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WATS 6840 – Ecohydraulics
Module: Introduction to fish habitat 
models
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• Reviewed 98 models

• Reach variables: discharge, width, depth, velocity, 
area, pool volume, and % unit types (e.g. pool, 
riffle, run), fish cover, bank stability, invertebrate 
drift abundance, substrate, temperature, and water 
chemistry

• Watershed variables: drainage basin area, density 
& elevation; stream length, order, & gradient

1988

• Simple and multiple regressions

• Factor analysis, PCA

• WUA

1988
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• Lack of predictive ability and generality
• Low sample size

• Higher r2 associated with n<20
• Several variables 

1988

• Developed a Habitat Quality Index (HQI) to predict trout 
standing crop in Wyoming streams. 

• Now called Wyoming Habitat Assessment Methodology (WHAM)

• Measured 22 habitat variables and compared to trout 
biomass in 36 streams. 

• Validated this model on 8 streams.
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• Lack of predictive ability and generality

• Low sample size

• Higher r2 associated with n<20

• Several variables 

• Assumed no measurement error of habitat variables

• High error surrounding fish abundance estimates

• Lack of validation

• Little intermediate scale information

1988

Overcoming limitations to empirical approaches

• Improved data quality and quantity
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Crew Variability
Roper et al. 2010 

…

…

Points and Lines

Topographic Surface

Topographic Surveys
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Overcoming limitations to empirical approaches

• Improved data quality and quantity

• Non‐linearity

• Higher order interactions

• Threshold effects

• Missing data

• CART
• Random Forest
• Boosted Regression
• Support Vector Machines
• Artificial Neural Networks
• Fuzzy Inference

De’ath 2000
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Quantile Regressions

Cade and Noon 2003 
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Habitat Suitability Models

• Make measurements of the abiotic 
variable of interest where you see the fish

• Make histogram… Fit curve..

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

• Divide to get normalized preference

ConsumptionConsumption

GrowthGrowth

MetabolismMetabolism
WasteWaste

C =C = + (G)+ (G)(M)(M) + (W)+ (W)

Bioenergetics Models
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Invertebrate

Drift

Hydraulic

Model

Net Rate Energy Intake (NREI)

Foraging  model

Temperature

Hughes and Dill (1990)

Fish Information

Hayes et al. (2007)
GREI‐SC=NREI

Individual Based Models  inSTREAM: Railsback et al. 2005

• Starvation f (size, consumption, temp)

• Predation f (cover, size, time spent feeding, temp)

• Terrestrial

• Aquatic
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Structural Equation Modeling 

Slide from Seth White
McIntire and Fajardo Ecology 2009

Bayesian Belief Networks

Mantyka‐Pringle et al. 2014 Journal of Applied Ecology
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McIntire and Fajardo Ecology 2009

HSI
BIOE
NREI
IBMs

Empirical models SEMS
Comparative studies

Spatial models

- Preference may not 
indicate fitness

- Dominance 
hierarchy can push 
individuals into 
less favorable 
environments 

- Does not include 
other important 
variables (e.g. temp, 
food)

- Not transferrable
- Poor selectivity 

model
- Far better options
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Is use a good measure of habitat quality?

USESELECTIONPREFERENCEFITNESS

‐ Very difficult to measure
‐ Spatial, temporal var.

‐ Use = importance?
‐ Appropriate metrics‐

selectivity?
‐ Dominance hierarchy can 

push individuals into less 
favorable environments 

‐ Rarely linked to measures 
off fitness

FitnessFitness Reproduction Reproduction 
SurvivalSurvival

GrowthGrowth
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Concept of the niche

• Grinnell (1917,1928)
– niche describes where an organism lives
– the niche is the “ultimate distributional unit within which each 

species is held by it structural and functional limitations”

• Elton (1927), Lotka-Voltera (1925/26) Gause (1934)
– niche is more what a species does than where it lives
– competitive exclusion principle: the intensity of competition 

between species suggest the degree to which their niches 
overlapped 

• Lack (1947)
– realized that niche relationships could provide a basis for 

evolutionary diversification of species 

The n-dimensional hypervolume

The Niche
G. Evelyn Hutchinson (1957)

Ecological space
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The ecological space in which a species could live is often 
greater than the space the organism actually occupies

The Niche
G. Evelyn Hutchinson (1957)

Fundamental niche: all aspects of the n-dimensional 
hypervolume in the absence of other species.

Realized niche: the part of the fundamental niche to which 
the species was restricted due to interspecific interactions.
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FitnessFitness ReproductionReproduction

GrowthGrowth

Habitat Habitat 

Survival Survival 
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ProductionProduction

FitnessFitness

GrowthGrowth

SurvivalSurvival

ReproductionReproduction

Populations

(abundance) 

Populations

(abundance) 

HabitatHabitat
Stream 

Restoration
Stream 

Restoration

LandscapeLandscape

GeologyGeology

ClimateClimate

EcotypeEcotype

TopographyTopography

DisturbancesDisturbances

LanduseLanduse GrazingGrazing

ForestryForestry

AgricultureAgriculture

MiningMiningUrbanizationUrbanization

ProductionProduction

FitnessFitness

Growth (*)Growth (*)

Survival (*)Survival (*)

Reproduction 
(*)

Reproduction 
(*)

Populations

(abundance*) 

Populations

(abundance*) 
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Population growth

• Malthus (1798)‐ Essay on Population
– If populations left unchecked they would 

outstrip their food supply.

– Because population pressure could never 
be eliminated, we could not create 
utopian society where war, famine, and 
vice were absent.

• Darwin (1859)‐ Origin of Species
– Overpopulation lead to intense 

competition, might cause one species to 
adapt to split into several.

– The “struggle for existence” included all 
forms of competition

– Competition was the main mechanism for 
evolution. 

• Logistic growth‐ Verhulst (1830s), 
Pearl (1920s). 
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Density Dependent Population Models
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Juvenile O. mykiss density

From Bouwes et al (2016) DOI: 10.1038/srep28581

Population 
Level

Response
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y = ‐0.0088x + 0.2464
R² = 0.514

 (0.05)

 ‐

 0.05

 0.10

 0.15

 0.20

 0.25

 0.30

 0.35

 ‐  5  10  15  20  25  30  35

G
ro
w
th
 (
g/
d
ay
)

Density O. mykiss (no./100m2)

Murderers Creek 
Density Dependent Growth
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Superimposition‐random?

Essington et al 1998
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Ideal Free Distribution (IFD)

Ideal Despotic Distribution
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Multispecies interspecific competition
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Bluegill

Green Sunfish

Pumpkinseed

Predation

10 million/yr

4.2-17 million/yr 10 million/yr
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- Preference may not 
indicate fitness

- Dominance 
hierarchy can push 
individuals into less 
favorable 
environments 

- Does not include 
other important 
variables (e.g. 
food, temp, etc.)

- Not transferrable
- Poor selectivity 

model
- Far better options

Rosenfeld et al. 2005 CJFAS
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Food 
resources and 
temperature
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Egg development and temperature

Time for egg 
development 
under different 
temperatures
(Quinn 2005)
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Egg development time
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Outmigration timing and temperature
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Diel Vertical Migration
Bear Lake Sculpin

Diel Vertical Migration
Bear Lake Sculpin
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Selecting for optimal temperatures
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ConsumptionConsumption

GrowthGrowth

MetabolismMetabolism
WasteWaste

C =C = + (G)+ (G)(M)(M) + (W)+ (W)

Bioenergetics Models


