence of 

chlorophyll. Chlorophyll absorbs much of the visible light spectrum but reflects the green 

wavelengths in photosynthesis. That is why events like algal blooms cause a water 

body to appear green.  Phytoplanktonic life dominates the water column in such cases, 

largely because Lake Kegonsa is shallow and nutrient rich.  The shallow depth creates 

a weak thermocline and increases water column mixing of nitrogen and phosphorus in 

the euphotic zone (Beaulieu 2013, 1736-40).  Changes in nitrogen and phosphorus 

fluxes affect the presence of chlorophyll and biomass growth of phytoplankton, allowing 

us to use information regarding chlorophyll abundance to understand the nutrient 

limitation of Lake Kegonsa and likewise environmental history. 

For one business owner on the lake, the threat of “blue-green algae” is all too 

real.  Every morning he says “Please do not be blue-green,” as he walks down to the 

dock in fear of swimmers becoming disheartened, ultimately affecting his business 

(Frank, Appendix B, 4 October 2017).  The mention of blue-green algae here refers to a 

type of cyanobacteria dangerous to human health.  Harmful cyanobacteria often blooms 

when nitrogen levels are relatively more abundant.  Even though phosphorus is 

considered the limiting nutrient in eutrophic lakes, nitrogen is typically always more 

abundant (Lv 2011, 50-55; Dolman 2012, 3; Beaulieu 2013, 1737; Hessen 2013,333-

36). When nitrogen is high, phosphorus becomes important for regulating the growth of 

phytoplankton. Cyanobacteria strongly fixates the abundant nitrogen. A study found that 

by late summer or at the time of the peak toxic phase on a lake, nitrogen levels were 

lower within the eutrophic zone (Dolman 2012, 1-12).  The nitrogen to phosphorus ratio 
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was lower at the time of toxicity. This makes understanding the nitrogen to phosphorus 

ratio useful in interpreting fluctuations in E. coli, a bacteria that has more favorable 

conditions during phytoplanktonic blooms. Blooms can block damaging ultraviolet 

radiation from reaching E. coli, and E. coli does not require oxygen, so competing with 

the overlying phytoplankton is not exclusive (Beckinghausen, 2014, 1-6). We could treat 

E. coli as an indicator for times of phytoplanktonic blooms, but it is not entirely reliable 

knowing that E. coli has a stronger relation with the influx of fecal waste.	 

4. Water Monitoring 
 

Of the collected data for nitrogen concentrations at near surface water levels in 

Lake Kegonsa, taken from site ID 133122, times when data was taken is inconsistent. 

Data was collected anywhere from twice a month to once a month or not at all. 

Consistently, there is very little data between December and May months except for a 

lone measurement during either January, February, or early March. This measurement 

could not be averaged; therefore, it was best represented in a column chart where 

height corresponds to higher levels of concentration. This further emphasizes water 

monitoring treatment of the late winter season to be insignificant, and only the late 

spring to fall is important to lake productivity considering a larger population of samples 

were taken during this time. Yet, even during this time threshold, data is still irregular. 

April and May months were grouped as the spring season having data consistent with 

samplings of 3 to 4 measurements. Values do not change significantly until June, 

though this exact time varies. An earlier growing season will see earlier changes in May, 
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and a later growing season will see later changes in late June to July. June through 

August were grouped as the summer months. Values during this time vary significantly.  

The reasons for classifications were determined by the counts of measurements, 

a possible missing measurement of data in September, and on preconceptions of when 

summer transitions to fall during September. September marks the transition towards 

the fall season, resulting with September through November being designated as the 

fall season. Using these seasons, an average could be calculated without skewing the 

mean towards lower values in winter or higher values in summer. The chart below 

reveals these seasonal means of concentration, including an annual trend using data for 

all spring through fall months. Winter, however, is not a mean but is similarly discrete. 

That is why it is shown as a column. The data for seasonal means is discrete and 

expressed as dots connected by lines. The line expresses trend or association. We find 

that nitrogen concentrations have increased slightly with greater variation beyond 2009 

during both the summer and fall seasons. Nitrogen during the winter has not changed 

significantly, except in excess of 2.5 mg/L during 2010. 2010 experienced an earlier 

snowmelt during that time with temperatures above 0 degrees Celsius (32 F) on 

February 2nd. Other years of early snowmelt do not correlate with increased 

concentrations of nitrogen in the lake. 
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The categorizations of seasons and treatment of data used in nitrogen 

concentrations is the same with the analysis of phosphorus concentration in the chart 

below. Spring through fall seasons of phosphorus are represented as means, including 

an annual trend for association. Winter is a singular discrete mode of data in 

phosphorus as well. Similarity in treatment of data allows for cross comparison between 

nitrogen and phosphorus concentrations. We find that phosphorus concentrations 

during the summer and spring seasons have decreased from 2006 to 2014, though 

increasing sharply in 2015. The annual trend also mimics this. Fall season 

concentrations of phosphorus vary significantly and seem to have increased beyond a 

minimum in 2012. Phosphorus in the winter correlates strongly with runoff and early 

Graph 1: Line connected dots reveal nitrogen seasonal and annual concentration averages (mg/L) 
through time. Columns show single nitrogen values (mg/L) of measurements taken during the mid to late 
winter season. 
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snowmelt. 2003 and 2010 experienced above freezing temperatures during time of 

measurement, while other years did not. 

