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Oligotrophic

- Clear Water

- Low Nutrient Conc.

- Low Productivity.

- Desirable Fishery
but often limited

Mesotrophic

- Occasional Algal Bloom

- Moderate Nutient Conc.

- Increased Productivity

- Good Fishery

Eutrophic

- Frequent Algal Blooms

- High Nutrient Conc.

- Very Productive

- Freq. Deep DO Depletion
- Rough Fish Common

Eutrophication

Time &

Nutrients

Types of Lakes



Morphometry

Area – 700 ha; 3.7 mi2

Fetch – 6 km; 3.5 mi

Max Depth – 16.5 m; 54 ft

Mean Depth – 7.6 m; 25 ft 

Delavan Lake



Delavan Lake
Elkhorn



Delavan Lake - Productivity





1972 - EPA Study
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Sources of Nutrients to Delavan Lake

Point Sources Contribute ~76% of the Phosphorus Loading 

to the Lake

Total P Load

8,020 kg/yr

http://www.epa.gov/






Delavan Lake
Monitoring/Evaluation Sites

Monitoring 

Station



Historical Total Phosphorus Concentrations in 

Delavan Lake
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Internal Release of Phosphorus from Deep Sediment

“Internal Loading”

Epilimnion

Hypolimnion
Thermocline



Phosphorus Budget For

Delavan Lake – 1984-85

Total P Loading – 8,700 kg/yr

Internal

52%

Inlet

36%

Ungaged

10%

Atmosphere

1%
Ground water

1%

Internal

Inlet

Ungaged

Atmosphere

Ground water



Management 

Strategies based on 

Scientific Monitoring 

Data and Scientific 

Relations/Models



Goals for Delavan Lake Rehabilitation

Increase Water Clarity – Increase Average Summer 

Secchi Depth from ~1.0 m to at least 1.5 m

Decrease Average Summer Chlorophyll a 

concentration from ~30 – 50 ug/L to 14 ug/L

Decrease in lake spring P concentration from 

~100 – 120 ug/L to about 34 ug/L

Decrease P Loading to the lake from about 

8,700 kg/yr to about 1,900 kg/yr



Typical conditions associated with trophic status

Based on work of Dennis Schupp MDNR Fisheries

Oligotrophic Mesotrophic Eutrophic Hypereutrophic

PreRehabilitation



1984-85

Internal

52%

Inlet

36%

Ungaged

10%

Atmosphere

1%
Ground water

1%

Internal

Inlet

Ungaged

Atmosphere

Ground water

Total – 8,700 kg/yr

Reduce by >60-75%

1,900 kg/yr

Phosphorus Budget For

Delavan Lake – 1984-85



WDNR > Dingle Johnson Funds

Dept. Ag. > Nonpoint Funds USGS > Cooperative Funds

Local Support > Cash and In-kind

USEPA > Clean Lake Funding

> Water Pollution Control Project House Public Works Committee

> Natural Prototype Project for Rehabilitating Lakes

>> ~$ 7 Million

State Government



Kickoff Meeting with Congressman Les Aspin, 1989



Watershed Management - BMP’sExternal Sources





East Pond

West Pond

North Pond

Jackson Creek WetlandDelavan Lake Inlet

External Sources



Jackson Creek

at Petrie Rd.
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Chemical Application of AlumInternal Sources



Core Picture



Typical Food Web of a Mesotrophic Lake



Delavan Lake - Premanipulation

Carp & Buffalo

Biological

- Biomanipulation

Delavan Lake - Postmanipulation



Planktivores Piscivores

PREmanipulation POSTmanipulation



Rotenone Addition
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Midwest Floods of 1993
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Phosphorus Loading to Delavan Lake

Annual P Loading to Delavan Lake
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East Pond

West Pond

North Pond

Jackson Creek WetlandDelavan Lake Inlet



Jackson Creek

Tributary 2 (T2)

Jackson Creek

Tributary 1 (T1)

Jackson Creek

(JC)

West Pond North Pond East Pond

Tributary inflow

Pond Accumulation

Estimated Pond Loss

Phosphorus outflow @ Mound Rd.

