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1. dheidea
| Bryan F. J. Manly & Lyman McDonald

A Resource selection functions

A RSF: Any function proportional to the
orobability of selection of a resource unit

A RSPF: resource selection probability
function--yields actual probabllity

Evolved from Statistics of Natural Selection




Fundamental equations
of ecology?

A fi E c o liso.g tp discover the reasons for the
di stri bution and number s

Charles Elton, 1927

A RSFs are statistical descriptions of distribution
and abundance

A Therefore, RSFs are.the fundamental
equations of ecology!




The data

A Resource unit: sampling unit, e.g., pixel

A Types of data: plots, telemetry, museum
records, aerial survey, preference trials

A Covariates: 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

Best Approximating ) EI_StF
Model(s) probability map

Human -Use Variables / /
Landscape Variables / /

Vegetation Variables

Use / Avall. data
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Sampling designs =<

Used vs unused resource units
(=presence/absence)

I With random design yields probability of use;
Inference methods well developed

I Often applied to bird survey data, e.g., BBS
I Can use logistic model directly:

y(O,l) — exp (bO T blxl T bZXZ +2 )

1+exp(b, + bx + b,X, +2)




3. RSPF: use logistic equation

W (X) = exp (bo + bixa + boxe +2 )

1+exp(bo + bixa + b2xe +2 )

Magic property: w*(x) = probabillity of use
(always < 1) o



Cruclal assumptions/problems

A Domain can be highly restrictive depending
on sampling

A Errors asymmetrical, e.g., used are missed

A Corrections for detectability if multiple site
visits are availabled occupancy modelling
-- Program PRESENCE

Darryl MacKenzie et al. (2006)
Occupancy estimation and modelling



Sampling designs

A Used vs available resource units

I More honest approach to much habitat-
selection dat a; dono

I Yields RSFo but RSPF possible using
weighted distributions

| Logistic regression algorithm yields
logistic discriminant = selection ratio

I Botanists and MAXENT users call this
Npresence onl yo




Estimating betas for use/available

Use logistic regression model

y(01) =

exXp (b, + b + by%, +2 )
1+exp O, + b + b,X, +2)

to estimate coefficients for exponential
selection function:

W(X) = exp(bx, + b,X, +2 )



Potter and the

’[ESS.




Hungarian horntail dragon nest
lrees Mreference 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.




Available

Covariate X1

Covariate X1

ABinary data:
used (=1) vs
available (=0)

A, = tree height

ASelection function
coefficients, b;,
estimated using
logistic regression:
y(0.1) = exp(byx;) / [ 1+ p

RSF = Logistic discriminant:

wix) = g¥p(Db



/Selection ratio=f /f,

f, = frequency available
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Covariate X1

Covariate X1

f,= frequency used

Frequency

/Selection function:

oo w(x)=exp(b,X,)




A Dragon breeding outlawed by the
Warl ockodos conventili on
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ancient DNA methods?




Agamidae (Dragons)




Defining availability

A Consider masking non-habitats, e.g.,
lakes, cities, rock & ice

A Scales important (Johnson 1980)
I Distribution
I Location of home range
I Use within home range

T Diet selection




Discrete-choice models

A Enhanced definition of availability -- can
vary in space and time

A Related approaches:

I Case-control designs: Conditional logistic
regression

I Matched-c ase .= McFaddenos




Matched case

Radius =
movement
distance

Random
locations
within buffer



Step selection functions (SSF)

A Contrasts habitats along paths with
alternative paths that they might have
taken (Fortin et al. 2005)




Sampling designs

A Intensity of use, e.g., adaptive kernals, as
response variable (Marzluff, Ecol.
Monogr.)

Antensity of use by wolves in
Yellowstone National Park




Cruclal assumptions/problems

A Sampling among individuals?

A Smoothed intensity of use so fine-
scale structure Is lost.

A Inflates spatial autocorrelation.

A Why do it?




Sampling designs

il
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Abundance data on resource units

A Poisson regression

A Zero-inflated binomial models

I Zero-inflated Poisson
I Zero-inflated negative binomial




Abundance and used/unused
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Bull trout (Salvelinus confluentus ) in
Kakwa R. watershed, western Alberta

Predictor covariates:
Aarea of timber harvest
Aroad den Sity Occurrence = 44.0%
A%fines C
Aelevation
Aslope




Niche partitioning

We expect

Intermediate

optima in use

along a

resource Pinta and

gradient: 2’ Marchena
Gaussian: L |Son Critabal
W(X) = s o

'.'E

exp(b;x;+ D,X;%) E

L4 (1)
Beak depth (mm}




Quadratic vs Gaussian

Quadratic

Quadratic:

y = Dg + byX; + DyXy°

10 20 30 40

Covariate

Gaussian:
y = exp(by + byx; + b,yX;%)

NB: always include both linear and
squared terms




3. Design¥Y.st‘at s

A Binary data:

I Random design, used/unused =
presence/absence: Logistic regression

I Case-control design, n:m matched case:
conditional logistic regression

I Use/available design: logistic discriminant

A Counts available: Poisson regression
or ZIB (including ZIP, ZINB)



4. Model selection

AAIC (and variations)

ASelect from amongst alternative

Burnham and Anderson

biologically plausible models (2002)

[Statistical inference often not relevant or
Interesting (although sometimes
necessary)




5. Model evaluation
Observed

presence absence?

presence

absence?

Predicted

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

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

N.B.: availability & , absence




K-fold cross validation

May be informative to validate across:

3 years ﬁ

3 portions of study area %7//)
3 Individuals ;/\,,
3 seasons W

Wiens et al. 2008 Ecol Modelling

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




If k-fold suggests nonlinearity?

A Transform w(x)
I In w(x) Is linear model

I Square root [w(x)] justified for spatial
covariates

T Whatever works!

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




6. Fithess assumption?

A Optimal foraging theory assumes
maximizing fithess (energy/time)

A RSF models characterize patterns of use

A No explicit assumption of fitness,
especially in human-modified landscape

A Overlay components of fitness with RSF
to identify ecological traps



Proportional hazards survival analysis
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