Analyzing camera trap data with PRESENCE

A. Cameratrap data for Golden Cats

From December 1997 to October 1999, a
major camera trapping survey was carried out
at 9 sitesin Peninsular Malaysia (Lynam et al
2007). (See map below.) The main purpose of
the survey was to ascertain the status of tigers,
but of course the camera traps picked up many
other species. In this unit we will look at the
camera trap results for golden cats (Catopuma 100 km_,
temminckii), and see if thereis a differencein
occupancy for different habitats.

Thailand

Gunung Tehu

M

Termengaor

Biuakit Hijau

Open the data file,

“Golden_cats_ PRESENCE.xIs”, in Excel or other
spreadsheet software and look at the first
worksheet, “raw data”.

The “raw data” worksheet givesdetailsof 171
cameratrap sitesin 9 regions (‘ zones').

The habitat column indicates for each siteif it
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The record of cameratrapping has“1” or “0"
for eachday that the camera was deployed: “1” if a golden cat was photographed, and “0” otherwise. In
severa cases, the date-time recording system failed, and data from those cameras are not included in
the spreadsheet. Cameras were generally operating for a month, but in one case 86 days, and in another
case the camera failed after just one day. Fortunately PRESENCE does not need equal numbers of
observations from each site.

We need to ‘clean up’ the data before passing it to PRESENCE.

The “raw data” are results for consecutive days at each site, so we can’t regard them as independent
observations. We can improve things by grouping the results into 5-day periods, so that if a golden cat
visits a Site on consecutive days (as at site T10) it scores one “1” instead of two. (The same appliesif
golden cats fail to visit a site on consecutive days.) On the “data for PRESENCE” spreadsheet, the
results have been grouped into 5-day periods. A couple of sites with less than 5 nights of data have
been eliminated from the data set.

We do not have the date of logging for all sites, or an indication of the quality of the primary forest at
all sites, so we will simply group sites as “logged” or “primary.” Once the sites are sorted by habitat,
it's soon obvious that no golden cats were recorded at any of the plantation sites. This could be because
golden cats never venture into plantations, or because the probability of photographing oneis too low.
With no data to go on, PRESENCE will not be able to tell you, so we exclude those sites from the
analysis. We'll come back to the plantations data later, when using simulations.
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This leaves us with 162 camera sites, split between primary and logged habitats, with detection data for
up to 17 occasions (each 5 days). Thisisin the worksheet “data for PRESENCE” within the file
“Golden cats PRESENCE.xIs.”

B. Importing the data into PRESENCE

Download and install PRESENCE as described on the wcsmalaysia.org web site
(http://www.wcsmalaysia.org/stats/Software_summary. htm#PRESENCE).

&PRESENCE isstill being actively developed, with maodifications being made every few months. The date and time of
the versionis given at the top of the main window in PRESENCE. Thislab guide has been updated for version 2.1 dated
080116.1316. There have been changesin the way data are entered, and the results for model fit are completely different
(and much better). If you don’t have this version (or alater version), you should upgrade.

Open PRESENCE and select ‘File > New project’ from the pull-down menus.
Type “Golden cats” (or something similar) in the “Title for this set of data” box.
Click on the ‘Input Data Form’ button.

The data input form looks like a spreadsheet with 20 rows and 4 columns. The number of columns and
rows will be adjusted when we copy and paste the data from Excel into the data input form.
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Copy and paste the data from the “data for PRESENCE” spreadsheet into the ‘Presence/Absence Data’
form:

o0 In the “data for PRESENCE” sheet in Excel, select all the camera data in columns A to R, including
the first column of site names, but not the column headings. Press Ctrl-C to copy to the clipboard.

0 Back in PRESENCE, paste in the site names as well as the data: use Edit > Paste > Paste
w/sitenames (you can't use Ctrl-V to paste in PRESENCE).

Change the ‘No. Site Covar’ to 2 (see screen-shot below); an additional tab named ‘Site Covars’ appears.
Click on this and you'll see it has 2 columns.

o0 In Excel, select columns T and U, including the column headings, and copy to the clipboard.

o In PRESENCE, use ‘Edit > Paste > Paste with covnames’.

! In version 2.1 you need to do thisbefore entering the data.
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A Save the data to a file before you close the Input Data Form, or you may have to start over! Select
‘File > Save as’ from the pull-down menus and save it as a .pao file (eg. ‘Golden cats.pao’).

Now close the form (select ‘File > Close’ or click on the button in the top right corner.)

