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Foreword

In accordance with its mandate to disseminate information on fisheries research
to the scientific community, the Scientific Council of NAFO publishes the Journal of
Northwest Atlantic Fishery Science, which contains peer-reviewed primary papers and
notes on original research, and NAFO Scientific Council Studies, which contains review
papers of topical interest and importance. Each year since 1981, the Scientific Council
has held at least one Special Session on a topic of particular interest, and many of the
contributions to those sessions have been published in either of these NAFO
publications. For 2000, the Scientific Council initiated this Special Session titled
Workshop on Assessment Methods, as a specific topic of interest to the Scientific Council
in June 1999. The Council invited D. Rivard (Canada) and C. Darby (EU-United
Kingdom) to design and to conduct a workshop on assessment methods as a Scientific
Council Special Session in conjunction with the September 2000 Annual Meeting. It
was suggested that the focus should be on techniques and tools routinely (or
increasingly) used by the Scientific Council in the context of stock assessments, risk
analyses and the development of the Precautionary Approach.

During 13-15 September 2000, the Scientific Council held the Special Session in
conjunction with the 22™ Annual Meeting of NAFO, at the Boston Back Bay Hilton,
Boston, Massachusetts, United States of America. D. Rivard (Canada) and C. Darby
(EU-United Kingdom) were conveners, and R. K. Mayo (USA) played a key role in the
preparation of the Workshop and the presentation of tutorials.

At its meeting of 18-22 September 2000, the Council evaluated this Workshop
as a very infermative and a valuable contribution to the work of the Scientific Council.
While recommending that a workbook should be published in the Scientific Council
Studies series, the Council noted the publication could constitute previously published
information as well as public domain material. While there was a considerable time
lapse in the preparation of the final texts and tutorials for this publicaiton, the
comprehensive coverage achieved in this publication is believed to be timely and
important for scientists throughout the world dealing with stock assessments.

May 2003 Tissa Amaratunga, Editor
NAFOQ Scientific Council Studies
Northwest Atlantic Fisheries Organization
P. O. Box 638
Dartmouth, Nova Scotia
Canada B2Y 3Y9
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The Report of the Workshop on Assessment Methods
by

D. Rivard, C. Darby and R. K. Mayo

Age-structured Analyses and Stock Abundance Estimation

1.1 The Lowestoft Tuning Suite (Appendix 1 — see Tutorials 1-8)

1.1.1.

Introduction: principles of VPA tuning (see Tutorial 1 — Reported by C. Darby)

The evolution of VPA tuning from ad hoc age-aggregated methods to age-disaggregated methods
employing a specific objective function with least squares minimization was presented. VPA
tuning methods have evolved considerably over the past 2-3 decades, but current state-of-the-
art techniques still do not account for all of the uncertainty in data (e.g. sampling uncertainty
for which measurements exist, and variability of survey indices).

In this tutorial, the Lowestoft VPA suite of assessment programs was introduced. These include
Separable VPA, ad hoc tuning and Extended Survivors Analysis methods. The structure of the
data files required for performing an assessment was examined and a basic example, the running
of a VPA with user defined starting values, was used to illustrate the reading of input data files,
specification of key fishery summary statistics and the output of results.

. Separable VPA (see Tutorial 2 — Reported by C. Darby)

The development of the Separable VPA has been described by Pope (1977, 1979), and Pope and
Shepherd (1982). Separable VPA determines values of fishing mortality from a matrix of catch-
at-age data, on the assumption that the exploitation pattern is constant over time. The method
provides a useful filter for examining catch-at-age before tuning; high individual residuals may
indicate data anomalies. By partitioning the data (e.g. fitting the model for a specific period,
the method can be used to investigate changes in the exploitation pattern over time). However,
the information contained within the data matrix is insufficient for the determination of a unique
solution. In addition to natural mortality, the user must specify a reference age for unit selection’,
against which the selection values for other ages will be scaled; and values for:

a) the fishing mortality on a reference age in the last year, and

b) the terminal selection value, i.e. that for the oldest independent age in the data range (used
for all years). Selection-at-age is the fishing mortality at age relative to that on the reference
age.

. Laurec-Shepherd tuning method (see Tutorial 3 — Reported by C. Darby)

The Laurec-Shepherd VPA tuning method is one of many ad hoc tuning algorithms, which
derive estimates of fishing mortality at age in the final vear from an analysis of the logarithms
of fleet catchabilities. They are based on the assumption that catchability {(g) is separable by
fleet and by age within a fleet. The ad hoc methods have been reviewed and tested by Pope and
Shepherd (1985). The algorithms have no formal statistical basis and are based on an iterative
process, which relies solely on the convergence properties of V.
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An iterative algorithm is used to derive estimates of fleet catchability-at-age in the final year.
Fleet catchabilities and effort in the final year are used to calculate partial F-at-age: the fraction
of overall F-at-age contributed by each fleet. Fleet partial Fs are then 'raised’ by the ratio of the
total catch-at-age and the fleet catch-at-age to give fleet based estimates of total F-at-age.
Final year Fs for each new VPA iteration are derived from a weighted average of the fleet-
based estimates. The Laurec-Shepherd method assumes constant catchability with respect to
time for each fleet.

1.1.4. Extended Survivor Analysis (see Tutorial 4, 5 — Reported by C. Darby)

Extended Survivor Analysis {XSA) (Shepherd 1999), an extension of Survivors Analysis
(Doubleday 1981), focuses on the relationship between catch per unit effort and population
abundance, allowing the use of a more complicated model for the relationship between CPUE
and year-class strength at the youngest ages. The XSA algorithm performs:

a) acohort analysis of the total catch-at-age data to produce estimates of population abundance-
at-age, and fishing mortalities,

b) adjustment of the CPUE values for the periad of fishing into CPUE values corresponding to
the beginning of the year,

c} calculation of fleet-based population abundance-at-age from the adjusted CPUE values and
fleet catchabilities, which are assumed to be constant with respect to time, or dependent on
year-class abundance and

d) calculation of a least squares estimate (weighted mean) of the terminal population (survivors
at the end of the final assessment year) for each cohort in the tuning range using the fleet-
derived estimates of population abundance-at-age.

The technique allows for weighting the survivors estimates using various methods. It also
allows for shrinkage towards the mean. The detailed algorithm is presented in Darby and
Flatman (1994).

1.2 Integrated Catch Analysis (ICA) (see Appendix | — Reported by C. Darby)

In the ICA model, the last years of the available catch-at-age matrix are fitted by a separable model.
The earlier years in the data set are modeled by a conventional VPA, estimated backwards using the
first year of the separable model as the starting point. In the separable model, the fishing mortality at
each age in each year is partitioned into a year effect, which may change with changing effort, and an
age effect, which represents the susceptibility to fishing. Parameters for the separable model are
estimated by minimizing the squared differences between observed and predicted catch at age. In the
VPA model, F on the last age that is required to drive the VPA is derived from the Fs at earlier ages
and the (assumed constant) selection-at-age vector.

Tuning indices may be age-structured or based on age-aggregated measures of spawning stock biomass.
The assumed relationship between a given index and the corresponding separable or conventional
VPA estimate of expected stock size can be selected to be absolute, linear, or non-linear. Weighting of
indices in the separable model may be manual, based on prior information, or by inverse-variance re-
weighting. A Beverton-Holt stock-recruitment relationship may be imposed on the model fit, with
appropriate weighting, and a VPA may be 'shrunk' to a mean.

Two methods of estimating uncertainty in parameter estimates are available: traditional statistical
methods using the variance-covariance matrix of the estimated parameters, and a Bayesian method
using analyses of the parameter posterior distributions.
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1.3. Adaptive Framework (ADAPT)
1.3.1. Introduction to ADAPT VPA tuning

ADAPT is an age-structured, adaptable framework for estimating historical stock sizes of an
exploited population. It is not a rigidly defined model in the mathematical sense, but rather a
flexible set of modular tools designed to integrate all available data that may contain useful
information on population size.

The statistical basis of the ADAPTive approach is to minimize the discrepancy between
observation of state variables and their predicted values. The observed state variables are usually
(but are not limited to) age-specific indices of population size, e.g. from commercial catch-
effort data, rescarch surveys, mark-recapture experiments, etc. The predicted values are a
function of a vector of estimated population size (age-specific) and catchability parameters;
and standard population dynamics equations (usually Gulland’s (MS 1965) VPA). Nonlinear
least squares objective functions are employed to minimize the discrepancies.

The ADAPT VPA model uses the application of a statistical technique, non-linear least squares,
to determine the most appropriate estimate of the population matrix. Gavaris (1988) initially
describes the ADAPT objective function in general terms, as a minimization of the difference
between observation of variables and the values of those variables predicted as functions of the
population matrix (i.e. as function of the catch-at-age).

1.3.2. The Woods Hole version of ADAPT/VPA: Fishery Assessment Compilation Toolbox (FACT)
(see Appendix 2 — Reported by R. K. Mayo)

FACT is the Fishery Assessment Compilation Toolbox and the successor to the Woods Hole's
Assessment Toolbox. Several existing fishery software programs have been added to FACT
making it a powerful and user-friendly tool. The assessment programs had previously existed
in a DOS or UNIX version. These programs now have a user-friendly interface that makes
editing of inputs and completion of assessment more intuitive.

This is the VPA implementation using the ADAPT approach towards minimizing sums of
squares in a specified objective function. In ADAPT, there is a calibration block and an estimation
block. The calibration block is the set of indices, which are used to ‘calibrate’ the VPA terminal
populations. A value of g is estimated for each index in the calibration block.

The estimation block is the set of ages for which you are estimating a terminal population
stock size. In ADAPT, these are considered as survivors at the end (December 3 1) of the terminal
year of the catch-at-age matrix, or at the beginning (January 1) of the year following the
terminal year.

Input

The ADAPT module requires the following input: catch at age, mean catch weights-at-age,
mean stock weights-at-age, tuning indices, natural mortality, and maturity schedules. There
are also several initialization specifications to be set before the VPA can run.

Diagnostics

* In addition to the residuals, one can look for a retrospective pattern in the estimates of F,
stock size-at-age, and SSB. The retrospective may be selected from the Diagnostics dialog
box.

+ The final formulation of the VPA may be run through a bootstrap procedure in which a
normalized residual is drawn at random from the pool, and subtracted from an observed
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normalized survey index. This is done for each index in the calibration block. Generally,
between 500 and 1 000 bootstrap runs are performed. This may take time, so0 100 is
recommended for the Workshop

Output

After the VPA has run successfully, formatted output will be written by default to a file based
on the name of the input file. This file should be brought into a word processor for viewing and
printing. If a Retrospective Analysis has been selected, the results will be appended to the end
of this file.

An ASCII 'Flat File' may also be output as an option. This file contains VPA results and residuals
selected by the user. This file should be brought into a spreadsheet for further analysis, tabulation,
and plotting. After the Bootstrap procedure has run successfully, formatted output containing a
summary of all bootstrapped variables will be written to a file, which should also be brought
into a word processor for viewing and printing.

The Bootstrap procedure allows the user to keep track of key biological measures including:

Fuily recruited F in terminal year of the VPA

Estimated stock sizes at age at the end of the terminal year
Spawning Stock Biomass in all years of the VPA

Mean Stock Biomass in the terminal year of the VPA
Beginning-year Biomass in the terminal year of the VPA
Biomass-weighted F in the terminal year of the VPA

[+ I - VLR S R

This information may be brought into a spreadsheet for further analysis, tabulation, and plotting,.

St. Andrews (8, Gavaris) version of ADAPT: Estimation of Population Abundance (see
Appendix 3 — Reported by D. Rivard)

This tutorial aimed at introducing the use of version 2.1 of the software developed by S. Gavaris,
St. Andrews Biological Station (New Brunswick, Canada), who introduced the concept of the
ADAPTive framework in the late-1980s. The framework was introduced to allow flexibility in
the exploration of various formulations for the estimation of stock abundance from fisheries
and survey data. The ADAPTive framework uses a non-linear least-squares fit to calibrate a
virtual population analysis against independent indices of abundance. This software has served
both as a research tool for exploring various aspects of parameter estimation and as a production
tool for stock assessment.

The tutorial used a data set mimicking a gadoid stock having four indices of abundance
exhibiting various anomalies (trends in catchability, year effects, and conflicting trends in
indices). The tutorial outlined 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.

To assist in the preparation of data for using ADAPT, a template was provided in the form of a
computer spreadsheet, which includes data validation and pre-formatting. Essentially, the
spreadsheet operates as a front-end to the ADAPT program which implements the non-linear
estimation procedure, procedure that has been so far easier to handle outside the spreadsheet
envirenment because of its complexity. Essentially, the template provides placeholders for your
input data and cutput data. It also provides a means to display data in a graphical form or to
carry out additional analyses using the spreadsheet graphical and statistical functions.
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The tutorial highlighted the importance of verifying the sensitivity of the results to initial
assumptions regarding survey catchability and the constraints imposed to reduce the
dimensionality of the estimation problem (e.g. by imposing a functional relationship for the
calculation of the oldest age-group in each year). It also highlighted the need to inspect the
result carefully using the diagnostic tools available: i.e. variance and correlation matrix of
parameter estimates, distribution of residuals, retrospective analyses, etc.

2. PA Reference Points

In this session, the functionality of FISHLAB was explained through a demonstration. This followed by a
demonstration, and a hands-on session, on the PA software.

2.1

2.2

FISHLAE (Demonstration): FISHLAB (MRAG. 1997) provides a serieg of functions for use in Excel
for simulations and sketching assessment problems.

FISHLAB is a set of fisheries tools developed at the Centre for Environment, Fisheries and Aquaculture
Science (CEFAS) with partial funding from the European Union. The tools are in the form of Excel
add-ins and functions as well as routines that can be called from Visual Basic. Standard assessment
methods such as Separable VPA, ADAPT, XSA and the calculation of reference points are provided as
well as routines to allow the evaluation of management under uncertainty.

This software package was developed to assist in the modeling of uncertainty in fish stock assessment
and management. It is essentially a library of functions that can be called from Excel or Visual Basic,
although interfaces to other packages have also been developed. The intention was to make existing
commercial applications more suitable for fisheries modeling by adding specialist routines. It is assumed
that the average user would be familiar with Excel particularly in the use of functions. Whilst the
more advanced user would be familiar with Visual Basic. A comprehensive help system is provided
which should be consulted for use and documentation of FISHLAB methods

PA software (Demonstration and hands-on}

A key concept in implementing a precautionary approach is defining limit and target reference points.
Limit reference points set boundaries which are intended to constrain harvesting within safe biological
limits, whilst Target reference points are intended to meet management objectives. The PA software
was developed at CEFAS (Smith and Kell, 1998) to enable ICES working groups to estimate limit and
precautionary reference points for fishing mortality and spawning. It is in the form of an Excel add-
in and functions that can be used from Excel or Visual Basic.

3. Risk Analyses (see Appendix 4 — Reported by D. Rivard)

These sessions explored newly developed tools for producing risk analysis and long-term simulations.

3.1.

Long-term Simulations Based on Excel Spreadsheets Using @Risk (sce Appendix 5 — Reported
by D. Rivard)

This session was intended as a tutorial to explore risk analysis using spreadsheets. The tutorial used
@Risk (Anon., 2000a), an Add-in to the Excel spreadsheet software {Anon., 2000b) to add risk analysis
capabilities to models. The Add-in provides a framework to handle probability distributions for any
variable or input parameter to a model. It also provides tools to analyze the distribution of the results,
i.e. any calculated field (or cell) dependent upon your input.

The tutorial covered various aspects of the @Risk software, including how to use @Risk functions
and menus for setting up simulations, how to develop models and run simulations, and how to explore
simulation results using the @Risk interface.
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These tools were applied to a fisheries model allowing long-term projectiens in the context of the
Precautionary Approach. The use of @Risk, in combination with this model, allows semeone to specify
uncertainty in initial conditions of the state variables and in certain population dynamic parameters
{we focussed on the definition of the stock-recruit relationship). Many authors have suggested various
ways to capture both the dynamics and the uncertainties of the recruitment process by re-sampling the
recruit-8SB scatter points. In this spreadsheet, one option available is to split the observed range of
SSB into quartiles and to resample the observed recruitment within these quartiles. Since this approach
is based on re-sampling observations, it does not require making assumptions about the recruitment
probability density function (pdf). The resulting model provides a framework to calculate the probability
of achieving limits or targets in the simulation years, to calculate the time it takes to reach these
targets and to evaluate other elements of interest to managers (e.g. number of closures after re-opening,
recovery time).

As the participants were lead through the tutorial, they were asked to discuss how such a model could
be modified to account for uncertainty in other population dynamic parameters, or to account for
regime shifts and uncertainties related to management implementation. The take-home message is
that long-term projections make a number of assumptions on the “realization” of key population
dynamics parameters in future years; while some of the variability is taken into account, projection
models rarely capture all possible sources of uncertainty or the full dynamic range of the possible
outcomes. Consequently, actual trajectories may deviate substantially from the model results, even
when these are expressed in terms of probabilities. For this reason, when long-term projections are
used to investigate the impact of various approacheg, the results should be interpreted in relation to
the resuits of other scenarios rather than in absolute terms.

Woods Hole AgePro Stochastic Simulations (AGEPRO) (see Appendix 6 — Reported by R. K. Mayo}

The AGEPRO program performs stochastic projections of the abundance of an exploited age-structured
population over a time horizon of up to 25 years. The primary purpose of the AGEPRO model is to
characterize the sampling distribution of key fishery system outputs such as landings, spawning stock
biomass, and recruitment under uncertainty. The acronym "AGEPROQO" indicates that the program
performs age-structured projections in contrast to size- or biomass-based projection models. In this
framework, the USER chooses the level of harvest that will be taken from the population by setting
quotas or fishing mortality rates in each year of the time horizon.

There are three elements of uncertainty incorporated in the AGEPRO model: recruitment, initial
population size, and natural mortality. Recruitment is the primary stochastic element in the pepulation
model in AGEPRO, where recruitment is either the number of age-1 or age-2 fish in the population at
the beginning of each year in the time horizon. There are a total of nine stochastic recruitment
submodels that can be used for population projection. It should be noted that it is possible to simulate
the case of deterministic recruitment with AGEPRO through a suitable choice of recruitment submodel
and input data. Initial population size is a second potential source of uncertainty in AGEPRO that can
be incorporated into population projection. To use this feature, the USER must have an initial
distribution of population sizes that can be projected through the time horizon. Alternatively, the
USER can choose to base the projections on a single estimate of initial population size. A third
potential source of uncertainty in the AGEPRO model is natural mortality. In particular, the
instantaneous natural mortality rate is assumed to be equal for all age classes in the population. The
USER can choose to have a constant or a stochastic natural mortality rate. In the stochastic case, the
natural mortality rates are taken to be realizations from a uniform distribution specified by the USER.

Stock sizes-at-age estimated at the end of the terminal year of the VPA are used as input for the
forward projection. The stochastic aspect of the projection is based on 2 sets of input data:

1. The results of the Bootstrap procedure run in ADAPT,
2. The incoming recruitment estimated for each year in the projecticn time horizon.
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AGEPRO is generally used to forecast catches several years ahead, based on an input set of annual
fully recruited instantaneous fishing mortality rates. AGEPRO can also iteratively solve for F,
given an input set of annual catches. It is also possible to specify a target SSB level, and AGEPRO
will determine the probability of exceeding the target in each year of the projection time horizon.

Input

The age-based forward projection starts in the year immediately following the terminal year of the
VPA. In addition to the initial stock sizes at age and incoming recruitment, many of the same
input data used in the VPA are required in AGEPRO, including:; mean catch weights-at-age, mean
stock weights-at-age, natural mortality, maturation and partial recruitment-at-age.

In the case of AGEPRO, however, these data are input as smoothed multi-year averages that are
judged to be representative of the projection time horizon.

There are 9 recruitment models in AGEPRO, but only 4 are included in the workshop tutorial.

Output

After AGEPRO has run successfully, formatted output will be written to a file named during the run
by the user. These files should be brought into a word processor for viewing and printing.

3.3, ADAPT-based Short-term Projections

This tutorial explored the functions available within the St. Andrews implementation of the ADAPTive
framework to carry out stock forecasts and analyses of the risks associated with various scenarios.
This implementation provides for two types of projections: deterministic and stochastic. Deterministic
projections make forecasts of stock characteristics from the point estimates of stock abundance and
from fishery scenarios that are specified by the user. Stochastic projections make forecasts using the
point estimates as well as a measure of their precision. The measure of precision can either be
obtained analytically, or through a bootstrap procedure.

The most common practice is to use the bootstrap procedure (as opposed to the analytical approach)
for calculating risk curves from ADAPT results. While it takes tonger to obtain results because of
the re-sampling procedure, bootstrap is believed to give a better appreciation for the shape of the
risk curve (assuming, of course, a sufficient number of replicates). In the current version of ADAPT,
the bootstrap is performed by re-sampling all residuals assuming that they are independent and
identically distributed (i.i.d.}.

The discussion highlighted the point that, despite efforts to make the residuals i.i.d when calibrating
VPAs, residuals often show significant departures from this assumption. It was noted that research
is ongoing on possible refinements to bootstrap procedures for age-structured models so as to take
such factors into account.

3.4 Lowestoft Projection Seftware (see Appendix | — Reported by C. Darby)

Projection software currently under development at Lowestoft was presented. This software integrates
in a single environment the functionality of a number of programs used by ICES Working Groups to
perform medium-term projections. The sofiware was designed to be used in conjunction with the
Lowestoft VPA tuning programs and offers features that are similar to the other projection programs
explored during this Workshop.

4. General Discussion

The Workshop aimed not only at showing how the various software programs work but also at establishing
good working practices to analyze the results. Discussion sessions were held throughout the Workshop.
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They served to clarify technical questions on the use of the software programs and to discuss common
practices in stock assessment.

It was noted that the age-structured models explered during this workshop are based on the same population
dynamics equations. However, the estimation problem (i.e. the problem of estimating population abundance
in the most recent year) is defined differently in each of these models. The differences mainly lie in the
assumptions (or constraints) that are imposed to reduce the number of parameters. When these methods
are applied using (or forcing) similar assumptions, they essentially give similar results. The fact is that in
their default mode, different methods make widely different assumptions to facilitate the estimation of
stock abundance within their estimation framework. Some of the assumptions can free up parameters.

4.1. Estimation — Strengths and Weakuesses of the Various Methods

Extended Surviver Analysis (XSA). This method estimates one survivor for each cohort represented
in the indices of abundance without requiring constraints for the fishing mortality applied at the
oldest age-group. Instead, the coefficients representing the catchability of the indices-at-age are assumed
to be similar (i.e. reaching a plateau) for all fleets after a pre-determined age. The practice is to define
the beginning of the plateau as the youngest age where the virtual population analysis has converged
sufficiently to provide some stability in the estimation of population numbers without distorting the
catchability pattern at age.

