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EXERCISE 13: SINGLE-SPECIES, MULTIPLE-SEASON OCCUPANCY
MODELS
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SINGLE-SPECIES, MULTIPLE-SEASON OCCUPANCY MODELS
SPREADSHEET EXERCISE

OBJECTIVES

e To learn and understand the multi-season occupancy model, and how it
fits into a multinomial maximum likelihood analysis.

e To use Solver to find the maximum likelihood estimates for the
probability of detection, the probability of site occupancy, the
probability of site extinction, and the probability of site colonization.

e To assess deviance of the saturated model.

e To reinforce concepts of model fit.

e To learn how to simulate robust occupancy data.

BASIC INFORMATION

The multi-season occupancy model is a natural extension of the single season
occupancy model, and is rapidly becoming the analytical framework of choice
for many monitoring programs and for estimating metapopulation
parameters. This is another very creative model introduced to us by Darryl
MacKenzie, Jim Nichols, Jim Hines, Melinda Knutson, and Alan Franklin. The
model is described in chapter 7 of the book, Occupancy Modeling and
Estimation. Click on the worksheet labeled "Multi-Season and let's get

started.
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BACKGROUND

This worksheet is set up similarly to the Single-Season Occupancy
worksheet, with a few major additions. Think back on the basic occupancy
model. The data are collected across study sites, and the sites are

repeatedly surveyed.

History Frequency  Parameter

100 22 pl
111 73 p2
101 25 p3
110 41 v
000 55
on 15
001 5
010 14

# Sites = 250

# Histories = 8

Naive Estimate = 0.78

The assumption of the single-season model is that the sites are closed to

changes of the occupancy state during the sampling interval. That is, if we
survey sites three times, the assumption is that site does not go extinct (if
it is occupied), and does hot get colonized (if it is empty) between the first

sampling session and the third sampling session.

However, in many cases we are very interested in changes in occupancy
patterns. For instance, metapopulation theory is based on changes in
occupancy patterns of patches over time. In this case, we may want to
estimate the probability that an empty site will be colonized, and probability

that an occupied site goes extinct. The MacKenzie et al. 2003 model
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(hereafter, the Multi-SeasonOccupancy Model) specifically deals with these

issues.

There are two major differences between the multi-season worksheet and
the single-season worksheet (Exercise 3). The first is the histories, and the
second is the addition of two new parameters, ¢ (extinction probability) and y
(colonization probability). To keep things simple, this spreadsheet does not
evaluate covariates (although you certainly could add them if you wanted
to... the process is conceptually the same as in the single-season occupancy

model).

THE SINGLE SPECIES, MULTIPLE-SEASON MODEL

In the multi-season occupancy model, there are primary periods and
secondary sampling sessions. Let's assume that we survey a site in May as
we've done in the past. The site is visited and a 1 is recorded if a species
was detected, otherwise a O is recorded. The site is then visited again
under the assumption of closure. So, two surveys were conducted in the
first primary period. From the data collected in that period, we can
estimate the parameters vy, p1, and pz - just like the standard occupancy

model.

Now let's assume that we repeat this process 1 month later (June), under
the assumption that the occupancy pattern of the sites may have changed
between months. Again, we survey the site two times and record a 1 if an
animal was detected and a O if it was not. So we have two primary periods

(May and June), and within each primary sampling period the site was
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surveyed twice and the population is assumed to be closed. However, we now
assume that the population is open between the primary periods. That is,
the species can go locally extinct, and the species can colonize previously
unoccupied patches/sites between the first primary period and the second
primary period. These processes, together with the initial occupancy
estimates for the first sampling period, determine whether the species
occurs on a site during the second primary period. Therefore, with the
second sampling session, we can derive estimates for ps and ps, as well as

extinction and colonization rates.

The diagram below outlines the flow of the study and highlights the
parameters that can be estimated in a two season occupancy model. In
season 1, we estimate v, p1, p2. Between seasons, occupied sites can either
go extinct with a probability of &1, or can remain occupied with a probability
of 1-¢1. Between seasons, unoccupied sites can either become colonized with
a probability of y1, or can remain unoccupied with a probability of 1-y1. In

season 2, surveys are completed and we estimate p3 and pa.

€100 y1 2

_—

vy, P1, P2 P3; P4

Note that we don't estimate y for primary period 2 because occupancy is
determined by the state of the site in primary period 1, and whether the
site went extinct, was colonized, remained occupied, or remained empty.

This model could be extended for 3, 4, 5, or 100 seasons, which is one reason

why it is very useful from a long-term monitoring perspective.
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SPREADSHEET INPUTS

Let's get oriented to the inputs, which are the encounter histories and their

c | b E frequencies. The encounter histories are
5 History Freq
6 11 11 1 divided into the primary and secondary
7 10 1 9 . . . .
5 o1 T = periods. Capture histories for the first
9 00 1 13 ; ; ; ;

rimary period (May) are given in cells

10 11 10 16 P YP ( Y) I
11| 10 10 10 C6:C21, and capture histories for the
12 01 10 12
131 00 10 28 second primary period (June) are given in
14] U o1 16 cells D6:D21. Note that all combinations of
15 10 01 7
6] 01 01 10 the histories are given (there are 16
17 00 01 20
18 11 00 60 histories, which is 2* - four sampling
19 10 00 63 . h with ble out ,
20 o1 00 24 sessions, each with two possible outcomes:
21 [ o s detected or not detected. This means that
22 | Total sites = 500
23 [Total histories = 16 you can estimate up to 15 parameters for
24 |Naive estimate = 0.652

this model). The frequencies of each
history are given in cells E6:E21. The total number of sites surveyed is
summed in cell E22, and the total number of unique histories is given in cell
E23. The ndive occupancy estimate is the number of sites out of the total in

which the species was detected.

THE SATURATED MODEL

You might recall from the general (single-season) occupancy model that we
have all the information we need (the frequencies of each history) to
compute the saturated model's -2Log.L. Do you remember how we did it?
The probability of getting a particular history is simply the frequency of
that history divided by the total number of sites. The results give the
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MLE's for the raw data - they are simply the proportion of sites showing a

M | N particular history, and are computed in cells
Saturated Model

4

5 |Probability Ln (Prob) M6:M21. The sum of these cells is 1.0. The
6 0.022] -3.816713
7

8

9

0018 2017384 natural log of these probabilities is computed

0.014] -4.268698| in cells N6:N21. To get the saturated model's
0.026| -3.649659

10 0.032[ -3.442019| LogclL, we simply multiply the frequency of

11 0.02| -3.912023 , _

12 0024l 3729701] ach history by the natural log of its

13 ol et probability, and then add the results up across
14 0.032] -3.442019

15 0.014 -4.268698| histories. This result is multiplied by -2 to

16 0.02| -3.912023| ,

17 004| -3.218876| 9!ve the saturated model's -2LOgeL (CC” NZZ),
18 0.12] -2.120264 . . . .

T R s which you might remember is the basis for

20 0.088| -2.430418| computing deviance. The formula in cell N22
21 0.348| -1.055553

22| -2Log.L(sat) = | 2223.794 | is =-2*SUMPRODUCT(E6:E21 N6:N21). You

can try plugging in different probabilities to your heart's content, but you
won't find a lower -2Log.L than the one given in cell N22 because the

probabilities fit the observed field data perfectly.

THE MULTI-SEASON OCCUPANCY PARAMETERS

Now let's focus on estimating the probability of each history, not from the
raw data, but from the multi-season occupancy model parameters. The
parameters for this model are listed in cells F6:F12, and there are 7 of them
for this exercise: p; and p2 estimate the probability of detection for surveys
conducted in the first primary period, and p3 and ps estimate the probability

of detection for surveys conducted in the second primary period.

Chapter 13 Page 8 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

F G H |

5 | Parameter | Estimate? Betas MLE

6 pl 1 -3 0.42944
7 p2 1 2 0.04535
8 p3 1 -1 0.07926
9 p4 1 0 0.50000
10 v 1 1 0.92074
11 el 1 2 0.95465
12 11 1 3 0.57056

What about psi, €1 (epsilon) and y1 (gamma)? To get a handle on what these

estimates are, look at the blue figure on the spreadsheet.

£10ry1 2
_

v, P1, P2 P3; P4

The large number 1 in the diagram indicates the first primary period. You
should see that the parameters estimated for this session are psi, p1, and
p2.....exactly like we did in the single-season model. Now notice the arrow
pointing o the number 2, which indicates the second primary period. If a
site is occupied in the first primary period, it can either go extinct with a
probability of ¢ or can remain occupied with a probability of (1-¢). If asite
is not occupied in the first primary period, it can become recolonized with a
probability of y, or it can remain unoccupied with a probability of (1-y).
Whether the species is detected or not in the second primary period
depends on the site's occupancy state and on ps and ps. Note that we don't
estimate y for primary period 2 because occupancy is determined by the
state of the site in primary period 1, and whether the site went extinct, was

colonized, remained occupied, or remained empty.
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As we've done in previous worksheets, we enter a 1 in cells G6:612 to
indicate that all of the parameters will be uniquely estimated, and enter

some beta estimates in cells H6:H12.

F G H |

5 | Parameter | Estimate? Betas MLE

6 p1 1 3 0.04743
7 b2 1 2 0.11920
8 p3 1 1 0.26894
9 p4 1 0 0.50000
10 v 1 1 0.73106
11 el 1 2 0.88080
12 7l 1 3 0.95257

Ultimately, our goal will be to find the combination of betas that maximizes
the multinomial likelihood function. The model probabilities are linked to the
betas once again with a logit link in cells I6:I12. These cells are named pel,
pe2, pe3, pe4, psil, epsl, and gaml. Click on one of the cells (I6:112) and you

should see the name of the cell appear to the left of the formula bar.

PROBABILITY OF EACH HISTORY

Now we're ready to write out the probability of obtaining a particular
history (cells J6:J21). Let's start with the history 11 11 (cells C6:D6), which
indicates that an animal was detected in both the primary and second period,
and was detected in each survey. The probability of getting this history
(cell J6) is =psil*pel*pe2*(1-epsl)*pe3*ped. The site must have been
occupied in the first period (y), WAS detected in the first sampling session
(p1), and was detected again in the second sampling session (p2). It then

failed to go extinct between the first and second periods (1-¢), and was
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detected in the third sampling session (p3) and again in the fourth sampling

session (pa).

