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Monitoring helps sustain designated uses



Too much water to monitor!

Å>28,000 segments in SC

Å>15,000 river miles

ÅAnd thatôs just wadeable streams (~84% of surface water in SC)



Too much water to monitor!

for people to



Bio-assessment: using aquatic 

organisms to learn about river health
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Characterizing aquatic diversity

ÅDiverse biota = healthy ecosystem

ÅSpecies richness: number of species

ÅShannonôs Diversity: Accounts for percentages

Negative relationship with flow alteration



Bio-assessment: using aquatic 

organisms to learn about river health

1. Identify which environmental attribute you want to 
evaluate

2. Hypothesize relationships between organisms 
and environmental attributes

3. Identify key relationships between organisms and 
environment

4. Use those results to inform management



Rivers face many threats

Impoundment Urbanization Nonpoint pollution

Flow alteration Stormwater runoff
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Identify relationships: 

some are informative
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Identify relationships:
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Filter: statistical modeling process

Identify relationships: remove 

uninformative relationships
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ÅQuantify relationships between key flow metrics and biotic 
response to better inform water flow standards throughout 
the state of South Carolina

ÅProject changes in aquatic communities

ÅProvide a tool
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Frame Work

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

1. Build a hydrologic foundation of streamflow and biological data

2. Classify natural river types

3. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals
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Biological 
Data:
Å492 Fish sites (streams & 

rivers) 

ÅDNR

Å8 biological response metrics

Å530 aquatic insects sites 

ÅDHEC

Å6 biological response metrics
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Fish and Aquatic insects Metrics

ÅRichness: number of species

ÅShannonôsdiversity index: weights richness by abundance

ÅProportional representation of tolerant individuals 

ÅMegaloptera-Odonata index

ÅIndex of flow preference

ÅLow values consistent flow
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SC streamflow gauges



2323

1. Build a hydrologic foundation of 
streamflow data

ÅWaterFALL model: 171 hydrologic metrics

Årainfall-runoff model 30 year period

ÅFlow regime: Timing, magnitude, frequency, 

rate of change, and duration
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Code Flow regime Description

MA1 Magnitude Mean daily flow ( cfs)

MA3 Magnitude Mean of the coefficient of variation for each year

MA41 Magnitude Annual runoff

MA42 Magnitude Variability of MA41

ML17 Magnitude Base flow index

ML18 Magnitude Variability in ML17

ML22 Magnitude Specific mean annual minimum flow

MH14 Magnitude Median of annual maximum flows (dimensionless)

MH20 Magnitude Specific mean annual maximum flow ( cfs/mile)

FL1 Frequency Low flow pulse count

FL2 Frequency Variability in FL1

FH1 Frequency High flood pulse count

FH2 Frequency Variability in FH2

DL16 Duration Low flow pulse duration (Days)

DL17 Duration Variability in DL16

DL18 Duration Number of zero -flow days

DH15 Duration High flow pulse duration (Days)

DH16 Duration Variability in DH15

TA1 Timing Constancy

TL1 Timing Julian date of annual minimum

TL2 Timing Variability in TL1

TH1 Timing Julian date of annual maximum starting at day 100

TH2 Timing Variability in TH1

RA8 Rate Number of reversals

M = Magnitude

D = Duration

F = Frequency

T = Timing

R = Rate

L = Low flow

H= High flow
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Framework

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

1. Build a hydrologic foundation of streamflow and biological data

2. Classify natural river types

3. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals
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2. Classify natural river types

A. Flow-ecology relationships may differ among stream classes

B. Relationship holds for these un -sampled streams
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Ecoregions

ÅOrganisms differ among ecoregions

ÅPiedmont

ÅSoutheastern Plains
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Existing classification framework

2 to 3 classes per 

ecoregion, e.g.: 

Piedmont: 

-Perennial runoff

-Stable baseflow
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Framework

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

1. Build a hydrologic foundation of streamflow and biological data

2. Classify natural river types

3. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals
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Filter: statistical modeling process

Identify relationships: remove 
uninformative relationships
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Major findings

All components of the flow regime are 

important

ÅTiming, magnitude, frequency, rate of 

change, and duration

ÅNot just minimum flows!
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