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Motivation for Research



Tensaw River Delta, 1977



Bernhardt et. al. 2005. Synthesizing U.S. River Restoration Efforts, 
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Cameron Run Watershed



Cost/Benefit Analysis
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Stream Restoration is….
 the intentional act of  recreating or 

repairing  the structure and function of 
a stream ecosystem so that natural  
processes can operate unimpeded.

(National Research Council 1992, McCandless and Bisland 1995, 
Brookes and Shields, Jr. 1996, Williams et al., 1997, Stream Corridor 
Restoration Handbook, 1998, Palmer et al 2005.)
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Ecological Structure vs. Function
 Structure

 Channel configuration  
(dimension, pattern, profile)

 Focal habitat types (e.g. pools 
and riffles)

 Focal species (trout)
 Functional group (game 

species)
 Species diversity (IBI scores)

 Function
 Food web interactions
 Nutrient processing/uptake
 Primary production
 Sediment transport
 Detoxification

What is the impact of restoration activities on ecosystem function in 
streams?
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Stream Restoration often focuses on 
physical manipulation of structure.

(Poff et al., 1997)
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Issues
 Stream restoration practice has only a rudimentary 

sense of how to restore for function

 The demand for restoration is driven by valuation of 
ecosystem services.

 Ecosystem services are defined at the interaction 
between human perception and stream ecosystem 
function and structure.



Research Needs
 Science-based tools and guidelines that are practical 

for stream restoration practitioners.

 Tools should accurately assess and monitor ecosystem 
services at different spatial scales.

 Metric should be developed that allows decision-
makers to differentiate the effects of different 
restoration scenarios (emerging properties key).



Hypothesis and Objectives



System diagram of a generic stream section

Odum (1994)



Guiding conceptual model for stream restoration 
activities in a generic reach
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Figure 1. Conceptual model (based on energy systems diagramming as in Odum (1994)) of a stream reach and the role of engineered redirective structures in the overall energy signature—the forcing functions—on the metabolic processes of the ecosystem within that reach. Installation of in-stream redirective structures for stream-bank stabilization, represented by pathway A, results in the entrainment of more potential energy of the flow as kinetic turbulent energy within the stream reach. The increased heterogeneity of in-stream turbulent velocity regime can stimulate additional production and respiration of lotic and benthic components of the ecosystem, measureable through standard techniques of stream metabolism and on other water quality parameters (diagram after Odum (1994), p. 423).




Proposed Hypothesis
 Modifications in the hydraulic signature of a stream will 

result in shifts of ecological structure and function
(supported by: Statzner and Higler 1986; ASCE 1992; Ernst et al. 
2010; Baldigo et al. 2010). 

 The goal is to determine whether the current dominant 
paradigm in stream restoration of installing a series of in-
stream structures to increase habitat heterogeneity at 
the pool-riffle scale will indeed result in a correction to 
impacted ecological function and structure of the stream. 



What’s expected.

Change in hydraulics

Change in ecosystem structure

Change in ecosystem function

Hyporheic
exchange

Groundwater Exchange



Methods



LaFarge Natural Aggregates, Inc.

Field Site: Elton Creek
(Delevan, NY)



Problems
• Lack of riparian buffers 
▫ Hemlock forests
▫ Willows

• Channelization

• Agricultural run-off
• High productivity

• Instability
▫ Flashy hydrograph
▫ Massive bank erosion
▫ Lateral migration
▫ Head cuts (multiple)



Guiding conceptual model for stream restoration 
activities in a generic reach
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Figure 1. Conceptual model (based on energy systems diagramming as in Odum (1994)) of a stream reach and the role of engineered redirective structures in the overall energy signature—the forcing functions—on the metabolic processes of the ecosystem within that reach. Installation of in-stream redirective structures for stream-bank stabilization, represented by pathway A, results in the entrainment of more potential energy of the flow as kinetic turbulent energy within the stream reach. The increased heterogeneity of in-stream turbulent velocity regime can stimulate additional production and respiration of lotic and benthic components of the ecosystem, measureable through standard techniques of stream metabolism and on other water quality parameters (diagram after Odum (1994), p. 423).






Research Approach
 Measure stream ecosystem metabolism in restored 

and unrestored reaches of an impaired stream

 Measure at two scales
 Stream reach scale (upstream-downstream oxygen 

diurnal method)
 Stream benthos scale (sample substrate and light-dark 

chamber method) 

 Model hydraulic characteristics of geomorphically 
distinct reaches

 Develop metric linking flow and stream metabolism 



Hydraulic Signature: Pool-Riffle Scale
 Kinetic Energy: quantified the rate 

at which flow’s of kinetic energy 
changed in the x-direction 
(downstream) between two points

 Vorticity: equal to the twice the rate 
of the rotational velocity gradient 
difference (assuming 2-D flow)

 Circulation of the vortex structures 
(based on Munson et al., 2002)

Source: Crowder and Diplas, 2006



Hydraulic Signature: Reach Scale

Source: Nester et al., 2005



Elton Creek Field Site
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Background: Stream Metabolism

 Oxygen diurnal:
 primary production (day) and 

community respiration (night)

6CO2+12H2O  6O2 + C6H12O6 + 6H20



Stream ecosystem metabolism:
Upstream-Downstream method
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Stream Metabolism: Benthic substratum



Stream ecosystem metabolism:
Substrate-Chamber method
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Field samples (16 weeks)



Experimental Setup

Light chamber Dark chamber Data acquisition



Results



Stream metabolism (reach scale)

• GPP and P/R different for two reaches
• Net heterotrophic (P/R<1)



Macroinvertebrates

40



Flow



Conclusions
 Differences in stream metabolism at the reach level are 

observed for different geomorphological conditions

 Chamber method could be used as a “bioassay” of a stream 
pre and post restoration to accurately shows shifts in 
ecological function and not just structure

 Flow fields are diverse for restored and unrestored reaches of 
Elton Creek and a hydraulic signature could be used to define 
a restored reach

 Froude number may not be sensitive enough to detect 
differences in stream metabolism at the stream segment level 
using two point method; however, chamber method does 
correlate with Froude number.



Tensaw River Delta, 9/6/15

Questions?
Stacey S. Blersch

ssb0018@auburn.edu
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