How about the history 10 11 (cells C7:D7)? The probability of getting this
history (cell J7) is =psil*pel*(1-pe2)*(1-epsl)*pe3*pe4. The site must have
been occupied in the first period (y), was detected in the first sampling
session (p1), but was missed in the second sampling session (1-pz). The site

then failed to go extinct (1-¢), and was then detected in sampling sessions 3

(p3) and 4 (pa4).

Let's try a trickier one, history 00 01. See if you can write out the

probability equation in the space below:

The equation in cell J17 is =psil*(1-pel)*(1-pe2)*(1-eps1)*(1-pe3)*pe4 + (1-
psil)*gam1*(1-pe3)*pe4. The site could have been occupied in the first
primary period (y), missed on survey 1 (1-p1), missed on survey 2 (1-p2), failed
to go extinct (1-¢), was missed on survey 3 (1-p3), and was detected on survey
4 (ps), OR it could have been unoccupied in primary session 1 (1-y), was
colonized in period 2 (y), was missed on survey 3 (1-p3), and detected on

survey 4 (p4).

Now try history 00 00! (Check your answer with the formula in cell J21.)
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It's pretty straight-forward but we encourage you to work your way through
the remaining histories (cells J6:J21). After you've convinced yourself that
the equations are correct, notice that the sum of the histories, calculated in

cell J22) is 1.

THE MULTINOMIAL LOG LIKELIHOOD

You probably can guess where we're headed....

We need to write out the multinomial log likelihood. The equation is given in
cell H14:
=E6*LN(JT6)+E7*LN(JI7)+EB*LN(T8)+E9*LN(J9)+EI10*LN(J10)+EIT*LN(JT11)+
E12*LN(J12)+E13*LN(J13)+E14*LN(J14)+E15*LN(J15)+E16*LN(J16)+E17*L
N(J17)+E18*LN(J18)+E19*LN(J19)+E20*LN(J20)+E21*LN(J21). Click on
this cell, then click somewhere in the formula bar and you should see the
cells used in the equation "light up" - this often helps to see the pattern
more clearly. This formula is exactly what we used in previous worksheets
for the Log Likelihood calculations. This formula could have been
substantially shorted by using the SUMPRODUCT function, but then you

can't see the symmetry of the lit up equation.
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MAXIMIMIZING THE LOG LIKELIHOOD
The goal now is o maximize the multinomial log likelihood by changing the

beta values in cells H6:H12 (and hence parameter MLE's).

F G H |

5 | Parameter | Estimate? Betas MLE

6 pl 1 0.50000
7 p2 1 0.50000
8 p3 1 0.50000
9 pd 1 0.50000
10 v 1 0.50000
11 el 1 0.50000
12 1 1 0.50000

Go to Tools | Solver, and set target cell H14 to a maximum by changing cells

H6:H12.

Solver Parameters

Set Target Cell:  [TIXTTRIN ~ Solve

Equal To: * Max  Mn C yausof: |0 Close
By Changing Cells:

|$r$6:$HE12 Y| Guess

Subject ko the Constrainks; Options

] Add
Change
J Celete

Reset Al

b

Help

Press Solve and Solver will attempt to converge on an answer. Once Solver
has found the betas, the MLE's that are linked to the betas are the
maximum likelihood parameter estimates for pl, p2, p3, p4, v, ¢, and y. Here

are the results we got:

Chapter 13 Page 13 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

F G H |

5 | Parameter | Estimate? Betas MLE

6 pl 1 0.344269485 | 0.58523
7 p2 1 0.146092624 | 0.53646
8 p3 1 -0.281413068 | 0.43011
9 p4 1 -0.500775969 | 0.37736
10 ] 1 0.646207271 | 0.65616
11 el 1 -0.294950958 | 0.42679
12 11 1 -0.664854695 | 0.33965

Remember, when you run the model in MARK or PRESENCE, the programs
report the estimate as well as the standard errors, and both are important.
This spreadsheet does not include the standard errors for the various
estimates. Let's look at these estimates more closely. In season 1, 65.6% of
the sites were occupied. In this season, detection probability was 0.58 and
0.53. Between season 1 and season 2, 42.6% of the occupied sites went
extinct, and 33.9% of the unoccupied sites were colonized. This means that
occupied sites in season 1 had a 1 - 42.6% = 57.4% chance of remaining
occupied, and that unoccupied sites in season 1 had a 1-33.9% = 66.1% chance
of staying empty in season 2. That's quite a turnover. These estimates are
the foundation of metapopulation theory, so they can be very useful. From
these estimates, you can derive y for season 2 as:

yra = w1 (1-e1) + (T-yi)ys,
which is simply the fraction of sites occupied in season 1 that failed to go
extinct, y1 (1-1), plus the fraction of unoccupied sites in season 1 that were

colonized, (1-y1)y1.

In our example, v, = 0.656*(1-0.426) + (1-0.656)*0.339 = 0.49316. So, with

the estimates from this model, the occupancy rate declined quite
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substantially from season 1 to season 2. We will revisit this topic when in

the PRESENCE exercise.

MODEL OUTPUT

Now let's look at the remaining model output:

G | H
13 OUTPUTS
14 |Log.L = -1114.85
15| -2Log.L = 2229.70
16 |Deviance = 5.906
17 |Model DF = 9
18 |C hat = 0.66
19 |Effective N 500
20 |K = 7
21 |AIC = 2243.70
22 |AICc = 224393

The model's LogelL is computed in cell H14 (this is the cell you maximized),
and the model's -2LogcL is computed in cell H15. Deviance for this model is
computed as the difference between this model's -2Log.L and the saturated
model's -2Log.L with the equation =H15-N22. The model's degree of
freedom is reported in cell H17 with the equation =E23-H20. Tt is simply
the number of kinds of histories minus K (where K is the number of
parameters estimated in cell H19). This computation goes back to the basic
multinomial equation: we have 16 tferms in the multinomial equation, and thus
we estimate 16 probabilities in a saturated model. The model we just ran
estimated those 16 probabilities indirectly by estimating 7 parameters: p1,
P2, P3, P4, v, €, and y. That leaves us with 16-7 = 9 parameters that are left
over. AIC, AICc, and N are computed with the same equations as the

general occupancy model.
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ASSESSING FIT

K L
4 Chi Square
5 | Expected | (O-E)*/E
6| 9583 0.2096753
7| 8280 | 0.0625994
s| 6792 0.0064007
9| 15346 | 0.3586158
10| 15.811 | 0.0022549
11| 13.662 0.9816133
12| 11.206 0.0562611
13| 25.321 | 0.2834968
14| 12697 | 0.8593283
15| 10971 14373615
16| 8999 0.111406
17| 20333 | 0.0054644
18] 64909 | 03713234
19] 56.087 | 0.8521186
20| 46.004 | 0.0872777
21| 174.000 4.114E-12
22  500.0 5.6852
23 p= 0.7709646

How does this model fit? Well, we've entered
formula in cells K4:L22 to compute the Pearson
Chi-Square. However, note that this approach
has not been formally tested for the multi-
season occupancy model, so it's still unclear
whether this is a good measure of fit. Given this
model's MLE's, the number of sites expected to
have each encounter history is computed in cells
K6:K21. This is exactly the same procedure we
used to compute Chi-Square in the general
(single season) occupancy model: the probability
of each history is multiplied by the total number
of sites. The (O-E)*/E is computed in cells

L6:L21. Remember, here is where you look for cell values greater than 3.8 -

those with high values don't fit. The sum of (O-E)?/E is computed in cell L22

and is the model's Chi-Square value. The p value associated with the Chi-

Square value is computed in cell L23 with a CHIDIST function. This

particular model appears to fit the data, as indicated by a p value much

greater than 0.05. You could also run the MacKenzie and Bailey GOF but

you'd have to modify your spreadsheet.

COMPARING MODELS

As we've done in the past, you can run different models and compare model

results with model selection procedures. For instance, you might run a model
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where p1= p2= p3 = ps4 if you believed that the detection probabilities could

have been the same in every sampling effort. To set up this model, you'd

enter a O in cells 67:69 to indicate that p2, p3, and ps won't be estimated -

instead they will be constrained to equal p1. And you'd enter =H6 in cells

H7:H9 to force their betas to be equal to the beta for pi.

F

G

Parameter

Estimate?

Betas

=H6

=H6

=H6

~| =~ ol o~

Then, run Solver. Set cell H14 to a maximum by changing cells H6, H10:H12.

Solver Parameters

Sek Target Cell:

Equal To: {* Max
By Changing Cells:

FHE14
" Min

%

21X

Solve

" Walue of: |':|

[§+i46, $HEL0:3HE12
Subject bo the Constrainks;

|
=

2

Gless

Add
Change

Delete

dld
il

Close

i

options

Reset All

Help

Here are the results we got:
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F G H |
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.017637275 | 0.50441
7 p2 0 0.017637275 | 0.50441
8 p3 0 0.017637275 | 0.50441
9 p4 0 0.017637275 | 0.50441
10 W 1 0.859492002 | 0.70255
11 el 1 0.039154811 | 0.50979
12 1 1 -1.049538461 | 0.25931
13 OUTPUTS
14 Logcl = -1120.63
15 -2Log.lL = 224126
16 Deviance = 17.466
17 Model DF = 12
18 C hat = 146
19 Effective N 500
20 K= 4
21 AIC = 2249.26
22 AICc = 2249.34

How does this model compare to the first model? The first model had an
AICc score of 2243.93, while this one had an AICc score of 2249.34, a
difference of around 5 AICc units; the first model has more support. We'll
run these models in MARK and PRESENCE too to verify the results.
Remember that you can easily incorporate covariates into the multi-season
model by specifying linear constraints. We haven't added them to this
exercise, but the principles outlines in Chapters 4 and 5 of this e-book apply

to this model as well.

