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Abstract

This document is intended as a tutorial to assist the first users of the ADAPT software. The
ADAPTive Framework uses a non-linear least squares fit to calibrate a virtual population analysis
against independent indices of abundance. The tutorial is based on a data set mimicking a gadoid
stock having four indices of abundance exhibiting various anomalies (trends in catchability, year
effects, conflicting trends in indices). The tutorial outlines working procedures that would permit
a user to analyze the results using the various diagnostics available and to explore the impact of
various formulations of the estimation problem. It aims not only at showing how the software
works but also at establishing good working practices to analyze the results.

An adaptive framework — its origin

The ADAPTive framework, commonly called "ADAPT", was developed in the mid-1980s to allow the exploration
of various formulations for the calibration of virtual population analysis (VPA) against indices of stock
abundance. Earlier methods of calibration for VPA were sensitive to the value of the index for the most recent
years. ADAPT, like survivor analyses, was designed to reduce the sensitivity of the estimates of stock abundance
upon the most recent year of data. This is particularly important in situations where there is only one, or a few,
indices of abundance available. Another objective was to bring the estimation process within a statistical
framework that would allow for the estimation of the uncertainty (variance, bias) attached with the estimates of
stock abundance. For the estimation of unknown parameters and their associated uncertainty, an approach
based on non-linear least-squares was adopted.

Typically, in an ADAPT formulation, the unknown parameters are:

 the catchability coefficients at age for each index;

 the estimates of survivors at the end of the period covered by the catch data.

It is also possible to estimate the survivors after the oldest age covered by the catch data. However, most often,
the population abundance for the oldest age is calculated by relating the fishing mortality on the last age group
to the fishing mortality on younger ages. The recent version of ADAPT (Version 2.1) also allows the estimation
of natural mortality for specified blocks of ages and years.

A detailed illustration of an application of the population dynamics model behind ADAPT is provided in
Gavaris and Van Eeckhaute (1998), together with a description of the estimation procedure. The approaches
used to measure uncertainty are discussed in Gavaris (1991, 1993, 1999a) and Smith and Gavaris (1993). For
convenience, a description of the computational algorithms used by ADAPT are included as Annex 1. For this
tutorial we will be using Version 2.1 of the ADAPT software (Gavaris 1999b).
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Data set for tutorial

We will use the "blackfin" data, corresponding to data for a gadoid (saithe) stock with trends in the tuning data
for two of four fleets (C. Darby, CEFAS, Lowestoft, U.K., pers. comm.). This data set includes a number of
difficulties (e.g. conflicting trends in indices of abundance, poor consistency between consecutive estimates of
the cohorts, poor convergence of the VPA, sensitivity of results to model assumptions). The tutorial outlines
working procedures that would permit a user to analyze the results using the various diagnostics available and
to explore the impact of various formulations of the estimation problem. It aims not only at showing how the
software works but also at establishing good working practices to analyze the results.

Preparing your data using the spreadsheet template (ADAPT Template.xls)

There are two approaches to data input: 1) data could be copied from any Windows (Microsoft Corporation,
WA, USA) application, e.g. a spreadsheet, through the Windows Clipboard or they could be loaded from TAB-
delimited text files. In this tutorial, we will use the Clipboard to transfer your data from a spreadsheet to
ADAPT.

To assist in the preparation of your own data for using ADAPT, a template is provided in the spreadsheet
"ADAPT Template.xlIs". Essentially, the template provides placeholders for your input data. The template also
provides a means to display your data in a graphical form. In the template, placeholders for your data are
colored in light yellow. The template can also be used to transfer the results of ADAPT back to your spreadsheet
for displaying graphically or for further analysis. You do not have to use the template to prepare data for input
to ADAPT (any of your own spreadsheets will do). However, the template includes some data validation and
formatting, thereby reducing the possibility of erroneous entries. The template has been formatted to allow
easy copying between the spreadsheet and ADAPT.

If you use your own spreadsheet (instead of the template provided) to copy data to ADAPT, please note the
following:

Warning for matrices or arrays with blank entries:

In ADAPT, TABs are necessary to mark empty cells in matrices. When copying data
to the clipboard from an Excel spreadsheet (Microsoft Corporation, WA, USA), there
are situations where TABs are not generated and transferred via the clipboard. To
ensure that the TABS are created and transferred, format (e.g. to 2 decimals) the cells
containing your data before selecting and copying to the clipboard. Also, do not format
the numbers in the cells so that they could include separators, such as "," (e.g. to
delimit thousands). Note that in some computers installed with international keyboards,
the default format may include such separators or may use a comma to identify
decimals. In such cases, you should overwrite that default.

Alternatively, if you input data via text files, you should verify that your text editor
generates the necessary TABs.
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Data are to be input in individual sheets acting as placeholders for the following:

Sheet Data description Comments

LA landings

Cn Catch-at-age, in numbers

Cw catch weight-at-age

Sw stock weight-at-age Beginning of year weight-at-age for calculating biomass
MO maturity ogives For calculation of stock spawning biomass

NM natural mortality

TunX index X: effort and catch-at-age One sheet per index

[Note: sheet names have been selected to be consistent
with input files for the Lowestoft Tuning Package]

For this tutorial, data have been pre-assembled in the spreadsheet "ADAPT Tutorial — Estimation.xIs". Load
this spreadsheet now and inspect its content to gain some familiarity with its design. Only the sheets Cn,
catch-at-age in numbers, and TunX, index X, are required for input to ADAPT. The other sheets can be used to
generate summaries of assessment results. [Note: to assist you in completing the tutorial, the “completed”
spreadsheet is given in the file "ADAPT Template — Example.xIs".]

