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Study Description

Regional, biologically based study

 Unregulated streams in the Tennessee River Valley

 Includes fish community data

 Ecologically relevant hydrologic metrics

 Used existing data

Stoneroller
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Data Sources

300 USGS stream gages

1,100 TVA fish sites 
Sampled (2000 – 2005)
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Data Analysis

Spatial filter – 3 miles
 Temporal filter – concurrent collection
 39 sites where fish and streamflow data co-located
 30 – 300 square miles
 90 hydrologic metrics for each site



Data Analysis

 Multidimensional Scaling (MDS)
 Uses similarity (Bray-Curtis) matrices to “map” sites
 Explore fish community structure

 Biotic and environmental matching (BEST)
 Maximizes rank correlations between data set matrices
 Selects influential streamflow metrics

 Quantile Regression 
 Define thresholds of IBI metrics (floors and ceilings)
 Specialized insectivore
 Sensitive species
 Link between tropic levels  
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Ceiing descibes and upper threshold that the dependent varible could be expected to be equal toleas thana percent of the time 



Results 

 Magnitude
 March streamflow variability 
 Mean annual runoff
 Maximum October streamflow
 Baseflow
 Variability in baseflow

 Timing
 Constancy
 Annual min / max streamflow timing

 Duration
 Average 30-day maximum
 Variability of annual minimum streamflow
 Variability in high-pulse duration

 Frequency
 Variability in low-pulse count
 Frequency of moderate flooding

 Rate of Change
 Number of days with increasing 

streamflow
 Streamflow recession and flow 

reversal rate
 Reversal of flow direction
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Constancy

 Hydrologic Significance:
 Stability of streamflow from day to day
 Constantly wetted perimeter
 Constant habitat availability

 Ecological Significance:
 Colonization of fish fry (Puckridge et al., 2000)

 Periphyton and invertebrate density and richness
(Clausen and Biggs, 1997 & 2000) 

 Current  study – SI scores increased with high constancy
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Intervening Factors
•Ecoregion:

• Physiography
• Hydrography

•Quantile Regression
• Identifies boundaries
• Intervening factor 

analysis 
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•Intervening Factors
• Landuse

• Agriculture > 20%

• Water Quality
• Elevated nutrients
• Sediment

Presenter
Presentation Notes
When we plot the hydrologic metric values against the specialized insectivore scores we begin to notice a few things.

First, when the sites are colored according to ecoregion like the are here, we see that sites in the same ecoregion tend to group together.  Blue Ridge, ridge & Valley, and Interior Plateau.  This is likely the result of the physiography and hydrography specific to each ecoregion.

Second, we notice the relation between the hydrologic metric and fish score is not neat straight line, actually quite scattered.  This is typical when working with ecological data.  So instead of developing a regression through the mean of the points, we chose to use a technique known as quantile regression.  Quantile regression is useful for two things: 

1) helps identify boundaries in the data associated with certain percentiles.  In this case, quantile regression is identified an 80 % line along the top of the data.  This means that 80 percent of the time, a give value for the hydrologic metric would yield a fish score at or below that line.  
 2) quantile regression is useful for intervening factor analysis and identifying whether there are more than one physical variable causing a response in the fish score.  In the case of the points circled here, the intervening factor may be land-use and water quality.



Frequency of Moderate Flooding

Hydrologic Significance:
 Frequency of event > 3 times annual median flow
 Stimulate, not destroy habitat
 Velocity and power to remove silt 
 Increases water clarity – important to sight feeding fish
 Removes embeddedness - interstitial zones cleared

 Ecological Significance:
 Salmonid nesting  (Greig et al., 2005)

 Decreased frequency ~ increased substrate stability
(Sagar, 1986; Death and Winterbourn, 1995; Grimm and Fisher, 1989)

 Current study – SI scores increased with decreased frequency
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Presenter
Presentation Notes
Parameter definition:
frequency of moderate flooding is defined as the number of flood events per year that are greater than 3 times the median annual streamflow.  Example: if the median annual flow is 100 cfs, then how many flood events per year exceed 300 cfs?
Hydrologically, these floods provide sufficient velocity and power to clear silt from the bed, but not enough power to destroy the bed.  By removing silt, the clarity of the streamflow increases which is important to sightfeeding fish such as minnows the darters.
Reported ecological significance:
This value has been identified in literature as being important to fish nesting, in particular the salmonids in the west and has been inversely related to invertebrate density and diversity in Australia.



Intervening Factors
•Ecoregion:

• Physiography
• Hydrography

•Quantile Regression
• Identifies boundaries
• Intervening factor 

analysis 
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•Intervening Factors
• Landuse

• Agriculture > 20%

• Water Quality
• Elevated nutrients
• Sediment

Presenter
Presentation Notes
Again the same pattern with ecoregions and the same points are circled with each hydrologic metric.

