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Chapter 1: Introduction

With the advances in tagging technology, it is now possible to create much
more complex mark-recapture models than in the past. Tagging studies are
being conducted in which populations diverge on different paths and sometimes
merge again to the same path. Estimating survival-related parameters for these

studies requires much more complex models than before.

Program Branch was written to allow users to define custom models
graphically and to estimate survival-related parameters without having to
manually code the likelihood equation. The diagram, along with the
corresponding observed data, is then used to estimate the parameters of

interest.

A sample model with data and estimates is included in Program Branch to
help a new user explore the capabilities of the program. Simply click the Help
menu and then click on” View Sample” to load the sample model. Note that the

“View Sample” button is only available if there is not currently an active model



Chapter 2: Using Program

Branch

Figure 1 shows Program Branch at startup; the detail on the left shows the tabs

for the three main working areas of Program Branch.

-y
N Changram

Estimate Parameters F&d Data | Diagram Model

Figure 1. Program Branch at startup with the three selectable tabs shown in
detail.



They are:

1. Diagram Model, where the model is graphically created by the user. This

is the tab that is active when Program Branch is started.

2. Load Data is used to load data for estimating the parameters. This is

done after the model has been created in the Diagram Model tab.

3. Estimate Parameters provides the tools for estimating the model
parameters after the model has been defined (Diagram Model tab) and the
data has been loaded (Load Data tab).

2.1 View the Log File

Program Branch outputs important system information and error messages
to a log file, indicating the severity level of the errors as well. The user may view

the log file at any time by selecting “View Log” from the “Log” menu.



Chapter 3: Diagram Model

The Diagram Model tab, active when Program Branch is started, allows the

user to define the model. There are two main components of the Diagram Model

Tab: The canvas on the right that shows a graphic representation of the model,

and the Model Design Shapes area on the left that contains the components for

designing a model as shown in Figure 2.

®

-

Stretch

&+

Gate

Fork

-
LA

Model Design Shapes

2]

Release Unassigned Connector

Connecter Connector

e

Dual-gate Connector

Merge Connector

=H

Endgate Dual Endgate

Click on a shape to add to diagram

[ Add Release Group ]

[

Change Title ]

|View Likelihood Equation

iree iy

Figure 2. Program Branch at start up with the model design shapes shown

in detail.



Notice that some of the shapes have a red “X” through them. This indicates
that the shape is unavailable in the current context. The shapes that are currently

“X”-ed out will become accessible in the appropriate context.
The shapes available for building a model are as follows:

¢ Release defines a release point. This is a place where individuals are

introduced into the model. Releases are names “R.n” by default, where “n

is a counting number.

e Stretch designates a length of time or space for which survival will be

estimated. Stretches are named “S.n” by default.

e Fork is a place where individuals can go in one of two paths (in time or
space).

e Merge is used to bring two different paths together.

e Gate indicates a detection point where the probability of detection will be

estimated. Gates are named “G.n” by default.

e Dual-gate indicates a detection point consisting of two arrays, allowing for
independent estimation of the detection probability, named “D.n” by
default.

e Endgate is a gate at the end of a path, named “E.n” by default.

o Dual Endgate is a dual gate at the end of the path, named “H.n” by
default.

e Unassigned, named “?.n”, is a placeholder for a place where the user has
yet to assign a model shape. This is the one component that appears

when the user creates a new model.

e The connectors do not introduce any parameters into the model, but
simply allow the user to add spacing to keep the diagram uncluttered and

connected.

For a model to be estimable, all paths must end with either an endgate or dual

endgate.



Below the Model Design Shapes are three buttons:

e Add Release Group allows the user to create another release group and

a path that is parallel to the initial one.

e Change Title is used to change the name of the current model that
appears at the top of the diagram. The default at startup is “New
Diagram.”

e View Likelihood Equation is used to view the likelihood equation text
that is generated by the current diagram. Program Branch uses the
computational engine of Program USER to perform the actual parameter
estimation. The format of the likelihood equation is described in Program

USER user’'s manual found at on the Program USER webpage.

Figure 3 shows a hypothetical study that we will model to illustrate how to
create a model in Program Branch. The study consists of a single release of
individuals (R) that travel a common path, then diverge into two paths, and then

merge into one path again.

Pe
Se

I
Ss [ ss
Pa

Figure 3. Hypothetical study design to illustrate modeling in Program

Branch.


http://www.cbr.washington.edu/analysis/apps/user

e The S; symbols represent a survival probability for an interval of time or

space. These stretches will be modeled using the Stretch shape

e The vertical bars represent detection arrays, and the P;’s are the detection

probabilities for the arrays. These will be modeled using the Gate shape.

e The final double-bar represents a double-array—two arrays close enough
together that there is essentially no mortality between them. This allows
an independent estimate of detection probability without the need for
subsequent detections. The double-array will be modeled using the Dual
Endgate shape. Note that there is also an Endgate shape that will not be
used in this example that represents a double-array that is not the final

detection point in a path.

e The probability of taking the upper path of the fork is represented by
gamma (y); hence the probability of taking the lower pathis 1 —y.