Landings (sheet LA):

This data sheet can be used to tabulate the landings (landed quantities in weight). Input your landing data in
this sheet as follows:

Cell Input

Bl Title for your project

B3 First year covered by your landing data
B7-B56 Landings in tons

The "landings" sheet is provided for your convenience as ADAPT does not typically require that input.

Catch-at-age, in numbers (sheet Cn):

This data sheet can be used to tabulate the catch-at-age information. Catches should be provided in numbers
(i.e. number of fish caught). Take note of the scaling factor used when entering your data (e.g. 1000 for
thousands). Input your catch-at-age data in this sheet as follows:

Cell Input

B3 First year covered in your catch-at-age data

B4 First age-group covered in your catch-at-age data
B10-P59 Catch-at-age data (in number of fish)

F8 Scale multiplier for your catch-at-age data

The catch-at-age may include a plus group for the oldest age-group. Also, the time intervals for the VPA are
specified through the time intervals used when specifying the catch-at-age. In this tutorial, the time intervals
are taken as one year (as is often the case) but they do not have to be one year or constant when using ADAPT
2.1.
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Weight at age from commercial sampling (sheet Cw):

This data sheet can be used to tabulate the weight information corresponding to the catch-at-age. This information
generally comes from the sampling of commercial fisheries. Weights should be provided in kilograms (kg).
Input your weight-at-age data in this sheet as follows:

Cell Input
B10-P59 | Weight-at-age data from sampling of commercial fisheries

Stock weight at age (sheet Sw):

This data sheet serves to tabulate the weight-at-age (at the beginning of year) to be applied to population
numbers. The beginning of year weights can be interpolated from the catch weight-at-age or can come from
survey information. Weights are provided in kilograms (kg). Input your weight-at-age data in this sheet as
follows:

Cell Input
B10-P59 Weight-at-age corresponding to the beginning of the year, to
be applied to the population numbers.

Maturity ogives (sheet MO):

This data sheet serves as a placeholder for maturity data to be used in the calculation of the stock spawning
numbers and biomass. This data takes the form of maturity ogives given as the percent mature at each age.
Input your maturity at age data in this sheet as follows:

Cell Input
B10-P59 Maturity-at-age

Natural Mortality (sheet NM):

This data sheet serves as a placeholder for natural mortality data to be used in the virtual population analysis.
This data takes the form of a matrix providing the natural mortality rate at a given age in a given year. If a
constant is used for all ages or a vector for all years, copy these values to the relevant cells to simplify data
entry. Input your natural mortality data in this sheet as follows:

Cell Input
B10-P59 Natural mortality-at-age

Tuning indices (sheets TunX):

You will need to create one data sheet per index. Four template sheets are provided in the template but you can
add sheets by copying one of the four empty templates. Each data sheet can be used to tabulate the effort and
catch-at-age information for a given index; when such data are provided, catch-rate-at-age (your index of
abundance) is calculated from the input. Alternatively, someone can input the index directly, generally in the
form of catch rate at age or relative abundance estimates-at-age, directly into the sheet. Input your data for
each index in these sheets as follows:
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Cell Input

B3 Name of index (e.g. Trawl survey)

B4 First year of index data

B5 First age-group in index

B6 Month of survey

B12-B61 Effort data (optional)

E12-S61 Catch-at-age data, in number of fish. (optional)

E67-S116 Index at age: catch rate or relative abundance estimate. Note

that this index will be used to calibrate population numbers;
consequently, its units should be numbers or counts of
individual fish. [Note: if you are entering the index directly,
overwrite the formula in the cells]

D67-D116 Time of survey. Note that a default value has been calculated
from year and month of the survey. Adjust entries as
necessary to account for missing years, multiple surveys per
year or seasonal changes in the timing of the surveys.

G65 Scalar for the Index-at-age

K65 Unit for your index

E121-S170 Weight at age corresponding to your index. Required if the
index is meant as an index of biomass.

E181-S230 Maturity at age corresponding to this index. Required if the

index is meant as an index of spawning biomass.

The entry cells for effort and catch-at-age are hidden in the template as the index-at-age data have typically
been input directly in ADAPT. The effort and catch-at-age fields are provided for convenience (and consistency
with other packages such as the Lowestoft Tuning Package) and, if you need to use these fields, expand them
by selecting the "+ button" appearing in the left margin.

Note that indices of biomass or spawning stock biomass (SSB) can also be specified in ADAPT. We will not use
this option in this tutorial and the template (spreadsheet) does not provide placeholders for these. When an
index of biomass or SSB is specified in ADAPT, the corresponding weight-at-age and maturity data must also
be provided.

Data visualization

Graphical representations of your data are given in the "In-G" sheet. The initial scale for each graph is determined
from your input and from the full range of years and ages permitted in the template. It may be necessary to
adjust the scale of certain graphs (the bubble graphs in particular), to zoom on the years and ages of interest.
Adjust the scales as necessary.

The first printable page of this sheet (Fig. 1) gives the time trajectory for the landings and the numbers taken
in the catch. It also provides time trajectories for the weight-at-age data (from the commercial fishery data and
for the stock) and for maturity data. Use these to get an appreciation of temporal changes or shifts in these
entities.

