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What is an acre? 



Outline: 
1) Thoughts on evaluation 
2) Example: lower Colorado River 



The Sacramento-San Joaquin River Bay Delta 
Conservation Plan 



Restoration Approach 

Elwha Little Snake R. 

Process Form (Limiting Habitat) 



Restoration Basis 

Process 

Habitat 

Biota 

Habitat 

Biota 



What to measure? 
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Questions 

• Are there universal metrics of success 

• What do we measure? 

• How do we set targets? 

 

 



Are there universal metrics of 
success 

 
– If you say yes… then what is it? And how much of 

that do we want?  Is more always better? 

– If you say no… then we rely on the project goals 

to define success (and project goals may be overly 

modest or entirely misguided) 



“Restored” 
channel 

1996   
 

1997 
 
 

Uvas Creek, CA  

Matt Kondolf, 2006 

Failure! 



Failure = Movement 
 
Success≠ No Movement 



Process -> Habitat 



Habitat (Heterogeneity) 

Laub et al., 2012 





Measures of “Success” 



Measures of “Success” 



Measures of “Success” 

EPA Rapid Bioassessment Protocol  

• Generic habitat assessments (EPA Rapid Bioassessment Protocol 
or Ohio Qualitative Habitat Evaluation Index) 

• What is optimal?  How do we know? 
• Many metrics imply more/less is good… 
• Some metrics can be “rigged” through channel alteration 



 

 

Biotic Surrogates 
The Problem with “More is Better” 

Lepori et al., 2005 



 

 

The Problem with “More is Better” 

Hernandez et al., 2005 

OG- Old Growth, CC- Clearcut, YA- Young Alder, YC- Young Conifer 



 

 

The Problem with “More is Better” 

Hernandez et al., 2005 

OG- Old Growth, CC- Clearcut, YA- Young Alder, YC- Young Conifer 



Measures of “Success” 
 
 

Naiman et al. 2012 

Time consuming and doesn’t consider 
interactions with physical processes and habitat 



Restoration 

Evaluation Metrics 
Area of habitat 
Trees planted 
Length of channel 
Project stability 
 
 
 
 
Habitat quality 
Biodiversity 
Ecosystem functions 
 
 
 

More appropriate but harder to 
measure and difficult to set 
targets 

Easy to measure, but may not be 
relevant 



What to measure? 

Process 

Habitat 

Biota 

Habitat 

Biota 



Measures of “Success” 

Power, Parker, and Wootton, 1996 

Scouring winter floods          Drought or artificial regulation 



Measures of “Success” 



Measures of “Success” 



Measures of “Success” 
All parts of an ecosystem must be present and functioning. 
9/10 parts might not be good enough… 



Metrics Checklist 

• Because of organizational specialization and 

agency divisions, etc.  Geomorph/Hydro/Eco 

are studied separately. 

 





2) The Colorado: A Tamed River 



The Colorado: A Tamed River 



The Colorado: A Tamed River 

iofoto 

• Diversions 

• No floods since mid 80’s 

• Sediment trapping in reservoirs 

 



The Colorado: A Tamed River 

• Channel straightening 

• Bank protection 

 

 



The Colorado: A Tamed River 

 

 

• Tamarisk 

• Incision 

 

 



Impounded Runoff index IR =  reservoir capacity 

     mean annual runoff 

Humid climate rivers  

Potomac, Elbe, Rhein Rivers: IR 0.05-0.20 

Mediterranean climate rivers 

Ebro, Sacramento, San Joaquin: IR = 0.57-1.20 

Colorado River : IR = 4-7 (depending on estimates) 

Effects of Regulation 



Colorado River Compact of 1922 

Mean Annual Flow= 16.5 Million Acre Feet (MAF) 
 
Upper Basin States (CO, WY, UT, NM) receive 7.5 MAF 
 
Lower Basin States (AZ, NV, CA) receive 7.5 MAF 
 
Mexico receives 1.5 MAF 
 
Colorado River  Indian Tribes: ~660,000 (5% of the river!) 
 



http://www.colorado.edu/treeflow/lees/gage.html 

Discharge 

1922, CO R. Compact 
16.5 MAF 14.8 MAF 



When are we in the landscape? 

www.treeflow.org 



US Bureau of Reclamation 2012 



The Colorado River supplies water for: 
 
Municipal use for 40 million people 
Irrigation 5.5 million acres of land 
4,200 megawatts of hydropower 
 
These uses are unlikely to stop anytime soon. 