The extended Survivor Analysis allows for "Inverse variance weighting" of the indices. This self-
weighting procedure has the advantage of ensuring that the estimation gives higher weight to the
indices that are more precise. However, the procedure can lead to an assessment being tuned to a
single age-group or survey. That would be fine if this index is unbiased but experience shows that
indices with apparent high precision are often biased to a significant degree, which can seriously
affect final estimates of stock abundance. To avoid this situation, the software provides an option,
which allows the user to set the maximum weight allowed for any given index/value. The maximum
weight is specified in that option as a minimum value for the "standard error of any observation".

As the convergence of the extended Survivor Analysis to a solution depends upon the convergence
property of the underlying virtual population analysis, this method could be difficult to apply reliably
at low F values. The same is true when there is a high degree of variability in the indices. Nevertheless,
the method performs well in a wide range of situations where multiple indices of abundance are
available.

ADAPT. As the ADAPTive framework is based in a non-linear least-squares procedure, it benefits
from a suite of diagnostics and tools that are well known to statisticians. For instance, the approach
provides algorithms for calculating the variance and the correlation of parameter estimates. One
drawback is that non-linear estimation is based on an iterative process that needs monitoring to avoid
pitfalls such as local minimum, over-specifying the number of unknown parameters, etc.

The framework provides flexibility in formulating the estimation problem. For instance, the constraints
in natural mortality could be relaxed by estimating it as an additional parameter. While such flexibility
could be an advantage in research, it could also lead to over-parameterization of the estimation problem
(i.e. trying to estimate too many parameters in relation to the information content of your data). We
recommend being "parsimonious” in defining the number of parameters for your models. When a
model is over-parameterized, the correlation of the parameters estimates becomes very high (e.g.
absolute values in the range of 0.9 to 1.0). Inspect the correlation matrix at the end of the estimation
process to ensure that this situation does not occur.

Another advantage of ADAPT in its current form is that it allows the use of aggregated indices,
together with your age-disaggregated indices. This is a feature that is not available at present in many
of the other methods,
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ICA. The Integrated Catch Analysis {ICA) has been developed to address specific sitnations of pelagic
species. The method invokes the "separability” assumption, at least for a pre-specified time period, an
assumption that may not be met in many situations. The approach is generally computer-intense because
of the number of parameters requiring estimation. The approach produces diagnostics typical of non-
linear approaches based on least-squares or maximum likelihcod.

Estimation — Diagunostics

All methods produce a wide range of diagnostics to evaluate the validity and "quality” of the results.

Residuals. All methods provide log-normal residuals. Residuals should be independent and identically
distributed. Do distribution plots of the residuals. It is also important to inspect the residuals
(graphically or through analysis) for year effects, age effects, as well as for trends (with time, stock
size, etc.). Outliers (i.e. large residuals) should be identified and their influence on the population
size estimates should be investigated. High leverage observations should be given special attention
and investigated in "sensitivity" runs,

Variance of parameter estimates. The variance of parameter estimates provides information on the
precision of the results. Typically, results would be considered satisfactory when the coefficient of
variation for most estimates of population abundance at age is below 40%. In a risk analysis context
{where both the estimate and a measure of its precision is used), higher coefficients of variation could
be used but the mode! formulation should be investigated carefully before using such results. Often,
high variance is the result of residuals that are not i.i.d (e.g. much larger residuals for younger ages,
which corrupts the calculation of the variance for other ages).

Correlation matrix of parameters. High correlation between parameter estimates is an indication of
over-parameterization (trying to estimate too much for the information content of the data). This
could be corrected by adding structure or constraints to the model (e.g. assumptions on survey
catchability, on determination of fishing mortality for oldest age groups, etc.).

Functional form for catchability of each index. Assumption of constant q for commercial fleets can
be a problem. Catchability estimates should be inspected for time trends (usually graphically). While
time trends or power curves can be fitted to catchability, use these options sparingly. Keep the model
as stmple as possible and do not go for power models or temporal trends at the beginning of your
exploration. Use different techniques to investigate the possibility of changes in catchability through
time. For instance, look at your indices with a separable model.

Bias-correction. Because of the non-linear nature of the estimation problem, the estimates obtained through
the procedures described above are generally biased. Some methods provide a bias-correction to be applied
to the estimates of population abundance for the most recent year. In ADAPT, this correction is also done
for historical estimates of population abundance and fishing mortality. Some methods do the bias correciion
only for the final estimate of population abundance and such estimates are not directly comparable to
historical reconstruction of stock abundance. Recent research sponsored by the EU suggests that bias
correction is necessary.

Inverse weighting. The weights used in some methods (e.g. XSA) to individual indices of abundance
combined should provide a balanced contribution from each index. Extreme values should be investigated
with the aim of limiting the undue influence of indices that are potentially biased.

Retrospective analysis. Such analyses apply the estimation procedure repeatedly to data sets that are
truncated of their most recent observations to determine if the estimation procedure has a tendency to
either over- or under-estimate population abundance. There has been a tendency for many models to over-
estimate abundance in the most recent year. Changes in catchability (e.g. due to learning or technological
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innovations for indices based on commercial catch rates; change in survey gear for research surveys),
trends/changes in reporting practices {mis-reporting), changes in natural mortality, shifts in geographical
distribution, as well as immigration or emigration can lead to retrospective patterns. When strong
retrospective patterns are present, the condition that lead to such patterns must be identified and accounted
for in model formulation.

Sensitivity analysis. As indicated zbove, the influential points should be investigated through sensitivity
runs.

Estimation - Model formulation

Catchability. The "power function” available in most models should only be used when for species/ages
where a contagious distribution is suspected (e.g. youngest ages). Contagious distributions are the result of
the tendency for some species or age groups to aggregate. The current practice in some areas is use only
the most recent years {(e.g. 10 or 15 years) to do the calibration. Short time series (e.g. less than 10 years)
are not sufficient for fitting power models. The truncation of the time series is also used frequently when
abrupt changes in catchability are suspected (e.g. resulting from a change in survey gear); short series may
result in the estimate of stock abundance for the terminal year being poorly determined. Regarding "time
trends” in catchability, it is generally not possible to estimate such trends for all indices; catchability of at
least one index has to be kept time invariant as the estimation procedure confounds time trends in catchability
with trends in population abundance.

How many parameters? The number of parameters that could be estimated in a given situation depends
on a number of factors, including the convergence properties of the virtual population analysis, the contrast
or information content of the data, the length of the index series, the consistency of the series, etc. It is
advisable to attempt to estimate as few parameters as required (the principle of "parsimony").

How much shrinkage? Some methods (e.g. XSA) impiement shrinkage to improve the stability of the
estimation. In essence, shrinkage biases the results towards the mean and too much shrinkage may result
in suybstantial biases.

Functional relationship for fishing mortality for the oldest age-group. 1t is common practice to reduce
the number of parameters to be estimated by assuming a functional relationship for the fishing mortality
for the oldest age group in each year. For instance, the oldest age group could be defined as the mean of
fishing mortality estimates for a range of younger ages. It is recommended to keep the age-groups used for
such calculation as close as possible to the oldest age-group to avoid forcing a flat top partial recruitment
pattern when a dome is in fact present.

Age fruncation. In many situations, the youngest age groups and oldest age groups of an index are inherently
more variable than the age groups, which are targeted by the survey or fishing gear leading to the index.
Because of this variability, including these ages in a model that assumes the same error structure for all
ages may inflate the variance estimates of the ages of interest. It is common practice to truncate these ages
from the indices. A better approach would be to account for this difference in error structure but current
implementaticns do not include such a feature.

Forecasts

Retrospective patterns. There is no universal rule on how to account for retrospective effects in short
term forecasts. As suggested above, someone should first attempt to understand the processes that leads to
the retrospective effect and correct for it in the formulation of the model. In many cases, the cause(s) of the
retrospective pattern cannot be readily identified. In some cases, the retrospective effect has been accounted
for by adjusting the forecast accordingly but there is no guarantee that this will bring the results closer to
the underlying "true value",
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Regime shifts. Temporal shifts in biological parameters are often evidenced in maturity data, growth data
or stock-recruitment data. In short-term forecasts, shift in biological parameters can be captured (with a
lag) by using the most recent observations cn these quantities (e.g. averaging the last three years). In long
term simulations to assess harvest strategies, regime shifts have been investigated using sensitivity runs
but other techniques are also possible.

Risk analyses. Most forecasts account only for some of the uncertainty in the processes being simulated.
For instance, in the programs used in this workshop, the variance of population estimates in the starting
year and the variability of the recruitment process was taken into account. Some programs (not reviewed
here) also account for variability in other biological parameters (e.g. growth) or contrel parameters (partial
recruitment or selection pattern). How to account for biases (as opposed to variance) from various sources
in such forecasts is still unclear. In recent years, scientists have gained some experience in evaluating and
communicating the risks associated with various management actions. However, more work is needed to
evaluate the sensitivity of forecasts to plausible biases and directional shifis in biological parameters.
Another approach might be to adhere to management approaches that are more robust so as to reduce the
dependency upon the accuracy of annual assessments.

Biological metrics. While simulations have typically focussed on stock trends and fishery trends, they
should capture other biological aspects as well (e.g. age structure).

4.5. Suggestions for improving software tools

It was observed that software tools are becoming easier to use, thanks to improvements in the user interface
and to the improvements in computing technology. For instance, bootstrap procedures are now more
accessible than they used to be, thanks both to the computing power and to their availability as options in
current software implementations.

It was also observed that software programs are converging so as to offer the same functionality. Despite
this convergence, the learning curve of these software tools remains steep in part because of the lack of
standards for user interfaces, and input/output formats. Data entry remains a challenge when using these
models.

It was noted that all of the software programs used during this workshop would benefit from improving the
user-interface. Simple modifications could also enhance their usefulness or functionality. Suggestions for
improvements included the following:

* User interface: Programs should allow the user to correct errors in input windows without having to
restart the input process. Qutput files are often cryptic and difficult to read and would benefit from
labels strategically placed to identify table contents (e.g. name of parameters being estimated, etc.}.

« Input formats: All methods essentially require the same type of data in input. Users would benefit
greatly from a common format for input data common to all programs.

+ Bootstrap: Capture Recruitment-SSB pairs from the bootstrap, together with the corresponding
estimates of population size, to allow re-sampling from them in forecasts or to allow further analyses
on them (e.g. to determine correlation).
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Annex 2. Timetable

Time Topic Lead Software tools
Wednesday, 13 September
09:00-10:00 Registration. and network setup and software installation
10:00-10:30 Introduction, Principles of VPA tuning and
scparable VPA C. Darby Lowestoft tuning suite
10:30-11:00 Work session C. Darby Lowestoft tuning suite
11:00-11:20 Laurec-Shepherd C. Darby Lowestof! tuning suite
11:20-12:10 Work session C. Darby Lowestoft tuning suite
12:10-12:30 ADAPTive framework: theory, use of
software, output overview R. Mayo Woods Hole Fishery
Assessment Compilation Toolbox
(FACT)
Lunch break
14:00-15:15 Work session R. Mayo Woods Hole FACT
Health break
15:30-16:15 ADAPT demo/tutorial D. Rivard ADAPT: Gavaris implementation
16:15-17:00 Discussion All participants
Thursday, 14 September
9:00-9:45 Extended Survivor Analysis; theory,
use of software, output overview C. Darby Lowestoft tuning suite (XSA)
9:45-10:45 Working Session C. Darby Lowestoft tuning suite {XSA)
Health break
11:00-11:30 ICA: theory, use of software,
output overview C. Darby ICA
11:30-12:30 Work session C. Darby IcA
Lunch break
14:00-15:00 Discussion All participants
Health break
15:15-16:00 FISHL.AB (demo) C. Darby FISHLAB
16:00-16:30 PA Software (demo) C. Darby PA Software
16:30-17:30 Work session C. Darby PA Software
Friday, 15 September
9:00-9:45 Long term simulations using @Risk D. Rivard Excel, @Risk
9:45-10:45 Work session D. Rivard Simulation Excel spreadsheet,
@Risk
Health break
11:00-11:30 Stochastic projections R. Mayo Woods Hole AgePro
11:30-12:30 Work session R. Mayo Woods Hole AgePro
Lunch break
14:006-14:45 ADAPT-based risk analyses (Demo/tutorial) D. Rivard ADAPT Sofware
14:45-15:30 Stochastic projections C. Darby Lowestoft Projection Software
Health break
15:45-16:15 Work session C. Darby Lowestoft Projection Software
16:15-17:00 Discussion All participants
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Appendix 1: The Lowestoft Stock Assessment Suite

Tutorial 1
Data file input and User-defined VPA

by

Chris Darby
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is the first in a series of tutorials that provide an introduction to fitting stock
assessment models within the Lowestoft VPA Suite stock assessment software package, and
prediction programs that utilise the results. This tutorial takes the user through the input of data
files, running a VPA with user defined fishing mortalities and the printing of data and results.

Introduction

This document takes the user through the process of entering data into the Lowestoft VPA suite program
and running a "user-defined" traditional VPA (virtual population analysis) using file and keyboard input of
terminal F values (the fishing meortality occurring at the oldest cohort age). The tutorial assumes that the user
has installed the VPA program described in Darby and Flatman (1994), that the required data files have been
placed in a directory c:\vpas\data and that the example assessment index file (Blackfin.ind) contains path

names which point to the appropriate input files within that directory.

In the following text action to be taken by the user is highlighted in bold. The symbol J is used to

represent the Return or Enter key on the keyboard.
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The first line of each table is the run title. It is taken from the title of the assessment data index file and is
generally used to identify the stock, year and type of data. The second line is the date and time at which the
data files were printed.

Table 8 presents the fishing mortality (F) at age matrix, calculated using the user inputs for the F in the final
year, F at the oldest age from the input file, the natural mortality and the catch at age input data. The table
layout is similar to the data file tabulation, with columns containing the resulis for a year and the rows the
results for each age. Note that the plus group fishing mortality is defined to be equal to that at the oldest age.

The two fishing mortality means specified by the user are presented in the rows below the results for each age.
In this instance we have defined an unweighted average F (FBAR), calculated over the age range 3-7, and a
catch/population weighted average calculated across all ages (FBARP). The average values are also presented
as time series in summary tables 16 and 17. The final column of the table presents an average fishing mortality
for each age calculated over a user-defined range of years. As with the column means, the user can define the
type of average and the year range over which it is calculated when specitying the assessment structure.

Pope (1972) has shown that the historic fishing mortality and population numbers calculated using VPA are
insensitive to the values used to initiate the cohort calculations if the cumulative fishing mortality back up the
cohort is greater than 1.0 (conditional on the vaiue of M); the estimates are considered to be "converged”. In
Table 8 this generally holds for ages 7 and younger in the years 1963-91. Calibration models fitted to the
Blackfin catch at age data set are therefore primarily estimating the level of fishing mortality and population
abundance at all ages for the years 199294 and at ages 8 and 9 in earlier years.

Table 9 presents the relative fishing mortality at age, that is the ratio of the fishing mortality estimated at each
age and the first user defined mean (Fbar 3-7). It is used to detect changes in selection at age such as the
increased selection for age 2 and 3 that occurred after 1973.

Table 10 presents the population numbers at age calculated from the VPA transformation of the catch at age
data with the two row (age) means. The number of means, the year range and the method of calculation are
user defined. In this case the defaults were selected and they are a geometric and arithmetic mean calculated
over all years except the final three.

Table 11 presents the spawning stock numbers calculated at spawning time. The populations are brought forward
to spawning time using the proportions of fishing and natural mortality that take place before spawning,
defined by the user within the input files.

Two tables of stock biomass at age (12, 14) and spawning stock biomass at age (13, 15) are available. The-
stock biomass is calculated at the beginning of the year, spawning stock biomass at spawning time. Tables 12
and 13 are the biomass without SOP correction and Table 14 and 15 present the biomasses scaled by the SOP
factor which corrects for sampling error and which was discussed previously in relation to the catch data.

Two output summary tables are available. Table 16 is not SOP corrected and Table 17 has the SOP corrected
biomasses. Both tables present the time series of recruitment to the first age of the assessment, total and
spawning stock biomass, landings, vield (landings) / SSB which is a proxy for fishing mortality and the time
series of user defined fishing mortality means specified at the start of the run.
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TABLE 1. The VPA suite catch numbers-at-age output table for the Blackfin example data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 8:47

Tabla 1 Catch numbers at age Numbers*10**-3
YEAR 1963 1964
AGE
1 0 1]
2 155 117
3 1483 2136
4 688 2340
5 327 700
8 215 339
7 73 159
8 149 42
9 50 49
+gp 49 a3
TOTALNUM 3190 5975
TONSLAND 6594 13596
SOPCOF % 106 105
Table 1 Catch numbers at age Numbers=10*"-3
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
AGE
1 ] 0 0 2 bl 0 0 57 350 897
2 23 68 385 49 335 33 382 3973 7753 3374
3 3327 2838 2053 2435 1883 2857 1385 8418 7665 6062
4 3060 4909 2885 2287 4618 2335 4444 3894 5281 2417
5 1757 1220 1934 1197 1498 1805 1891 2256 1946 2158
6 512 693 268 621 507 599 1085 456 883 617
7 271 135 454 148 568 240 465 333 468 949
8 92 39 91 126 106 196 362 160 336 925
9 69 27 44 29 79 41 300 92 189 502
+gp 137 48 75 58 7% 122 238 162 472 869
TOTALNUM 9457 9977 8189 6952 9765 8228 10552 198803 25322 18769
TONSLAND 18395 18584 16034 12787 17124 14536 19863 29219 33832 35973
SOPCOF % 98 100 162 98 99 99 98 100 93 97
Table 1 Catch numbers at age Numbers™10™-3
YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
AGE
1 25 36 160 38 10 46 154 43 35 157
2 2592 2826 1257 4452 1000 1023 2490 1403 3519 3026
3 6672 8274 4680 4278 1836 3351 3932 4633 4761 5590
4 2545 2782 2734 2362 1205 954 1981 1687 2574 2407
5 1328 1806 1687 1306 1181 685 588 1250 834 880
[ 873 1122 743 701 724 638 410 574 764 685
7 1013 662 562 293 372 471 341 388 509 302
8 1 518 386 244 157 104 223 247 158 140
9 198 566 290 163 191 91 154 136 105 57
+ap 343 1365 922 1326 757 817 673 461 506 160
TOTALNUM 16300 19979 13421 15163 7433 8270 10047 10824 13765 13404
TONSLAND 30800 41747 27210 31370 21604 22102 23574 23884 28880 21641
SOPCOF % 98 97 96 o7 99 100 98 a9 102 99
Table 1 Catch numbers at age Numbers*10=*-3
YEAR 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
AGE
1 6 232 1 21 22 58 153 28 15 3
2 2288 773 1698 3591 759 1485 1243 861 2511 2408
3 5122 7101 2194 5702 721 5595 3594 1773 2668 2029
4 3051 8441 6967 3518 5703 3ra9 2046 3003 2827 1080
5 145% 3787 1928 2627 2255 1194 1175 968 1185 492
8 1230 1399 1359 1054 1400 786 607 354 270 280
7 610 1056 779 892 376 525 424 107 112 109
8 187 470 454 698 258 245 235 61 56 685
9 105 186 261 330 157 132 96 54 43 50
+gp 225 347 210 329 184 157 223 a3 83 110

TOTALNUM 14283 23792 15850 18759 18406 138086 10697 7392 9768 6627
TONSLAND 26595 35886 31368 34178 25577 19865 16895 11804 13943 10429
SOPCOF % 99 95 106 99 95 96 101 100 100 29
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TABLE 2. The VPA suite catch weights-at-age output table for the Blackfin example data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 8:.47

Table 2 Catch weights at age (kg)

YEAR 1963 1964

AGE
1 0 0
2 0.92 0.8
3 13 1.45
4 1789 2.01
5 2.35 2.76
6 3.21 376
7 417 4.27
8 2759 5.06
9 5309 6.26

+gp 7542 7.207

SOPCQOFAC 1.0558 1.0476

Table 2 Catch weights at age (kg})

YEAR 1965 1966 1967 1968 1968 1870 1971 1872 1973 1974

AGE
1 0 0 0 0.48 0 0 1] 0.508 0.3 0.309
2 0.74 0.65 1.07 0.83 0.78 0.6 0.65 0.748 0.62 0.589
3 1.16 1.08 1.19 1.18 1.04 1.08 0.85 1.082 1.089 0.973
4 168 1.74 1.581 1.68 143 1.419 1.26 1.708 1.374 1.607
5 247 2.74 2.24 218 2.28 1.98 1.79 2474 2487 1.716
6 3.85 3.229 3.53 2.989 285 2.949 274 2.521 3.025 3.522
7 4.48 4.82 3.761 406 3511 367 3.51 2.908 3.605 4.519
8 5.431 581 5.26 4.47 4.931 4.879 4.701 4.889 4.736 4.985
9 6.791 6.549 5.951 5.28 573 6.259 528 6.014 6.681 6012

+gp 7.504 8.069 7.233 7.386 7.578 7.158 7.344 8.088 8.105 8.276

SOPCOFAC 0.9839 0.9952 1.0223 0.9841 0.9873 0.9871 0.5;842 1.0037 0.9289 0.9715

Table 2 Catch weights at age (kg)

YEAR 1875 1976 1977 1978 1979 1880 1981 1982 1983 1984

AGE
1 0.463 0.444 0.45¢ 0.481 G.51 0415 0.398 0.432 0.38 0.471
2 0.736 0.686 0.659 0.502 0.697 0.65 0.677 0.714 0.674 0.726
3 0.928 1.018 0.844 1.129 1.318 1.165 1.105 1.07 1.261 1.108
4 1.491 1.458 1.386 1.697 1.974 1.928 1.717 1.768 1.841 1.7H1
5 2573 2.786 2.252 2.639 239 2.645 2,997 2.722 3.089 2871
8 3.483 3.298 3.258 3.891 334 3.552 4.095 3.874 3.656 3.522
7 4774 4.264 4.339 4816 4.583 4.555 5.182 528 5.04 4.743
8 5.587 5.038 5132 548 5784 5533 6.362 6.143 6.315 5.837
g 6.533 5.905 5946 6.137 6.951 6.525 7.353 7.752 6.985 7.672

+gp 8.554 7.915 7.8907 8.572 9.326 9.652 9.944 10.679 10.867 10.877

SOPCOFAC 0.981 0.9737 0.9607 0.9688 0.9936 0.9955 0.5.1843 0.9895 1.023 0.9853

Table 2 Catch weights at age (kg)

YEAR 1985 1986 1987 1968 1989 1990 1991 1992 1993 1994

AGE
1 0.403 0.671 0453 0.56 0.5 0.55 0.564 0.524 0.615 0.632
2 0.702 0.738 0.608 0.7 0.74 0.747 0.865 0.791 0.852 0.939
3 1.047 0.868 0.955 1.034 0.929 0.891 0.969 1.123 1.102 1.168
4 1.67 1.333 1.184 1.344 1.159 1.228 1.235 1.34 1.434 1.612
5 261 2,199 1.985 1.706 1.597 1.848 1.797 2.04 1.974 2.322
6 3.23 3.14 3.054 a2 2577 2618 2.366 2717 2893 2.998
7 4.301 4.112 4421 4.414 4387 377 3.249 4.164 3.888 4.377
8 5.979 5.148 5.85 5.545 5.665 5.686 4.64 5.043 4.937 5.381
9 7.352 6.368 7.236 7176 6.946 6.952 6.536 6.509 6.372 6.397