The second printable page of this sheet (Fig. 2) gives the time trajectory for the indices (all ages aggregated).
It also provides bubble plots of the indices-at-age. For these, each age has been normalized by its mean to
remove the age-effect. Use these graphs to get insight about year trends or year effects, or about cohort effects.
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Blackfin Example:

These graphs serve to illustrate some of the difficulties in the indices for this particular example.
Conflicting trends are obvious between the aggregated catch rates for the seine fleet and the
light trawl. The prawn trawl shows a peak in the earlier years, a peak that is not reflected in
other indices. There is a "year effect" apparent in the otter trawl catch rates at age in 1990 (see
bubble chart). There is poor consistency between consecutive estimates of year classes (try to
follow cohorts in the bubble graphs). This could be due to the absence of a strong signal in the
year class strength over the time period covered by these surveys but could also be an indication
that these stock indices are not tracking year class strength consistently.

Loading ADAPT

The following assumes that you have already installed the runtime version of ADAPT V2.1. Activate ADAPT
V2.1 from the Windows Start/Program Menu or as indicated in the installation guide. In a typical installation,
the ADAPT program can be activated from the Start/Program Menu or by typing the following in the Start/Run
Box:

C:/aplwr20/aplwr.exe C:/adapt2 1/ADAPT. W3 6000000

The value 6000000 specifies the workspace size. While this is sufficient for this tutorial, you may wish to
increase that value for large data sets. The directories leading to the files aplwr.exe and ADAPT W3 should
match those of your installation.

Data Input

You can input the catch matrix and the four indices prepared in the Tutorial spreadsheet as follows:
Input the catch at age data:

1. Go to Excel.
2. Go to the "Cn" sheet.
3. Highlight the cells A9-K42, which contain the data.

[Note: Row 42 contains the "year" label followed by "blank" entries for each age. It is important
to include these "blank" entries as part of your selection so that the population matrix can be
dimensioned properly. Essentially, that additional year is a placeholder for ADAPT to put its
estimates of survivors. Accordingly, if you estimate survivors for the last age-group in each year,
you will need to include in your catch matrix an extra age-column with 0 values for the catches.]

Copy to the Clipboard.
Go to ADAPT.

Select Insert.

Select "From Clipboard".

Select "Catch".
A message will appear reminding you to copy your data to the clipboard before selecting OK. If
your data has already been copied to the clipboard, select OK. If not, do steps 1-5 and select OK
when you return to this message.

9. Message: "Is the last age-group a plus group?" For this first run, select "No" and then select OK.
10. Your catch at age data will appear in the Session-log (which is displayed on the screen).

o =& W o>
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Input the indices at age:

11. Go to Excel.

12. Go to the "Tunl" sheet, which contains data for the first index.

13. Highlight the cells D66-186 which contain the data.

14. Copy to the Clipboard.

15. Goto ADAPT.

16. Select Insert.

17. Select "From Clipboard".

18. Select "Index".

19. Select "Pop. Numbers".
A message will appear, reminding you to copy your data to the clipboard before selecting OK.
If your data has already been copied to the clipboard, select OK. If not, do steps 11-15 and
select OK when you return to this message.

20. Data for this index will appear in the Session-log (which is displayed on the screen)

The same process is followed to input an index of the population biomass or spawning biomass, with the
exception that at step "19", you select the relevant entry. Also, you will be asked to provide data on weight-at-
age and maturity-at-age, as appropriate. The year-range and age-range specified on the weight-at-age and
maturity-at-age data must match those for the indices.

To add new indices to ADAPT, repeat steps 11-20 for each index, with the exception that, at step 13, adjust the
selection so as to include the cells containing your data. Using the Blackfin example, proceed to input data the
for three other indices of abundance, i.e. data for the "Seine" index, for the "Light trawl" index and for the
"prawn trawl" index.

At this point, you have provided ADAPT with your data on catches and indices of stock size (abundance,
biomass or spawning biomass). The next step consists of setting up the estimation model.

Setting up the estimation

In this step, you specify which parameters are to be estimated using the non-linear estimation procedure.

21. In ADAPT:
22. Select Setup.
23. Select "VPA".

24. The template of the "Population" tab will appear. Using this template, you have to specify one,
and only one, calculation process per cohort. In this particular case, you are allowed either a) to
estimate the abundance corresponding to the cell(s) identified, b) to assign a fix value to the
abundance corresponding to these cells, or c) to base the calculation of abundance on the fishing
mortality-at-age.

25. Click the boxes corresponding to 1995, ages 1 and 2. This indicates to ADAPT that you wish to
specify one of the calculation processes for these two cohorts. REMINDER: Click one or more
boxes first to identify cohorts, then select a procedure for the calculation of these cohorts.

26. Select "Assign N" from the top bar. You will be prompt to enter a value for these cells. Enter
15000. These boxes will be marked in red and the corresponding boxes along these entire cohorts
will be grayed.

27. Click the box corresponding to 1995, age 3. Then, select "Estimate N" from the top bar. You will
be prompt to enter a value for that cell, the initial guess to start the non-linear estimation process.
Enter 25000. This box will be marked in green and the corresponding entries along that cohort
will be grayed.
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28. Repeat step 27 for each age (4 to 10) in 1995. In doing so, specify 25000 for age 4, 20000 for 5,
15000 for 6, 10000 for 7, 5000 for 8, 5000 for 9, and 5000 for 10. You have now specified initial
guesses for each of these age groups.