 

 
Graph 2: Line connected dots reveal phosphorus seasonal and annual concentration averages (mg/L) 
through time. Columns show single phosphorus values (mg/L) of measurements taken during the mid to 
late winter season. 
 

Tracking E. coli readings at Lake Kegonsa State Park is relevant and can be 

treated as an indicator of favorable conditions created by phytoplankton or fecal waste. 

Data has been collected from wibeach.us monitors E. coli levels for beach closing 

advisories since 2007. Samples are taken at the beach, thus revealing lake conditions 

at shallow depths. From June to September, each month has 2 to 3 measurements. The 

large break between years argues for treating the data as discrete, thus it is 

represented as a column chart below. The monthly readings were averaged 

accordingly. We find that E. coli has consistently exceeded 600 ppm from 2011 to 2017, 

except for in 2016. Levels were lowest between 2008 and 2010. According to Friends of 
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Lake Kegonsa, 2016 was a good year and 2017 was a bad year for algal/cyanobacterial 

blooms. The data below corroborates their claim regarding reduced toxicity. 

Additionally, they mentioned that 2005 had memorably high levels of toxic 

cyanobacterial blooms. While our data goes only as far back as 2007, their claim 

extends our information of cyanobacteria to 2005. What E. coli was like for that year is 

not known. It is important to mention that these monthly averages are not representative 

of the entire month. Rather high levels of E. coli are very short lived and occur suddenly.  

 
Graph 3: A column chart showing E. Coli abundance in parts per million at Lake Kegonsa State Park 
beach 
	

Comparing Graph 3 to Graphs 1 and 2, we find that E. coli correlates with 

differing seasonal nitrogen concentration averages between adjacent seasons 

depending on the time of year. High values of E. coli in the late summer correlate with a 

greater difference in seasonal nitrogen averages between the summer and fall seasons. 

Seasonal phosphorus levels do not share the same association. Phosphorus reveals a 

stronger pattern in winter nutrient concentrations. Years of early snowmelt equate to 
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longer growing periods and greater differences of average phosphorus concentrations 

between the spring and fall seasons. 

Data taken from the Department of Natural Resources’ database on nitrogen and 

phosphorus concentrations in Lake Kegonsa was further assessed to obtain a nitrogen 

to phosphorus ratio track through time. Both concentrations were paired to the same 

date and same water column depth at the lake center site 133122. Water column depth 

ranges from surface to 0.5 meters with most data recorded at 0.1 meters. In the case 

where data was noted to have violated EPA water monitoring standards or experienced 

a technical malfunction that might have affected the results, the data for those dates 

was ignored. The paired concentrations were then converted to moles per liter in 

calculating N:P ratio. This created a varying proportionality of about 40:1 between 

nitrogen and phosphorus. Nitrogen is recorded to have a much higher abundance than 

phosphorus for the surface conditions in Lake Kegonsa. N:P values in this case are 

treated as continuous data due to the numerous population and association of a change 

across the year. These values represent N:P conditions of the lake at a specific time. 

How these values change from one year to the next is shown below as a line graph. We 

observe in Graph 4, a complicated interaction between nitrogen and phosphorus within 

each year that is consistent from 2002 to 2005. It cannot be determined whether there 

has been a decrease or increase in phosphorus abundance relative to nitrogen other 

than a possible decrease between 2013 and 2015 with an increasing ratio value. There 

appears to be two to three-year patterns. Precipitation and E. coli do not explain these 

trends. E. coli associates with relative abundance of nitrogen but not phosphorus. Years 

where there is a higher summer ratio compared to both spring and summer ratios, E. 
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coli levels exceed 600 ppm. Lesser nitrogen abundance in the summer or early fall 

correlates with years that experience less E. coli and thus less toxic phases of the lake. 

Additionally, there appears to be an early summer decrease in ratio values with a later 

summer peak increase for most years.