+gp 11.052 9.469 10.873 9.959 8.75 8.864 8.705 9.744 8.547 8.861

SOPCOFAC 0.9906 0.9478 1.0614 0.9921 0.9481 0.9613 1.0075 1.0018 0.8895 0.995
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TABLE 3. The VPA suite weights-at-age output table for the Blackfin example data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 8:47

Table 3 Stock weights at age {kg)

YEAR

AGE

O~ DD B W -

+gp

Table
YEAR

AGE

OO~ EWN =

+gp

Table
YEAR

AGE

PN WN

+gp

Table
YEAR

AGE

W~ bhWN-=2

+ap

1963

0
0.92
13
1.769
235
a2
417
3.759
5308
7.542

1964

0

o8
145
2.m
276
3.76
4.27
5.06
5.26
7.297

3 Stock weights at age (kg)

1965

0
0.74
1.16
1.68
247
3.85
4.48

5431
6.791
7.504

1966

0
0.65
1.08
1.74
2.74

3228
4.62
5.81

6.549

8.069

1967

0
1.07
1.19

1.581
224
3.53

3.761
526

5.951

7.233

3 Stock weights at age (kg)

1975

0.463
0.735
0928
1.4
2.573
3.483
4774
5.587
6.533
8.554

1976

0.444
0.686
1.019
1.458
2.786
3.208
4.264
5.038
5.905
7915

1977

0459
0.659
0.844
1.396
2252
3259
4.339
5132
5946
7.907

3 Stock weights at age (kg)

1985

0403
0.702
1.047
1.67
2.61
3.23
4.301
5978
7.352
11.052

1986

0.671
0.736
0.866
1.333
2199

3.14
4.112
5148
6.368
9469

1887

0.453
0.608
0.955
1.184
1.985
3.054
4421
5.65
7.236
10.973

1968

0.48
0.63
1.19
1.68
219
2.989
4.05
447
5.28
7.386

1978

0.481
0.502
1.12¢9
1.697
2639
3.8
4816

548
6.137
8.572

1988

0.56

1.034
1.344
1.706

32
4.414
5,545
7.176
9.959

1969

0.78
1.04
1.43
2.28
295
3.511
4.931
5.73
7.578

1979

0.51
0.697
1.318
1.974
2391
3341
4.583
5784
6.951
9.326

1980

0.5
0.74
0.929
1.159
1.697
2.577
4.387
5.665
6.946
B8.75

1970

086
1.08
1419
1.98
2949
3.67
4.879
6.258
7.158

1980

0415

Q.65
1.165
1.928
2645
3.552
4.555
5.533
6.525
9652

1990

0.55
0.747
0.891
1.229
1.849
2618
3771
5.696
6952
8.864

1971

0.65
0.895
1.28
1.79
274
3.5
4.701
5.28
7.344

1981

0.399
0.677
1.105
1.717
2997
4,095
5182
6362
7.353
9.944

1991

0.5684
0.865
0.969
1.235
1.797
2.366
3.249

6.536
8.705

1972

0.508
0.748
1.082
1.708
2474
2.621
2.908
4.889
6.014
8.088

1982

0.432
0.714
1.07
1.768
2722
3.874
5.29
6.143
7.752
10.679

1992

0.524
0.7
1.123

2.04
2.717
4.164
5.043
6.509
9.744

1973

0.31

0.62
1.089
1.374
2.487
3.025
3.605
4,738
6.681
8.105

1983

0.38
0674
1.251
1.8M1
3.089
3.656

6.315
6.985
10.867

1993

0.615
0.852
1.102
1.434
1.974
2.893
3888
4.937
6.372
8.547

1974

0.308
0.588
0.973
1.807
1.716
35622
4.519
4,985
6.012
8276

1984

0.471
0.726
1.108
1.7¢1
2.671
3.522
4743
5837
7.672
10.877

1994

0.632
0.939
1.168
1.612
2.322

4377
5.381
6.397
8.861
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TABLE 4. The VPA suite natural mortality-at-age output table for the Blackfin example data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 B:47

Table 4 Natural Mortality (M) at age
YEAR 1963 1964

AGE
1 0.2 0.2
2 0.2 0.2
3 0.2 0.2
4 0.2 0.2
5 0.2 0.2
6 0.2 0.2
7 0.2 0.2
8 0.2 0.2
9 0.2 0.2

+gp 0.2 0.2

Table 4 Natural Mortality (M) at age
YEAR 1965 1966 1967 1968 1869 1970 1971 1972 1973 1974

AGE
1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
5 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02
6 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
g 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Table 4 Natural Mortality (M) at age

YEAR 1975 1976 1977 1978 1879 1980 1981 1982 1983 1984

AGE
1 0.2 02 0.2 02 0.2 02 0.2 0.2 0.2 0.2
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
4 0.2 0.2 0.2 0.2 02 02 0.2 0.2 0.2 0.2
5 02 0.2 0.2 0.2 0.2 0.2 0.2 02 0.2 0.2
6 02 0.2 0.2 02 02 02 0.2 0.2 0.2 0.2
7 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
8 0.2 0.2 0.2 0.2 02 0.2 0.2 02 0.2 0.2
g 0.2 0.2 02 0.2 0.2 0.2 0.2 02 0.2 0.2

+ap 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02 0.2 0.2

Table 4 Natural Mortality (M) at age
YEAR 1985 1986 1987 1988 1989 1990 1991 1892 1993 1984

AGE
1 0.2 02 0.2 0.2 0.2 02 0.2 02 0.2 0.2
2 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
3 02 0.2 0.2 0.2 02 02 02 0.2 0.2 0.2
4 02 0.2 0.2 0.2 0.2 02 0.2 02 0.2 0.2
5 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02 0.2 0.2
8 0.2 0.2 0.2 0.2 0.2 0.2 02 0.2 0.2 0.2
7 0.2 0.2 0.2 0.2 02 0.2 0.2 0.2 0.2 0.2
8 0.2 02 0.2 0.2 02 02 0.2 0.2 0.2 0.2
9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02
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TABLE 5. The VPA suite maturity-at-age output table for the Blackfin example data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 8:47

Table 5 Proportion mature at age

YEAR 1863 1964

AGE

Lo~ s W
N e N e I I )
[ T N N i A O e T e Y e B i

*ap

Table 5 Proportion mature at age
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
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PR A T Y i B i Yl o
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Table 5 Proportion mature at age
YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

AGE

OO, AWN =
= A S A aaCc o0
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Table 5 Proportion mature at age
YEAR 1985 1986 1987 1988 1989 1990 1991 1992 1893 1894

AGE
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TABLE 6. The VPA suite proportion of fishing mortality before spawning output table for the Blackfin example
data set.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 847

Table & Proportion of M before Spawning

YEAR 1963 1964

AGE
1 0 0
2 ] 0
3 0 0
4 0 0
5 ] 0
6 0 0
7 0 0
8 0 0
9 0 ]

+gp 0 0

Table 6 Proportion of M befare Spawning

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 0 Q 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 g 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0

+gp 0 0 0 0 0 0 0 0 0 Q

Table & Proportion of M before Spawning
YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

AGE

WO~ ®OAWN -
[= el olleNo ool olele)
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Table 6 Proportion of M before Spawning
YEAR 1985 1986 1987 1988 1989 1980 1991 1992 1993 1994

AGE

WONDWE AW~
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TABLE 7. The VPA suite proportion of natural mortality before spawning output table for the Blackfin example
data set.
Run title : Blackfin: VIPA course. Combined sex; plusgroup.
At 110212002 847
Table 7 Proportion of F before Spawning
YEAR 1963 1964

AGE

OO~ W
(= =g=i=laBeBol el N
(=g = o = o B I o B o B o o

+gp

Table 7 Proportion of F before Spawning

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 0 0 0 0 0 0 0
2 Q 0 0 0 0 0 0 0 0 0
3 0 0 0 0 Q 0 0 0 0 0
4 Q 0 0 0 0 0 0 0 0 0
5 0 0 0 ) Q 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 o 0 0
8 0 0 0 0 0 0 0 0 Q 0
9 0 0 0 0 0 D 0 0 0 0

+gp 0 0 0 0 0 0 0 0 0 a

Table 7 Proportion of F before Spawning

YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

AGE
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 Q 0 0
3 0 0 0 0 0 0 0 0 ] 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 Q 0 0 0 0
9 0 0 0 0 0 0 0 Q 0 0

+gp 0 0 0 0 0 0 0 0 0 0

Table 7 Proportion of F before Spawning

YEAR 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

AGE
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 Q 0 0 0
9 0 0 o 0 0 0 0 0 0 0
6 0 0 o 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0

+ap 0 0 0 0 0 0 0 a 0 0



APPENDIX 1: Tutorial 1: Data File Input and User-defined VPA

TABLE 8. The fishing mortality-at-age calculated for the Blackfin stock using Traditional VPA.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 8:46

Traditional vpa using screen input for terminal F

Table 8 Fishing mortality (F) at age

YEAR
AGE

WO~ DM s N =

+gp
FBAR 3-7
FBARP

1963

0
0.0133
0.148
0.2404
0.2208
0.3218
0.1648
0.3774
0.1582
0.1582
0.2192
0.1061

Table 8 Fishing mortality (F) at age

YEAR
AGE

CoO~NDN A WK S

+gp
FBAR 3-7
FBARP

1965

0
0.0162
0.199
0.6903
0.5173
0.6018
0.5837
0.4553
0.3433
0.3433
0.5184
0.1665

Table 8 Fishing mortality (F} at age

YEAR
AGE

OO ~NDME O =

+gp
FBAR 3-7
FBARP

1975

0.0011
0.1131

0.505
0.4132
0.2879
0.3383
0.4802
0.3627
0.4484
0.4484

0.405
0.1922

1964
0
0.0052
0.2523
0.3656
0.4106
0.3742
0.4171
0.1348
0.2053
0.2053
0.364
0.1395
1966 1987
0 0
0.0048  0.0167
0.2808 0.1965
0.5024  0.5124
0.6624  0.3778
0.3961 0.293
0.3113  0.4808
0.1495  (.3578
0.2288 0.255
0.2288 0.258
0.4308 0.3741
0.1594 0.1454
1976 1977
0.0023  0.0095
0.1653 0.103
0.6219  0.4483
04082 04295
0.5834  0.4666
0.4208  0.5081
0.467 0.386
0.4884  0.5503
0.5774 0.5585
0.5774  0.5585
0.5003  0.4479
0.2254  0.1967

Table 8 Fishing mortality (F) at age

YEAR
AGE

WO ~NA e WN

+ap
FBAR 3-7

FBARP

1985

0.0003
0.0745
0.2627
0.2783

0.267
0.3341
0.3247
0.3126

0.324

0.324
0.2936
0.1432

1986

0.0084
0.0484
0.3451
0.9123
0.6645

0.442
0.5356
0.4471
0.5863
0.5863
0.5799
0.2022

1987

0
0.07886
0.188
0.6757
0.5415
0.5354
0.4745
0.4654
0.4804
0.4804
0.483
0.1764

1968

0.0001
0.0028
0.1394
0.3431
0.4151
0.1992
0.2605
0.2421
0.1842
0.1842
0.2727
0.1181

1978

0.0021
0.3874
0.5928
0.4304
0.3759

0.385
0.288
0.4748
0.4746
0.4288
0.2588

1988

0.0011
0.1722
0.4059
0.5158
0.5893
0.6495
0.8315
1.0727
0.7424
0.7424
0.5984
0.2152

1969

0
0.0126
0.155
0.4231
0.4065
0.3009
0.2825
0.3007
0.2375
0.2375
0.3154
0.1319

1979

0.0005
0.0686
0.2729
0.3279
0.3986
0.3693

0.33
0.3682
0.3835
0.3835
0.3387
0.1542

1989

0.0011
0.0475

0.621
0.9326
0.7477
0.7365
0.5118
0.6161
0.7567
0.7567
0.7099
0.2287

1970

0
0.0017
0.1414
0.2753
0.2904
0.28186
0.2367
0.1479
0.1808
0.1808
0.2451
0.1071

1980

0.0016

0.061
0.3412
0.2222
1.3139
0.3905
04384

0.286
0.3794
0.3754
0.3412
0.1517

1980

0.0031
0.0951
0.5696
0.7685
0.5054
0.8431
0.6918
0.7545
0.7601
0.7601
0.6356

0.225

1971

0
0.0133
0.0905
0.339
0.3755
0.2843
0.3682

0.3520
0.3529
0.2815

0.122

1981

0.0057
0.1137
0.3475
0.3474
0.2077
0.3144
0.3743
0.3837

0.386

0.386
0.3183
0.1664

891

0.006
0.0835
0.3479
0.6789
0.5913

0.525
0.8954
0.7864
0.7767
0.7767
0.8077

0.2

1972

0.0018
0.1622
0.4416
0.3912
0.2883
0.1447

0.132
0.2079
0.3525
0.3525
0.2796
0.1816

0.0012
0.0857
0.3186
0.2462
0.3858
0.3211
0.5533
0.5116
0.4281
0.4201

0.365
0.1558

1992

0.0007
0.0418
0.1643
0.5722
0.4981
0.3541
0.1615
0.2988
0.4138
0.4138
0.3496
0,153

1973

0.012
0.3485
0.5319
0.5486
0.3459
0.1745
0.2167
0.1809
0.4304
0.4304
0.3635
0.2475

1983

0.001
0.1296
0.3285

0.284
0.1846
0.4323
0.5249

0.46
0.4267
0.4267
0.3528
0.1666

1983

0.0002
0.0836
0.1758

0.425
0.4493
0.2485
0.1783
0.1191
0.3502
0.3502
(.2956
0.1486

1974

0.0298
0.1528
0.5061
0.3166

0458

0.17%
0.2872
0.8633
0.4805
0.4805
0.3486

0.207

1984

0.004
0.1062
0.3115
0.2749
0.1543
0.2275

0.303
0.2645
0.2951
0.2851
0.2542
0.1462

1964

0.01
0.03
0.09

0.12
0.18
015
0.15
0.15
0.1
0.128
0.0755

FBAR 92-94

0.0036
0.0518
0.1434
0.3657
0.3551
0.2609
0.1636
0.1893
0.3047

39
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TABLE 9. The relative (to the reference mean) fishing mortality-at-age calculated for the Blackfin stock using
Traditional VPA.

Run litte : Blackfin: VPA course. Combingd sex; plusgroup,
Al 1/02/2002 B:46
Traditional vpa using screen input for terminal F

Table 9 Relative F at age

YEAR 1963 1964
AGE

1 Q 4]

2 0.0605 0.0143

3 06752  0.6932

4 1.0966 1.0044

5 1.0075 1.1281

] 1.4683 1.0283

7 0.7523 1.146

8 1.7218 0.3703

2] 07218 0.5641

+ap 0.7218 0.5641

REFMEAN 02192 0.364

Table 8 Relative F at age

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
AGE

1 0 0 0 00003 0 0 1] 0.0064 0.0329 0.0858

2 00313 00112 0.0447 00107  0.0399 0.0068  0.0456 0.5803 0.9587 0.4384

3 0.383%  0.6521 0.5252 0.5113 04815 05768  0.3105 1.5797 1.4632 1.4519

4 1.3315 1.1666 1.3697 1.2803 13415 1.1224 1.1631 1.3994 1.5091 0.9083

5 0.9977 1.5384 1.01 1.5223 1.2888 1.1849 1.2882 1.0311 09517 1.3138

6 1.181 0.9189 0.7831 0.7305 0.9825 1.1491 0.9752 05175 04799 0.502

7 1.1259 0.723 1.3119 0.9555 0.8957 0.9658 1.263 04723 0.596 0.624

8 08782  0.3471 0.9565 0.8879 0.9532 0.6036 22917 0.7435 0.525 24766

g 0.6622  0.5313 0.6816 0.6756 0.783 0.7377 1.2106 1.2609 1.184 1.3785

+gp 06622 0.5313 06816  0.6756 0.753 0.7377 1.2106 1.2609 1.184 1.3785

REFMEAN 05184 04306 03741 0.2727 03154 0.2451 0.2915 02796  0.3635 0.3486

Tabla 9 Relative F at age

YEAR 1976 1576 1977 1978 1979 1980 1981 1962 1983 1984
AGE

1 0.0027 00046  0.0211 0.0048 0.0014 00048 0.0179 0.0033 0.0027 0.0159

2 0.2793  0.3304 02208 09034 02018 0.1786 03573 0.1799 03673  0.4977

3 1.2459 1.2431 1.0031 13825 0.8033  0.5998 1.092 0.8728 0.9308 1.2261

4 1.0202 0.816 0.9589 1.0038  0.9651 0.6512 1.0916 06744  0.8331 1.0814

5 07103 1.1661 1.0418  0.8766 11733 098198  0.6526 1.057 05232  0.6069

6 0.8365 0.8414 1.1345  0.8394 1.0871 1.1444  0.9878 0.8799 1.2252 0.895

7 1.1858 0.9335 0.8617 0.8978 09713 1.2548 1178 1.5158 1.4876 1.1916

8 0,86938 09721 1.2287 0.6715 1.0837 0.8381 1.2057 14017 1.3037 1.0403

9 1.1071 1.1541 1.2489 1.1068 1.1288 1.1118 1.2129 1.1757 1.2083 t.1608

+gp 1.1071 1.1541 1.2469 1.1068 1.1288 t.1118 1.2128 1.1757 1.2093 1.1608

REFMEAN 0.405 05003 04479 04288 03397 03412 0.3183 G.365 0.3528 0.2542

Table 9 Relative F at age

YEAR 1985 19886 1987 1988 1989 1680 1991 1892 1993 1994 MEAN 92-94

AGE
1 0.0009 0.0146 0.0001 0.0018 0.0018  0.0048 0.00298 0.0021 0.0005  ¢.0781 0.0269
2 0.2538 0.0834 0.1628 0.2878 0.0669 0.1496 0.1374 0.1186  0.2828  0.2344 0.2123
3 0.8049 0.5951 0.3892 0.6783 0.8747 0.8961 0.5725 04698  0.5949 0.7031 0.5883
4 0.9516 15732 1.3988 0.86819 1.3136 1.208 1.1171 1.6366 14379  0.7812 1.2852
5 0.9095 1.1458 11211 0.9848 1.0532 0.795 0.973 1.4189 162  0.9375 1.2921
-] 1.1381 0.7622 1.1085 1.0854 1.0375 10117 0.864 10128 0.8407 1.4063 1.0866
7 1.108 (0.9237 0.9824 1.3895 0.7209 1.0881 1.4734 0.4618 0.6066 11718 0.7468
) 1.0648 0.7711 0.9634 1.7926  0.8679 1.187 1.241 0.8548 0.4031 11718 0.8099
9 1.1037 1.011 09946  1.2406 1.0659 1.1858 1.2781 1.1836 1.1848 1.1718 1.1801

+gp 1.1037 1.014 0.9946 1.2406 1.0659 1.1958 1.2781 1.1836 1.1848 1.1719
REFMEAN 0.2636 05798 0483  0.5984 0.7099 08356 0.8077  0.3496 0.2956 0.128
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TABLE 10. The population number-at-age calculated for the Blackfin stock using Traditional VPA

Run titie : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 8.48

Traditional vpa using screen input for terminal F

Tabla 10 Stock number at age (start of year)

YEAR

AGE

+gp
TOTAL

De~NO0 kLN

1963

30389
13025
+1B669
3540
1815
858
&27
520
378
365
£3296

1964

19306
24888
10523
8381
2219
1191
510
366
292
559
68288

Table 10 Stock number at age (stait of year)

YEAR

AGE

+gp
TOTAL

W~ WRN =

19865

18969
15807
2027
6685
4760
1238
a7
275
262
516
69464

1966

31238
15531
12733
13601
2748
2324
555
306
143
260
78438

1987

22737
25575
12654
7873
6738
1160
1280
333
216
365
78531

1968

36038
18615
20592
8612
3861
3781
709
642
191
381
93322

Table 10 Stock number at age (stant of year)

YEAR

AGE

+gp
TOTAL

oD b WM

1875

24954
26686
18412
8243
5821
3331
2906
2564
601
1039
94566

1976

17320
20408
19512
9098
4464
3580
1944
1472
1461
3400
82659

1877

18737
14148
14163
8577
4952
2040
1924
997
741
2356
68634

1978

20363
15196
10450
7399
4570
2543
1005
107
471
3843
66910

Table 10 Stock number at age (start of year)

YEAR

AGE

+gp
TOTAL

=R - R

1985

22048
35123
24353
13748
6841
4752
2414
766
415
893
111352

1986

30484
18046
26692
15332
8512
4288
2785
1429
458
856
108883

1987

30508
24748
14077
15478
5041
3566
2257
1335
748
603
98379

1968

22052
24977
18730
4550
6447
2402
1718
1150
€86
B84
84306

Numbers*10*-3

Numbers*10*-3

1969

26343
29503
15196
14665
4816
2087
2537
447
412
367
96474

1970

39047
21568
23853
10655
7864
2680
1254
1566
27N
B13
109571

Numbers*10**-3

1978

23306
16638
8445
4729
3939
2569
1452
560
857
2605
8491

1580

31208
19072
12719
5263
2780
2165
1454
855
317
2835
78678

Numbers®10**-3

1989

22043
18035
17215
10219
4668
2928
1027
613
322
e
77447

1990

20845
18027
14081
7575
3292
1810
1148
504
n
az2
67975

1871

35655
31969
17629
16955
6624
4818
1656
81¢
1108
877
118095

1981

29884
25509
14692
7404
3450
1668
1199
768
526
2305
87416

1991

28479
17096
13420
6522
2876
1626
779
471
194
450
71943

1972

35364
20192
25829
13184
5880
3725
2967
938
340
600
122029

1982

35984
24338
18640
8497
4283
2295
998
675
428
1446
100582

1892

42159
23179
12876
7759
2708
1303
788
260
175
iyl
21509

1973

32388
28902
20321
13597
7299
6069
2639
2128
624
1477
115446

1883

40439
31878
18659
11098
5439
2384
1363
470
33
1595
113656

1593

109779
34492
18200

8945
3585
1350
749
549
158
306
178112

1974

33584
26202
16700
9774
6432
4229
473
174G
1440
2493
106767

1984

43073
33077
22928
10999
6772
7oz
1267
660
243
689
123410

1994

280
89866
25875
12498

4788
1873

2862

513

3gg

&71

137923

1995

227
71401
19438

9269
3477
1281

608

361

894

106544

41

GMST 63-92 AMST £3-92

27946
22081
16286
9240
4687
2488
1315
743
408

28936
22899
16941
9831
5070
2771
1597
890
401
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TABLE 11. The spawing stock number-at-age calculated at spawning time for the Blackfin stock using Traditional
VPA.

