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Introduction Books on Occupancy Modelling
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Books on Occupancy Modeling

Marc Kéry
J. Andrew Royle

o

)

APPLIED HIERARCHICAL
MODELING IN ECOLOGY

Analysis of distribution, abundance and
species richness in R and BUGS

Volume 1
Prelude and Static Models

5/181



Introduction Books on Occupancy Modelling
Basic ideas of occupancy analysis
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What is Occupancy Modeling

Occupancy: Proportion of area/ patches/ sample units that are
occupied by a species of interest.

@ Studies of distribution and range, e.g. spotted owl or bull trout
@ Is patch occupancy related to patch characteristics (e.g.
habitat variables)?

Spread of invasive species.

Disease dynamics.

Pattern of species richness in space and time

Species assemblages — which species tend to co-occur or
anti-occur?

Key problem: False negatives, i.e. a survey may not detect an

animal present on patch because animal is low density, cryptic,
observer error, etc. Detection probability < 1!

Naive estimates lead to underestimates of occupancy, species

numbers, etc.
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Basic idea of occupancy studies

Landscape is divided into patches or cells (not necessary that they

be equal size), some of which are occupied by species of interest.
1 2 3 4 5 ] 7 ] 5 10

== - T

[y

I:l=TRLITH{i.|:.si:e Is pecupied)
1 = 0.40 (TRUTH = proportion of sites occupied in population)
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Basic idea of occupancy studies

Suppose we sample 20 cells (at random) with a detection
probability < 1 with a single visit/cell.

1 2 3 4 5 B 7 8 9 10

1 1 0
2 0
3 1 1]
4 1 1
5 0 0
] 0 0 1
7 0 1]
] 1] 1
9

10 1 0 0

[ ]|=TRUTH (i.e site is occupied)
Notice the false negatives, e.g. in row 10 and column 8.
¢ =0.40 (TRUTH = proportion of sites occupied in population)
T/Jna/ve = 20 = 0.35 UNDERESTIMATES true occupancy because

of false negatives.
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Basic idea of occupancy studies

Suppose we sample 20 cells (at random) with detection probability
< 1 with 3 visits/cell.

1 2 3 4 5 B 7 8 9 10

1 101 000 010
2 000
3 111 000
4 001 001
5 000 000
] 00D (1] 011
7 000 000
] 110 101
9

10 111 000 000

[ ]|=TRUTH (i.e site is occupied)

1 = 0.40 (TRUTH = proportion of sites occupied in population)
Empty cells are always 0; Occupied cells with history such as 101
provide information about the detection rate because cell was

occupied but not detected on second visit.
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When to use Occupancy Modeling

Interest at SPECIES level and not individual level.

Discrete patches (SITES) where species are relatively immobile
(e.g. ponds and frogs; forest stands and invasive plants).

Detection rates < 1 but not too small (i.e. around 0.3 and
higher).
@ Occupancy between 0.2 and 0.8.
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When to NOT use Occupancy Modeling

Very rare or elusive species. See

SAMPLING

Thompson, W. (2004).
Sampling Rare or Elusive Species:
Concepts, Designs, and

R‘M{E;Eg}“ELéSLVE Techniques for Estimating

Population Parameters.

WiLLiam L THOMPSON

Problem is that most of encounter histories will be 000000 and so
verv difficult to estimate detection rate and extra false-necatives  11/181
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When to NOT use Occupancy Modeling

Interested in population parameters such as abundance, survival,

movement, etc.

Aualys,isﬂntl
Management
of Animal

Populations

Williams, B.K, Nichols, J.D. and
Conroy, M.J. (2002).

Analysis and Management of
Animal Populations.
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When to NOT use Occupancy Modeling

Resource selection.

Resource Selection
by Animals

Siatistical Design and
Analysis for Field Studies

Second Edition

Bryss F.J. Meniy, Lyman L. McDonakd,
Dans L. Thamas, Trest L. Mclonald
and Wellace F. Ericlsan

ik

Kluser Academic Puldishera

Manly, B.F., McDonald, L.,
Thomas, D. L., McDonald,T.L.
and Erickson, W.P. (2002).
Resource Selection by Animals:
Statistical Design and Analysis
for Field Studies.
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Types of occupancy studies

Single species; single season

@ Sampling protocol:
e Multiple visits to random sample of sites;
o Record OBSERVED detections/non-detections.

o Estimate
e Proportion of sites that are occupied (1))
e Detection probability p on each visit.
e Variation in parameters as functions of covariates such as

patch size, habitat, time, management actions, etc.
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Types of occupancy studies

Single species; multiple seasons
@ Sampling protocol:

e Multiple visits to random sample of sites;
o Record OBSERVED detection/non-detections;
o Repeat over multiple seasons

@ Estimate

e Proportion of sites that are occupied (1))

e Detection probability p on each visit.

o Local extinction and colonization probabilities

e Variation in parameters as functions of covariates such as
patch size, habitat, time, management actions, etc.
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Types of occupancy studies

Multiple species; single and multiple seasons

@ Sampling protocol:
o Multiple visits to random sample of sites;
o Record OBSERVED detection/non-detection of EACH species
e Single or multiple seasons

o Estimate
e Proportion of sites that are occupied (1) for each species
e Dynamics - local colonization and extinction probabilities by
species and relative to other species
e Detection probability p on each visit.
e Variation in parameters as functions of covariates such as
patch size, habitat, time, management actions, etc.
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Types of occupancy studies

Multiple state; single and multiple seasons
@ Sampling protocol:
e Multiple visits to random sample of sites;
o Record OBSERVED state of species (e.g. not detected,
detected adults, detected breeders)
e Single or multiple seasons

@ Estimate

o Proportion of sites that are occupied (1)).

o What fraction of occupied sites are in each STATE (e.g.
breeders and non-breeders).

e Detection probability p for each visit.

e Local extinction and colonization probabilities.

e Variation in parameters as functions of covariates such as
patch size, habitat, time, management actions, etc.
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Types of occupancy studies

Multiple scale; single and multiple seasons

@ Sampling protocol:

e Multiple visits to random sample of sites;

o Record OBSERVED detection/non-detection using different
methods (e.g. visual or aural) or at different scales (small
quadrats or larger landscape).

e Single or multiple seasons

@ Estimate

o Proportion of sites that are occupied (¢).

o Detection probability p by methods/scale.

e Local extinction and colonization probabilities.

e Variation in parameters as functions of covariates such as
patch size, habitat, time, management actions, etc.
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Software for Occupancy Modeling

o PRESENCE

GENPRES (planning studies)

MARK

R package RPresence

R package RMark

R package unmarked (not recommended)

Bayesian modelling using JAGS for complex problems.

Program MARK

You can obtain context-sensitive help with the F1 key,
and can investigate objects with the Shift-F1 key.
See the Help menu for known problems.

Program PRESENCE

was developed by Darryl MacKenzie of

«— Proteus
Research & Consulting Ltd.

PO Box 5193, Dunedin, New Zealand Bittgffurvreproteus. co.nz

under contract to U.S. Geological Survey as part of the
Amphibian Research and Monitoring Initiative (ARMI). Visit
their website at htip:/fwww.mp2-pwrc.usgs.gov/armi e T
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Single Species; Single-Season - Sampling Protocol

Single-Species Single-Season
Occupancy Studies

Theory

20 /181



Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
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Single-Species Single-Season - Sampling Protocl

Sampling Protocol:

@ Landscape divided (artificially or naturally) into S patches or
cells or SITES.
@ Select s << S sites at random (all sites have equal probability
of selection)
e Randomization makes sample representative.
e Sample size controls precision.
o Stratification (see later in course) may be useful
@ Visit each site K times (unequal visits covered later)
@ Record detection or not detection of species in site / in each
visit k.
e Visual aural, fecal, browse, signs, etc
o Create a Detection/Encounter History for each surveyed
site (e.g. 0110).
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - Assumptions

© Occupancy state of sites is constant during all single-season
surveys (closure).

@ Probability of occupancy (%) is equal across all sites
(homogeneity).

© Probability of detection (p) given occupancy is equal across
all sites (homogeneity).

@ Detection of species in each survey of a site is independent of
those on other surveys

© Detection histories at each location are independent
@ No false positives.
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - Theory

Important terms:

@ Population: Complete set of sites for which inference is
wanted

e Sample: Sites actually measured

e Parameter: Occupancy over entire population () - always
unknown

o Estimate: Values obtained from the sample data (1)).
The RRR's of statistics:

o Randomization: Makes a sample representative.

o Replication: Control precision (the SE)

@ Stratification: Account for one form of heterogeneity in
population.
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
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Single Species; Single-Season - Theory

Every SAMPLE will give a DIFFERENT estimate!

A measure of how much the estimate could vary if a new sample is
taken is the STANDARD ERROR (SE).

A usual convention is to report a 95% CONFIDENCE INTERVAL
which is a plausible range for the POPULATION parameter given
the collected data. A c.i. does NOT make statement about
individual values (i.e. the occupancy of a particular site).
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - Theory - MLE

LIKELIHOOD connects the data (detect/not detect) with the
parameters of the model (¢ and p). Need to construct a
probability expression for each history in the sample. There are two
cases:

o At least one detection. Consider the history (10100). Then

P(10100) =% x p(1 —p)p(1 — p)(1 - p)
@ No detections. Either occupied and not seen or not occupied:

P(00000) = %(1 — p)® + (1 — %)
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - Theory - MLE

Likelihood function:

L= P(h1) x P(h2) x ... x P(hs) = L(data, parameters)

Find the values of the parameter (the MLEs) that MAXIMIZE the
overall probability of the data. In simple cases this can be done by
hand, but usually is done numerically.