 

Graph 4: Line graph of N:P ratio through time measuring molar quantities of nitrogen relative to 
phosphorus concentrations 
	

To capture the intensity of fluctuations with N:P values from one date of 

measurement to the next, the penultimate N:P value was subtracted from the more 

recent value. The chart below captures how much N:P changes through time. A larger 

spread corresponds to greater fluctuations between dates, while a narrower spread 

corresponds to smaller changes between dates of measurements. We find in graph 5 

that change intensity has decreased through recent years. Years 2002 through 2004 
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experienced the largest fluctuations, while years 2004, 2008, and 2012 experienced the 

smallest amount of fluctuations in N:P values. 

 
Graph 5: Reveals changes between intervals of N:P ratio values. Data captures variability between one 
date to the next, subtracting the older date ratio from newer date ratio. 
 

The N:P ratio is an argument of the proportional relatedness between nitrogen 

and phosphorus. To validate the use of N:P in Lake Kegonsa, the paired concentrations 

were plotted as a scatter plot. Trends reveal relatedness. The change in one 

concentration should also be mirrored by some mathematically determined change in 

the other concentration if these two properties are related to one another. Horizontal or 

vertical trends would suggest that nitrogen and phosphorus concentrations are 

unrelated. We find that nitrogen and phosphorus concentrations share a linear 

relationship when concentrations are lower. However, when phosphorus exceeds 

approximately 0.09 mg/L, nitrogen fluctuates more, and the two nutrient constituents 

become less correlated. Trying to model this relationship in a least-squares regression 

suggests either a logarithmic or polynomial distribution. The logarithmic projected trend 
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has a R-square value of 37%, meaning that the function includes 37% of all variability. 

The polynomial projected trend has a R-square value of 40.5%. These are the most 

accurate trends given the limitations within the collected data. A greater amount of 

measurements where phosphorus concentrations are high might improve the accuracy 

of the trendlines and further help determine their relationship. Because nitrogen and 

phosphorus are proportionally related at lower concentrations, the use of N:P ratio is 

justified to model water quality change over time. 

 

 
	

Graph 6: Scatterplot of phosphorus (x-axis) versus nitrogen (y-axis) showing a logarithmic relationship 
trend  
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Graph 7: Scatterplot of phosphorus (x-axis) versus nitrogen (y-axis) showing a polynomial relationship 
trend  
	

5. Interactive Mapping 
An important aspect of our research is providing a spatial understanding and 

relationship of Lake Kegonsa to its community and the factors influencing water quality.  

We created a tool to explore important sites around Lake Kegonsa. These sites hold 

historical significance, are locations of current or future projects, are points where 

events took place that greatly impacted water quality, or are simply popular sites 

bolstered by the lake’s community.  The interactive map is focused on Lake Kegonsa 

and allows users to click on markers to retrieve more information on the location. 

5.1 User Persona 

 This tool will be highlighting the current efforts on Lake Kegonsa and the lake’s 

history in hopes of intriguing and educating viewers to become invested, or at least 

better informed, on why water quality is important.  The target user will be any individual 
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looking to stay updated on lake efforts, environmental planning, or curious about the 

history of Lake Kegonsa and how it has shaped the lake’s community today.  Currently, 

there is no tool to bridge the gap between scientific evidence and efforts with 

importance of place that allows the community to gain a better understanding of the 

complexity as well as the wholeness of Lake Kegonsa. 

 

5.2 Use Case: Scenario 

 The map first loads with the screen optimally populated with an overview of Lake 

Kegonsa.  There is ‘welcome’ text in the side panel explaining what the tool is and how 

to navigate and utilize the map.  Each marker will be visible, with historical sites 

represented by a clock, test sites represented by microscopes, current projects 

represented by an addition symbol within the shape of Lake Kegonsa, and alternative 

sites represented by a magnifying glass.  At this point the user decides to explore the 

map moving the cursor over one of the points.  The cursor changes from the standard 

arrow to a pointer.  This gives feedback to the user that the markers are interactive.  

The user then clicks on one of the markers and the side panel populates with 

information and images respective to that marker.  The user is able to retrieve new 

information relevant to Lake Kegonsa’s identity.  If available, the user may have the 

option to be directed off site to access additional information or resources.  If the user 

wishes to learn more about other locations, there is a home button that will return the 

view to the original map overview encapsulating all of the points of interest.  The user 

will now be able to explore additional sites following the same process they used to 
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explore the first marker.  The requirements document and pseudo code to create this 

tool: 
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Pseudo Code: 