SIMULATING DATA BY EXPECTATION AND WITH STOCHASTICITY
OK, we're getting close to the end. The last thing we need to cover in the

spreadsheet is how to simulate multi-season occupancy data. All of this

should be familiar to you by now.
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Q | R S T | u | v | w X
3 Parameter Inputs
4 pl = p2 = p3 = p4 = V= gl= yl= N =
5 05 05 05 05 0.7 05 0.3 500
6
7 [individual [rand v |rand p1l |rand p2 |rande rand y rand p3 rand p4
8 1| 0.47219| 0.78183| 0.50905| 0.80125| 0.47699| 0.63875  0.86771272
9 2| 0.15148| 0.14435| 0.51854| 0.86443| 0.10579| 0.30224| 0.510548333
10 3| 0.30298| 0.61971 0.86676| 0.36856| 0.22125 0.99151| 0.862516479
11 4| 0.76775| 0.14252| 0.41342| 0.40829| 0.49829| 0.95904| 0.395187085
12 5/ 0.74089| 0.61386| 0.47887| 0.77415| 0.91296| 0.44294| 0.16313406

First, start by entering real parameter estimates in cells Q5:W5, and also

enter N (the number of sites you want to simulate). As with the other

spreadsheets, we'll simulate data in two ways.

Y |1Z |A/:_|§B| AC_| The first way involves a random (stochastic)
6| T
7 |pl|p2|p3|p4|History | component to assigning encounter histories for a
8[0/0] 0] 00000 . , , ,
slo olololoooo | Site. Thesites are listed out in column Q. Then,
10{1{1]0|0]1100 . .
or each site, we assign a rando
o 010 00000 | | + We asSign a random . pt. pz. & 7. pa.
1210/ 0]0/0]0000 | and ps as shown in columns R:X. The histories for

each site will be based on these random numbers, and also the parameter

estimates you specified previously. The outcome (O or 1) for visit 1 is

provided in column Y, the outcome for visit 2 is provided in column Z, the

outcome for visit 3 is provided in column AA, and the outcome for visit 4 is

provided in column AB. The site's history is simply the concatenation of

these four outcomes. So, let's look at how the outcomes are determined.
Cell Y8 has the formula =IF(AND(R8<$U$5,58<$Q$5),1,0) and gives the

outcome for visit 1 for site 1. IF cell R8 (the random v) is less than cell U5

(the specified y), AND cell S8 (the random p1) is less than cell Q5 (the

Chapter 13

Page 19 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

specified p1), then the site was occupied and the species was detected, and a
1is returned. If either of those conditions is not true, a O is returned. The
same logic goes for determining the outcome for visit 2 (cell Z8 has the

equation =IF(AND(R8<$U$5,T8<$R$5),1,0).

Things get more complicated for visits 3 and 4 because the outcome depends
on the outcomes from the first primary period. Cell AA8 has the equation
=IF(OR(AND(R8<$U$5,U8>$V$5,W8<$5$5), AND(R8>$U$5,V8<$W$5, W8«
$5%$5)),1,0), and generates an outcome for visit 3 for site 1. Cell AB8 has
the equation
=IF(OR(AND(R8<$U$5,U8>$V$5,X8<$T$5),AND(R8>$U$5,V8<$W$5 X8<$
T$5)),1,0) and generates an outcome for visit 4 in site 1. See if you can work

your way through the logic behind this formula.

The second method of generating data is based on expectation. There's
nothing fancy about this at all: just enter the same old encounter history
probabilities that we did earlier for each type of encounter history, and
multiply by N. To make things easier, we copied the formula for each
history probability and pasted it in red type in column AG. These are the
equations entered into cells AF8:AF23. Note the sum of the expected

frequencies must equal N (whatever you specified in cell Xb).
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AF | AG AH Al Al AK AL AM AN AO AP AQ
6 | Expected
7 | Frequency
8 10.9375|psil*pel*pe2*(1-epsl)*pe3*ped
9 10.9375(psil*pel*(1-pe2)*(1-epsl)*pe3*pe4
10 10.9375(psil*(1-pel)*pe2*(1-epsl)*pe3*pe4
11 22.1875|psi1*(1-pel)*(1-pe2)*(1-epsl)*pe3*ped+(1-psil)*gam1*pe3*ped
12 10.9375|psil*pel*pe2*(1-epsl)*pe3*(1-ped)
13 10.9375|psil*pel*(1-pe2)*(1-epsl)*pe3*(1-pe4)
14 10.9375|psi1*(1-pel)*pe2*(1-epsl)*pe3*(1-pe4)
15 22.1875|psil*(1-pel)*(1-pe2)*(1-epsl)*pe3*(1-ped)+(1-psil)*gam1*pe3*(1-pe4)
16| 10.9375(psil*pel*pe2*(1-eps1)*(1-pe3)*pe4
17 10.9375|psil*pel*(1-pe2)*(1-eps1)*(1-pe3)*pe4
18 10.9375|psi1*(1-pel)*pe2*(1-epsl)*(1-pe3)*pes
19 22.1875|psil*(1-pel)*(1-pe2)*(1-eps1)*(1-pe3)*ped+(1-psil)*gam1*(1-pe3)*pes
20| 54.6875|psil*pel*pe2*epsl+psil*pel*pe2*(1-epsl)*(1-pe3)*(1-ped)
21| 54.6875|psil*pel*(1-pe2)*epsl+psil*pel*(1-pe2)*(1-epsl)*(1-pe3)*(1-pe4)
22| 54.6875|psil*(1-pel)*pe2*epsl+psil*(1-pel)*pe2*(1-epsl)*(1-pe3)*(1-pe4)
23| 170.9375|psi1*(1-pel)*(1-pe2)*(1-eps1)*(1-pe3)*(1-pe4d)+psil*(1-pel)*(1-pe2)*epsl+(1-psil)*(1-gam1)+(1-psil)*gam1*(1-pe3)*(1-pe4)
24 5000000 | | | | | | | | | |

Why would you generate data based on expectation? Well, it happens to be
a GREAT way to conduct a power analysis when you are in the design phase
of your study. If you have some idea of what the parameter estimates
might be, you can simulate data with varying sample sizes, run the analysis
through MARK or PRESENCE, and then critically evaluate how sample size
affects the estimates in terms of bias (how far of f where the estimates
from MARK or PRESENCE compared to values entered in cells Q5:W5) and
precision (by examining the standard errors around each estimate). It's

relatively easy to do, and is an important step in planning a study.

CREATING MARK AND PRESENCE INPUT FILES

The final step is to compare these results with those estimated in MARK or
PRESENCE. To create a MARK input file, copy cells 06:021, and paste them
into WordPad.
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& Untitled - Notepad

File Edit Format View Help

1111 11;
1011 93

0111 7;

0011 13;

1110 16;
1010 103
0110 12;
0010 28;
1101 16;
1001 7,

0101 10;
0001 20;
1100 60;
1000 &3,
0L00 44
lOOOO 174;

Then save the file as "Multi-Season Occupancy.Inp”. This is the file you'll
import info MARK.

To create PRESENCE input files, we used the "tally” trick in column A to
create histories for individual sites. In cells B6:B21, we list the 16 possible
histories. Then, in cells A5:A21, we use the SUM function to track a running
tally of the history frequencies. For instance, the 1111 history is our first
history, and the running tally is 11. The second history listed is the 1011
history, and the running tally sums the frequency of that history, plus the

frequency of the 1111 history, and so on.
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A | B
4 |Tally
5 0
6 11 1111
7 20 1011
8 27 0111
9 40 0011
10 56 1110
11 66 1010
12 78 0110
13 106 0010
14 122 1101
15 129 1001
16 139 0101
17 159 0001
18 219 1100
19 282 1000
20 326 0100
21 500 0000

The next step is to use this tally to assign encounter histories o each of
the 500 sites. First, the site numbers are listed in column A from 1 to 500.
Then, the history to each site is assigned by using the LOOKUP function.
Click on cell B30 and you'll see the formula =LOOKUP(A30-
1,$A$5:$A$21,$B$6:$B$21). This formula looks up the site number (minus
1), and finds that number in the tally (cells A5:A21). Because the tally is
sorted in ascending order, the lookup function does not need a perfect
match. It simply finds the category that does not exceed the lookup
number, and returns the associated history listed in cells B6:B21. Columns
C:F simply "break" the history apart into survey-specific results. You'll copy

cells C30:F529 when it's time to run the analysis in PRESENCE.
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MULTIPLE-SEASON OCCUPANCY ANALYSIS IN PROGRAM PRESENCE

GETTING STARTED
Open PRESENCE, and click File | New Project to begin a brand new data

analysis.

i Enter Specifications for PRESENCE Analysis Q@@
Motes Title for this set of data

|Mu\l|—Seasun Occupancy Model
Data lype not needed - just select lype
from R
mmmmmmmmm Enter data filename Click to select file | Click to view file i

Raule madels are now in 'Run’ menu |

Results filename

0. Sites 500

. Decasions |4 ‘2’2

. Site Covariates [i]
0. Sampling Covariates|q

Input D ata Form
Cancel ‘ oK |

Enter a title for this set of data (e.g., Multi-Season Occupancy Model).
Enter 500 for the No. Sites, and 4 for the No. Occasions. Importantly,
enter "2,2" in the No. Occasions/Season text box. This notation lets
PRESENCE know that it is a multi-season model, where the first number
indicates the number of primary seasons, followed by a comma, and the
second number indicates the number of secondary seasons within a primary
season. Then click on the Input Data Form button. Copy cells C30:F529, and
then click on the first, blank data cell and go to Edit | Paste | Paste Values:
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g Data Input Form
Fie f& @ Simulate
i Pres change # rows

change # cols I

Clear chipboard Paste wjsitenameas
Insert From CSY file Paste wicovnames
Clear Paste wiboth

Add site covariate table
Add sample covariate table
Delete covariabe

Rename covariabe

|§

AR R AR IR

:

Your data should look like this:

. Data Input Form
File Edit Simulate
Fresence/bbsence data I
data 11 -2
1
1

—
P
(g5

gite 1
zite 2
zite 3
gite 4
zite 5
zite B
zite ¥
zike B

—t ok |k | | ek | ol | sl f ol
ddddddd-ﬂ.}}
— | et | e | ek | el | B | el | b

—t | oeh | md | ok | ek el

Note that PRESENCE automatically labels each survey by its primary and
secondary period. For instance, 1-1 indicates the survey occurred in primary
season 1 and was the first survey, while 1-2 indicates the survey occurred in

primary season 2 and was the second survey.
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Then go to File | Save As and enter a file name for your new PRESENCE

input file, and store it somewhere where you can retrieve it easily:

Save PRESENCE input file as:

Save ir: | (2} Desktop -l £k F-
Ay Dacuments

' My Computer
&My Network Places
File: name: |Multi-Season Occupancy
Save as lype: |F'lesence files j Cancel

Now, return to the Enter Specifications form, click the button labeled “Click

to Select File" and browse to your freshly created input file:

2 Enter Specifications for, PRESENCE Analysis Q@E]

Motes Title: for this set of data

|M ult-Seazon Occupancy Model

Data type not needed - just select type
from Run meru

Enter data flename |5 Cick to select fie | Click to view file I

Royle models are now in Aun' menu |c:\documemls and settingsitdonovan'desktopimulti-season occupancy. pao

Fesults filename

|c:\documemls and settingsitdonovan'desktopimulti-season occupancy. pa2

He. Sit
g.3les 500 No. Occasionsiseason
Mo. Dccasions ‘4 |2,2
No, Site Covariates 0
Mo. Sampling Covariates|q
Input Data Form
Caneel ‘ 0K |

Press OK and you're ready to run your first model. As with the spreadsheet
exercise, we will run only fwo models: Model y(.)e(.)y(.)p(t) and model
v()e()y()p(). Then, we'll talk about the different ways you can run these

same models in PRESENCE with a different parameterization scheme.

MODEL w(.)e(. )y(.)p(t)

To run a multi-season analysis, go to Run | Analysis: multi-season.
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Yiew Tools Help

Anabysis:multi-season

M Analysis:bwo-specias
Analysis:Repeated Count Data{Royle Biometrics)
Analysis:single-season-heterogeneity{Royle Nichols)
Analysis from File
Simulations

You'll then see the following form (the Setup Numerical Estimation Run

form):

;i,.‘;ﬂelign.Mltrlx - Multi-season model

Occupency | Cainzaiion] [Evihcbon| [Datashon | ]
5 a1 I
psil 1

:} Setup Numerical Estimation Run

Title for Analysis
[MultiSeason Dccupancy Model
Mode] Name
|P¥i.96'mallemllpﬂ
Fix Parameters I Mo Patameters Fixed
~Mode! ok o Onlions
= Init occ jocal colonizat inclion, detectiont [ List Input D'ata
‘el and e I Supply initial values
. and local extinchi [ Set digits in estimates
" Seasonal occupancy [eps=1-gam) and detection I™ Setfunction evaluations

[~ Bootstrap -C matrix
[ Assess Model Fit

[~ Use simplex algarithm
far starting values

I~ Setmax estimates to print

v Use Complimentry-log-log link for Psi

Cancel Aun OK to Run

For multi-season models, PRESENCE allows you to analyze the same data
with different model parameterizations. Look at the option box labeled
Model parameterization, and you'll see four options:

1. Init occ, local colonization, extinction, detection
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2. Seasonal occupancy and colonization
3. Seasonal occupancy and local extinction

4. Season occupancy (eps = 1-gam) and detection

Notice that the Designh Matrix (DM) in PRESENCE opens automatically, and
that the DM changes when you select different options. By default, option 1
is selected, so we'll start with this option. Make sure this option is selected,
and then take a look at the DM for option 1 by clicking on the four different
tabs (Occupancy, Colonization, Extinction, and Detection):

:i Design Matrix - Multi-season model

Fil= Init Retrieve model

al |
psil 1

:.1 Design Matrix - Multi-season model

Filz Init Retrieve modsl

......... b1|
gam1 1

Pricolonization after season i)=gam[i]|

;] Design Matrix - Multi-season model

File Inik Retrieve modsl
|Ocetipancy | Ealonization | Etinction || Blateation | PR |
E 1 |
epzl 1

Priextinction after season i)=eps[i]|
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:-'1 Design Matrix - Multi-season model
File Init Retrieve model

‘Oceupancy| Colonization | Extinction | Detection |

d1

Fl1-1]

Fi1-2]

Fl2-1]

Pl2-2]

1
1
1
1

With option 1, PRESENCE will estimate the following parameters: v (psil

with the beta called al), y1 (gam1 with the beta called bl), &1 (epsl with the

beta called c1), and p., where p1.1, p1-2, p2-1, and p2-2 are equal with the beta

called d1. This option is parameterized in the same way that our

spreadsheet was parameterized, except it defaults to p(.) model. We want

our first model to be p(t), so click somewhere in Detection tab and then go

to Init | Full Identity, and you'll see that PRESENCE now assigns a unique

beta for each of the survey periods.

;ﬂ Design Matrix - Multi-season model
File Init Retrieve model

................

dl |42 |d3  |d4
F[1-1] 1 0 0 0
P21 0 1 0 0
P[2-1] 0 0 1 0
P[2-2] 0 0 0 1

In this case, PRESENCE will call the p; beta "d1”, the p. beta "d2", the p3

beta (or the first survey in primary period 2) "d3", and the ps beta (or the
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second survey in primary period 2) "d4". Make sense? In the spreadsheet,

we set this model up as:

F G H |

5 | Parameter | Estimate? Betas MLE

6 pl 1 0.50000
7 p2 1 0.50000
8 p3 1 0.50000
9 p4 1 0.50000
10 T 1 0.50000
11 el 1 0.50000
12 -l 1 0.50000

When you are satisfied that the DM is set up correctly, return to the Set-

up Numerical Estimation Run. You'll want to change the title for this model

to psi, gamma(),esp(),p(+). Then press the button labeled "OK to Run.”

Title for Analysis

E Setup Numerical Estimation Run g@@

|MLﬁSeasm Occupancy Model

Model Name

|psi.gammafLepsiloit)

Fux Parameters

Model parameterization

No Parameters Freed

& Init occ local colonization, extinction, detection
5 5 e

5 | and local extincl

" Seasonal occupancy (eps=1-gam) and detection

Options

I~ ListInput Data

I~ Supply initial values

[ Set dighs in estimates
I~ Set function evaluations
[~ Bootstrap V-C matiix
[~ Assess Model Fit

™ Use simplex algorithm
for starting values

™ Setmax estimates ko print
[~ Use Complmentry-log-log ink for Psi

0K to Run

PRESENCE then finds the solution, and presents the following dialogue box:
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0 Maodel psi,gammal),epsi),plk)
\__-J_/ AIC=2743.70
MPar=7
Append to resulks?

Mo |

Click Yes, and the results are appended to the Results Browser:

;;‘ Results Browser
Model AIC deladIC AIC wat |Model Likelihood  [no.Par.  |-2*LogLike
[psi.gammal.eps().plt] | 224370 0.00 1.0000 1.0000 7 222970

Let's look at the full output for this model. Right-click on the model name in
the Results Browser, and select View Model Output. Then scroll down to get

to the meat of the output:

I pres1054.tmp - Notepad
File Edit Format ‘iew Help

open Population mModel:

Number of sites = 500
Total number of sampling occasions = 4
Mumber of primary sampling periods = 2
HWumber of missing observations =0
Number of parameters 7

Wk numerical convergence was not reached. L. L.
Parameter estimates converged to approximately 5.38 significant digits.

2229,700779
2243, 700779
mModal has been fit using the Togistic 1ink.

-2Tog(1ikelihood)
ATC

untransformed Estimates of coefficients for covariates (Beta's)

estimate std.error

al T0CCUpancy psil 0.646207 (0.157010)
Bl colonization gaml -0.664856 (0.315491)
1l :local extinction epsl -0.294950 (0.267860)
ol idetection P[1-1] 0.344260 (0.1520023
D2 rdetection Pl1-2] 0.146092 (0.144721)
D3 ‘detection Plz-1] -0.281412 (0.209442)
o4 sdetection Pl2-2] ~0.500775 (0.200374)

variance-Covariance Matrix of Untransformed estimates:
Al Bl 1 ol 02 [BE] 0

ALl 0.024652  -0,010787  -0.000000 -0.013088 -0.011711 -0.000000 -0.000000
Bl -0, 010787 0.099535 -0,0094:28 0. 008942 0.008001 -0.023571 -0.021574
1l -0.000000  -0.009428 0.071749 0. 000000 0. 000000 0.036470 0.033380
ol -0, 013088 0. 008942 0. 000000 0.023407 0. 009708 0. 000000 0. 000000
D2 -0.011711 0. 008001 0. 000000 0. 009708 0.020944 0. 000000 0. 000000
D3 -0.000000  -0.023571 0.036470 0. 000000 0. 000000 0. 043866 0.024998
D4 -0.000000  -0.021574 0.033380 0. 000000 0. 000000 0.024998 0.040150
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Note that the PRESENCE output specifies the total number of sampling

occasions is 4, and the number of primary sampling occasions is 2. This

model estimates 7 parameters. It is not over-parameterized because there

are 16 possible histories, so we can run a model with up to 15 parameters

legitimately. For comparison, the spreadsheet results are shown, and the

results match.

F G H |
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.344269481 | 0.58523
7 p2 1 0.146092594 | 0.53646
8 p3 1 -0.281413076 | 0.43011
9 p4 1 -0.500775891 | 0.37736
10 v 1 0.646207396 | 0.65616
11 el 1 -0.294950494 | 0.42679
12 11 1 -0.664854542 | 0.33965
13 OUTPUTS
14 LogcL = -1114.85
15 -2Log,lL = 2229.70
16 Deviance = 5.906
17 Model DF = 9
18 C hat = 0.66
19 Effective N 500
20 K= 7
21 AIC = 2243.70
22 AICc = 224393

Scroll down a bit further, and you'll see the detection estimates for each

site for each survey listed:
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B pres1054.tmp - Notepad

File Edit Format Yiew Help

Individual

site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site
site

fa I . R IO R N SN SNV PR P NP T S T ST Sy ey el o

Site estimates of p:

fa I . R IO R N SN SNV PR P NP T S T ST Sy ey el o

it SR PN N o SRR S o O TR i SN TR S o SRR T ]

Survey

HNNI—‘I—‘NNI—‘I—‘NPI\JI—"—‘NNI—‘I—‘NNI—‘I—‘
[ttt el S el S el N el S el S e el S el

(=l el o ool ol e o R o o el )

OK, now let's run our second model.