Run title : Blackfin: VPA course, Combined sex; plusgroup.
At 1/02/2002 8:46
Traditional vpa using screen input for terminal F

Table 11 Spawning stock number at age (spawning time)  Numbers*10**-3

YEAR 1963 1964

AGE
1 0 0
2 0 0
3 0 0
4 0 0
5 1815 2279
6 859 1191
7 527 510
8 520 366
9 378 292

+gp 365 551

Table 11 Spawning stock number at age (spawning time)  Numbers*10**-3

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 o 0 0 0 0 0 0 0 0 0
5 4760 2748 6738 3861 4916 7864 6624 9890 7299 6432
B 1238 2324 1160 3781 2087 2680 4816 3725 6063 4229
7 671 555 1280 709 2537 1254 1656 2967 2639 4173
8 275 306 333 642 447 1566 810 938 2129 1740
9 262 143 216 191 412 271 1106 340 624 1440

+ap 516 260 365 381 367 813 877 600 1477 2493

Table 11 Spawning stock number at age {(spawning time)  Numbers*10**-3

YEAR 1975 1978 1977 1978 1979 1980 1981 1982 1983 1984

AGE
1 0 v} 0 0 0 0 0 0 0 0
2 0 o 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 v} 0 0 0 0 0 0 0 0
5 5831 4464 4952 4570 3939 2790 3450 4283 5439 6772
6 3331 3580 2040 2543 2569 2165 1669 2295 2384 3702
7 2006 1944 1924 1005 1452 1454 1199 998 1363 1267
8 2564 1472 997 1071 560 855 768 875 470 660
9 601 1461 741 471 657 317 526 428 33 243

+gp 1039 3400 2356 3843 2605 2835 2305 1446 1595 689

Table 11 Spawning stock number at age (spawning time}  Numbers*10**-3

YEAR 1985 1986 1987 1988 1989 1990 1991 1992 1993 1954

AGE
1 0 0 0 0 0 0 Q 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 6841 8512 5041 6447 4668 3292 2876 2708 3585 4788
6 4752 4288 3586 2402 2928 1810 1626 1303 1350 1873
7 2414 2785 2257 1719 1027 1148 779 788 749 862
8 766 1428 1335 1150 613 504 471 260 549 513
9 415 458 748 686 322 271 194 175 158 399

+gp 893 855 603 684 3re 322 450 301 308 871
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TABLE 12. The stock biomass-at-age calculated at the start of the year (without SOP correction) for the Blackfin
stock using Traditional VPA.

Run title : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 846

Traditional vpa using screen input for terminal F

Table 12 Stock biomass at age (start of year) Tonnes
YEAR 1963 1964
AGE
1 0 1)
2 119883 1991
3 15429 15259
4 6262 16845
5 4265 6280
6 2757 4480
7 2200 2117
8 1953 1853
9 2004 1826
+gp 2756 4021

TOTALBIO 49609 72661

Table 12 Stock biomass at age {start of year) Tonnes

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 17288 0 0 0 17965 10040 10378
2 11697 10095 273566 11728 23013 12841 20780 21835 17919 15433
3 23515 13879 15059 24504 15804 25761 16748 27947 22129 16249
4 11247 23666 12447 14301 20971 15119 21363 22519 18683 15707
5 11758 7531 15094 8456 11208 15571 11857 24487 18154 11037
6 4765 7503 4096 11301 6158 7904 13185 9392 18359 14893
7 3006 2564 4815 2870 8906 4601 5812 8629 9515 18860
8 1494 1780 1751 2868 2205 7639 3808 4586 10082 8673
9 1778 935 1286 1006 2363 1696 5837 2045 4168 8658

+gp 3875 2095 2637 2815 2778 5820 8439 4852 11974 20630

TOTALBIC 73135 7049 84549 97147 93404 97052 105839 144236 141023 140518

Table 12 Stock biomass at age (start of year) Tonnes

YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

AGE
1 11553 7690 8600 9795 11886 12951 11928 166841 15367 202871
2 19641 14000 9323 7628 11597 12397 17270 17376 21486 24014
3 17087 19883 11953 11798 11131 14818 16235 19945 23342 25404
4 12290 13264 11974 12556 9335 10147 12712 15023 20431 19700
8 15002 12438 11152 12061 8418 7378 10341 11657 16801 18088
[ 11602 11805 647 9893 8585 7689 6833 8891 8716 13040
7 13875 8287 B347 4838 6656 6623 6215 5277 6869 6008
8 14325 7416 5119 5868 3237 4730 4888 4149 2966 3853
9 3925 8624 44086 28N 4569 2069 3366 331 2316 1863

+gp 8885 26915 18626 32040 24203 27368 22924 15443 17334 7496
TOTALBIO 128186 130324 96149 110267 100707 106171 113208 117923 135628 139752

Table 12 Stock biomass at age (start of year) Tormes

YEAR 1985 1986 1987 1988 1989 1990 1941 1802 1993 1994

AGE
1 8885 20455 13820 12349 11021 11520 16062 22092 67514 177
2 24656 13282 15047 17484 13348 13466 14788 18334 29387 84384
3 25497 23115 13444 19367 15892 12546 13004 14459 20056 30338
4 22058 20438 18323 12836 11843 9308 8055 10397 12827 20147
5 17854 18719 10007 10998 7455 6088 5168 5525 7076 11117
B 15348 13466 10952 7709 7545 4737 3848 3541 3906 5615
7 10384 11453 9977 7587 4505 4328 2530 3280 2912 3774
8 4580 7355 7541 6375 3471 2871 2183 1313 2709 2758
g 3050 2922 5413 4924 2237 1883 1268 1142 1008 2551

+gp 9866 80908 6620 6813 3306 2856 3914 2932 2619 714
TOTALBIO 14308t 139302 111144 106441 BO723 69604 70820 83016 150013 168575



44 Sci. Council Studies, No. 36, 2003

TABLE 13. The spawning stock biomass-at-age calculated at spawning time (without SOP correctien) for the
Blackfin stock using Traditional VPA.
Run title : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 8:46
Traditional vpa using screen input for terminal F

Table 13 Spawning stock biomass at age (spawning time)  Tonnes

YEAR 1963 1964

AGE
1 0 0
2 0 0
3 0 0
4 o 0
5 4266 6290
6 2757 4480
7 200 277
8 1953 1853
9 2004 1826

+gp 2756 4021

TOTSPBIC 15835 20647

Table 13  Spawning stock biomass at age (spawning time)  Tonnes

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 0 1] 1] 0 1] 0 Q
2 0 0 0 0 1] t] 0 1] 0 0
3 0 0 0 0 o 1] 0 1] 0 0
4 0 0 0 0 0 4] 0 a 0 0
5 11758 7531 15094 8456 11208 15571 11857 24467 18154 11037
6 4765 7503 4096 11301 6158 7904 13195 9392 18359 14893
7 3006 2564 4815 2870 8906 4601 5812 B629 9515 18860
8 1494 1780 1751 2868 2205 7639 3808 4586 10082 8673
9 1779 935 1286 1006 2363 1696 5837 2045 4168 8658

+gp 3875 2095 2637 2815 2778 5820 6439 4862 11974 20630

TOTSPBIO 26677 22409 29678 29316 33616 43231 46948 53871 72252 82751

Table 13 Spawning stock biomass at age (spawning time)  Tonnes

YEAR 1975 1976 1977 1978 1979 1980 1981 1962 1983 1984

AGE
1 0 1] 0 Q 0 0 0 0 1] 1]
2 1] 0 1] 0 0 0 Q 0 4] ¢
3 1] 1] 1] 0 0 0 0 0 0 4]
4 ] 0 0 0 0 0 V] 0 g ¢
5 15002 12438 11152 12081 9418 7378 10341 11857 16801 18088
6 11602 11805 6647 9883 8585 7680 6833 8891 8716 13040
7 13875 8287 8347 4838 6656 6623 6215 6277 6869 6008
8 14325 7416 5119 5868 3237 4730 4886 4149 2966 3853
9 3925 8624 4406 2891 4569 2069 3866 3321 2316 1863

+gp 8885 26915 18626 32940 24283 27368 22924 15443 17334 7496
TOTSPBIO 67615 75486 54298 68491 56758 55858 55084 48738 55002 50348

Table 13 Spawning stock biomass at age (spawning time)  Tonnes

YEAR 1985 1986 1887 1988 1989 1990 1981 1982 1993 1994

AGE
1 Q 0 0 0 0 0 1] 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 g 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 17854 18719 10007 10998 7455 6088 5168 5525 7076 "7
6 15348 13466 10952 7709 7545 4737 3848 3541 3906 5615
7 10384 11453 977 7587 4505 4328 2530 3280 2912 3774
8 4580 7355 7541 6375 3471 2871 2183 1313 2709 2758
9 3060 2922 5413 4924 2237 1883 1268 1142 1008 2551

+gp 9866 8098 6620 6813 3306 2856 3914 2932 2619 7714
TOTSPBIO 61083 62012 50500 44405 285189 22763 18911 17734 20229 33529
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TABLE 14. The stock biomass at age calculated at the start of the year (with SOP correction) for the Blackfin
stock using Traditional VPA.

Run title : Blackfin: VPA course. Combined sex; plusgroup.

At 1/02/2002 8:46

Table 14 Stock biomass at age with SOP (start of year)

YEAR

AGE

DO NIO B WA

+gp
TOTALBIO

Table 14 Stock biomass at age with SOP (start of year)

YEAR

AGE

Woe~ NN -

+gp
TOTALBIO

Table 14 Stock blomass at age with SOP (start of year)

YEAR

AGE

O ~Nm P W -

+gp
TOTALBIO

Table 4 Stock biomass at age with SOP (start of year}

YEAR

AGE

DDA W

+gp
TOTALBIO

Traditional vpa using screen input for terminal F

1863

0
12651
16290

6611
4503
2911
2322
2062
2116
2909
52376

1965

0
11508
23136
11066
11568

4688
2057
1470
1751
3812
71956

1975

11334
19267
16761
12056
14717
11382
13611
14052
3861
8716
125746

1985

8802
24424
25257
22742
17686
15203
10287

4537

3022

a7ra

141731

1964

0
20858
15985
17647

6590
4693
2280
1941
1913
4212
76120

1966

0
10046
13812
23562

7485
7467
2552
1772
931
2085
69712

1976

7488
13632
19360
12816
12111
11495

1986

18387
12589
21968
19371
17742
12763
10855
6971
2769
7675
132030

1967

0
27975
15384
12724
15430

4187
4922
1780
1314
2696
86431

1977

8262
8957
11484
11503
10714
6386
8019
4918
4233
17894
92371

1987

14669
15971
14269
19448
10621
11624
10580
8004
5745
7026
117968

1968

17024
11541
24116
14074
8322
11122
2825
2522
990
2770
95605

1978

9489
7380
11430
12164
11685
9584
4687
5684
2801
31912
106827

1988

12261
17345
19213
12734
10911
7648
7527
6324
4885
6759
105595

Tonnes

Tennes
1969

0
22720
15603
20705
11065

6080
8792
2177
2333
2742
92217

Tonnes
1979

11810
11623
11060
9276
9358
8530
6614
3217
4540
24138
100064

Tonnes
1989

10449
12653
15162
11229
7068
7153
4271
3291
2120
3135
765632

1870

12774
25428
14924
15370
7802
4541
7540
1674
5745
95799

1980

12893
12342
14752
10102
7345
7655
6594
4709
2060
27246
105698

1990

11074
12944
12060
8949
5852
4554
4160
2759
1810
2745
66908

1971

0
20451
16482
21024
11669
12686

5720
3748
5745
6337
104162

1981

11740
16998
15979
12512
10178
6725
6117
4800
3806
22563
111426

1991

16182
14898
13+1
8115
5206
3876
2549
2109
1278
3943
71349

1972

18031
21916
28050
22602
24557
9426
8661
4603
2062
4870
144770

1882

16665
17184
19736
14866
11535
B798
5222
4105
3286
15282
116681

1992

22133
183869
14487
10417

5535

3286
1316
1144
2938
83173

1973

9327
16646
20557
17355
16864
17054

8838

0366

3872
11123

131003

1983

15720
21980
23878
20900
17187
8916
7027
3034
2369
17733
138744

1993

67483
29374
20047
12821
7073
3804
2911
2708
1007
2617
148945

1974

10082
14993
15785
15259
10722
14468
18322
8426
8411
20041
136510

1984

19589
23661
25030
19410
17821
12848
5920
3797
1835
7386
137696

1994

176
83958
30186
20045
110861

5586
3755
2744
2538
7675
167727



46 Sci. Council Studies, No. 36, 2003

TABLE 15. The spawning stock biomass-at-age calculated at spawning time (with SOP correction) for the
Blackfin stock using Traditional VPA.
Run title : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 8:46
Traditional vpa using screan input for terminal F

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1963 1964

AGE
1 [+ [¢]
2 ¢ 0
3 0 [¢]
4 0 [t}
5 4503 6580
5] 2911 4693
7 2322 2280
8 2062 1941
9 2116 1913

+gp 2909 4212

TOTSPBIO 166824 21630

Table 15 Spawning stock biomass with SOP (spawning time} Tonnes

YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

AGE
1 0 0 0 0 0 1] 1] 0 0 0
2 0 0 0 1] 0 0 0 0 1] 4]
3 0 0 0 0 1] 0 0 ¢] 1] 0
4 0 0 0 0 0 0 0 0 0 0
§ 11569 74895 15430 8322 11065 15370 11669 24557 16864 10722
6 4688 7467 4187 11122 6080 7802 12086 9426 17054 14468
7 2957 2552 4922 2825 8792 4541 5720 8661 8838 18322
B 1470 1772 1790 2822 2177 7540 3748 4603 9366 8426
9 1751 931 1314 990 2333 1674 5745 2052 3872 8411

+gp 3812 2085 2686 2710 2742 5745 6337 4870 11123 20041

TOTSPBIO 26246 2230 30338 28851 33188 A2673 46205 54170 87118 80391

Table 15 Spawning stock biomass with SOP {spawning time) Tonnes

YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

AGE
1 0 0 [i] 1] 0 4] [¢] 0 0 1]
2 0 0 o 1] 0 [+] 0 0 0 0
3 1] 4] 1] 1] 0 0 0 0 0 0
4 0 0 1] 1] ] 1] 1] 0 0 1]
5 14717 12111 10714 11685 9358 7345 10178 11535 17187 17821
6 11382 11485 6386 9584 8630 7655 6725 8798 8916 12848
7 13611 8069 8019 4687 6614 6594 6117 5222 7027 5820
8 14052 7221 4918 5684 327 4709 4809 4105 3034 3rer
9 3851 8398 4233 2801 4540 2060 3806 3286 2368 1835

+gp 8716 26207 17894 31912 24138 27246 22563 15282 17733 7386
TOTSPBIO 66328 73501 52165 66354 56396 55609 54197 48229 56265 49607

Table 15 Spawning stock biomass with SOP (spawning time} Tonnes

YEAR 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

AGE
1 a 0 0 0 4] 4] 1] 0 0 0
2 Q 0 0 0 0 0 0 0 0 0
3 0 0 0 0 o 1] 0 0 0 0
4 0 0 0 0 0 o 0 0 0 0
5 17686 17742 10621 10811 7068 5852 5206 5535 7073 11061
6 15203 12763 11624 7648 71583 4554 3876 3548 3904 5586
7 10287 10855 10590 7527 4271 4160 2549 3286 2911 3755
8 4537 6971 8004 6324 3291 2759 2198 1316 2708 2744
9 3022 2769 5745 4885 2120 1810 1218 1144 1007 2538

+ap 9773 7675 7026 6759 3135 2745 3943 2938 2617 7675
TOTSPBIO 60507 58775 53611 44052 27039 21881 180562 17767 20220 33360
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TABLE 16. The stock summary table (without SOP correction) for the Blackfin Traditional VPA.

Run titie : Blackfin: VPA course. Combined sex; plusgroup.
At 1/02/2002 8:46
Table 16 Summary (without SOP correction}
Traditional vpa using screen input for terminai F

RECRUITS TOTALBIO TOTSPBIO LANDINGS YIELD/SSB FBAR 3-7  FBARP

Age t
1963 30389 49609 15935 5594 0.4138 0.2192 0.1061
1964 19306 72661 20647 13596 0.6585 0.364 0.1395
1965 18969 73135 26677 18395 0.6896 0.5184 0.1665
1966 31238 70048 22409 18584 0.86293 0.4306 0.1594
1867 22737 84549 29678 16034 0.5403 0.3741 D.t454
1968 36038 97147 29316 12787 0.4362 0.2727 0.1181
1969 26343 83404 33616 17124 0.5094 0.3154 0.1318
1970 39047 87052 43231 14536 0.3362 0.2451 0.1071
1871 35655 105839 46948 19863 0.4231 0.2915 0.122
1972 35364 144236 53971 29219 05414 02796  0.1816
1973 32388 141023 72252 33832 0.4683 0.3635 0.2475
1974 33584 140518 82751 35973 04347 0.3486 0.207
1975 24954 128186 67615 30800 0.4555 0.405 0.1922
1976 17320 130324 75486 41747 0.553 0.5003  0.2254
1977 18737 96149 54298 27210 0.5011 0.4479  0.1967
1978 20353 110267 68491 31370 0.458 04288 0.2588
1979 23306 100707 56758 21604 0.38086 0.3397 0.1542
1980 31208 106171 55858 22102 0.3957 0.3412 01517
1981 29894 113208 55064 23574 0.4281 0.3183  0.1664
1982 38984 117923 48738 23884 0.49 0.365  0.1558
1983 40439 135628 55002 28830 0.5253 0.3528 D.1666
1084 43073 139752 50348 21641 0.4238 0.2542 0.1462
1985 22048 143081 61083 26595 0.4354 0.2936 0.1432
1986 30484 138302 62012 39886 06432 05799  0.2022
1987 30508 111144 50509 31369 0.6211 0.483 017864
1988 22052 106441 44405 34178 0.7697 0.5984 0.2152
1989 22043 80723 28519 25577 0.8968 0.7099 0.2287
1890 20945 63604 22763 19865 0.8727 0.6356 0.225
1891 28479 70820 18911 16995 0.8987 0.6077 0.2
1992 42159 83016 17734 11804 0.6656 03496  0.1531
1893 109779 150013 20229 13943 0.6892 02956  0.1466
1994 280 168575 33529 10429 0.3111 0.128 0.0755
Auith.
Mean 30566 108445 44524 23125 0.5532 03893  0.16%1

Units (Thousands) (Tonnes} (Tonnes) (Tonnes)
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Appendix 1: The Lowestoft Stock Assessment Suite

Tutorial 2
Separable VPA

by

Chris Darby
CEFAS, Lowestoft Laboratory, Pakefield Rd
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is the second in a series of tutorials designed to assist users of the
Lowestoft VPA Suite assessment software and prediction programs that utilise the
results. This tutorial takes the user through fitting a Separable VPA model to catch at
age data and analysis of the diagnostic output.

Introduction

This tutorial assumes that the user has installed the VPA program described in Darby and Flatman (1994), that
the required data files have been placed in a directory ¢:\vpas\data and that the assessment index file
(Blackfin.ind) contains path names which point to the appropriate files.

In the following text action to be taken by the user is highlighted in bold. The symbol J is used to represent
the Return or Enter key on the keyboard.
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The Separable VPA Diagnostic File

The separable method produces a diagnostic output file which is listed in Tables 1-5 and illustrated in Figures
1—4. The bracketed numbers within each of the following paragraphs refer to the reference numbers (x) added
to the tables and figures.

The printed output consists of:

The title, time and date of the run (1}, the year and age range of the data and the terminal F and terminal S
value for this run (2} (Table 1).

The number of iterations taken to reach the solution (3), and the initial and the final sum of squared unweighted
residuals (S8Q). This provides a measure of the fit to the separable model and should be reduced in the final
solution. For the Blackfin model the sum of squares is reduced from 1160 to 221: a significant reduction on the
sum of squares indicating a good fit to the catch data set. The final value can be used to derive the root mean
square residual (= standard error) of the fit to the log catch ratios, an approximation for the coefficient of
variation implied if all the lack of fit were due to uniform random variation in the catch-at-age data.

Model RMSE = catch-at-age data CV = |— oA 55Q
2((a-1y-D-2

where a is the number of ages and y the number of years of catch-at-age data. The variance of the fit to the log
catch ratios is 2x that of the fit to the catch-at-age data. Often the lack of fit is not due to uniform variation and
a few residuals contribute a significant proportion.

The matrix of residuals showing the difference between the observed log catch ratio and the estimated log
catch ratio (4). Positive values indicate that the model expects a greater change in the catches between years
than observed. Row and column totals of weighted residuals are given (5), as is the grand total (6), which the
algorithm is attempting to minimize. The row and column totals should be near zero. If they are not the
analysis is a poor fit. Row and column weights are printed at the edges of the table.

Often the 88Q value is the result of a few high residuals which indicate poor data for that year and age; these
may occur with poorly sampled age groups. The automatic weighting should cope with this adequately, but
occasionally it may be necessary to either (i) exclude the age groups by removing younger ages from the
analysis or incorporating the older ages in the plus group, or (ii} down-weight specific years manually.

Pattern in the residuals may indicate systematic lack of fit to the model (i.e. a changing selection pattern).
Figure 4 illustrates some of the ways in which the residuals can be plotted in order to detect patterns. The
figure presents a bubble plots for each age within a year and time series for all ages combines and at each age.
Look for year effects running down the columns, age effects across the rows and year class effects which follow
the cohort diagonals. If the selection pattern has changed a chequered flag effect can result with positive
residuals in diagonally opposed quadrants and negative residuals in the other two.

The fully exploited fishing mortality Fo(y) for each year (7) (Table 2), referred to the reference age, is plotted
in Figure 2. The exploitation pattern 8{a) for each age (8), referred to unity on the reference age, and set to the
user-defined value on the oldest age, is plotted in Fig. 3.

The Separable model fishing mortalities (9) (Table 3) for each cell in the age/year matrix are obtained from the
product of the overall fully-exploited fishing mortality for the year, Fo(y), and the selection-at-age value for
the particular age S(a). These are the smoothed model estimates of fishing mortality derived from the fit to the
log catch ratios.

The Separable VPA populaticns-at-age (10) (Table 4) are derived by calculating the recruitment (i.e. initiai
population for each cohort) values that would, using the separable F values, give the best fit to the catch-at-age
data over the whole cohort.