Note that these parameters are not separately estimable; only combinations of

the parameters are estimable, as will be explained in Chapter 5.

3.1 Creating the Diagram

Figure 4 shows the model diagram at startup and when a new model is
created. Every new model diagram starts with a Release (“R.1”) followed by an
Unassigned (“?.2”). The Unassigned is surrounded by a blue box, indicating that
it is the currently selected shape. When the user selects a shape from the table

of available shapes on the left side, it replaces the currently selected shape.



New Diagram
Model Design Shapes 9

Release Unassigned Connector

—

Stretch  Connector Connector

o= o4

Gate Dual-gate Connector

Fork Merge Connector

= =

Endgate Dual Endgate

Click on g shape to add to diagram

[ Add Release Group |

[ Change Title |

- E -~ L ——

Figure 4. The diagram for starting a new model.

The user clicks on the Stretch shape to represent the initial interval (S1 in
Figure 3). The diagram now appears as in Figure 5—the added Stretch shape is
labeled S.2, and a new Unassigned shape (“?.3”) is added and is currently

selected.



Model Design Shapes

-’—IE-ase UnasS|gned

+ b

Gate Dual-gate

Fork Merge

— =

Endgate Dual Endgate

Click on a shape to add to diagram

Conmector

Connector

Connector

Connector

[ Add Release Group |

[ Change Title |

Figure 5. The diagram after adding a Stretch Shape.

Figure 6 shows the diagram after a Fork has been added. There are now
two unassigned shapes, one at the end of each path after the Fork. The bottom
Unassigned shape is the one currently selected (as indicated by the blue box),
and the user can now add shapes to the bottom fork. To add shapes to the top

fork the user must click on “?.4” to select it, and then begin adding shapes from

there.

New Diagram

5.2

2.3




been completed. The two detection arrays on the upper path from Figure 3 are

represented by the gates labeled G.9 and G.11. Similarly, the one detection array

Model Design Shapes

Release Unassigned Connector

—

Stretch  Connector Connector

bl

Gate Dual-gate  Connector

FQ Merge Connector

— =

Endgate Dual Endgate

Click on a shape to add to diagram

[ Add Release Group |

[ Change Title |

|View Likelihood Equation|

New Diagram

7.4

7.5

Figure 6. The diagram after a Fork has been added.

Figure 7 shows the diagram after both the upper path and lower path have

on the lower path is represented by the gate labeled G.6.

Model Design Shapes

®

Release

_

Stretch

=

Gate

Fork

—

Endgate

Click on a shape to add to diagram

Add Release Group |
Change Title |

Figure 7. Diagram after completing both forks corresponding to Figure 3.

Unassigned Connector
Connector Connector
Dual-gate Connector

Merge Connector

Dual Endgate

New Diagram

O

§.10

212

5.7
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The user now wants to merge the two paths into one by adding a Merge
shape. For this to work, however, they need to be of the same length. This can

be done by adding a straight connector to the bottom path as shown in Figure 8.

New Diagram
Model Design Shapes 9

|

Release Unassigned Connector

54 éb 5.10 6l 212

) —] Ly

Stretch |Connector| Connector

Gate Dual-gate  Connector

55 G.6 5.7 2.13

Fork Merge Connector

— =i

Endgate Dual Endgate

Click on a shape to add to diagram

Add Release Group |
Change Title |

Figure 8. Diagram after adding straight connector to make both paths the

same length.

The user can now select the unassigned shape “?.12” and click on the

Merge shape to bring the two paths to one as shown in Figure 9.

New Di
Model Design Shapes ew Liagram

® |

Release Unassigned Connector

54 G 5.10 R
= !

Stretch  Connector  Connector
o 4k )

Gate Dual-gate Connector

5.5 G.B 5.7

Fork Merge Connector

—

Endgate Dual Endgate

Click on a shape to add te diagram

Add Release Group |
Change Title |

Figure 9. Diagram after adding the Merge shape.
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The user now completes the diagram by clicking on a Stretch and then the

“‘Dual Endgate” to complete the diagram as shown in Figure 10.

New Di
Model Design Shapes oW Diagram

Release Unassigned Con
5.4 G. S.10 G111

—
Stretch  Connector  Connector

Gate  Dual-gate Connector

nector

5.5 G. 5.7

Fork Merge  Connector

Endgate Dual Endgate

Click on a shape to add to diagram

Add Release Group ‘
Change Title ‘

Figure 10. Completed diagram representing the model from Figure 3.

3.2 Using Connectors

The available shapes in Program Branch include five that are labeled
“Connector.” These do not add any parameters to the model but are included to aid in
creating the model diagram. There is one straight connector and four that are used to
move the path up or down to varying degrees. The previous section shows how to use a

straight connector to add length to a path.

