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STREAM EVOLUTION MODEL 
(Cleur and Thorne, 2013) 

Stage 0:
Introduces a pre-
disturbance channel 
form comprised of 
multiple stable 
channels and 
wetlands

Generally applies to 
wide, low gradient 
valley bottoms 
(depositional/ 
response reaches)



STREAM EVOLUTION MODEL 
(Cleur and Thorne, 2013) 

Stage 0 maximizes 
floodplain 
connectivity, 
supports diverse 
vegetation types 
and habitats

AND 

Maximizes 
ecosystem benefits

AND

Provides overall 
ecosystem resilience



Madison Conservation District

Pollock et al. 2012

Process Based Restoration enhances natural 
processes to promote stream evolution 

Ciotti et al 2021 “Design Criteria for 
Process-Based Restoration of Fluvial 
Systems” 



 Biotic Drivers of Stream Evolution:
• Plants/OM
• Large Wood
• Animals – Beaver, Spawning salmon, Apex predators
• Invertebrates
• Algae/Biofilm

Castro and 
Thorne, 2019 

Wohl et al., 2021 

Significance of high-level drivers varies by 
stream type, may vary temporally, and may be 

multiple drivers



GEOMORPHIC 
WORK

BIOLOGICAL 
WORK

Milltown Dam Restoration Site 
2011 v. 2021

“For post disturbance 
recovery to be robust 
and enduring and to re-
establish a healthy and 
functional ecosystem 
some degree of 
biological uplift is 
essential.”

Castro and Thorne, 2019 



 Flood Pulse Concept (FPC) – pulsing of river 
discharge drives the degree of connectivity

 Riparian and floodplain function is maximized by 
connectivity with the river – lateral, longitudinal, 
vertical and temporal

 Linked to frequency, seasonality and duration of 
surface flooding and groundwater and river channel 
water levels

 Timing of connectivity linked to life histories of some 
riparian plant species

 DRIVES MOST ECOLOGICAL PROCESSES



Wohl, et al. 2021



Degree to which you 
can maximize 
longitudinal, lateral, 
vertical and temporal 
connectivity varies 
with gradient and 
valley confinement 

Wohl, et al. 2021





“A keystone species is one whose presence allows certain plants and animals to exist in an area where 
they may not otherwise occur. Beaver activity, especially building dams, causes dramatic changes to 
streams and riparian areas, including creating a diversity of habitat niches that other species can fill.”

Torrey Ritter, FWP



Spotted Dog Creek 
Dam Building 
Capacity 



 Increase beaver 
populations

 Alter sediment dynamics
 Improve water 

availability/ increase 
capacity of floodplain to 
store water

 Improve riparian 
/wetland habitat (create 
river-wetland corridor)



Beaver Habitat Structures

INSTALLED IN SERIES TO 
BACKWATER INTO 
UPSTREAM STRUCTURE





v

The 
“Plug and 

Play” 
Approach



FUNCTIONAL FLOODPLAIN WIDTH +400’
FUNCTIONAL FLOODPLAIN AREA +500% 

“Density Diversity”
“Kaleidoscope River”



Monitoring
• Inundation area and type 

of inundation

• Greenline vegetation

• Beaver use

• Sediment accumulation 
upstream of structures 

Adding in 2023:

• Temperature

• Fish movement 
(population level 
response)

• Flow

• Bird surveys





 Narrow channel
 Raise bed elevation
 Pilot channels into 

abandoned 
floodplain features

 Two main channel 
realignments to 
increase functional 
floodplain width

GOAL: Increase 
floodplain 
connectivity



Narrow Channel and Raise Channel 
Bed to increase high flow floodplain 
connection and raise water table





2022 (Year 1) 
Peak Flow
11,400 cfs 
(approx. 5-year event)





Bed aggradation 
structure

Bed aggradation 
structure



Bed aggradation 
structure

Bed aggradation 
structure
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