54 Sci. Council Studies, No. 36, 2003

After a run with only one value for terminal F and terminal S, the user can choose whether to run a VPA or
Cohort analysis. The terminal F starting values for the run are calculated using the raw catch data (including
errors), along with the 'smooth', Separable VPA-generated, terminal population abundances (estimated at the
start of the year). The F and population numbers tables generated by the VPA or Cohort analysis (Tables 8 and
10 from option 9 of the main menu) are produced by an exact fit to the raw catch data. They will exhibit
differences from the 'smoothed' Separable VPA tables ((9) and (10)). The differences in fishing mortality are
given in (11) (Table 5), the F residuals (Fsep - vaa)-

Terminal Fishing Mortality and Selection at the Oldest Age

Each of the user-specified values for the fishing mortality at the reference age in the final year, and selection at
the oldest age, result in model fits that are equally good interpretations of the data (as judged by the final sum
of squares); each statistically valid. The choice as to which is the appropriate interpretation can only be made
using additional information e.g. trends in effort over time, groundfish survey data, assumptions about
exploitation patterns, etc. An appropriate example is the Separable VPA assessment carried out for the Western
mackerel by Anon. (MS 1993). Spawning stock biomasses (SSB) generated by a Separable VPA were 'tuned' to
estimates of SSB derived from triennial egg surveys and the sum of squares between estimated and observed
biomasses minimised to find a value for the terminal year fishing mortality. Selection at age was assumed to be
constant over the oldest ages.

By definition S on the reference age is 1.0. Using the same value for S on the oldest age, without thought, can
lead to: an increasing trend in F with age for the older ages if one has a dome shaped selection pattern (Fig.
la); or a spuriously domed exploitation pattern if one has selected a reference F at a partially recruited age
group (Fig. 1b).

The values of natural mortality-at-age and of selection-at-age are confounded within the separable model
Therefore, the user-defined pattern of natural mortality-at-age can influence the shape of the selection-at-age
pattern derived from the analysis. If natural mortality varies with age, the influence of the variation on the
selection pattern must be taken into consideration.

The final choice is made on the basis of the user's perception of the most likely shape of the selection-at-age
curve. In the absence of any prior information, and if natural mortality is considered to be constant for the
oldest ages, it may be prudent to choose a terminal selection value that produces a level exploitation pattern for
the oldest ages.

References

ANON. MS 1993. Report of the Working Group on the Assessment of Mackerel, Horse Mackerel Sardine and Anchovy. ICES
C.M. Doc.,No. 1993/Assess: 19, 274 p. (mimeo).
DARBY, C. D. and S. FLATMAN. 1994. Virtual Population Analysis: version 3.1 (Windows/DOS) user guide. Information

Technology Series. MAFF Directorate of Fisheries Research, Lowestoft, 1: 85p.
POPE, J. G., and J. G SHEPHERD, 1982, A simple method for the consistent interpretation of catch-at-age data. {CES J.

Cons., 40: 176-184.



F at age
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Fig. 1.

1 2 3 4 5 6 7 8 9 10
Age

(A} an illustration of the effects on estimated F-at-age of an inappropriate selec-
tion for the value of S on the oldest age (Reference age = 4, terminal F = 0.85}
and (B) an illustration of the effects on estimated F-at-age of an inappropriate
selection for the value of § on the oldest age (Reference age = 24, terminal F =

0.5).
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TABLE 1. The Separable VPA diagnostic file : model specification and log catch ratio residuals.

Title : Blackfin: VPA course.
At 4/02/2002 13:48

Separable analysis

from 1963 to 1994 on ages 1 to
of .200 onr age

with Terminal F

Combined sex;

Initial sum of squared residuals was
final sum of sguared residuals is

Matrix of Residuals

Years, 1963/64,

Ages

1/ 2, -2.594,
2/ 3, -1.308,
3/ 4, -.008,
4/ 5, -.305,
5/ 6, -.157,
&/ 7, 165,
7/ 8, .441,
8/ o, 1.108,
TOT , L0040,
WTS , .001,

plusgroup.

1160.18C and

5 and Terminal S of 1.000

221.386 after 126 iterations

(1)

{2)

(3)

(4)

Years, 1964/65,1965/66,1966/67,1967/68,1968/69,1969/70,1970/71,1971/72,1972/73,1973/74,
1/ 2, -3.037, -2.718,

-.684,
-.155,
.640,
.425,
1.076,
.481,

.000,

2/ 3, -1.833, -1.889,
3/ a4, .253,
4/ 5, .162,
5/ 6, .361,
6/ 7, . 255,
7/ 8, .610,
a/ 9, -.332,
TOT , .000,
WTS , .001,

Years, 1974/75,

1/ 2, 2_886,
2/ 3, .194,
3/ 4, .748,
a/ 5, -.322,
5/ 6, .186,
&/ 7, -1.226,
1/ 8, -.404,
g/ 9, . 956,
TOT , .ooo,
WTS , .001,

Years, 1984/85,1985/8%¢,

1/ z, 1.447,
2/ 3, .569,
3/ 4, L7717,
4/ 5, -.089,
5/ 6, -.743,
&/ 7, -.307,
7/ 8, . 085,
8/ 9, .008,
TOT . 000,

Wrs 1.000,

.001,

1975/76,1%76/77,1977/78,1978/79%,1979/80,1980/81,1981/82,

-.483,

.004,
1.028,
-.286,
-.262,
-.164,

.289,
-.105,

.000,
.001,

-.331,
.384,
.033,

-.432,
.012,
.112,
.255,
.10z,

.000,
1.0900,

-3,948,
-2.279,
.224,
.423,
1.180,
.072,
.072,
- .34s6,

. 000,
.001,

.425,
.367,
.937,
-.488,
.11z,
-.093,
-.204,
-.058,

.000,
-001,

1.826,
-.31s8,
-.2886,

. 344,

105,
-.343,
-.042,
-.189,

.000,
1.000,

-2,

-1

-3.
.083,
.230,
.437,
.272,
.081,
.190,
.116,

319,

.123,
.271,
.044,
.388,
.171,
.548,
.520,

.000,
.001,

.525,
.456,
.432,
.3313,
.016,
.059,
.003,
.141,

.oco,

001,

592,

-Q00,
.0o00,

-.717, -1.852,
-2.403, -1.3686,

-.228,
.0%6,
.702,

-.087,
.189,
.425,

.o00o0,
. 001,

.538,
1.638,
1.039,
-.338,
-.241,
-.211,
-.185,
~.452,

.000,
.001,

1586/87,1587/88,1988/89,

.451,

.148, -

-.268,
-. 677,
-.260,
.128,
.398,
.749,

.000,
1.000,

-.266,
.079,
.231,
.041,
.392,
.394,

.000,
.001,

-.625,
-.244,
.663,
-.2086,
.035,
-.1865,
.094,
.093,

.000,
.oo1,

1589/90,

-.201,
1.163,
.375,
.410,
.135,
.059,
-.445,
-.108,

.0o0,
i.o00,

-3,388,
-z.078,

.327,
.250,
.719,
.447,
-.185,
-.0895,

.eoo,
.001,

.052,
-.354,
.561,
-.259,
- . 040,
.060,
.216,
-.19%0,

.0co,
.001,

1990/%1,

.955,
-.033,
.3586,
.011,
-.233,
-.292,
-.058,
L1713,

.000,
1.000,

-6.398,
-2.105,

-.992,
-.053,
.878,
621,
542,
.953,

.000,
.001,

1.917,
. 446,
.945,

-.217,

-.462,

-.443,

-.140,
.136,

.ooa,
-001,

1991/92,

1.680,
-.044,
-.615,
-.542,
-.221,
.311,
.553,
.198,

.000,
l1.c¢c0,

.689,
.505,
673,
.127,
.559,
417,
.365,
.468,

.¢oo,
.001,

1982/83,

.390,
.27¢6,
.562,
.109,
.1286,
.510,
.303,
.369,

.000,
.001,

1952/93,

.623,
.307,
612,
.021,
.532,
.398,
.074,
. 246,

-Q00,
.000,

1.

1
1

853,

.254,
.212,
.162,
.618,
614,
.186,
.799,

.0oo,
.oo1,

1983/84,

. 786,
.167,
. 160,
. 045,
.729,
.010,
.389,
.238,

.000,
.001, (5)

1923/94, TOT, WTS,

1

.590, .000, .149,
.693, .000, .290,
.462, .000, .537,
.518, .000,1.000,
.397, .000, .694,

.153, ,000, .842,
.483, .000, .718,
.B0B, .000, .656,

.coo, -21.683,
.000, {6)



APPENDIX 1: Tutorial 2: Separable VPA

TABLE 2. The Separable VPA diagnostic file: Fishing mortality at the reference age and selection at age.
Fishing Mortalities (F) 7

, 1963, 1964,
F-values, .1445, .1883,

. 19635, 1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974,
Fevalues, .3150, 2106, .2343, .1696, .2190, .1671, .3265, .3269, .3991, .4439,

1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984,
F-values, 4137,  .5330, .5150, .4371, .3531, .3494, .3559, .3958, .3936, .2728,

\ 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994,
F-values, .3004, 5460, 4474, .6912, .7091, .7147, .7376, .4003, .3449, .2000,

0.8

0.7

Y [
0.5 2N /1
04 AL /N \

03 A ps’ e\ ~
0.2 ‘7[;%%‘/ | —ad \T
0.1

0 T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000

T 1

Fig.2. Fishing mortality at the reference age, by vear, for the Blackfin data set as esti-
mated by Separable VPA.

Selection-at-age (S) (8)

, 1, 2, 3, 4, 5, 6, 7, 8, 9.
S-values, .0026, .1841, .6919, 1.1884, 1.0000, .9778, .9324, .9099, 1.0000,

Selection

1.4

o 7
0.4 /
/

Fig. 3. Selection (y-axis) at age (x-axis) for the Blackfin data set as estimated by Sepa-
rable VPA,
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TABLE 3. The Separable VPA diagnostic file : Separable model estimates of fishing mortality at age.

Run title ; Blackfin: VPA course. Combined sex; plusgroup.
At 4/02/2002 13:48

Traditional vpa Terminal populations from weighted Separable populations

SEPARABLY GENERATED FISHING MORTALITIES (9)

YEAR, 1963, 1964,

AGE

1, .o0004, .0go0s,

2, .0266, .0347,

3, .1000, .1303,

4, L1717, .2238,

5, .1445, .1883,

6, .1413, .1841,

7, .1347, .175s5,

8, .1315, .1713,

5, .1445, .1883,

YEAR, 1965, 19656, 1967, 1968, 1959, 1970, 1971, 1972, 1973, 1974,

AGE
1, .0008, .0006, .0CO6, .DOO4, .0006, .0CO4, .00O9, .00CS, .00l0, .oO012,
2, .0580, .0388, .0431, .0312, .0403, .0308, .0601, .0602, .0735, .0817,
3, .2179, .1457, .1621, .1173, .1515, .1186, .2259, .2262, .2761, .3072,
4, .3743, .2502, .2785, .2015, .2602, .1986, .3880, .3885, .4743, .5276,
5, .3150, .2106, .2343, .1696, .2190, .16%1, .3265, .3269, .3991, .4439,
6, .3080, .2059, .2291, .1is558, .2141, .1634, .31%2, .3187, .3902, .4341,
7, .2937, .1963, .2185, .1581, .2042, .1558, .3044, .3048, .3721, .4139,
8, .2866, .1916, .2132, .1543, .1993, .1521, .2971, .2975, .3631, .4039,
9, .3150, .2106, .2343, .169%96, .2190, .1671, .3265, .3269, .3991, .4439,

YEAR, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1384,
AGE
1, .0011, .0014, .0013, .001i, .0009, .0008, .000%, .0010, .CO10, .0007,
2, .0762, .0981, .0948, .0805, .0650, .0643, .0655, .0729, .0725, .0502,
3, .2862, .3688, .31563, .3025, .2443, .2417, .2463, .2738, .2724, .1887,
4, .4916, .6334, .5120, .5195, .41%6, .4152, .4230, .4703, .4678, .3241,
5, .4137, .5330, .5150, .4371, .3531, .3494, .355%, .3958, .3936, .2728,
6, .4045, .5211, .5035, .4274, .3452, .3416, .3480, .3870, .3849, .2667,
7, .3857, .4969, .4B02, .4076, .3292, .3258, .331%, .3690, .3670, .2543,
8, .3764, .4B49, _4685, .3877, .3212, .3179, .3238, .3601, .3581, .2482,
9, .4137, .5330, .5150, .4371, .3%531, .3494, 3559, 3958, .3936, .2728,
YEAR, 1985, 1986, 1987, 1988, 1589, 1990, 1991, 1992, 1993, 1994,
AGE
1, .0008, .0014, .0012, .001B, .001%, .0019, .001%, .0010, .0O00%, .0005,
2, .0553, .1005, .0824, .1273, .1305, .1316, .1358, .0737, .G635, .0368,
3, .2078, .3778, .3096, .4782, .4906, .4945, .5104, .2770, .2387, .1384,
4, .3570, .6489, .5317, .8214, .8427, .8493, .8766, .4757, .4099, .2377,
5, .3004, .5460, .4474, .6912, .7691, .7147, .7376, .4003, .3449, .2000,
6, .2937, .5339, .4375, .6758, .6933, .6988, .7212, .3914, .3373, .1956,
7, .2801, .5091, .4172, .6445, .6612, .66&4, .6878, .3733, .321s, .1865,
8, .2733, .4968, .4071, .6289, .6452, .6503, .6711, .3643, .3138, .1820,
3, .3004, .5460, .4474, .6%12, .7681, .7147, .7376, .4003, .3445, .2000,



TABLE 4. The Separable VPA diagnostic file : Separable modei estimates of population numbers at age.

Run title

Blackfin:

At 4/02/2002

Traditional vpa

13:48

Terminal populations from weighted Separable populations
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VPA course.

Combined sex;

SEPARABLY GENERATED POPULATION NUMBERS

YEAR, 1963,

Hod
7]
=

24065,
10245,
11781,
3641,
1887,
1076,
534,
775,
411,

LY=o+ IR B+ LR F o B S PV I O I

YEAR, 1965,

ko
]
=

14828,
12763,
15576,
5870,
5713,
1703,
911,
526,
263,

TR R T I NRTIVRY Sy

YEAR, 1975,

AGE

23809,

27165,

19934,

10016,
5124,
3145,
1527,
1531,
581,

W oo~ th o W N

YEAR, 1985,

o]
[n]
2]

26575,
34810,
20294,
13318,
6841,
4465,
2396,
844,
444,

VoI NI I T V) B PV N I

1964,

15604,
19695,
8167,
8728,
2511,
1337,
765,
382,
556,

1966,

22851,
1213¢€,
9866,
10255,
3305,
3414,
1025,
556,
323,

1976,

12172,
19472,
20610,
12258,
5016,
2774,
1718,
850,
861,

1986,

29947,
21741,
26967,
13497,
7630,
4147,
2725,
1482,
526,

1967,

17496,
18699,

6982,
6518,
2192,
2275,
689,
376,

1977,

17935, 20008,
5952, 14664,

1968, 1969,

33170, 22244,
14315, 27145,
9554, 14663,
6651, 10676,

11360,

4327, 4452,
4234, 2990,
1427, 2937,
1497, 998,
4586, 1050,
1978, 1979,

33649,

16362,

14453, 7411, 11077,
11670, 8286, 4484,
5327, 5181, 4035,
2410, 2606, 2740,
1349, 1193, 1392,
856, TER 650,
428, 4329, 3176,
1987, 1988, 1989,
24098, 21306, 23627,
24483, 19707, 17413,
16097, 18460, 14207,
15132, 9671, 9369,
5775, 7280, 3482,
3619, 3023, 2986,
1991, 1913, 1259,
1341, 1074, 822,
739, 731, 469,

plusgroup.

1970, 1971,

28525, 27075,
23344,
14451,

18202,

21346,

7993, 15568,
6738, 5365,

2928, 4667,
1378, 2036,
1961, 1385,
669, 1379,

1980, 1581,

35767, 29760,
27524, 29257,
12553, 21131,

7104, 8071,
2413, 3840,
2321, 1393,
1588, 1350,
820,
186,

1990, 1991,

18269, 19298,
19308, 14928,
12512, 13859,

7121, 6247,
3303, 2494,
1403, 1323,
1222,

532,
353,

{10)

1974,

33217,
26421,
16632,
10506,
5988,
2878,
2829,
1064,
954,

1984,

42547,
26063,
19645,
11554,
7163,
3821,
1329,
£95,
261,

1994,

5329,
38627,
21274,

7934,

3599,

2010,

682,
321,
178,
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TABLE 5. The Separable VPA diagnostic file : Fishing mortality at age residuals Fsep - Fypa
Run title : Blackfin: VPR course. Combined sex; plusgroup.
At 4/02/2002 13:49

Traditional vpa Terminal populations from weighted Separable populations

Fishing mortality residuals (11)

YEAR, 1963, 1964,

BGE
1, -.0004, -.000S,
2, -.0146, -.0257,
3, .0279, .0943,
4, .0290, .0800,
5, .0428, .1343,
6, .0936, .1175,
7, .0267, .0964,
8, .6998, -.0398,
9, -.o001, -.0770,
YEAR, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974,
AGE
1, -.000B, -.0006, -.0006, ~-.0004, -.0Q006, -.00Q4, -.0008, .0QC%, .0110, .0283,
2, -.0432, -.0341, -.0257, -.0283, -.0272, -.0250, -.0468, .1067, .2717, .0714,
3, -.0266, .1068, .028%, .023%0, .0034, .0326, -.1323, .2164, .2777, .191s,
a, .2021, ,2250, .160%, .13s50, .1913, .0765, -.0277, .0158, .0755, -.1908,
5, .0783, .2679, .112%, .1%51, .1665, .1519, .0486, -.0135, -.0310, .0157,
6, .107¢, .0589, -.0480, .0125, .0109, .0982, .0035, -.1752, -.1961, -.2443,
7, .1271, -.0142, .058%, -.0145, .0417, .0025, .0285, -.1501, -.1558, -.0B848,
8, -.0367, -.0956, -.0333, -.039%6, -.0544, -.0272, .0799, -.1153, -.1325, .4567,
9, .0179, -.1046, -.0827, -.08%5, -.1205, -.0908, -.0412, -.1727, -.0385, .1902,
YEAR, 1975, 1976, 1977, 1978, 19739, 1980, 1981, 1982, 1983, 1984,
AGE
1, .0000, .0009, .0080, .000%, -.0005, .0007, .0047, .0002, -.00C1l, .0033,
2, .0352, .0640, .0076, .3033, .0027, -.0035, .0473, -.0081, .0563, .0557,
3, .2204, .2392, .0812, .2857, .0250, .0940, .1001, .04l8, .0504, .1202,
4, -.0877, -.2230, -.1983, -.1063, -.0957, -.1967, -.0833, -.2252, -.177%, -.0556,
5, -.1004, .0292, -.0446, -.0816, .0220, -.0408, -.1525, -.0222, -.2100, -.1209,
6, -.0639, -.0452, -.0263, -.0631, -.0042, .0157, -.0409, -.0744, .0272, -.0407,
7, .1529, -.0262, -.0138, -.0578, .0065, .0644, -.0024, .1648, .1367, .0286,
8, .0640, .1049, .0891, -.0186, .0000, -.0252, -.0003, .0623, .0758, .0009,
g, .0322, .2737, .2788, .0480, .2256, -.0363, .042%, -.0602, -.0742, -.0013,
VEAR, 1985, 1986, 1987, 1988, 1589, 1930, 1991, 1992, 1993, 1994,
AGE
1, -.0005, .0073, -.0011, -.0007, -.0008, .0017, .0C70, -.0001, -.0006, .0000C,
2, .0189, -.0520, -.0009, .04%5, -.0817, -.0376, -.0382, -.0101, .0400, .0320,
3, .0540, -.,0342, -.1207, -.0535, .1552, .0974, -.1675, -.0806, .0457, -.0245,
4, -.0897, .2578, .1391, -.3023, .1737, -.01€6, -.1465, _0835, .1354, -.0539%,
5, -.0415, .1066, .0874, -.1098, .0475, -.1022, -.0419, .l664, .0877, -.0316,
6, .0237, -.1107, .0810, -.0406, .0242, -.0403, .0209, .0732, -.0344, -.0245,
7, .0417, .0102, .0263, .1365, -.1690, -.0099, .2553, -.1015, -.0820, .0055,
8, .0119, -.055%, .0355, .3017, -.1005, .0514, .0365, -.0362, -.0904, .0540,
a9, -.0012, -.0364, .0232, -.0127, -.1568, -.1111, -.0680, -.0554, .0545, .1220,
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Appendix 1: The Lowestoft Stock Assessment Suite

Tutorial 3

Ad hac VPA tuning

by

Chris Darby
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is the third in a series of tutorials designed to assist users of the Lowestaft
VPA Suite assessment software and prediction programs that utilize the results. The tutorial takes
the user through the options required for running the Laurec-Shepherd and Hybrid ad hoc VPA
tuning algorithms.

Introduction

This tutorial assumes that the user has installed the VPA program described in Darby and Flatman (1994), that
the required data files have been placed in a directory c:\vpas\data and that the assessment index file
(Blackfin.ind) contains path names which point to the appropriate files. This tutorial also assumes that the
user has either read Tutorial 1which covers reading and selection of input data, or has previous experience of
running the program.

In the following text action te be taken by the user is highlighted in bold. The symbol J is used to represent
the Return or Enter key on the keyboard.
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Table 1 presents the results for the converged run. In the following text bold numbers (x) refer to labels added
to the table. The file listing contains the date and time at which the run was performed, the tening file used for
calibrating the VPA (1), a record of the selected assessment options (2), and the convergence results (3). If
convergence was not achieved, the final year fishing mortality estimates from the last two iterations are printed.
The fishing mortality values will indicate the ages that are varying between iterations and the degree of variation.

Examine the fishing mortality values resulting from the run (4). Check for extreme values, especially those at
the older ages that generally result from noise in poor quality catch at age or calibration data. This would
indicate that the ages might better be incorporated into the plus group.

Examine the log catchability residuals for each age for all fleets (5). An incidence of 99.99 indicates a missing
(zero) fleet catch at age value. The values can indicate changes in the stock — fleet interactions. Look for year
effects running down the columns, age effects across the rows and year class effects that follow the cohort
diagonals. Recent and sudden changes in catchability may require removal of the fleet from the assessment.
For each age, plots of the residuals against time can be used to reveal trends in log catchability. One way to
achieve this is to give the tuning output file a comma separated file name extension {.csv) and import it into a
spreadshect package (Fig. 1, 2, 3, 4).

Note: If only one fleet data set is available and the Laurec-Shepherd constant log catchability model is used
without shrinkage to the mean, the residuals in the final year will all be 0.0; the terminal F values are generated
using the fleet's average catchability for the age. If shrinkage to the mean is selected or the assessment is tuned
with more than one fleet, F in the final year is a weighted mean. The estimate of catchability derived for each
age will differ from the fleet's mean and the final year residuals will not be zero.

The significance of any trends in time in log catchability noted from the residual tables can be tested using the
diagnostics presented in the summary statistics (6). As a quick check, look at the slope of the log catchabilities
for each age (8), for each fleet separately. Slopes which exceed twice their standard error consistently, for most
of the important age groups, are considered significant and indicate that the assumption of constant catchability
used to fit the model may not be correct. Changes in the sign of the slope across ages usually indicate noise in
the data.