In the example in Figure 11, the user tried to add a Fork at the currently
selected unassigned shape “?.9.” Since there was no room in the diagram for a fork at
the current location, the user got an error message saying “Change was not successful

probably due to positioning. Try a different location.”

12



Model Design Shapes

Release Unassigned Connector

-

Stretch  Connecter Connector
Gate Dual-gate  Connector

Fork Merge Connector

— =

Endgate Dual Endgate

Click on a shape to add to diagram

Add Release Group
Change Title

View Likelihood Eauation

New Diagram

o=

Changes not saved. Wl

s4 ) 66 )y s7 2.8

Change was not successful probably due to positioning. Try a different location.

Figure 11. Model Diagram after attempting to add a Fork where there is

insufficient room.

To remedy this situation, the user adds a downward connector as shown in Figure

12. The user can then add the desired fork as shown in Figure 13.

Model Design Shapes

2o

Release  Unassigned

-

Stretch  Connectol

==

Gate Dual-gate Connector

Fork Merge Connector

— =

Endgate Dual Endgate

Click on a shape to add to diagram

Add Release Group
Change Title
View Likelihood Equation

New Diagram

O

54 )) 6B ) 87 2.8

2.10

Figure 12. Model Diagram after adding a downward connector.
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Model Design Shapes

Release Unassigned Connector

pI—

Stretch  Connector  Connector

=

Dual-gate Connector

%

i

Endgate Dual Endgate

Click on a shape to add to diagram

Fork Merge Connector

Add Release Group ‘
Change Title ‘

New Diagram

O

s4a > ab » s3 2.8
211

) S5 )
2.12

Figure 13. Model Diagram after adding Fork.

3.3 Connecting Components

There may be cases where there is a need to connect one component to

another to connect two parts of a path, but it's not possible to use the usual

connectors due to the layout of the diagram. Figure 14 shows a somewhat

contrived example where the user wants to join the path form “?.21” to “?.9.” To

do so, the lower path from “S.2” needs to be crossed.

Model Design Shapes

Release  Unassigned

X3

Stretch Connector
Gate  Dual-gate
Fork Merge

= =

Endpoint Dual Endpoint

Click on a shape to add to diagram

Connector

Connector

Connector

Connector

Add Release Group ‘
Change Title ‘
View Likelihood Equation|

New Diagram

5.4

5.7

O

7
5.20 221

) s.0 g

e

5

516 ) G:1.:

3 ) s14 J) @

S

Figure 14. Example where a connector is needed.
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In order to make the connection, right-click on “?.21, and Select “Connect

Component...” and the “Connect to ?.9” as shown in Figure 15. If there were

more than one available pathway, they would all be shown in the menu. After

making the connection, the diagram appears as in Figure 16.

New Diagram

O=

> 5.10 G[15 5.16 G117 5.18

5.12

3 %) s14 ) g

[
5]

5.23 G124 5.25

5.20 ?
| Connect Component.. » ‘

Connect[% 29 I

[ Connect the current component to this component

Figure 15. Making a connection.

New Diagram

5.4

O=

> s5.10 G|15 S.16 Gi17 5.18 ,

o

5 )y s1a ) 6dz 5.23 G4 525 ),

Figure 16. Connection made to another component.
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Note that this type of connection can only be made between an unassigned

upstream component and an unassigned downstream component.

3.4 Selecting and Renaming Components

Figure 17 highlights the area in the lower-left area of Program Branch

where components can be selected and renamed. In this example the “G.5”

component has been selected under “Components,” causing the G.5 gate to be

selected on the diagram, and its information being displayed under “Selected

Component.” Notice that each component has both an ID and a Name. By

default, the name is the same as the ID.

Components

e

Selected Component

Id
R1
F.2
53
G
F6
57

R1
F.2
5.3
G5
F.6
57

Name

Id G5

Name G5

Type Gate

# Detections 0

Location X=280Y¥=176

Figure 17. Component Selection and Renaming area of Program Branch.

The user can change the name in order to make the diagram more

readable by editing the “Name” field under “Selected Component” as shown in

Figure 18. The new name now appears on the diagram as shown in Figure 19.

Component names cannot contain spaces. Be aware that all path probabilities

16



and area probabilities (described below) will use the original ID—not the user-

defined name.

Compaonents Selected Component
Id Name : Id G.9
R1 R1 5 Mame upper_array
F2 F2 Type Gate
53 53 # Detections 0
G.5  upper_array Location X=280 Y=176
Fe F&
57 57 -

Figure 18. Changing the name of a Gate component from G.5 to

“upper_array.”

New Diagram

|
5.3 ;Ippei'_ arra;

s8 )y Gi1 )

Figure 19. Diagram with the name of a component changed.