The SE can also be obtained from derivatives of the
(log)-likelihood function
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
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Single Species; Single-Season - Theory - MLE

Properties of MLEs
@ Extracts ALL of the information from the data
@ Give the smallest possible SE
@ Are unbiased (in large samples)
e Enable Cl to be constructed as Estimate + 2SE.

However, in small samples, MLEs are not guaranteed to be optimal.
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - A new model

We assumed that p was equal across all sampling occasions. But
suppose that effort/ conditions varied across occasions. Need to
relax the assumption that p was equal across all occasions.

Standard Notation:

@ Model 9(x), p(*) had equal p across all ocasions.
@ Model 9(x), p(t) has DIFFERENT p for each occasion.

Write out P(history) for history 10100 00001 and 00000.
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - AIC

Which model is best?

“All models are wrong, but some are useful” (George Box)

AlIC = Akaike Information Criteria = tradeoff between fit and
complexity
AlIC = —2log likelihood + 2#p

where #p is the number of parameters.

“Best” model in the set is one with arithmetically smallest AlC.
Find
AAIC, = AIC,, — AlCyin

Differences of 2 or 3 AIC units imply no real preference.
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - AIC

Burnham, K.P. and Anderson,
D.R. (2002).

Model selection and Multi-Model
Inference: A practical
information-theoretic approach.

Complete but dense. The first
few chapters are very readable.
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - AIC

Anderson, D.R. (2008).
Model based inference in the life
sciences: A primer on evidence.

Very readable explanation of the
AIC paradigm.
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - AIC

Model averaging - compute a model weight
_ on(-24%)
" Zexp(—iAg’C")

Interpret as the weight of evidence in favor of model m relative to
OTHER MODELS in the model set.

Add up weights for models with a common feature, e.g. habitat
variable (see later in notes).
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - AIC

Model averaging - average estimates

77//}\average = Z Wm{b\m
This accounts for both WITHIN and AMONG model uncertainty.

Also able to obtain SE that are adjusted for model averaging
(weighted average of the individual standard errors and a penalty if
the estimates are not consistent among models).
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence

MARK / RMark
Exercise

Single Species; Single-Season - Presence

Single-Species Single-Season Occupancy
Studies

Using Presence
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Blue-ridge two-lined salamander ( Eurycea wilderae) occurs in Great
Smokey Mountains National Park. 39 sites surveyed every 2 weeks.
At each visit, a transect was searched every 10 m by overturning
rocks or cover boards.

Open the salamader.xls file in OccupancySampleData folder
What is naive estimate of occupancy?

A B C D E

J ot s wa pa e
o S B e B SR e B e R
B = T TR SRR SR S
A ===
o SR B e B SR o B B S
o TR e T e T e B e T = J =
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Create an Excel file with the history for this species in this season
The values in the columns have

@ 0 - not detected
@ 1 - detected

@ . - not visited

A B c D E

w | a |0 e w0~
S rErEEEREOOG
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Open PRESENCE

I ) IE cation

Program PRESENCE 2.12.8

Start a new analysis by clicking File/New Project
Open an old analysis by clicking File/Open Project

Fiecent Modifications:
Wer 12.8 (084ug2018] - added multi-reason false-positive model to APresence
Wer 12,6 [084ug201 8] - no change - update ver number to match RPresence

New: 'Recent changes' in Help menu
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
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Single Species; Single-Season - PRESENCE - Salamander

Start a New Project

Program PRESENCE version 4.0 <111018.1544 > b:

v o v e Program PRESENCE 4.0

Open 'extra' site covar file
Select site nsighbar file

Start a new analysis by clicking File/New Project
Open an old analysis by clicking File/Open Project

Recent Madifications:
Wer 4.0 (B0ct2011] - Added models: multi-season-het, multi-zeason-2species
Wer 3.1 (140ct2010) - Added model: single-season-false-positive-detections
Yer 3.0 (272an2010] - changed results file structure

Results &|C table and madel output files are now stored

in afolder, instead of a single paZ file. New results

A|C table is saved as pa3 file. PRESENCE will automatically

convert old results paZ file to new pad file and folder.

See ‘Hecent changes' in Help menu for more info.

2 USGS

. science for 8 chanaina world 38/ 181




Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Getting data into PRESENCE is a bit tricky as the work flow is not
top down.
Enter a title for the project.

1 Program PRESENCE version 4.0 <111018.1544> by James E. Hines (=13

File View Run Tools Help

Motes Title for this set of data.

| alamander Example

Data type not needed - just select m—
type from Run menu Enter data filaname (5 Click to select file

Click to view file

Royle models are now in 'Run’ |
menu
Besults filename

Mo. Sites

No. Occasions [ [

Mo, Site Covariates

Mo. Sampling Covariates -
Input Data Form
° Cancel % i v

Mo Occasions/zeazon
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Single-Species Single-Season Models - BASICS

Theory
Presence / RPresence
MARK / RMark

Exercise

Single Species; Single-Season - PRESENCE - Salamander

Import the data by clicking on Input Data Form

File Wiew Run Tools Help

Notes

Data type not needed - just select
Type from Run menu

Rayle rmodels are now in '‘Run’
men

- Program PRESENCE version 4.0 <11101B.1544 > by James E. Hines

Title for this set of data

[Salamander Example

Enter data filename

Click ta view file

Fi R Click to select file

[salamarder-data

Results filename

‘salamanterrlesulls

No. Sites

—

M. Occasions [ [1

T
Ilo. Sampling Covariated [

A 74

Mo Oocasions/season

No. Site Covariates

Input Data Form
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark

Exercise

Single Species; Single-Season - PRESENCE - Salamander

Copy/paste the data from the salamander.xls to the data entry
window. Note the various options to allow you to enter the site
name in the first column, the date in the first row, etc.

. Data Input Form

File Bl Simulate Help

Fotas Mormalize covariake 1 Mo, Site Cr
Scale covariate
Pres
Copy

Clear clipboard Paste w/sitenames

zite

E Insert From C3Y File Paste wjcovnames
L Clear Paste w)both

Hte fdd site covariake table IUndo Paste

| |zite Add sample covariate table Py 41/181
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MARK / RMark
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Single Species; Single-Season - PRESENCE - Salamander

Update the number of occasions per season

. Data Input Form

File Edit Simulate

rows (39 oz |5 Mo, Docizeazan |5| . Site Cc

Presencesdbsence dat }

data 11 |12 (13 14 6
zite 1 0 o o 1 1

site 2 0 1 o o o

site 3 0 1 o o o

site 4 1 1 1 1 o

site B 0 o 1 o o

| § — — - — — 42/181
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Save the history + additional information as a *.pao file.

. Data Input Form

F[EW Edit  Simulate  Help
Mew |5_ Mao. Occizesson |5— Mo, Site Ct
pen hce data l
Close 11 -2 |12 (14 [1-6

zite 1 o in 0 1 1

zite 2 0 1 0 0 0

zite 3 0 1 0 0 0

zite 4 1 1 1 1 0

zite B 0 0 1 0 0

| B — - - — - 43/181




Theory
Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark

Exercise

Single Species; Single-Season - PRESENCE - Salamander

Save the history + additional information as a *.pao file.

Save in: | 7 sample_data ﬂ £ ED-

bbsMD, pao
housefinch, pao
ns0.pao

sp_ba_owls.pao

File name: zalamander S ave
Cancel

Save az type:
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

This updates the initial project screen. CHECK INPUT!

1 Program PRESENCE version 4.0 =111018.1544> by James E. Hines FEX)
File “iew Run Tods Help

Notes Title for this set of data

[Saamander Example
Data type not needed - just select
type from Run menu

Click to view file

Enter data filename 7 S Click to select file

[-\program fies' presence\sample_datahs dlamander pao

Royle models are now in "Rur’
menu
Blesults flename

[cr\program fiestpresence’sample_dats'salamander.pa3

Mo, Sites

o
N Ocrasions 5
—

hin_Site Covariates

ho. Sampling Covariate
Input Data Fom
° Cancel Y/ 0K 4

Press the check button to create the folder with results, the *pao
(data + other information file), the *pa3 (model results file), and
the directory.

No. Occasions/season
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Presence / RPresence
MARK / RMark

Exercise

Single Species; Single-Season - PRESENCE - Salamander

Single-Species Single-Season Models - BASICS

You are now at the RESULTS window.

{3 PRESENCE: c:Aprogram files\presencelsample_datalsalamander_project\salamander. pa3
File wiew Run Tools Help

LNV

Model

Jaic [dettasic Jalcwat  [Model Likelidno.Par [2*LogLike

Explore the RESULTS Window menu items. Notice the types of
models that can be fit.
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark

Exercise

Single Species; Single-Season - PRESENCE - Salamander

Select the Single Season/Single Species and fit the simplest model
(¥(x), p(*)) (Notation will become clearer later).

- Setup Numerical Estimation Run

EBIX

Title for Analysiz

‘S alamander Example

[T et

‘1 aroup, Constant P

Fix Parameters No Parameters Fived

Modet

Options
&+ Pre-defined [ List Input Data
" Custom [~ Supply initial values
o e i [T Set digits in estimates
1 aroup, Survey-specific P | 8
o Sy [~ Bootstrap/-C matrix
2 groups, Survey-specific: P I Assess Model Fit

3 groups, Constant P
3 graups, Survey-specific P [ Use simplex algorithm

for ztarting walues

[ Set max estimates to print

[T Use Complimentiy-log-lag link for Psi 47 /181
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Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Open the results for this model.