If there are significant trends in the catchability of the fleets then the use of the Hybrid model could be appropriate.
This model allows trends in catchability for selected fleets. If it is used, constant catchability should be maintained
for as many fleets as possible. Remember that these are log catchabilities and that a trend with time indicates
an exponential trend in catchability.

Examine the mean log catchability (pred. log q) and its standard error for each age and fleet (7). The standard
error of the log catchability is an indicator of the quality of the data (a fractional coefficient of variation).
Values greater than 0.5 indicate problems with that age for the fleet. High standard errors for the clder ages of
all fleets indicate that the assessment should probably be re-run with the problem ages incorporated into a
younger plus group.

When combining fleet-derived estimates of terminal F at each age, weighting by the inverse of the prediction
variance of the log catchability will reduce the influence of poor fleet data. However, if for any fleet, the
standard errors of the majority of the important ages are poor, the user may wish to remove the fleet from the
analysis altogether.

The estimate of the partial F contributed by the fleet (9) and the raised F (10) are printed. Raised F's are the
individual fleet predictions of overall F: the level that would have been recorded if the fleet had taken the
whole of the international catch for that age. The values can be used to identify incompatible predictions from
the individual fleet data sets.
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For each age, the overall weighted mean terminal F is printed (11) along with its internal (SIGMA(int)) and
external {SIGMA(ext)) log standard errors. Also given is the overall standard error (SIGMA (overall) (12); it is
the larger of the internal and external values.

The internal standard error for an age is calculated from the (prediction) standard errors of the fleet's final year
log catchabilities; it corresponds to the within samples variance. The external standard error is calculated from
the scatter of the logarithms of the raised F values; it corresponds to the between samples variance {Topping,
1978). If shrinkage to the mean has been selected, the internal and external standard errors include the F
shrinkage value.

SIGMA(overall) is a good approximation to the fractional coefficient of variation of the mean F and should be
used as a measure of the accuracy of the prediction. If it is large (greater than (.3) for important age groups,
then the assessment should be treated with caution.

If the values of the internal and external standard errors differ significantly, there is a discrepancy between the
fleet estimates for overall F (the raised F's (10)). The variance ratio (13), (external s.e.)%/(internal s.e.)?, may
be tested as an F statistic with » and n -1 degrees of freedom, where » is the number of fleets contributing a
raised F estimate. Values exceeding 3 imply conflicting signals from the fleets, Too small a value implies an
unexpected correspondence of the tuning fleets in relation to the inherent noise.

Figures 14 present diagnostic plots for the fleets used to fit the Blackfin Laurec-Shepherd calibration model.
In each figure the top left hand plot is a bubble plot of the log catchability residuals. This format is useful for
looking for year and age effects in the estimates of log catchability. The top right plot presents the log catchability
residuals as a time series for all ages together. Individual trends in log catchability at age are separated in the
lower plots.

It is relatively obvious from the residual plots that the model assumption of constant catchability in time is
being violated by the calibration series used in this fit.

*  The Otter trawl residuals show a strong increase in the early period of the time series and a downward
trend in recent years.

+  The light trawl data are constant in time with no obvious pattern but are noisy.

*  The prawn trawl cpue series shows a strong decrease in time.

*  The seine data shows a strong increase in catchability in the recent years.

The trends in catchability are carried forward into differences in the estimates of terminal year fishing mortality
derived from the four cpue series. Where a fleet has an increasing trend in catchability the assumption of
constant catchability induces an under-estimate of the terminal fishing mortality. A downwards trend tesults in
an over estimate of catchability. In the summary diagnostics for each age the difference is clearly illustrated at
age 4. The two fleets with strong trends have marked differences in their estimates of the final year fishing
mortalities (raised F). Fleet 3, the prawn trawlers, which have a downward trend in q contribute a terminal F
estimate of 0.48 to the overall mean. Fleet 4, the seine netters, have an upward trend and F is consequently
underestimated {0.05). The trends in residuals result in the estimates from these fleets having a high standard
error in log catchability and they are therefore down-weighted in the final inverse-variance weighted estimate
of fishing mortality.

In general the fitting of an assessment model to data series that violate the assumptions of the model is not
ideal, and the fleets could be excluded from the model fit. Alternatively the Hybrid model, which is also
available within the Lowestoft package, can be used to fit trends in time to the log catchability series. If this is
carried out the fleet estimates of terminal fishing mortality are more consistent.
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TABLE 1. The tuning diagnostic file for Laurec Shepherd tuning.
Lowestoft VPA Version 3.1

7/09/2000 23:31

Blackfin: VPA course. Combined sex; plusgroup.

CPUE data from file ¢:\vpas\data\blacktun.dat

Catch data for 32 years. 1963 te 1994. Ages 1to 10.

Fleet First Last First Last
year year age age
Otter traw 1 1985 1594 2 6
Light trawl 1985 1994 2 7
Prawn trawl 1985 1994 2 4
Seine 1985 1994 2 5
Disaggregated Qs
Log transformation

The final F is the (reciprocal variance-weighted) mean of the raised fleet F's.

No trend in Q (mean used)
Terminal Fs derived using L/S (with F shrinkage)

Shrinkage Log S.E= 1.000
Tuning converged after 11 iterations
Regression weights
1 1 i 1 i 1 1

Oldest age F = 1.000*average of 3 younger ages.

Missing catch or tuning data at age 1 8 9

Fishing mortalities

Age 1585 1986 1987 1988 1989 1990 1991
1 £.000 0.008 0.000 0.001 0.001 0.003 0.011
2 0.073 0.047 0.078 0.172 0.048 0.084 0.091
3 0.261 0.339 0.182 0.405 0.621 0.581 0.301
4 0.276 0.900 0.657 0.495 0.927 0.769 0.704
5 0.259 0.652 0.527 0.559 0.692 0.499 0.591
6 0.337 0.424 0.517 0.619 0.667 0.555 0.515
7 0.324 0.544 0.445 0.776 0.471 0.572 0.667
8 0.270 0.447 0.477 0.936 0.539 0.649 0.549
9 0.311 0.471 0.480 0.777 0.559 0.592 0.577

1992

0.001
0.076
0.181
0.459
0.530
0.354
0.157
0.185
0.232

1993

0.001
0.159
0.355
0.487
0.319
0.274
0.179
0.115
0.189

1994

0.010
0.208
0.186
0.237
0.144
0.115
0.169
0.150
0.145

1)

@)

(3)

)
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TABLE 1 (Cont'd). The tuning diagnostic file for Laurec Shepherd tuning.

Log catchability residuals (5)

Fleet: Otter trawl

Age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
2 0.91 i.32 -1.01 0.33 -1.12 -1.6 1.14 0.05 0.16 -0.18
3 -1.65 -0.05 -1.52 0.29 0.88 138 0.56 0.11 0.08 -0.08
4 -2.4 -1.07 -0.24 0.28 0.61 2.49 1.19 0.08 -1.32 0.38
5 -2.82 -1.4 -1.10 0.67 0.34 2.74 1.63 0.72 -1.26 0.47
6 -1.54 -1.1 -0.56 -0.27 0.65 2.42 0.76 0.43 -0.55 -0.25
7 No data for this flect at this age

Fleet: Light trawl

Age 1585 1986 1987 1988 1989 1990 1991 1992 1993 1994

2 -0.41 -1.16 0.97 0.32 -0.97 0.05 0.35 0.13 0.6 0.12
3 0.34 0.17 -0.50 -0.36 0.34 0.63 -0.24 -0.35 0.02 -0.04
4 0.47 0.64 -0.87 -0.79 -0.18 0.91 0.59 -0.1 <0.77 0.10
5 -0.80 0.75 -0.47 0.39 -0.40 0.36 1.10 0.15 -1.26 6.17
6 0.17 -0.3% -0.49 -0.65 0.12 0.11 0.49 0.02 0.37 0.26
7 (.79 -0.01 -0.23 -1.09 -0.1¢ 0.73 0.70 -0.19 0.60 0.37

Fleet: Prawn trawl

Age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
2 0.84 0.59 0.95 1.12 -1.11 0.29 -0.34 0.00 -0.76 -1.58
3 1.70 2.62 0.54 -1.39 1.46 -0.67 -0.89 -1.36 -1.19 -0.81
4 1.12 .75 0.06 -1.94 0.19 1.13 0.13 -0.23 -0.49 -0.71
5 No data for this fleet at this age
6 No data for this fleet at this age
7 No data for this fleet at this age

Fleet: Seine
Age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
2 -2.08 -1.16 0.48 -0.68 -1.43 -1.34 0.75 1.58 1.92 1.96
3 -0.87 -0.28 -1.56 -0.63 -0.29 -0.24 0.49 0.67 1.19 1.52
4 -0.56 0.67 -1.65 -0.82 -0.55 -0.41 0.27 1.48 -0.04 1.61
5 -1.67 1.10 -1.93 0.22 -1.31 -0.13 0.24 1.70 0.26 1.53
6 No data for this fleet at this age
7 No data for this fleet at this age
SUMMARY STATISTICS FOR AGE 2 {6)
Fleet Pred (7) se Partial Raised  Slope (8) se Intrept se

logq (log q) F (9) F (10) Slope Intrept
1 -14.93 1.041  0.0009 0.2483 -6.44E-02 1.14E-01 -14.928 0314
2 -16.23  0.702 0.0156 0.1844 8.51E-G2 7.21E-02 -16.230 0.212
3 -18.79 0971 0.0026 1.0100 -2.36E-01 6.88E-02 -18.793 0.293
4 -15.81 1.594 0.0029 0.0294 4.11E-01 1.02E-01 -15.806 0.481

Fbar (11) Sigma(int.) Sigma(ext.) Sigma(overall} Variance ratio
0.208 0.476 0.5 0.5 (12) 1.102 (13)
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TABLE 1 (Cont'd}. The tuning diagnostic file for Laurec Shepherd tuning.

SUMMARY STATISTICS FOR AGE 3

Fleet Pred. se Partial Raised Slope se
logg (legq) F F Slope

1 -14.1¢  0.997 0.0021 0.2009 1.49E-01  9.78E-02

2 -15.54 0386 0.0312 0.1943  -1.87E-02 4.24E-02

3 -19.11 1.53¢ 0.0019 0.4181 -3.60E-01 1.14E-01

4 -15.53 1.002 0.0038 0.0408 2.81E-01 5.08E-02

Fbar  Sigma(int) Sigma(ext.) Sigma(overail) Variance ratio
0.186 0.331 0.288 0.331 0.757

SUMMARY STATISTICS FOR AGE 4

Fleet Pred. se  Partial  Raised Slope se

logq ({logq) F F Slope
1 -14.69 1.439 0.0012 0.1618 1.78E-01 1.47E-0l
2 -15.73 0.683 0.0257 0.2136 -2.47E-02 7.55E-02
3 -19.82 0.971 0.0009 04832 -1.18E-01 997E-02
4 -15.71 1.078 0.0032 0.0475 2.04E-01 9.60E-02

Fbar  Sigma(int.) Sigma(ext.) Sigma(overall} Variance ratio
0.237 0.469 0.397 0.469 0.716

SUMMARY STATISTICS FOR AGE 5

Fleet Pred. se  Partial  Raised Slope se
logq (logq) F F Slope

1 -14.93 1719 0.0009  0.0895 2.73E-01 1.65E-01

2 -16.31 0.758 0.0145 0.1214 3.67E-03 8.44E-02

3 No data for this fleet at this age

4 -16.45 1.347 0.0015  0.0313 2.56E-01 1.20E-01

Fbar  Sigma(int.}) Sigma(ext.) Sigma(overall) Variance ratio
0.144 0.617 0.326 0.617 0.279

SUMMARY STATISTICS FOR AGE 6

Fleet Pred. se Partial  Raised Slope se
logqg (logq) F F Slope

1 -14.72 1.178 0.0011 0.1473 1.54E-01 1.19E-01

2 -16.46 0401 §(.0124  0.0893 7.31E-02 3.65E-02

3 No data for this fleet at this age

4 No data for this fleet at this age

Fbar  Sigma(int.) Sigma(ext.) Sigma(overall) Variance ratio
0.115 0.38 0.143 0.38 0.142

SUMMARY STATISTICS FOR AGE 7

Fleet Pred. se  Partial  Raised Slope s
logg (iogq) F F Slope

1 No data for this fleet at this age

2 -16.54  0.648 0.0115 0.1165 1.28E-01  5.62E-02

3 No data for this fleet at this age

4 No data for this fleet at this age

Fbar Sigma(int.)Sigma(ext.)Sigma(overall)Variance ratio
0.169 0.648 0 0.648 0

Intrept

-14.099
-15.538
-19.107
-15.529

Intrept
-14.689
-15.735

-19.822
-15.714

Intrept

-14.979
-16.307

-16.45

Intrcpt

-14.72
-16.46

Intrept

-16.541

se
Intrcpt
0.301
0.116
0.463
0.302

se
Intrept
0.434
0.206
0.293
0.325

se
Intrept
0518
0.229

0.406

se
Intrept
0.355
0.121

se
Intrept

0.195%
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Appendix 1: Lowestoft Stock Assessment Suite

Tutorial 4
Extended Survivors Analysis (XSA)

by

Chris Darby
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is the fourth in a series of tutorials designed to assist users of the
Lowestoft VPA Suite assessment software. The tutorial takes the user through the
options required for running the Extended Survivors Analysis (XSA) assessment
model.

Introduction

This tutorial takes the user through the options required for running the Extended Survivors Analysis (XSA,
Shepherd, MS 1992) tuning algorithm. Each of the tutorial series assume that the user has installed the VPA
program VPA95 exe, described in Darby and Flatman (1994); that the required Blackfin data files have been
placed in a directory c:\vpas\data\, and that the assessment index file (Blackfin.ind) contains path names
which point to the appropriate files. This tutorial assumes that the user has either studied Tutorial 1which
covers input of the data structures, or has previous experience of running the program.

In the following text action to be taken by the user is highlighted in bold. The symbol .1 is used to represent
the Return or Enter key on the keyboard.
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The XSA Tuning Diagnostics File

The results from the current run should be in the file c:\vpasiresults\xsatun.csv. The file can be opened in a text
editor, word processing or spreadsheet package. The file lists the tuning data file used in the run, the selected
range of ages, years and the model options chosen by the user.

Tables 1 - 12 present the results for the converged run; in the following text bold numbers (x) refer to labels
added to the table. The file listing contains (1) the date and time at which the run was performed and the
tuning file used for calibrating the VPA. (2) The ranges of the catch and calibration index data used to fit the
XSA model. (3) The specification of the time series weights applied to down-weight older data. {4) The
specifications for the catchability models, (5) The specification of the method for calculating the terminal
population estimates. (6) The number of iterations performed to reach convergence, or if convergence was not
achieved (as in the example), the differences between the final year F values for the last two iterations. (7) The
time series weights used in down weighting historic data.

Following the model specifications is a selection of the model estimates. The tables are (8) the fishing mortality-
at-age table for the final ten years of the assessment time series. (9) The estimated population numbers-at-age
for the last ten assessment years; (10) the survivor estimates for the end of the final year (the terminal populations)
and (11) the taper weighted geometric mean of the final VPA. If the population shrinkage option was selected,
the terminal population estimates at the ages at which the power model was fitted were shrunk to the taper-
weighted geometric mean population numbers of the next age. In the Blackfin example, the survivors for age 2,
estimated at the end of the year, were shrunk to the mean of the population estimates at age 3 (calculated at the
beginning of the year). The weight applied to the population shrinkage mean was the reciprocal of the square
of the standard error (12) of the geometric mean population numbers.

The diagnostics tables from the run are used to examine the fit of the XSA model to the time series of indices
at each age; each fleet (13} is presented in sequence. The log catchability residuals table (14) can be used to
examine changes in the fleet — stock interactions {changes in catchability). An incidence of 99,99 indicates a
missing {zero) total catch or fleet catch value. Look for year effects running down the columns (e.g. 1987 in the
seine residuals), age effects, across the rows and year-class effects that follow the cohort diagonals {e.g. the
1984 cohort at age 2 in 1986 in the light trawl residuals). Recent and sudden changes in catchability may
require removal of the fleet from the assessment since departures from the assumptions used in the catchability
models can lead to biased estimates of population numbers and exploitation levels.

For the ages with constant catchability with respect to time, examine the log catchability means (15) and their
standard error (16). The standard error of the log catchability is an indicator of the quality of the data (a
fractional coefficient of variation of the fleet's catchability for that age). Values greater than 0.5 indicate -
problems with that age in the fleet data. High standard errors for the older ages indicate that the assessment
should probably be re-run with the problem ages incorporated in a younger plus group.

When combining estimates of terminal population derived from the fleet catches taken at each age, weighting
by the inverse of the log catchability variance will reduce the influence of poor quality fleet data. However, if
the standard errors of the majority of the important ages for a fleet are poor, the user may wish to remove the
fleet from the analysis altogether.

Catchability on the oldest age is poorly determined and, to overcome this, the catchability values for the oldest
ages are taken to be equivalent to that of a younger but fully recruited, age. In the initial Blackfin run log
catchability at age 6 was constrained to the value at age 5 (15). In order to introduce the greatest possible
degree of stability to the assessment, it is necessary to set the age at which catchability is independent of age as
low as possible in the fully recruited age range, without affecting the fit of the model at the older ages. The
selection of the appropriate age is a process of model refinement. Examine the log catchability values for the
ages with constant log catchability with respect to time (15) and their standard errors (16). Fig. 2¢ plots
catchability +/- one standard error against age. If, for the oldest ages, catchability does not exhibit large
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variation from age to age and there are no trends with respect to age, the youngest fully recruited age at which
catchability appears to be independent of age is the preferred choice. At the selected age, examine the log
catchability standard errors for each fleet; an alternative selection may be required if all of the fleets' log
catchabilities, at the selected age, are poorly estimated by the model (s.e.'s >0.5). It is often seen that, if the age
at which catchability is held constant is inappropriate, the catchability residuals for the subsequent ages generate
blocks of all positive or negative values. Plots such as presented in Figures 2b — 5b aid the detection of problems.

If the log catchability standard errors are acceptable, a series of runs with a stepwise reduction in the age above
which catchability is fixed, from the oldest true age-1 to the selected age, can be carried out and the log
catchabilities and their standard errors compared with the standard run. Noticeable differences between runs
should indicate when to stop.

One reason for choosing the penultimate age for the initial run is that if a trend in catchability with age exists,
it is possible to force an inappropriate plateau by selecting too young an age. Also, large variations in catchability
for all of the oidest ages in the assessment make it difficult to choose an appropriate age for fixing catchability.
In either of these sitnations it is recommended that the assessment is carried out with catchability for the oldest
age determined from the penultimate age. This removes the constraints on the older ages and allows the model
to determine the majority of their catchability values independently. In addition, F shrinkage should be used,
otherwise the model is badly under-determined and noisy. Due to the increased freedom within the model, the
run may require more iterations to achieve a solution.

For each fleet, examine the regression statistics (17) for the ages with catchability dependent on year class
strength, especially the slope (18), the R square (19) and the overall regression standard error (20). The slopes
should be tested to see whether they are significantly different from 1.0, if not then catchability is constant
with respect to population abundance (direct proportionality). The t-value (21) given in the table is derived
from t = (slope - 1.0)/ se slope. It can be tested against the t statistic for the required confidence level, obtained
from Student's t table with n-2 degrees of freedom — n is the number of data points used for the regression (No
Pts) (22).

The XSA algoerithm fits the catchability proportional to year clags abundance regression to all ages, regardless
of whether the results are used within the analysis. This allows an examination of the regression slopes and
standard errors for ages fitted with the catchability independent of year class strength model. The column
labelled Mean Q (23) in the regression diagnostics lists the value of average log catchability derived
independently at all ages. Comparison of values with the mean q values listed in (15) on the log or un-transformed
scale (Fig. 2c—5c¢) will aid detection of inappropriate values for the age at which catchability is held constant
with age.

If requested, XSA will print the final iteration's transformed CPUE values after a run (40). Plotting the log of
the CPUE values against the log of the VPA population abundance estimates given in (9}, allows an examination
of the distribution of the data points about the fitted regression relationships. The graph can be used to examine
whether one or two extreme values are dominating the relationships. This practice has also proved useful when
examining the fleet CPUE data for ages at which calibration regression generates extreme values that are
subsequently weighted out from the tuning process.

For each final year terminal population, the program prints the year class, the age of the cohort in the final
year and the model used to derive catchability-at-age (24). If the user selects the long format diagnostics output
the program prints the estimate of the terminal population at the end of the final assessment year (25) and its
raw weight (26) estimated for each fleet and each age in the cohort's history. The raw weights are used with the
individual estimates of survivors to calculate the fleet-based and overall weighted means. Zero values indicate
that the fleet has no data for the age. If the short diagnostics output is selected the individual fleet estimates at
age will be omitted and only the following statistics will be tabulated:
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A fleet-based weighted mean of the cohort's survivors (27). This is derived from the estimates obtained from
the fleet catches at each age in the cohort's history (the raw weights, printed in the long format output, can be
used to identify the specific contribution of each estimate).

The internal standard error of the terminal population estimate obtained from a fleet (28). It is derived by
combining the standard errors associated with each estimate in the weighted mean and corresponds to the
within samples variance of the fleet-based terminal population estimate.

The external standard error of the estimate of survivors obtained from each fleet (29). This is the standard
error of the terminal population estimates derived at each age; it corresponds to the between samples variance.

If the values of the internal and external standard errors differ significantly, this indicates a discrepancy between
the individual estimates generated by the fleet catches. The variance ratio (30), (external s.e.)*/(internal s.e.)?,
may be tested as an F statistic with n-1 degrees of freedom. n is the number of estimates of terminal population
abundance contributing to the mean, i.e. the number of years in which the fleet removed caiches from the
cohort. Values exceeding 3 imply that the independent estimates obtained at each age are providing conflicting
signals. Too small a value implies an unexpected correspondence of the tuning fleets in retation to the inherent
noise.

The scaled weights (31) are a measure of the proportional contribution of the fleet's estimates (for all ages) to
the overall survivors estimate for the cohort. The weights are not actually used in the derivation of the overall
mean, which is a weighted mean (using the raw weights (26)) of all the disaggregated (by fleet and age)
estimates, including the population and F shrinkage means (if used). The scaled weight is given so that
contributions from each fleet can be compared.

The terminal F that would be generated by using the estimate of survivors derived from the fleet to initiate the
VPA (32) is equivalent to the fleet's raised F generated by the ad ho¢ tuning procedures. Discrepancies in the
signals provided by the fleet data sets can be detected by comparing the F values or the survivor estimates.

If the age is a recruiting age in the assessment and shrinkage to the population mean has been selected, then
the estimate of survivors used in the population shrinkage is printed with its standard error, scaled weight and
F. The F shrinkage terminal population, the s.e. supplied by the user, scaled weight and F, are also given (33).

The overall weighted geometric mean estimate of survivors at the end of the final year (34) is derived by
combining all of the estimates of terminal population abundance; the estimates at each age from all fleets and
the shrinkage estimates The raw weights used for the overall weighted mean are listed in (26).