17



3.5 Other Diagram Editing and Viewing Commands

Undo Command: There is an “Undo” menu item that allows the user to

undo the last command.

Remove Selection Box: The “Remove Selection Box” menu item
removes the blue selection box from the diagram. This is useful for screen
captures when you don’t want the selection box on the diagram. Once the

user clicks on the diagram again, the selection box reappears.

Change the viewport: For large diagrams that do not fit on the screen,
the user can change the portion currently visible using the “Overview” box
in the lower right. Simply use the mouse to drag the yellow area to cover
the area you wish to view. Alternatively, the user may drag the diagram

directly using the mouse.

Zoom in and out: Use the mouse wheel to make the diagram larger and

smaller.

Centering the diagram: The diagram can be centered around a desired

point by double-clicking on the point.

A user can move a component by right-clicking on it and selecting “Remove

component” as show in Figure 20.

18



s10 ) ed1 )

ekl N

m‘%_ Remove Component

T

Figure 20. Removing a Component.

3.6 Path Probabilities

When a user selects either a release or a gate on the model diagram, a
“Path Probabilities” area appears at the bottom as shown in Figure 21. The Path
Probabilities area shows the probabilities for all paths to and from consecutive
releases and gates that start or end at the selected gate or release and are
detected at the end gate. For gate G.15 in Figure 21, there are probabilities for
three paths: (1) G.8 to G.15, (2) G.10 to G.15, and (3) G.15 to E.17.

19



Help
New Diagram

S4 G110

O

5.16 E17

5.5 G

Selected Component
d G5
Name G5
Type Gate

Path Probabilities
G8->G15, S14*P15
G10->G15, 5117514715
G15->E17, 5167 P17

Location X=760 V=108

Path Probabilities

G8-->G.15, S_14*P_15
G.10-->G15, S_11%5_14*P_15
G15-->E17, S_16*P_17

Figure 21. “Path Probabilities” area displayed for the selected gate G.15.

All path probabilities are expressed in terms of the following:

e S_n: The probability of survival from the start of Stretch S.n to the end

of the stretch,

e P_n: The probability of detection at gate G.n (or E.n),

e gamma_n: The probability of taking the top-most path of a fork. The

probability of taking the corresponding bottom path is 1 — gamma_n.

Note that these probabilities are not separately estimable; only the combinations

of these parameters are estimable as will be explained below in Chapter 5.

For example, in Figure 21, the probability of the path labeled “2” is
S 11*S_14*P_15, that is the probability of surviving stretches S.11 and S.14,

and then being detected at G.15.

In Figure 22, the gate G.6 is selected, and there are two path probabilities:
(1) R.1to G.6, and (2) G.6 to G.8. For the path R.1 to G.6, the probability is

20



S_2*(1-gamma_3)*S_5*P_6, which is the probability of surviving the stretch S.2
(S_2) times the probability of taking the bottom path of the fork (1 — gamma_3)

times the probability of surviving the stretch S.5 (S_5) times the probability of
being detected at G.6 (P_6).

New Diagram

5.4 G{10 5.11

)
o \ 55 G.6 5.7 G.B

Selected Compeonent Path Probabilities

Id G6 R1-->G6, 52*(l-gamma3)*55*P6
N 66 G6-->G8 S7"PE

Type Gate

Location X=360 ¥=176

Figure 22. Path Probabilities that include the “gamm a” probability at a
fork.
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Chapter 4: Load Data

Figure 23 shows the completed diagram representing the model from
Figure 3. This chapter will demonstrate loading data for the model into Program
Branch.

. New Diagram
Model Design Shapes
Release Unassigned Connector
5.4 G.p 5.10 G{11
—1
Stretch  Connector Connector
Gate  Dual-gate Connector
S.5 G.6 5.7
Fork Merge  Connector

Endgate Dual Endgate

Click on a shape to add to diagram

Add Release Group
Change Title
View Likelihood Equation

Figure 23. Example model diagram to illustrate loading data into Program
Branch.

The user clicks on the “Load Data” tab (Figure 24) to load data.
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File Log Remave Selection Box Help

Upstream/Downstream Gate  Detections Count

Detection History

= R10 0

E Data can be loaded from file as a series of R1GO 0

g‘ detecticn events (detection history) or as ==

2| accumulated counts of detections at R1GH 0

~ individual nodes (bin counts). R1G11 0

":f Alternatively bin counts can be manually R1H14 0

= entered. Mote that sufficient statistics cannot T

2 be calculated if no detection history is G60 0

= avalailable. G.6 H.14 ]
Source for Detection Counts? G20 0

@) Load events from detection histories Marik Location Time

=

| Estimate Parameters

-0OR-

Load summarized bin counts from file

-OR-

! Manually enter summarized bin counts

Figure 24. Left portion of the Load Data page of Program Branch.