The intervening factors help to explain why a site could have an otherwise good value for a particular metric, yet have a low fish score.  Potentially, a stream could be restored hydrologically to a reference condition, but may still be limited by water-quality for example.




Rate of Streamflow Recession

Hydrologic Significance:
 Disconnected pools
 Quick recession linked with stream bank failure

Ecological Significance:
 Hydrologic barriers (Freeman et al., 2007; Northcote and Hinch, 2004)

 Invertebrate drift (Moog, 2006; Cushman, 1985; Petts et al., 1984)

 Stream bank failure (Whiting, 2002)

 Current study – SI scores increased with slower recession
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Rate of streamflow recession is a measure of how fast streamflow recedes following a runoff event.  A stream with a high rate of recession would return quickly to baseflow compared to a stream with a low recession rate.

Hydrologic significance:
Rate of streamflow recession has been associated with the creation of standing pools of water and stream bank failure.

Ecological Significance:
Rate of streamflow recession has been associated with stranding fish in pools potentially limiting them from reaching spawning grounds. 

Increased invertebrate drift where the streamflow was high and stirred the invertebrates up into the water column and then receded before having time to settle back to the bottom. 

Stream bank failure where the banks were saturated by high water and that then receded quicker than the stream bank could dewater.  This then creates additional sediment on the bed as well as decreasing the clarity of the water.



Intervening Factors
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•Ecoregion:
• Physiography
• Hydrography

•Quantile Regression
• Identifies boundaries
• Intervening factor 

analysis 

•Intervening Factors
• Landuse

• Agriculture > 20%

• Water Quality
• Elevated nutrients
• Sediment

Faster Slower

Presenter
Presentation Notes
Again, the same ecoregion pattern and same sites circled. 

For rate of recession, we ran the quantile regression twice.  The first run resulted in the 60th percentile line which was greatly affected by the two outlier points.  Re-running the regression without those points resulted in the 80th percentile ceiling line.



Conclusions & Future Directions

 Hydrologic metrics are limiting factors
 Other environmental factors control fish response
 Land use, water quality, ecoregion also limit

 Publish conceptual model – Ecohydrology
 Phase 2 – Develop predictive tool for ungaged sites
 Phase 3 – Evaluate existing fish data using predictions
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Mountain Madtom Boulder Darter
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So, what have we learned from this study so far.

First, hydrologic metrics do provide a limit to the health and structure of the fish community at sites in the Tennessee Valley.

Second, there are other environmental factors that also limit the response of the fish.  land-use, water-quality, and ecoregion are good candidates.




Future Tools
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Constancy

Constancy =  1 – –Σ (Yi / total) * log (Yi /total)

log (11)
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Flow bins 1 2 3 4 … … … 363 364 365 Y
≤ .1 x log(mean flow) 2 0 0 0 2 3 0 7

.1*log(flow) – .25*log(flow) 5 6 8 6 4 6 8 43

.25*log(flow) – .5*log(flow) 6 4 5 3 7 5 4 34

…
1.75*log(flow) – 2*log(flow) 1 2 3

2*log(flow) – 2.25*log(flow) 1 1

≥2.25*log(flow)

13 11 14 9 15 14 12 88 (total)

i = 1

365

Presenter
Presentation Notes
Constancy is a complex metric.  It came to ecological studies through a paper by Robert Colwell in 1974 and was an adaptation of information theory.

Constancy is most simply understood as a measure of how much is today’s streamflow like yesterdays streamflow and tomorrows, how constant is the flow.   How constant is the state of the flow.

Constancy is calculated by tallying the log of the daily mean flow into one of 11 bins, like you see along the vertical axis.  If the flow for day 4 fits into the 3rd bin, then 1 is added to that bin and so on.  When the flow is distributed evenly across the range of flows, then constancy is low (0), if it is concentrated in a few bins, then it is higher (1).



A Map of the Biological Community

Presenter
Presentation Notes
Was adopted for community analysis to address the weaknesses of parametric ordination techniques



Georgia Mileage Chart –
Euclidean Distance Matrix
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Georgia Mileage Chart –
Euclidean Distance Matrix





Proximity Denotes Similarity





Quantile Regression


	Functional Connections between Fish Communities and Hydrology in the Tennessee River Valley: A Conceptual Model��
	Study Description
	Data Sources
	Data Analysis
	Data Analysis
	Results 
	Constancy
	Intervening Factors
	Frequency of Moderate Flooding
	Intervening Factors
	Rate of Streamflow Recession
	Intervening Factors
	Conclusions & Future Directions
	Future Tools
	Technical Advisory Committee
	Slide Number 16
	Constancy
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Quantile Regression

