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ÅCHaMP Context 

ÅFish Habitat Model Backgrounder 
ÅHSC and FIS models 

ÅFish Habitat Model Software 
ÅIntroduction 

ÅExercises 

ÅThe Net Rate of Energy Intake (NREI) Model 

ÅLife Cycle Models 

Fish Habitat Model Outline 



Underlying Motivation 

ÅHow to improve habitat to 
bring about population 
benefits (the KMQs)? 

ÅAnswering KMQs requires: 
ÅTranslation of CHaMP data 

into biological currency 

ÅA means to forecast   
benefits of restoration 

ÅMore broadly, a need for 
tools to estimate capacity 



ÅWhat is meant by capacity? 

ÅFor which species/life stage? 

ÅAt what spatial scale? 

ÅWhy estimate capacity? 
ÅHabitat status & trends 

ÅKey input to LCMs 

ÅOthers 

ÅAll have pros and cons 

Estimating Habitat Capacity 
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Population Models 
Spawner-Recruit 
(~Parken/Liermann) 
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Statistical Models 
Quantile Regression 
QR Forests 

Areal Methods 
Density-Area Product 

Other Approaches 
Expert-informed (e.g., EDT) 
Indices (e.g., IP, HabRate) 
Hybrid approaches 

Estimating Habitat Capacity 

Mechanistic (or Quasi-) 
Net Rate of Energy Intake 
Habitat Suitability Models 
    (WUA * space ǊŜǉΩŘ) 



Method Advantages Disadvantages 

Population 
models 
 

- Integrative 
- RŜƭŜǾŀƴŎŜ ǘƻ ƻǘƘŜǊ ΨIΩ 
- Established framework 

- Hard-to-meet assumptions 
- Data needs 
- Bottleneck stage(s) unknown 

Statistical models 
 

- Generates FHR knowledge 
- Draws on existing data (?) 
- Gets the job done 

- Design, extrapolation challenges 
- Narrow domain of use 
- Seeding level issues (?) 

Areal methods 
 

- Ties fish N to channel units 
- Gets the job done 
 

- Design, extrapolation challenges 
- Uncertainty in density used (?) 
- Labor intensive 

Habitat Suitability 
Models 

- Explicit link to habitat 
- Platform for simulation 
- Ψ[ƛƳƛǘŜŘΩ ǎŀƳǇƭƛƴƎ ǊŜǉǳƛǊŜŘ 

- Design, extrapolation challenges 
- Limited accessibility 
- Narrow domain of use (not FIS) 
- Ignores productivity/food 

NREI Models 
 

- Explicit link to habitat, FOOD 
- Transferable 
- Platform for simulation 
- Ψ[ƛƳƛǘŜŘΩ ǎŀƳǇƭƛƴƎ ǊŜǉǳƛǊŜŘ 

- Design, extrapolation challenges 
- Limited accessibility 
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DEM based protocolĄ  HSI Ą Potential Spawner Capacity 

         Water depth 
 
 
Water Velocity 
 
 
Habitat Suitability 
 
 
Reach Carrying Capacity 
 
 

GRTS rollup or 
network models 
to get basin/pop-

level capacity 

DEM 

Fish Habitat 
(NREI,HSI)  
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Habitat Suitability Modeling 

ÅA model of suitability of habitat for 
specific species for either specific life-
stages or functions 

ÅHabitat is characterized by specific 
abiotic variables  

ÅΨaƻŘŜƭΩ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŀǘ ŀ Ǉƻƛƴǘ ƻǊ 
over regions (e.g. cells/polygons) that 
have a unique combination of abiotic 
variables 

Å¢ƘŜ ΨƳƻŘŜƭΩ Ŏŀƴ ǇǊƻŘǳŎŜ ǎǇŀǘƛŀƭƭȅ 
variable results (e.g. in a GIS)  

Å¢ƘŜ ΨƳƻŘŜƭΩ Ŏŀƴ ǇǊƻŘǳŎŜ ǘŜƳǇƻǊŀƭ 
dynamics, if you have time series of 
ŀōƛƻǘƛŎ ƛƴǇǳǘǎΧ 

What is a habitat suitability model? 
 