Back at the Specification window, you will see that the values for “No. Sites” = 162, “No. Occasions’
=17, “No. Site Covariates’ = 2 and “No. Sampling Covariates’ = 0 have been updated to match the
data we have just entered. The box “No. Occasions/season” is unchanged, as we do not have data for
more than one season.

Now use the ‘Click to select file’ button and browse to the .pao file you just saved. The name of the output
file (the same name with a .pa2 extension), should then appear.

Click on ‘OK’.

PRESENCE will read your data file and a Results Browser window will appear — with no results in it
until we run some analyses.

ADO not close the Results Browser until you have finished the session, as the main PRESENCE window
will also close without warning. If you do close down by mistake, don't panic: your work will be saved
automatically and you can restart PRESENCE and reload the project.

C. Asimple analysis

Select ‘Run > Analysis:single-season’ from the pull-down menu to open the ‘Setup Numerical Estimation Run’
window.

WEe Il begin with the default model, ie. we won't change anything, but we will ook at the setup first:
Click on Custom in the Models section and the Design Matrix will appear.

This looks like a small spreadsheet with tabs for Occupancy and Detection. The Occupancy matrix has
onerow, labeled ‘psi’, and one column, labeled ‘al’. The probability that a site is occupied is usualy
represented by ¥, the Greek letter ‘ps’. al is a parameter that PRESENCE will calculate. This model
assumes that all the sites have the same probability of occupancy, so PRESENCE only needs to
calculate one number and then psi ~ 1 * al. The Detection matrix also has one column, labeled ‘bl’,
which is again a parameter which PRESENCE will calculate. It has rows for each of the 17 survey
occasions, and the column isfilled with 1's. This model sets al the detection probabilities for al the
surveys to the same value, p~ 1 * bl.

Note that we use a‘~' sign, meaning ‘varies as’, instead of ‘=". PRESENCE is going to juggle the
variables al and bl to get the best fit to the data, but p and psi are probabilities, and can only vary
between 0 and 1. To make sure p and psi stay in the right range, a ‘logit link’ is used:

loge(ps / (1-ps) ) =1* al
loge(p/ (1-p) ) =1* bl
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psi =0 correspondsto 1 * al =- 8 and psi = 1 correspondsto 1 * al = +8, and the same for p.

PRESENCE works with the terms on the right hand side of the equation (called the ‘linear predictor’)
and then tranglates the results back into values for psi ard p in the model output.

Return to the '‘Setup Numerical Estimation Run’ window, and you'll see that the name ‘psi(.),p(.)" has been
entered for the default model. We'll see what that means later. Make sure there's something in the “Title
for analysis” box: type in “Golden cats” if necessary. Leave all the tick-boxes blank and click ‘OK to run'.

PRESENCE now juggles around with al and b1, finding the likelihood of getting this particular set of
presence / absence data for each combination, and selecting the combination which gives the maximum
likelihood.

When a small box appears asking if you want to add the results to the Results Browser, click ‘Yes'.
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The psi(.),p(.) model results appear in the Browser. On the right is the Likelihood of the values of al
and bl selected based on this set of presence/ absence data, expressed as -2*log(Likelihood); it's
403.73.

If you're not familiar with the concepts of “likelihood” and “maximum likelihood estimation”, take a
look at “Frogs in ponds — maximum likelihood estimators” on the www. wcsmal aysia.org/stats web site.

Next to the log(Likelihood) is the Number of Parameters used: it's 2 (al and bl in the Design Matrix).
On the l€eft is the AIC or Akaike Information Criterion which is

-2* log(Likelihood) + 2 * No. of Parameters

The AIC and the other numbers in the table are useful when we want to compare models, so we'll run a
few more before we explain what they are.

And you thought PRESENCE was going to tell you how many of the camera trap sites were occupied
by golden cats? Well it does, but amost as an after-thought!

Click on the model name in the Results Browser to highlight it, then click on the ‘View model output’ button
(1 in the screen-shot above).

A Notepad window opens with all the gory details. The first part summarizes what you put in,
including the Design Matrices. Scroll down to the section headed * Custom model’, where you'll find:

Nai ve estinate = 0.2160

Golden cats were photographed at 35 of the 162 camera trap locations, so the “naive estimate” of
occupancy is 35/162 = 0.2160. But that assumes that they were absent from the other 127 locations,
when there's a distinct chance that one or more may have golden cats which went undetected.