The Colorado: A working river 



400 miles 
Lake Mead to Mexico 
 
50 years 
 
$626 million 
 
Habitat 
construction+ 
Fish hatchery 

http://www.azgfd.gov/ 



Arizona Bell's Vireo 
Bonytail Chub 
California Black Rail  
California Leaf-Nosed Bat  
Colorado River Cotton Rat  
Colorado River Toad  
Desert Pocket Mouse  
Desert Tortoise (Mojave Population)  
Elf Owl 
Flannelmouth Sucker  
Flat-Tailed Horned Lizard  
Gila Woodpecker  
Gilded Flicker  
Humpback Chub  
Least Bittern  
Lowland Leopard Frog  
MacNeill's Sootywing  
Razorback  Sucker 
Relict Leopard Frog  
Sonoran Yellow Warbler  
Southwestern Willow Flycatcher  
Sticky Buckwheat  
Summer Tanager 
Threecorner Milkvetch  
Townsend's Big-Eared Bat  
Vermilion Flycatcher  
Western Red Bat  
Western Yellow Bat  
Yellow-Billed Cuckoo  
Yuma Clapper Rail  
Yuma Hispid Cotton Rat 



Imperial Ponds Backwater 

MSCP 



6000 acres of Willow-Cottonwood 

MSCP 



Palo Verde Conservation Area 



Palo Verde Conservation Area 



Restoration? 

Cibola Valley Conservation Area 

MSCP 



Conceptual Model 
 Dynamic 
 Connected 
 Bare sediment 
 Arguably less 

vegetation throughout 
basin (Webb, 2007) 
 

Functions missing in 
riparian plantations? 
- Emerging veg.  
- Channel complexity 
- Aquatic insects 



Aquatic-Terrestrial Subsidies 

Jackson and Fisher (1986):  97% of aquatic insect emergence biomass 

transferred to terrestrial habitat and prey for terrestrial consumers 

such as bats, birds, and ants (Sycamore Creek, AZ).  

 

Sanzone et al (2003): isotopes in Sycamore Creek, AZ.  Web weaving 

spiders along the stream channel obtain almost 100% of their carbon 

and 40% nitrogen from instream sources. Ground-hunting spiders 

obtained ~68% of their carbon and 25 % nitrogen.  Three times more 

spiders at the stream edge than at 25m from the bank.   

David Powell, Hawks aloft INC 



Hypotheses and potential limiting factors  
 

 

The following decrease with distance from the river: 

1) Aquatic insect abundance 

2)   Percentage of insects that are aquatic in origin 

3)   Total abundance of insects 

4)   Insect diversity (# of orders present) 



Methods 

2 restoration sites:  

Ahakhav (A)  

Cibola NWR (C) 

 

1 reference site:  

Bill Williams River (B) 



Methods 

Non-attracting sticky traps- each trap left for 48 hours.  3-6 

stations along each transect with 8 sheets at each station.  3 visits 

(May, July, September).  0, 30, and 100 m from river’s edge.   



	

Ahakhav (A)  



Ahakhav Tribal Preserve 

Built as a park, with willow, cottonwood, mesquite, and arroweed.  
Dredged and reconnected side-channel, minimally irrigated 
vegetation.   



	

Cibola (C)  



Cibola (C)  



Cibola: Disconnected floodplain plantation 



Bill Williams (B)  



Bill Williams River: Connected Floodplain 



Bill Williams River: Connected Floodplain 







# of Aquatic Insects 



% Aquatic 



Average# of Insects Per Sheet 



# of Insect Orders 



Conclusions 

Intermediate functional metrics useful 
for evaluating restoration. 
 
Question assumptions and make sure 
we are testing hypotheses with 
monitoring (perhaps don’t monitor) 
 
Prey availability studies are time 
consuming, but even a minimalist 
approach may yield useful insights.   
 
Tree plantations more than 100m from 
desert rivers may not support 
insectivores such as southwestern 
willow flycatcher 



Ideally: Levee set backs, flood pulse… 
 
Minimally: trees planted along the river for improved 
ecosystem function and water quality 
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“Far better an approximate answer to the right question, 
which is often vague, than an exact answer to the wrong 
question, which can always be made precise."  
 
-John Tukey, 1962.  “The Future of Data Analysis” 
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