# 1.  Set boiler plate code, linking .html, .css, and .js files and any relevant 

#       libraries, style sheets, or external sources including Leaflet’s API. 

# 2.  Create map object, setting location, zoom level, bounding box. 

# 3.  Load in rivers and watershed .geojson files through AJAX and add layer to map 

#       object. Load in geojson file of the locations containing coordinate information and 

#       relevant fields associated with the marker. 

# 4.  Iterate through markers list, creating a marker for each point. 

# 5.  Create html box to be displayed on click event, set html components of the 

#       popup. 

# 6.  Create image variable, assign what image should be displayed in the info 

#       box for each respective marker. 

# 7.  Add 'zoom to' or 'fly to' interaction over marker to bring it to the 

#      center of the screen.  

# 8.  Set any additional styling in the css style sheet. 

 

To capture important changes in the area, the interactive map incorporates 

elements of repeat photography.  Repeat photography is a form of image interpretation 

used to analyze changes over time.  It consists of photographing the same site of an 

archived image while trying to capture the same angle and time of day.  The 

photographs then get placed next to each other and visually analyzed for similarities 

and differences (Clifford et al. 2010 , 135).  For our project, a business owner we 

interviewed supplied us with pictures of a troubling storm event that washed the soil of a 



34 

tobacco farm across the street through a culvert directly into Lake Kegonsa. We have a 

real time picture of this erosion happening in 2004.  We went to the site and angle of the 

original picture and found it to be clean and dry with the exception of some fall debris.  

We did the same process for a photograph of the farm field.  When placing these 

pictures next to each other it is easy to see the smooth, steep surface of the farm in 

2004 and the buffered surface of today’s farm, holding the soil in place with woody 

vegetation.   

 

6. Discussion 
 

While there are strong limitations with the data regarding sample population and 

time of measurements, there appears to be some noticeable trends. Phosphorus has a 

stronger winter snow melt runoff effect than with nitrogen. To explain this, phosphorus 

could be present as an inorganic source within the region’s sediments during this time. 

Erosion from snowmelt would wash these sediments into channels and towards the 

lake. Phosphorus values in early winter should otherwise be very small with sediments 

locked up in ice. Nitrogen, however, does not have the same correlation as it is 

introduced to the lake via the spreading of fertilizers. These activities do not continue 

until the later spring season with the start of the growing season. The only available 

nitrogen to be eroded during the late winter season early melt would be nitrogen stored 

in sediments from previous years of agriculture or decaying matter. Influx of these two 

nutrients into the spring through fall seasons because of runoff is less clearly defined. 

The growing season and phytoplanktonic activity within the lake decreases the 
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availability of these nutrients, marking these seasons with lower concentrations than at 

time of snow melt.  

Both nitrogen and phosphorus concentrations appear to have changed very little 

within the track record. Nitrogen annual averages have not changed significantly. 

Nitrogen seasonal averages have increased slightly and have become more variable in 

more recent years. Phosphorus summer averages appear to decrease slightly between 

2006 to 2014, though increasing sharply in 2015. Phosphorus seasonal averages, in 

general, have become less variable in more recent years. This reflects a general 

interest in Dane County to manage phosphorus loading into the lakes instead of 

nitrogen. Phosphorus is much less abundant, and it is easier to manage concentrated 

influx from streams. Lake Kegonsa is the lowermost chain lake, so any mitigation of 

phosphorus for upper lakes will have a diminishing effect on phosphorus downstream. 

Our data does not include the years 2016 and 2017 during which there have been well 

funded programs to manage phosphorus like carp removal and hydraulic dredging. We 

can only determine the phosphorus and nitrogen trend before 2015. A lacking interest in 

managing nitrogen loading, other than manure injection as a farming practice, might 

explain the observed slight increase in nitrogen concentrations.  

Interestingly, the presence of E. coli reflects management efforts. E. coli levels 

have become more of a problem in Lake Kegonsa since 2011, with 2016 being the only 

exception. E. coli is found in nitrogen abundant fecal waste, such as manure used as 

fertilizer. Years where E. coli exceeded 600 ppm are marked by years with nitrogen 

concentrations differing between seasons. Additionally, higher concentrations of this 

bacteria do not seem to correlate with long periods of increased precipitation. Every 
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high occurs during a time with very little rainfall. That does not rule out short and rapid 

precipitation events. If E. coli indicates favorable conditions created by phytoplanktonic 

blooms, the growth of a bloom uptakes large amounts of nitrogen and decreases 

nitrogen concentrations temporarily. Nearer the end of the bloom, cyanobacteria release 

the temporarily stored nitrogen upon decay. A bloom in late summer results in lower 

nitrogen concentrations in the late summer and noticeably higher nitrogen 

concentrations in the fall when the bloom ends. The presence of other types of 

photoautotrophs and competition between microbes complicates the story. This could 

mean that management of phosphorus increases favorability for nitrogen fixers like E. 

coli bacteria. Lake Kegonsa could experience increased toxic phases and bacteria 

should management focus only on phosphorus. Nutrient limitation of the lake is likely 

dependent on the type of phytoplankton and the amount of relative nutrient fixation that 

occurs. 