Towards the bottom of the file, you'll find:
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I ndividual Site estinmtes of Psi:

Site Survey Psi Std.err 95% conf. interval
1 B12 1 1-1: 0. 3472 0.0657 0.2315 - 0.4842

I ndi vidual Site estimtes of p:

Site Survey p Std.err 95% conf. interval
1 B12 1 1-1: 0.1394 0.0276 0.0935 - 0.2028

Don't be fooled by the “Individual site estimates...” bit! We told presence to calculate one value of ps
and one value of p for all sites, and that’s what it's done. These are the results for site “B12” —which
happens to be first on the list — and the other sites are all the same.

PRESENCE' s best estimate of occupancy (psi) is0.347, with 95% confidence interval (95% ClI) of
0.232 t0 0.484. Thisis higher than the naive estimate, as some sites where no golden cats were detected
were probably occupied.

The probability of detection (p) is 0.139 with 95% CI of 0.094 to 0.203; this refers to the probability of
photographing a golden cat at least once in 5 days (if the site is occupied), and that’s quite low.

With just 2 parameters, thisis a bit too simple, but it gets more interesting with more complex models,
which we'll now run.

D. More complex models

Click on the ‘Run’ button in the Results Browser window (2 in the screen shot) to open the ‘Setup Numerical
Estimation’ window again. 1T Custom is selected, the Design Matrix should also open, but it might be hidden
behind the ‘Setup...” window.

We want to tell PRESENCE to calculate separate occupancy parametersand separate detection
probability parameters, one of each for ‘primary and ‘logged’ habitats.

In the Occupancy tab of the Design Matrix, make an extra column: right-click anywhere in the window and
select Add col from the context menu.

Click in the first cell in the matrix (it already has a “1”), and select 'Init > *Primary’ from the pull-down
menus. In the same way select ‘Init > *Logged’ for the second cell.

Do the same in the Detection tab; note that ‘Init’ will fill the whole column each time.
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We're now asking PRESENCE to model ps using two parameters, aland a2, where
ps ~ al* Primary+ a2 * Logged

and also to model p using two parameters, b1l and b2, where
p~bl* Primary+ b2* Logged
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If you look back at the columns in the Excel spreadsheet, you'll see that Primary = 1 for the primary
forest sites, and O otherwise, so al and b1 apply only to the primary forest sites. Similarly, a2 and b2
apply only to the logged forest sites.

PRESENCE will thus calculate separate psi and p values for each of the two habitat types, just asif we
had pulled out the data for each habitat and run a separate analysis for each.

Go back to the ‘Setup ... window and change the model name (which is still ‘psi(.),p(.)’) to
psi(habitat),p(habitat).

This name indicates that we have put in habitat covariates for both psi and p. In the first model, which
was caled ‘psi(.),p(.)’, there were no covariates.

Click on ‘OK to run’ and let's see what we get.

Once the model has run, which may take a few moments, it will appear in the Results Browser below
psi(.),p(.). PRESENCE automatically puts the model with the lowest AIC at the top of the list. The best
model in the list has the lowest AIC, ie. the lowest value for -2*log(Likelihood) + 2* No. of Parameters.
If you aren’'t familiar with AIC (Akaike's Information Criterion), take alook at “Frogs in Ponds— AIC
and likelihood” on the WCS Malaysia website.

Leftclick in the psi(habitat),p(habitat) row to highlight it, then click on the ‘View model output’ button (1
in the screen-shot).

The naive estimate is of course the same, 0.2160.

Now we redlly do have Individual Site estimates for Psi and p, but the first 69 are all the same, as are
the last 93:

I ndividual Site estimtes of Psi:

Site Survey Psi Std.err 95% conf. interval
1 B12 1 1-1: 0.2991 0.0967 0.1473 - 0.5131
2 B13 1 1-1: 0.2991 0.0967 0.1473 - 0.5131
3 B15 1 1-1: 0.2991 0.0967 0.1473 - 0.5131
70 ; Alo 1 1-1: 0.3801 0.0886 0.2269 - 0.5616
I ndividual Site estinmates of p:
Site Survey p Std.err 95% conf. interval
1 B12 1 1-1: 0. 1463 0.0528 0.0697 - 0.2817
70 ; Alo 1 1-1: 0.1367 0.0323 0.0847 - 0.2131

Let’stry the remaining two possibilities asingle estimate of Psi for both habitats but separate p’s, and
asingle estimate of p with separate Psi’s.

Click on the ‘Run’ button in the Results Browser window (2 in the screen shot). Custom should already be
selected and the Design Matrix should appear (if it doesn't, click on ‘Pre-defined’ then on ‘Custom’ again.)