MODEL w(.)e(.J(.)p(.)

In this model, we estimate v, €1, y1, and set p as constant across all

! std. err
LIB5Z2TY 00037137
. 536458 0.035988
.430108  0,051337
377359 00047080

585247 0.037137
.936458  0,0355988
.430108 0.051337
377359 00047080
L0852247 0.037137
.536458 0.035988
.430108 0.051337
377359 0.047080

585227 0.037137

536458 0.035988
.430108  0,051337
377359 00047080
L0857 00037137
.936458  0,0355988
.430108 0.051337
L377359 0.047080
L085227 0.037137

95% conf.

. 312439
L465922
L 3208486
L 285082
512439
L465922
. 329486
. 285082
L 512439
L465922
. 3209486
L 2B5082
512439
L465922
L 3208486
L 285082
. 312439
L465922
. 329486
. 285082
L 512439

slalalelolelslelslelalelolalelelololole) ol

occasions. In the spreadsheet, this model was set up as:

interval

LGB58015
L B06995
L 530729
L469635
LB58015
L 608995
. 330729
L469635
LB5E015
L B06995
. 330729
.469635
LGB58015
L B06995
L 530729
L469635
LB58015
L 608995
. 330729
L469635
LB5E01S

slalalelolelslelslelalelolalelelololole) ol

F G H |
5 Parameter Estimate? Betas MLE
6 pl 1 =EXP(H6)/(1+EXP(H6))
7 p2 0 =Hé6 =EXP(H7)/(1+EXP(H7))
8 p3 0 =H6 =EXP(H8)/(1+EXP(H8))
9 p4 0 =Hé6 =EXP(H9)/(1+EXP(H9))
10 W 1 =EXP(H10)/(1+EXP(H10))
11 el 1 =EXP(H11)/(1+EXP(H11))
12 11 1 =EXP(H12)/(1+EXP(H12))

In PRESENCE, this model is the default model for the first option in the

model parameterization option box (Init occ, local extinction, detection):
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- Setup Numerical Estimation Run
Title for Analysis

bodel Name

|psi.gammal].2psi].pl)

M Mo Parameters Fized

Model parameterizatiorn Options

& Init oce local colonization, extinction, detection List Input Data

" Seasonal occupancy and colonizatin Supply initial values

" Seasonal occupancy and local extinction Seialbineindis

" Seasonal ococupancy [eps=1-gam) and detection Set function evaluations

Eootstrap V-C matrix
Azsess Model Fit

L U 1

Use simplex algarithm
far starting walues

[~ Setmax estimates to print
r

Use Complimentrylog-log link for Psi

Cancel Run | 0K to Run [

So all you need to do to run this model is press the "OK to Run” button.

Append the results to the Results Browser:

;_.'.1 Results Browser

| Madel AIC deltadIC AIC wat Model Likelhood  |noPar.  |-ZLoglike
psigarnmal).eps(),plt) 2243.70 0.00 na4e 1.0000 7 2229.70
psi.gamma(].eps(].p() 2249.26 556 00584 0.0620 4 24126

Then right-click on the model name to bring up the results:
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B pres9131.tmp - Notepad

File Edit Format “iew Help

P2-1] 1
pl2-2] 1

open Population Model:

Mumber of sites . . = 500
Total numher of sampling occasjons = 4
nMumber of primary sampling periods = 2
nMumber of missing obserwvations =0
Mumber of parameters =4

wwaw pumerical convergence was not reached.
Parameter estimates conwverged to approximately 5.81 significant digits.

-2Tog(TikeTihood) 2241, 260481
ATC = 2249,260481
Madel has been it using the logistic Tink.

untransformed Estimates of coefficients for covariates (Beta's)

estimate std.error

AL ToCcupancy psil 0.859453 (0.181411)
El rcolonization gaml -1.049538 (0.343199)
1l :local extinction epsl 0.039155 (0.170654)
ol rdetection P[1-1] 0.017637 (0.102718)

variance-Covariance Matrix of Untransformed estimates:
Al

Al 0.032910 -0.014543  -0,007505 -0.011&50
Bl -0.014543 0.117786 0.022000 0.005159
1 -0. 007505 0.022000 0.029123 0.006798
Dl -0, 011650 0.005155 0.006758 0.010551

The spreadsheet answers also match:

F G H |
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.017637275 | 0.50441
7 p2 0 0.017637275 | 0.50441
8 p3 0 0.017637275 | 0.50441
9 p4 0 0.017637275 | 0.50441
10 ] 1 0.859492002 | 0.70255
11 el 1 0.039154811 | 0.50979
12 vl 1 -1.049538461 | 0.25931
13 OUTPUTS
14 Log.L = -1120.63
15 “2Log.L = 2241.26
16 Deviance = 17.466
17 Model DF = 12
18 C hat = 1.46
19 Effective N 500
20 K= 4
21 AIC = 2249.26
22 AICc = 2249 .34

Chapter 13 Page 35 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

That's all the models we ran in the spreadsheet. You can easily add
covariates to the multi-season model by following the same steps that were
described in Exercises 4 and 5. In selecting option 1 for the model run, you
can constrain yi, 11, €1, or p to be functions of specified covariates.
Remember, you can derive occupancy for season 2 (y2) by knowing the
estimates of y1 and ¢1. The formula is:

via=vid=s)+A-y)r
In words, the proportion of sites that are occupied in season 2 is the
proportion of sites occupied in season 1 that failed to go extinct, plus the
proportion of empty sites in season 1 that became occupied. Using the
estimates from the current model,

v2 = (0.70255)*(1-0.50979)+(1-0.70255)*0.25931) = 0.42153.

To get these estimates, you need to back-transform the beta estimates to
probabilities. Now, what if you want to model v directly? The benefit to
running the model in this way is that you can model y2 as a function of
covariates directly. Fortunately, PRESENCE allows you to parameterize this
model in multiple ways, and in some cases you'll want to use these

alternatives. Let's explore these options next.

ALTERNATIVE PARAMETERIZATION OPTION 2

We'll now run model y(.)e(.)y(.)p(.) using three different parameterizations in
PRESENCE, starting with Alternative Parameterization Option 2. Click on
the main form in PRESENCE (with the book picture), and go to Run |
Analysis: Multi-Season. Look at the option box labeled Model

parameterization, and you'll see four options:
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1. Init occ, local colonization, extinction, detection
Seasonal occupancy and colonization

Seasonal occupancy and local extinction

H w N

Season occupancy (eps = 1-gam) and detection

Choose Option 2:

- Setup Numerical Estimation Run Q@E}

Title for Analysis
|TITLE: Multi-Seazon Occupancy Madel

tadel Mame

[psif). gammal).pl)

m No Parameters Fized

Model parameterization Options

" Init ooc local colonization, extinction, detection
@ Seasondl occuparicy and colonizaiiy
(" Seasonal occupancy and local extinction

(" Seasonal occupancy (eps=1-gam) and detection

I List Input Data
I Supply initidl values
[ Set digits in estimates

I~ Set function evaluations

I~ Boolstrap ¥-C matrix
I Assess Model Fit

I Use simplex algonthm
for starting values

| Setmax estimates to pint.
I~ Use Complimentry-log-log link for Psi

Cancel Run 0K to Aun

Remember, in option 1 we estimated vy, €1, and y1, and then derived v as:
Via =W (L-&)+L-yw)n
In option 2, we estimate y directly, and derive extinction (g1). This is done

by simply re-arranging the above equation as:

((,‘1 :1_ WtJrl _(l_l//t)}/t
Vi

When you click on this option, notice that the DM now shows only three tabs
(Occupancy, Colonization, and Detection) and that there is no Extinction

tab...that's because extinction will be derived. Under the Occupancy tab, we
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can how model both 1 and y2 (the default is that the two estimates are

equal, with the corresponding beta called al).

EEX

E Setup Numerical Estimation Run

Title for Analysis

|TITLE Multi-Season Occupancy Modsl

Model Name

|psif).gammall.pi)

Fix Parameters No Parameters Fixed
Madel patamstsrization A SEion
It aceJacal colonization, extinction, detection I List Input Data

(" Seasonal occupancy and local extinction

" Seasonal occupancy [eps=1-gam) and detection

I~ Supply initial values
I~ Set digits in estimates

I™ Set function evaluations

[ Bootstrap V-C matrix
[~ Assess Madel Fit

[~ Use simplex algorithm
for starting values
I Set max estimates to print

[~ Use Camplimentry-log-lag fink far Psi

To run model w(.)e(.)y(.)p(.) with this new parameterization, we need to
estimate y; distinctly from vz, so click in the occupancy tab and go to Init |
Full Identity, and you'll see that yi will be estimated uniquely (with a
corresponding beta called al) and that w2 will be estimated uniquely (with a

corresponding beta called a2):

.:-1 Design Matrix - Multi-season model

Retrigve model

] E stiticticn ] Detection ]:

File Inik

Oeocupancy I

al |a2 |
psil 0
psid 1] 1

Click on the Extinction tab and you'll see that the model is set up to estimate
e1 (with a corresponding beta called c1). Then click on the Occupancy tab
and keep the default option, which is that all four p's are constrained to be

equal (with a corresponding beta called d1).

Chapter 13 Page 38 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

Let's run this model, but let's change the title to "psil, psi2, gam1, p(.)".
Remember, the specified model is exactly the same model as w(.)e(.)y(.)p(.),

but with a different parameterization:

—~

ik Setup Numerical Estimation Run g@@

Title for Analysis
|T|TLE Multi-Season Occupancy Model

Model Hame

|psi1, psi2, gam, p[.]