Program Branch allows data to be loaded in three ways: (1) Load events
from detection histories, (2) load summarized bin counts, or (3) manually enter
summarized bin counts. When the user selects either “Load events from
detection histories” or “Load summarized bin counts from file,” they will be
prompted to select the appropriate input file. If “Manually enter summarized bin
counts” is selected, the user will be presented with a form for manually entering

the bin counts.

4.1 Detection Histories File

The detection histories file is a Comma-Separated-Value (CSV) file. There
is record for each detection event, and four columns: (1) release location, (2)

detection time, (3) tag ID, and (4) detection gate.
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Figure 25 shows the top portion of a detection histories file for the example
of Figure 23. The release location has to correspond to one of the releases in the
model—“R.1” in this case. The detection time is optional. The detection gate field
must be one of the gates from the diagram, or “0” (zero) indicating no detection.
In this example, the first three tags, released from “R.1,” were never detected
again after release. The tag on line 5 was detected once at “G.9.” The tag in lines
10 and 11 was detected first at “G.9” and later at “G.11.”

For dual gates, a detection at the first gate but not at the second is
indicated by appending “__a” (two underscores followed by “a”) to the gate
name. Likewise, a detection at the second gate is indicated with “__b”, and a
detection at both gates by “__ab”. In the example in Figure 25, the tag on line 12
was detected only at the first gate of “H.14"—similarly with the tags at lines 14
and 16.

A B C D E F
1 |release datetime tag gate
2 R1 3ps.1cac80ccc2 c')‘___....-—-—- These tags were not detected
3 R1 309.1C2CBOCFI9 0 after release
4 R.1 309.1C2CBODIFA 0
5 |R.1 5/21/2011 19:40 3D3.1C2CBODSE7 G.9
5 |R.1 3D9.1C2CB0DEAL 0 Detected once at gate G.9
7 R1 309.1C2CBODA1S 0
8 R.1 309.1C2CBODA2D 0
9 R.1 11/17/2010 17:53 3D9.1C2CBODB02 G.6
10 |R.1 9/4/2010 22:16 3D9.1C2CBODCSC G.9 Ap———— etected at G.9 and later at G.11
11 R.1 9/5/2010 8:05 3D3.1C2CBODCSC G.11
12 |R.1 3D03.1C2CBOFDCA H.14_a e Detected at H.14's first gate only
13 R.1 10/14/2010 19:55 309.1C2CB10645 0
14 |R.1 3D9.1C2CB11242 H.14__ab % Detected at H.14. both the
15 R.1 3D3.1C2CB11288 0 first gate and the second gate
16 |R.1 309.1C2CB112F9 H.14_b
17 |R.1 3D9.1C2CB11358 01\ Detected at H.14's second gate
18 [R.1 309.1C2CB17303 0 only
19 [R.1 309.1C2CB1773C 0
20 |R.1 309.1C2CB1778E 0
0

21 |R.1 3D9.1C2CB17CCY

Figure 25. An example of a detection histories file shown in Microsoft Excel
(2013).
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4.2 Bin Counts File

A bin counts file is a text file. An example corresponding to the model in
Figure 23 is shown in Figure 26. Each bin consists of a starting point (a release
or gate) and a next detection point (gate). Each bin is followed by a colon (“:”
and then the number of counts for the bin. All possible bins (all releases and
gates with all possible next detection sites) must be included in the bin counts
file, even if the count is zero. The counts for a bin include all tags that were

released/detected at the starting point and next detected at the end point.

R.1 0 : 200 0 M= 00 of the tags released at R.1 were

- =0 never seen again
R.1 H.14 : &0
.3 0 : 20 60 of the tags release at R.1 were
c.9 5.11 : 100 next detected at H.14 (at either one ar
G.2 H.14 : 30 both of the two arrays)
G.11 0 : 75
G.11 H.14 : 125
G

.6 0 @ 25

= (Of the 265 tags detected at H.14,
100 were detected only at the first
array, 100 only at the second array,
and 65 at both arrays

Figure 26. Bin counts file corresponding to the model in Figure 23.

For a dual gate (H.14 in this example), total detections are counted
irrespective of which of the dual gates. There are then separate entries indicating
which detections were at the first gate only, the second gate only, or both. For
example, in Figure 26, 60 of the tags released from R.1 were next detected at
one or both of the arrays at H.14; at the bottom are three lines indicating at which

arrays the 265 tags at H.14 were detected.
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4.3 Manually Entered Bin Counts

If the user selects to manually enter the summarized bin counts, a button
will appear for entering the bin counts, that when pressed, will present an entry
form as shown in Figure 27. The bins are defined as described in the previous
section. The user can simply tab down or click in the Detections Count column on

the right to enter the counts.

