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The Tragedy of the Commons

• “Picture a pasture open to all.  It is to be expected that 

each herdsman will try to keep as many cattle as possible 

on the commons.  Such an arrangement may work 

reasonably satisfactorily for centuries because tribal 

wars, poaching, and disease keep the numbers of both 

man and beast well below the carrying capacity of the 

land.  Finally, however, comes the day of reckoning, that 

is, the day when the long-desired goal of social stability 

becomes a reality.  At this point, the inherent logic of the 

commons remorselessly generates tragedy.”
• Garrett Hardin, 1968



Lac Courte Oreilles 

• Upper Couderay River

Watershed

– 125 square miles
• Five Cranberry Bogs

• > 8,000 Acres of Agriculture

• >4,600 Acres of Development

• > 30,000 Acres of Forest

• All water flows to Lac

Courte Oreilles – All

share/contribute

nutrients to the

commons.
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Cisco (aka Tulibee or Lake 

Herring)

Cisco are suspending planktivores- found through-out the 
thermocline (all of 1st story, including center of the room, 
and not just along the walls.) Moderately abundant and 
smallish in LCO. Small cisco tend to be long and look very 
smelt-like. Size is usually an index of density. Big cisco come 
from small populations.  Excellent forage fish for just about 
anything. Move upstairs to 2nd story, in evening, to feed, 
and to get eaten by warm water fish. 



Whitefish

Lake Whitefish- Cold, well-oxygenated water, close to 
bottom. Live a long time and grow big in LCO. Not 
abundant. Deep-bodied. Summer habitat is already severely 
limited- perimeter of thermocline (walls of 1st story).  More 
omniverous than cisco, but also capable of eating 
zooplankton. Considered one of the world’s best eating fish. 
Commercial fisheries in some waters. 



How Rare is the LCO Fishery?

• Wisconsin has…
– 15,089 lakes

– 7,000+ lakes with fisheries

–200 two-story fisheries (3%) 

–100 self-sustaining two-story fisheries 

(1%)

–5 Outstanding Resource Waters 

with Cisco AND Whitefish



Cold Water Habitat in LCO

• Existing Habitat
– 5.0% of LCO Volume is Suitable to Cisco

– 0.25% of LCO Volume is Suitable to Whitefish

• Factors Threatening Cisco and Whitefish Habitat
– Temperature 

• Warm September – No Escape Hatch for Cold Water 
Fish

– DO2 and Excessive Nutrients 

• Phosphorus Fosters Excessive Plant Growth

• Decaying plants consume O2

Percent Habitat

Cisco Whitefish



What’s at Risk up the 

Foodchain?

Lac Courte 
Oreilles 1940
Louie Spray 

World Record 
Muskie

61 lbs. 13 oz.  

Lac Courte Oreilles 
1949

Cal Johnson World 
Record Muskie

69 lbs. 8 oz.  

http://www.gmmoorebooks.com/portfolio?lightbox=i41wss

http://www.freshwater-fishing.org/



Phosphorus

• A nutrient essential to plant 

growth (including aquatic 

plants)

• A nutrient generally bound

– Microorganisms break down 

organics (plant residue, manure 

etc)

– Mineralization

– Mineralization released by 

sediments

– Inorganic P dissolved in water

• Excessive P leads to 

eutrophication in water 

bodies



Phosphorus, Clean Water Act and 

LCO
• Clean Water Act Objective:  restoration and maintenance of the 

chemical, physical and biological integrity of the country’s water.  

• Section 303(d) requires states to identify waters within their state 

where current pollution control technologies alone cannot meet the 

water quality standards set for that waterbody.  

–Two-story stratified fisheries have a current 

standard of 15ppm total phosphorus (TP) 

•NR102.06 (4)(b)1 (2010)

•EPA Approved the Rule in 2012



Phosphorus, Clean 

Water Act and LCO

• Musky Bay and 
Sissabagama Lake declared 

impaired waters

• Whitefish Lake is a 
proposed  impaired water

• Musky Bay falsely 
separated from Lac Courte 
Oreilles
– Shares a lake number WBIC 

2390800

– Shares over .33 miles

• Dissolved O2 shown 
impaired on LCO



COLA

• Courte Oreilles Lakes Association

• Long term goal for TP for all LCO and natural bays is 
10ppb (2014-proposed to WDNR)

– Work with cranberry growers to eliminate discharges

– Investigate dredging or chemical treatments (Technical Fixes)

– Shore land development (buffers and septic tanks)

