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Summary

After certification of the “KM_E: Cumulative observation database”, the current year’s survey data
are used to estimate a detection function, which provides estimates of detection probability for
murrelet groups relative to their perpendicular distance from the transect center line. This detection
function is integral to assessing whether critical assumptions of methods were met and to population
estimates. Analyses are conducted using Program DISTANCE. Exploratory analyses identify
violations of assumptions and potential remedies and also identify appropriate truncation and binning
strategies for data. Statistical criteria and biological considerations are used to select an appropriate
structure for the detection function. Estimates of group size for each species class may also be
produced in and exported from DISTANCE. The Data Manager produces necessary input files for
DISTANCE analyses, imports data to DISTANCE, and imports to KM _J: Detection function the
output from DISTANCE analyses. The Project Leader will conduct analyses to estimate a detection
function and group sizes and export results from DISTANCE.

This protocol employs Program DISTANCE version 6.0 release 2 (Thomas et al. 2010), which is
Windows-compatible software freely available at http://www.ruwpa.st-and.ac.uk/distance/. Because

results and file structures may differ among versions, we recommend use of this version to ensure
compatibility with database structure. Additional to information below and help files accessed by
pressing <F1> within DISTANCE, extensive documentation is provided in an PDF file in the
DISTANCE install package. Furthermore, two texts on distance sampling provide extensive theory
and practical examples of estimation and use of detection functions (Buckland et al. 2001, 2004), and
we will make reference to specific, short passages in external sources to augment methods and
discussion in this document.

Program R and Program TINN-R are also used to create figures from DISTANCE output. Program R
is a software language and statistical computing environment that is freely available at http:/www.r-
project.org/. Program TINN-R is a GUI/Editor for the R programming language. Information about
this software is available at http://www.sciviews.org/Tinn-R/, and software is freely available at
http://sourceforge.net/projects/tinn-r/. This protocol provides R code that can be easily executed

within TINN-R to produce specified graphic output.

Outputs from this SOP are: 1) a right-truncation distance for censoring murrelet groups based on
distance from the transect center line, 2) an estimated detection function and associated parameter
estimates, 3) a figure of the estimated detection function, 4) an estimated detection probability for
groups within the right-truncation distance, 5) estimated effective strip width, and 6) estimated group
size for each species class (produced separately for analyses of population status and trend.

This SOP will be completed by executing these steps:

Importing data into DISTANCE

Exploratory analyses to prepare for subsequent analyses
Selection of a detection function and estimation of parameters
Estimation of group size

Exporting results from DISTANCE

nok L=
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Throughout the detailed steps below (numbered text), black text indicates actions essential to the
SOP. However, successfully completing these tasks will require the Project Leader to apply judgment
to avoid potential pitfalls. We have used blue text to indicate information guiding such decisions,
including definition of key terms and concepts, advice for identifying and remedying problems, and
references to supporting material.

Data Import to DISTANCE

Necessary data from the repository will be imported to a DISTANCE project via a formatted text
input file. A DISTANCE project template will import appropriate settings, data structure, and
preliminary analyses. The “KM_E: Cumulative observation database” repository deliverable must be
certified before data may be imported.

Detailed Steps
A. Data Manager Tasks
1. Create a new directory to hold the year’s work named
“Ninpglbafs03\data\SEAN_data\Work zone\KM\KM_J\yyyy\” where yyyy is the
four-digit year.
2. Create the ‘DFplot.r’ file to be used in plotting the detection function
a. ‘DFplot.r’ is an unformatted text file containing Program R code that can be

used to create an image file containing a plot of the detection function.

b. Copy the DFPlot.r file into the new directory from ... \KM\KM_J\.

c. Edit DFPlot.r so its filenames and paths for output table and plot reflect the
survey year.

d. Inthe event a previous copy of DFPlot.r is not available, the file can be
recreated using a text editor to open a new text document, copying the text
from the Appendix into the file, and saving the unformatted text under the file
name ‘DFplot.r’.

3. Produce a comma-delimited text file of murrelet observation data for import into
DISTANCE

a. Connect to the data management web site (currently \\165.83.57.239) and log
in using your Windows userid and password — userid must be of the form
“username@NPS”.

b. Under Kittlitz’s Murrelets, click on the KM _J task called “Create input table
SOP11.1”.

c. Specify the year of interest from the dropdown.

View the sample result on screen if desired.

e. Press the button to save complete results to
“Ninpglbafs03\data\SEAN_data\Work zone\KM\KM J\yyyy\input_yyyy.txt”
where yyyy is the four-digit survey year.

f. The generated file will have these characteristics:
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i.  Each observation of a murrelet group with complete distance and
angle data will occupy one row in the file.

ii. The file contains eight columns in the order specified in Table SOP
11.1. Columns contain headers for field names as specified in Table
SOP 11.1.

iii. The angle field in column 5 is adjusted before import to DISTANCE.

1. The source Angle field in Tbl_observation ranges from 0-
360°, increasing from 0° opposite the direction of travel on
the transect path.

2. In DISTANCE, permissible angle values range from 0-180°,
increasing with deviation from the direction of travel on the
transect path.

3. Angle values from Tbl_observation is adjusted as:

1. Range 180-360°, subtract 180°
ii. Range 0-179°, subtract from 180°
iv. The file is sorted in ascending order by the ‘Transect’ field.
4. Create a new DISTANCE project for the survey year
a. A template file is used to define settings, data structure, and pre-defined
analyses for the DISTANCE project for each survey year.

i.  There should be both a template.dst file as well as a template.dat
directory in \\inpglbafs03\data\SEAN_data\Work zone
\KM\KM_ J\template\.

ii. Copy them both to the current ‘yyyy’ directory.

b. Ifno template project file set is available, define a template from scratch.

i.  Create the base project files.

1. Start Program DISTANCE and use the New Project Setup
Wizard to name the file “template.dst” (Figure SOP 11.1).

2. Proceed through successive steps of the New Project Setup
Wizard, specifying settings as shown in Figure SOP 11.2.
Click ‘Finish’ to start the Import Data Wizard.

ii. Populate the base project with observation data.

1. Select a properly formatted text file (as in section 1.1 above)
containing observation data Figure SOP 11.3.1.

2. Proceed through successive steps of the Import Data Wizard,
specifying the data structure as in Figure SOP 11.3.2-6.

3. Finishing the Import Data Wizard will create the project
template file and open the ‘Data’ tab of the ‘Project Browser’.
Left click on the ‘Observation’ data layer to confirm that the
data have been properly imported.

iii. Specify pre-defined analysis components.
1. Start DISTANCE and load the project template file created
above.
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2.

10.

Open the ‘Analysis Components’ window to view the Data
Filters (Figure SOP 11.4). Rename the Default Data Filter to
“Untruncated” and open the ‘Item Properties’ window for this
data filter.

Select each of the tabs in the ‘Item Properties’ window,
ensure settings match those shown in Figure SOP 11.5, and
close the window.

Copy the “Untruncated” data filter to create 2 new filters
named “Truncated” and “Truncated Bins A”, and open the
‘Item Properties’ windows to apply settings to each as shown
in Figure SOP 11.6.1-3.

Copy the “Truncated Bins A” filter create the filter
“Truncated Bins A Status”. Open the ‘Data Selection’ tab in
the ‘Data Filter Properties” window (Figure SOP 11.6.4), and
in the data selection box use the drop down menu to select the
‘Sample’ layer type.

In the text box to the right, enter the text inside the brackets:
[Label <> “016°]. This creates a data filter that excludes
Transect 016 when estimating group size for analyses of
population status.

From the ‘Analysis Components’ window, left-click the
model definitions button to list the Model Definitions (Figure
SOP 11.7.1). Rename the default model definition to ‘4
models AIC-selected’ and open the ‘Model Definition
Properties’ window by right-clicking on the ID number and
selecting ‘Item Properties’.

Successively select each tab near the top of the ‘Model
Definition Properties’ window and apply settings as shown in
Figure SOP 11.7.2-6 and Figure SOP 11.8. Note that the
‘Detection Function’ tab has 5 separate lower level tabs, with
settings shown in Figure SOP 11.9.

From the ‘Model Definitions’ window, create a new model
definition named ‘Top model export stats’ as shown in Figure
SOP 11.9. Open the “Model Definitions Properties’ window,
select the ‘Misc.’ tab, check the ‘Create results stats file’ box,
and enter the output path
\inpglbafs03\data\SEAN data\Work zone\KM\KM _J\yyyy\
DFstats_yyyy.txt.

Right-click on the ‘4 models AIC-selected’ definition and
create an additional 4 model definitions with names
corresponding to the model definitions in four rows in Table
11.2 after the “Top model export stats’ definition. For each,
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11.

navigate to the ‘Models’ lower=level tab in the ‘Detection
function’ tab of the ‘Model Definition Properties’ window
(see Figure SOP 11.8.1), and use the “-* button to the right of
the ‘Detection function models’ box to reduce the number of
models to 1. Then, select the appropriate key function and
series expansion for each using the drop down menus.

Create 2 additional model definitions by copying ‘4 models
AlC-selected’ definition corresponding to the next 2 model
definitions in Table 11.2 with only key functions. For each,
reduce the number of models to one and select the appropriate
key function in the ‘Models’ lower-level tab of the ‘Detection
function’ tab in the ‘Model Definition Properties’ window
(Figure SOP 11.8.1). In the ‘Adjustment terms’ lower-level
tab, reduce the ‘Maximum terms’ to ‘0’ using the down arrow
button. (Figure SOP 11.8.2).

iv. Specify pre-defined analysis sets and analyses.

I.

Navigate to the ‘Project Browser’ using ‘View|Project
Browser’ in the menu bar.