29. Click the boxes corresponding to 1994, age 10, followed by 1993, age 10, and so on... until all
boxes along age 10 have been selected (the last one will be age 10 in 1963). In doing so, you are
going up the template. Use the scroll bar of that window to display hidden boxes.

30. Then, select from the top bar "Calculate F". You will be prompt to enter F Ratios for specific ages.
In each of the cells corresponding to ages 4, 5 and 6, enter the value of 1 (unity). Select OK.

31. You will be prompted to select the method to average these fishing mortality values (unweighted
or weighted by population numbers). Select "Unweighted" and then OK. Through steps 29 to 31,
you have specified that the average (unweighted) fishing mortality values for these ages will be
applied to age 10.

32. Select the "Natural Mortality" tab. You will be presented with a template similar to the preceding
one. Each box has to be specified to identify the process by which natural mortality will be calculated:
the choices being "estimated" or "fixed". To simplify your task, you can select blocks of cells at
once by selecting the upper left corner first and then selecting the lower right corner while holding
down the Shift key. Click on the first box (1963 age 1); then go to the bottom right corner of the
template and "Shift-click" the box corresponding to 1994, age 10). Check marks will fill the boxes
selected.

33. Select "Assign M" from the top bar. You will be presented with a prompt to enter a value. Enter
0.2. Then click OK. The template will appear (the selected boxes will now appear in red).

34. When finished, select the "Done" button.
35. The model specified by your entries will be described in the Session-log.

Steps 25 to 33 are important as they allow you to specify the parameters to be estimated through the non-linear
estimation procedure. After completion of these steps, you have specified initial “guess” values for each of the
parameters. You have also specified some of the fishing mortality constraints to be applied in the form of
functional relationships linking the F for the oldest age group and F values for younger age groups.

In step 26, you have assigned fixed values for ages 1 and 2 in 1995. If this is your final formulation, the fixed
values are typically replaced by the geometric mean of population-size estimates for each of these ages for the
most recent time period (e.g. for the last decade covered by your data). You can do these adjustments in sheet
"N" of the spreadsheet template, but it may be useful to adjust the final ADAPT estimation as these numbers
will appear in any subsequent projection results.

Note that if you have a plus-group, two other options, pertinent only to plus groups, are available for setting up
the estimation on the Population tab.

You may find that the process of setting up your model is not always successful. While the interface provides
flexibility for specifying the estimation model, the drawback of such flexibility is that some of the formulations
may not be feasible. As you gain experience with the program, setting up ADAPT for estimating abundance
should get easier. Many of the issues related to formulation of the estimation model can be related to one of the
warnings given below. Read them carefully, especially those that are underlined.

Defining the catchability model

You can specify various functional relationships to link the indices of stock size to the stock size calculated
through the VPA. Three options are available: 1) indices are proportionally related to population abundance;
2) they are related to population abundance through a power function; and 3) they are related to population
abundance through a time trend model.
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37.
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Warnings:

It is recommended that you assign fixed cohorts first, then the cohorts to be
estimated, and last the cohorts having to be calculated from fishing mortality
values.

For the lower left corner, it is necessary to “Assign N” (i.e. to fix these values)
if these cohorts are not represented in any of the indices. It is not possible to
estimate survivors for cohorts not represented in the indices [you have no data
to estimate them].

You can ""Estimate N'' for the oldest age only if that cohort is represented in
one of the indices. It is not possible to estimate population size for cohorts that
are not represented in the indices. These cohorts have to be assigned a fixed
value or should be determined by relating the fishing mortality for the oldest
age to previous ages.

When you assign a fixed value or an initial guess for a population value, ensure
that it is greater than the catch number or you will get a computation error.

If you select multiple boxes and then chose to estimate population abundance,
the selected cohorts will have a common abundance for the time periods that
are checked. If you wish population abundance to be estimated independently
for each cohort, they must be selected individually.

In ADAPT:

Select Setup.

Select "Catchability model".
Select "Pop. numbers".

209

You will be presented with a menu allowing you to select the catchability models available. For
this example, we will use the default ("Proportional"). Select OK. [Note that you can select a
specific catchability model for one or some of the indices by selecting the relevant entries from the

list.]

A description of the catchability model will appear in the Session-log

Estimating parameters

Once the VPA formulation and the catchability model have been specified, you are ready to start the non-
linear least-squares estimation process.

42.
43.
44.
45.

In ADAPT:
Select "Compute".
Select "NLLS fit" (i.e. use Non-Linear Least-Squares to fit the data).

The output scrolls off the top of the active window and the top bar will likely blink, indicating

that the program is operating. This is normal behavior.
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46. When the estimation is completed, the output appears in the Session-log. You should inspect the
results by using the scrolling bar. In particular, you should verify that the estimation completed
normally (i.e. no error messages).

If the iterative process completed normally, you can then compute the statistics of the estimates.

47. In ADAPT:

48. Select "Compute".

49. Select "Analytical" (i.e. compute the bias and variance of parameter estimates analytically).
50. Select "Statistics".

51. This generally takes a few seconds. The arrow cursor changes to an hourglass to indicate that
ADAPT is computing. Wait for the results to appear in the session-log.