- PRESENCE:c:\program files\presencelsample datalsalamander_projectisals

File Tools  Help

E ] o | Al

Mode AIC |
1 group, Constant P 16576

Lot of interesting stuff!

Basic statistics about your data - make sure these are correct
Information about fitting the model - typically not of interest.
Beta estimates - typically not of interest

Estimates of occupancy and detectability.

Posterior probability of occupancy.
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence

MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Look at output In partlcular the estimates:

F'r‘c:pu:ur‘tmn DF s1tes occupied |(Ps'|) = 0.59458 (0.1226:)|
betection probabilities fpo:

grp sy 4 salp)

1 1 0.258729 { 0.0576938)

We have ¢ = 0.59 (SE 0.12) and p = 0.26 (SE 0.06).
Naive estimate of occupancy of 0.46.
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Theory
Single-Species Single-Season Models - BASICS Presence / RPresence

MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - Salamander

Probability of missing a species if present over all 5 occasions
(probability of a false negative) is found as

ﬁ(False negative | occupied) = (1 — p)° = (1 — 0.26)> = 0.22
Conditional probability that a site with no animals observed is
occupied is

~

P(occupied and not detected)
P(not detected)

~

P(occupied | not detected) =

)
1= 91— (1-p)7
0.59(1 — .26)°

1—0.59[1 — (1 — 0.26)7]
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - PRESENCE - A new model

We assumed that p was equal across all sampling occasions. But
suppose that effort/ conditions varied across occasions. Need to
relax the assumption that p was equal across all occasions.

Standard Notation:

@ Model (), p(x) had equal p across all ocasions.
e Model (), p(t) has DIFFERENT p for each occasion.
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Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise

Single Species; Single-Season - (%), p(t)

Go back to PRESENCE, fit a new model:

;;" Setup Numerical Estimation Run E@E
Title far Analysis

|Salamander Example

Model Hame

|T group, Survey-specific P

i P No Parameters Fiked

Lods! Options

{* Pie-defined [ List Input Data

™~ Custom [~ Supply initial values

" Custom w/spatial corelation [ Set digits in estimates

1 Caongtant P [ Setfunction evaluations

[ Bootstrap V-C matrix
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It is added to the RESULTS window:

-

PRESENCE:c:\program files\presence\sample_datalsalamander_projectisalamander. pa3
File ‘iew Run Tools Help

& &

Al

Madel laic ldeftaric [AICwat
1 group. Constant P 166 76 000 07261
1 group, Survey-specific P 167.71 1.95 0.2739
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Single Species; Single-Season - (%), p(t)

Look at, the estimates:
Proportion of sites occupied

petection probabiTities

aqrp EL P

1 1 0.176872
1 2 0.132654
1 3 0.357981
1 4 0.353743
1 5 0.265307

~

(P=id

(pl:
selpl
0.0845130
0.0740547
0.119004 7
0.1137007
0.101018)

= 0,5799% (0,1174)

1 = 0.58(SE 0.12) and each occasion has a separate p;.
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Refer back to estimates of p;. Perhaps effort was same in first two

occasions and last three occasions. How is a more flexible model
fit?

.~ S(=1E3
Title for Analpsiz
|Sa|amandel Example
Model Name
[psi).pL)
e Mo Parameters Fixed
Madel Options
D [T List Input Data
‘o Eueiem [ Supply initial values
™ Custom w/'spatial correlation [ Set digits in estimates
[ Sel function evaluations
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Single Species; Single-Season - Custom Models

This brings up DESIGN MATRIX window, one for each parameter
- Design Matrix - Single-season model

File Init Retrieve model special

Occupancy | Bedtin | l l l l
= al |

psi 1

=

2l Design Matrix - Single-season model

File Init Retrieve model special

I b1 |
o 1
| B =%l 1
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“Real” parameters (rows) vs “Beta” parameters (cols). You want a
distinct column for each separate parameter for the detection
rates. [Try right clicking.] Get the following structure:

- ik Design Matrix - Single-seaso

File Inmik Retrieve model special
Qocupancy Detection

- b1 |b2 |
pl 1 0

pe 1 0

p3 0 1

pd 0 1

ph 0 i
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Then run the model with an appropriate name for the model:

= & Setup Numerical Estimation Run

Title for Analyzis

|Salamander E=ample

kodel Mame
pail.]p(1=2, 3=4=H |
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Model is added to results table, and look at estimates

File %iew Run Tools Help

& x| A

Model laic [dettaslc [AlCwat  [Model Likelihdno.Par. [F2*Loglike |
psi).p[1=2, 3=4=5) 16282 0.00 07595 1.0000 3 166,62

1 group. Constant P 165.76 294 01746 0.2299 2 161.76

1 group. Survey-specific P 167.71 4.89 0.0669 0.0867 5] 16671

Individual site estimates of <psi>
site estimate std.err g5% conf. interwval
psi 1 site 1 o 005831 0.1186 0.3496 - 0.7845

Individual site estimates of <pls
Site estimate std.err 55% conf. interwval

pl 1 =site 1 0.1539 0.0584 0.0702 - 0.3046
p2 1 site 1 0.1539 0.0584 0.0702 - 0.3046
p3 1 site 1 o 0.3371 0. 0768 0.2059 - 0,4953
pd 1 site 1 o 0.3371 0.0768 0.2059 - 0,4993
P 1 site 1 o 0.3371 0.0768 0.2059 - 0,4993
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Create and fit. a model where p1 = p2, p3 = p4, and ps is separate.
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Single Species; Single-Season - AIC

Which model is best?

“All models are wrong, but some are useful” (George Box)

AlIC = Akaike Information Criteria = tradeoff between fit and
complexity
AlIC = —2log likelihood + 2#p

where #p is the number of parameters.

“Best” model in the set is one with arithmetically smallest AlC.
Find
AAIC, = AIC,, — AlCyin

Differences of 2 or 3 AIC units imply no real preference.
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Back to RESULTS window. Which model is “best” within model
set?

2 PRESENCE:c\users\cschwarz\dropbox\stat-occupancy\occupancycourse-2018-02-12\occu
File View Run | Tools | Help

Simulations

Model Check web-site for new version 3 deltaAlc_ [AICwal
psil)p(1=2. 3 Plot psi vs covariates 282 0.00 0.759
1.qroup, Congl  Change web-browser (for help display) ¥5.76 294 0.174
1 group, Survel  Changetext-editor 771 489 0065

Specify location of OpenBugs
Specify location of Presence.exe
Change c-hat (1.0)

Change effective sample size (0)
Add 1 to #parms when c-hat>1
Set Sestimates to print: 999999
Print chi-sq test
Model-averaged estimates
Rebuild project from output files
Tum on debugging output

skip reading of pao data

This creates a text file in your directory with results.

Unfortunately, this is still very much in beta testing mode and
does not always work as advertised.
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RPresence is an R package that is able to fit some of the simpler
models available in PRESENCE.

Key advantages are:
@ Scripts so that analyzes can be reused.
@ No more clicking
@ Much easier extracting output

@ Available for Macintosh, Windoze, and Linux platforms.
Key disadvantages are:

@ Not all analyses can be done in RPresence.
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Single Species; Single-Season - RPresence

Installation of package (not available on CRAN)

@ Download package file from Patuxent software package
@ Install from Package Archive File

Open the sample program in the Salamander directory
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Single Species; Single-Season - RPresence - Salamander

Basic steps in analysis:
@ Input the history file and create the *.pao file
o Fit some model using the occMod() function.
@ Model average using the createAicTable function.
@ Extract results and plot results etc

Refer to sample analysis script.
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0 N O b~ W N

Read in raw data and so some basic error checking:

input.data <- readxl::read_excel(file.path("..","salamande:
sheet="CompleteData",
col_names=FALSE) # notic

# do some basic checks on your data
nrow (input.data)
ncol (input.data)
head (input.data)

Histories is a matrix (nsjtes X Nyisits) of 1's, 0's, or NA's.
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Create the *.pao file.

1 salamander.pao <- createPao(input.data,
2 title=’Salamander SSSS’)
3 salamander.pao
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Fitting a model psi(.), p(.)

1 mod.pdot <- occMod(model=1list(psi~1, p~1),
2 type="so",
data=salamander.pao)

Note that formula DO NOT HAVE AN = SIGN.

This creates an object with MANY slots and extractor functions.
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Lot of interesting stuff!
@ Basic statistics about your data - make sure these are correct
@ Information about fitting the model - typically not of interest.
@ Beta estimates - typically not of interest
@ Estimates of occupancy and detectability.

@ Posterior probability of occupancy.

69 /181



Theory

Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise
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The estimates for ¢ are given for EVERY site. In this case, there
are no covariates so every site has the same occupancy probability.

1 mod.pdot.psi <-mod.pdot$real$psill,] # occupancy probabil
2 mod.pdot.psi

est se lower_0.95 upper_0.95
unitl 0.5946225 0.1225937 0.3512137 0.7989789
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The estimates for p are given for EVERY site-survey combination.
In this case, all are the same over all sites and surveys.

