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• Member of the UW graduate faculties of: 
• Environment & Resources,
• Water Resource Management, 
• Conservation Biology & Sustainable Development, and
• Limnology & Marine Science. 

• Member of professional societies: 
• Ecological Society of America
• Geological Society of America 
• International Society of Biometeorology
• Society of Conservation Biology
• Society for Integrative and Comparative Biology
• American Society of Ichthyologists and Herpetologists
• Society of Wetland Scientists



• The formation, persistence, size, and function of wetlands 
are controlled by hydrologic processes.

• Distribution and differences in wetland type, vegetative 
composition, and soil type are caused primarily by 
geology, topography, and climate. 

• Differences also are the product of the movement of water 
through or within the wetland, water quality, and the 
degree of natural or human‐induced disturbance. 

• In turn, the wetland soils and vegetation alter water 
velocities, flow paths, and chemistry. The roles wetlands 
play in changing the quantity or quality of water moving 
through them are related to the wetland's physical 
setting.

‐‐‐Virginia Carter, U.S.G.S.



Credit: Blake Draper.
University of Wisconsin‐
Madison
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Waubesa Wetlands Ecosystem Development
• Waubesa Wetlands development as a peatland ecosystem has been 

described by Robert M. Friedman, with my collaboration, and 
collaboration with limnologist Timothy Kratz and geologist Charles 
Andrews.  This was accomplished using a finite‐difference model with 
virtual hexagonal cells placed in a honeycomb pattern across the 
wetlands and extending down to glacial till whose elevation was 
measured with peat rods and gravity meter analysis, with model 
results validated by radiocarbon dating using Box‐Jenkins statistics.

• A summary of the results is given in this presentation as a map 
showing four stages of wetland ecosystem development.  This work 
on Waubesa Wetlands ecosystem development has proven to be 
fundamental to understanding Waubesa Wetlands as a system.  And 
this has proven to be fundamental for the five to seven graduate 
research projects in wetlands science conducted here every year for 
three decades, upon which work this presentation is based.
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by Barbara Bedford 
and Jim & Libby Zimmerman

Dane County Regional Planning 
Commission
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Twelve Major Subsystems of Waubesa Wetlands

• Fens, including the Great Fen
• Peat Mounds, including Waubesa Mound
• Deep water marshes, particularly near the lake shore
• Shallow water marshes, with many of these distributed along the creeks.
• Shrub carrs, including Stace Shrub Carr at the wetland/upland east interface
• Floating marsh mats, including the Great Floating marsh near its south face
• Great springs, including Bogholt Deep Spring, & others in Deep Spring Creek
• Smaller springs, including Wagon Springs and Drinking Water Spring
• Many streams, including Swan Creek and Murphy’s Creek whose watersheds 

extend outside into the upland, and internal Snail Creek, and Garos Creek
• Spring‐ponds, including Blandings Pond and Garos Ponds
• The Forested Willow Swamp, at its southeast face with uplands
• Littoral waters, spanning the full the interface of Waubesa Wetlands with 

Lake Waubesa
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Bogholt Deep Spring…
 This spring, even when sometime overwashed with 

Waubesa floodwaters, continues pouring out 
crystal clear, cold water.

 It joins with other large springs on Deep Spring 
Creek and brings Its continual cleansing action for 
the “boot” of Lake Waubesa.

 And its Purple Bacteria often can be seen from the 
air, as it is here in Spring 2007 from 1000 feet 
altitude.

















Photo credit: Joe Veltman 
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The
Waubesa Fen Mound





Groundwater pressure
below the blue clay
pushes water up the
piezometer tubes 

‐‐above the surface & 
‐‐above the water table





`









Source:
WICCI 2011 
Wisconsin’s   
Changing  
Climate



Source:
National Weather Service Forecast Office, July 2, 20014 for Madison, Wisconsin









Drill head with piece of an ice core 
retrieved on 30 November 2002 at Dome 
Concordia Station during the European 
Project for Ice Coring in Antarctica. 

This ice is from a depth of 2873 meters 
and is about 491,000 years old. 

The ice core contains a continuous record 
of greenhouse gases over the past 650,000 
years

[Photo: Laurent Augustin, LGGE Grenoble] 



Carbon Dioxide in Antarctic Law Dome Ice Cores
from 2000 years before present to 1800 A.D.

showing regulation at 280 parts per million (pprm)



Carbon Dioxide in Antarctic Law Dome Ice Cores
from 2000 years before present to 2013 A.D.



