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Using aquatic organisms 
to learn about river health



Too much water to monitor!

• >28,000 segments in SC

• >15,000 river miles

• And that’s just wadeable streams (~84% of surface water in SC)



Too much water to monitor!

for people to



SC Freshwater Diversity

• 146* fish species

• 1,092 invertebrate groups (many more  species)



Bio-assessment: using aquatic 
organisms to learn about river health





Flow-ecology relationships
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Use of the relationships
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Purpose

• To provide insight on the potential response of organisms to the alternate 

water withdrawal scenarios produced by SWAM. 

• We aim to put the SWAM results into a biological context.

• High demand water use scenario: 100 to 60 cfs 

Predict

25% loss of 

species



How will this work? Step 1



How will this work? Step 2

Working 
group

Ask RBC for a vote



How will this work? Step 3

Scenario Current Predicted % Change

MD 100 80 20%

HD 100 60 40%

SWAM results

Selected relationships

Scenario Loss of species Risk

MD 15% Med

HD 25% High

View SWAM results in a biological context



Step 1: Quantify the flow-ecology relationships



Framework

• The ecological limits of hydrologic alteration (ELOHA). 
Poff et al., 2010

A. Build a hydrologic foundation of streamflow and biological 
data

B. Classify natural river types

C. Model and select flow ecology relationships



Biological Data:

• 492 Fish sites (streams & 
rivers) 

• DNR

• 8 biological response metrics

• 530 aquatic insect sites 
• DHEC

• 6 biological response metrics
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Characterizing aquatic diversity

• Species richness: number of species

• Shannon’s Diversity: Accounts for percentages

Diverse biota = healthy ecosystem

Tolerant 

species
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Hydrologic data
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Build a hydrologic foundation of streamflow data

• WaterFALL model: 

• rainfall-runoff model 30-year period

• Accounts for withdrawals, discharges, and 

reservoirs within the river network

• 24 hydrologic metrics

• Flow regime: Timing, magnitude, 

frequency, rate of change, and duration



2020
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Relevance of flow regime components

• Magnitude: MA1 (mean daily flow) and ML17 

(base flow)

• Alteration of habitat

• Reduced water quality and higher mortality

• Duration: DL16 (duration of low flow)

• Alteration of connectivity

• Increased duration of low water quality 

• Timing: TL1 (timing of low flow events)

• Loss of access to habitats

• Disruption of life-cycle cues (spawning, egg hatching, 

migration) and decreases in recruitment

• Invasion of exotics
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Framework

• The ecological limits of hydrologic alteration (ELOHA). 

Poff et al., 2010

A. Build a hydrologic foundation of streamflow and biological 

data

B. Classify natural river types

C. Model and select flow ecology relationships
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2. Classify natural river types

A. Flow-ecology relationships may differ among stream classes

A. Ecoregion 

B. Hydrologic class
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Framework

• The ecological limits of hydrologic alteration (ELOHA). 

Poff et al., 2010

A. Build a hydrologic foundation of streamflow and biological 

data

B. Classify natural river types

C. Model and select flow ecology relationships



Identify relationships: some are informative
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Identify relationships:
some are not informative
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Filter: statistical modeling process

Identify relationships: remove 
uninformative relationships
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Results summary

• We found >180 informative relationships across SC

• Predicting responses

• Defining biological response limits 

• Many of these differed among stream classes

• All components of the flow regime were important to aquatic organisms

•  magnitude, frequency, duration, timing, and rate

• Next steps: 

• Identify those relevant to the Saluda

• Present these proposed relationships to the RBC

Scenario Loss of 

species

Risk

MD 15% Med

HD 25% High



How will this work? Step 1



How will this work? Step 2

Working 
group

Ask RBC for a vote



How will this work? Step 3

Scenario Current Predicted % Change

MD 100 80 20%

HD 100 60 40%

SWAM results

Selected relationships

Scenario Loss of species Risk

MD 15% Med

HD 25% High

View SWAM results in a biological context



Questions?
lmbower@clemson.edu
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