., No Parameters Fized

Model parameterization Options

* Init occ local colonization. extinction, detection [~ ListInput Data

(+ Seasonal occupancy and colonizatin [ Supply iniial values
' Seasonal occupancy and local extinction [~ Set digits in estimates:

£~ Seasonal occupancy (eps=1-gam] and detection ™" Set function evabuations
[~ Bootstrap V-C matrix
[~ Assess Model Fit

[~ Use smplex algorithm
for starting values

[T Set max estimates to print

[ Use Complimentry-log-log link for Psi

ConcelRun | OKtoRun |

Press the "OK to Run” button and add the results to the Results Browser:

; Results Browser

Model AlC deltadlC LA wgh Model Likelihood  |no.Far.  |-2"Loglike
psi.gammal) eps{Lplt) i 24370 0.00 0.8336 1.0000 7 2229700779
psi.gammal).eps()pl) . 224926 556 0.0552 0.0620 4 | 2241260481
psil, psi2. gami. pl.) 224926 556 0.0552 0.0620 4 224128

You should see that both the p(.) models have identical AIC results, as they
should - they are the exact same models but with different
parameterization. View the output of this new model by right-clicking on the

model title:
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B pres6225.tmp - Notepad
File Edit Format View Help

Parameter estimates conwerged to approximately 5.94 significant

-2Tlog1ikelihood) 22471, 2A04 81
ATC 2249, 260481
Model has been fit using the logistic T1ink.

Untransformed eEstimates of coefficients for covariates (Beta's)

Al roCcupancy psil
a2 roccupancy psi2
Bl rcolanization gaml
Dl rdetection P1-1]

variance-Covariance matrix of untransformed estimates:
Al

A2 BL ol
AL 0.032911 0,008510 -0,014544 -0.0116351
A2 0.008510 0,016221  0,008880 -0.005991
Bl -0.014544  0,008880 0.117790 0,0035150
ol -0.011651 -0.005951 0.00513% 0.010551

Individual site estimates of Psi:

Site Survey Psi std. arr
1 site 1 1 1-1: 0.702555 0.037910
1 site 1 2 1-2: 0.421535 0.051056
2 site 2 1 1-1: 0.702555  0.057910
2 site 2 2 1-2: 0.421533  0.031058

gstimate
0.8504583
=0.316484
-1.049530
0.017637

a5% conf.
0.628250 -
0.360663 -
0.828250 -
0.380663 -

digits.

std. error
(0.181414)
(0.127361)
(0.343206)
(0.102720)

interval
0.776855
0.482403
0.7768559
0.482403

Notice that PRESENCE provides the beta estimates for psil, psi2, gaml, and

p, and then towards the bottom of the output lists psil and psi2 on a site by

site basis. Because no covariates were specified in this model, all sites have

a y1 estimate of 0.70255, and all sites have a y2 estimate of 0.421533. The

estimates of epsilon are not shown, but we can derive the estimate as

(C,‘l :1_ Wt+1 _(l_l//t)j/'[

4

Given the parameter estimates from this model, first let's back-transform

the beta estimates to obtain y1:

1 = exp(-1.049)/(1+exp(-1.049) = 0.25931. Now, ¢; is derived as:

1

 0.421533-(1-0.70255) *0.25931

0.70255
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Hopefully this makes sense. It's just a different way of obtaining estimates
from the model, but in a way that you can model the parameters you select

for more detailed covariate analysis.

ALTERNATIVE PARAMETERIZATION OPTION 3

Remember, in option 1 we estimated v, €1, and y1, and then derived vy as:
Vi =y (-g)+1-v)n

In option 2, we estimate y1and y2 directly and derive extinction (g1). In

option 3, we estimate &1 and v directly, and derive colonization (y1). This is

done by simply re-arranging the above equation as:

_ Via Vi (1_‘9t)
(1_l//t)

Go to Run | Analysis: Multi-Season, and select Option 3:

1

!‘."\r‘.-:; e e ey Bm_;—gj

Decupancy L | Extinction | Detection | | |

a'\‘

psil 1

psi2 1

E Setup Mumerical Estimation Run E]@i@

Title for Analysis
|TITLE:Mu\t\-Saason Ocoupancy Model

Model Mame

[psitl.epsil0
i Barametérs Mo Parameters Fived
Model parameterization Oplions
" Init occ,local colonization, extinction, detection ™ ListInput Data
" Seasona | aceupancy and colonizal tirn [~ Supply iritial values

(+ Seasonal occupancy and local extinctiort

" Seasonal occupancy [eps=1-gam) and detection

I~ Set digits in estimates

™ Set function evaluations

[ Bootstrap V-C matrix
[ Assess Model Fit

[~ Use simplex algorithm
for start

I~ Setma mates to print

I~ Use Complimentry-og-og link for Psi

Note that there is no Colonization tab in the DM for this option. Again, we'll
need to tell PRESENCE to estimate y1, and y2 uniquely so that we are
matching model w(.)e(.)y(.)p(.). Click on that tab and then go to Init | Full
Identity.
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Now we can run this model, but again let's rename it "psil, psi2, espl, p(.)" as

shown:

;;" Setup Numerical Estimation Run

Title fior Analysis
]TI TLE:Multi-5eason Occupancy Madel

todel Mame

|Dsw1, psi2. espl. pl)

[ Mo Parameters Fised

Model parameterization

7 Init occ local colonization, extinction, detection

~ Seasonal ocoupancy and colonizatin

Options
[ List Input Data

I~ Supply initial values

+ Seagonal occupancy and local extinction [~ Set digits in estimates

™ Seasonal occupancy [eps=1-gam] and detection I Setfunction evaluations
I~ Boatstrap V-C matrix
[~ Assess Madel Fit

[~ Use simplex algorithm
for starting values

[~ Set max estimates to print

™ Use Complimentry-lag-og link for Psi

Cancel Aun | OK to Run |

Add the results to the Results Browser, and you'll see the same AIC values

and other outputs as the previous two options:

.,-—-1 Results Browser,

| Model ¢ Madel Likelihood 2"LogLike
2228, 700779
psi,garnmal),eps().pl) . 0.0620 2241, 260481
peil, peiz, gami. pL] 1224928 558 0.0523 0.0620 4 224126
psil. psi2, espl. pl.) T 2492 556 0.0523 0.0620 4 2041.26

psi.gammal),epel) plt) . 1.0000

Go ahead and study the PRESENCE output for this model, and see if you can

derive the estimate for colonization.

ALTERNATIVE PARAMETERIZATION OPTION 4
Remember, in option 1 we estimated v, €1, and y1, and then derived vy as:

Via :V/t(l_gt) + (1_!//t)7t

Chapter 13 Page 42 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

In option 2, we estimate y2 directly, and derive extinction (e1). In option 3,
we estimate y; directly and derive colonization (y1). Option 4 is more similar
to option 1 in that we estimate i only, but in this model we force extinction
to be equal to 1 minus colonization. Thus, &1 = 1-y1. Thus, if extinction

probability is 0.2, then probability of an empty site NOT being colonized is

also 0.2, What is the significance of this model? Actually, T'm ot sure why

To run this model, simply select option 4 and press the "OK to Run” button:

,: Setup Numerical Estimation Run

Tite for Analysis

[TITLE:Muti-Season Dccupancy Model

Model Name
[psit).gam( ).eps=1-gam.pl)

e No Parameters Fived

Mode! parametesization Opion
it oce Jocal colonization, extinction, detection I™ Listinput Data
" Seasonal occupancy and colonizatin [~ Supply initial valuss

[~ Set digits in estimates
[~ Set funclion evaluations
[~ Bootstrap V-C matrix

I~ Assess Model Fit

[T Use simplex algorithm
for starling values
[~ Set max estimates to print

[~ Use Complimentiy-log-log fink for Psi

" Seasonal occupancy and local extinction
+ [Seasonal [eps=1-gam) and deteclior|

Cancel Run OK to Run

Add the results to the Results Browser:

;Resuils Browser |
[ Model C delasiC 8IC wat Model Likelhood  |no.Par. [2Lloglike

psi.gammaf).eps(lplt) 224370 0.00 0.8395 1.0000 7 2223.700773
psi,gammal].eps(lpl) | 2249.26 5.56 | 0.0521 | 00520 4 | 2241.260451
psil, pai2, gam1, pl.) 2249.26 5.56 | 00521 | 0.0820 4 241
psil, psiz, espl, pl) | 2249.28 556 0.0521 0.0620 4 2241.26
psil | gam( ) eps=1-gam,pl) 225429 10,59 0.0042 0.0050 3 224829

Chapter 13 Page 43 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

You can see that this model differs from the previous options...it is simply a

model where you force the extinction rate to be equal to 1-colonization rate.
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MULTIPLE-SEASON OCCUPANCY ANALYSIS IN PROGRAM MARK

GETTING STARTED
If you haven't already done so, copy cells 06:021 into NotePad, and save the
file as "Multi-Season Occupancy.Inp”. This is the file you'll import into

MARK.

& Untitled - Notepad
File Edit Format Miew Help

Now, open MARK and start a new file. Enter a title for the analysis (E.g.,
Multi-Season Occupancy Model), and browse to your input file. Choose the
radio button for the Robust Design Occupancy, and enter 4 as the number of
occasions (because there were 2 primary periods, each consisting of 2
samples per site). There are no covariates in this exercise, and the data are

not grouped in any way.
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Before clicking OK, we need to tell MARK how the 4 encounter occasions are

divided between primary and secondary sessions.

