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ÅResource selection functions

ÅRSF:  Any function proportional to the 
probability of selection of a resource unit

ÅRSPF:  resource selection probability 
function--yields actual probability 

Evolved from Statistics of Natural Selection

1. The idea

Bryan F. J. Manly & Lyman McDonald



Fundamental equations 
of ecology?

ÅñEcologyis . . . to discover the reasons for the

distribution and numbers of animals in nature.ò

Charles Elton, 1927

ÅRSFs are statistical descriptions of distribution 

and abundance

ÅTherefore, RSFs are the fundamental 

equations of ecology!



The data

ÅResource unit:  sampling unit, e.g., pixel

ÅTypes of data:  plots, telemetry, museum 

records, aerial survey, preference trials

ÅCovariates:  ecological variables that are 

likely to predict use of resource units, e.g., 

data from GIS layers, foods, water, other 

species, spatial pattern metrics, predation 

risk, human developments, etc.



RSF Model Predictor Variable Groups

Vegetation Variables

Landscape Variables

Human -Use Variables

Best Approximating 

Model(s)

RSF 

probability map

Use / Avail. data



2. Sampling designs and 
model assumptions

must define 
domain in 
space & time!



Sampling designs

Used vs unused resource units 
(=presence/absence)

ïWith random design yields probability of use; 
inference methods well developed

ïOften applied to bird survey data, e.g., BBS

ïCan use logistic model directly:
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3.  RSPF:  use logistic equation
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Magic property:  w*(x) = probability of use

(always < 1)



Crucial assumptions/problems

ÅDomain can be highly restrictive depending 

on sampling

ÅErrors asymmetrical, e.g., used are missed

ÅCorrections for detectability if multiple site 

visits are availableðoccupancy modelling 

-- Program PRESENCE

Darryl MacKenzie et al. (2006)                   

Occupancy estimation and modelling



Sampling designs

ÅUsed vs available resource units

ïMore honest approach to much habitat-
selection data;  donôt know absences

ïYields RSFðbut RSPF possible using 
weighted distributions

ïLogistic regression algorithm yields 
logistic discriminant = selection ratio

ïBotanists and MAXENT users call this  
ñpresence onlyò



Estimating betas for use/available
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Use logistic regression model

to estimate coefficients for exponential 

selection function:



Hungarian horntail dragon     
(Flammasaurus cerocaudus)

J.K. Rowling. 2000.  Harry Potter and the 

Goblet of Fire. Scholastic Press.



Hungarian horntail dragon nest 
trees ÅPreference for larger trees

Keating, K. A. & S. Cherry.  2004.  Use and interpretation of logistic 

regression in habitat selection studies.  J. Wildl. Manage. 68:774-789.
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ÅBinary data:   

used (=1) vs 

available (=0)

Åx1 = tree height

ÅSelection function 

coefficients, ɓi,

estimated using 

logistic regression:
y(0,1) = exp(ɓ1x1)/[1+exp(ɓ1x1)]

RSF = Logistic discriminant:

w(x) = exp(ɓ1x1)
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ÅSelection ratio=fu/fa

ÅSelection function:

w(x)=exp(ɓ1x1)

fu = frequency used

fa  = frequency available



Replication?

ÅDragon breeding outlawed by the 

Warlockôs convention of 1709

ancient DNA methods?



Agamidae  (Dragons)

Bearded dragon   (Pogona barbata)



Defining availability

ÅConsider masking non-habitats, e.g., 

lakes, cities, rock & ice

ÅScales important (Johnson 1980)

ïDistribution

ïLocation of home range

ïUse within home range

ïDiet selection



Discrete-choice models

ÅEnhanced definition of availability -- can 

vary in space and time

ÅRelated approaches:

ïCase-control designs:  Conditional logistic 

regression

ïMatched-case = McFaddenôs choice



Matched case

*

Radius = 

movement 

distance

Random 

locations 

within buffer



Step selection functions (SSF)

ÅContrasts habitats along paths with 

alternative paths that they might have 

taken (Fortin et al. 2005)



Sampling designs

ÅIntensity of use, e.g., adaptive kernals, as 

response variable (Marzluff, Ecol. 

Monogr.)

ÅIntensity of use by wolves in 

Yellowstone National Park



Crucial assumptions/problems

ÅSampling among individuals?

ÅSmoothed intensity of use so fine-

scale structure is lost.

ÅInflates spatial autocorrelation.

ÅWhy do it?



Abundance data on resource units

ÅPoisson regression

ÅZero-inflated binomial models

ïZero-inflated Poisson

ïZero-inflated negative binomial

Sampling designs



Ripley et al.
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Occurrence = 44.0% 

Bull trout (Salvelinus confluentus ) in 

Kakwa R. watershed, western Alberta

Abundance data: ZIP

Predictor covariates: 

Åarea of timber harvest

Åroad density

Å%fines

Åelevation

Åslope

Abundance and used/unused



Niche partitioning

We expect 
intermediate 
optima in use 
along a 
resource 
gradient:

Gaussian:

w(x) = 

exp(ɓ1x1+ ɓ2x1
2)



Quadratic vs Gaussian

Quadratic:                                

y = ɓ0 + ɓ1x1 + ɓ2x1
2

Gaussian:

y = exp(ɓ0 + ɓ1x1 + ɓ2x1
2)
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NB: always include both linear and 

squared terms



3.  DesignŸstats

ÅBinary data:

ïRandom design, used/unused = 

presence/absence: Logistic regression

ïCase-control design, n:m matched case: 

conditional logistic regression

ïUse/available design: logistic discriminant

ÅCounts available:  Poisson regression

or ZIB (including ZIP, ZINB)



4. Model selection

ÅAIC (and variations)

ÅSelect from amongst alternative 

biologically plausible models 

ÅStatistical inference often not relevant or 

interesting (although sometimes 

necessary)

Burnham and Anderson 

(2002)



Observed

presence absence?

a bpresence

dcabsence?
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True Positive Fraction (sensitivity) = a/[a+c]

False Positive Fraction (1-specificity) = b/[b+d]

N.B.:  availability a̧bsence

5. Model evaluation



K-fold cross validation

May be informative to validate across:

Ʒ years

Ʒ portions of study area

Ʒ individuals

Ʒ seasons

Wiens et al. 2008 Ecol Modelling

Also, can evaluate whether RSF is proportional to 
probability of useðplot results and check linearity



If k-fold suggests nonlinearity?

ÅTransform w(x)

ïln w(x) is linear model

ïSquare root [w(x)] justified for spatial 
covariates

ïWhatever works!

ÅConduct k-fold cross validation again to 
confirm that the transformation works.



6.  Fitness assumption?

ÅOptimal foraging theory assumes 

maximizing fitness (energy/time)

ÅRSF models characterize patterns of use

ÅNo explicit assumption of fitness, 

especially in human-modified landscape 

ÅOverlay components of fitness with RSF 

to identify ecological traps



ÅSurvival analysis

Proportional hazards survival analysis



Nielsen 2005



Two -Dimensional habitat model (relative 
habitat states)
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7. Critical habitats