The results take the form of tables showing the parameter estimates, their standard error, the relative error, the
bias and relative bias. These results are given both in the log-scale and arithmetic-scale.

The next step is to inspect the results. Special attention should be given to the relative error of the parameter
estimates and to their bias estimates. Large values for the relative error (say greater than 50%) indicate poor
precision.

In the Blackfin example, the relative error of parameter estimates is of the order of 40% or
more, and the bias generally less than 10%. The relative error of the survey catchabilities is of
the order of 25%, and their relative bias of the order of 3—4%.

The estimates of population and of fishing mortality can be adjusted for bias as follows:

52. In ADAPT:

53. Select "Compute".

54. Select "Analytical" (i.e. compute from the bias and variance estimated analytically).
55. Select "VPA bias adjusted".

56. The results, namely the bias-adjusted estimates of the population and of the fishing mortality-at-
age, appear in the session-log.

Output

Other diagnostics are available to assist you in evaluating the performance of your model or the “goodness” of
fit. We explore them in this section.

Residuals

57. In ADAPT:

58. Select "Output".

59. Select "To Session log".

60. Select "Residuals".

61. Select "Diagnostics".

62. The results appear in the Session-log.
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It is a good practice to check that the average Mean Square Residuals (MSR) for each of the indices are in the
same ballpark (assumption of homogeneity). If they differ substantially, this indicates that weighting should be
used, an option which is not available in the current version of ADAPT. It is generally easier to inspect the
residuals for patterns, e.g. "year-effects" or "age-effects", with graphs. Copying the residuals to the "Clipboard",
instead of the "Session log", and transferring them to your spreadsheet allows graphical representation of the
residuals or further analyses on them. Placeholders are provided in the ADAPT-template, in the "TunX" tabs,
to put the residuals in a matrix form. However, because of the format for the residuals, you will need first to
copy the residuals to a worksheet and select the relevant columns. The columns are 1) time, 2) In of the
observed index, 3) In of the predicted index, 4) residuals and 5) In of the population numbers. These columns
are repeated for each index, age by age.

63. In ADAPT:

64. Select "Output".

65. Select "To Clipboard".

66. Select "Residuals". A menu will appear allowing you to select the residuals to be copied. Select all
ages for the first index (Otter trawl). Click OK.

67. A message will appear in the Session log indicating that the data were copied to the clipbooard.

68. In Excel:

69. Go to the "WS-Res" sheet (Working Sheet — Residuals). Copy the content of the clipboard to cell
A3. In the next steps, we will reconstruct the matrix of residuals and paste it in the index sheets
("TunX").

70. Go to D3. Do "Ctrl-Shift-Down Arrow", followed by "Shift-F8".

71. Go to I3. Do "Ctrl-Shift-Down Arrow", followed by "Shift-F8".

72. Go to N3. Do "Ctrl-Shift-Down Arrow", followed by "Shift-F8".

73. Go to S3. Do "Ctrl-Shift-Down Arrow", followed by "Shift-F8".

74. Go to X3. Do "Ctrl-Shift-Down Arrow".

75. Copy to Clipboard.

76. Go to the "Tunl" sheet. Go to cell X67. Paste the content of the clipboard using "Paste Special
[Value]".

Once you have completed this process, "bubble" plots, which are a convenient way to identify year-effects or
age-effects, will be generated automatically. Go to the "Res-G" Sheet. Re-scale the graphs so that the bubbles
are spread over the entire area of the graph (Fig. 3).

Copy the residuals of the other indices in a similar way and adjust the scale of the corresponding graphs
accordingly. Prior to copying the information for the otter indices, make sure to delete previous entries in the
"WS-Res" sheet. Note that all graphs use the same maximum size for the bubbles, as determined from the
maximum observed in all variables. This allows you to make comparisons between graphs.

In the catchability model selected ("proportional"), the catchability coefficients at age are assumed to be constant
over time. When this assumption is violated for a given index, the residuals aggregated for all ages in any
given year will usually show trends or patterns over time. These (i.e. the residuals aggregated for all ages in
any given year) are presented in the "Res-G" sheet (see Fig. 4).

In the Blackfin example, the Prawn trawl index shows runs in residuals (consecutive years
with predominantly positive or negative values) indicating a lack of fit. A similar effect is
apparent for the seine index, to a lesser degree. Also noticeable is a "year" effect in 1990 for
the Otter trawl index, as indicated by large positive residuals for most ages in that year.
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Also, look at the time trend in the residuals aggregated by year for the prawn trawl index.
This, together with the corresponding bubble plot, indicates a significant trend in the
catchability of this index. This suggests that using a power model or a trend model for the
catchability of some fleets may be more appropriate.

In our initial inspection of the data, we had already noted the value of the otter trawl index for
1990 was anomalous. Many of these anomalies are more obvious here and someone would
take the observations made using the diagnostics to make adjustments to the ADAPT
formulation (e.g. drop an index series, drop age groups that have little information content
and are poorly estimated, change the catchability model for some indices, etc.).

Correlation matrix of parameter estimates

77. In ADAPT:

78. Select "Output".

79. Select "To Session log".

80. Select "Correlation (parameter)".

81. The correlation of parameter estimates appears in the session-log.

The absolute values that are off the diagonal in the correlation matrix should be lower than 0.3, indicating a
relative independence of parameter estimates. Absolute values higher than 0.7 indicate a serious over-
specification (too many parameters in relation to the information contained in the data) and the number of
parameter should be reduced. Values between 0.3 and 0.7 are in a “gray” zone and, if they are too numerous,
the “absolute value” of population estimates should be interpreted with caution. In particular, if carried forward
into stochastic projections, the correlation between parameter estimates should be taken into account.