1 mod.pdot.p <- mod.pdot$real$plseq(l, by=nrow(input.data)
2 mod.pdot.p

> mod.pdot.p

est se lower_0.95 upper_0.95
unitl_1-1 0.258729 0.0576996 0.1621604 0.3862912
unitl_1-2 0.258729 0.0576996 0.1621604 0.3862912
unitl_1-3 0.258729 0.0576996 0.1621604 0.3862912
unitl_1-4 0.258729 0.0576996 0.1621604 0.3862912
unitl_1-5 0.258729 0.0576996 0.1621604 0.3862912
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Finally, the posterior probability of occupancy

> mod.pdot$derived$psi_c

est se lower_0.95 upper_0.95
unitl 1.0000000 0.0000000 1.00000000 1.0000
unit2 1.0000000 0.0000000 1.00000000 1.0000
unitlb 0.2471562 0.1471721 0.06512707 0.6074

unitl6 0.2471562 0.1471721 0.06512707 0.6074
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Fit a model where detection varies across visits. Notice the use of
the reserved keyword SURVEY to represent the visits.

mod.pt <- occMod(model=1list(psi~1, p~SURVEY),
type="so",
data=salamander.pao)

summary (mod.pt)

mod.pt$real$psill,]
mod.pt$real$plseq(l, by=nrow(input.data), length.out=ncol (:

N o oA W=
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Fit a model where p1 = p2; p3 = ps = ps.

You need to create a data frame which has ngjtes X nyisits rows.
The ordering is covariates for visit 1, for all sites; then for visit 2
for all sites; etc.

Create a character covariate for the two detection probabilties.

survey.cov <- data.frame(site=rep(l:nrow(input.data),
ncol (input.data)),
visit=rep(l:ncol(input.data),
each=nrow (input.data)),
d=rep( c("d1","d1","d2","d2","d2".
each=nrow (input.data)))

N o o N

head (survey.cov)
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This gives the following data.frame. Notice the name of the
covariate is d which will then be used in the model statement.

> survey.cov[c(1:4, 37:41),]
site visit d

1 1 1 d1
2 2 1 d1
38 38 1 41
39 39 1 d1
40 1 2 d1
41 2 2 41
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Fit a model where p1 = p2; p3 = ps = ps

mod.pcustom <- occMod(model=list(psi~1, p~d),
cov.list=1list(p.cov=survey.cov),
type="so",
data=salamander.pao)

mod.pcustom$real$psi[l,]
mod.pcustom$real$plseq(l, by=nrow(input.data), length.out=:

~N o o~ W N =
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Fit a model where p; = po; p3 = pa = ps

> mod.pcustom$real$psili,]
est se lower_0.95 upper_0.95
unitl 0.5831459 0.1186453 0.3495736 0.7845389

> mod.pcustom$real$p[seq(l, by=nrow(input.data), length.out
est se lower_0.95 upper_0.95
unitl_1-1 0.1538956 0.05838078 0.07023254 0.3045734
unitl_1-2 0.1538956 0.05838078 0.07023254 0.3045734
unitl_1-3 0.3371048 0.07678979 0.20591460 0.4993209
unitl_1-4 0.3371048 0.07678979 0.20591460 0.4993209
unitl_1-5 0.3371048 0.07678979 0.20591460 0.4993209
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g » WN R

Model averaging:

models<-list (mod.pdot ,mod.pt,mod.pcustom)
results<-createAicTable (models)
summary (results)

modAvg (results, param="psi")
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Model averaged results for ).

> summary(results)
Model DAIC wgt npar neg2ll warn.conv warn.VC

1 psi(p(d) 0.00 0.760 3 156.82 0 0
2 psiOp() 2.94 0.175 2 161.76 0 0
3 psiOp(SURVEY) 4.90 0.066 6 155.71 0 0
>
> modAvg(results, param="psi")[1,]

est se lower_0.95 upper_0.95

unitl 0.5849351 0.1193595 0.3496677 0.786949
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Model averaging - a more general approach
Open the salamander-modelavg-general.R file.

@ Read in the data
@ Create the history data frame
@ Create the survey covariate data frame

o Create the *.pao object
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Model averaging - a more general approach
Create a list of model to be fit.

# Notice the commas between the column and the placement o,
model.list.csv <- textConnection("

P, psi

"1, ~1

“SURVEY, 1

“d, i)

model.list <- read.csv(model.list.csv, header=TRUE, as.is=
model.list

© 00 N O O B W N
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N o oA W=

Model averaging - a more general approach
Fit the set of model

model.fits <- plyr::alply(model.list, 1, function(x,detect
cat ("\n\n****x Starting ", unlist(x), "\n")
fit <- RPresence::occMod(model=1list(as.formula(paste ("ps:
as.formula(paste("p"
data=detect.pao,type="so"
fit
},detect.pao=salamander.pao)
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Model averaging - a more general approach

@ Notice how you can inspect the output from a particular
model

@ Model average in the usual way.
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Summary:
@ Don't put = signs in formula
o Creating visit covariates is a bit tricky
@ Same output as in PRESENCE and MARK.
@ Also able to read and write PRESENCE files directly.
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Single Species; Single-Season - MARK vs PRESENCE

MARK is an alternative program to PRESENCE.
Choice between MARK and PRESENCE:

@ About 70% of models are common across both platforms.

@ Each program has some specialized models (e.g. PRESENCE
has spatial and mixture models)

o MARK handles model selection “better”
Cautions about switching between platforms:

@ Similar (but not the same) data structures.

@ Model specified differently.
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MARK input file format:
@ *.inp file name but a simple text file

@ each line take format
hhhhh count ; /* This is a comment */
where h is 0 or 1; count is typically 1; add comments
anywhere.
@ Example
10100 1; /* site 27 */
11100 1; /* site 33 */
00000 1; /* site 45 */
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Converting from PRESENCE data.
Open PRESENCE and find old project or open new project

- Program PRESENCE version 4.0 =111018.1544 > by James E. Hines

N view Run Tools Help

Mew Project

i P {4
Open site covar file

e RESENCE 4.0

Select site neighbor file {SiS by clicking Fileﬂ‘

CiiProgram Files\Presencelsample_datalsalamander_projectisalamander.pa3
c:iprogram filesipresencelsample_dataisalamander_projectisalamander.pas

salamanter-resultssalamanter-resulks IyS i S by c I ic k i n g F i Iel

salamander-resultssalamander-results

Exit

“er 4.0 [B0ct2011] - Added maodels: multi-zeazanchet, muli-zeazon-2zpecies

Wer 3.1 [140ct2010) - Added model: single-season-false-positive-detections
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iew the data

i3k Program PRESENCE version 4.0 <111018.1544> (salamander.pa3)
File:

L]

EON Run Tools Help

e |l Al

Mo I lalc ldeltasic |alCwat  [Model Likell
psil[ Design Makrix 162.82 0.00 0.7595 1.0000
1gl Pt | 165.76 2.94 01746 | 02209

1 QfninBlugs Outpet _ Sific P 167.71 459 0.0659 | 0.0867
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Save the data as a MARK *.inp file

.28 Data Input Form
Edit  Simulate Help

= salsmandsr.inp
| ] Mo, Qoo

Save PRESENCE input file as:

Savein: | ) salamander_project

hce data l
1-1 1-2 -3 Fiename]  [satamanderine Save
Save as foe: [MARK fiss - Cancel ‘

{Presence files ]
0 0 0 e | a—
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Single Species; Single-Season - MARK - Salamander
View the MARK *.inp file

¥ salamander.inp (~\Desktop\OccupancySamy

File Edit Tools Swntax Buffers ‘Window Help

SRS 8 BE %
* fisites:39 #isruys:5 covars: =/
aae11 1;
g1888 1;
g1868 1;
11118 1;
ae10a 1;
gg108 1;
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Launch MARK and select NEW project.
e Program MARK Interface

FIEN Window  Help
e
Qpen...

RMARE Impork
Wiew
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Select class of models (Occupancy models)

[

Select Data Type:

" Live Recaptures [CIS)

" Dead Recoveries (Seber]
" Both (Bumharn)

 Known Fates

" Closed Captures

" BTO Ring Recoveiies

€ Fiobust Design

 Both [Barker]

" Mulistate Rl scapturss only
" Dead Recoveries (Brownie et al]
" JolpSeber

" Pradel Models Including Robust Desiaris
" Barker Riobust Design

 POPEN

€ VPA - Vitual Population Andlysis

€ Muli-state - Live and Dead Enc

Occupancy Eslimation

Rabust Desian Decupancy
Open Robust Design Muli-state
Closed Riobust Design Mulistate:

Lukaes Young Survival from Marked Aduls
Mark-Resight

@
~
%
" Robust Design Mulistate with Mis-Classification
@
-
" Densky Using Telemety
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Single Species; Single-Season - MARK - Salamander

Select type of Occupancy Model
B Occupancy Data Types -- Pick One

Occupancy Estimation

Ococupancy Heterogeneity E stimation
Dccupancy Eztimation Rople/Michols Poizson
Ococupancy Estimation Royle/Michals Megative Binormial
Ozcupancy Estimation Royle Poisson Counts
Occupancy Estimation Royle Megative Binomial Counts
Multiple-state Occupancy Estimation

Multi-zcale Dccupancy Estimation
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Complete the initial screen. CAUTION - you cannot correct errors

after you finish this screen. MARK creates specialized files (*.FPT
*.DBF) - DO NOT CHANGE.

Title for this set of data

‘Salamandel Example

Encounter Histories File Name Click to Select File

‘E “Documents and SettingshcschwarzDesktophOeccupancyS ampleD atahsalamander_proj

Results File Name:

C:A\Documents ahd Settingshcrchwarz\DesktoptOccupancyS ampleD atahsalamander_proj

Encounter occasions: | 5 i‘ Set Time Intervals Default Time Intervals Used
Altribute groups: | 1 i Enter Group Labels Default Group Labels Used
Individual covariates: [ o i‘ Enter Ind. Cov. Mames Default Ind. Cov. Mames Used

Slates j Default State Hames Used
Mitures: j
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Now you are ready to specify model - hurray!

