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Ecosystem Restoration in the Corps



Structure Function

What ecosystems look like What ecosystems do

A snapshot in time Usually a rate

Restoration emphasizes form Restoration emphasizes process

Emphasize the static 
condition

Focus on dynamism

Indicates something is wrong Indicates why it is wrong

Varies in time and space Varies in time and space

Necessary for restoring a 
healthy ecosystem

Necessary and sufficient for
restoring a healthy ecosystem

Definitions: NRC Report on Ecosystem Services (Heal et al. 2005)
Table after Amy Rosemond (UGA)

Structure: “refers to both the 
composition of the ecosystem 
(i.e., its various parts) and the 
physical and biological 
organization defining how those 
parts are organized”

Function: “describes a process 
that takes place in an ecosystem 
as a result of the interactions of 
plants, animals, and other 
organisms in the ecosystem with 
each other or their environment”



Figure: metrovancouver.org
See also: MEA (2005), Murray et al. (2013), Tazik et al. (2013)

Plus other services not listed here…



Structure Process/Function Services

Fish habitat Population survival rate Commercial fishing yield

Channel width Bank erosion rate Land gain / loss

Nitrate concentration Nutrient uptake and 
transformation rates

Reduced water 
treatment cost

Wetland plant density 
or configuration

Storm surge attenuation Reduced flood damage

Population abundance 
of salmon (i.e., run size)

Reproductive or survival rates Subsistence fishing 
harvest

Biodiversity Adaptation or speciation rates Heritage value for future 
generations

Watershed connectivity Sediment flux or delivery Maintenance of wetland 
elevation under SLR

After Palmer and Febria (2012)



Ecosystem



Physical Structure
• Historic focus of restoration

• Examples: hydrodynamics (velocity, depth, etc.), 
channel shape, water quantity, habitat assessment

Physical Function
• Growing emphasis and use in restoration

• Examples: sediment transport, channel migration wood 
recruitment and transport rates

Biotic Structure
• Growing interest in assessing biotic assemblage

• Examples: species richness, abundance, diversity 
indices, biomass

Biotic Function
• Less work to date in the restoration community

• Examples: demographic rates (reproduction, survival),
production, respiration, metabolism, energy flux



Why do we care about biotic 
function?
• Consider one of the most 

basic functions, primary 
production. It’s ultimately 
the source of all life on Earth. 

• Biotic function influences 
structure: if we’re going to 
grow fish, we need energy. 







Ecosystem metabolism
• We can also think of metabolism as a balance 

of carbon. 
– Primary production turns CO2 into plant biomass

– Respiration (by plants, bugs, fish) releases CO2

• OR we can think of metabolism as a balance 
of oxygen
– Primary producers release oxygen during the day 

when photosynthesizing

– All organisms consume oxygen both day and 
night for respiration







For example, if we knew how flows
influenced different primary producers,
we could predict the effect of different 

water withdrawal or dam release scenarios. 











Ecosystem Function in the Middle Oconee River, 
Georgia
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Middle Oconee River, Ben Burton Park

Common management issues:
• Pumped-off stream storage
• Small-scale hydropower
• Recurring droughts
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31 - North Oconee

2 - Middle Oconee

3 - Bear Creek 
Reservoir

4 – Small Hydropower
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Middle Oconee River, Ben Burton Park

Rich history of previous studies in 
benthic communities and hydrologic 
patterns dating back to 1962 

Common management issues:
• Pumped-off stream storage
• Small-scale hydropower
• Recurring droughts





1Odum School of Ecology 2River Basin Center 3US Army Corps of Engineers4 US Geological Survey

Middle Oconee River, Ben Burton Park

Rich history of previous studies in 
benthic communities and hydrologic 
patterns dating back to 1962 

Common management issues:
• Pumped-off stream storage
• Small-scale hydropower
• Recurring droughts

Prince William Conservation Alliance



Vannote et al.
1980



Biofilm or Periphyton

Vannote et al.
1980



Vannote et al.
1980

Phytoplankton

Photo Credit: Smithsonian Magazine



Vannote et al.
1980

Biofilm

Aquatic Plant: 
Podostemum

Filamentous Algae

Phytoplankton







Modified from Baron et al. 2002





IDENTITY AND BIOMASS





IDENTITY AND BIOMASS





Monthly Biomass Sampling

Chamber Studies

Whole Stream Data Logging

Modeling Ecosystem Function

USACE Hydrology Model
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USACE Hydrology Model
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Photo credit: Phillip Bumpers, Amy Rosemond



Monthly Biomass Sampling

Chamber Studies

Whole Stream Data Logging

Modeling Ecosystem Function

USACE Hydrology Model





Monthly Biomass Sampling

Chamber Studies

Whole Stream Data Logging

Modeling Ecosystem Function

USACE Hydrology Model



Monthly Biomass Sampling

Chamber Studies

Modeling Ecosystem Function

Whole Stream Data Logging

USACE Hydrology Model
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2016 Algae

~504 cfs

~1430 cfs



2016 Algae

~504 cfs

~1430 cfs

Diatom

Filamentous 
Algae



2016 Podostemum

~504 cfs

~1430 cfs



Turbidity  = <10 NTU, Discharge = 191 cfs Turbidity  = 355 NTU, Discharge = 3920 cfs







Thank you to the Wenger lab, Rosemond lab, and the many 
undergraduates, fellow graduate students, and staff who have helped 
me already!


