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∗ Flows and aquatic ecosystems 
∗ Threats to hydrology 
∗ Defining environmental flows 
∗ Environmental flows in planning and 

management 

Overview 



Key factors for aquatic ecosystems 

TNC 



Adaptations to flow 

www.dec.state.ny.us/website/dow/stream/empfamilies.htm 



Developed by: Merrick, Richards                         Updated: August 2003            U1-m4-s5 

Current and body shape 

• Sunfish and bullheads 
with broad body forms 
are adapted to slow 
current. 

• Stonecats and trout with 
streamlined body forms 
are adapted to fast 
current. 

www.cnr.vt.edu/efish/families/ictaluridae.html 

www.lambs-inn.com/new-images/ trout-sm.jpg 

www.cnr.vt.edu/efish/families/ictaluridae.html 

www.uga.edu/srel/Coal_Ash/sunfish.jpg 

http://www.cnr.vt.edu/efish/families/stonecat.html


Flow Events (lows, highs, floods) 

TNC 



NC Wildlife Resources Division 



Savannah River Ecological Model 

TNC 



Proportion of U.S. Species at Risk 



Fish at Risk by Ecoregion 

Walsh et. al, 2009 



∗Dams 
∗Water withdrawals  
∗ Land use change 
∗ Climate change 

Threats to Hydrology 



Dams 

∗ Barrier to movement 
∗ Trap sediment 
∗ Change temperature 
∗ Change flow regime 



Snail Darter – 1970s 

Knoxville News Sentinel 



Water withdrawals 

∗   
 

Source: USGS 



∗ r 

Consumptive Loss 

Natural water 
supply 
(Rain/snow) 

Water use 

Return flow 

Consumptive loss 

Water withdrawal 

Water import or 
desalinization 

Adapted from: Chasing Water, Brian Richter (2014) 



Land use change 



Climate Change 

∗ Changing baselines 
∗ More extreme weather at 

both ends – droughts and 
floods 

∗ Impacts on infrastructure, 
availability, quality 
 



Delta Smelt - today 



Defining Environmental Flows 



“The full range of natural intra- and inter-annual 
variation in hydrologic regimes, and associated 
characteristics of timing, duration, frequency, 
and rate of change, are critical in sustaining the 
full native biodiversity and integrity of aquatic 
ecosystems.” 
 
(Poff et al. 1997) 

 

Natural Flow Regime 





∗ Environmental flows describe the quantity, timing, and 
quality of water flows required to sustain freshwater and 
estuarine ecosystems and the human livelihoods and well-
being that depend on these ecosystems 

 
∗ Environmental flow management provides the water flows 

needed to sustain freshwater and estuarine ecosystems in 
coexistence with agriculture, industry, and cities  
 

Environmental Flows 



Maintaining Natural Flow Patterns 

From: “Rivers for Life: Managing Water for People and Nature” 
by Sandra Postel and Brian Richter, Island Press 

Courtesy of TNC 



These would 
flood Augusta 

Savannah Flow Recommendations  

TNC 
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Low Flows 

High Flow 
Pulses 

Floods 

3,000 cfs; 3 successive years every 10-20 years 
• Floodplain tree recruitment 

<5,000 cfs 
• Adequate floodplain drainage 

• Create shallow water habitat for small-bodied fish 

>8,000 cfs 
• Larval drift for pelagic spawners 

50,000-70,000 cfs; 2 weeks, avg every 2 yrs 
• Maintain channel habitats 

• Create floodplain topographic relief 
• Provide fish access to the floodplain 

• control invasive species 
• Maintain wetlands and fill oxbows and sloughs 

• Enhance nutrient cycling & improve water clarity 
• Disperse tree seeds 

<13,000 cfs; 3 successive years, every 10-20 years 
• Floodplain tree recruitment 

8,000-12,000 cfs; 
• Exchange water with oxbows 

20,000-40,000 cfs; 2-3 days, 1/month 
• Provide predator-free habitat for birds 

• Disperse tree seeds 
• Transport fish larvae 

• Flush woody debris from floodplain to channel 
• Floodplain access for fish 
• Fish passage past NSBLD 

>30,000 cfs; 5 pulses, >2 days with 2 events 
of 2 week duration (March and early April) 

Key 

Dry Year 

Avg Year 

Wet Year 

Environmental Flow Recommendations 
Savannah River, USA (below Thurmond Dam) 

Details: 
20,000-40,000 cfs; 2-3 days, 1/month 
Purposes: 
• Provide predator-free habitat for birds 
• Disperse tree seeds 
• Transport fish larvae 
• Flush woody debris from floodplain to 
channel 
• Floodplain access for fish 
• Fish passage past NSBLD 

Source: TNC 



Applying Environmental Flows 
in Planning and Management 

Types of Ecological Flow Standards 



Instream flow criteria vs withdrawal 
limits 



∗ 7Q10 – lowest flow for seven consecutive days every 
10 years 

 
∗ Minimum of mean annual flow – e.g. 30% MAF 
 
∗ Variable mean annual flow by season 

Minimum flow standards 



∗ Maintain characteristics of flow regime 
 
∗ E.g. protect certain high or low flows with certain 

frequency 

 

Statistically based standards 



∗ Can only remove X% of flow going by certain point 
during Y period of time 

 
∗ Can vary X or Y 

 
∗ “flow-by” 

 
 

Percent of Flow Standard 



Presumptive Flow Standard 

 

Richter (2011) 



NC Ecological Flows Assessment 

∗ State-driven, stakeholder process 
∗ Adopted an “85% flow by” approach 



Developing Environmental Flows 

Challenges Include: 
– identifying what components of flow are 

ecologically most critical in a particular river 
system 

– quantifying those flow components to help guide 
water management 

– incorporating new knowledge and understanding 
into water management over time 

– achieving these tasks for all rivers within resource 
constraints 



• Level I: Hydrologic Desk Top Method 
 

• Level II: Experts Workshop 
 

• Level III: Detailed Instream Flow Studies 
 

• Level IV: Adaptive Refinement 
 

Developing Environmental Flows 
A Four Level Approach 



∗ Hydropower relicensing 
∗ Water withdrawal permits 
∗ CWA standards 
∗ Basin planning 
∗ Voluntary processes 
∗ Corporate replenishment 

Opportunities 



∗ TNC - 
https://www.conservationgateway.org/ConservationPractices/Fre
shwater/EnvironmentalFlows/Pages/environmental-flows.aspx 

∗ Southern Instream Flow Network - 
http://southeastaquatics.net/sarps-programs/sifn 

∗ USGS - 
https://water.usgs.gov/coop/products/availability/ecoflows.html  

∗ River Network - http://www.rivernetwork.org/resource-
library/river-voices-april-2015-water-security-sustainability  
 
 

Resources 

https://www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/Pages/environmental-flows.aspx
https://www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/Pages/environmental-flows.aspx
http://southeastaquatics.net/sarps-programs/sifn
https://water.usgs.gov/coop/products/availability/ecoflows.html
http://www.rivernetwork.org/resource-library/river-voices-april-2015-water-security-sustainability
http://www.rivernetwork.org/resource-library/river-voices-april-2015-water-security-sustainability


www.rivernetwork.org  

Thank you 

http://www.rivernetwork.org/
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