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Outline/Message 

Intensively Monitored Watersheds 
• What and Why 
• Lessons  

Asotin Creek IMW 
• Large woody debris  
• Channelization 

Bridge Creek IMW 
• Beavers 
• Incision 
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Outline and Message 

1. Set the stage
	- Talk about how we characterize the wood problem

2. Characterize current dominant approaches to wood restoration
	- this approach I am going to call the Stability approach

3. Discuss Alternatives 
	- this approach I am going to call the density approach




 
Setting  
Restoration Today … Effective? 
 
 
 
• Hard engineering 
 
• Process-based? 

• High cost/km 

• Small extent  

Presenter
Presentation Notes
Applying hard engineering approaches developed for high risk urban environments that are focused on stability 

Not process-based >> prevent erosion and try to build habitat 

Extremely expensive 

Treatment does not scale to the problem (100s thousands on km of degraded streams) 



Intensively Monitored Watersheds (IMWs) 
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Presentation Notes
100 millions beginning spent of freshwater restoration annually in PNW

Unclear if it is producing more fish (ESA listed species driving this) 

Series of Watershed scale experiments set up to test effectiveness 

Intensively Monitored Watersheds 

I am going to provide the results of two of these
	- Bridge Creek IMW looking at Beavers
	- Asotin IMW looking at LWD
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Bridge Creek IMW  
Beaver dam analogs (BDAs) 
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Start in 2005 >>> trying to keep it going as we speak



Problem 
Incision 
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Presentation Notes
Landscape prone to incision 



Problem  
Incision 

•Simplified habitat 

• Limited riparian  

Incised Channel Incision Recovery 103 years 

•Complex & dynamic channel 

•Healthy riparian 

Presenter
Presentation Notes
Process of incision and also recovery from incision is a natural process

Down cutting happens quickly (change in sediment or flow regime) 

Recovery much slower – requires widening and deposition




Presenter
Presentation Notes
In Bridge Creek beavers were present at start of project back in 2005 

But dams would not survive spring floods because no large material (floodplain disconnected) 





Restoration Approach  
Beaver Dam Analog Structures (BDAs) 

Mean Annual Flood 
Height 30 - 50 cm 

Disconnected 
Terrace 

Incision Trench 
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So BDA methodology was developed and employed to speed deposition and widening process

Wooden fence posts driven in the stream to form solid base for simulating a beaver dam



Oregon 
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- Experiment in John Day, Oregon
- Two creeks – treatment in Bridge – Control in Murderers 
spawning and rearing stream for mid-Columbia wild summer steelhead
Controls within Bridge Creek and in Murderers 
4 1km treatments




Monitoring 
Fish 

• Abundance 
• Age 
• Growth 
• Movement 
• Survival 
• Carrying Capacity 
• Smolts/Spawner   

Mark-recapture 
(summer, fall) 

PIT tag arrays 
(continuous) 

Mobile PIT tag  
detection  
(all seasons) 

Fish In-Fish Out 
(Brood year) 

Presenter
Presentation Notes
Looking at many “responses” as possible to detect fish response
Rely on PIT tags (35,000 to date)
Standard methods … 

ABUNDANCE – 2 DAY Mark/recapture 
GROWTH - Summer/Fall recaptures 
MOVEMENT AND SURVIVAL - Captures, recaptures, and arrays
CARRYING CAPACITY – CHAMP and FISH DATA
SMOLT/SPAWNER – FishIn/FishOut Arrays
	



Monitoring  
Habitat 

Digital 
Elevation 
Model (DEM) 

Topographic survey 
of channel 

Columbia 
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Monitoring 
Protocol 
(CHaMP) 
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Stream 
Temperature 
& Discharge 
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Presentation Notes
Use CHaMP 

provides standard habitat metrics (substrate, pools, etc) plus DEM, Drift, stream temperature 





BDA treatment & Beaver Response 
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Graph show dam density for past 30 yrs. in treatment reaches 

BDAs installed in 2009 in treatment reaches 

Natural beaver dams increased steady in treatments after BDAs installed 





Restoration Response (treatment scale) 
Floodplain Connection (+200%); Deposition (1 m) 

Presenter
Presentation Notes
Large amount of deposition 1 m/yr. >>> Okanagan site has had almost 2 m/yr.