MARK used a different (but similar) paradigm to PRESENCE.
Open the PIM menu:

] Program MARK Interface - Salamander Example [C:\Documents and Settings\c

File Initial Renumber Design  Run Browse  Simulations  Window  Help

W@ A 4

Fararneter Index Chart
Change Data Tvpe
Change PIM Definitions
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Specify entries in PIM to make parameters equal. For example the
(%), p(x) model has entries below. The actual values are NOT
important.

CAUTION: Do NOT share PIM entries across parameters.

(] Program MARK Interface - Salamander, Example (C:\Documents and Settingsicschwar

File Initial Renumber PIM Design Run  Browse Simulations ‘Window  Help

@IEIJJ_K_I:M
@IEIJJ_LIL@I

R E

L] Occupancy (Psi) Group 1 of Occupancy Estimation with Dete
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Single-Species Single-Season Models - BASICS

RUN the model

7] Program MARK Interface - Salamander Example (C:\Documents and Settings\cschwar:
File Initial Renumber PIM  Design Bl

@IE‘ ﬂ ﬂ i@ Current

Pre-defined Model(s)

Browse  Simulations  Window  Help

*7

L & Save current model struckure For running laker
Bw| & 4] ¥

[+ 1 T Jr ]+

@ Occupancy (Psi) Group 1 of Occupancy Estimation with Dete

EEEELT
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Specify a sensible model name. Use the standard naming
conventions.

o
iy

-y

Bs| ) 4] 4ol Bl

p-

Setup Numerical Estimation Run

Title for Analyzes |Salamander Erample
Model Name [psii) o] [~ ListDa
[ Provide
Fix Parameters Mo Parameters Fixed [ Usealt
Link Function [ Profile |
[ Setdig

v 5

" Yar. Estimation [~ Setfun
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Look at RESULTS Window. Similar to PRESENCE but AIC has a
second order correction factor applied so slightly different from
PRESENCE AlC.

@ Results Browser: Occupancy Estimation with Detection = 1

BE=sa x|y @ @@= w8 oA @al
Model AlCe Delta AlCe AlCc'Weight | Model Likelihood| Mo. Par. Deviance
1BE.0919 0.0000 1.00000 1.0000 2 31.0555
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Single Species; Single-Season - MARK - Salamander

Look at REAL estimates. Same as PRESENCE (not surprising)

| Salamander Example

Real Function Parameters of {psi(%) pC*)}
5% Confidence Interwal

Parameter Estimate Standard Error Lowar Upper
l:p 0.2587291 0.057701% 0.1621557 0.38620495
2:psi 0.5046226 0.1225985 0.3512006 0. 7585882
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Single Species; Single-Season - MARK - Salamander

Fit the model where p varies over sampling occasions.
Fit the model where p(1) = p(2) and p(3) = p(4) = p(5).
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PIM for model where p varies over sampling occasions.

r._
%IEIJJ_LIL@

ERERERE

o Occupancy [Psi) Group 1 of Occupancy Estimation with Detection < 1
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Single Species; Single-Season - MARK - Salamander

PIM for model where p(1) = p(2) and p(3) = p(4) = p(5).

ORPEELT

R

(1] Occupancy (Psi) Group 1 of Occupancy Estimation with Detection = 1

EEPEECT

1
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RPresence

Single Species; Single-Season - MARK - Salamander

RESULTS window for 3 models. Think of relative support for these

@ Results Browse Occupancy E:
=

h Detec

3 models and the implications of the results.

n<1

&[4 Al @3
AlCc Delta AICc AlCoweight || Model Likelhood | Mo. Par. Deviance -2LoglL)
163.5033 0.0000 0.76519 1.0000 3 261144 156.8176
ipsil”) p[' 1BE.0319 2 5886 020973 02741 2 31.0555 161.7586
{psil”) pltl} 170.3334 E.8361 0.02508 0.0328 E 26.0113 156.7144
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Model average the vZ

[ Program MARK Interface - Salamander Example (C:
File Delete Order NSNENS Retrieve PIM  Design Run  Simu

Specific Model Output  »
Table of Model Results »
Append

Derived

Input Data File Listing
Filz Mokes HH

il 2=

B Model Averaging Parameter Selection

Detection Probability [p] Group 1 Docupancy [Pal] Group 1
v B
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Single Species; Single-Season - MARK - Salamander

Results of model averaging for .

i Salamander Example i . i
Estimates only for data type occupancy Estimation with petection < 1

occupancy (Ps1) Group 1 Parameter 6

Model weight Estimate Sstandard Error
Ipsi(*) p(l=2, 3=4=5)} 0.7651%  0.5831458 0.1186515
ipsiC*) pC*al 0.20073  0.5946226 0.1225085
{psic¥) pCto} 0.02508 0. 57987586 0.1175670
weighted average 0. 5854700 0.11584521

unconditional SE 0.1155573

95% CI for wgt. ave. Est. (logit trans.) is 0.3497200 to 0.7876498

percent of wvariation attributable to Model wvariation is 0.18%

Because estimates are so similar across models, the model
averaged estimate is not that different and the model averaged se
(unconditional SE in output) is only slightly larger than individual
se.
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Single Species; Single-Season - Presence

Single-Species Single-Season Occupancy
Studies

Using RMark
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Single Species; Single-Season - RMark

RMark is an R package that interfaces with MARK
Key advantages are:

@ Scripts so that analyzes can be reused.
@ No more clicking

@ Much easier extracting output
Key disadvantages are:

@ Only available on Windoze platforms.
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Single Species; Single-Season - RMark

Installation of package

@ Download and Install package file from CRAN in the usual way

Open the sample program in the Salamander directory
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Single Species; Single-Season - RMark - Salamander

Basic steps in analysis:
@ Input the occupancy history and process the data.
@ Fit some model using the mark function.
@ Extract information from returned object
@ Model average using the collect. models function.
@ Extract results and plot results etc

Refer to sample analysis scripts.
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Single Species; Single-Season - RMark - Salamander

Read in raw data and so some basic error checking:

1

input.data <- readxl::read_excel(file.path("..","salamande:
2

sheet="CompleteData",
col_names=FALSE) # notic

Histories is a matrix (nsjtes X Nyisits) of 1's, 0's, or NA's.

111 /181



Theory
Single-Species Single-Season Models - BASICS Presence / RPresence
MARK / RMark
Exercise
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Basic data structure is a data.frame with the following elements

@ ch - capture-history - character vector where each element is a
capture-history in MARK format, i.e. "0111".
Missing visits indicated by a period (.)

e freq - frequency of occurrence (usually all 1's)

@ other variables - site-level covariates
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Single Species; Single-Season - RMark - Salamander

~N o o~ W N =

Basic data structure is a data.frame with the following elements

# Extract the history records and create a capture history
input.history <- data.frame(freq=1,

ch=apply(input.datal[,1:5],1, pa:
head (input.history)

# Change any NA to . in the chapter history
input.history$ch <- gsub("NA",".", input.history$ch, fixed:
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Process the data

sal.data <- process.data(data=input.history,
model="0ccupancy")

summary (sal.data)
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Single Species; Single-Season - RMark - Salamander

© 00 N O O B W N =

==
= O

Fitting a model psi(.), p(.)

# What are the parameter names for Single Season Single Sp
setup.parameters ("Occupancy", check=TRUE)

mod.fit <- RMark::mark(sal.data,
model="0ccupancy",
model.parameters=1ist(
Psi =list (formula="1),
P =list (formula="1)
)

summary (mod.fit)

This creates an object with MANY sub-objects..
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Single Species; Single-Season - RMark - Salamander

Lot of interesting stuff!

Basic statistics about your data - make sure these are correct
Information about fitting the model - typically not of interest.
Beta estimates - typically not of interest

real estimates - usually of primary interest

Estimates of occupancy and detectability.

Posterior probability of occupancy.
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Single Species; Single-Season - RMark - Salamander

The estimates for ¢) can be found in several ways:

1 mod.fit$results$real# on the regular 0-1 scale for each s<
2
3 get.real(mod.fit, "Psi", se=TRUE)

all.diff.index par.index estimate se
Psi gl a0 t1 6 2 0.5946226 0.1225985 |
ucl fixed note group age time Age Tii

Psi g1 a0 t1 0.7989882 1 0 1 0
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Single Species; Single-Season - RMark - Salamander

The estimates for p found in a similar fashion
1 get.real(mod.fit, "p", se=TRUE)

all.diff.index par.index estimate se

p gl a0 t1 1 1 0.2587291 0.0577019 O.
p gl al t2 2 1 0.2587291 0.0577019 O.
p gl a2 t3 3 1 0.2587291 0.0577019 O.
p gl a3 t4 4 1 0.2587291 0.0577019 O.
p gl a4 t5 5 1 0.2587291 0.0577019 O.

ucl fixed note group age time Age Tim
p g1 a0 t1 0.3862995 1 0 1 0 0
p g1 al t2 0.3862995 1 1 2 1 1
p g1 a2 t3 0.3862995 1 2 3 2 2
p g1 a3 t4 0.3862995 1 3 4 3 3
p ol a4 t5 0.3862995 1 4 5  4118/184
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The posterior probability of occupancy is NOT available but can
be computed by hand if needed - contact me.
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MARK / RMark
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Single Species; Single-Season - RMark - Salamander

Fit a model where detection varies across visits.
Replace p ~ 1 by p ~ time.
Note time and Time are reserved keywords.
@ time implies a separate capture probability for each visit

@ Time implies a linear change in capture-probability over visits
Fit the new model and look at resutls
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Single Species; Single-Season - RMark - Salamander

g A WN =

Fit a model where p; = po; p3 = pa = ps.