/% Bin Counts | = | = ﬁ]

Review/Edit Bin Counts for Detection History

Upstream/Downstream Gate Detections Count

R10
R1G.9
R1G.6
R.1G11
R.1H14
G60
G.6 H14
G590
G9G11
G99 H14
G110
G11H.14
H.14_a
Hl4 b
H.14_ab

Lo Y e T e e T e T e T s o e T e T e Y e Y o Y o Y e}

*Count- The number of upstream gate detections that were also s2en at the downstream gate

*Mote- A 0" downstream gate means not seen st any downstream gate.

Cancel Save

L.

Figure 27. Form for manually entering summarized bin counts.
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4.4 Sufficient Statistics

After the data has been loaded into Program Branch, the user may click on
any gate on the model diagram to view the sufficient statistics at the bottom, as
demonstrated with the sample model in Figure 28. For a knowledgeable user,
this can be an aid in determining which parameters are estimable and which are
not. Note that all sufficient statistics are available only when the data are loaded
from detection histories; if loaded from bin counts, only the number detected at

the selected gate (a;) is available.

New Diagram
) $.16 r‘)_.vcrf:u
T
.01 )Wl 2010
r .2
a1054  petifblassy Sul14MSS
- e et -
J %8 JxHUoe) ¥ sa1 )
' == 00064817
@ 5"-‘:‘_-}
S=0111745 [ peodkbross sson0anas
5 52 ) wiol) sa7 )
y L Paoiad S
peORbiiL) sal 0400
et 1 vl e
SR sa2 )
G4 Em‘o:@-'mﬁ'-'- ﬂ:?w;—!_ﬂ‘l_ﬁ' M s 265 s #of detecton 8 Gatey
e 8 O 11, 12°F 14 4
MR 2012 MWE_2001--MCN 0L, 5,177 P19 B e e e
Gate o0 g0 n ¥ of dletections Wes Gt
M3 ol T o et
a0 Ya 280 4 V= oy e

ra
Sufficient Statistics
a 265 aj = # of detections at Gatej

bj 35 bj = # of detections at Gatej and later
gi 904 gi = # of detections after Gatej
zi = # of "in route” upstream/
zy - downstream detections not detected
at Gatej

Figure 28. Sample model diagram with sufficient statistics for the selected

gate highlighted.
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Chapter 5: Estimate

Parameters

Once the model has been defined and the data entered, the user can click
on the “Calculate Model Parameters” tab to estimate the model parameters.

Figure 29 shows the left portion of the “Estimate Parameters” tab.
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Survival Summary Statistics
(Optional)

Right click on a gate to mark it as either the
beginning (left boundary) or the end (nght
boundary) of a pathway for which to
calculate summary survival statishics.

Release points can also be used as the left
boundary of a pathway.

End gates are not valid endpeints (Right
boundary).
Pathways

Title Estimate SE ‘

Mew

‘Estlmate Parameters (Load Data | Diagram Model

‘| m R

Selected Pathway
Title Mew
Status Invalid

(] Allow Unbalanced Paths

Equation:

[ Clear H Mew H Delete H Copy ]

Parameter Estimation

Calculate Model Parameters:

Figure 29. Left portion of the Estimate Parameters tab.

5.1 Calculate Model Parameters

The Calculate Model Parameters button (shown at bottom on Figure 29)

brings up the Estimation Dialog shown in Figure 30.
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B Parameter Estimation

Parameter Estimation
1. Select optimizer and supply optimizer specific options.

3. Enter any convenience functions.
4. Review parameter expressions

5. Run parameter estimation

6. Review results summary

Status

Done ‘

o]

ptions | Resulis |

Convenience Functions Parameter Expressions

2. Supply parameter seeds and select confidence intervals.

Optimizer Parameter Seeds and Confidence Intervals

General:

Use previous estimates as new seeds.

Calculate covariance matrix.

Parameter Likelihood Estimation Precisions
@ Use the default parameter likelihood estimation precision

) Use a custom value: 0.1

Optimizer:

") Powell's Direction Set
@ Fletch Quasi-Newton
Downhill Simplex

Chain Simplex/Fletch/Fletch (Recommended)

Fletch Quasi-Newton Options

Maximum iterations: 200
Precision: le-06
Proportional step size: le-06
Reset | l Defaults | l Load... |[ Save As...

Figure 30. Estimation Dialog.

The optimization options available on this dialog are explained in the

Program USER manual, found on the USER page of the Columbia Basin

Research website.. For most cases, the user can accept the defaults and press

the “Run” button on the lower right.

If the estimation completes successfully, the results tab is shown with two

tabs beneath it: a “Summary” tab and a “Details” tab.

Figure 31 shows the Summary tab with a USER-style Estimation Summary

Report.