As shown in Figure SOP 11.10.1, select the ‘Analyses’ tab
and then rename the analysis set “Exploratory”.

Create a total of 3 models in the ‘Exploratory’ set, and rename
each as shown in Figure SOP 11.10.1.

Open the ‘Analysis Details’ window for each analysis and
define the ‘data filter’ and ‘model definition’ (Figure SOP
11.10.1-2) as listed in Table SOP 11.2.

As shown in Figure SOP 11.10.3, use the drop down menu to
select a new analysis set and rename it “Estimation”. Create a
total of 9 analyses in this set and name as in Figure SOP
11.10.4.

Open the ‘Analysis Details’ window for each analysis and
define the ‘data filter’ and ‘model definitions’ as listed in
Table SOP 11.2.

The project template file is saved automatically; save on
exiting from DISTANCE is not needed.

c. Import survey observation data to a Program DISTANCE project file.

1.

ii.

Start Program DISTANCE and use the New Project Setup Wizard to
create a new project named “DF _yyyy.dst”, where yyyy is the survey
year (Figure SOP 11.11.1).

In successive steps of the New Project Setup Wizard (Figure SOP
11.11.2-4), specify the project template file that will be used to import
settings and preliminary analyses, and then proceed to the ‘Data
Import Wizard’.
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iii. To begin the ‘Data Import Wizard’, select the formatted text input file
(“input_yyyy.txt” created above) for the current year’s survey (Figure
SOP 11.12.1).

iv. Proceed through successive steps of the Import Data Wizard,
specifying the data structure as in Figure SOP 11.12.2-5.

v. Finishing the ‘Import Data Wizard’ will create the project file and
open the ‘Data’ tab of the ‘Project Browser’. Left click on the
‘Observation’ data layer to confirm that the data have been properly
imported (Figure SOP 11.12.6).

vi. The project file is saved automatically; save on exiting from
DISTANCE is not needed.

Exploratory Analyses

The purpose of analyses in this SOP is to estimate an appropriate detection function for the current
year’s survey observations using DISTANCE. The detection function is a curve describing the
probability of detection of murrelet groups during surveys relative to perpendicular distance from the
transect center line. Several alternative ‘key functions’ may be used to model the detection function,
and several alternative ‘series expansion terms’ may also be added to these key functions. The
ultimate goal of analyses is to select an appropriate model for estimation of the detection function,
but exploratory analyses are necessary to lay the groundwork for further analyses.

The Project Leader will create a DISTANCE project file to conduct exploratory analyses of the
current year’s survey data. Data is imported to DISTANCE using a project template file, which will
provide appropriate settings and pre-defined analyses. These analyses will serve as a starting point
for visualizing data, estimating preliminary detection functions, and assessing adherence of data to
assumptions of statistical methods. Based on results, the Project Leader will define additional
analyses as needed. The Project Leader will apply statistical criteria and judgment to select an
appropriate right-truncation distance for censoring observations and appropriate bins for grouping
observations by distance. When necessary, suitable remedies will be applied to mitigate problems
arising from violations of assumptions.

Detailed Steps
A. Project Leader Tasks
1. Execute preliminary models to visualize data

a. In DISTANCE, open the project file for the current year’s survey data,
navigate to the ‘Project Browser’, and select the ‘Exploratory’ analysis set to
view the pre-defined exploratory analyses (Figure SOP 11.13.1).

b. Pre-defined analyses: The 5 pre-defined analyses are listed in Table SOP
11.2. These analyses primarily differ in how data are truncated and binned.

c. Alternative models: All predefined analyses consider 4 alternative models for
estimating the detection function, and these models consist of a ‘key function’
paired with a ‘series expansion’. Alternative models are the ‘half-normal’ key
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function paired with the ‘hermite polynomial’ or ‘cosine’ series expansion
and the ‘hazard’ key function paired with the ‘simple polynomial’ or ‘cosine’
series expansion.

d. Akaike’s Information Criterion (AIC; Burnham and Anderson 2002): In each
analysis, the model with the lowest AIC value indicates the most
parsimonious model, which adequately explains the data with the minimum
number of parameters. Parameter estimates and figures for each analysis are
from this ‘best” model only.

e. Select the ‘Untruncated’ analysis by left-clicking on it and then left-click the
‘Run’ button to execute this analysis (Figure SOP 11.13.1). This analysis
includes all observations of murrelet groups and uses exact distance data.

f. Open the ‘Analysis Details’ window and select the ‘Results’ tab. Use the
‘Back’ and ‘Next” buttons or the drop down menu to page through results to
locate the ‘Detection Fct/Global/Plot: Detection Probability 1 and ‘Detection
Fct/Global/Plot:Detection Probability 2° windows (Figure SOP 11.13.2),
which show the distance data displayed in histograms with differing interval
width.

g. The ‘Log’ tab: Selecting this tab will provide specifications for this analysis
as well as any warnings (yellow/orange) or errors (red). Warnings are
common and usually do not indicate serious problems, but errors require
resolution. Descriptions of warnings and errors are found in the appendix of
the DISTANCE documentation.

h. Detection Probability Plot: The estimated detection function from the AIC-
selected model is shown in red; probability of detection of murrelet groups (y-
axis) is shown relative to perpendicular distance in meters from the transect
center line. The blue histogram shows the frequency of detections at different
distances from the center line; the frequencies are scaled to match the scale of
the detection function. The histogram serves to visualize the raw data.

2. Select a right-truncation distance

a. Using the ‘Detection Probability’ plots from the “Untruncated” analysis,
select the perpendicular distance from the transect center line (in 10’s of
meters) beyond which the probability of detection is less than ~0.15.

b. Right-truncation distance: This is the perpendicular distance from the transect
center line beyond which all observations are censored. Observations become
rare and uneven at large distances, which can create problems for estimating a
detection function. Therefore, right-truncation typically is applied where data
become sparse. For additional discussion, see section 4.3 of Buckland et al.
(2001).

c. Selecting the right-truncation distance requires judgment and should be based
on the overall trend of declining detection probability, not just local variation.
An estimated detection function may provide a useful guide if it adequately
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fits the data. As an example, for the data presented in Figure SOP 11.13.2,
observations were right-truncated at distances >230 m.

d. The selected right-truncation distance should be applied to all future analyses
by editing the ‘Data Filters’ pre-defined and user-defined analyses. In the
‘Analysis Components’ window open the ‘Data Filters’ window (Figure SOP
11.14.1). For the ‘Truncated’, ‘Truncated Bins A’, and ‘Truncated Bins A
Status’ analyses, open the ‘Data Filter Properties’ window and select the
‘Truncation’ tab (Figure SOP 11.14.2). Select ‘Discard all observations
beyond’ and then enter the selected right-truncation distance. When
prompted, confirm the change by selecting ‘Yes’ in the pop-up window.

3. Consider binning observations based on distance

a. Shape criterion: To meet statistical assumptions, the detection function should
1) be monotonically and smoothly declining, 2) should asymptotically
approach zero at larger distances, and 3) should have a “shoulder,” meaning
that the detection function should be relatively flat (slope ~0) at small
distances.

b. Purpose of binning data: Binning data (i.e., grouping observations based on
intervals of perpendicular distances) may be useful in improving the
robustness of estimates by improving adherence to shape criterion.

1. Selection of bins: Typically, data can be grouped in 7-10 bins with
little loss in precision of estimates relative to analyses using exact
distances. Selection of “cut-points” for bins depends on distribution
problems observed in the data (below), but selection of the first cut-
point >0 is critical. Selection of bins is likely to be an iterative
process. Exploratory visualization of the data will identify problems,
and several alternative binning strategies may be considered. Fitting
detection functions to the data may also reveal poor goodness-of-fit
and motivate further investigation of binning strategies.

ii. Heaping: “Heaping” occurs when the frequency of observations at
specific distances is inflated relative to frequencies at nearby
distances. Heaping often results from systematic errors by observers
during data acquisition. For example, in estimation of distances and
angles to murrelet groups, observers might favor “convenient” values
(e.g., distances of 50 or 100 m, angles of 0° or 45° relative to the path
of the boat), which can result in peaks and troughs in detection
frequencies (Figure SOP 11.15.A). Placing binning cut-points at mid-
points between peaks can improve adherence to the shape criterion
and improve the fit of the detection function to the data (Figure SOP
11.15.B). Overuse of the 0° angle can result in a spike in observations
on the transect center line (see Thomas et al. 2010 Figure 2a). In such
case, the width of the first bin should sufficient to smooth the spike by
averaging out local peaks and troughs.
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iii. Movement prior to detection: Distance sampling assumes animals are
detected at their initial locations. If animals near the transect center
line attempt to evade by moving away from the boat, there may be a
dearth of observations at short distances and a surplus of observations
at intermediate distances (Figure SOP 11.16.A). If the magnitude of
evasive movement is not too large, this problem may be mitigated by
increasing the width of the first bin to include most groups that are
moving away from the transect center line (Figure SOP 11.16.B).

iv. (Over-) Guarding the center line: If observers devote too much
attention to searching near the center line relative to waters slightly
further away, then detection probability may decline steeply at
intermediate distances (see Figure 2.1 in Buckland et al. 2001) and
hence violate shape criteria. Having observers distribute search effort
over a wider area can resolve this problem.

v. Abrupt changes in frequencies of detections violate shape criteria and
hamper achieving adequate goodness-of-fit for detection functions.
Bins that straddle such changes will make changes more gradual.

c. In DISTANCE, select the ‘Analyses’ tab in the ‘Project Browser’ and
navigate to the ‘Exploratory’ analysis set (Figure SOP 11.17.1). Select the
‘Truncated’ analysis and execute it.

d. Open the ‘Analysis Details” window of the ‘Truncated’ analysis and select the
‘Results’ tab. Use the ‘Back’ and ‘Next” buttons or the drop down menu to
page through results to locate the ‘Plot: Detection Probability 1 and ‘Plot:
Detection Probability 2” windows (Figure SOP 11.17.2).

e. Use the histograms and estimated detection functions to identify any
distribution problems. If none are present, then binning is not required and
you may proceed to “Selecting a Detection Function” and conduct analyses
using exact instead of binned distances values. However, binning is typically
useful.

f. The example histogram in Figure SOP 11.17.2 shows some evidence of
evasive movement and ‘heaping.” Evasive movement appears slight, with a
peak in observations at ~15 m. The heaping at ~120 m likely reflects high
usage of the 150 m distance estimate by observers in combination with
typical angular deviation of ~25° from the center line.

g. Ifbinning is justified, open the ‘Analysis Components’ window, select the
‘Data Filters’ tab, and open the ‘Data Filter Properties’ window for the
‘Truncated Bins A’ filter (Figure SOP 11.17.3).

h. The ‘Intervals’ tab will show a pre-defined number of bins and cut-points
(Figure SOP 11.17.4); adjust as needed.