– Land use in the LCO watershed

•Agricultural
• Forestry

• Impervious surfaces



Agricultural Best Management 

Practices
• Reduce or minimize water quality impacts from 

agriculture

– Examples

1. Conservation Tillage
– Leave crop residue on soil to reduce runoff, soil erosion,                                                             

conserve soil moisture

2. Crop Nutrient Mgt
– Nutrient accounting to ensure nutrients are available                                                                        

to meet crop needs yet reduce nutrient movement off fields

3. Pest Management
– Varied methods to keep pests below economically harmful levels yet 

protect soils, water and air 

4. Conservation Buffers 
– An additional barrier of protection that captures potential pollutants



EVAAL

• Erosion Vulnerability 

Assessment for 

Agricultural Lands

– Toolkit designed to prioritize 

areas within a watershed 

which may be vulnerable to 

soil erosion

– Increase the probability of 

locating fields with high 

potential for nutrient export 

that would benefit from 

implementation of 

agricultural best 

management practices



EVAAL is a Relative Index

• Intended to prioritize or 

rank areas that may be 

vulnerable

• Not meant to estimate 

actual sediment or nutrient 

runoff



EVAAL Data Sources

• Area of Interest Boundary
– Upper Chippewa River Watershed, 

LimnoTech. 

• Digital Elevation Model
– 10 Meter National Elevation Dataset, 

Natural Resources Conservation 
Service

• Soils (K Factor)
– SSURGO Soils, Natural Resources 

Conservation Service

• Culvert Lines
– Modeled from elevation and manual 

inspection to break digital dams from 
roadbeds and bridges

• Frequency-Duration Precipitation 
Data
– National Oceanic and Atmospheric 

Administration (NOAA) 
Hydrometeorological Design Studies 
Precipitation Frequency Data Server

• Land Cover
– National Cropland Data Layer, United 

States Department of Agriculture, 
National Agricultural Statistics 
Service, updated with field 
inventories from Tim Seidl and Ron 
Spiering 

• Zone Boundaries
– Agricultural tax parcels

• BMP Locations
– Optional, not applied



• DEM Conditioning

– 10 meter DEM from 

NRCS

– DEM clipped to 

watershed

– Resampled to 3-meter

– Topo to Raster to break 

digital dams with 

modeled culverts
• Creates a connected 

drainage structure

• Better represents ridges and 

streams



• Precipitation Modeling

– NOAA ATLAS 14 Data

– 1000 year, 24 hour 

precipitation event
• 10.4 inches high

• 9.3 inches low

– Determine potential for 

runoff



• Crop Rotations

– National Cropland Data 

Layer, USDA, NASS (5 

years)

– Updated with field 

inventories from Tim 

Seidl and Ron Spiering 

– Determine potential for 

erosion based upon 

cover crop



• Cover Management Factor

– Reflects the effect of cropping 

and management practices on 

erosion rates (e.g. clean tilled 

soils)

– Model offers a high estimate 

and low estimate of runoff 

potential based on 

management practice

– High estimates (worst case) 

were used for this analysis

– Examples

• Cash Grain + High Cover = 0.0098

• Continuous Corn + Low Cover = 

0.3005





• Soil Erodibility

– Extracted from SSURGO 

Soils

– Indicates the susceptibility of 

a soil to erosion

– Examples

• Clayey soils are resistant to 

detachment

• Sandy soils, though easily 

detached, have low runoff 

potential

• Silty soils are most easily 

erodible

– Applied to the calculation of 

sheet and rill erosion



• Estimates water runoff 

potential considering

– Total precipitation minus

• Evaporation

• Absorption

• Transpiration

– Cover type

– Cover management

– Soil condition

• Worst case scenario 

selected





• Identify areas that do not 

contribute to surface water 

runoff

– Compare volume of runoff to 

remaining “sinks” in the 

conditioned DEM

– Multiple iterations and some 

manual modifications





• Soil Loss Potential 

– Measures the potential for 

sheet and rill erosion

– Applies the USLE Soil Loss 

Equation where

• Soil erosion in tons =

• Rainfall    x

• Soil Erodibility (K Factor)   x

• Slope Length   x

• Cover   x

• Management Practice



• Gully Erosion Estimation

– Measures the erosive power 

of flowing water (Stream 

Power Index)

– Calculated using

• Stream Power Index   =

• Flow Accumulation in the 

watershed    x

• Slope

– Not calculated for areas 

considered to be perennial 

streams



• Erosion Vulnerability 

Index

– Measures the 

combination of Soil 

Loss Potential and 

Stream Power Index

– Internally Draining 

Areas are Excluded



• Erosion Vulnerability 

Index by Parcel

– Measures the 

combination of Soil 

Loss Potential and 

Stream Power Index

– Internally Draining 

Areas are Excluded

– Mean average score 

affixed to the parcel
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