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“The Natural Flow Regime”
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Four Reasons a Natural Flow Regime Matters

- creates a complex assemblage of aquatic and riparian habitats



Flood Pulse Facilitates Fish Spawning, Plant
Germination, and Nutrient Exchange sunk et at., 1989
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Four Reasons a Natural Flow Regime Matters

- creates a complex assemblage of aquatic and riparian habitats

- supports diverse habitat requirements for aquatic and riparian
plants, macro invertebrates, amphibians, and fish while
maintaining pathways of animal migration and gene flow



Flood Pulse Facilitates Fish Spawning, Plant
Germination, and Nutrient Exchange sunk et at., 1989
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Four Reasons a Natural Flow Regime Matters

- creates a complex assemblage of aquatic and riparian habitats

- supports diverse habitat requirements for macro invertebrates,
amphibians, and fish, including nursery areas, and maintains
pathways of animal migration, gene flow, and biodiversity

- maintains hydrologic connectivity through the main-channel and
between the main channel and off-channel environments.



Retention/ Transformation Facilitated by
Hydraulic Exchange with Off-Channel Areas
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Nutrient Spiraling Concept - Newbold et al., 1962, Stream Solute Workshop, 1990




Four Reasons a Natural Flow Regime Matters

- creates a complex assemblage of aquatic habitats

- supports diverse habitat requirements for macro invertebrates,
amphibians, and fish, including nursery areas, and maintains
pathways of -animal migration, gene flow, and biodiversity

- maintains hydrologic connectivity through the main-channel
and between the main channel and off-channel environments

- resupplies storage areas with labile carbon and oxygen at levels
supporting decomposition, nutrient mineralization, food webs
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Aquatic Food Webs Depend on Groundwater-
surface Water Interactions
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Statistical Approach to Define Ecological Limits
of Hydrologic Alteration - E.L.O.H.A.

a) Classification based on
reference stream flow data

b) Frequency distributions for each flow d) Flow—response relationships for
variable in each class ecological health data from referen
and flow-modified streams for each
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Physical and Biological Process Feedbacks
Not Considered in ELOHA

Ecological health indicator (e.g
wetland vegetation abundance)

Flow-related stress (e.g., decreased flood frequency)



“The Natural Flow Regime - Updated”

by incorporating feedback interactions between fluvial,
biological, and geomorphic processes
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Removal of Metals in Hyporheic Zone of Pinal Creek, AZ
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Removal of Metals Increased Over Five-Year Period
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Biophysical Feedbacks Created an
Alternative Stable Stream Type

~ Flow-related stress (decreased flood frequency)
1995 —— > 1999




Removal of Metals Increased Over Five-Year Period
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Climate-driven Decrease in Summer Mon!on I!|&!
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Sustainable Management of Water Resources
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Human influences. Dramatic changes in runoff volume from ice-free land are projected in many parts of the world by the middle of
the 21st century (relative to historical conditions from the 1900 to 1970 period). Color denotes percentage change (median value

Milly et al., “Stationarity is dead: Whither water management?” Science, 2008



Multiple Scales

Regional-National Modeling

Watershed Monitoring and Modeling
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