Enter Specifications for MARK Analysis

Select Data Type

" Recaptures only

" Recoveries only

™ Both [Burmharm)

" Known Fates

" Closed Captures

" BTO Ring Recoveries

" Robust Design

" Both [Barker)

" Multi-strata Flecaptures anly

" Brownie et al. Recoveries

i Jolly-Seber

" Pradel Models Including Robust Design
" Barker Robust Design

" POP&N

™ WPA - Virtual Population Analysis
" Multi-strata -- Live and Dead Enc.
" Mest Survival

" Occupancy Estimation

& Robust Design Occupancy

" Open Robust Design Multistrata
" Clozed Robust Design Multistrata
 Young Survival from Marked Adults

Title: fior this set of data:

[Multi-Seazon Decupancy Model

Encounter Histories File Mame: [ Click ta Select File

|E:\D0cuments and Settingshtdonovan\Desktophmulli-zeason ocou

“iew File

Results File Mame:

|E:\D0cuments and Settingshtdonovan\Desktophmulli-zeason ocou

E azy Robust Design Times

Default Time Intervals Used

Encounter occasions: | 4 il
Attribute groups: KN il Enter Group Labels | Default Group Labels Uszed

Individual covarates: | g il Enter Ind. Cov. Names | Default Ind. Cov. Mames Used

Shrata: :I Default Strata Mames Used
Mistures: [ = :I

Set Time |ntervals

Help Cancel 0K

Click on the button labeled Easy Robust Design Times, and enter 2 for the

number of primary occasions:

Robust Design Primary Occasions

Enter the number of Pomany Docasions:

Ok

Help Cancel

Then enter 2 for each primary occasion to indicate that each primary

session consisted of 2 samples per site:
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Specify Secondary Occasions for each Primary Occasion

Specify Mumbet of Secondaty Dccasions for each Prirmary Occasion
Prmary Occasion 1: [ 2
Primary Dccasion 2: [ ]

Now you can press OK, and get started with some analyses.

MARK PIM

Let's start by looking at all of the PIMs available to us in the Multi-Season
(Robust) Occupancy model. Go to PIM | Open Parameter Index Matrix |
Select All | OK, and then tile the windows by selecting Windows | Tile, and

you should see all the PIMs as shown:

1 Program MARK Interface - Multi-Svason Occupancy Medel (C:\Documents and Settings\tdenovan\esktopimulti-seasen eccupancy.DOT)
Fls drtid Renumber PIM Dasign Run Drowse Smulstons Window  Help

W] 4] 3| #lo| bl

| W prabability Recolonization (Gamma) Graup 1 of B Occupancy Estimation with psi(1 ), gamma, op... |_ |03

W &) 4] %) bl

B Probability Local Extinction (Epsilon) Group 1 of RD Occupancy Estimation with psi{1). gamma, e...

™ Occupancy (Psi) Group 1 of RD Occupancy Estimation with psif1], gamema, epsilan.

FIM Window 1 343 A

The default model is one in which v, ¢, v, p1, p2, p3, and p4 are separately

estimated, so K = 7 for this model. In the spreadsheet, we set up this model
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as follows, and let Solver find values in cells H6:H12 that maximized the

multinomial log likelihood.

F G H |
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.50000
7 p2 1 0.50000
8 p3 1 0.50000
9 p4 1 0.50000
10 \ 1 0.50000
11 el 1 0.50000
12 vl 1 0.50000

The PIMs also indicate that 7 parameters will be estimated, and the number

system tells MARK that v will be indexed as Parameter 1, ¢ will be indexed as

Parameter 2, y will be indexed as Parameter 3, p; and p2 will be indexed as

Parameter 4 and Parameter 5, and ps and ps will be indexed as Parameter 6

and Parameter 7.

The PIM Chart for this model looks like this:
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3P togsm MARK Mtariace - MaltF-Seasan Occupsncy Masial ;- Docwments auid Safimgicanevan DazkissNaukiseasan pccupspcy J0F). o= [91x]

mal Al 4| #o bim|

eter Index Mot Chart: RD Dccipancy Estimation with psi{1), gamma, epsiion
Intisl  Rerumbher  Open Paramster Index Matrie  Help

pSesmion 2 Group 1

pSessen Gioag 1

Epuion Group 1|

Pasaemeder Index

PIM Window 0611724 &

OK, now go to Run | Current Model, and enter a title for this model (e.g.,

full). Use the logit link since that the link we used in the spreadsheet.

Setup Numerical Estimation Run g]
Mumerical E stimation O ptions:

[ List Data

[ Provide initial parameter estimates

[ Use Al Opt. Method

[ Profile Likelhood CI

Title for Analyses [Mulli-Season Dccupancy Model
Model Mame Ful.

Fix Parameters | Mo Parameters Fived

Link Function [ Set digits in estimates

" Sin EEmaton [” Set function evaluations

+ Logit ™ Hessian ™ Set number of parameters

" Loglog r X X X
o 2ndPart [ Do not standardize design matrix

" Cloglog

" Log -

" |dentity |~ MCMC Estimation P

" Absolute C

" Pam-Specific

Help | Cancel Hunl 0K ta Bun I

Click OK to run, and use the default identity link. MARK then shows the

following dialogue box:
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{Full} Results X
9 Append this model's oukput to databaser
&/ todel = {Full}
Ko, Parameters = 7
AICc = 2243.814
Deviance = 2229,7008
Effective Sample Size = 1000

-2logL{{Full}) = 2229.701
-2logLisakuraked) = 0,000

es Mo

Click Yes, and the results will be added to the Results Browser:

B Results Browser: RD Occupancy Estimation with psi(1), gamma, epsilon.

8] Bl8=0)x| B o =2 4] 4

~ Model

ACc | DetaalCe | ACcWeight | Model Likelihood | Mo Par. | Deviance |
22438137 0.0000 1.00000 1.0000] 7| zzza 7008

(Full

By now, you should be a pro at reading and interpreting MARK's full output.
Let's study the results:

B mrk6003z.tmp - Notepad

File Edit Format View Help
Link Function used s LOGIT

variance Estimation Procedure used is 2ZndPart
-2logLisaturated) = 0.0000000
Effective sample Size = 1000

HMumber of function evaluations was 19 for 7 parameters.

Time for numerical optimization was 0.01 seconds.

—21D?L {Full} = 2229.7008

penalty {Full} = ©.0000000

Gradient {Full}:

-0.2762394E-04 0, 3511699E-04 0. 000000 0. 000000 -0.3967806E-04
-0.3548798E-04 0. 000000

s vector {Full}:

96, 62170 80. 68178 63.48855 58.81934 23. 88008

11.70212 7.067847
Time to compute number of parameters was 0.01 seconds.

Threshold = 0.1600000E-06 condition index = 0.7314962e-01
cConditioned s vector {Full}:

1. 000000 0. 8350268 0.6570831 0.6087585 0.2471501
0.1211126 0. 7314962E-01

Mumber of Estimated Parameters {Full} = 7
DEVIANCE {Full} = 2229.7008

DEVIANCE Degrees of Freedom {Full} = 9
c-hat {Full} = 247.74453

AIC {FUll} = 2243.7008

AICC {Full} = 2243.8137

pearson Chisquare {Full} = 5.6851975
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G | H
13 OUTPUTS
14 |Log.L = -1114.85
15| -2Log.L = 2229.70
16 |Deviance = 5.906
17 |Model DF = 9
18 |C hat = 0.66
19 |Effective N 500
20 |K = 7
21 |AIC = 2243.70
22 |AICc = 2243.93

We can see that the -2LogcL's are the same for MARK and the spreadsheet.
However, MARK assumes that -2Log.L for the saturated model is O, and
therefore reports Deviance as this model's -2LogeL - O = -2Log.L. The
spreadsheet computes Deviance differently, and because of this, c-hat is
different as well. This model estimates 7 parameters and has a model DF =
9. How was that computed? Well, there are 16 histories possible, so there
are 16 terms in the multinomial log likelihood, in which we need to estimate a
probability of realizing each history. We used the multi-season occupancy
model to derive these probabilities, and used 7 parameters to generate them
(v, &, v, p1, P2, p3, p4). That leaves us with 16 - 7 = 9 “leftover” parameters,
which is the model DF. The AIC and AICc computations also match.

PEARSON CHI-SQUARE

What about the Pearson Chi-Square? We see that the MARK output
provides the same result as cell L22 in the spreadsheet. Do you recall how
to look at the observed and expected values in MARK? Go to Output |
Specific Model Output | Residuals | List Observed and Expected in NotePad:

Chapter 13 Page 51 5/8/2007



Exercises in Occupancy Estimation and Modeling; Donovan and Hines 2007

c D E | K - | L B mrk9048z.tmp - Notepad

4 - Chi Square ) File Edit Format Wiew Help

5 History Freq Expected | (O-E)/E RobusT Occupancy Made]

6 11 11 11 9583 0.2096754

7 10 11 9 8280 | 0.0625994| | Model: {Full}

8 01 11 7 6.792 0.0064008

9 00 11 13 15.346 0.358616| ~ Encounter e é HCLonR é

0] 11 10 16 15,811 0.002255| | 1111 0 qp.g ETVE e

11| 10 10 10 13.662 0.9816133 ﬂﬁf %g 8 % ; Eééé

12| o1 10 12 11.206 0.0562613| | 17,5 o o

13| 00 10 28 25321 | 0.2834967| | 1011 5.0 5. 2800
1010 10.0 13,6621

14| 1 01 16 12.697 0.859329| | T5u1 N T

15| 10 01 7 10.971 14373614  1ooo 63.0 56, 0363
0111 7.0 0. 7915

16| o1 o1 10 8.999 01114062| o1t .58 5o

17| 00 o1 20 20.333 | 0.0054644|  olo1 1o.0 8. 0087

18 11 00 60 64.909 0.3713234| | 9100 44.0 46. 0038
0011 13.0 15.3459

19 10 00 63 56.087 0.8521174 oo 28,0 J5 2208

20 01 00 44 46.004 0.0872777 ool 20.0 20,3333

21| 00 00 174 174000 | 4068E12| U“OU0 S0l ool

22 [fotal sites = 500 500.0 5.6852

23 |total histories = 16 p= 0.7709646

The results match (although the histories are sorted a bit differently).
Remember, by knowing the expected frequencies and fotal number of sites,
you can derive the probability of getting any history by dividing the

expected history by the total number of sites.

