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Salmon/Steelhead Life Cycle  

Ocean  
Freshwater  

Hydrosystem  

Defining FHRs:  
Life stage?  
Spatial scale?  
Season?  
Temporal scale?  
 
 



CHaMP data flow:  
From reach level measurements to ƭƛŦŜ ŎȅŎƭŜ ƳƻŘŜƭƛƴƎΧ 
 

Surface 
Roughness 

Digital 
Elevation 

Model 

Discharge 

HSI 

NREI 

Temperature 
Food 

Availability 

Reach Level CHaMP Measurements 

Fish-Habitat Models 
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Post-processing 
of reach data: 

Spatially explicit 
network 
extrapolation: /ƘǊƛǎ ǿƛƭƭ ŘƛǎŎǳǎǎΧ 



Life-cycle Model Context 
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S = spawners 
R = recruits  
c = carrying capacity 
p =  productivity  
 

 

These relate to habitat 
quality and quantity 
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Can I get 

what I need? 
Will I get killed 

getting it? 

The objectives of life 



Foraging 

Avoid 
Predators 

Hold 

Juvenile salmonids 



Redd 
Construction 

Avoid 
Predators 

Hold 

Spawn 

Adult salmon & steelhead 



Valley Setting  

Channel Morphology  

Substrate Composition  

Cover (LWD, UC, etc.)  

Fish Habitat  

Physical Habitat  

Stream  
Temperature  

Stream Productivity  

Food Availability  

(drift, proxies, etc.)  

FishïHabitat Relationships  



Channel Unit Information  

Å Large wood 

Å Undercut banks 

Å Fish cover 

Å Substrate type 

 

Site Information 

Å Riparian Structure 

Å Solar Input 

Å Alkalinity  

Å Conductivity 

Å Total Drift Biomass 

Å Temperature 

Å Discharge 

CHaMP PROTOCOL 



Foraging 



Stream Productivity  
Small Scale  

Invertebrate Drift  

ÅDirect Measurements of Food Abundance  
ÅInclusive of Terrestrial Inputs  
ÅInsight on growth potential (~fitness/survival)  



Bioenergetics 

Consumption 

ȹBiomass 

  Ą Growth 

Respiration 

  Ą Basal Metabolism 

Active Metabolism 

  Ą Costs from activity 

Waste 

Measured in the  Lab   

Growth = Consumption ς (Metabolism+ Waste) 

Temperature 

Drift 

Published parameters Function of drift 



How to translate this into site capacity?  
9ƴǘŜǊ bŜǘ wŀǘŜ ƻŦ 9ƴŜǊƎȅ LƴǘŀƪŜ όbw9Lύ ƳƻŘŜƭǎΧ 

CHaMP topo data 

DEM 

Hydraulic model 



Invertebrate 

Drift 

Hydraulic 

Model 

How do NREI models work? 

Foraging  model 

Temperature 

Hughes and Dill (1990) 

Fish Information 

Hayes et al. (2007) 



Estimating site capacity using NREI 

= capable of supporting a fish 

 = Potential foraging 
 locations 

= excluded by territory rules 



y = 0.4x + 27, r2 = 0.56 
   Density = 0.33 fish/m2 

y = 0.11x + 57, r2 = 0.55 
   Density = 0.20 fish/m2 



CHaMP Data To Fish Management 
 Work Flow 

Collect data 
(habitat  

and if possible fish) 

Improve on 
fish-habitat 
relationships 

Translate 
habitat to fish 

response 
 

Evaluate 
population 

level response 

Describe 
components 

of fish habitat 
 

Extrapolate 
across the 
watershed 

 

Restoration 
Planning, 

Effectiveness 



NREI models and recovery planning 

Catherine Creek RM37 ς ǘƻŘŀȅΩǎ ǎƛǘŜ ǾƛǎƛǘΦ 



MANY PLACES IN CRB 
ÅwƛǇŀǊƛŀƴ ƴƻǘ ŀƭƭ ǘƘŀǘ ōŀŘΧ ŎƻƳǇŀǊŜŘ ǘƻ 

some places 

ÅNothing like what it once was 

ÅHabitat highly simplified 
ÅArmored 
ÅFew pools / Not much large wood 
ÅFew active bars 



TYPICAL                     STRUCTURES 



SIMPLE  PALS HYPOTHESIZED RESPONSE 



PILOT OR AEM TESTING VS. DESIGN STAGE 
ÅDo we have to build it to 

test it? 



Simulated Change 

! 59{LDb I¸th¢I9{L{ ¢9{¢Χ 

Simulated 
Erosion 

Existing Topography 

Wood 
Structures 

Simulated 
Deposition 



Potential NREI 

DOES DESIGN PRODUCE INTENDED BENEFIT FOR FISH? 

Wood 
Structures 
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NREI Before LWD Structures 





[ƛƴƪƛƴƎ ǘƻ ǇƻǇǳƭŀǘƛƻƴ ƭŜǾŜƭΧ 

Summer / Fall survival 

Fork Length (mm) 



Avoid 
Predators  

Hold 



LWD creates hydraulic 
ŎƻƳǇƭŜȄƛǘȅΧ 

ΧŀƴŘ ŜƴƘŀƴŎŜǎ ȅƻǳǊ 
ŎƘŀƴŎŜ ƻŦ ǎǳǊǾƛǾƛƴƎΧ 



High Water Refuge Habitat 





Redd 
Construction 

Avoid 
Predators 

Hold 

Spawn 



 

 

  

site selection 

Large-scale habitat 
features 

Local physical 
habitat 

Intra- and inter-
specific interactions 

Precise natal site 
homing? 



Habitat Suitability Modeling 

Provides site quality and capacity info 



Chinook Spawning Habitat Suitability 
Model Predictions 

and ODFW Redd Locations (2013,14) 

Suitability 

Mainstem MF John Day 
(~ 100 m US Vinegar Cr) 

Clear Creek  
(Granite Cr, NF John Day) 



/ƻǾŜǊ ƳŀǘǘŜǊǎ ǘƻ ŀŘǳƭǘǎ ǘƻƻΧ 

Senter & Pasternak 2010 
Riv Res Appl 



 

 

  

site selection 

Large-scale habitat 
features 

Local physical 
habitat 

Intra- and inter-
specific interactions 

Precise natal site 
homing? 

Tappel & Bjornn 1983, TAFS 
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1-salt 
adult 

Smolts 
2-salt 
adult 
MY m 

3-salt 
adult 
MY m 

2-salt 
adult 

3-salt 
adult 

MY m-1 

3-salt 
adult 

Answering KMQs with CHaMP Data: LCMs 



Si = realized survival,  
fxn of stage-specific 

productivity & carrying 
capacity parameters 
(Beverton-Holt form) 
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Life-cycle models to inform management 
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Conclusions 
 

ÅThe CHaMP protocol aims enumerate the 
quantity/quality of habitat elements that: 
ÅAre meaningful to fish, with a mechanistic basis 

ÅHave linkages to population productivity 

ÅCan be used to prioritize and evaluate restoration 

ÅData quality mattersτsampling error may obscure 
our perception of status, trends, and potential 

ÅGood data are essential to ongoing ESA-listed 
salmon & steelhead recovery efforts 

 

 