In the Blackfin Example, as most values are below 0.15, the formulation used did not result in
over-specifying number of parameters to be estimated.

Abundance and fishing mortality estimates

If you are satisfied with these results, you should copy the population estimates and fishing mortality estimates
obtained with ADAPT to the spreadsheet:

82. In ADAPT:

83. Select "Output".

84. Select "To Clipboard".

85. Select "Population numbers".

86. Select "Adjusted for bias (Anal.)" .

87. The estimates of population numbers, adjusted for bias, are copied to the clipboard.
88. In Excel:

89. Go to the "N" sheet.

90. Paste the content of the clipboard to cell A9.

To complete the data transfer, also copy the bias-adjusted estimates of fishing mortality to the "F" sheet of the
template.

When the data transfer has been completed, the biomass and stock spawning biomass are calculated. The time
trajectory of these entities are given in the "Out-G" Sheet (Fig. 5). Inspect these for consistency with other
sources of information you may have.
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In the Blackfin Example, the trends in population numbers are inconsistent with some indices.
In essence, the aggregated results confirm the observations made in the inspection of residuals.
Typically, someone would evaluate the "value" of each index as a possible indicator of stock
abundance and decide which indices are to be kept in a subsequent ADAPT-formulation. Some
indices may be affected by changes in survey gear, changes in commercial practices, etc.
These aspects are key considerations in evaluating the potential of an index as an indicator of
stock abundance.

Printing the Session-log

At this point, you should save your work for future reference.

91. In ADAPT:

92. Select "File".

93. Select "Save".

94. You will be asked to provide a name for your file. When finished, select OK.

95. The ADAPT work file has been saved. The work file contains all data and results to date. You can
open this file later and start working where you left off. To assist in managing your files, it is
advisable to adopt a convention for the ADAPT work file extension that includes the version
number, e.g. fileX.aw2.

You can also copy the Session-log via the Clipboard directly into a word processor. This is a convenient way to
prepare technical annexes of your ADAPT analyses for your assessment documents. However, there are a few
steps to take to ensure that the file will print properly.

96. In ADAPT:

97. Select "Output".

98. Select "To Clipboard".
99. Select "Session log".

100. The Session log will be copied to the clipboard. Go to your word processor and paste the content of
the clipboard in the first row of a new document.

The Session log reads better with a fixed-pitch font and, accordingly, you should change the font of your work
processor to a fixed pitch font such as Courier. To do so, select the entire document and change the font to
"Courier".

The Session log could still include some non-ASCII characters. In particular, the "high minus" appears as
"y"1in this file. To change this character to a "minus" sign or "-", do a global replace for that character. The
easiest way to generate that character is to locate its first occurrence in the file, copy it to the clipboard and
paste it in the "Replace [Find what]?" field. The Session log for this tutorial appears in Annex 2.

Sensitivity to assumptions

When using ADAPT, or any other VPA-calibration technique, it is important to verify the sensitivity of the
results to various assumptions.
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Blackfin Example:
The next steps in the formulation of this estimation problem would be to:

1. Try estimating the oldest age-groups. The Session log for this formulation appears in
Annex 3. The correlation matrix of parameter estimates gives very high values for all
entries in the matrix, indicating that the estimation problem is over-specified. Also,
the relative errors of parameter estimates are much higher than the preceding
formulation.

2. Formulate a model that accounts for the trend in catchability for the "Spawn trawl"
index.

3. Verify the sensitivity to the assumptions used for defining the fishing mortality for the
last age. Is the time trajectory for the stock sensitive to the way the fishing mortality
for the oldest age is determined?

4. Determine what influence data points associated with year effects in residuals have on
the population estimates.

5. Carry out a retrospective analysis to evaluate if the assessment procedure has a tendency
to over- or under-estimate population abundance. Retrospective analyses are typically
done by repeating the estimation with the same formulation but by dropping the most
recent years from the time series; the results are then compared to the results obtained
for the corresponding years with the full series. A retrospective pattern emerges when
the processes governing the data are widely different than those assumed in the model
(e.g. immigration/emigration, changes in catch reporting practices, changing in
discarding practices, changes in natural mortality, etc.).

This completes the tutorial for estimation of population abundance with ADAPT. The ADAPT software also
provides ways to carry out projections and risk analyses from the results. These functions are explored in a
separate tutorial (Rivard and Gavaris, 2000).
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Annex 1 — Algorithms used in ADAPT

Population Dynamics Model

Consider an age-structured model. Mortality is partitioned into two components, fishing mortality, F, associated
with the fishery harvest and natural mortality, M, associated with all other causes of death. Denoting population
abundance in numbers by N and time by ¢, the mortality dynamics are described by the system of differential
equations

aN _ —(F+ M)N
dt
dc

—=FN
dt

Solving the differential equations using year as the unit of time yields the familiar exponential decay and catch
equation used for Virtual Population Analysis (VPA).