Estimation and Extrapolation of Climatic Trends 
for Evaluation and Prediction of Climatic 

Anomalies

Robert E. Livezey

Climate Services/Office of Services/NWS/NOAA

31st Climate Diagnostics and Prediction Workshop
Boulder CO, October 2006



Common Methods for Estimating and 
Extrapolating Climate Normals

• 30‐year normal, updated every 10 years, available in 3rd
year, persistence constitutes the forecast.

• Optimum climate normal (OCN), average of previous 10‐
years (temp) and 15‐years (precip), updated annually, 
persistence constitutes the forecast (CPC operational 
methodology).   

• Least‐squares linear trend fit, extrapolation of fitted trend 
constitutes the forecast.

• Intuition suggests that if the climate is changing rapidly 
and the change is dominantly linear, each successive 
method above will outperform the others.  Vinnikov, et. 
al. have attempted to quantify this relative performance. 



A Hinge Fit for U.S. Trends

• Piecewise continuous with no 
change from 1940‐1976 and linear 
change thereafter.

• An appropriate trend model with 
the reasonable assumption that the 
strong trends since the mid‐1970s 
are related to global warming.

• Livezey and Tinker (unpublished) 
demonstrated that the sampling 
variability of the hinge fit is 
substantially smaller than a linear 
fit to the last three decades.

• Thus it will outperform the linear fit 
(Slide 12) if the underlying trend is 
dominantly linear.
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Concentrations of Total Phosphorus Lake Water:

Low Precip (2‐year drought) 1988: Lowest P & water clarity was at its best.
High Precip (high spring & summer run‐off) 1993: increased P loading.
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From John M. Casselman – PPT











‐‐‐Credit: David Solomon, Univ. of Wisconsin ‐ Limnology
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Look at the Clear-Water Area 
in the next slide…

 Along the edge of Waubesa 
Wetlands, and

 At the mouths of three streams:
 Murphy Creek (south)
 Deep Spring Creek (middle)
 Swan Creek (north)
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Cleansing and Flushing of  
Lake Waubesa

 The slide we have just seen shows one of these 
ecosystem services.

 It is the flow of groundwater from springs, fens, and spring 
mounds from the Fitchburg-Waubesa Artesian Basin.

 It is this flow coupled with groundwater and surface water 
flows from Nine Springs, Swan, and Murphy Creek---also 
part of the Fitchburg-Waubesa Artesian Basin.

 This combined flow pushes clear water north to the 
Yahara River outlet at McFarland.

 Without this flow the southern “boot” of Lake Waubesa 
would be stagnant and would eutrophy.
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The next slide shows
Swan Creek

during the August 2007  Flooding
 The location here is Swan Creek 

Bridge on Lalor Road
 While Swan Creek was muddy 

during this flood event, 
 Murphy Creek remained clear
 Badfish Creek remained clear

 Swan Creek’s “ecosystem service” 
clearly is being compromised by 
upstream run-off over barren soil.
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Collective Wisdom 
published in the Landscape

 This is the Wisdom that 
is published in the Land 
and Life of Citizens and 
Governments in the 
Landscape
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Examples of this
Collective Wisdom 

on the Landscape
 Third Street Marsh Restoration between   

Wick’s Farm and Lake Waubesa
 Restoration of Esox Marsh at the Bible 

Camp on Lake Waubesa
 Public Land Purchase for Wetland Creation and 

Groundwater Injection System to correct 
Siltation of Lake Kegonsa, Colladay Point

 Heritage Park Land Purchase for Run-Off 
Interception on Lake Waubesa’s south shore

 Inter-Governmental Cooperation between the 
Town of Fitchburg and the Town of Dunn 
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Reciprocal Service
 This is the return of services by citizens 

and government back to the ecosystems 
that serve us.

 This is a “service with”--- a “con-” 
(meaning “with”) service.

 This is Reciprocal Service, Con-Service, 
Con-Servation.

 It means never simply taking, but also 
giving back to the systems that serve us 
at similar or greater levels.
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Examples of our Con-Service:
Eutrophication Remediation

in the
Fitchburg-Waubesa Artesian System

 Eutrophication of Lakes Waubesa and Kegonsa by 
treated sewage diversion via aqueduct from 
MMSD to Badfish Creek & the Rock River

 Construction of two in-lake Sanitary Sewers to 
eliminate septic leakage from converted cottages 

 Defeat of the Libby Landfill on the western shore 
of Lake Waubesa, preventing leachate production

 Restoration of Fourth Street Marsh to intercept 
and process non-point agricultural run-off 



Mackenthun et al. 
1960. Trans. Wisc. 
Acad.