Having assessed the N:P ratio of the lake, centered around 40:1, Lake Kegonsa 

is highly eutrophic. Nitrogen is a lot more abundant than phosphorus. The relative 

abundance of nitrogen to phosphorus has not changed significantly throughout the track 

record. However when looking at the changes in N:P, there is less intense fluctuations 

of the nutrient conditions within the lake. This would suggest that management efforts 

are having an impact on variability. Management does not seem to reflect an 

improvement in lake health, using E. coli as an indicator of harmful toxic phases. 

Variability in change intensity of N:P does not correlate with the recent increasing 

periods of bacteria. Instead, we find years with higher bacterial concentrations 

correlating with years that experience a relative N:P summer peak higher than that of 
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both spring and fall values, indicating an increase in relative nitrogen abundance. Years 

with a lower N:P summer peak, or negative trend, correlate with years where E. coli 

levels did not exceed 600 ppm and remained very low. This suggests that nitrogen has 

a greater influence on the presence of E. coli and toxicity of the lake. An early summer 

drop in N:P between May and July, likely corresponding to photosynthetic uptake and 

decreased precipitation, complicates the observed patterns. Fall season highs of E. coli 

also have a less clearly defined association between summer and fall trends due to 

limited data during that time.  

While the three year trends of the N:P data cannot be explained, E. coli and algal 

blooms may be a factor within these trends in correlating with positive and negative 

summer peaks. These trends are either increasing or decreasing in relation to the 

relative abundance of nitrogen over phosphorus for those years. Yet, due to limited 

paired data, N:P would not accurately represent trends in these abundances. We would 

need to collect more data to accurately model the lake. A changing proportionality 

threshold at 0.09mg/L in phosphorus suggests a stronger linear relationship between 

nitrogen and phosphorus when phosphorus is less than 0.09mg/L. Lake Kegonsa would 

be a favorable lake to model N:P behavior due to this threshold, in addition to a 

favorably short water residence time for less complicated modeling. 

6.1 Historic Events 
 

Throughout history, man’s perception of nature has always been the main driver 

of events that influence lake health. Many such events came with unintended 

consequences that after discovery turn the events against our natural resources into 
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events of resource management. Many examples are illustrated in the Yahara Lakes 

timeline (Appendix C) that was created out of the desire to clean and maintain the chain 

of lakes. 

Until around the 1930s, Madison and surrounding townships dumped raw 

sewage into the Yahara Chain lakes. As many as 87% of wells in Madison became 

contaminated by sewage in 1880, and cyanobacteria first bloomed in the lakes by 1882. 

Carp had also been introduced to the lakes by this time. With the addition of much of 

the watershed changed to agricultural use, water quality and algae blooms became a 

problem. The first wastewater treatment plant appeared in 1899. The Madison Public 

Health Department started treating algae blooms with copper sulfate in 1915. Arsenic 

compounds were later implemented to also treat algae blooms. They did not end these 

activities until 1954 and 1964 respectively due to environmental concerns. The largest 

impact to water quality in the lower chain lakes came from sewage dumping, and this 

had been proven in 1945 as part of the Madison Public Health Department’s 25 year 

study. Thus, a state law was passed in 1949 prohibiting untreated sewage discharge 

into lakes. Even though a focus on monitoring chemical nutrients, like phosphorus and 

nitrogen, started as early as 1947 in Lake Mendota, the DNR did not include monitoring 

Lake Waubesa and Lake Kegonsa until 1973. Clearly, not much thought was put toward 

Lake Kegonsa for water quality concerns before this time. This has affected the 

availability of our data before 2000, and so we cannot relate these events with water 

quality trends for Lake Kegonsa. 

 Using information gathered from our interviews with FOLKS and a businessman 

using the lake, there are a few events that may be related to the water quality trends 
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found in our data. Frank brought to our attention of the construction of a culvert and 

drainage ditch beneath HWY 51 in 2006. He watched as outwash from nearby 

farmlands entered the lake due to excessive rainfall. The transparency of the lake 

nearest that drain became brown. Afterwards, the lake experienced an algae bloom. 

Our data on Cyanobacteria for that year does not extend to 2006, so we cannot verify 

the claim of increased phytoplanktonic activity. However, by looking at our data for 

phosphorus seasonal means, we notice a sharp increase in phosphorus concentration 

for the year 2006. Seasonal levels of nitrogen do not show the same occurrence. This 

suggests that the construction of the drainage culvert beneath HWY 51 caused the 

observed increase. Because nitrogen concentrations did not mirror the same peak 

increase for 2006, this may also suggest and further support our finding that runoff 

affects phosphorus influx into Lake Kegonsa more than for nitrogen. This claim is true 

so long as the peak increase in phosphorus was the result of constructing the culvert 

and not by some other source. Creating this culvert opened more available agricultural 

drainage into the lake and reduced the riparian buffer of natural fixers. 