N =N *(Fa,ﬁ'Ma,z )A’

a+AlL+AL T at

_F, AN, (1 — e—(E,,,+M“)A,)
at (F " M )At

a,l a,l

With year as the unit of time, ages are expressed in years and mortality rates are annual instantaneous rates.
The catch, designated C, , represents the number caught during the time interval Az but are indexed by the age
and time at the beginning of the interval.

It is not possible to estimate a complete array of age and time varying natural mortality. Often a single common
value, or at most, a few values common over large blocks, is prescribed. Although it is desirable to estimate
natural mortality, the data may not support any estimation at all. In many applications natural mortality is
assumed known.

Though estimation of a complete array of age and time varying fishing mortality is technically possible, results
tend to be unreliable and such practice is not common. One prevalent technique for reducing the number of
parameters required to be estimated is to assume that the errors in the catch at age are negligible. This is the
conventional “VPA” assumption, i.e. the catch equation may be applied deterministically. This form of population
dynamics model only requires the estimation of one parameter for each year-class, typically the survivors at the
oldest age or in the last time period.

Frequently, the stability of the solution and the reliability of the results may be enhanced by making the further
assumption that the fishing mortality rate for the oldest age may be calculated from the fishing mortality rate
for younger ages. The number of parameters required to be estimated are reduced further through such practice.
This feature is implemented as follows (for simplicity, age group and time period subscripts are not shown and
are the same for all quantities):

N, =C(F,+M)[F,(1—e ")

F_is the calculated fishing mortality rate obtained from

F. = ZR,F,/n for unweighted
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F, = szRfFi/z N, for population weighted

R, is the assumed ratio of the fishing mortality rate for the cohort being calculated relative to the fishing
mortality rate for cohort i.

Some analyses involve a plus group. Two methods for handling a plus group have been implemented. Plus
group ages are denoted by a’. Let 4 represent the oldest non-plus group age e.g. 4 is 9 then (4+1/) is 10+ and
A’ 1is 9+. Also, let T represent the terminal time in the VPA.

For the FIRST method, all cohorts must be specified. In addition, the population abundance of the plus group

in the first time of the VPA must be specified. Therefore we have N, and N(A+1)'_l . We can compute

—(FAJ"'MAJ )Aﬁ _(F(A+l)’.l+M(A+l)’,l )Afl

N(A+])’,2 = NA,]e + N(A+I)’,]e

and
_ —(F4-1,1+M/4-1,1 )Afl
N,, =N, e .

These calculations are repeated for all times moving forwards.

For the FRATIO method all the cohorts in the terminal time must be specified. In addition, the population
abundance for the plus group in the terminal time must be specified. Solve for F 471 using C w71 and N, (A4+1Y.T
in the catch equation. Then

FA,T—] = FA',T—I (C(A+])',T—I + RI'CA,T—I )/RI'CA',T—I

where R, is an F ratio which may be assigned or estimated. The ratio may be specified for each time period but
typically a common ratio is specified for blocks of time periods. Now

NA,T—I = CA,T_] (FA,T_] +MA,T—] )/FA’T_] (1 —e—(fh,quMA,y,])At, )

Also F( Ay -1 = R.F 4r-1 therefore N (4+1yr—1 can be calculated in a similar manner. These calculations are

repeated for all times moving backwards.

Catchability Model

It is well known that stock status is not reliably determined from information on catch at age alone. Most
methods of fishery stock assessment also use information on relative abundance trends provided by indices.
The model relationships that link the indices to the population must be defined. Indices of abundance may be
compared to population numbers, population biomass or spawning biomass, either age by age or age aggregated.
Typically, measures are taken to obtain indices that are proportional to the population.

[a',l =4y Pa',l

where a'is a single age or an aggregate of ages, / . is the index for age(s) @' at time 7 and P, is the population
(numbers, biomass or spawning biomass) for age(s) a’ at time ¢. In addition to the more common proportional
model, two other models are implemented, a power model
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_ o
]a',t - Qa'Pa',t

and a time trend model

[a',t = ( a’ﬂt_t] )Pa’,t

Error Model

As noted earlier, the error in the catch at age is assumed to be negligible. The errors for the observed indices
about the model fit are assumed to be independent and identically distributed on the logarithmic scale. It is not
necessary to make any assumptions about the form of the parametric distribution.

Estimation
Model parameters are transformed to the logarithmic scale.

V. =InN ;. for survivors being estimated
Kew = lnqmr for each age specific or age aggregated index, s
U, =InM, , for designated age/time blocks if M is estimated

Py = lnR,, for designated time blocks if F ratios on plus group is estimated

Solve for the parameters by minimizing the objective function

\II (0): Z(y/‘y,a,r (9))2 = Z(ln‘[‘s‘,a,f - (I%S,a +lnNa,r ))2

§,a,t s,a,l 8,a,l
where O represents the parameter vector of all estimated parameters. The objective function requires the
calculation of population numbers from a VPA. The VPA population numbers are functions the estimated
parameters log survivors, log M and log F ratio, NUJ (19, a, ,5), but for convenience, it is abbreviated by Na,, .
At time ¢/, the population abundance is obtained directly from the parameter estimates, Na,,,, =¢e"  For all
other times, the population abundance is computed using the virtual population analysis algorithm. This involves
solving for F in the catch equation using an iterative Newton-Raphson algorithm and then using the derived F
in the exponential decay equation to calculate Na,,. A Levenberg-Marquardt nonlinear minimization is used
to obtain the least squares estimates of parameters.