Floodplain connection significant (more side channels and backwaters) 




Treatment reach - Dam influenced  

Control reach - No dams 

2008 2013 

Before dam establishment After dam establishment 

Weber et al. 2017 PLoS ONE 

Restoration Response (treatment scale) 
Compressed Sumer Temperature Range 

12 14 16 10 12 12 14 16 10 
August 
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However, what we seen below these large complexes is that increased surface water storage actually serves to moderate high temperatures
 - This figure demonstrates this effect by comparing daily summer temperatures at a control reach with no dams and a treatment reach where dams increased dramatically
 - And what you can see is that following dam establishment the daily range in the treatment reach becomes compressed
 - and daily maximum temperatures are actually reduced, and so is the amount of time that temperatures exceed critical maximums for juvenile steelhead



Restoration Response (site scale)  
Temperature refugia 

July 2015 

Treatment Control 

Weber et al. 2017. PLoS ONE 



Restoration Response (treatment scale) 
Fish 

Presenter
Presentation Notes
So, the restoration on Bridge had quite an effect on habitat as increasing channel and temperature complexity,
 - did we see a response in the fish populations




Abundance Growth Survival Production 

Comparison of treatment minus control for juvenile steelhead 
abundance, growth, survival and Production: 2006-2015.  
Error bars = 90% CI.   

Bouwes et al. 2016. Scientific Reports 

X = X 



~ 95% wild steelhead 
Escapement ~ 650/year 

Asotin Creek IMW, Washington  
High Density Large Woody Debris (HDLWD) 
 

Location of Asotin Creek Intensively Monitored Watershed in southeast 
Washington. Three colored tributaries comprise the IMW study area: 
Charley Creek (Green), North Fork (Orange), South Fork (Yellow).  
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Presentation Notes
Began in 2008
Se Washington
wild steelhead refuge
Average over ~ 600-700 returning adults/year
Three tributaries in mid-upper watershed all publicly owned
209000 acres or ~ 800km2
 








Setting 
Landscape Stream 

Basin 
Area 

(km2) 

Bankfull 
width 

(m) 
Gradient 

(%) 

Average 
Discharge 

(cfs) 

Peak 
Discharge 

(cfs) 
Charley 58 4.8 3.0 9.5 100 
North Fork 165 9.8 1.7 60.0 1000 
South Fork 104 6.3 2.6 11.5 800 

Blue Mountains 

Presenter
Presentation Notes
Narrow valleys (often < 100 m) with Steep side hills – streams confined 

Streams distinct differences

Charley (stable, cool, spring-fed), South Fork (warm highly, variable flows), North Fork (low gradient, more meandering) 


Asotin Creek area 842 km2, elevation 240-2000 m



Wood  
Scope of the Problem  

Young forest, minimal wood input & efficient transport  

Presenter
Presentation Notes
The resulting removal of virgin forests in late 1800s-mid 1990s means we are left 

Riparian areas that are Young and often Monocultures = Small diameter material 
Disturbance and upland encroachment = reduced in extent

Resulting stream channels are Very efficient at moving sediment and wood out of the system



Restoration  Approach  
High Density Large Woody Debris (HDLWD) 

• Soft-engineering 

• Let water do the work1 

• Large extent 

• High density (5/100m) 

• Lower cost/km (~25%) 

 

 
 
 

1 (Zeedyk and Clothier 2009) 
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Presentation Notes
Strategic design
Rapid, onsite, design >implementation> monitoring 
Soft-engineering
Accept movement
Let River Do the work
Erosion is your friend
Density is rivers friend





Restoration Approach 
Build a tree 

Post Assisted Log 
Structures 

(PALS) 