1. Navigate to the ‘Analyses’ tab of the ‘Project Browser’ to select and execute
the ‘Truncated with Bins A’ analysis. Open the Analysis Details’ window
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and the ‘Results’ tab, and navigate to the ‘Plot: Detection probability’
window to view a histogram using the defined bins.

The example histogram in Figure SOP 11.17.5 shows how binning has
minimized problems seen in 11.17.2. The 0-30 m bin has ‘leveled’ the peak
associated with evasive movement, and placing a cut-point at 120 m near the
peak of the ‘heaped’ observations has distributed the excess observations into
adjacent bins and ‘smoothed out’ the peak.

It may be useful to consider alternative binning strategies. If so, create new
‘data filters’ and ‘analyses’ to visualize alternatives. In the ‘Data Filters’ tab
of the ‘Analysis Components window, right-clicking on an existing data filter
and selecting ‘New Item” will copy existing settings to a new data filter,
which can be renamed (e.g., ‘Truncated Bins B’, etc.) by double-clicking on
the data filter name. Follow procedures in Figure SOP 11.17.3-4 to define
bins. In the ‘Analyses’ tab of the “Project Browser,” right-clicking on an
existing analysis and selecting ‘New Analysis’ will copy settings to a new
analysis, which can be renamed (e.g., ‘Truncated with Bins B’, etc.) by
double-clicking on the analysis name. Right-click on the analysis and select
‘Item Properties’ to open the ‘Analysis Details” window and select the
appropriate data filter on the ‘Inputs’ tab (Figure SOP 11.17.6).

For each analysis, navigate to ‘Plot: Detection Probability’ in the ‘Results’
tab of the ‘Analysis Details’ window to evaluate how well shape criteria are
met. Proceed upon selecting an appropriate binning strategy.

Selecting a Detection Function

After exploratory analyses to select a right-truncation distance and apply an appropriate binning
strategy, the Project Leader will conduct analyses to select a model for estimation of a detection
function. Program DISTANCE will use AIC to automatically select among alternative models the
model that provides the most parsimonious fit to these data. However, AIC selection is blind to

several critical criteria for robust estimation of a detection function, so the Project Leader will assess
whether estimated detection functions achieve adequate goodness-of-fit and meet shape criteria.
Problems may suggest revisions to models and/or binning strategies.

Detailed Steps

A. Project Leader Tasks
1. Execute AIC model selection

a.

In the ‘Analyses’ tab of the ‘Project Browser’ select the ‘Estimation’ analyses
set. Right-click on the ‘4model AIC selected’ analysis and select ‘Item
Properties to open the ‘Analysis Details’ window. On the ‘Inputs’ tab and
select the data filter that was selected during the exploratory analyses (as
shown in Figure SOP 11.17.6). If binning was unnecessary, this will be the
‘Truncated’ filter, otherwise it will be the data filter with the chosen binning
strategy.
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b. Return to the ‘Analyses’ tab of the ‘Project Browser,” execute the ‘4 model
AIC selected’ analysis, open the ‘Analysis Details’ window, and select the
‘Results’ tab (procedure shown in Figure SOP 11.17.1-2).

c. AIC model selection: AIC values are used to select the most parsimonious
model structure. Lower AIC values indicate higher parsimony, and generally
models within ~2 units of the top model also have substantial support. AIC
selection is applied in 2 contexts during model selection. First, for each of the
4 alternative key function + series expansion combinations, AIC values are
used to assess if the series expansion (which adds an additional parameter)
increases parsimony relative to the key function alone. If the series expansion
provides no improvement, it is dropped. Second, AIC is used to compare the
4 alternative models. In each analysis, AIC values for each model structure
considered are reported in the ‘Model Fitting’ windows in the ‘Results’ tab of
the ‘Analysis Details’ window. DISTANCE reports results only from the top
model. AIC values can also be used to compare among analyses. In the
‘Results’ tab of the ‘Project Browser,” DISTANCE reports the ‘Delta AIC’
(deviation of the top model in each analysis relative to the top overall model
among analyses) for each analysis. It is critical to realize that AIC values
can only be compared when underlying data are identical. Both the sample
size as well as the binning strategy must be identical.

d. Use the drop down menu or the ‘back’ and ‘next’ buttons to navigate through
the ‘Model Fitting’ windows in the ‘Results’ tab. The initial windows
describe AIC selection relative to fitting the series expansion term for each of
the 4 alternative models. The final window shows the AIC-selected top model
among all 4 alternatives. This window also displays the ‘# of samples’ (i.e., #
of transects), the “Width’ (the right-truncation distance), and the ‘# of
observations’ (# of murrelet groups observed). Navigating to the next window
(‘Parameter Estimates’) gives the same information along with estimates for
parameters in the detection function (parameters shown in equation
describing selected model) as well as probability of detection probability ‘p’
and the effective strip width ‘ESW’ (Figure SOP 11.18.1).

e. Effective strip width: This is the perpendicular distance within which as many
groups as detected as are missed outside it. Equivalently, if all groups were
detected within this distance, then the number of groups would be identical to
the actual number of groups observed. The effective strip width provides an
overall measure of detection probability relative to distance that facilitates
comparisons among estimates with different detection functions and right-
truncation distances.

f. Detection probability: The overall probability of detecting murrelet groups
within the right-truncation distance.

2. Evaluate goodness-of-fit and detection function shape
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a. The output for assessing goodness-of-fit will differ depending on whether
binned or exact perpendicular distance data were used in analyses. For binned
data, the window ‘Chi-sq GOF Test’ in ‘Results’ tab of the ‘Analysis Details’
window will display a y* goodness-of-fit test with bins matching those
defined in the data filter. For analyses using exact distance data, the bins for
the ) test are defined by DISTANCE. For analyses using exact data, there
will also be a q-q plot in the window ‘Plot: qq-plot’.

b. Goodness-of-fit and DISTANCE: Although several quantitative methods for
selecting models and assessing goodness-of-fit exist in DISTANCE, they are
of limited utility in guiding selection of a reliable detection function. While
quantitative methods can be useful tools, application of sound principles and
judgment are necessary to robust estimation of a detection function.

c. x* goodness-of-fit test: This test provides a quantitative assessment of fit of
the model to the data by comparing expected versus observed frequencies of
observations in bins defined by perpendicular distance from the transect
center line. P-values <0.05 indicate statistically significant lack-of-fit.
However, the y? test has significant limitations for assessing fit of estimated
detection functions. First, the power of the test increases with sample size.
Thus, as the number of observed groups increases the magnitude of deviation
between the data and the detection function required to generate a
statistically-significant difference decreases. Second, results are strongly
dependent on the bins used to make comparisons, and the test is sensitive to
poor binning strategies. Third, the test treats all bins equally and does not
recognize the critical importance of bins at small distances. Fourth, the test
does not consider shape criteria required for reliable estimation of detection
functions. In sum, P-values should not be used as a comprehensive
assessment of adequacy of estimated detection functions but can indicate
potential goodness-of-fit problems. For individual bins, high y*-values can be
useful in highlighting at what distances goodness-of-fit problems are
occurring.

d. g-q plots: Quantile-quantile plots provide a graphical measure of assessing fit
of the model to the data are available for analyses using exact distance data.
These plots compare the expected cumulative distribution function (blue line)
from the estimated detection function to the actual distribution of the data
(red dots). Data are sorted in increasing order, and the x-axis increases from 0
distance (left intercept) to the right-truncation distance (right intercept). Most
points falling near the line indicates good fit, but systematic departures
indicate lack of fit at specific distances.

e. Assessment of the detection function should focus on whether adherence to
shape criteria (defined at step A.3.a in the ‘Exploratory Analyses’ section
above) and goodness-of-fit are adequate.
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f. Navigate to the ‘Plot: Detection Probability’ window the ‘Results’ tab to view
the estimated detection function (red) and the histogram with frequencies of
observed groups (blue) in defined bins (Figure SOP 11.18.2). This plot allows
visual assessment of the shape of the detection function and the location and
magnitude of deviations between predictions from the detection function and
the histogram data.

g. Navigate to the ‘Chi-sq GOF Test” window the ‘Results’ tab to view results
from the y* goodness-of-fit test (Figure SOP 11.18.3). The test will use the
user-defined distance bins if present; otherwise, DISTANCE will conduct 2
tests (displayed in separate windows) using auto-generated bins. The sum of
the y* values across distance bins (‘cell’ in the y* table) gives the total >
value, which is used to generate an overall P-value for the null hypothesis
that the predicted and actual frequencies of observations are not different. See
caveats on y* testing above. The y* values for each bin are useful for assessing
goodness-of-fit at specific distance bins as well as comparing the magnitude
of deviations among bins.