More generally, the focus on phosphorus management seems to correlate with 

increased and more variable levels of nitrogen. Our interview with FOLKS discussed 

only leaf pickup and cooperation with farmers for manure injection to reduce available 

nitrogen influx. There is larger funding for projects like carp removal and select stream 

hydraulic dredging to remove point sources of phosphorus (FOLKS, interview, 4 

October 2017). These management practices have reduced the intensity of change in 

N:P, but the increase in nitrogen alongside the increasing presence of bacteria suggests 

that nitrogen cannot be ignored. Higher levels of E. coli in more recent years means that 
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the safety of water health has decreased. The importance of nitrogen cannot be ignored 

involving health hazardous nitrogen fixers. 

 

6.2 Future Restoration Efforts 

Having spoken with the president of the FOLKS organization, he wanted to bring 

to our attention Door Creek. Door Creek’s watershed is mostly agricultural with an 

extremely reduced riparian zone. Thus, a lot of nutrients that wash from these 

agricultural fields will enter this stream with reduced fixation by riparian vegetation. Door 

Creek for Lake Kegonsa is very similar to Dorn Creek for Lake Mendota. We know that 

76% of Lake Kegonsa’s phosphorus influx comes from the Yahara River upstream. 

Considering this, FOLKS hypothesizes that most of the lake’s local influx of phosphorus 

comes from Door Creek. Depending on the results of hydraulic dredging in Dorn Creek 

to remove legacy phosphorus, they support Dane County’s plan to include Door Creek 

for hydraulic dredging (FOLKS, interview, 4 October 2017). 

7. Conclusion 
Lake Kegonsa is not nearly as forgotten now as it was throughout the early 

1900s. Monitoring from organizations like FOLKS, Clean Lakes Alliance, Dane County, 

the Wisconsin DNR, and Wisconsin Beach Health shows that Lake Kegonsa is still a 

favored lake, as it was during the Holocene. Businesses continue to use the lake, and in 

fact, the health of the lake is just as important to them so that people continue to use the 

lake. Perception and perspective of water quality is an issue that is unique to each lake. 

These two modes of thought are different. Perspective is how you see or look at 
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something. Perception is the way you think about or understand something. For Lake 

Kegonsa, we find an error in perception. Chemical nutrient interactions are complex and 

should be treated as unique for each lake. Management efforts for Lake Mendota may 

not produce the same results for Lake Kegonsa, as the two lakes are physically 

different. Lake Kegonsa reveals the importance of nitrogen in relation to E. coli. The 

health hazard of the lake has in fact increased with greater E. coli levels, a harmful 

bacterium that discourages human use of the lake. At the same time, we find that runoff 

may affect phosphorus more so than nitrogen. Current management efforts in the lakes 

have, however, resulted in less variable change in N:P conditions and possibly a slight 

decrease in phosphorus in Lake Kegonsa. This suggests that water quality has 

improved according to the perception for mitigation focus. Perception in this regard 

shapes the perspective or how we see the importance of phosphorus. So, if phosphorus 

decreases, the perspective is that water quality should improve. Our data suggests that 

phosphorus is a less important nutrient regarding usability of the lake. While 

management of phosphorous is a good thing, we cannot ignore nitrogen if bacteria is to 

be controlled.  

Lake Kegonsa may be the “ugly, red-headed step-lake,” but that does not mean 

people should lower water quality expectations. We suggest that management on Lake 

Kegonsa be focused on maintaining Lake Kegonsa as a useable lake. It will never be a 

clean lake. This means managing harmful bacteria. The nutrient connection to bacteria, 

cyanobacteria, or algae is still not well understood, so further research should be aimed 

at better understanding nutrient limitations for highly eutrophic lakes. If we had more 

time and money, we would organize times to collect data more consistently and more 
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frequently throughout the year. Additionally, there are other chemical constituents, like 

silica, carbon, and oxygen, that affect water quality. Further monitoring of Lake Kegonsa 

should account for these chemical constituents. Not all phytoplankton fix the same 

amount of nitrogen and phosphorus. A comparative analysis between phytoplanktonic 

organisms in Lake Kegonsa should address this in future research. There being a 

threshold relation between nitrogen and phosphorus concentrations in Lake Kegonsa, in 

addition to the lake having a short water residence time, suggests that Lake Kegonsa 

may be an important lake to model nutrient limitations for highly eutrophic lakes. 
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Appendix A 
Semi-structured Interview - Peter Foy 

 
This appendix includes questions, responses, and discussions during a semi-structured 

interview with Peter Foy, president of Friends of Lake Kegonsa.  This interview was 

recorded via analog processes.  Record notes were combined and then reviewed by the 

interviewee to provide for the most accurate reporting of the interview results.  It can be 

assumed that all questions were collectively asked by the G565 Lake Kegonsa group 

and that the content of all subsequent responses derive from Mr. Foy. 