HABITAT SUITABILITY CURVES 
ÅIŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ŎǳǊǾŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΧ 

ÅhƴŎŜ L Ǝƻǘ ƻƴŜΧ Ŏŀƴ L ǳǎŜ ƛǘ ŜǾŜǊȅǿƘŜǊŜΚ 



tI!.{LaΧ  
ÅPhysical Habitat 

Simulation Software 

ÅTechnique developed in 
mid 1970s 

ÅMost widely used 
ecohydraulic model 

Å¢Ƙƛǎ ƛǎ ŀƴ I{/ ǘŜŎƘƴƛǉǳŜΧ 
Can be applied in 1D, 2D 
or 3D 

 

Bovee KD and Milhous R. 1978. Hydraulic simulation in instream flow studies: theory and techniques. Instream Flow Information Paper 
5. FWS/OBS-78/33, U. S. Fish and Wildlife Service, Fort Colins, CO, 156 pp. Available at: 
http://www.fort.usgs.gov/Products/Publications/22457/22457.pdf.  

 
 

http://www.fort.usgs.gov/Products/Publications/22457/22457.pdf


PHABSIM FOR DOS -> WINDOWS! 
ÅDriven by a 1D Hydraulic 

Model 



Cwha ¢I9 [L¢9w!¢¦w9Χ 
ÅCAT I 

ÅLots of existing stuff out there (both HSCs 
and HSIs) 

HSC 



Habitat Suitability Modeling Terminology 
ÅIs it a habitat suitability curve, habitat preference curve, 

habitat utilization curve, habitat availability curve or 
habitat suitability index? 

ωA HPC can be used for a HSC 

ωA HUC can be used for a HSC 

ωHSCs of different abiotic variables are 
combined to form a HSI 

HUC HAC HPC 

HSC 

HSI 



How to make a Habitat Preference Curve 

ÅMake measurements of the abiotic 
variable of interest where you see the 
fish. 

ÅMake histogram. Fit curve. 

Å Do inventory of all available habitat 
(turn into frequency of fish presence) 

ÅDivide to get normalized preference 



Using a Habitat Suitability Model 
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ÅData from 
topographic survey 
and hydraulic model 

ÅPreference curve (i.e., 
functions) from empirical 
study 

Apply curves to inputs 

hǳǘǇǳǘ ΨōŀǎƛŎΩ ƛƴŘŜȄ 



Combining basic indices into global, or composite, index: 
ÅMethods: product, minimum, maximum , geometric mean 

ÅGeometric mean is most common: 

 

Convert to global habitat suitability index (HSI) 
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What metrics can we derive from composite HSI? 
ÅWeighted Usable Area (WUA) 
 

 

 

ÅWeighted Usable Area : Wetted Area 
ÅNormalized, easier to compare among sites, basins 

ÅCapacity Estimates 
ÅJuveniles: 
ÅWUA / Juvenile territory size 

ÅRedd capacity: 
ÅWUA / Redd area 

 
 

 

 

HSI Modeling 
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How do estimates compare with other approaches? 

 
 

 

 

 

HSI Modeling: Capacity & Density Estimates 



WEAKNESSES OF HSI BASED MODELS 

ÅHabitat requirements described by precise 
functions (even though observations are 
rather imprecise) 
ÅIndependence of habitat parameters is 

assumed 
ÅNew parameters difficult to incorporate (i.e. 

other then velocity, depth substrate) 
ÅLots of field data needed (i.e. HSC from HUC 

& HAC) 
ÅI{/ ŀǊŜ ǎƛǘŜ ǎǇŜŎƛŦƛŎΧΦ 
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SITE LEVEL 

SITE SUMMARY: 

SITES ON NETWORK 

NETWORK 
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