Deflector 

Mid Channel 

Presenter
Presentation Notes
High Density LWD
Focus on density of structures NOT individual structures
designed in the field
carry everything in; NO RIPARIAN DAMAGE
Use wooden posts, post driver, and logs to “build a log jam”

We call this approach hdLWD and the individual structures are called post-assisted log structures (PALS)




Experimental Design  
Staircase 

(Walters 1988, Loughin 2006) 

Asotin Creek 

~ 4 km  

Charley Creek 

North Fork 

South Fork 

Treatment Section 

CHaMP Site 

Rapid Site 

Fish Site 

Control Section 

2013 

2014  
2016 

2012 

Presenter
Presentation Notes
DIFFERENT DESIGN – Staircase 
Treat all three streams
Stagger restoration over multiple years to reduce effect of the year restoration is implemented and logistically more feasible
Started Restoration in 2012 in SF 
Total area 36 km (12 km in each stream)

* Potentially more powerful than BACI



Restoration Response 
 Habitat  

Presenter
Presentation Notes
Wood creating pools as expected but BARS are more important and likely lead to many changes in stream channel and riparian conditions by raising the bed and providing spawning areas



Restoration Response 
 Habitat  

Presenter
Presentation Notes
Example of mapping of geomorphic units using topographic surveys to create a digital elevation model and using the geomorphic unit delineation tool developed at USU lab by Dr Wheaton
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Graph quantifying the pre-treatment geomorphic units by area
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Graph post-restoration 

Stars represent significant increases on geomorphic units -



Change in abundance of juvenile steelhead in treatment sites relative 
to control sections within each study creek within the Asotin Creek 
IMW: 2008-2017. Error bars = 90% confidence intervals. 
 

Restoration Response 
 Fish  

Presenter
Presentation Notes
Fish – preliminary

Show positive changes and significant results in 1 or 3 streams (treatment compared to control) 

Growth showing slightly negative trend 

Survival just calculated for seasons, age classes and streams – just need to run through staircase model 

Low flows and high temperatures since restoration 



Smolts/female (colored bars) by stream and brood year, and total 
female escapement (black line): 2010-2015.  
  

Restoration Response 
 Habitat  

Presenter
Presentation Notes
Working on compiling smolts per spawner data 

A lot of PIT tags, array detections, efficiency estimates of the arrays, and aging of fish to get these numbers 




Take Home Messages 

• Scale treatment to problem 

• Cost-Benefit a MUST 

• Effectiveness still unclear (monitor!)  

• Climate Change is HERE 

• Flow 

• Temperature 
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Presentation Notes
Scale – our treatments are small in scale and we pretend it is “one and done” 

Cost has to be factored into restoration equation (we need to maximize effectiveness and extent) 

Unclear if we are creating more fish (we need to accept this)
	- monitoring necessary to sort it all out

Climate change is here 
	- flow and flow regimes are changing, mostly for the worst regarding cold water species 

Restoration has to accept these issues 



Cheap and Cheerful  

Presenter
Presentation Notes
THANK YOU 



Presenter
Presentation Notes
Extrapolation … ARRRGG???



BDA Complex 

Presenter
Presentation Notes
Usually build more than just a primary dam – 

Deflectors  to widen channel and increase erosion to provide material to cause deposition behind the dam

Secondary dam to improve stability of the primary dam



Bridge Creek IMW 
• Testing BDA Assisted Incision Recovery 

• Benefits to Fish Populations and Habitat 

Adapted from Pollock et al. 2014 
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Presentation Notes
Incision cycle



B = BACI, S = Staircase design. Number represents number of sections 
treated in BACI design and number of streams treated in Staircase design.  