Statistics for model parameters and for interest parameters, e.g. fully recruited exploitation rate or spawning
stock biomass, derived from the model parameters may be obtained from analytical approximations or from
bootstrap.

Analytical

The covariance matrix of the model parameters, 6, is estimated using the common linear approximation (Kennedy

and Gentle, 1980, p. 476)
covl6)=o*r B )

where &2 is the mean square residual and J(é) is the Jacobian matrix of the vector of residuals. The variance
of an interest parameter, 7) = g|@| where g is the transformation function, is estimated using the Delta
approximation (Ratkowsky 1983).
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Var(f) = tr lGGT cov(é)J
where G is the vector of first derivatives of g with respect to parameters.

Due to non-linearity, estimation bias is expected. The bias of the model parameters is estimated using Box’s
(1971) approximation, which assumes that the errors are normally distributed:

buslf) =2 £1.60/0)) (S0} (1611 6)) 1)

where J, (é) =J, (é ) are vectors of the first derivatives for each residual and H, (é) are the Hessian matrices
of second derivatives for each residual. The bias of interest parameters is then derived using the method
described in Ratkowsky (1983).

Bias(f}) = GTBias(é)+ tr lW cov(é) 2
where W is the matrix of second derivatives of g with respect to parameters.

Bootstrap

Statistical properties of model parameters or derived interest parameters can be obtained from a bootstrap
simulation Efron (1979). Again letting 7] represent any interest parameter, (with estimate ﬁ corresponding to
the least-squares solution), its statistical properties are derived from the bootstrap replicate estimates ﬁb . The
replicates are computed by applying the estimation formulae to bootstrap samples. Non-parametric bootstrap
replications are obtained when bootstrap samples are generated by random sampling with replacement from
the observed data. Here, model-conditioned bootstrap replications are obtained from bootstrap samples generated
by sampling with replacement from all the observed abundance index residuals (non-parametric) and adding
these to the model predicted values for the abundance indices. The bootstrap estimates of variance and bias are:

where
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Annex 2. ADAPT Session Log
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[ Residuals ]

Otter trawl

Age : 2
Ln calibration constant : -5.71310
Year Observed Predicted Residual
1975.50 4.88802 4.72359 0.16443
1976.50 4.48807 4.25164 0.23643
1977.50 3.58380 4.01740 -0.43360
1978.50 4.00879 3.87242 0.13637
1979.50 4.24949 4.00337 0.24612
1980.50 3.51184 4.18583 -0.67399
1981.50 4 .45574 4.33121 0.12454
1982.50 5.10510 4.39015 0.71495
1983.50 5.82266 4.66362 1.15904
1984 .50 5.44799 4.61511 0.83287
1985.50 5.53442 4.67516 0.85926
1986.50 5.30955 4.25151 1.05804
1987.50 3.25386 4.53044 -1.27659
1988.50 4 .55955 4.64571 -0.08617
1989.50 2.82909 4.23748 -1.40839
1990.50 2.45531 4.21823 -1.76292
1991.50 4.93892 4.12036 0.81856
1992.50 3.66484 3.91758 -0.25274
1993.50 4.11104 4.28143 -0.17039
1994 .50 3.46229 3.74805 -0.28576
Average squared residual : 0.63995
Otter trawl
Age : 3
Ln calibration constant : -5.26121
Year Observed Predicted Residual
1975.50 4.25405 4.71928 -0.46523
1976.50 5.12515 4 .75525 0.36990
1977.50 3.59182 4.26955 -0.67773
1978.50 3.67097 4.03937 -0.36840
1979.50 3.96462 3.87470 0.08992
1980.50 4.07584 4.07962 -0.00378
1981.50 4.84001 4.27097 0.56903
1982.50 4.39470 4.38026 0.01444
1983.50 4.01674 4.47387 -0.45713
1984 .50 4.82927 4.73458 0.09470

0 wuwuwuwuwwwouw
w
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...... {there is one table for each index-age combination }
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APPENDIX 3: Estimation of Population Abundance with ADAPT

Annex 3. ADAPT Session Log for a Formulation Whereby all

Cohorts are Estimated (Including Bottow Row)
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Estimates for parameters
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Parameters in linear scale
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Fig. 1. Graphical representation of input data.
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Blackfin: NAFO SC Workshop - ADAPT Tutorial
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Fig.2.  Time trends of population abundance indices and bubble plots representing the catch-rate-at-age for each index. In the
bubble plots, the age effect has been removed by dividing the index by the mean value for each age.
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Blackfin: NAFO SC Workshop - ADAPT Tutorial Residuals
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Fig. 3. Graphical representation of residuals. Note that all graphs are normalized to the same
maximum bubble size to facilitate the comparison between indices.
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Blackfin: NAFO SC Workshop - ADAPT Tutorial
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Fig. 4.  Graphical representation of mean residuals for each year by index. Time trends in these
graphs indicate that other functions relationships should be investigated for catchability of
the surveys. Year effects in catchability would appear as significant deviations to the zero
line in comparison to other years.
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Blackfin: NAFO SC Workshop - ADAPT Tutorial
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Fig.5.  Graphical representation of output data as time series, together with bubble graph representing the age
composition of the stock. In the latter, the age effect has been removed (by dividing the abundance by the
mean value for each age) to allow easier identification of strong or weak cohorts and/or time trends in
stock abundance.
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