h. Goodness-of-fit and detection distances: Distance sampling requires that all
detection probabilities are scaled relative to that at the x-intercept, and it is
usually assumed that detection is 100% at distances near 0. Therefore, it is
critical that detection is accurately modeled near the x-intercept, and
consequences of poor goodness-of-fit at small distances are more severe than
at other distances. However, data at all distances are treated equally by
current model-fitting and assessment techniques. Ideally, the detection
function near the x-intercept should have a strong “shoulder” and close
correspondence between predicted and actual observations. When data are
binned, these guidelines should hold for the 2 bins at smallest distances. If
goodness-of-fit is poor near the x-intercept, a detection function that is
relatively too high or low can over- or under-estimate detection probability
across all distances. A particularly troublesome case arises when detections
are much more frequent in the 1st (smallest distance) relative to 2nd bin, as
different models can have similar goodness-of-fit yet produce very different
estimates (see Figure 2.5 and associated text in Buckland et al. 2001). If
alternative binning strategies cannot produce a broader “shoulder” in the data
distribution, then models with steep slopes at the x-intercept (i.e., that “climb
the y-axis”) should generally be avoided.

i. If the AIC-selected detection function meets shape criteria and achieves
adequate goodness-of-fit, then proceed to heading 3 below. Otherwise, the
iterative process of selecting distance bins and fitting detection function
models should continue until results are suitable.

j. Consider altering binning strategies to produce histograms of frequencies of
observations more conducive to achieving suitable detection functions. If
frequencies of detections at large distances are hindering model fitting, it may
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also be worthwhile to adjustment the right-truncation distance to improve
distribution of the data.

k. Problems in the AIC-selected detection function may highlight inadequacies
in the selected binning strategy. The functional form of detection models may
not be flexible enough to achieve adequate goodness-of-fit, especially if large
changes in detection frequencies occur between adjacent bins. If so, changes
to the binning strategy (A.3 in ‘Exploratory Analyses’ section above) may
mitigate problems, although binning cannot fully resolve severe problems in
data distribution.

1. If binning has been optimized for these data, consider alternatives to the AIC-
selected detection function model, either with different key function + series
expansion combinations or for a key function without a series expansion
term. To execute analyses consisting of individual detection function models,
navigate to the ‘Estimation’ analysis set in the ‘Analyses’ tab of the ‘Project
Browser’ (Figure SOP 11.19). Select and execute desired analyses. Compare
the ‘Delta AIC’ values in the right pane to assess support for each model. In
the ‘Results’ tab of the ‘Analysis Details’ window for each analysis, navigate
to the ‘Plot: Detection Probability’ and ‘Chi-sq GOF test’ windows to assess
detection function shape and goodness-of-fit.

m. Problems may also arise from the inadequacy of the functional form of the
AlC-selected detection function. Because AIC-selection procedures do not
consider shape criteria or the heightened importance of goodness-of-fit near
distance 0, it may be the AIC-selected model is inferior to models with
slightly higher AIC values (i.e., AAIC of <2). Thus, it may be worthwhile to
assess performance of models with different key function + series expansion
combinations. Inclusion of series expansion terms can sometimes lead to
undesirable or implausible curvature in the detection function, so considering
key functions with fewer or no series expansion adjustment terms may
improve detection function shape.

n. AIC values can only be used to compare alternative models of detection
function for the same data set (i.e., identical sample and identical binning
strategy). Therefore, if alternative binning strategies are considered,
alternative detection functions models from different data sets can be
compared using the y* goodness-of-fit test and assessment of detection
function shape. If alternative binning strategies are considered, it may be
useful to create a new analysis set to segregate results using different data
sets.

o. The iterative process of truncating data, selecting a binning strategy, fitting
alternative models should lead to a detection function meeting shape criteria
and achieving adequate goodness-of-fit. AIC model selection and goodness-
of-fit tests are useful tools in this process, but ultimately the Project Leader

SOP 11-17



Glacier Bay National Park and Preserve Kittlitz’s murrelet monitoring protocol version KM-2012.1
SOP 11 copied verbatim from original Natural Resource Report NPS/SEAN/NRR—2013/735

must employ judgment to select a final detection function that is statistically
reasonable and biologically plausible.

3. Applying the selected model to the “Top Model Export Stats’ analysis

a.

The selected binning strategy and selected model for estimation of a detection
function should be applied to the analysis ‘Top Model Export Stats’ in the
‘Estimation’ model set.

Select the ‘Analyses’ tab in the ‘Project Browser’ window, and right-click the
“Top Model Export Stats’ analysis and open the ‘Analysis Details’ window
(Figure SOP 11.20.1).

Select the ‘Inputs’ tab and then select the ‘Data filter’ containing the binning
strategy selected for estimation of the detection function.

Confirm that the ‘Top model export stats’ is selected in the ‘Model definition’
(Figure SOP 11.20.2).

Open the ‘Model properties’ window and select the ‘Detection function’tab
and the ‘Models’ lower-level tab (Figure SOP 11.20.2-3).

Reduce the number of models to one and select the key function and series
expansion used to estimate the detection function (Figure SOP 11.20.3).

In the ‘Adjustment terms’ lower-level tab (Figure SOP 11.20.4), manually
input the number of adjustment parameters (i.e., terms in the series
expansion). If a series expansion was included, there will normally be 1
parameter. If no series expansion was included in the detection function
model, set this number to “0”.

Open the ‘Model definition properties’ window and select the ‘Misc.’ tab
(Figure SOP 11.20.5).

Enter a path for the output text file
“Ninpglbafs03\data\SEAN data\Work zone\KM\KM _J\yyyy\DFstats_yyyy.t
xt”, where yyyy is the survey year, and confirm the change (Figure SOP
11.20.6).

Running this analysis will export the results file (section 7) and also will

generate estimates of group size (section 6). Be sure to verify that results
match those for the selected detection function model.

Estimating Group Size Using DISTANCE

Because encounter rates are calculated for groups of individuals, estimates of average group size are
required to estimate density and abundance. However, if large groups are more likely to be detected
at large distances, then the average calculated from observed groups will be positively biased.
Regression techniques can test for presence of such size bias and, if present, correct for it by
predicting average group size for detection probability = 1. Because of the strong shoulder observed
in the detection function for these surveys (Hoekman et al. 201 1a, b), it was unlikely that a linear
regression of group size on perpendicular distance to the transect center line would provide adequate
fit to our data. Therefore, we took the approach of regressing In(group size) on the estimated
detection probability for each group from the selected detection function (Buckland et al. 2001).
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Analyses should be conducted separately for each species class (KIMU, MAMU, and unidentified
Brachyramphus murrelets). Average group size should be preferred, except when strong evidence
supports use of expected group size from regression analyses. All survey transects should be used for
estimation of group size for analyses of population trend. However, one transect (016) selected using
non-probabilistic methods should be excluded from estimation of group size for analyses of
population status (see Appendix B, section B.7.3).

Detailed Steps
A. Project Leader Tasks
1. Generating and viewing estimates of group size for analyses of population trend

a. In DISTANCE, open the project file for the current survey year, navigate to
the ‘Project Browser’, and select the ‘Estimation” model set. Select the ‘Top
model export stats’ analysis in the “Estimation’ model set and run it by right-
clicking and selecting ‘Run analysis’ option.

b. Right-click this analysis again, and then select the “Analysis details’ option
and select the ‘Results’ tab.

c. Use the drop-down menu or the ‘Back/Next’ keys to navigate to the pages
with the ‘Cluster size-Estimates’ for each species class (K/M/U). On these
pages, ‘# observations’ gives the sample size, ‘Pr(7 < f) =" gives the P-value
of the regression of In(group size) on predicted detection probability,
estimates for ‘Expected cluster size’ are for estimates of group size when
detection probability = 1 from the regression analyses, and estimates for
‘Mean cluster size’ are simply the average group size.

d. Pages of the cluster size results with the ‘Regression plot’ title give a text
based graphical presentation of the regressions. The estimated regression line
is represented by asterisks “*”’, while open circles “°” represent one or more
data points.

e. The ‘Estimation summary — expected cluster size’ window contains a
summary of estimates for each species class along with degrees of freedom
and 95% confidence intervals. On this page, estimates from the regression
analyses are labeled “r” (correlation coefficient), “r-p” (P-value), and “E(S)”
(expected group size).