Select ‘Retrieve Model > Refresh model-list from results’ from the pull-down menu at the top of the
Design Matrix window, then again ‘Retrieve Model > %psi(habitat),p(habitat)’: the setting for that model
will appear in the design matrix.

Go to the Occupancy tab, right-click and select Del Col, so there is only one column left. Then use ‘Init >
Constant’ and the column will fill with “1”s. Now return to the “Setup...” window, name the model
psi(.),p(habitat), and run it.

Repeat the above steps for the Detection tab, leaving just a column of “1”s. This is the psi(habitat) p(.)
model.

We have four moddls in the Results Browser, which should now ook like the screen shot below.
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Check the detailed output from the two new models — there don’t seem to be any problems with the
analysis. Summarize Psi and p (and put their 95% confidence intervals in brackets) for al four models
in the table below:

Psi p
M odel primary | Togged primary | Togged deltaAIC | AlCwagt

psi(.),p(.)

psi(habitat),p(.)

psi(),p(habitat)

psi(habitat), p(habitat)

weighted mean

Looking at the screen shot above, the psi(.),p(.) mode is the winner, but the other models are not far
behind. The AlIC-weights can be used to calculate weighted model average parameters, and entered in
the last line of the table above.

E. Assessing model fit

AIC and itsrelatives in the Results Browser only tell us which of the models we have run is the best.
But it might be the best of a bad bunch: it is possible that none of the models is anywhere near a good
fit. We need to check the fit of the model which contains all the covariates [in our case,
psi(habitat),p(habitat)]; all the models with fewer covariates are ‘nested’ within this one. If the top-
level model fits the data well, the others will also be okay.

PRESENCE has an option to “Assess Modd Fit” in the ‘ Setup...” window.

Run the psi(habitat),p(habitat) model again, but this time check the box next to “Assess Model Fit”. You
will need to give it a different name, eg. add “GOF” to the end; PRESENCE won't let you overwrite the old
model results.

A window pops up with the number of bootstrap replications. The default is 100, which takes a minute or
so to run, and we'll use that to begin with - click on OK. It would be better to run more, up to 10,000, but
that could take up to 1 hour - try it when you have time. (I1f PRESENCE is taking a long time, you can get a
‘progress report by selecting the B3 icon on the Windows task bar; you can also terminate the run and
close PRESENCE by pressing Ctrl-C.)

Add the “GOF” model to the Results Browser and delete the old psi(habitat),p(habitat) model: leftclick to
highlight it, then click on the trashcan icon at the top of the Results Browser window. If you don't do this,
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PRESENCE will calculate the AlC-weights for all five models, without realizing that the last two are the
same.

Look at the results for the new model in Notepad.

Right at the bottom of the results page you will see:

Test Statistic = 6. 2651
Probability of test statistic >= observed
from 100 paranetric bootstraps = 0.2926

(The bootstraps use random numbers, so you will get adifferent results for that.)

Assessing modd fit is a two-stage process. First we calculate the chi-squared test statistic, which isa
measure of how far the observed data are from the values calculated from our psi(habitat),p(habitat)
model — it's a “badness of fit” measure; we want this to be small. It's not obvious what's *small’ and
what’s ‘big’, so the second stage is to simulate some data based on the model and random numbers, and
see what range of values we get.

Stage 1

Find the “ Assessing Model Fit” heading in the results file. Just below thisis the calculation of the test
statistic for the observed data.

The left column has the capture history, the row of zeros and ones as in the original data. The first row
refers to sites where cameras were out for 8 five-day periods and photographed no golden cats. There
were 11 such sites, as shown in the ‘Observed’ column. The model with the estimated values for Psi
and p predicts that, on average, we would get rather more, 15.1284, as shown in the * Expected’ column.
The‘Chi-square’ vaueis.

(Observed — Expected)® / Expected
which for the first row is 1.126602, rounded to 1.13.

Some rows have blanks in the last three columns. This is because the Expected value is small (< 2), and
small Expected values on the bottom line of the equation can give huge values for Chi-square, even if
Observed and Expected are very close. So these sites are grouped together (‘pooled’), Chi-square is
calculated from the sum of the Observed and Expected values and reported in the rows labeled “**
pooled **”.

The output from stage 1, Test Statistic of 6.2651, is the sum of the ‘ Chi-square’ column.

Stage 2

Immediately below the 4 columns, you will see 100 rows beginning “Test statistic = . These
correspond to the 100 bootstraps.

For each bootstrap, PRESENCE uses random numbers to produce a simulated data set based on the
parameters cal culated — the two values of Psi and the two values of p. The smulated values are
compared with the Expected values in exactly the same way as the actual Observed values, and a chi-
square test statistic is calculated.