30



http://www.cbr.washington.edu/analysis/apps/user
http://www.cbr.washington.edu/analysis/apps/user

Options | Results |

: Summar}rH Details |

b 3
s 3
(R

Estimation Summary Report (Fletch Pass 1 of 1)

Monday, December 21, 2015 1:44:41 PM

Lkaike Information Critericmn (AIC) 75.2268
Log-likelihood -27.68134
First Seen At R.1 -11.8546
Given Detecticn At G.& -2.32953
Given Detecticn At G.9 -4, 84083
Given Detecticn At G.11 -2.54404
RBuxiliary H.14 -5.74301
Dimension of the Minimum Sufficient Statistic 140
Number of parameters 140

Categories and Corresponding Counts by Likelihood

"First 5Jeen At R.1"
Total cbhserwved counts: 533

Category|Counts|Category|Counts|Category(Counts
B.1 0 200(R.1 G.11 S50/R.1 G.6 75
R.l G.9 150R.1 H.14 &l

"Given Detection At G.&"
Total chaserved counts: 75

Category|Counts|(Category|/Counts Cat.egoryl(:ounts
.6 0 25|G.6 H.14 a0

"Given Detection At .87
Total cbhserwved counts: 150

Category|Counts|Category|Counts|Category(Counts
G.9 0 2016.9 &.11 100[5.9 H.14 30

"Given Detecticn At G.117

..-"'""—_
’Qiri | | saves.

Figure 31. Estimation Summary Report.

This report can be printed using the “Print” button or saved at an HTML
report using the “Save As...” button (circled at bottom). Figure 32 shows the
Details tab which gives the parameter estimates. These may be copied to the
system clipboard (“Copy to Clipboard” button) or saved a CSV file (“Save to
CSV’” button).
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Options Results

Summa Details
| Observed/Expected | Covariance Matrix | Correlation Matrix
Parameter Estimates | Likelihood Estimates | Convenience Functions
Parameter Estimates
Parameter Estimate 5.e.
phil 0420561 00255345
P g 0.666667 0.0384898
phi2 0.266355 00286217
P 6 0.526316 0.0593463
phi3 1.0537 0.110167
Pa_14 0393939 0.0380391
Pb_14 0.392939 00380387
phid 0.986667 0.0409255
P11 0.675676 00471696
phis 0.987845 0.0841975
..--""""-_-__—
Copy to Clipboard | | Save Ascsv |

Figure 32. Estimation Details Report.

As stated previously, the individual survival, detection and branching

probabilities are not separately estimable. Instead, Program Branch estimates

composite parameters as follows:

The Greek letter phi () represents the probability of selecting a particular

branch in the pathway and surviving one or more stretches and branching.

“s” represents the probability of surviving a stretch (with no branching

involved),

“o "

p” represents the probability of being detected at a gate,

The Greek letter lambda (1) represents the probability of surviving to and

being detected at an end gate.

Once the user exits the Estimation Dialog by pressing “Done,” the

parameter estimates are displayed on the model diagram, as shown in Figure 33
(note that the A estimates are not shown). In this example, the probability of

surviving S.2, taking the upper branch, surviving S.4, and being detected at S.4
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is 0.4206 (circled in red); the probability of being detected at G.6 is 0.5263

(circled in blue).

New [Cragram

oo mses e 0dhost s:ﬂ.m.rﬁ,.-
3 54 oy ab ) sio )

SeSETAIS |
D813 ) H14
&=0.256355 =nz@ !

B ss 0 ab ) Js7

—els
-

|‘ ©=0420561) p=0.66667 s=0.086667 p=067E6T6

) s4 )) Gb ) s10 )) G

H
[

©=0266355 (p=052F316)
> S5 ) @6 ) ST )

Figure 33. Model Diagram with parameter estimates shown (close-up view

in box).

The standard errors can be observed by holding the mouse over an estimate as

shown in Figure 34.
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p=0.866667 s=0986667 p=0.8/E57%

Standard E:mr=ﬁ;;553:151 >> G >

©=0.266355 p=0.52F316

> S5 )y GB )y ST )

Figure 34. Parameter Estimates with standard error shown.

5.2 Define Pathways for Estimation

Program Branch allows the user to define pathways for survival estimation
on the Estimate Parameters tab. For example, if the user is interested in survival

from release to the final detection site he or she would proceed as follows:

1. Right-click on R.1 and select “Mark Left Boundary” as shown in Figure
35. R.1 will now be highlighted in green.

New Diagram

©=0420561 p:U.Gk'éE? s=0.986667 p=0.07p676

s4 )) Gb )) s10 ) Gin )

5=0987845
m Mark Left Boundary 5.13 > H.14
@ Vork Right Boundary (0-0266355 p=032F316

of- Clear Boundan s5 )) 6k )) s7 )

Figure 35. Mark the left boundary of a pathway of interest.
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2. Right-click on H.14 and select “Mark Right Boundary” as shown in
Figure 36. H.14 will now be highlighted in red. All gates and stretches

between the two endpoints will now be highlighted in yellow.

New Diagram

©=0420561 p=066p667 s=0.986667 p=0.675676

S.4 Ge S.10 Gl11

5=0.987845

©=0.266355 p=0.52p316 —

T
[

5.5 G.p 5.7

2@

Mark Right Boundary ‘

Figure 36. Mark the right boundary of a pathway of interest.