2. Interpreting estimates of group size

a. For each species class, the Project Leader must select the best estimate of
group size for estimation of density and abundance.

b. Typically, average group size should be preferred. However, predicted group
size for detection probability = 1 from regression analyses may be preferred
when strong evidence supports size bias in detection of groups. Strong
evidence should include “statistically significant” results from regression
analyses (i.e., P<0.05), a negative slope parameter estimate, and satisfactory
adherence to assumptions of regression analyses.
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c. For regressions with negative slope coefficients and P<0.05, examine
regression plots to assess whether results are robust to data outliers. In
particular, one or a few large groups with low predicted detection probability
may create “high leverage points” that unduly inflate to the steepness of a
negative slope coefficient. If the “statistical significance” of a regression
depends on these high leverage points, averages may provide more reliable
estimates of group size.

d. Ifthe influence of data outliers on results is unclear, users confident in use of
DISTANCE may find it useful to compare results with and without outliers. If
regression estimates only receive strong support with outliers, then average
estimated group size likely will be more reliable. To filter outliers for a given
species class:

i. In the ‘Cluster size — Regression plot’ page in the ‘Results’ tab of the
analysis under consideration, note a cut-point on the on the y-axis
(“log of cluster size™) that separates outliers from other data, and
transform this value to natural units by taking the inverse log.

ii. Select ‘View|Analysis Components’, click the ‘Data Filters’ button,
select the data filter used for the analysis under consideration, right-
click and select ‘New Item’ to create a new data filter. If the settings
of the original filter have been successfully copied, the new filter will
have the name of the original with a “1”” appended. The new filter can
be renamed by double-clicking on the name.

iii. Left-click to highlight the new filter, right-click and select ‘Item
properties’ to open the ‘Data filter properties’ box. On the ‘Intervals’,
‘Truncation’, and ‘Units’ tabs, confirm that the selections are
identical to the data filter used by the original analysis under
consideration.

iv. On the ‘Data selection’ tab (shown in Figure SOP 11.6.4), left-click
the “+” button to the right of the ‘Data selection’ box to add a row in
the box. In the drop-down menu under ‘Layer type’, select
“Observation’. Left-click the text box immediately to the right and
enter “[Cluster size] < X (without quotations), where X = the inverse
log of cut-point value chosen above. Left-click ‘OK’ to save changes.

v. Select ‘View|Project Browser’ and navigate to the ‘Estimation’
analysis set. Select to highlight the analysis under consideration, and
right-click and select ‘New analysis’. If analysis settings have been
successfully copied, the new analysis will have the name of the
original with “1” appended. The new filter can be renamed by double-
clicking on the name.

vi. Select and right-click this new analysis and choose ‘Analysis details’
to open the ‘Analysis details’ window. On the ‘Inputs’ tab, confirm
that the ‘Model definition’ is the one for the model under
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c.

consideration, and then double left click on the newly-created data
filter to select it. Click the ‘Run’ button to execute the new analysis.

vii. Select the ‘Results’ tab and navigate to the group size regression
results for the species class in question. Confirm that the outliers have
been filtered from analyses. Compare the slope coefficients and P-
values between this analysis and the original analysis.

Viii. Comparison of analyses with and without outliers is useful to
determine effects of outliers on results, but should not be used for
estimation of density and abundance. If support for regression
analyses depends on few outliers, estimates of average group size
may be preferred over estimates from regression analyses.

Output exported from DISTANCE will contain estimates and associated
parameters for both average group size and predicted group size from
regression analyses. The Project Leader must use statistical criteria above and
judgment to select the most appropriate estimates of group size for each
species class.

3. Specifying selected estimates of group size

a.

The selected estimates of group size for each species class must be manually
specified in the “DFstats_yyyy.txt” file (created at A.3.i in the ‘Selecting a
Detection Function’ section above), and the edited file is saved in the comma
delimited file format (.csv). A text editor or spreadsheet software can be used
for editing; here we provide directions using Microsoft Excel 2010.

In Excel, select the ‘File’ tab, and click ‘Open’. In the drop down menu to the
right of the ‘File name’ box, select ‘All files’. Navigate to the folder
containing “DFstats_yyyy.txt”, select it, and click ‘Open’.

In the ‘Text Import Wizard — Step 1°, select ‘Delimited’ original data type
and click ‘Next’..

In the ‘Text Import Wizard — Step 2’, select the ‘Space’ delimited file type,
select ‘Treat consecutive delimiters as one’, and click ‘Next’.

In the ‘Text Import Wizard — Step 3°, select the column data format ‘General’
and click ‘Finish’. The text file should be displayed in a spreadsheet. Data in
each row are coded as specified in Table SOP 11.3, with columns numbered
from left to right, starting with the first column containing values. In Excel,
sequential columns will be labeled “A, B, C .. .” rather than “1, 2,3 ...”.
Excel may create an additional column at the left containing no values; hence
column 1 in Table SOP 11.3 may correspond to column “B” in Excel.

The Ist column from the left (labeled ‘B’ in Excel) should be the first column
with values, which specify the species class for group size estimates on that
row: 1 = Kittlitz’s murrelet, 2 = marbled murrelet, and 3 = unidentified
murrelet.
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g.

The 4th and 5th columns (‘E’ and ‘F’ in Excel) specify rows with group size
estimates: values of 3 and 1 correspond to estimates of average group size, 3
and 4 to regression estimates.

For each species class, place a “Y” in the 2nd column (‘C’ in Excel) on the
row with the selected estimate of group size and an “N” in the row of the
other estimate of group size. Other rows of this column should contain the
value ‘0”; leave these unchanged.

Save the edited file in the comma delimited file format (.csv). In Excel, select
the ‘File’ tab, click on ‘Save As’, and in the drop down menu next to “Save as
type:” select ‘CSV (comma delimited)’. Enter a path for the output file
“Ninpglbafs03\data\SEAN_data\Work zone\KM\KM J\yyyy\DFstats_yyyy.c
sv”, where yyyy is the survey year, and click ‘Save’.

4. Generating and viewing estimates of group size for analyses of population status

a.

In the ‘Analysis Components’ window, open the ‘Data filters” window, select
and right-click on the ‘Truncated Bins A Status’ filter to open the ‘Data filter
properties’ window (Figure SOP 11.17.3). Enter the binning strategy used to
estimate the detection function (Figure SOP 11.17.4). This will be the binning
strategy from the data filter selected at step A.3.c in the ‘Selecting a Detection
Function’ section above.

As in Figure SOP 11.20.1, select the ‘Analyses’ tab in the ‘Project Browser’
window, and select and right-click the ‘Top Model Export Stats Status’
analysis and open the ‘Analysis Details’ window.

On the “Inputs’ tab, confirm that the ‘Truncated Bins A Status’ model filter
and the ‘Top model export stats status’ model definition are selected (Figure
SOP 11.20.2).

Open the ‘Model properties’ window as in Figure SOP 11.20.2, and apply the
model selected for estimation of the detection function (Figure SOP 11.20.3-
4) as detailed in steps under the A.3 heading in the ‘Selecting a Detection
Function’ section above.

Open the ‘Model definition properties’ window and select the ‘Misc.’ tab
(Figure SOP 11.20.5).

Enter a path for the output text file
\inpglbafs03\data\SEAN_data\Work zone\KM\KM J\yyyy\DFstats status y
yyy.txt, where yyyy is the survey year, and confirm the change (Figure SOP
11.20.6).

In the ‘Project Browser,” select the ‘Top model export stats status’ analysis in

the “Estimation” model set and run it by right-clicking and selecting ‘Run
analysis’ option. This generates estimates of group size and the associated
output file for analyses of population status.

Using the ‘Top Model Export Stats Status’ analysis, repeat steps in A.1 above
to assess whether estimates of average group size or estimates of expected
group size from regression analyses should be used in analyses of population
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status. Typically, group size results will be very similar to those for analyses
of population trend.

Repeat steps in section A.3, except substituting “DFstats_status yyyy.txt” at
step b and “DFstats_status_yyyy.csv” at step i.

Assembling the KM_J Deliverable

After selecting a detection function and estimates of group size for use in analyses of population
status and trend for the current year’s survey data, the Project Leader will 1) create a figure of the
estimated detection function and 2) assemble this figure and the.csv files containing output from
Program DISTANCE in an archive file. The Data Manager will import these into deliverable KM _J:

Detection function.

Detailed Steps

A. Project Leader Tasks
1. Export the detection function from Program DISTANCE and create a figure in the
.png image file format.

a.

In DISTANCE, open the project file for the current survey year, navigate to
the ‘Project Browser’, and select the ‘Estimation’ model set. After executing
the ‘“Top model export stats’ analysis, select and right-click on this analysis
and open the results window by choosing ‘Analysis Details’.

Select the ‘Results’ tab, navigate to the ‘Plot: Detection Probability’ window
using the drop down menu, and then select Analysis — Results|Copy Plot to
Clipboard’ from the menu (Figure SOP 11.21).

Using a text editor such as Notepad, open a text file and paste the clipboard
material into this file.

Save the file as unformatted text using the path
“Ninpglbafs03\data\SEAN_data\Work zone\KM\KM J\yyyy\DFplot_yyyy.tx
t”’, where yyyy is the survey year.

Open Program TINN-R and use the ‘File|Open” menu command to open the
file ‘DFplot.r’ in the editor (Figure SOP 11.22).

Open an R GUI window using the ‘R|Start/close and connections|Rgui (start)’

menu command (Figure SOP 11.22).

In the user input section at the top of the ‘DFplot.r’ file, edit ‘path’ and
‘outpath’ input lines to specify the full path to the input file
‘DFpoly_yyyy.txt’ and the full path for the output file ‘DFplot_yyyy.png’,
where yyyy is the survey year. Input lines also allow specification of text on
the x- and y-axes.

Other features of the plot (e.g., font size, line width, image type for output,
etc.) can be modified below the user-input area using the R computing
language.

After making adjustments, executing the R code using the ‘R|Send|File
(echo=TRUE)’ menu command or corresponding menu button will create an
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image file containing a plot of the detection function along with a histogram
showing the frequency of observations of murrelet groups in each distance
category (Figure SOP 11.22). The plot will also be displayed in the R
graphical output window.

2. Use WinZip or similar tool to assemble the KM _J deliverable.

a. Include the two .csv files containing output from Program DISTANCE
created above (“DFstats_yyyy.csv” and “DFstats_status yyyy.csv”) and one
graphic of the detection function created above.

b. Name the final product
\inpglbafs03\data\SEAN_data\Work zone\KM\KM J\yyyy\KM J yyyy.zip

Formal Validation and Certification

The SEAN data management plan requires all monitoring deliverables be formally validated against
rules defined in the protocol. When they have met all mandatory criteria, the Project Leader may
declare them certified in writing. Once certified, the Data Manager must install them in repositories
and attach them to electronic dissemination services.