680 1,9721,018

2,560 kg Output

- 30% P Removal

Phosphorus

Budget - kg’s

3,670 kg Input



Jackson Creek

at Petrie Rd.
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Delavan Inlet





D

Phosphorus Budget for Delavan Lake Inlet

Atmosphere

Ground water

Ungaged

Gaged

Deposition

OutMacrophytes
Oxic Anoxic

Storage

PG + PUG + GGW + PATM + {(PSO + PSA + PMAC) + DS - PDEP}  =  POUT

http://www.army.mil/media/amp/?bcpid=6981683001&bctid=86666150001


http://www.army.mil/media/amp/?bcpid=6981683001&bctid=86666150001


> Release Rates as a function  of DO and pH

http://www.army.mil/media/amp/?bcpid=6981683001&bctid=86666150001
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36%

Phosphorus Budget for

Delavan Lake Inlet

pH ^^

photosynthesis

clarity

macrophytes

http://www.army.mil/media/amp/?bcpid=6981683001&bctid=86666150001
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Jackson Creek

at Petrie Rd.
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Chemical Application of AlumInternal Sources



Near Bottom Total Phosphorus Concentrations

Internal Loading
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Phosphorus Budgets

For

Delavan Lake
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Delavan Lake - Premanipulation

Carp & Buffalo



Post-manipulation



Changes in Walleye Population in Delavan Lake
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Puliceria Types (large)
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Bacillariophyta (Diatoms)
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Delavan Lake

1994



But, where have things gone since 1994?? 



Total External Annual P Loading to Delavan Lake
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Delavan Lake - Total Phosphorus Concentrations
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Volumetrically Weighted Mean Total Phosphorus Concentration, HWY 50
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Has there been changes in the Watershed??
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Jackson Creek WetlandDelavan Lake Inlet

Are the Wetlands Still Working



East Pond, Cross Section Number 6
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East Pond

Annual Change in Mean Depth

Predicted Mean Depth = -0.1034x + 208.39

R2 = 0.95
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** Note Work in the Wetlands is being used.



East Pond, Cross Section Number 6
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Water-surface elevation = 930.56 ft  (5/05/2009)

To extend the life of the Wetlands – Dredging was conducted in 2009



How has the Inlet been affecting the Phosphorus 

loading to the lake in recent years??



Importance of Loading from Inlet to P Load at HWY50 
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Any Short Circuiting??
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Chemical Application of AlumInternal Sources



Bottom Total Phosphorus Concentrations
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Trophic State of Delavan Lake
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Changes in Fish Populations in Delavan Lake
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Bacillariophyta (Diatoms)
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Chlorophyta (Green algae)
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FISH DISTRIBUTION, 2004

Bluegill

39%

Rock Bass

0%

White Suckers

0%

Crappie

11%

Largemouth 

Bass

18%

Smallmouth 

Bass

1%

Northern Pike

3%

Muskellunge

0%

Pumpkinseed

2%

Perch

3%

Bullheads

2%

Carp

6%
Walleye

15%





Increased Macrophyte Production



Filamentous Algae Growth

- Growth high in all shallow regions without 

macrophytes



Introduction of Zebra Mussels







Chemical Control of Algae (some Macrophytes)
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Further-manipulation

Walleye

Unplanned Biomanipulation in Delavan Lake

Zebra Mussels



Trophic State of Delavan Lake
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Conclusions
Rehabilitation Program

1. Success depends on what part is examined.

2. Water clarity and fish populations remain good but 

decreasing, especially late in the summer.

3. Macrophyte and filamentous algae growth very high, now 

mid- and late-summer algal blooms.

4. Walleye populations have declined and carp populations 

have increased but strong fishery and possibly the effects of 

zebra mussels maintain a weak trophic cascade.

5. If you don’t eliminate the source of the problem 

(phosphorus loading), any action will be a temporary fix.





Delavan Lake, Wisconsin

Extensive Algal Blooms of 2007





Extensive Algal Blooms of 2007 >> How will Climate Change Affect Productivity



How will the Inlet and potential future development 

affect the Phosphorus loading to the lake??



What can be done to protect the lake??
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2001-2009
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~25% Reduction So Far
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Is another Alum Treatment the 

ANSWER?



Evaluation of the Importance of Internal Phosphorus Loading with 

DYRESM-CAEDYM

Thermal Structure in Delavan Lake

http://www.waikato.ac.nz/


External – 49%

Internal – 45%

Evaluation of the Importance of Internal Phosphorus Loading with 

DYRESM-CAEDYM

Total Phosphorus Concentrations - NOW Chlorophyll a (Algae)

Total Phosphorus Concentrations – With Alum
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~25% Reduction So Far
Present Loading ~6,000 kg

Total Phosphorus Loading in 

2001-09

Is another Alum Treatment the 

ANSWER?

More Dredging?

Biomanipulation?



Delavan Lake
USDA – MRBI - Mississippi River 

Basin Healthy Watersheds Iniative



Goal: Use Scientific Information in the Long-term Maintenance 

of Delavan Lake, Wis. 

Don’t waste money on inefficient or short-lived projects (alum 

without stopping the source, short-circuiting without barriers)



Delavan Lake
Monitoring/Evaluation Sites

Monitoring 

Station
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