3. In the left pane, under “Selected Pathway,” change the name from
“‘New” to something meaningful, such as “R.1 to H.14” as shown in
Figure 37.

Survival Summary Statistics New Diagram
(Optional)

Right click on a gate to mark it as either the
beginning (Ieft boundary) or the end (right
boundary) of a pathway for which to

calculate summary survival statistics, 5.4 g.p 5.10 Gl11

©=0420561 p=0.856667 s=0.986667 p=0.57p676

Load Data | Diagram Model

Release points can also be used as the left

boundary of a pathway.
End gates are not valid endpoints (Right E
E boundary).
S Pathways

Title Estimate SE ‘ ©=0.266355 p=0.5PH316

E New 5.5 9.6 5.7

inced Paths

Equation:

Figure 37. Changing the name of a pathway.

Note that we were able to select the final gate (H.14) as a right boundary
because it is a dual-gate array, allowing us to estimate survival separately from

detection; if the end gate had been a single-array gate, we would only be able to
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estimate the product of survival and detection (1), and Program Branch would

not have allowed it to be used as a right boundary of a pathway.

The user may define multiple pathways of interest. To define a new
pathway, click on the “New” button on the left and repeat the process described
above. In Figure 38, the user has defined a pathway with two right boundaries,
G.9 and G.6, and named the area “R.1 to first gate.” Note that multiple right

boundaries may be specified, but only one left boundary for a pathway.

New Diagram

Survival Summary Statistics
(Optional)

&
4]

inning (left boundary) or the end (right ©=0.420561
for which to

5=0986667 p=0.67p676

5.10 G|

ey

val statistics. s.4

o be used as the left

thway. I
e not valid endpoints (Right E
AlEmE——
| m-OZESBSS.
... al=

Title Estimate  SE
R1 to first gate
RltoH.14

S.5 5.7

Selected Pathway
Title R1 to first gate
Status Valid

[Z] Mllow Unbalanced Paths
Equation:
(5.2 * gamma_3* S_4)) + ((5.2* (1 -
gamma_2) * 5_3))

Clear || Mew || Delete || Copy |

Parameter Estimation

Figure 38. A pathway defined with multiple right boundaries.

To estimate the probabilities for the defined pathways, repeat the estimation
process by clicking on “Calculate Model Parameters” and proceed as described
above. The table on the left side will now be filled in with the estimates and
standard errors (“SE”) filled in as shown in Figure 39. The user can then use the
Copy button (circled) to copy the estimates to the clipboard to be copied into

another application such as a spreadsheet.
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Survival Summary Statistics New Diagram

3
i (Optional)
o
'@ Right click on a gate to mark it as either the
& | beginning (left boundary) or the end (right D=0420"
"= | boundary) of a pathway for which to
A | calculate summary survival statistics, E 54
E Release points can also be used as the left
= boundary of a pathway.
E End gates are not valid endpoints (Right E
E boundary).
;f Pathways
u Title Estimate ~ SE | ° @=0.266
£ Rl tofirst gate  0.68681 0.02643] E 5.5
= R1to H.14 0.690561 0.05573

| m | b |-

Selected Pathway
Title R1to H.14
Status Valid

[] Allow Unbalanced Paths
Equation:
((5_2 * gamma_3 * 5_4) * (5_10) * (5_13)) +
((5_2*(1 - gamma_3) *5_3) = (5_7 * 5_13))

[ Clear H MNew H Delete( -Copy ] )

Parameter Estimation

Figure 39. Estimates and standard errors for user-defined areas.

5.2.1 Defining an Unbalanced Pathway

In Figure 40, notice that it is possible for an individual from R.1 to survive but not
pass through the defined endpoint G.9 by following the path marked in blue. Note that
the status under “Selected Pathway” is listed as “Invalid” because of this. By default,
Program Branch will not estimate the survival probability in this pathway; if the user
wants estimates from an unbalanced pathway, the “Allow Unbalanced Paths” check box
must be checked before performing the estimation. When this is done, a warning is
issued saying that this could lead to invalid survival estimates; Program Branch will

estimate the joint probability of route selection and survival.
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Estimate Parameters [Load Data | Diagram Model

Survival Summary Statistics
(Optional)

Right click on a gate to mark it as either the
beginning (left boundary) ar the end [right
boundary) of a pathway far which to
calculate summary survival statistics.
Release points can also be used as the left
boundary of 2 pathway.
End gates are not valid endpoints (Right
boundary).
Pathways
Title. Estimate SE |°

New

Selected Pathway
Title New
Status Invalid

[T Allow Unbalanced Paths
Equation:
(5.2 *gamma_3*5 4)

New Diagram

5.10

Y 6

Figure 40. An “unbalanced” pathway defined.
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