
































Introduction

Prior to 1990s – “biologically protective” flow 
management in streams based on simple hydrologic 
measures, like minimum flow

Little appreciation of importance of dynamic flow 
variation in sustaining stream/river ecosystems (aquatic 
+ riparian components)

1996 
 - I was working at University of Maryland and at 
Trout Unlimited national office;  David Allan was 
advising American Rivers. 
 - NGOs needed a scientific basis to advocate for 
whole ecosystem management, not just minimum flows 
for valued fish species



The structure and function of river ecosystems, and 
the adaptations of constituent species, are dictated by 
the pattern of temporal variation in river flows.  
(Similar to natural disturbance regime.)



5 “components” of the NFR: These 
components can be used to characterize 
the entire range of flows and specific 
hydrologic phenomena, such as floods or 
low flows, that are critical to the integrity 
of river ecosystems. 

Conceptual figure showing ecological role 
of different flow levels

These different flow volumes (magnitudes) 
vary in frequency, duration and timing in 
different climatic and geologic settings.



3-D hydrographs showing 
different patterns of daily 
hydrologic variation over 

multiple years
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5 components of the flow 
regime that define the pattern 
of variability important to 
ecological performance

•Magnitude

• Frequency

•Duration

• Timing (or predictability)

•Rate of change in flow

• Streams can be characterized and 
contrasted in these terms. 

• Leads to a priori prediction about 
differences in strength of biotic interactions 
and species traits across streams.



Some geographic coherence to flow regime types across U.S.
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Poff & Ward (1989, 1990), Poff (1996) 



Alteration of natural flow regime in streams/rivers modifies sediment 
transport capacity and channel habitats



Alteration of natural flow regime in 
streams/rivers modifies ecological structure 

and function of aquatic and riparian 
communities



Natural Flow Regime concept and principles 
adopted into framing of “Environmental Flows”

includes rivers, groundwater systems,  
wetlands, estuaries

Mutli-authored, comprehensive, from 
science, policy, implementation, cultural 
water



“Functional Flows” 
 -- term often used to define specific magnitude, timing 
and duration of specific flows that provide specific 
geomorphic or ecological function

(http://iwlearn.net/publications/ll/methods-and-tools-for-defining

environmental-flows-de-freitas)



NISP and Glade Reservoir
- Science advisory team to City of Fort Collins (Ecological 

Response Team) 

- Modeled ecosystem responses to scenarios of different 
hydrologic futures

- Minimum flows without dry outs to keep river 
perennial with enhanced low flows

- Peak flows (let enough water pass during peak 
snowmelt) 

- scour channel through Fort Collins (and thus 
provide clean gravel bed substrate for inverts and 
fish) and to 

- provide some overbank flows to sustain riparian 
functions

- Rubber meets the road

 
 

An Ecological Response Model 
for the Cache la Poudre River 
through Fort Collins 
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https://www.fcgov.com/naturala
reas/eco-response.php
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