Presenter
Presentation Notes
Asotin IMW is using a staircase design which has greater power to detect a treatment response under worst case (95% CI) variance scenarios 



Background 
Wadeable Streams 

Charley Creek ~ 4-5 m bankfull: 
stream order 2 

North Fork Asotin Creek ~ 9-10 m bankfull: 
stream order 4 

South Fork Asotin Creek ~ 6-7 m bankfull: 
stream order 3 

Low summer flows: 5-25 cfs 
Large floods: 5000-6000 cfs 

Presenter
Presentation Notes
4-10 m ;  Low flows much of the year 5-25 cfs; But have got up to 5000- 6000 cfs – 75% of steelhead extent < order 4 

You may work on large rivers and think that methods are not applicable to large rivers – but principles and philosophy are (at very least)



Gross Rate EI  _ Swim Costs = Net Rate EI 

Drift Hydraulic Model 

Foraging 
and 

Swim 
Costs  

Models 

Temperature 

Hughes and Dill 
(1990) 

Fish Information Inputs 

NREI 
Calculation 

Response 
Net Rate of Energy Intake (Reach Carrying Capacity) 

LWD 
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We hypothesize that hydraulic and geomorphic changes caused by LWD should increase locations in reach that fish can feed more efficiently (shear zones)

USING revised NREI model framework  to test this hypothesis and estimate Carrying Capacity

Model Uses inputs from CHAMP data and fish surveys to populate 
	- foraging and swim cost models 

Result is Map of NREI values



Decreased 
LWD 

Decreased  
Overbank 

Flow  

Disconnected 
Floodplain 

Upland 
Encroachment 

Degraded 
Riparian 

Presenter
Presentation Notes
Lack of LWD input often results in a negative feedback loop – 

Degraded riparian > less wood entering the stream > decreased overbank flow and increased transport of wood and gravel through the system > disconnection of floodplain > upland encroachment and back to degraded riparian 



Soft Engineering 
Structure Construction 

• No engineering specs 

• 10-20/day  

• 2-6 structures/100 m 

• Use local materials 

• 5-10 km long treatments 

Presenter
Presentation Notes
Soft engineering and construction 

20-30 mins per structure

Use materials on hand – no one structure the same 

Can treat 5-10 km with a 4-6 person crew each season 





More information and GIS tools   

BRAT:  
Beaver 

Restoration 
Assessment 

Tool 

WRAT:  
Wood 

Recruitment 
Assessment 

Tool 

RCAT:  
Riparian  

Condition 
Assessment 

Tool 

https://joewheaton.org   
https://cheapcheerful.weebly.com 
https://eco-logical-research.com   

Presenter
Presentation Notes
To be cost-effective at restoration we have to be cost-effective at identifying the problems and developing plans

Lots of great talks yesterday on the available GIS data – clear we need a conference to synthesize all the modeling and GIS analysis!!

https://joewheaton.org/
https://cheapcheerful.weebly.com/
https://eco-logical-research.com/

	Lessons From Large-Scale Experiments Testing the Effectiveness of Stream Restoration: �Are we there yet?!�Stephen Bennett1,2, Nick Bouwes1,2, Nick Weber2, Joe Wheaton1,3, and Scott Shahverdian1,3�1Utah State University, 2 Eco Logical Research Inc., and 3Anabranch Solutions, LLC.
	Acknowledgements
	Outline/Message
	�Setting �Restoration Today … Effective?��
	Intensively Monitored Watersheds (IMWs)�
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Monitoring�Fish
	Monitoring �Habitat
	Slide Number 14
	Restoration Response (treatment scale)�Floodplain Connection (+200%); Deposition (1 m)
	Slide Number 16
	Slide Number 17
	Restoration Response (treatment scale)�Fish
	Slide Number 19
	Asotin Creek IMW, Washington �High Density Large Woody Debris (HDLWD)�
	Setting�Landscape
	Wood �Scope of the Problem 
	Restoration  Approach �High Density Large Woody Debris (HDLWD)
	Restoration Approach�Build a tree
	Experimental Design �Staircase
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Take Home Messages
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Background�Wadeable Streams
	Slide Number 39
	Slide Number 40
	Slide Number 41
	More information and GIS tools  