 Water is fluid and only temporarily contained—whether 
in our lakes, wetlands, living creatures, soils, clouds 
above, or ground water below.  Yet it unites us and 
every component of the system that sustains us all.

 As we discover the services given by our lakes and 
wetlands, we discover why we return the services of 
our “Wetland Gem” ---Waubesa Wetlands--- with ours.  
Ours is a “con-service” —a reciprocal service between 
us and Waubesa Wetlands—to our mutual benefit.
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Waubesa Wetlands has been assessed by significant institutions, 
organizations, and agencies that have conferred on Waubesa its 
special status with regard to its quality and significance:

• The Wisconsin Department of Natural Resouces (1974)

• The Nature Conservancy of Wisconsin (1974)

• The Wisconsin Wetlands Association (2009)

• The Dane County Regional Planning Commission’s 
Wetlands of Dane County (1974)



• State Scientific Area 114
designated in 1974

• One of the highest quality and most 
diverse wetlands in southern 
Wisconsin

• Nine major springs and numerous 
other springs, fed by groundwater

• Deep spring peat cones blanketed 
with mats of bright green Spirogyra 
& brilliant purple bacteria

• An abundance of high quality water
from springs and incoming steams

• Contributes significantly to the 
water quality of Lake Waubesa

• Sedges meadow complexes, 
quaking sedge mats

• Carbonate‐rich fens 
• Streams with submerged aquatics
• Nesting osprey, least bittern, and 

black tern
• Blandings turtle, Lesser Fringed 

Gentian & Ladies Tresses Orchid
• Entire surface under protective 

ownership: DNR, TNC & Dane Co
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Dane County Regional Planning Commission’s 
Wetlands of Dane County (1974)

• Waubesa Wetlands is given a Priority I designation, one of two such 
designations for the Yahara Lakes Region of Dane County.  

• It is described as “one of Dane County's most outstanding wetlands.”
• It places all wetlands of Dane County Priority Groupings “to provide 

an aid for planning decisions.” 

• For Priority I wetlands, “Wetlands placed in this group are the best in 
the county, and in some cases, among the most valuable in southern 
Wisconsin. ...Their value is so great, especially now that there are so 
few of them, that it is difficult to conceive of any circumstances which 
would justify either their destruction or degradation.  We urge that 
every effort be made for their protection in perpetuity. ... ‘protection in 
perpetuity’ must mean absolute protection.”





Priority I Wetlands in Dane County:

• “Their value is so great, especially now that 
there are so few of them, that it is difficult to 
conceive of any circumstances which would 
justify either their destruction or 
degradation.  We urge that every effort be 
made for their protection in perpetuity. ... 
‘protection in perpetuity’ must mean absolute 
protection.”



• ‐‐‐Courtesy of Illustrated Sporting and Dramatic News



“We grieve because no living man will see again 
the onrushing phalanx of victorious birds, 
sweeping a path for spring across the March 
skies, chasing the defeated winter from all the 
woods and prairies of Wisconsin.”

‐‐‐Aldo Leopold, 1947
0

• One hundred years ago, a passenger pigeon died in a 
Cincinnati zoo. If she had been lonely, it was for good 
reason: She was the sole survivor of a species that had 
declined from several billion to one in half a century.

• And then on September 1, 1914, there were none. 
• Martha’s death was the last act in a most astonishing 
conservation tragedy.



• Water is fluid and only temporarily contained—whether 
in our lakes, wetlands, living creatures, soils, clouds 
above, or ground water below.  Yet it unites us and every
component of the system that sustains us all.

• As we discover the services given by our lakes and water,
we discover why we return its services with ours.  Ours 
is a “con‐service” —a reciprocal service between us and 
the Yahara Waterscape—to our mutual benefit.

“We see a future in which everyone realizes that

our lakes are the center
of our community.”

96



“Some ancient force in the Western 
psyche seems to perceive limitation as 
the demonic obstacle to be eliminated 
rather than as a discipline to evoke 
creativity.”  

‐‐
‐‐‐Thomas Berry, The Viable Human.
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