Detailed Steps
A. Project Leader Tasks
1. Request validation by sending a notification email to the Data Manager, specifying in
the message body that deliverable KM _J, for year yyyy is ready; the Data Manager
will know where to find the file named “KM _J yyyy.ZIP”.
B. Data Manager Tasks
1. On receipt of the submission, assign the next formal Submission Number to this file,
as found in the master Submission Log table.
a. Use the “Update Submission Log” web tool at
http://165.83.57.239/0_submission_update.aspx.
b. Complete Submission Log details up through the Submission Date column.
2. Copy the file into the staging area for validation at a subdirectory named with the
submission number in \\inpglbafs03\data\SEAN Data\Staging\KM\KM J.
3. Validate the submission according to current criteria.
a. Invoke validation of the ZIP file according to current criteria by using the
web program at http://165.83.57.239/KM DM _validate KMJ.aspx.
b. Validation summary results automatically are recorded in the
Submission_Log.
4. If submission fails any mandatory criteria, reply with a “failure email” that includes:
a. The submission number assigned
b. The deliverable ID
c. The protocol ID
d. Documentation listing all the criteria failed
5. If submission passes mandatory criteria, reply with a “success email” that includes:
a. The submission number assigned
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b. The deliverable ID
c. The protocol ID
d. Documentation listing any specific optional criteria failed

e. Request to certify deliverable as complete
C. Project Leader Tasks
1. On receipt of a failure email:
a. Review the validation report and remedy the mandatory errors by revising the
analysis.
b. Initiate a new submission with the Data Manager.
2. On receipt of a success email, review any failed optional criteria:
a. If the criteria review indicates the validated data are acceptable:
i.  Reply with a “certification email” stating the deliverable is certified
and may be disseminated.
b. If the validated data are unacceptable:
i.  Reply with a “withdrawal email”, stating the deliverable is
withdrawn.
11. Take remedial action to obtain and resubmit a corrected deliverable, if
possible.
D. Data Manager Tasks
1. On receipt of a withdrawal email:
a. Mark the withdrawal in the Submission_Log’s Status column using the web
tool.
b. Terminate the process.
2. On receipt of a certification email:
a. Verify no sensitive information is in the deliverable. Products containing
sensitive information cannot be disseminated. If sensitive:
1. Mark the sensitive designation in the log’s submission status column
using the web tool.
ii. Notify the submitter of the situation.
iii. Complete the deliverable tracking spreadsheet cells referring to
dissemination with the word SENSITIVE.
iv. Do not attempt to install the sensitive item in the auxiliary repository.
b. Copy the submitted file to the integration environment at
AUXREP\KM\KM_J\
c. Create an appropriate web link accessible from the KM main page.
d. Test accessibility until successful, then propagate from integration to
production environment.
e. Verify deliverable is accessible from production web site.
f. Mark the certification in the Status column in Submission Log using the web
tool
g. Update the deliverable tracking spreadsheet milestones with the date of
completion for KM _J.
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h. Update the scope of the formal metadata so it includes this new date range.
Update the database to reflect the new or revised status and trends values by
invoking the web program at

http://165.83.57.239/KM_DM update KME_with KMJ.aspx which

1.

accomplishes:

1. Importing the estimated detection function and estimates of group
size for population trend analyses.

1.

The DFstats file exported from DISTANCE to
“Ninpglbafs03\data\SEAN _data\Work zone\KM\KM _J\yyyy\
DFstats_yyyy.txt”, where yyyy is the survey year, is a space-
delimited text file with 10 columns and a variable number of

TOWS.
The content in each row is coded by values in rows 1,4, and 5
(Table SOP 11.3).
The right-truncation distance should be parsed from the text
file.
The following estimated parameters along with estimated
coefficients of variation (CV) and degrees of freedom (df)
should be parsed from the text file:

1. Detection probability within right-truncation distance

ii. Effective strip width

iii. Parameter estimates for detection function

For each of the above estimated parameters, the standard error
should be calculated as the product of the parameter estimate
and its CV.
The rows for the key function and series expansion provide
integer values that correspond to the combination of key
function + series expansion used in the estimated detection
function (Table SOP 11.3). A series expansion is not always
present.
The number of estimated parameters m for the detection
function varies and will be the sum of the # of key function
parameters and the # of series expansion parameters. The
coded values in column 5 for these estimates will range from
101 to 101 + (m -1). The key function parameter estimates are
provided before those for the series expansion.
All estimated parameters from the detection function should
be parsed from the text file. Parameter estimates for the key
function should be labeled in sequence prefixed by an ‘A’.
Parameter estimates from the series expansion should be
labeled in sequence prefixed by a ‘B’.

SOP 11-26


http://165.83.57.239/KM_DM_update_KME_with_KMJ.aspx
file://///inpglbafs03/data/SEAN_data/Work_zone/KM/KM_J/yyyy/DFstats_yyyy.txt
file://///inpglbafs03/data/SEAN_data/Work_zone/KM/KM_J/yyyy/DFstats_yyyy.txt

Glacier Bay National Park and Preserve Kittlitz’s murrelet monitoring protocol version KM-2012.1
SOP 11 copied verbatim from original Natural Resource Report NPS/SEAN/NRR—2013/735

9. Estimates of average group size for each species class are for

analyses of population trend.
ii. Importing the estimates of group size for population status.

1. Use the DFstats_status file, a space-delimited text file with 10
columns and a variable number of rows.

2. The content is coded identically to the ‘DFstats’ text file
(Table SOP 11.3).

3. Only the estimates related to average group size for each
species class should be parsed from this file and imported to
the KM _E database.
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| Save thiz folder as the default for Distance projects

Figure SOP 11.1. Creation of a template project file in Program DISTANCE.
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Figure SOP 11.2. Selection of appropriate settings using the ‘New Project Setup Wizard’ during creation
of a DISTANCE project template file. Gold boxes indicate the sequence of steps; red arrows highlight
user input.
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Figure SOP 11.3. The ‘Import Data Wizard’ of DISTANCE requires an appropriately formatted text file
containing survey observation data. Successive steps of the Wizard allow specification of data structure.
Upon completion of the Wizard, clicking on the 'Observation’ data layer in the ‘Data’ tab of the ‘Project
Browser’ window displays the imported data. Gold boxes indicate the sequence of steps; red arrows

highlight user input.
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1 Select 'View|Analysis Components'

i Distance Lemplate. 2000 - [Analysis Components]

B Fie

Wiew  Tools

Analysis Components  Window  Help - & E
'] q >
A E I HERE 2 Left-click on the 'Data Filters' button

D ata Filkers Lsed
. 1|Untruncated

3 Double-click to rename the
Default Data Filter

4 Right-click on ID number and select
ltem Properties'

Figure SOP 11.4. Creation of a ‘Data Filter’ in the ‘Analysis Components’ window of DISTANCE.
Selecting ‘Item Properties’ opens the ‘Data Filter Properties’ window shown in Figure SOP 11.5.
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ok | Lancel |
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Figure SOP 11.5. The 4 tabs of the ‘Data Filter Properties’ window, showing appropriate settings for the
“Untruncated” data filter. Red arrows highlight used input. Left-clicking ‘OK’ returns to the ‘Analysis

Components’ window.
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Figure SOP 11.6. Creation of additional data filters in the ‘Analysis Components’ window of DISTANCE.
Step 2 shows settings changes applied to both the “Truncated” and “Truncated Bins A” data filters on the
‘Truncation’ tab of the ‘Data Filters Properties’ window. Step 3 shows settings changes applied only to the
“Truncated Bins A” data filter in the ‘Intervals’ tab of the ‘Data Filter Properties’ window.
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Analysis Engine;
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Prezentation of results
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o [Esiieta veie e ertieely Advanced.. Est\mate] Detection functlonw Cluster swzew Mult\phers] Warance

Two-sided confidence interval 95 %

Bootstrap variance estimate ——' v Report results for each iteration of detection function fitting routine

| Create results details fils

Defaults Hare: |=1 models AlC-zelected ok | Cancel
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|
[
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Figure SOP 11.7. Creating and defining the ‘model definition’ named “4 model AlC-selected”. In step 1,
the ‘model definition’ is named in the ‘Analysis Components’ window. Selecting ‘Item Properties’ opens
the ‘Model Definition Properties’ window. Steps 2-6 show settings in all tabs except ‘Detection function’,

which is shown in Figure 11.8. Red arrows highlight user in
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o
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—_. [+ Mo constraints
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Estimate Detection function ]Eluster size] Mullipliels] !ariance] Misc.w
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Clu = — L
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Estimate Detection function ]Qlusler size] Multipliars] Ealianca] Misc.]
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Intervals
[These zettings are ignored if intervals are specified in the Data Filter]
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—:. v Output K5 tesls and gg plots M aximum num points in qq plots: (500
Plat file:
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File name: |><:\DistanceF'Iot.txt |

Defaults | MNaME 14 modsls & C-selected ak | Cancel

Figure SOP 11.8. Settings for the “4 models AlIC-selected” model definition within the ‘Detection function’
tab of the “Model Definitions Properties’ window. This tab has 5 separate lower-level tabs, each shown in
a separate window. Red arrows highlight user input.
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‘4 Distance - kemplate, 2011 - [Analysis/Components] n
-z x|
hod

analysis Components  Window  Help

1 Right-click ID number and select 'New ltem'
to create a new model defintion

Ele Wiew Tools

e d @& &8

g
&
1:3

5 =

i
-

Madel Definitions

1 4 models AlC-selected
op mo

Model Defimtion Properties: [ Top model 'exportstats ] 2

Analysis Engine: |MCDS - Multiple covariates distance sampling

Estimate] Detection function] Cluster size] Multipliers] Yarance Misc. ]

Presentation of results
Two-sided confidence interval g5 3

' Repart results for each iteration of detection function fitting routine

Results files

| Create results details file
File: narne: |

v Create results stats file
File name: |><:\....\DFstats_l,l_l.J_l,ly.txt

Browsze. ..