This is a SURVEY-LEVEL covariate and so you need to modify the
ddl and pass the revised dd/ to RMark. [Refer to discussion of
covariates later in the course.]

sal.ddl <- make.design.data(sal.data)
sal.ddl

sal.dd1l$p$Effort <- factor(c("di","d1","d2","d2","d2"))
sal.ddl
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Single Species; Single-Season - RMark - Salamander

Fit a model where p; = po; p3 = pa = ps.
This gives the following dd/ for p

par.index model.index group age time Age Time Effort

1 1 1 1 0 1 0 0 d1
2 2 2 1 1 2 1 1 d1
3 3 3 1 2 3 2 2 d2
4 4 4 1 3 4 3 3 d2
5 5 5 1 4 5 4 4 d2
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Single Species; Single-Season - RMark - Salamander

Fit a model where p; = po; p3 = pa = ps
Add the revised dd/ to the fit

mod.fit3 <- RMark::mark(sal.data, ddl=sal.ddl,
model="0ccupancy",
model.parameters=1ist(
Psi =list (formula="1),
) =list (formula="Effort)
)

N o oA W=
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Fit a model where p; = po; p3 = pa = ps

all.diff.index par.index estimate se

p g1 a0 t1 1 1 0.1538956 0.0583875 0.
p gl al t2 2 1 0.1538956 0.0583875 0.
p gl a2 t3 3 2 0.3371047 0.0767915 O.:
p gl a3 t4 4 2 0.3371047 0.0767915 O.:
p gl a4 t5 5 2 0.3371047 0.0767915 O.:

ucl fixed note group age time Age Tim
p gl a0 t1 0.3045984 1 0 1 0 0
p g1 al t2 0.3045984 1 1 2 1 1
p gl a2 t3 0.4993277 1 2 3 2 2
p gl a3 t4 0.4993277 1 3 4 3 3
p gl a4 t5 0.4993277 1 4 5 4 4
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Model averaging:

1 model.set <- RMark::collect.models( type="Occupancy")
2 model.set

model npar AICc DeltaAICc weight Devi:
3 p("Effort)Psi("1) 3 163.5033 0.000000 0.7651935 26.1:
1 p("1)Psi(71) 2 166.0919 2.588649 0.2097265 31.0!

2 p(Ctime)Psi(71) 6 170.3394 6.836116 0.0250800 25.0:
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Model averaged results for .

1 Psi.ma <- RMark::model.average(model.set, param="Psi")
2 Psi.ma

par.index estimate se fixed note g
Psi gl a0 t1 6 0.5854709 0.1195573

Age Time
Psi gl a0 t1 O 0
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Single Species; Single-Season - RMark - Salamander

Model averaging - a more general approach.
Open the salamander-modelavg-general.R file.

@ Read in the data

Create the history data frame

Modify the dd/ for when need survey level covariates
Process the data

Read in the models to be fit

Fit the model set

Model average
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Model averaging - a more general approach
Create a list of model to be fit. CAUTION - check the parameter

names first
1 setup.parameters("Occupancy", check=TRUE)
2
3 # Get the list of models
4 model.list.csv <- textConnection("
5 Psi
6 "1, ~1
7 “time, “1
8 “Effort, D)
9
10 model.list <- read.csv(model.list.csv, header=TRUE, as.is=
11 model.list$model.number <- 1:nrow(model.list)
12 model.listmodel.list <- read.csv(model.list.csv, header=TRI

model.list

—
w
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Model averaging - a more general approach
Fit the set of model

1 model.fits <- plyr::dlply(model.list, "model.number", funcH
2 cat ("\n\n*****x Starting ", unlist(x), "\n")

3

4 fit <- RMark::mark(input.data, ddl=input.ddl,

5 model="0ccupancy",

6 model.parameters=1ist (

7 Psi =list (formula=as.formula(eval
8 ) =list (formula=as.formula(eval
9 )

10 #,brief=TRUE, output=FALSE, delete=TRU.
11 #,invistble=TRUE, output=TRUE # set f
12 )

13 mnumber <- paste("m...",formatC(x$model.number, width = .
14 assign( mnumber, fit, envir=.GlobalEnv)
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Model averaging - a more general approach

@ Notice how you can inspect the output from a particular
model

@ Collect models and Model average in the usual way.
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Summary:

@ Creating visit covariates is a bit tricky and is done using the
dd/

@ Same result as other packages

@ Able to rexport to MARK the final set of file (useful for GOF
and other features)
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An occupancy study was made on Blue Grosbeaks (Guiraca
caerulea) on 41 old fields planted to longleaf pines (Pinus
palustris) in southern Georgia, USA.
Surveys were 500 m transects across each field and were completed
three times during the breeding season in 2001.
Columns in the file are:
o field - field number
@ vl, v2, v3 - detection histories for each site on each of 3 visit
during the 2001 breeding season.
o field.size - size of the files
@ bgi - Enrollment in bobwhite quail initiative; does occupancy
increase if field belongs to this initiative?
@ crop.hist - crop history
@ cropl, crop? - indicator variables for the crop history
@ countl, count2, count3 - actual counts of birds detected in
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Single Species; Single-Season - Exercise 01

Using the package of your choice, fit the following models:
e 1(.), p(.)
o (), p(t)
Obtain model averaged estimates for the parameter .
Save your scripts as we will add more models in future exercises.
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Single-Species Single-Season Occupancy
Studies

Missing Data
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Single Species; Single-Season - Missing Values

Types of missing values:
@ Missing Completely at Random (MCAR)
e Missingness unrelated to response or covariates
o No biases introduced; loss of precision; no adjustment needed
@ Missing at Random (MAR)
e Missingness unrelated to response, but may be related to
covariates
o (Mostly) no biases introduced loss or precision; some
reweighting may be required
@ Informative Missing (IM)

e Missingness related to response
o DIFFICULT STATISTICAL PROBLEM!!!
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Single Species; Single-Season - Missing Values

Missing Completely at Random:
o Bad weather
@ Equipment breakdown
Modify histories in input files as follows:

@ PRESENCE: Use a “-" (hyphen) to represent a missing value.

@ RPresence: Use NA to represent a missing value
@ MARK: Use a “." (period) to represent a missing value.
@ RMark: Use a “." (period) to represent a missing value in the

ch variable in the data.frame.
@ unmarked: Use NA to represent a missing value
@ JAGS: Need to delete the missing values
Do NOT use a 0 to represent a missing value!
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Single Species; Single-Season - Missing Values -
PRESENCE

MCAR in Presence:

Fle Edit Smulate Help

ows ’3T cols '57 Mo. Oceiseasan ’57
Fresence/Absercs data |

data BN ERENENEN|
sie 1 T 0 0 1 1

site 2

site 3

site 4

site 5

site 6

site 7

sitz 8

sitz 9
site 10
site 11
site 12

0
0
0
1
1
1

site 13

File — Save As *.pao file.

Clear RESULTS window (you can't compare AIC from different
data sets).

Run the models as needed.
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Single Species; Single-Season - Missing Values -
PRESENCE

View estimates file in usual fashion:

BRI T T Input Data Summar-}lr RO NN
Kumber of sites 30

Mumber of sampling occasions

-5
Mumber of missing observations = 15
Data checksum = 259285
[Froportion f sites occupied  (Psi) = 0.4570 (0.1110)
petection probabiTities (po:
grp srvy P se(p)

1 1 0.289734 € 0.068B05)
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Single Species; Single-Season - Missing Values - RPresence

Run RPresence in the usual way — refer to R code.
Things to watch out for: Reading in "." or '-' from file for missing
values.

input.data <- readxl::read_excel("Blue_Ridge_pg99.xls",
sheet="SomeMissingValues"
na=’-’,
col_names=FALSE) # notic

A~ W NN =
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MARK / RMark
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Single Species; Single-Season - Missing Values - MARK

Save as *.inp file and use text editor to change “-" to “." (Why
isn't this automatic?)

154 salamander-missing.inp + (~\Des...pleData\sal

File Edit Tools Syntax Buffers ‘Window  Help

= 5 @ iRV Te X8 e}
/* f#isites:39 #sruys:5 covars: =/

aae11 1;

a..008 1;

a..008 1;

1..18 1;

A..88 1;
g8.88 1;

e e w e -
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Single Species; Single-Season - Missing Values - MARK

Run MARK in the usual way — start a new set of *.dbf and *fpt

files.
| Salamander missing
real Function Parameters of {psi¢¥) pg¥l}
95% Confidence Interval
Parameter Estimate Standard Error Lower Upper
l:p 0. 28973309 0. 0BB8071 0.1747047 0.4399578
2:psi 0. 4560564 0.1110015 0.2593407 0. 6591068
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Single Species; Single-Season - Missing Values - RMark

~N o o~ W N =

Use a period (.) to indicate a missing visit.

input.history <- data.frame(freq=1,
ch=apply(input.datal[,1:5],1, pas
head (input.history)

# Change any NA to . in the chapter history

input.history$ch <- gsub("NA",".", input.history$ch, fixed:
head (input.history)
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Single Species; Single-Season - Missing Values - RMark

Run RMark in the usual way. No other changes needed.
Run the sample code and look at the output.
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Single Species; Single-Season - Missing Values - MAR

Missing at Random:
@ Key assumption is that p; is same for ALL sites at occasion t.

