SEEC STATS TOOLBOX

Join us for the monthly SEEC Stats Toolbox seminars where we introduce statistical
methods that are useful for ecologists, environmental and conservation scientists.

Our next seminar:

Topic:  Dynamic occupancy models
Who: Res Altwegg & David Maphisa » <
When:  Thursday 28 November, 13h00 - 14h00 y- g\}

Where: PD Hahn LT4 (Level 6)
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Occupancy: the proportion of sites occupied by a

species
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» logit(V) = f(covariates)

» Occupancy: V =




The species is not detected in all occupied cells
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Repeated sampling

Assumptions:

» Closure (no
colonisation or
exctinction)

» No false detections




A hierarchical model
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V; = probability that site / is occupied
zj = true occupancy at site i: 1 =
occupied, 0 = not occupied

pij = prob of detecting the species at
site / during survey j

yij = detection (1) or non-detection (0)
at site / during survey j

zj|W; ~ Bernoulli(V;)

yijlzi, pi.j ~ Bernoulli(z;pj ;)




Covariate modelling

Want to know how occupancy and detection vary among sites, /,
and survey, J.

/Ogl't(\U,') = oo + o1Xj1 + ... + yXiy
logit(pij) = Po + Bixir + ... + Buxiu + Butiyijt + - - - + Butvyiv

U site-level covariates: X1, ..., Xy
V' survey-specific covariates: yj1, ..., Yjjv
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Southern bald ibis
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Dynamic occupancy models

Local Extinction

—
Closure

Z,'7t|w,"t ~ Bern(\lf,-vt)

Yitjlzit, pitj ~ Bernoulli(zj X pj ;)
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Dynamic occupancy models

Local Extinction

e

Closure

/ogit(\ll,-71) = oo + a1Xj1 + ...+ ayXiy
Vi

Zzig1 =21 X (L—€—1)+ (1 —2zi¢—1) X i1, fort > 1
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Preparing the data
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» 250 sites

» 5 seasons
> 2 surveys / season
> V; =0.6
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> head(yy)

[,11 [,2]1 [,3] [,4]

[1,] 0
[2,]
[3,]
[4,]
[5,1]
[6,1]

O O O O O

> dim(yy)
[1] 250 10
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Preparing the data

> library(unmarked)

> simUMF <- unmarkedMultFrame( y = yy,

+ yearlySiteCovs = list(year = year),
+ numPrimary=5)

> summary (simUMF)

unmarkedFrame Object

250 sites

Maximum number of observations per site: 10
Mean number of observations per site: 10
Number of primary survey periods: 5

Number of secondary survey periods: 2

Sites with at least one detection: 136
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Preparing the data

Tabulation of y observations:
0 1
2242 258

Yearly-site-level covariates:
year
01:250
02:250
03:250
04:250
05:250
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Fitting the model to the data

> m0 <- colext(psiformula= ~1,

I gammaformula = ~ 1,

+ epsilonformula = ~ 1,
+ pformula = 7 1,

+ data = simUMF)

”
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Looking at the output

> summary (m0)
Initial (logit-scale):
Estimate SE z PClzl)
-0.00337 0.236 -0.0143 0.989
Colonization (logit-scale):
Estimate SE z PGzl
-1.7 0.195 -8.71 3.01e-18
Extinction (logit-scale):
Estimate SE z PClzl)
0.214 0.318 0.672 0.502
Detection (logit-scale):
Estimate SE z PClzl)
-0.654 0.17 -3.86 0.000115
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Parameter estimates

> logit(V1) = —0.0034

» What is W17 (Should be 0.67)
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Parameter estimates

> logit(V1) = —0.0034

» What is W17 (Should be 0.67)

- e
1+e—0.003

» > exp(-0.00337)/(1+exp(-0.00337))
[1] 0.4991575

t and Conservation
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Parameter estimates

> names (m0)
[1] "pSi" "COl" "ext“ "det"

> backTransform(mO, type="psi")

Estimate SE
0.499 0.0591

> confint(backTransform(mO, type="psi"))
0.025 0.975
0.3854436 0.6129562

t and Conservation
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Derived parameters

”

U, =W g x (I—e1) + (1 —Weg) X yea

> backTransform(mO, type="ext")
Estimate SE
0.553 0.0786

> backTransform(mO, type="col")
Estimate SE
0.154 0.0255

> mO@projected.mean

1 2 3 4 5
unoccupied 0.5008437 0.6997875 0.7580149 0.7750571 0.780045
occupied 0.4991563 0.3002125 0.2419851 0.2249429 0.219955
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Will occupancy decrease forever?

With constant v and € occupancy

e I, heading for an equilibrium:
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Confidence intervals for derived parameters

B 1.0

Q

3 08 -

8

3 06—

z %\

g 0.4 — \\{\

S SNy ——e—
5 02 i“ $--1
g

T 00 -

”

SEEC - Statistics in Ecology. Environment and Conservation

s W N

m0 <- nonparboot(m0, B = 1000)

cbind(projected=projected(m0) [2,],
SE=mO@projected.mean.bsse[2,])

projected SE

0.4991563 0.06678017

0.3002125 0.05202317

0.2419851 0.03846406

0.2249429 0.03041457

0.2199550 0.02719051




Yearly site covariates
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Model selection

> AIC(mO,m1)

Error in UseMethod("logLik")
no applicable method for ’logLik’ applied to an object
of class "c(’unmarkedFitColExt’, ’unmarkedFit’)"

> models <- fitList(’ psi(.)gam(.)eps(.)p(.)’ = mO,

* > psi(.)gam(Y)eps(Y)p(Y)’ = ml)
> (ms <- modSel (models))

nPars AIC delta AICwt cumltvWt
psi(.)gam(Y)eps(Y)p(Y) 14 1444 .53 0.00 1.0e+00 1.00
psi(.)gam(.)eps(.)p(.) 4 1556.16 111.63 5.8e-25 1.00
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