Smeallg of distance data
q iz hot supported in the MCDS engine.

Check box and enter path of results
stats output file

ak | LCancel

Defaults Marme: |T0|3 model export stats

Figure SOP 11.9. Creating and naming the “Top model export stats” model definition in the ‘Analysis
Components’ window. Settings for this model definition match those for the “4 models AlC-selected”
model definition, except for the creation of a results stats output file. This file’s output path is specified in

the ‘Misc.’ tab of the ‘Model Definition Properties’ window.
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[a ]

1 Use the drop down menu to select a
new analysis set
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m
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create additional analyses

4 Right-click and select 'Analysis Details'

to open the 'Analysis Details' window and

define the analysis

5 Right-click on ID number and select 'New Analysis' to create
additional analyses

6 Right-click and select 'Analysis Details' to open the 'Analysis

Details' window

Distance: Lemploter201dl [hoalysie L:[Untroncated] Set: [Exploratong ]l
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ngE 82 & 2| Z 1 Select the 'Inputs' tab et Estimation = | nalysis (59 B
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Data fiter 3 Select the 'Untruncated' data filter £ Hazard + Simple polynomial
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& Hazard
2 Top Madel Expart Stals Stalus

Properties
2 Truncated

3 Truncated Bing & Hew ... |
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| EECEEEEE

(] [ 3

odel definition
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Mew ... |

Figure SOP 11.10. Creating and specifying pre-defined analysis sets and analyses in the ‘Analysis

Components’ window. The analysis sets and the names, data filters, and model definitions of analyses
are listed in Table SOP 11.2.
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Digtance can use any Distance 4 or 5 project a5 a template. Project zettings and
analyzis specifications are copied to the new project - data and results are not.

Please enter the name of the project to import, and click Mext' to continue.

Savainc | | DISTANCE

Mame ° .
Laok in- | £ DISTANCE ~ & ® ¥ E-

| template 2011 dat
{,temp\ate 201L.dst

[C3)DF_2011.dat
(C)templake_2011.dat
£, DF_2011.dst

2 Enter name of
project

File name:  |DF_2010.dst

Create I
Save as lype: IDislance Projects (* dst] LI Cancel |

[~ Save this folder as the default for Distance projects

File name: template_20711.dst 0Ok |
Files of tyne: | Distance 4 - 6 Project Fies [*dst) Ed Cancel

" Save this folder as the default for opening template files

New Project Setup Wizard - Step 12 Type of Project Help Cancel < Back H Mest > | |

The new project DF_2011" has be

Distance can now help you to set up the project ready for New Broject Setup Wizard s Steps

uze. Select from the options below, and click on the 'Mext'

button to step through each of the scieens that follow, “When you press Finish, the new project database will be set up using the T8 file you have
specified. The next task after this iz to add pour survey data. Please choose from one of the

IF pou are not sure what to enter at any point, click on the options in the 'Destinations' bowx.

'Help' button ar prezs F1 to find aut more abaout the aptions.
The Data Entry Wizard will guide pou through the process of entering pour data from the
keyboard.  The Data Impaort Wizard will allow you to import the data from an extemal text file.  IF
you choose to exit to Distance, you can enter data in the Data tab of the Project Browser, o start
gither of the Wizards fiom the Tools meru

| want to:
" Analyze a survey that has been completed
" Design a new survey

Destinations
g

—_¢~“ Fraceed to [ata [mport Wizard

" Epit wizards and returm to Distance

1': Lse an existing Distance project as a template

~ Impart a project or command file created in a
previous version of Distance

Westem tarsier (Tarsius baroarss)
reer duning @ line kansect surey
s [ g = e (" Esit this wizard and set up the project file manually
Fhoto: Noayali Avaad

-

Help LCancel

| Save curent settings as default

Help Cancel | < Back | | Eirish ‘

Figure SOP 11.11. Creation of a new project in the ‘New Project Setup Wizard’ of DISTANCE using a
template project file to import pre-defined settings and analyses.
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Here, you tell Distance where to store the imported data,

g Destination data layers

= Lowest data | |Observation  w M
R File Containing Data to Import ﬂ owest o aﬂ. Observation hd e Layername  Laper tupe

= teseids  Region [Stratum)
Loakir | )/ DISTANCE =] « @ ek E- e dataE. Fiegion vl MEE e vansect (Sample]
= Parent data laper Study area :hesg. Observation  [Observation)
Mame lawers:
o DF_2019.
e Lacation of new records
| template 20

o+ Add all new recards under the first record in the

_ input_2010 Select parent data layer
formatted Input fils containg a calumn corresponding to the
IﬁDUt file following field in the parent data layer:

Field name: R

Creation of new records in lowest data layer T
—‘(-‘ Create one new record for each line of the import file N - 3
Create new records only when the line differs from the ,g mm sty gmm India

File name: Imput_zmﬂ bt

oK I
Files of type: ITaxt Files [*.tat] LI Cancel

— ) import Data Wizard - Step 4 Data File Format previous ling Phodn: Lies Kamath, WGS ki
Fs M
T Import Data Wizard - Step 5: Data File Structure
Use this screen to tell Distance about the delimiters that separate the columng of your data file. You
can check that the columns are being recognized comectly using the preview table below. L . -
This is where you tell Distance which calumng in your data file corespond with which fields
[columns] in the Distance database. To do this, click on the layer name and field name of
B l T Bl each colurnin, and choose from the list. Click Help for more information.
elimiter gnore 1 ecimal symbol rid size: .
il 1 i Shortgut Grid s
O b O Semockn o B gt | e ™ Rows: 1258 | || i [ Crluris i i 1 St orcer s ey vl spser it fai shest .
* Comma (" Space i ¢ o Usenn Columns: & I~ First row contains [aver names and figld names of each column
. Delimiter: [ | Example: Region®trea Columns: 8
Layer name:; Regioh Region Line tranzect Line hangect Observe
_ |\ Fisld name: Label fres Label Linglength  Fiadiald
REGION_LABEL REGION_AREA TRANSECT_ID TRANSECT_4REA DIS - E= e Label Decinal Label Decimal Decir
; gtgigglg 1 1 1 g: 3 k REGION_LABEL REGION_AREA TRANSECT ID TRANSECT_GREA DIS -
36LBs20I0 1 1 1 120 N fomeamn ! ! =0
4| GLBAZOO 1 1 1 150 § gtgigglg ‘11 1 1 ?gﬂ
Sopeame ] ! ! 1 dGeson 1 1 1 120
7| GLEAZIO 1 1 1 a0 5| GLEAZIO ! ! ! &
8 GLBAZOND 1 1 1 170 szl ! ! L 1o
1 a0
9 GLBAZO10 1 1 1 140 - Correct layer and field names should 1 170
[ n ] [ now be displayed. 1 140 ~
B it
Help | LCancel | < Back | Mest > | Einish
ool | <Back | Mews | men |
Please check the Import specifications are corm hoose what pou want to do
existing data, Then press Finish ta import your data into the Distance database: Wwhe
import has finished, pou should check the data in the Praject Browser. Project Browser EI
B Data | e ] s Designs | Surveys | B8 Analyses | 3 Simulations
Import specifications o
File: input_2011.6¢ AE ®|¢ 5 EEN NN
- Data layers Contents of Observation layer ‘Observation’ and all fields from higher layers
Type: Teat [ Study area Study are Region Lins isnsect Dbservation
Rows: B B Left Click ID | Label | ID Label Area ID | Label | Linelength | ID | Radial distance | Angle | Cluster size | Species)
Cole: & ect ID | Label | 1D Label Decimal | 1D | Label | Decimal 1o Decimal Decimal | Decimal Test
wervation | nda n'a néa n'a ha néa | nia ke néa m deg [Mane] n'a
Int Int Int Int Int Int | Int Int Int Int Int Int Int
E xisting data 1 55 1} 2/M B
+ Qverwite existing data 5 ng 53 5 m ]
Sunrey relicopter with distance imenial manings "
dixed to sxtemal cage. Used for larye araaaral » EBEEREEED 4 190 60) 6| M
surveye, Madikwe Gaie Reserve, South Attica. 1{Default 1|GLBAZOD o 1 5 0 65, 1M
Photo: ieam Adoock 3 120 10 2|k
7 90 75 1| M
8 170 55 20
I Gave curent seti = 40 = jl L v
| Correct data structure should
Heb | Concel | cBack | L I L be displayed.