 
Transcription of Interview 
 

1. How has Lake Kegonsa’s water quality changed over time? 

A-1:  Peter has been involved with Lake Kegonsa for 30 years.  Every year seems to be 

dependent on a number of different factors.  The earliest indication of water quality for 

the spring and summer months starts in winter.  If there is no or little snow cover on the 

frozen lake, then the sun has more light reaching the ice, which allows for the weeds to 

start growing earlier.  The most influential factor to Lake Kegonsa’s water quality is the 

amount of rain in the spring.  Heavy rains allows for more manure run-off from the 

surrounding farms, which causes most of the phosphorus problems.  Extreme heat 

following a heavy rainfall then amplifies water problems, creating an ideal environment 

for blue-green algae to bloom. 

2. Lake Kegonsa receives close to 70% of its phosphorus load from upstream due 

to cascading effects. Can you talk about P loading and Legacy? 
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A-2:  FOLKS encourages any clean-up efforts in the upper Yahara lakes because it also 

benefits the downstream lakes.  Because most of the phosphorus is from manure on 

farm fields, Peter said it was encouraging to see the Yahara Pride Organization, a local 

farmer-led, not-for-profit organization, focus on improving water quality with the help 

from their progressive farm members.  Farmers in Lake Kegonsa’s watershed are 

currently working on incorporating new machinery for injecting manure with hopes of 

reducing the presence of manure in the run-off from the agricultural fields. 

3. In your experience, what projects have been most successful?  Least 

successful? 

A-3:  In the 28 years that FOLKS has been established, Peter said that the projects in 

the last six to seven years have been significantly more impactful on the lake.  He 

mentions that there is growing attention and interest on Lake Kegonsa, which had 

previously been in Lake Mendota and Monona’s shadow.  Currently, there are two 

major projects on Lake Kegonsa.  Suck the Muck is a project starting on Dorn Creek, 

and if successful, will be for Door Creek as well.  These creeks empty into Lake 

Kegonsa, and the project is funded for four years to vacuum the legacy sediment of the 

creeks.  Door Creek is the second largest phosphorus loader from agricultural land in 

the larger Yahara watershed and stretches 12.7 miles from the Town of Burke to Lake 

Kegonsa.  Door Creek was straightened over the years, which has affected the creek’s 

ability to filter out phosphorus.  FOLKS also conducts aquatic tours to educate people 

about Door Creek and its influence on Lake Kegonsa.  The second project involves carp 

removal.  Transmitters were placed on 20 carp to track the populations.  There has 
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been over $50,000 raised for this project and the goal is to have removed one million 

pounds of carp within the five years of its funding.  

4. What are the ecological consequences of the methods used in maintaining 

navigational pathways (i.e. mowing, dredging)? 

A-4: Weeds hinder navigation, so harvesters work the river and the lakes to remove 

aquatic plants.  Weeds are cut much more often on the other lakes in the chain 

compared to Kegonsa because Kegonsa has less growth. 
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Appendix B 
Semi-structured Interview - Frank 

 
This appendix includes questions, responses, and discussions during a semi-structured 

Frank.  This interview was recorded via analog processes.  Record notes were 

combined and then reviewed by the interviewee to provide for the most accurate 

reporting of the interview results.  It can be assumed that all questions were collectively 

asked by the G565 Lake Kegonsa group and that the content of all subsequent 

responses derive from Frank. 

 
Transcription of Interview 
 

1. In your experience, how has Lake Kegonsa’s water quality changed over time? 

B-1:  Much like that of Peter’s response, Frank agreed that the water quality over time 

does not follow a true pattern.  Lake Kegonsa’s water quality is highly variable 

depending on the year, starting in the winter months.  He did add that there were 

specific events that individually impacted water quality such as the installment of a city 

sewage system, as well as construction events and culvert installments which allowed 

for more surface runoff to reach the lake. 

2. Do you think the changes in water quality correspond to changes in 

sewage/waste water policy? 

B-2:  Frank was able to note the improvement of water policy with the installation of 

sewage management plans in the community surrounding the lake.  

3. How does Lake Kegonsa’s water quality affect your business? 
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B-3: Frank receives numerous calls regarding water quality and notes that it ultimately 

does affect his business.  He recounted one year where the water quality was notably 

bad in August; not a lot of people came back the next year following that month.  He 

quoted a customer’s response during that time: “Sorry Frank, we love your business, 

but we are not going to come if we cannot swim in the lake.”  He said that he “holds his 

breath every year, hoping the water does not turn blue-green. 