@ But it may be impossible to visit ALL sampled sites at every
occasion.

@ Visit “odd numbered” sites on visits 1, 3, 5; visit “even
numbered” sites on days 2, 4, 6.

No real statistical issues nor problems unless you only visit many
sites only once.
Enter data as missing values.
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Single Species; Single-Season - Missing Values - IM

Informative missing:

@ You have prior knowledge on sites and tend to visit sites that
you think are occupied and not visit sites that are not
occupied — bad idea as no inference can be made.

@ You visit sites ONLY until a detection is observed (“removal
design”)

o Model with p(t) cannot be fit! [Parameters are not-identifiable
unless you are willing to assume that p; = p; for at least one
i,j pair.

o Use a hybrid design where some sites (e.g. 50%) are still
revisited even when occupancy has been established.

This type of missing data are very difficult to deal with!
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Single Species; Single-Season - Missing Values - Summary

Simplest is dealing with Missing Completely at Random:
o Bad weather
@ Equipment breakdown

Modify histories in input files to account for missing observation.
Do NOT use a 0 to represent a missing value!
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Single-Species Single-Season Occupancy
Studies

Goodness-of-fit
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Single Species; Single-Season - Model Assessment

Assumptions:
© Occupancy state of sites is constant during all single-season
surveys (closure).
@ Probability of occupancy (%) is equal across all sites
(homogeneity).
© Probability of detection (p) given occupancy is equal across
all sites (homogeneity).
@ Detection of species in each survey of a site is independent of
those on other surveys.
© Detection histories at each location are independent.
@ No false positives.
If assumptions are not valid then
@ Estimators can be biased (either high or low).
o SE are typically too narrow (false degree of confidence in

results)
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Impact of closure violation, e.g. occupancy changes during the
season.
@ Random movement -
o detection rate & movement confounded;
e Occupancy estimate is unbiased, but now interpreted as
“proportion of sites used” rather than occupancy.
@ Non-random movement - permanent immigration or
emigration
e For two occasions, v estimates initial or final occupancy.
e For multiple occasions, no simple patterns
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Single Species; Single-Season - Model Assessment

Impact of heterogeneity in:

@ Occupancy only (e.g. males and females have different
occupancy rates; different habitats have different occupancy
rates

e 1 estmates “average” occupancy

o~

e SE(?) not too bad
e Mixture models
@ Detection rates (e.g. because of animal size, local covariates)

° 1} tends to be biased downwards; SE are typically too small

o Measure covariates (global, e.g. temperature at time of survey)
or (local, e.g. site-specific features)

o If detection depends on site abundance, use “abundance”
occupancy models.
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Single Species; Single-Season - Model Assessment

Impact of non-independence
@ Site too small (vocal cues heard in more than one site)

@ Detection after first detect easier because you know where
animal is located (e.g. nests)

° 1? is often unbiased, but reported SE are too low.
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AIC does NOT measure absolute goodness-of-fit and the “best”
model of the set may still be a poor fit to the data.

Basic idea is too look at observed and predicted counts. Suppose
that ¢» = 0.82 and p = 0.43 for model ¢ (x), p(*) from a survey
with s = 50 sites and K = 3 occasions. We observed 10 sites with
history 101.
o E(101) =sx ¢ x p(l —p)p =

50 x 0.82 x 0.43(1 — 0.43)0.43 = 4.32
f (On—Ep)?

Ep

(10-4.32)> 7.47

@ This has a‘discrepancy” o 735

C ngof = D_all histories (OhEhEh)2

° Xg20f should follow a chi-square distribution and large values of
ngof indicate lack-of-fit. [This is similar to the deviance
column reported in MARK_]

@ But because of small counts, need to do a bootstrap 150 /51
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Bootstrapping:

o
2]
o

© 00

Fit model to data
Compute measure of lack-of-fit (Deviance) for this model

Use the estimates from (2) to “generate” fake data that
satisfy the assumptions.

Find the Deviance for this fake data.
Repeat generating fake data many times (100+)

How unusual is the observed deviance from (2) relative to the
set of deviances from the fake data in (5)? If very unusual,
need to adjust (see later).

153 /181



PRESENCE / RPresence
MARK / RMark

Single-Species Single Season Models - GOF S

Single Species; Single-Season - Model Assessment -
PRESENCE

A bootstrapping assessment of goodness of fit is available for a
limited set of models.

To obtain this check the box for model assessment in the Run
dialogue:

Options

I~ ListInput Data

[~ Supply initisl values

[~ Set digits in estimates

[ Set function evaluations

[ Prink-C matriz

[~ Don't compute V-C matrix

I~ Bootstrap Y-C matrix

v Aszsess Model Fit

[ Use simplex algorithm for starting values
I~ Use Cornplimentrylogag link for Psi
r

[ Run with random initial values

Then enter the number of bootstrap samples.
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The goodness of fit assessment occurs at the end of the output file
- I

Assessing Model Fit for Single-season model:

History(cohort) Observed Expected Chi-square
00011( 0 0) 1.0000 0.632306119 0.21
01000( 0 1) 2.0000 1.811586527 0.02
11110C 0 3) 1.0000 0.077030726 11.06
00000( 0 14) 21.0000 20.999999940 0.00
00010( 0 35) 2.0000 1.811586527 0.02
00001( 0 37) 2.0000 1.811586527 0.02

Test Statistic = 44.7261 min(expect)=7.703073e-002
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The goodness of fit assessment occurs at the end of the output file
- I

Test Statistic (data) = 44,7261

From 100 parametric bootstraps...
Probability of test statistic >= observed = 0.0396

Lowest simulated Test Stat = 10.7058
Average simulated Test Stat = 27.8241
Median simulated Test Stat = 26.5126

Highest simulated Test Stat = 53.0129

Estimate of c-hat = 1.6075 (=TestStat/AvgTestStat)

Lack-o-fit is not extreme (p-value of .0396).
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The goodness of fit assessment occurs at the end of the output file
- I

— Distribution of simulated test statistics - ————————-
TestStat Prop.

3.9760 0.0000:=*

6.6266 0.0100:%*

9.2773  0.0100:=*

11.9279 0.0100:*

14.5785 0.0100:*

17.2292  0.0100:*

19.8798  0.0400: **x*

22.5305  0.1000: *kx*%***kkk

25.1811 0. 1600 : *kkkksk kokokok*kk

27.8318 0. 1400 : k% kk kk >k k >k k 157 /181
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What causes lack-of-fit?
@ Structural problems. You fit a p(x) model when p; varies
considerably.
@ Heterogeneity. Detection/Occupancy probabilities vary among
sites for unknown reasons.
@ Non-independence. Detection at one site “influences”
detection at another site.
Try to fit more appropriate model (e.g. with covariates).
Minor modification through variance adjustment (¢). Estimates
may still be unbiased, but SE are multiplied by v/. [OK if
c<5orb6l]
¢ was estimated above in the model assessment:

Estimate of c-hat = 1.6075 (=TestStat/AvgTestStat)
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You can adjust the AIC table and estimates for ¢ using:

Tools | Help
Simulations

Check web-site for new version [

Plot psi vs covariates

Fl Change web-browser (for help display) |

g Change text-editor
Specify location of OpenBugs
Specify location of Presence.exe
Change c-hat (1.0)

Change effective sample size (0)
Add 1 to Zparms when c-hat> 1
Set #estimates to print: 99999
Print chi-sq test
Model-averaged estimates
Rebuild project from output files
Turn on debugging output

skip reading of pao data
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Enter the new value for ¢

-~ Enter new c-hat - O

Enter new c-hat
1.7605

o OF X Cancel |
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This updates the AIC table
The Results window now changes to QAIC etc. Interpreted
analogously to AIC.

File View Run Tools Hel

w cla)

Model [QalcdeltaQAllAIC wat [Model Lilno Par. [2*LogLi]
psi(().p{1=2. 3-4-5) 9508 000 05752 1.0000 3 166.82
1 group, Constant P- 11 9588 080 03866 06703 2 161.78
1 group. Survey-specific P 10046 537 00392 00632 6 166.71

Note: RPresence does not update the standard errors of the
estimates in the output file.
Note: MARK DOES update the SEs in the output files.
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Unable to conduct the GOF directly with RPresence.

You will need to export the information from RPresence to
PRESENCE and do it in PRESENCE.

Contact me for details.
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Go back to salamander data and look at results window:

@ Results Browser: Occupancy Estimation with Detection < 1

B8 =0 L @ el s oA @0
Model AlCe Delta AlCc AlCc Weight | Model Likelihood | Mo. Par| Deviance -2Log(L)
It 163.5033 0.0000 0.76519 1.0000 261144 1568176
{psil*) p(*)) 1660919 2 5A86 0.20973 0.2741 2 310555 1617506
{psil*] pltlt 17033534 E.8361 0.02508 0.0328 5 250113 1557144

How unusual is a deviance of 26.117
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Select Bootstrap GOF from the Tests menu.

k? Program MARK Interface - Salamander Example (C:\Documents and Settingsicschwarz\Desktop\OccupancySampleDatd
File Delete ©Order Output Retrieve PIM  Design Run  Simulations [NE Adjustments  Window  Help

g = ? IR Tests
J J J AMNCDEY
© Results Browser: Occupancy Estimation with Detection < JEESWELIEIEN ]

BE=8 e @ o sE] oA
Model AlCe Delta AICe: AlCe Deviance -2LoglL)
1635033 0.0000 Median c-hat 3 261144 156.8176
{psil) I 166.0919 2.6836 2 31.0655 161.7586
{psi) p(t} 170.3394 E.8361 3 25013 155.7144

164 /181



PRESENCE / RPresence
MARK / RMark

Exercise

Single-Species Single Season Models - GOF

Single Species; Single-Season - Model Assessment - MARK

Save the bootstrap results in an appropriate file and generate
100+ fake datasets.