Taken together, the 100 bootstraps give us an idea of the kind of scatter we might get just by chance,
when the model and the values for Psi and p are correct. About 30% of the bootstrap values are higher
than 6.2651, so this value is not especially big, and the difference between the actual Observed vaues
and the Expected values could well be due to random scatter. (If only a small proportion of the
bootstrap values (say < 5%) were bigger than the observed value, we' d conclude that the model was not
agood fit, and the calculated values of Psi and p were likely to be badly in error.)
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F. Getting finished

PRESENCE automatically saves all the results of analyses when you run them in a.pa2 file. You do
not need to save results manually.

To exit PRESENCE, select ‘File > Exit’ or press AltF4 or click on the button at the top right of the
window.

Y ou can re-open the project by starting PRESENCE again and selecting File > Open Project.

& Opening a second project with ‘File > Open project’ when one is already open results in a total muddle.

To open a second project when one is already open, start PRESENCE again (eg. from the Start > Programs
menu or from a desktop icon) so that you have a separate PRESENCE main window. Use File > Open Project
to open the second project here. The bar at the top of the window indicates which project file is open in
each window.

G. Simulating data for study design

PRESENCE alows you to investigate the likely results of different study designs and to compare them
with the ‘true’ values underlying the smulated data.

Open PRESENCE and select ‘Run > Simulations’ from the pull-down menus. Just to see how it works, run a
simulation with the default values: click on “Simulate”.

After afew moments, a Notepad window opens with the simulation results. The first section of the file

recaps the elements of the study design:
Total nunber of sites sanpl ed: 200
Nunber of sites sanpled nore intensively: 100
Nunber of visits to intensively sanpled sites:9
Number of visits to other sites:5

Thisis a pretty intensive study, involving 900 + 500 = 1,400 surveys.

Next is areport on the simulation carried out:
Nurmber of sinmul ations: 100
Nunber of times species was not detected at any site:0
Nunber of tinmes convergence not achieved: 0

You would clearly be in trouble if your study failed to detect any animals at al, or if there was a high
chance of not getting enough data for PRESENCE to be able to calculate the parameters (which is what
failure to converge means in practice).

Then come the real detection probability (0.2) and occupancy rate (0.7) used to generate the ssimulated
data, and finally the results of the analysis. Since the process is based on random numbers, your results

will be somewhat different from the following:
Aver age naive estimate fromsingle visit:0.143300
Aver age estinmate of occupancy probability:0.706045
Si mul ati on based estimate of standard error:0.050459
Average estimate of the standard error:0.052302

In this case the average estimate of occupancy is very close to the true value, but that will almost
always be the case if you do a high enough number of simulations. Since your study will only have one
‘run’, you need an indication of how far from the true value you could be. The ‘simulation based
estimate’ of standard error indicates the range of occupancy probabilities obtained during the
simulation — approx. 95% of the results fall within 2xSE of the average, in thiscase 0.7 + 0.1. The
‘average estimate of the SE’ is an indication of the SE you are likely to get when you analyze the data
from your single run.

Now let’s run a simulation of our own. In particular, let’s use simulations to investigate golden cats in
plantations.

To begin with we need plausible estimates of the true occupancy and probability of detection, and that
may be amajor difficulty unless a smilar study has been done before or you have other data sets which
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you can work on, e.g., going through camera trapping records or line transect surveys to get an idea of
detection probability. For golden catsin plantations, let’s just assume that the true occupancy and
detection rates are about the same as those for forests, Ps = 0.33 and p = 0.14.

The camera-trapping study included 8 sites in plantations, and cameras were out for about 30 days= 6
occasions of 5 days each.

Put these values into PRESENCE:

. =10] %]
[T Getinput values from file?
Filenarme
True proportion of sites occupied 033
Detection probability 014
Total nurnber of sites to be wizited g
Mumber of sites to be vizited intensively g
Murnber af wisitz i intenzively zampled group g
Mumber of vizits to all other sites g
[ Halt zampling after first detection?
Mumber of simulations 100
Simulate Cancel Help |

The exact results will vary between runs, as they are based on random numbers. First check the line

Nunber of tinmes species was not detected at any site:

How many simulations had no detections in plantations, even though the true occupancy rate was the
same as that we found for forests? What does thistell us about the power of this design to estimate
occupancy in plantations?

Increase the number of sites to 80 (ie. roughly the same as for the Primary and Logged habitats) and try

again.
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