Figure SOP 11.12. Importing a formatted text file containing survey observation data using the ‘Import
Data Wizard’. Gold boxes indicate the sequence of steps; red arrows highlight user input. Upon
completion, selecting the ‘Observation’ data layer in the ‘Data’ tab of the ‘Project Browser’ should display
the imported data with correct layer names, field names, and data structure.
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1 Select "View|Project Browser' 2 Select the "Analyses' tab
o Diskarn. = oD 2011 - [Project Browser] 3 Select 1EXD|’OFEitGI"}|’1 from the = =
ﬁ File Wiew Tools Analvses  indow d!’GD down menu T
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[ File WYiew Tools Analysis - Results  window  Help
fHeg B 8 88 &

|Detectiun Fct/Global/Plot: Detection Probability 1

1.4
12 7

1.0

/1

08 -+
06 —+

04

")
| .::|=|E7
0o } t 1 t ! f

u} S0 100 150 200 250 200 250
Perpendicular distance in meters

1 Select the 'Results' tab :

Cretection Probability

-

i\
s)nsay

Comments

Figure SOP 11.13. Displaying, executing, and displaying output from pre-defined analyses in the
'Exploratory' set.
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% 0i-tn 1 Select View|Analysis Components'
I5Tandes .

| B File View

| he B e e Z
2| X A7 |

[ — 2 Left-click the 'Data Filters' button

ed

Tools  Analysis Components Window Help

Right truncation
[ Right truncate at largest obzerved distance

- Digcard the largest {a percent of distances
+ Dizcard all obzervations beyond |23q

1.1.&& truncation

+ Mo left truncation

[ Dizcard all obzervations within |0 '

Truncation for cluster size estimation [where required]
Right truncation

» Same az that zpecified above

[ Digcard all obgervations beyond ) ]

Defaults | MM Truncated ar. Cancel

Figure SOP 11.14. Setting the right-truncation distance in the 'Data Filter properties' window. This setting
should be applied to all ‘Truncated’ data filters.
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Figure SOP 11.15. Histograms (bars) showing frequency of detections (y-axis) relative to perpendicular
distance from the transect center line (x-axis). Frequencies are scaled relative to estimated detection
functions (lines); number of detections shown above bars. Untruncated data in relatively narrow bins (A)
shows evidence of ‘heaping’ of observations at ~10, 20, and 30 m. Right-truncating and binning data by
placing cut-points at mid-points between peaks (B) mitigates deleterious effects of heaping and helps
meet shape criteria (Buckland et al. 2001).
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Figure SOP 11.16. Histograms (bars) showing frequency of detections (y-axis) relative to perpendicular
distance from the transect center line (x-axis). Frequencies are scaled relative to estimated detection
functions (lines). Untruncated data in relatively narrow bins (A) shows evidence of evasive movement
(increasing frequencies from 0 to ~25 m). Right-truncating and binning data by creating a wide bin that
‘captures’ evading groups in the lowest distance bin improves the distribution by creating a stronger
“shoulder” (slope ~0 at small distances) in the data distribution (Buckland et al. 2001).
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Figure SOP 11.17. Binning of survey observations by perpendicular distance from the transect center
line. Distribution problems identified in exploratory analyses (1-2) may motivate binning data by distance
for individual ‘Data Filters’ in the ‘Analysis Components’ window (3-4) to improve distributions (5).
Alternative binning strategies can be compared by creating additional ‘Data Filters’ (6).
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Figure SOP 11.18. Output from DISTANCE for an estimated detection function. The ‘Parameter
Estimates’ window (1) shows samples, the AIC-selected top model, and quantitative output from this
model. The ‘Plot: Detection Probability’ windows displays frequency data (blue) and the estimated
detection function (2), and the ‘Chi-sq GOF Test’ window (3) contains the associated x2 goodness-of-fit

test. For un-binned data, the g-q plot (4) displays of goodness-of-fit.
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1 Select 'View|Project Browser'

2 Select 'Analyses’

3 Select desired analyses
using 'Contral+left-click’

. Distance - L=_2011 - [Project Browser]
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e Bl e se | g
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5 Right-click and select 'Analysis details' to view results for each analysis

Figure SOP 11.19. Selecting, executing, and viewing results from analyses for individual detection
function models. The ‘Delta AIC’ column gives differences in AIC values relative to the top model in the
set (i.e., identical data and binning strategy).
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Figure SOP 11.20. Exporting the Program DISTANCE results stats file for the selected detection function
model. After adding the path of the stats file to the ‘Model Definition’ for the analysis used to estimate the
selected detection function model, execute the analysis to generate the file.
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Figure SOP 11.21. Exporting a plot of a detection function from DISTANCE. The plot data are copied to
the clipboard and then pasted into a text file.
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17 # Plot the estimated detection function
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Figure SOP 11.22. Program R code used to produce an image of the estimated detection function and
associated frequency data. Red text indicates user-specified inputs.
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Table SOP 11.1. Data columns in input file of observation data for import to Program DISTANCE. Layer
and field names in the first two columns specify hierarchical data naming structure applied within
DISTANCE.

Program DISTANCE Input file

Field Repository field source

Column Layer name name Data type Field name or specified value

1 Region Label String REGION_LABEL GLBAyyyy?

2 Region Area Integer REGION_AREA 1

3 Line transect Label Integer TRANSECT_ID TRANSECT_ID

(Tbl_observation)

4 Line transect Area Integer TRANSECT_AREA 1

5 Observation  Radial Integer DISTANCE DISTANCE (Tbl_observation)
distance

6 Observation  Angle Integer ANGLE ANGLE (Tbl_observation)®

7 Observation  Size Integer GROUP_SIZE GROUP_SIZE

8 Observation  Species String SPECIES SPECIES (Tbl_observation)®

aSurvey year is specified by yyyy.
bAngle values recalculated as described at steps in A.3.f in the ‘Data Import to DISTANCE’ section.
K’ = KIMU, “M” = MAMU, “U” = UNMU.

Table SOP 11.2. Pre-defined DISTANCE analyses used in exploratory analyses, estimation of a
detection function, and estimation of group size.

Analysis set Analysis name Right- bins Data filter Model definition
truncation
Exploratory  Untruncated N N Untruncated 4 models AlC-selected
Exploratory  Truncated Y N  Truncated 4 models AIC-selected
Exploratory  Truncated with bins A Y Y  Truncated bins A 4 models AIC-selected
Estimation 4 models AIC selection Y Y  Truncated bins A 4 models AIC-selected
Estimation Top Model Export Stats Y Y Truncated bins A Top model export stats
Estimation Half-normal+Cosine Y Y Truncated bins A Half-normal+Cosine
Estimation Half-normal+Hermite Y Y Truncated bins A Half-normal+Hermite
polynomial polynomial
Estimation Hazard+Cosine Y Y Truncated bins A Hazard+Cosine
Estimation Hazard+Simple polynomial Y Y Truncated bins A Hazard+Simple polynomial
Estimation Half-normal Y Y Truncated bins A Half-normal
Estimation Hazard Y Y Truncated bins A Hazard
Estimation Top Model Export Stats Status Y Y Truncated bins A Top model export stats
Status
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Table SOP 11.3. Key to codes for specification of output related to estimated detection functions and
group size from the DISTANCE results files (e.g., “DFstats_yyyy.txt” and “DFstats_yyyy.csv”) . Output
content in each row is coded by values in the 4t and 5t columns.

ID code values by column Values from file
Output Col1 Col2 Col4 Col5 Col6? Col 7° Col 10¢ SEP
Right-truncation distance 0 0 1 6 value
Detection probability within - 0 2 5 estimate  CV df col6-col?
right-truncation distance
Effective strip width 0 0 2 6 estimate CV df col6-col7
Key function 0 0 2 13 integerd
Series expansion 0 0 2 14 integere
# key function parameters 0 0 2 15 value
# series expansion parameters Q 0 2 16 value
Parameter estimates for 0 0 2 101... estimate CV of col6-col7

detection function
Parameter estimate for

: integer’  Y/N$ 3 1 estimate CV df col6-col7
average group size
P—value.for group size integer’ 0 3 3 value
regression
Parameter estimate for
expected group size from integer’  Y/N¢ 3 4 estimate CV df col6-col7
regression

aAll are floating point numeric, except those specified as integer.

bFloating point numeric

Integer

41 = uniform, 2 = half-normal, 3 = negative exponential, 4 = hazard rate

0 = no series expansion 1 = simple polynomial, 2 = Hermite polynomial, 3 = cosine
f1 = KIMU, 2 = MAMU, 3 = UNMU

9Y = estimate selected for density/abundance analyses, N = estimate not selected for
density/abundance analyses. Column 2 is manually edited by the Project Leader (see step A.3 in the
‘Estimating Group Size Using DISTANCE’ section for additional detail).
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Appendix SOP 11.A: R code for plotting detection functions

# Detection function plot output - R statistical computing environment code

# KAk xkkkkxkkxkdkxkkxxk*x X ¥ *XBEGIN USER INPUT****xkkxkhkkkxkhkkhkhkrkhkkrkhxrkrkhxk

# User-defined inputs

# Specify full file path for .txt file with detection function data that has been
output from Program DISTANCE.

# *NOTE*: R uses '/' instead of "\" to specify file paths.

path <- c("\\inpglbafs03\data\SEAN data\Work zone\KM\KM J\yyyy\DFplot yyyy.txt")
# Specific x and y labels for the plot

xlabel <- c("Perpendicular distance (m)")

ylabel <- c("Detection probability")

# Path and name for graphic output of the plot

outpath <-

c ("\\inpglbafs03\data\SEAN data\Work zone\KM\KM J\yyyy\DFplot yyyy.png")

# Ak rkkhkkkxkhkxkhkkkxkxkx*x*END USER INPUT* * *Fkkxkhkkrkhkrkrkhrkhrkrkhrkrkhxkrx

# Read the text file

DFplot<-read.table (path, header=T, sep="\t", dec=".")

# Plot the estimated detection function

plot (DFplot$Cl, DFplot$C2, type="1", 1lwd=2.5, ylim=c (0,max (DFplot$C4)),
xlab=xlabel, ylab=ylabel, cex.axis=1.2, cex.lab=1.3)

# Add the frequency distribution histogram
lines(c(0,0), c(DFplot$C3[1], DFplots$C4[1]))
lines (DFplot$C3, DFplot$C4)

# Save contents of current graph window as image in .png file format using the
"png" argument

# Other available formats include jpeg ("jpeg"), bitmap ("bmp"), etc.

dev.copy (png, outpath)

dev.off ()
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