The internal standard etror (35) and external standard error (36) of the overall mean, and the variance ratio
(38) are printed. If the variance ratio exceeds 3, conflicting signals are being given by the disaggregated (by
fleet and age) estimates of terminal population. The F test carried out for the individual fleet estimates can be
repeated for the overall mean. In this case n is the summation, across fleets, of the number of years in which a
fleet removed catches from the cohort. The individual estimates of terminal population abundance (25) and the
fleet variance ratios (30) can be used to identify the fleets and/or ages that are causing problems.

The overall terminal F value for the cohort (39) is calculated using the overall weighted mean terminal population
and the catch in the final year.

After the diagnostics for each age are printed an optional output of each fleet's corrected CPUE data is tabulated
(40). The data are transformed to the beginning of the year using the total fishing mortality values from the
final iteration and the alpha and beta values entered in the diagnostics file. The data can be used to examine
the distribution of data points about the fitted catchability regressions, as described previously.
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The Blackfin example run

The otter trawl fleet cpue series has trends in time in the historic catchability residuals. Catchability increased
during the late 1980's then declined during the early 1990's. This is inconsistent with the assumption of constant
catchability in time and the large standard errors of log catchability reflect this mismatch. The catchability
values are also inconsistent with the proportional to population abundance model, large standard errors and
low R square correlation. The high standard errors will result in terminal population estimates from this fleet
being heavily down-weighted in the final model estimates and therefore the fleet should be removed from the
XSA model. However, the exclusion of the fleet from the model fit on the basis of the lack of correlation
between the cpue data and the populations calculated from the catch at age data assumes that the flest data does
net reflect the stock dynamics. If the catch data is biased the VPA estimated populations will be biased and the
fleet cpue may reflect the "truth".

The Light trawl cpue series has no trends in log catchability in time. There is a year class effect of low catchability
values for the 1984 year class but the values are not extreme relative to the noise in the series. Given that the
cohort effect does not reach the final assessment year it will add noise to the terminal population estimates but
will not cause any bias. The power madel (catchability dependent en population size) is not appropriate for the
cpue data at age 2. The t-value indicates that the slope is therefore not significantly different from 1.0 {direct
proportionality). The extra parameter fitted in the XSA model is not required. The age (five) at which catchability
has been held constant, with respect to age, has resulted in some skew in the residuals calculated for ages 6 and
7 (Fig. 4b). This may be introducing bias at the oldest ages and the sensitivity of the results to this selection
should be examined using a re-run with catchability at age seven constrained to that at age six. It would not be
expected that the bias has a significant effect on the overall estimates since the catchability values at the older
ages are not extremely different from the value at age five (Fig. 4c) and the population numbers at the oldest
age are generally low.

The prawn trawl cpue series has pattern in the log-catchability residuals at the oldest ages and consequent high
standard errors. Any pattern at the youngest age has been removed by fitting the power model at that age (see
also Fig. 4b). The regression model statistics for the fitting of a power model at age 3 are provided even though
the model was not used. They indicate that a power or proportional to population abundance model may be
appropriate for the cpue at this age (t-value > 2.0, r-square > 0.5, low regression standard error).

The seine trawl cpue has a strong upward trend in catchability during the most recent years. The standard
errors are high and for the ages with catchability constant in time have coefficients of variation of greater than
100% indicating that the estimates are poorly determined. Fitting of a power model at age 2 improves the fit of
the model and reduces the standard errors through the introduction of the extra parameter. However the level
of noise is still substantial. In addition, the slopes of the regression model are all negative, catchability increasing
with decreasing population abundance. A clue to the underlying cause of the difficulty in fitting a catchability
model is found in the values of R-square, the correlation coefficients for the regression points. The value is
very low (close to zero) indicating poor correlation. We therefore have slopes that are potentially significantly
different from 1.0 and yet low R-square. This can result from a cloud of data points with outliers that have high
leverage, dominating the fitted regression model. Ploiting the VPA estimated population abundance against
the cpue data corrected to the beginning of the year could help resolve the issue. It would indicate that the data
has no signal as to the trends in the stock (as estimated from the catch data) and that the fleet cpue series
should not be used in the fitting of the XSA model.

Tables 7—11 present the detailed diagnostic output for the estimation of the terminal populations at the end of
the final assessment year. Age 1 in the assessment has catch at age but no calibration or tuning data series.
Therefore the estimate of the terminal population at age 2 in the following year is derived from two sources,
the time series weighted geometric mean (population shrinkage) and the fishing mortality shrinkage mean.
The two estimates of the terminal population differ by two orders of magnitude. This is reflected in the high
external variance and the high variance ratio both characteristic of a difference in the estimates from the
contributing data sources. The greatest weight (scaled weights) in the final estimate of the terminal population
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is contributed by the geometric mean. However, even at the low weight given to the fishing mortality shrinkage
the very low value has a strong effect on the estimated survivors and raises a question as to the value of
including age 1 in the assessment,

At age 2 (Table 7) the final estimate is dominated by the estimate of survivors from the Prawn traw] at age 2
and the population shrinkage geometric mean. This results from the relatively lower standard errors of the two
series (Int se). At this age the population shrinkage estimate is higher than all of the fleet estimates and the
overall mean is raised by the inclusion of the time series mean. After excluding the noisy fleet cpue series and
changing the catchability models, as discussed above, the weighting of the estimates contributed from the
series will change and this should be examined here.

Table 8 presents the results for ages 3 and 4. Note that, at these ages, catchability has been modelled as
constant in time and therefore the population shrinkage is not used. The summary tables show that the weighted
estimates are predominantly derived from the Light trawl and Prawn trawl series and the detailed breakdown
shows that the contribution is mostly from ages 2 and 3. The dominance of estimates from separate ages and
fleets reflects the poor fit of the catchability models at the youngest ages.

The XSA model should now be re-run and the model parameter and constraint selections altered to the optimum
settings for the cpue series. The Otter trawl and seine fleets should be removed from the fitted model. The
fastest way of achieving this is to give them a weight of zero using the prior fleet weighting option. In the
current XSA program the selection of the age ranges at which the catchability models are applied is specified
for all fleets concurrently. However, the most appropriate catchability model for the Light trawl fleet would be
the simple proportionality model at all ages, whilst a power model seems appropriate for ages two and three of
the Prawn traw] data. In order to fit a model that allows for both options we would go on to fit a power model
at the first two ages. For the Prawn trawl fleet this is the required model, for the Light trawl fleet we estimate
the slope and intercept rather than forcing them to be one and zero (we waste a parameter). The diagnostics of
the new model fit should be examined for the fit of the regression to the Prawn trawl data at age three. Following
the examination of the catchability models at the youngest ages, the age at which catchability is held constant
with age should be re-evaluated. As noted previously there is a bias in the residuals when age 5 is used as the
estimate for ages six and seven. Changes to this assumption should be examined for their effects on residual
bias, standard errors and population estimates.
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TABLE 1. The XSAmodel specification for the Blackfin assessment.

Lowestoft VPA Version 3.1

2/02/2002 11:59 (1)
Extended Survivors Analysis
Blackfin: VPA course. Combined sex; plusgroup.

CPUE data from file ¢:\vpas\data\blacktun.dat

Catch data for 32 years. 1963 to 1994. Ages 1to 10. {2)
Fleat First Last First Last Alpha Beta
year year age age
Otter trawl 1985 1994 2 6 0 1
Light trawl 1685 1994 2 7 0 1
Prawn trawl 1985 1994 2 4 0 1
Seine 1985 1994 2 5 0 1
Time series weights : {3)

Tapered time weighting not applied
Catchability analysis : (4)
Catchability dependent on stock size forages < 3
Regression type =C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 3
Catchability independent of age for ages >= &

Terminal population estimation : (5)

Survivor estimates shrunk towards the mean F
of the final 5 years orthe 3 oldest ages.

§.E. of the mean to which the estimates are shrunk = 1.000

Minimum standard error for popuiation
estimates derived from each fleet= 300

Prior weighting not apptied
Tuning had not converged after 30 iterations
Tatal absoiute residual between iterations (6}

29and 30= .00178

Final year F values

Age 1 2 3 4 5 6 7 8 9
lteration 28 0.0001 0.1885 0.2254 0.219 0.1901 0.1541 0.1489 0.1175 0.1368
lteration 30 0.0001 0.1884 0.2253 0.2188 0.1898 0.1538 0.1487 0.1173 0.1365

Regression weights {7
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APPENDIX 1: Tutorial 4: Extended Survivors Analysis (XSA)

TABLE 3. The Otter trawl log catchability residuals at age, the estimated log catchability and the power model regression

diagnostics.
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TABLE 4. The Light trawl log catchability residuals at age, the estimated log catchability and the power model regression

diagnostics.
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Tutorial 4: Extended Survivors Analysis (XSA)

APPENDIX 1:

TABLE 5. The Prawn trawl log catchability residuals at age, the estimated log catchability and the power model regression

diagnostics.
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TABLE 6. The Seine log catchability residuals at age, the estimated log catchability and the power model regression diagnostics.
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Extended Survivors Analysis (XSA)

APPENDIX 1: Tutorial 4

TABLE 7. The XSA estimates of Black{in terminal population numbers and fishing mortality and their standard errors at ages
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TABLE 8. The XSA estimates of Blackfin terminal population numbers and fishing mortality and their standard errors at ages
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Extended Survivors Analysis (XSA)

APPENDIX 1: Tutorial 4

TABLE 9. The XSA estimates of Blackfin terminal population numbers and fishing mortality and their standard errors at ages
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TABLE 10. The XSA estimates of Blackfin terminal population numbers and fishing mortality and their standard errors at ages

7 and 8.
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TABLE 11. The XSA estimates of Blackfin terminal population numbers and fishing mortality and their standard errors at
age 9.

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 5

Year class = 1985

Otter trawl
Age g 8 7 6 5 4 3 2 1
Survivors 0 0 0 816 4597 560 400 117 0
Raw Weights 0 0 0 0295 0088 0051 008 0055 0
Light trawt
Age 9 B8 7 g 5 4 3 2 1
Survivors 0 0 189 412 426 253 21 1046 0
Raw Weighis 0 0 1.667 1.981 0.505 0.234 0.505 0.055 0
Prawn trawl
Age 9 8 7 6 5 4 3 2 1
Survivors 0 0 0 0 0 369 75 359 0
Raw Weights o 0 o 0 0 0107 0029 0683 0
Seine
Age 9 8 7 6 5 4 3 2 1
Survivors 0 Q 0 0 260 175 160 176 4]
Raw Weights 0 0 0 0 0.131 0.082 0.06 0.197 1)
Fleet Istimated  Int Ext  Var N Scaled Estimated
Survivors  s.e s.e  Ratio Weights F
Ctter trawl 788 071 0479 0.68 5 0071 0056
Light traw 293 0294 0176 06 6 0635 0145
Prawn trawl 340 0285 0207 0.73 3 0105 0126
Seine 194 0.507 0.1086 0.21 4 .06 t.212
F shrinkage mean 303 1 0.128 0.14
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratic

313 024 012 19 0502 0136
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TABLE 12. The Blackfin catch-per-unit effort data corrected to the beginning of the year using the estimated fishing mortalities
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Appendix 1: Lowestoft Stock Assessment Suite

Tutorial 5
Retrospective Analysis (RETVPA00.EXE)

by

Chris Darby
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is number five in a series of tutorials designed to assist users of the Lowestoft
VPA Suite assessment software and prediction programs that use the results. The tutorial takes the
user through the options required for running the retrospective program RETVPAQO.EXE.

Introduction

Retrospective studies have established that patterns of consistent under- or over-estimation bias in estimates of
F and population numbers-at-age can be produced by the application of assessment methodologies to fish stock
data (Sinclair et al., MS 1990, ICES, MS 1991). Such biases may cause problems in the advice given to
managers and therefore need to be examined and if possible removed from the assessment and subsequent
predictions.

This tutorial takes the user through the options required for running the program RETVPAQQ.EXE and carrying
out a retrospective analysis of an XSA model structure. The tutorial assumes that the required Blackfin data
files have been placed in a directory c:\vpas\data\, and that the index file (Blackfin.ind) contains path names
that point to the appropriate files.

Description of the method

For each stock and analysis procedure a series of assessments are performed with the terminal year decreased
by one year at each run. This simulates the results of assessments with progressively shorter time series. All
input parameters to the analysis are held constant, e.g. number of tuning data years, time series weights,
reference ages. The values estimated by the most recent assessment, derived from all available data, are assumed
to be the 'truth’ and compared with the estimates from the runs which pre-date it. The accuracy of an assessment
methodology is determined by its ability to consistently predict the 'truth’. Bias is the degree to which the
method consistently under- or over-estimates the 'truth’. The analysis procedure usually involves the creation
of retrospective time series plots for particular assessment estimates (e.g. F, population numbers-at-age, SSB)
followed by a statistical or subjective analysis of the accuracy and bias of the method.

When carrying out retrospective analyses the selection of tuning fleets to be used in the assessments is important.
Fleets with short time series should be avoided. As the program steps back through the data range they may
drop out when there are insufficient years of fleet data for the specified analysis. In addition, short series with
artificially low standard errors may erroneously dominaie the assessment. The use of short time series can
introduce sudden changes in the retrospective patterns and should be avoided. If required, the short series can
be reintroduced for restricted retrospective analyses after the full runs.

Retrospective Extended Survivors Analysis

In the following text action to be taken by the user is highlighted in bold. The symbel J is used to represent
the Return or Enter key on the keyboard.
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Retrospective series should now be used to investigate the influence of particular assessment parameters (e.g.
shrinkage to the mean F) on the accuracy and bias of the terminal year estimates. Changes to the assessment
model structure are evaluated not only in terms of their influence on the model diagnostics, but also their
ability to remove bias in the retrospective patterns of key model estimates. For $SB the changes to the model
structure may not be required. For this stock we would be trying to improve the consistency of the estimates of
fishing mortality and recruitment in the most recent years. For example a repeat of the retrospective run with
a proportional catchability model at age 2 could be used to test the improvement in the predictions for recruitment.

Retrospective runs should be performed with a range of values for the selected parameter (all other parameter
values are held constant), and the model structure producing the 'best' retrospective pattern chosen as the
optimum value for the assessment of the particular stock. In order to simplify the analysis, it is assumed that
there are no interactions in the effects on the assessment predictions.

Discussion

Sinclair et al. (MS 1990) and ICES (MS 1991) have shown that the biases in F and N estimates appear to be
stock specific, and data induced. They are not attributable to a particular tuning methodology. Sinclair ef al.,
(MS 1990) concluded that the retrospective patterns found in the estimates for the stocks of the Northwest
Atlantic could result from patterns of misreporting, trends in catchability, or mis-specification of natural
mortality. Each will affect the data in a particular way and therefore influence the outcome of the tuning
procedures.

ICES (MS 1991) established that the degree of bias could usually be reduced by the introduction of shrinkage
to the mean F to the assessment packages. Subsequent work by the Methods Working Group has examined the
influence of the degree of shrinkage imposed on the assessment (ICES, MS 1993). It recommended that
retrospective analyses be used regularly to screen stock assessments.

The retrospective problem has been recognized as widespread and serious. The reasons why this problem
appears are not fully known. There is a general understanding that trends in catchability, when used in models
that assume constancy can cause this effect. However, it has been clearly demonstrated that the problem is
more complex and that for example trends or shifts in natural mortality, discards and misreporting, mis-
specification of selection and catchability at age can contribute to the problem, sometimes in a quite complex
way (ICES, MS 1997).

Warning

There may be cases where the present estimate of the stock trajectory is biased, whilst those in the past may
have been "right" (ICES, MS 1997). This is illustrated by the early retrospective series of the Blackfin
retrospective sequence. The retrospective assessments carried out with the terminal years between 1984 and
1988 (Fig. 3c) show that the SSB was apparently consistently under-estimated during those years. In each
successive year the level of 88B is increased and the latest assessment in the sequence estimates that there was
a high stable stock between 197384,

Taking the final assessment estimates, with terminal year 1988, as the "truth”, the assessment model structure
would usually be altered to make the earlier assessment as consistent as possible with it. However if we examine
the most recent assessments with the early series (Fig. 3¢) is seen that the retrospective pattern noted in the
early years was caused by the assessment estimates having a successively greater bias from the "truth" — the
most recent (1994) perception of the stock trends. The estimated SSB series terminating in 1988 was actually
the most distant (biased) from the most recent perception of the stock dynamics. This is a warning case where
alteration of the assessment model structure to correct the retrospective pattern would have induced bias to the
assessment results. Simply changing the assessment model structure to correct a retrospective pattern would
have been incorrect in this instance.
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Fig. 1. The retrospective time series of XSA estimates of Blackfin average fishing
mortality.
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Fig. 2. The retrospective time series of XSA estimates of recruitment-at-age 1 to the
Blackfin stock
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Fig. 3a. Theretrospective time series of XSA estimates of spawning stock
bioass of the Blackfin stock for the assessments ending in the
years 1984-94.
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Fig. 3b. The retrospective time series of XSA estimates of spawning stock
bioass of the Blackfin stock for the assessments ending in the
vears 1990-94,

ssB

160000 -
140000
120000 +
100000 -
80000 4
60000 -
40000 -
20000 4

0 r — T ™ T T 1

1960 1965 1970 1975 1980 1985 1990 1895 2000

Fig. 3c. The retrospective time series of XSA estimates of spawning stock
bioass of the Blackfin stock for the assessments ending in the
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Appendix 1: Lowestoft Stock Assessment Suite

Tutorial 6
The Multi-Fleet Deterministic Projection Program (MFDP)

by

Chris Darby and Mike Smith
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk}, England NR33 QHT, United Kingdom

Abstract

This document is number six in a series of tutorials designed to assist users of the
Lowestoft VPA Suite assessment software and prediction programs which use the
results. The tutorial takes the user through the options required for running the multi-
fleet deterministic projection program MFDP developed for ICES at CEFAS.

Intreduction

This document is part of a series of tutorials that provide an introduction to the Lowestoft VPA Suite assessment
software and programs which make use of the results from it. The tutorial takes the user through the options
required for running multi-fleet deterministic projection program MFDPla.exe. The tutorial assumes that the
required Blackfin data files have been placed in a directory c:\vpas'data\prediction, and that the prediction
index files (Blpred standard.ind, Blpred discards.ind) contain path names that point to the appropriate files.

In the following text action to be taken by the user is highlighted in bold. The symbol J is used to represent
the Return or Enter key on the keyboard.

Installation of the Program

Copy the directory C:\VPAS\PROGRAMS\MFDP\ to a directory on your computer. Using Explorer go to the
directory CAVPAS\PROGRAMS\MFDP\Disk]1. Start the program Setup.exe and follow the on screen instructions

Data Files

The program will carry out predictions using historic data sets from age structured assessments. The user
selects the targets for fishing mortality or TAC constraints for each fleet from within the user dialogs. In
addition the program will allow the user to set up future selection pattern and catch weight files that can be
used to examine potential changes in selection etc. Here we only consider runs from historic data.

The program uses an index file that is similar to (but not the same as) the Lowestoft format index file used for
inputting data to the Lowestoft VPA Suite stock assessment program (Darby and Flatman 1994). The index file
for historic data is given below, the differences in the index files are that the first, ninth, tenth and eleventh
files from the VPA suite list have been omitted in MFDP. The missing files are the total landings and the
optional fishing mortality on the oldest age, fishing mortality in the final year and fleet tuning files.

Several files have been added to the list required for MFDP, these are:

for single fleet or category disaggregated predictions

1} the fishing mortality at age for each of the historic assessment years;
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2) population numbers at age for the historic assessment years and one extra year the survivors at the
start of the year after the final assessment year;

in addition for multifleet predictions

3) afile for each fleet with total and category disaggregated catch numbers at age
4) a file for each fleet with total and category disaggregated catch weights at age

The complete index file list for a run using historic data is given below:

Index file contents Index file number

Title
Historic data flag (1 = Historic, 0 = Future)

Total catch numbers at age numbers file name and path 2
Weight at age in the catch file name and path 3
Weight at age in the stock file name and path 4
Natural mortality file name and path 5
Proportion mature file name and path 6
Proportion of F before spawning file name and path 7
Proportion of M before spawning file name and path 8
Fishing mortality file name and path 12
Population numbers file name and path 13

If the prediction is not fleet or category disaggregated then this is sufficient, however if fleet or category
disaggregation is required then the following lines are required.

Index file contents Index number

Number of fleets
Fleet 1 catch numbers at age file name and path

Fleet n catch numbers at age file name and path
Fleet 1 weight at age in the caich file name and path

W W R RN

Fleet n weight at age in the catch file name and path
An optional control file, if specified it must always be the last file.

Note: If the population and fishing mortality files from the final assessment have a different age range to that
of the initial VPA suite input data files, the program will make the adjusment to the new range for the
user.

Running the Program for a Single Fleet Prediction

Open program MFDP1a.EXE from within Windows Explorer or using the Start button

Press the F1 key, this is the undocumented way to see the help file and documentation. The help files are
installed in the C:\windows\help directory during setup.

Initially, the program presents the inputs dialog screen. The run identifier should be entered, the plus group
specified and the index file located using the browse button. If errors are encountered in the input data then
control will return to the inputs dialog and an error message is displayed in red type. The user can makes
changes to the files, within a text editor, without closing the program and press browse again to continue. If no
errors are encountered a message is displayed detailing the directory in which output files will be saved.
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A comma delimited file containing the steady state vectors used for the projection, in a form similar to the
prediction with management: input data table used by ICES. This file is named with a filename of the run
index and the file extension .prd. If no run index has been specified then results will be appended to a file
named MFDP.prd (Table 4).

A log file in comma delimited format containing the files used for the run, the raw data, the options chosen,
truncated data when appropriate, the steady state vectors, and a summary of the results. The log file is named
with the run code and the file extension .prl. If no run code has been specified then this file is named MFDP.prl
(Table 5).

NOTE: If repeat runs are made with the same run identifier, the results for each run are appended to

the existing files along with the run name, program name and version, stock name, time and
date.

Plotting and Tablulating Results
Open the spreadsheet TEMPLATE1.XLS
Open the output file from the MFDP run TUTORIAL.PRM in EXCEL. The file is comma separated.
Copy the sheet from TUTORIAL.PRM and paste it into the prm sheet of TEMPLATEL.XLS.
On the sheet labeled Chart (Fig. 1), the right hand graph is the standard ICES short-term forecast plot which

shows the forecast catch at different levels of fishing mortality two years beyond the assessment series and for
SSB three years ahead. The data is automatically plotted when the prm sheet is updated.

