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” We define disturbance in stream ecosystems to be: any relatively discrete event in time that is 
characterized by a frequency, intensity, and severity outside a predictable range, and that disrupts 
ecosystem, community, or population structure and changes resources or the physical environment. 
Of the three major hypotheses relating disturbance to lotic community structure, the dynamic 
equilibrium hypothesis appears to be generally applicable, although specific studies support the 
intermediate disturbance hypothesis and the equilibrium model. Differences in disturbance 
frequency between lentic and lotic systems may explain why biotic interactions are more apparent 
in lakes than in streams. Responses to both natural and anthropogenic disturbances vary regionally, 
as illustrated by examples from the mid-continent, Pacific northwest, and southeastern United 
States. Based on a generalized framework of climatic-biogeochemical characteristics, two features 
are considered to be most significant in choosing streams for comparative studies of disturbance: 
hydrologic regimes and comparable geomorphology. A method is described for quantifying 
predictability of the hydrologic regime based on long-term records of monthly maximum and 
minimum stream flows. Different channel forms (boulder and cobble, alluvial gravel bed, alluvial 
sand bed) have different responses to hydrologic disturbance from spates. A number of structural 
and functional components for comparing disturbance effects within regions and across biomes are 
presented. Experimental approaches to studying disturbance involve spatial-scale considerations, 
logistic difficulties, and ethical questions. General questions related to disturbance that could be 
addressed by stream ecologists are proposed.”

https://www.journals.uchicago.edu/stable/10.2307/i263904


Flooding in Dane Co., WI August 21, 2018 is best 
characterized as a ‘Large Infrequent Disturbance’
These tend to:

1) Affect relatively large geographic areas and 
sociological and ecological effects often persists 
well after the precipitating event.

2) Sociological impacts (property damage or loss, 
illness and deaths) tend to be immediate and 
highly visible, while habitat attributes (physical 
and biological) are often less visible and may 
not be as immediate 

3) Sociological, ecological, and water quality 
changes may last for long periods of times

Parsons, 2018. 
http://isrs2017.com/images/Parsons_Melissa.pdf Photos Jim Ferolie



USGS 05435943 BADGER MILL CREEK AT VERONA, WI
https://waterdata.usgs.gov/wi/nwis/uv/?site_no=05435943&PARAmeter_cd=00065,0
0060



Effects may vary within the same watershed depending on stream size, number of tributaries and 
geology
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Short term effects Aug 20 – 27
What happens to temperature, conductivity and dissolved oxygen?

Conductivity is a measure of minerals or salts such as calcium, sodium, chlorides
Dissolved oxygen is diatomic oxygen or O2 in the water

Badger Mill Crk
Bruce St, Verona, WI

Sugar River
Near HWY 69
Sensors off line
In red



Longer term responses / recovery July 20 – Sept 20, 2018 one month before flooding and one month 
after flooding 
What can two months tell us that one week cannot?



How unique or unprecedented are July – September
2018 events compared to 2016 and 2017?

July 20 – September 20, 2016 July 20 – September 20, 2017

In 2016 and 2017 conductivity and dissolved oxygen return to pre-discharge event levels within days



What about streams in nearby watersheds in the 2018 flooding alert 
area? Black Earth Crk, Brewery Rd., Cross Plains, WI compared to Badger 
Mill Creek, Verona, WI

Badger Mill Crk Black Earth Crk



Habitat Assessments Pre-flooding on Badger 
Mill Creek July – September 2016
• Substrate was primarily cobble (golf 

ball to football sized rock) and gravel

• Siltation or sandiness varied from 10-
50% 

• Sparse woody habitat in stream with 
no large fallen trees obstructing flow

• Turbidity or cloudiness of water low 
with bottom of stream clearly visible

• Undercut stream banks were few

• Approximately 25% of shoreline with 
signs of erosion

Cobble-Gravel
Low silt

Cobble-Gravel
Medium silt

Coarse woody habitat
Minimal erosion
High water clarity

Undercut banks
Highly eroded
Low water clarity



Biological diversity included species associated with low to moderate water quality based on 
dissolved oxygen and water temperature

http://watermonitoring.uwex.edu/wav/monitoring/coordinator/ecology/macro.html



Brown Trout

Brown trout oxygen requirements 
are somewhat varied depending 
on the life stage with eggs and 
embryos being the most sensitive 
to low oxygen levels, followed by 
juveniles and adults. Reported 
optimal levels are above 9 mg/L. 



Concerns and implications

Based on your interpretation of the data and any additional 
background research that you’ve conducted, how might Badger Mill 
Creek, the Sugar River and Black Earth Creek change after the flooding 
of August 20, 2018? 

If you were going to plan a follow-up study, what questions would you 
ask?

What data would you collect to test your hypotheses?

What results would you expect to find compared to pre-flood periods?

What would do to prepare or protect the watershed for the next 0.1% 
flood when it happens?



Future Scenario: Example Northern Highland Lake 
Districts related to development pressure

Future Scenario: Using past data to predict the future

Carpenter, S. R. (2002). Ecological futures: Building an ecology of the long now. Ecology, 83(3). Retrieved from: http://esa.org/history/Awards/papers/Carpenter_SR_MA.pdf

CLIMATE CHANGE:
Water temperature
Discharge (flow)
Gage height (water 
level)
Specific conductance 
(conductivity)
Dissolved oxygen 
concentration 
Percent of dissolved 
oxygen 

Image Credit: Public Domain



“Ecosystem dynamics unfold into the future but are understood by examining the past. A forward-
looking ecology, which assesses a broad range of possible future ecosystem states, is the complement 
of long- term, historical approaches to ecology.”
http://esa.org/history/Awards/papers/Carpenter_SR_MA.pdf

We’ve looked at past data related to 
local flooding. Extreme weather 
events are predicted to increase in 
the frequency and intensity based on 
multiple climate models. What is 
uncertain and unknown, is how 
climate changes will change the 
Upper Sugar River Watershed and 
surrounding areas. Future scenarios 
are one of the new tools that 
ecologists have sometimes used to 
consider future implications of a 
range of changes. 

Future Scenarios for Northern Highland Lake 
Districts related to development pressure