Create Boofstrap GOF Results Database File Px
Savein | ) salamandet_project < o B
A ) salamander -missing_project

[ BooTSTRAPRESLLTS.DEF
MyFecent | S4LAMANDER. DBF
L P

Desktop
My Documents

3
My Computer

@ e (TS
>
My Network ~ Save as ype: “.DBF - Caneel
Places
Help.

Perform Additional Simulations

Mumber of Additional Simulations I :ll
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Let the program run; View the bootstrap results

(] Program MARK Interface - Salamander, Example (C:\Documents and Settingsicschwarz
Cutpuk

File Delete Ovder Tests  adjustments  Window He

Retriewe  PIM  Design  Run

Set Up Simulations
Do Sirmulations From a file

E‘,’ﬂ|"| ilf Madify Simulation

AICz Deltag)|  Releass Smulations glinood | No Pai
1636033 00 Capture Simulstions 1.0000
T66.0919 25 Bootstrap Data 02741
— 1703394 £.836T] US| 0.0328
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Let the program run; View the bootstrap results; Sort the
bootstrap results

A\ Browse Database: C:\Documents and Se nngsiwcsc warz\l

% |Bal@d| al o oo @ |2 2l

B Variable to order by

SIMMO
MODEL

FPEARCHIS 167 /181
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Locate the observed deviation (26.11), and find how unusual is the
value (click on the pointer)

h Browse Database: C:\Documents and Settings\cschwarz\DesktoplOccupancySampleDatalsalamander_projg

IR RIS IR

Simna: Madel: Hurnpar: Deviance: Devdt: Chat: Pearchis:
115|{psil*) pl1=2, 3=4=5)} 3 24.942 8 311778 34412
176 {psil*) pl1=2, 3=4=5]} 3 26.024 [ 417066 31.913]
150|{psil*) pl1=2, 3=4=5]} 3 25131 [ 418847 23,658
58| {psil*) p(1=2, 3=4=0)} 3 25174 12 209781 22720
153|{psil*) p(1=2, 3=4=5]} i 25195 7 359922 39.924]
43| {psil*) p(1=2, 3=4=5]} i 25791 [ 4.29854 23615
{psil*] pl1=2. 3=4=A]} 3 25.889 8 3.23615 36.008]
g 20,930 3 28812 26.582]
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How unusual is the observed deviance?

[ AEE
& ¥[mim| 1w an | @la@ 2+ @
Simno: Madel: Nurnpar: Deviance: Devdf: Chat: Pearchis:

w

25,449 8 318113 238
3 26.094 7 3727ES 231

57[{psil*] pl1=2. 3=4=H]}
30| 4psil] p[1=2, 3=4=5]}

ipsil”] pl1=2, 3=4-5)}
16| {psil) p(1=2, 3=4=5)}
£3{ 4psif) p(1=2, 3=4=5)}

52| {psil*] p[1=2, 3=4=5]} \I) Current record is 80 of 100 kokal records, I LR
AN

21 4psil*] pl1=2. 3=4=H]}

45| {psil) p(1=2, 3=4=5)} | 296

26| {psil™] pi1=2, 3=4=5]} 2
53| {psil] pl1=2, 3=4=5]} El 25103 7l 401477 | 415
< >

You would get an observed deviance (or larger) 20/100=20% of
the time. There is no evidence of a lack-of-fit. You would be

worried if the goodness-of-fit p-value is very small.
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What causes lack-of-fit?

@ Structural problems. You fit a p(*) model when p; varies
considerably.

@ Heterogeneity. Detection/Occupancy probabilities vary among
sites for unknown reasons.

@ Non-independence. Detection at one site “influences”
detection at another site.

Try to fit more appropriate model (e.g. with covariates).

Minor modification through variance adjustment (¢). Estimates
may still be unbiased, but SE are multiplied by v/. [OK if
c<5orbl]

Estimate ¢ in MARK.
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Return to results window, and select Median C-hat from Tests

menu:
&# Program MARK Interface - Salamander Example (C:\Documents and Settings\cschwarz\Desktop¥0ccupancySampleD.
Adjustments  Window  Help

File Delete Order Output Retrieve PIM  Design Run  Simulations
8| = ? LR Tests
ANCDEY

© Results Browser: Occupancy Estimation with Detection < s ICLET)
FPrab

Bl= 2| B =z Mlh] LA oo cor
odel AlCc Delta AlCe AlCc l) Far Deviance -2LoglL]
7 163.6033 0.0000 £ 3 261144 156.817¢
{psil") o1} 166.0919 2.56836 2 31.0655 161.758¢
{psil") plt]} 170.3394 E.8361 3 26.0113 156.714
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Specify the number of simulations etc.

Estimation of Median chat @

Obzerved Deviance/df for selected model waz 373

1.00) Lower Bound

3.80 Upper Bound
|-||:|7 ﬂ MNurmnber of intermediate paints between lower and upper bound
|'||:|7 ﬂ Murnber of replicates at each design point

[ Dlamm cirsiilebmd A ek o ibm Cinmeml s s lem -k
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Read off the estimated value of €.
Estimated c-hat = 1.2071622 with sampling SE = 0.0738761

55% Conf. Interval c-hat = 0.57105%2 to 1.8432852
one-sided 95% Upper Bound on c-hat = 1.7184042

In this case, there was no evidence of lack-of-fit so ¢ is 1.2 (close
to 1) and could be 1. [In actual analysis, | would make no
adjustment at this point.]
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Enter value of ¢ in Results window.
i Program MARK Interface - Salamander Example (C:\Documents and Settings\cschwarz\Desktop\0ccupancySampleDa

File Delete Order Output Retrieve PIM  Design Run  Simulstions  Tests B
B = 2| [ ]

Mumber of parameters Chrl+HN
@ Results Browser: Dccupancy Estimation with Detection < 1 Effective Sample Size

‘ | @|::‘ & ‘ﬁ | A'|1‘5:| Model Mame Change

Change Fort Size
Merdel [ aite | petasire | aire weinke

smaller Fant Sive

-2l anil 1

Enter a new value for c-hat; |1 A |

Help Cancel | Ok
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Notice that Results window now changes to QAIC etc. Interpreted
analogously to AlC.

@ Results Browser: Occupancy Estimation with Detection < 1 c-hat = 1.2000000
: @ o=z &0 | Al &)

]
QalCe Delta QAICe | QAICS Weight ﬁdndel Likelihood [ Mo. Par. | ODeviance -2LoglL)
1373670 0.0000) 0.652/1 1.0000 3 21.7620 156.8176
1391322 1.7652 0.28658 0.4137 2 26.8795 161.7586
I {psil) plt)} 144.3870 7.0200] 0.02071 0.0299) E 20.8427 155.7144
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Estimates are unchanged, but SE multiplied by v/2.

File Edit Format View Help

salamander Example
standard Error and Confidence Intervals corrected §or c-hat = 1.2000000 I
real Function parameters of {psi(%) p(l=2, 3=4=5)}
95% Confidence Interwval
Parameter Estimate standard Erro Lower Upper
l:p 0.1538956 0. 0835603 0. 0645413 0.3226518
2:p 0.3371047 0. 0841200 0.1955572 0.5153541
3:psi 0.5831458 01255762 0.3250524 0. 7955837
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Intuitive idea of median-¢ procedure.

@ In large samples deviance/df should estimate ¢. In our dataset
is is 3.73.

@ in small samples, this is biased too high.

@ Generate samples of fake data (like a bootstrap) with different
values of ¢.

@ Find the value of ¢ where the observed deviance/df is exactly
in the middle of the bootstrap values.

o.o0—

Observed
Predicted

o 204

o 7o

o.so

o.s50=

o.ao—

.20

o.=o- .

Prob(< Observed Deviance chat)
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Unable to conduct the GOF directly with RMark.

You will need to export the information from RMark to MARK
and do it in MARK.

Contact me for details.
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@ PRESENCE can compute gof and ¢ for simple models but
does not adjust se's.

@ MARK has a unified treatment of gof, ¢, and adjusts se.

@ RPresence and RMark: Export and do in PRESENCE and
MARK.

@ unmarked can do the gof using parametric bootstrapping, but
no estimate of c.

@ Bayesian posterior predictive checks beyond scope of course.

@ No nice visual diagnostics, but see Section 4.4.11 of
MacKenzie et al. (2018).

Caught between rock and hard place here:

@ With small samples, no power to detect lack of fit

e With large sample, able to detect trivial amount of lack of fit
Usually standard errors are so large that small lack of fit is

unimportant. ERSE
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An occupancy study was made on Blue Grosbeaks (Guiraca
caerulea) on 41 old fields planted to longleaf pines (Pinus
palustris) in southern Georgia, USA.
Surveys were 500 m transects across each field and were completed
three times during the breeding season in 2001.
Columns in the file are:
o field - field number
@ vl, v2, v3 - detection histories for each site on each of 3 visit
during the 2001 breeding season.
o field.size - size of the files
@ bgi - Enrollment in bobwhite quail initiative; does occupancy
increase if field belongs to this initiative?
@ crop.hist - crop history
@ cropl, crop? - indicator variables for the crop history
@ countl, count2, count3 - actual counts of birds detected in
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Assess the fit of the best fitting model for the gross beak example.
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