BETA ESTIMATES AND PARAMETER ESTIMATES
OK, what about the estimates from MARK?
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B mrk6003z.tmp - Notepad

File Edit Format Wiew Help
pearson Chisgquare {Full} = 5.68319%75

LoGIT Link Function parameters of {Full}
95% Confidence Interwval

Parameter Beta Sstandard Erraor Lawer Upper
1:Psi 0.8462073 0.1570126 0.33848260 0.9539520
2:Epsilaon -0, 2545409 0.26786853 -0, 8199655 0.2300862
3iGamma -0, 6648540 0.31534930 -1.2832221 -0, 0464850
4:p session 1 0,3442608 0.1529948 0. 0444004 0.6441392
S:p Sessjon 1 0.1460028 0.1447227 -0,1375637 0.4207403
Gip Sessjon 2 -0, 2814128 0. 2094464 -0, 6919275 0.1201024
7ip Session 2 -0, 5007755 0. 2003781 -0, 8935148 -0, 1080343

rReal Function Parameters of {Full}
95% Confidence Interwval

Paramet er Estimate standard Error Lower Upper

0 Program MARK - surviwval Rate Estimation with Capture-pecapture Data
Compag version 4.40win3z) May 21-Dec-2006 0G6:20:17F Page 004
mMulti-season occupancy Model
1:psi 0.6561555 0.0354245 0. 5838170 0.7219093
Z2:Epsilan 0.4267925 0.0655307 0.3057709 0.5572642
3 iGamma 0.3396500 0.0707615 0.2170022 0.4883806
4:p session 1 0.53852273 0.0371373 0.5110983 0.6556885
S:p sessjon 1 0. 5564584 0. 0359883 0.4656652 0.6058138
G:p sSession 2 0.4301075 0.0513385 0.3356044 0.5322308
7ip session 2 0.3773585 0. 0470807 0.2503847 0.4730177
Estimates of Derived Parameters
Psi Estimates of {Full}
95% Confidence Interwal
Grp. Str. Per psi-hat standard Erraor Lower Upper
1 1 0.6561533 0.0354245 0.5867233 0,7255873
1 2 0.4920000 0.0515278 0.3010050 0, 5938042
Time in seconds for last procedure was 0,05
0 Program MARK - Surwviwval Rate Estimation with Capture-Recapture Data
Compag version 4.40win32) May 21-Dec-2006 05:20:17 Page 005
mMulti-season occupancy Model
F G H l
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.344269485 | 0.58523
7 p2 1 0.146092624 | 0.53646
8 p3 1 -0.281413068 | 0.43011
9 p4 1 -0.500775969 | 0.37736
10 ] 1 0.646207271 | 0.65616
11 el 1 -0.294950958 | 0.42679
12 vl 1 -0.664854695 | 0.33965

You can see that the estimates match, though now you should very closely

inspect the standard errors and confidence limits to determine if MARK had

any trouble with the estimation procedure. Note that MARK provides
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derived estimates of y2 towards the bottom of the output. Recall that y2
was derived based on estimates of v, €1, and y1 as follows:

w1 = yi(l-e1) + (1-y1)y1. You can add this equation to the spreadsheet if
you'd like.

MODEL w(.)e(. }(.)p(.)

Let's run just one more model, one in which all four p's are constrained to be
equal to each other. To run this model, you can alter the PIMs so that the
parameter indices for p are all the same number. Or you can alter the PIM
chart. Go to PIM | PIM Chart, and the chart from the last model retrieved
will appear. Now, all we need to do is force pl = p2 = p3, = p4. We can do
that easily by right-clicking on one of the p's, and selecting the "make

constant” option.

Parameter Index Matrix Chart: RD Occupancy Estimation with psi(1), pamma, epsilon.

Initial Renumber Open Parameter Index Matrix  Help

p Seszion 2 Group 1

Parameter Information
p Session 1 Group 1 : : : : Age
Constant
Time

Al Different:

Renumber with overlap

Renumber no averla)
Gamma Group 1 &

Open PIM Window

Unda

Copy to Clipboard

Epsilon Group 1 Paste from Clipboard

Increment by 1 all values to right
Increment by n all values to right
Close

Psi Group 1

Parameter Index
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Repeat this step for the p's in session 2, and your PIM chart now looks as

shown:

Parameter Index Matrix Chart: RD Occupancy Estimation with psi(1), gamma, epsilon.

Initial Renumber Open Parameter Index Matrix  Help

p Session 2 Group 1

p Session 1 Group 1

Gamma Group 1

Epsilon Group 1

Pz Group 1

Parameter [ndex

01:51:28 PM

While there's nothing "wrong” with this chart, the parameter indices go from
1 o 4, then over to 6. You can renumber the PIMs by right-clicking on the

chart, and selecting "renumber with overlap”.
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Parameter. Index Matrix Chart: RD Occupancy Estimation with psi{1), gamma, epsilon.

Initial Renumber Open Parameter Index Matrix  Help

p Session 2 Group 1

p Session 1 Group 1

Al Different

Renumber with overlap
Renurber no overlap

Gamma Group 1

Undo

Epsilan Group 1 Copy to Clipboard

Paste fram Cliphoard

Increment by 1 all values to right
Increment by n all values to right
Close

Psi Group 1

Parameter Index

And you'll get a new PIM chart that looks more reasonable:
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Ba| 4] 4] ¥ B@

Parameter Index Matrix Chart: RD Occupancy Estimation with psi{1), gamma, epsilon.

Initial Renumber Open Parameter Index Matrix  Help

p Session 2 Group 1

pSession 1 Group 1

Gamma Group 1

Epsilon Graup 1

Pzi Group 1

Parameter Index

1:E2.EE oM

Now, you'll want to select the top right p box, and drag it so that it overlays
the other p box (forcing the p's to be equal).
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Parameter, Index Matrix Chart: RD Occupancy Estimation with, psi{1), gamma, epsilon.

Initial Renumber Open Parameter Index Matrix  Help

p Session 2 Group 1

pSession 1 Group 1

Gamma Group 1

E pzilon Group 1

Pzi Group 1

Close 1 2 3

Parameter Index

Go ahead and run this model, and call it Psi(.)E(.)G(.)P(.), and add the results
to the Results Browser:

Results Browser: RD Occupancy Estimation with psi(1), gamma, epsilon.

NEEECEEEEEEEEE

Madel | acs DeltsAIC: | AICcweight | Model Likelihood | Mo Par. | Deviance
{Full} 22438137 0.0000| 0.93955| 1.0000 7| 22297008
22493007 5.4870| 0.06045] 0.0643 o 22412805

| |

Now let's look at this model's output:
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Work your way through this output, checking the spreadsheet result as you

go. Make sure you completely understand how each output is computed! Now

I Program MARK

B mrk9747z.tmp - Notepad

File Edit Faormat Wiew Help

Time for numerical optimization was 0.01 seconds.

—21D?L IPsi(.IEC. DGCLIPC. DY = 22412605
PenaTty {Psi(.JEC.OGC OPC DT = 0. 0000000
Gradient {Psi(.0EC. IGCIPC.D}:
0.2445545E-04 0.4376128E-04 0.000000 0.4468860E-04
s wvector {Psic. )E( )GC )P( It
203, 0218 26.06506 7.Gl7554

Time to compute number' Df parameters was 0.01 seconds.
Threshold = 0.1000000E-06 Condition index = 0.3899854E-01

Conditioned 5 wvector {F‘sw( )EC )G( )P(_ 3}
1.000000 0.2232282 85 0.3899854E—01

Mumber of Estimated Parameters {Psw( )E( JIECLOPCLDY =

DEVIANCE {PSiC.DEC.IGC.IPC.DT = 2241, 260

DEVIANCE Degrees of Freedom {Psi(. )EC )G( PCLOT =

c-hat {Psi( )EC.IGC.IPLL DT = 186,771

AIC {Psi(.)EC.OGCLOPC. D) = 2249, 2605

arce {PsiC.JEC. IGLLIPC. D) = 22493007

pearson cChisquare {PsiC.JEC DG IPC DY = 17.407024

LOGIT Link Function parameters of {PsiC.DEC. IGCLIPC. DT
5% confidence Interval

Parameter Beta Standard Error Laower Upper
1:psi 0.8594930 0.1814174 0.5039149 1.2150710
2:Epsilon 0, 0300545 0.170656% -0.20953320% 0.3736420
3iGamma -1.04%5387 0.3432050 -1.7222206 -0.3768568
4:p session 1 0. 0178370 0.10272186 -0.1838573 0.2185714

Real Function Parameters of {Psi(.JEC. )G IPCLOT
95% Confidence Interval

Parameter Estimate standard Error Lower Upper
1:psi 0.7025547 0.05375111 0.6233789 0. 7711950
2:Epsilon Q. 5097874 0.0426479 0.4266988 0.5923387
3 rGamma 0.2593137 0.06591594 0.1515854 0.40868852
4:p sessjon 1 0. 5044000 0.0256784 0.4542044 (. 5545252

eEstimates of perived Parameters

psi Estimates of {Psi(.)EC. )G( IPC.OT
% Confidence Interwval

Grp. str. Per. Psi-hat standard Errur Lower Upper
1 1 0.7025547 0.0379111 0.6282490 0. 7768804
1 2 0.4215328 0.0310552 0.3808645 0.4824011

Time in seconds for last procedure was 0.02

- survival pate Estimation with Capture-recapture pata
compag vVersion 4.4(win3z2) May 21-Dec-2006 06:58:19 Page (004
MUlti-Season Qccupancy Model

let's look at the spreadsheet estimates....
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F G H |
5 | Parameter | Estimate? Betas MLE
6 pl 1 0.017637275 | 0.50441
7 p2 0 0.017637275 | 0.50441
8 p3 0 0.017637275 | 0.50441
9 p4 0 0.017637275 | 0.50441
10 W 1 0.859492002 | 0.70255
11 el 1 0.039154811 | 0.50979
12 71 1 -1.049538461 | 0.25931
13 OUTPUTS
14 Logcl = -1120.63
15 -2Log.lL = 224126
16 Deviance = 17.466
17 Model DF = 12
18 C hat = 146
19 Effective N 500
20 K= 4
21 AIC = 2249.26
22 AICc = 2249.34

In the words of Evan Cooch, "Nice when things work out, eh?” That's wraps

up this model. Of course, you could make this model much more interesting

by adding covariates. You'd simply use the Desigh Matrix and the same steps

we used in the covariate exercises, but this time apply the covariate

constraints to p, v, €, ory.
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