4. The EPA’s Impaired Waters list just came out in September and although Lake 

Kegonsa was already on the list for exceeding phosphorus and chlorophyll 

thresholds for Recreation, the ‘Fish and Aquatic Life Use’ category was added.  

a. Will this new EPA designation have an effect on your business? 

b. Do you think many guests are aware of the EPA’s designation of Lake 

Kegonsa as an impaired waterway? 

c. Can you share some of the thoughts that your guests have on the lake? 

B-4: Frank was not aware of the EPA’s designation.  Because of this, Frank was not 

able to give feedback on this question. 

5. Is there any year in particular that had a bad algal bloom that you find 

memorable? 

B-5:  He noted that 2004 was a particularly bad year.  The lake would smell from the 

algae, sometimes before he could even see it.  The algae lasted longer into the fall due 

to hot and humid weather in mid-September.  

6. How have algal blooms affected your business? 
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B-6:  Algal blooms prevent people from using the lake and people only want to stay at 

his business if they can swim.  Blooms can ruin months of good business. 

7. Do boaters have any issues navigating the lake? 

B-7:  Weeds can cause damming issues, in which case the weeds have to be pushed 

out of the way. 

8. How does water quality affect the upkeep of your boats? 

B-8:  The weeds can get caught in the propeller if not consistently cut and brought out 

of the water.  

9. How do you think non-profit groups can better partner with businesses? 

B-9: Frank is a member of FOLKS and feels that the organization is utilizing its funds 

well.  He added that people are happy with how their donations are being spent.	
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Appendix C 
A CLEAN Future for the Yahara Lakes: 

Solutions for Tomorrow, Starting Today (Attachment H1 - Page 133) 
 

Year Selective Entries of Yahara Lakes Timeline, 1836 to 2010 

1836 Territory of Wisconsin established 

1836 James Duane Doty, purchased 1000+ acres of swamp and forest land on the 
isthmus between Lakes Mendota and Monona to build a city on the site. 

1849 First Tenney Park dam installed; Lake Mendota water level raised 5 feet 

1850 Federal "Swamp Acts" in 1849, 1850 and 1860 give title to 3 million acres of 
swamp land to Wisconsin to be "improved" 

1855 
Wisconsin Legislature approves current names of Yahara lakes, changed from 
1834 names of First Lake (Kegonsa), Second Lake (Waubesa), Third Lake 
(Monona) and Fourth Lake (Kegonsa). 

1870 Lake Mendota watershed under full agricultural production 

1870 Residential "water closets" installed and connected to private sewers mostly 
drain to Lake Monona 

1878 Madison editorial writers note that directing sewage to lakes lead to sewage 
buildup on lake shores 

1880 Civic leaders realize discharging sewerage into Lake Monona is wrong (situation 
will not be fully addressed for 80 years) 

1880 Private well testing shows 87% of private wells in Madison are contaminated 
by sewage 

1881 Madison Water Utility established 
1882 First blue-green algae bloom noted in Lake Mendota 

1886 Carp introduced into Yahara Lakes 

1894 UW-Madison starts limnology research on Lake Mendota 

1899 
Madison's first wastewater treatment plant operates from May 1899 until January 
1901. It didn't work. 600,000 gallons of raw sewage flowed to Lake Monona 
daily 

1915 Madison Public Health Department (MPHD) begins treatment of algae blooms 
with copper sulfate 

1934 WI Conservation Department (predecessor to the DNR) begins carp removal 
program on all four lakes 

1935 Wisconsin Legislature required schools to teach conservation education 

1936 Copper sulfate treatment of algal blooms expands to Lakes Waubesa, Kegonsa 
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1945 Role of Madison sewerage on water quality in lower lakes (Monona, Waubesa & 
Kegonsa) proved 

1947 
Algal blooms in Lake Mendota brings focus to nutrient sources feeding Lake 
Mendota 

1949 State law passed prohibiting effluent discharge to Madison lakes 

1954 
Whole-lake spraying of copper sulfate to control algae blooms ends, due to 
environmental concerns 

1964 Arsenic treatments to control aquatic plants (begun in 1926) ends 
1972 Creation of the Federal ― Clean Water Act 
1973 DNR begins limited monitoring on Lakes Waubesa & Kegonsa 

1977 President Carter signs protection of wetlands -ends all federal assistance for 
wetland conversion 

1988 Dane County Board creates Lakes & Watershed Commission (LWC) 

1995 Northern Temperate Lakes-Long Term Ecological Research(NTL-LTER) Lakes 
Mendota & Monona 

 
 

 