Running the Program for a Multi fleet or Single fleet with Discards Prediction
Open program MFDP.EXE from within Windows Explorer or using the Start button
Enter run identifier.
Enter any log file comments required.
Check if the last age is age plus group for this projection run and set the option box.
Check the units for the run
Browse for the projection run index file C:\VPAS\DATA\PREDICTION\Blpred_standard.ind.
If errors are encountered in the input data then control will return to the inputs dialog and an error message is
displayed in red type. The user can makes changes to the files, within a text editor, without closing the program
and press browse again to continue. If no errors are encountered a message is displayed detailing the directory
in which output files will be saved.
The index file for a multi fleet (or a single fleet disaggregated by category) contains more information than the

single fleet index file. The user must supply catch numbers at age files with total catch at age in each year and
also the values for each fleet (see the help F1) and disaggregated catch weight at age files.
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TABLE 1. The MFDP short-term forecast results in the [CES SGFADS file format (*.pro)

Short term MFDP vers Blackfin: A: Run:tutoria

1

3
21
1995
Total
3 7
99 1
1996
Total
1 0
2 0.1
3 0.2
4 0.3
5 0.4
6 0.5
7 0.6
8 0.7
9 0.8
10 0.9
11 1
12 1.1
13 1.2
14 1.3
15 14
16 1.5
17 1.6
18 1.7
19 1.8
20 1.9
21 2
1997
1 20127.82
2 187394
3 17450.9
4 16254 92
5 15144.62
6 14113.67
7 13156.23
8 12266.88
9 11440.63
10 10672.85
11 9959.259
12 9295893
13 8679.091
14 8105.463
15 7571.872
16 7075.415
17 6613.403
18 6183.349
18 5782.951
20 5410.074
21 5062.745

0.601833

o
6.02E-02
0.120387

0.18058
0.240773
0.300067

0.36116
0.421353
0.481547

0.54174
0.601933
0.662127

0.72232
0.782513
0.842707

0.9029
0.963003
1.023287

1.08348
1.143673
1.203867

(=R RasBoleReloReoBoleNoloNolaleloNeRNeNelNoeloel

01:556 03/02/02

12060.11

0
1288.179
2493.309
3621171
4677.126
5666.144
6502.838
7461.483

8276.05
9040.221
9757.415
10430.81
11063.34
11657.76

12216.6
12742.23
13236.84
13702.47
14141.03
14554 .27
14943.84

Input units are thousands and kg - output in tonnes

0

OO0 0000000000 COoO00DOO0

9363.821

9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.08
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
9575.09
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TABLE 2. The Blackfin MFDP single category short-term forecast management options table output (*.prm).

MFDP version 1a

Run: tutorial

Blackfin: Assessment course. Combined sex; plusgroup.
Time and date: 01:55 03/02/02

Fbar age range: 3-7

1995
Biomass SSB FMult FBar Landings
34816 9364 1 0.6019 12060
1996 1997
Biomass SSB FMult FBar Landings Biomass SSB
23924 9575 0 0 0 27071 20128
9575 01 0.0602 1288 25476 18739
9575 0.2 0.1204 2493 23988 17451
9575 0.3 0.1806 3621 22601 16255
9575 04 0.2408 4677 21306 15145
9575 0.5 0.301 5666 20098 14114
9575 0.6 0.3612 6593 18970 13156
9575 0.7 04214 7461 17917 12267
9575 0.8 0.4815 8276 16933 11441
9575 0.9 0.5417 9040 16014 10673
9575 1 0.6019 9757 15154 9959
9575 1.1 0.6621 10431 14350 9296
9575 1.2 0.7223 11063 13598 8679
9575 13 0.7825 11658 12894 8105
9575 14 0.8427 12217 12236 7572
9575 1.5 0.9029 12742 11619 7075
9575 1.6 0.9631 13237 11041 6613
9575 17 1.0233 13702 10499 6183
9575 1.8 1.0835 14141 9991 5783
9575 18 1.1437 14554 9515 5410
9575 2 1.2039 14944 9068 5063

Input units are thousands and kg - output in tonnes



APPENDIX 1: Tutorial 6: The Multi-fleet Deterministic Projection Program 131

TABLE 3. Blackfin MFDP single category short-term forecast detailed status quo forecast table output (*.prs).

MFDP version 1a

Run: tutorial

Time and date: 01:55 03/02/02
Fbar age range: 3-7

Year: 1995 F muiltiplier 1 Fbar: 0.6019
Age F CatchNos Yield StockNos Biomass SSNos(Jar SSB(Jan) SSNos(ST. SSB(ST)
1 0.001 1 1 1000 590 0 0 0 U]
2 0.178 884 761 5963 5132 0 0 0 o
3 0.4037 397 3616 10549 11931 0 0 o o
4 0.8263 2756 4028 5334 7798 0 0 0 o
5 0.7633 651 1374 1328 2805 1328 2805 1328 2805
6 0.592 239 685 584 1676 584 1676 584 1676
7 0.4243 111 480 352 1458 352 1458 352 1458
8 0.3877 45 236 157 804 157 804 157 804
9 0.4707 31 201 24l 585 | 585 91 585
10 0.4707 77 698 225 2036 225 2038 225 2036
Total 7392 12060 25583 34816 2737 9364 2737 9364
Year: 1996 F multiplier 1 Fbar: 0.6019
Age F CatchNos Yield StockNos Biomass SSNos(Jar SSB(Jan) SSNos{ST. SSB(ST}
1 0.001 1 1 1000 590 0 0 0 0
2 0.178 121 104 818 704 0 0 o 0
3 0.4037 1238 1400 4086 4621 0] 0 o 0
4 0.8263 2980 4357 5768 8433 0 0 0 0
5 0.7633 937 1978 1911 4037 1911 4037 1911 4037
6 0.592 207 595 507 1454 507 1454 507 1454
7 0.4243 83 346 265 1096 265 1096 265 1096
8 0.3877 55 283 189 8965 189 965 189 965
9 0.4707 30 192 87 561 87 561 87 561
10 0.4707 55 502 162 1463 162 1463 162 1463
Total 5708 9757 14792 23924 3120 9575 3120 9575
Year: 1997 F multiplier 1 Fbar: 0.6019
Age F CatchNos Yield StockNos Biomass SSNos(Jar S88(Jan) SSNos{ST SSB(ST)
1 0.001 1 1 1000 590 0 0 o 0
2 0.178 121 104 818 704 0 0 0 0
3 0.4037 170 192 560 634 0 0 0 0
4 0.8263 1154 1688 2234 3266 0 0 0 0
5 0.7633 1013 2139 2067 4365 2067 4365 2067 4365
6 0.592 298 856 729 2093 729 2093 729 2093
7 0.4243 72 300 230 951 230 951 230 951
8 0.3877 42 213 142 725 142 725 142 725
g 0.4707 36 231 105 673 105 673 105 673
10 0.4707 44 395 127 1152 127 1152 127 1152
Total 2951 6118 8012 15154 33588 9959 3399 9959

Input units are thousands and kg - output in tonnes
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TABLE 4. The Blackfin MFDP single category short-term forecast input data file (*.prd).

MFDP version 1a
Run; tutorial

Time and date: 01:55 03/02/02

Fbar age range: 3-7

1995
Age N
1 1000
2 5963
3 10549
4 5334
5 1328
6 584
7 352
8 157
9 91
10 225
1996
Age N
1 1000
2.
3.
4.
5.
6 .
7.
8.
9.
10 .
1997
Age N
1 1000
2.
3.
4,
5.
6.
7.
8.
9.
10 .

Input units are thousands and kg - output in tonnes

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

RN P QU G W O o I e I e ) R R N [ [t R W e T o T e I e ]

T G N e N ol = -

)
|

PF

PF

T
=

OO0 O0OOCO0O00O0

PM

COO0OO0OO0OO0O0O00O0OO0O

PM

(=R B i o B o B o I oi Y ot i

Swit

CO0O0O00OO0O0C0O

Swit

OO OO OOO0O

SWi

[on i on I o B o [ o B o i o Y o Y e o

0.590
0.861
1.131
1.462
2112
2.869
4143
5.120
6.426
9.051

0.580
0.861
1.131
1.462
2112
2.869
4.143
5.120
6.426
9.051

0.590
0.861
1.131
1.462
2112
2.869
4.143
5.120
6.426
9.051

Sel

Sel

Sel

0.001
0.178
0.404
0.826
0.763
0.592
0.424
0.388
0.471
0.471

0.001
0.178
0.404
0.826
0.763
0.592
0.424
0.388
0.471
0.471

0.001
0.178
0.404
0.826
0.763
0.592
0.424
0.388
0.471
0.471

CWt
0.590
0.861
1.131
1.462
2112
2.869
4.143
5.120
6.426
9.051

Cwt
0.590
0.861
113
1.462
2112
2.869
4.143
5.120
6.426
9.051

CWt
0.590
0.861
113
1.462
2112
2.869
4,143
5.120
6.426
9.051
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TABLE 5. The first few lines of the Blackfin MFDP single category short-term forecast log file (*.prl).

MFDP version 1a
Run: tutorial

Blackfin: Assessment course, Combined sex; plusgroup.

Time and date: 01:55 03/02/02

IndexFile C:\Vpas\Data\prediction\Blpred_standard.ind

Comments
VPA course tutorial

ek Data ﬁles AARKE
c:\wpas\data\prediction\blackCN.DAT
c:\vpas\data\prediction\blackCW.DAT
c:\wvpas\data\prediction\blackSW.DAT
c\vpas\data\prediction\blackNM.DAT
c\vpas\data\prediction\blackMO.DAT
c\wpas\data\prediction\biackPF.DAT
c\wpasidata\prediction\blackPM.DAT
c:\vpasidata\predictionf, ba
c:\vpas\data\prediction\n.txt

Input units are thousands and kg - output in tonnes

Last age is a plus group
e+ Averaging options *****

Variable Average YiScaleToFinalYr

Selection 3 o

Natural mortality 1 a

Catch weight 3 0

Stock weight 3 0

Maturity 1 0

T Projection type ****

Single fleet

Historic data

ek Control Fite

Number of years 3

Number of fleets 1 Fleet disag #FALSE#

Population Fbar age 3 7

Future recruitment 1000 1000 1000

Target is catch constraint flag

HFALSE#

Targets

9

ARERE Raw Data bk

Population numbers 1963 1995 1
32418 13434 12035 3513
22360 26541 10858 8511
22693 18306 21625 6957
32785 18743 14779 14694
23609 26842 15284 9532
38405 18330 21629 10656

10
1690
2254
4851
2928
7589
5193

804
1087
1212
2382
1293
4464

378
464

528
1323
816

379
244
236
232
310
672

172
175
162
110
155
171

165
328
315
189
259
341
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Short term forecast
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MFDP version 1

Run: tutorial

Blackfin: NAFO course 2000. Combined sex; plusgroup.
Time and date: 01:55 03/02/02

Fbar age range: 3-7

Input units are thousands and kg - output in tonnes

Fig. 1. The short-term projection options figure for the Blackfin stock, showing the forecast catch at different levels of fishing
mortality two years beyond the assessment series and for SSB three years ahead.
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Appendix 1: Lowestoft Stock Assessment Suite

Tutorial 7
The Multi-Fleet Yield-per-Recruit Program

by

Chris Darby and Mike Smith
CEFAS, Lowestoft L.aboratory, Pakefield Rd.
Lowestoft (Suffoik), England NR33 OHT, United Kingdom

Abstract

This document is number seven in a series of tutorials designed to assist users of the Lowestoft
VPA Suite assessment software and prediction programs that use the results. The tutorial takes the
user through the options required for running the multi-fieet deterministic yield per recruit program
MFYPR developed for ICES at CEFAS.

Introduction

This tutorial takes the user through the options required for running multi-fleet deterministic projection program
MFEFYPR2a.exe. The tutorial assumes that the required Blackfin data files are placed in a directory
c:\vpasidata\prediction, and that the prediction index files (Blpred standard.ind, Blpred discards.ind) contain
path names that point to the appropriate files.

In the following text action to be taken by the user is highlighted in bold. The symbol . is used to represent
the Return or Enter key on the keyboard.

Installation of the Program

Copy the MFYPR Disk1 and Disk2 files to a directory on your computer here it is assumed that we are using
CAVPAS\PROGRAMS\MFYPR. Using Explorer go to the directory CA\VPAS\PROGRAMS \MFYPR\Diskl.
Start the program Setup.exe and follow the on screen instructions

Data Files

The program will carry out yield per recruit using historic data sets from age structured assessments. The
analysis is per recruit, hence no units of numbers are required. The user is prompted on the inputs dialog to
indicate the units of weight being used. This unit will be indicated in the output. No checks on the units are
carried out and it is the responsibility of the user to ensure they are consistent.

The program uses an index file that is similar to (but not the same as) the Lowestoft format index file used for
inputting data to the Lowestoft VPA Suite stock assessment program (Darby and Flatman 1994). The index file
for the yield per recruit data is given below, the differences in the index files are that the first, ninth, tenth and
eleventh files from the VPA suite list have been omitted in MFYPR. The missing files are the total landings
and the optional fishing mortality, fishing mortality in the final year and fleet tuning files.

Several files have been added to the list required for MFYPR, these are, for single fleet analyses:

1} the fishing rortality at age for each of the historic assessment years;

2) population numbers at age for the historic assessment years and one extra year the survivors at the
start of the year after the final assessment year; although the program runs a yield per recruit the stock
numbers file is kept here for consistency with the program MFDP.
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For multifleet predictions

3) a file with total and fleet disaggregated catch numbers at age
4) a file with total and fleet disaggregated catch weights at age

The complete index file list for a run using historic data is given below:

Index file contents Index file number

Title

Historic data flag (1 = Historic, 0 = Future)

Total catch numbers at age numbers file name and path
Weight at age in the catch file name and path
Weight at age in the stock file name and path
Natural mortality file name and path

Proportion mature file name and path

Proportion of F before spawning file name and path
Proportion of M before spawning file name and path
Fishing mortality file name and path

Population numbers file name and path

W b oo =1 O bW

—

The population numbers file is not needed for a yield per recruit run. It can be replaced by four stars (****).
However, if it is placed in the index file the index file can be used for both yield per recruit and short term
prediction.

If the prediction is not fleet or category disaggregated then this is sufficient, however if fleet or category
disaggregation is required then the following lines are required.

Index file contents Index number

Number of fleets
Fleet 1 catch numbers at age file name and path

Fleet n catch numbers at age file name and path
Fleet 1 weight at age in the catch file name and path

W W NN

Fleet n weight at age in the catch file name and path
An optional control file, if specified it must always be the last file.

Note: If the population and fishing mortality files from the final assessment have a different age range to that
of the initial VPA suite input data files, the program will make the adjusment to the new range for the
user.

Running the Program

Open program MFYPR2a.EXE from within Windows Explorer or using the Start button

Press the F1 key, this is the undocumented way to see the help file and documentation. The help files are
installed in the C:\windows‘help directory during setup.

Initially, the program presents the inputs dialog screen. The run identifier should be entered, the plus group
specified and the index file located using the browse button. If errors are encountered in the input data then
control will return to the inputs dialog and an error message is displayed in red type. The user can makes
changes to the files, within a text editor, without closing the program and press browse again to continue. If no
errors are encountered a message is displayed detailing the directory in which output files will be saved.
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New Input File Set

The program creates up to a series of 12 new input data files in the same directory as the index file. The files
are prefixed by the run identifier entered by the user and contain the vectors of fishing mortalities, maturity at
age etc. for the years over which the projection was made. They allow repeat runs using the same prediction
vectors, without having to go through the set up process again. The file names are:

File contents Filename

Index RunCode + "ind.txt"
Total catch weight RunCode + "CWL.ixt"
Stock weight RunCode + "SWt.txt"
Maturity RunCode + "Mat.txt"
Proportion of F before spawning RunCode + "PF.txt"
Proportion of M before spawning RunCode + "PM.txt"
Total fishing mortality RunCode + "F.txt"
Control file RunCode + "Ctrl.txt"

If the data are fleet disaggregated then no file for total F and catch weight will be produced, but files will be
produced for each fleet giving the fleet partial Fs and fleet catch weights.

File contents Filename
Disaggregated selection pattern RunCode + "FleetF" + fleet number + ".txt"
Disaggregated catch weights RunCode + "FleetCWt" + fleet number + ".txt"

Producing the modified file set allows subsequent runs to be undertaken without editing the data on each
occasion.

Output Files
The following 4 files of output are produced. They are listed in Tables 1-4.

1) Output (Table 1)

Results in a comma delimited file with the format specified by the ICES Workshop on Standard Assessment
Tools for Working Groups (1999), see the Yield per recruit results section. This file is named with a
filename of the run index and the file extension .yro. If no run index has been specified then results will be
appended to a file named MFYPR .yro. The results for each run are appended to the file along with the run
name, program name and version, stock name, time and date.

2} Summary (Table 2)

Resuits in 2 comma delimited file with a structure similar to that of the yield per recrnit summary table
currently used by ICES. This file is named with a filename of the run index and the file extension .yrs. If
no tun index has been specified then results will be appended to a file named MFYPR.yrs. The results for
each run are appended to the file along with the run name, program name and version, stock name, time
and date.

3} Data (Table 3)

A comma delimited file containing the steady state vectors used for the yield per recruit analysis. This file
is named with a filename of the run index and the file extension .yrd. If no run index has been specified
then results will be appended to a file named MFYPR.yrd. The data for each run are appended to the file
along with the run name, program name and version, stock name, time and date.
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4) Log (Table 4)

A log file in comma delimited format containing the files used for the run, the raw data, the options chosen,
truncated data when appropriate, the steady state vectors, and a summary of the results. The log file is named
with the run code and the file extension .yrl. If no run code has been specified then this file is named MFYPR.yrl.

Plotting and Tabulating Results
Open the spreadsheet TEMPLATELXLS
Open the output file from the MFYPR run YPR.YRS in EXCEL. The file is comma separated.
Copy the sheet from YPR.YRS and paste it into the .yrs sheet of TEMPLATE1.XLS.
Cn the sheet labeled Chart, the left hand graph is the standard ICES yield per recruit plot which shows the

yield in kilograms at different levels of fishing mortality. The data is automatically plotted when the .yrs sheet
is updated.

Yield per recruit

Yiald
------ S5BSpwn
0.90 16.00
0.80 /’_"““ 1 14.00
0.70 1+ / 1 1200
' =
= o080 = 2
g ) / 11000 8
2 os01—f e
‘g‘ l \ 1so0 &
N L
B 0.40 - g
[ . +600 B
5 0.30 l - 2
N w0
0.20 . + 400
0.10 l . + 200
0.00 , ' —re ‘ 0.00
0.00 0.20 0.40 0.60 0.80 1.00 1.20 140
Fhar

MFYPR version 2a
Run: blackfin SAC
Time and date: 17:51 04/03/03

Reference point  F multiplier Absclute F

Fbar(3-7) 1.0000 0.6019
FiMax 04720 0.2841
FO.1 0.2661 0.1602
F35%SPR 0.2545 0.1532

Weights in kilograms

Fig. 1. The Blackfin single category yield per recruit plot and fishing mortality reference
points,
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TABLE 1. The MFYPR yield per recruit resuits in the ICES SGFADS format.

Blackfin; a¢ Yield per re MFYPR ve Run:ypr 23:08 06/02/02
1
1
21

Total

0.601933 0 3 7
1 0 0 0 14.06572 16.9212
2 0.1 0487108 0 9.004979 11.80153
3 0.2 0.697293 0 6.03255 8.772971
4 0.3 0.784026 0 4.182221 6.869175
5 04 0813972 0 298003 5.616035
6 0.5 0.817871 0 2.172361 4.759802
7 0.6 0.810366 0 1.614692 4.155827
8 0.7 0.798508 0 1.220628 3.717597
9 0.8 0.785654 0 0.936535 3.391363
10 0.9 0773323 0 0.728067 3.142674
11 1 0.762133 0 0.572855 2.948862
12 1.1 0.752258 0 0.455133 2.794664
13 1.2 0.743665 0 0.365107 2.669597
14 1.3 0.736235 0 0.295328 2.566328
15 1.4 0.729822 0 0.240662 247964
16 1.5 0.724278 0 0.197415 2.405766
17 1.6 0.719471 0 0.162896 2.341944
18 1.7 0.715284 0 0.135122 2.286121
19 1.8 0.711619 0 011261 2.236752
20 1.9 0.708393 0 0.094242 2.192656
21 2 0.705537 0 7.92E-02 2152925

Weights in kilograms
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TABLE 2. Blackfin MFYTR yield-per-recruit table output.

MFYPR version 2a

Run: ypr

Time and date: 23:08 06/02/02
Yield per results

FMult Fbar

0 0
0.1 0.0602
0.2 0.1204
0.3 0.1806
04 0.2408
0.5 0.301
0.6 0.3612
0.7 0.4214
0.8 04815
0.9 0.5417

1 0.6019
1.1 0.6621
1.2 0.7223
1.3 0.7825
1.4 0.8427
1.5 0.9029
1.6 0.9631
1.7 1.0233
1.8 1.0835
19 1.1437

2 1.2039

0
0.1572
0.2603
0.3322
0.3849
0.4249
0.4563
0.4814
0.5021
0.5194
0.5342
0.5469
0.5681

0.568
0.5768
0.5847

0.592
0.5986
0.6047
0.6104
0.6156

Reference F multiplier Absolute F

Fbar(3-7)
FMax

FO.1
F35%SPR

1
0472
0.2661
0.2545

Weights in kilograms

0.6019
0.2641
0.1602
0.1532

CatchNos Yield

0
0.4871
0.6973

0.784

0.814
0.8179
0.8104
0.7985
0.7857
0.7733
0.7621
0.7523
0.7437
0.7362
0.7298
0.7243
0.7195
0.71583
0.71186
0.7084
0.7055

55167
4.7338
4.2221
3.8657
3.6058

3.409
3.2556
3.1327
3.0322
2.9483
28773
2.8161
2.7627
2.7156
26736
2.6358
2.6016
2.5703
25415

2.515
2.4903

StockNos Biomass

16.9212
11.8015
8773
6.8692
5616
4.7598
4.1558
3.7176
3.3914
3.1427
2.9489
2.7947
2.6696
2.5663
24796
2.4058
2.3419
2.2861
2.2368
21927
2.1529

TABLE 3. Blackfin MFYPR yicld-per-recruit input data table.
MFYPR version 2a

Run: ypr

Blackfin: assessment course. Combined sex; plusgroup.
Time and date: 23:08 06/02/02
Fhar age range: 3-7

Age M

OO~ b WN

-

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Weights in kilograms

—_ = A L SO0 0

)
M

COoOo0COOOCOOOo OO

OO0 OO Oo0OQO0O

SWi

0.5980333
0.860667
1.131
1.462
2.112
2.869333
4.143
5.120333
6.426
9.050667

24788

1.739
1.2683
0.9512
0.7287
0.5677
0.4483
0.3581
0.2889
0.2349
0.1924
0.1586
0.1314
0.1095
0.0915
0.0768
0.0647
0.0547
0.0463
0.0393
0.0335

Sel

0.001

0.178
0.403667
0.826333
0.763333

0.592
0.424333
0.387667
0.470667
0.470687

SpwnNosJ. SSBJan

14.0657
9.005
6.0326
41822
2.98
21724
1.6147
1.2206
0.9365
0.7281
0.5727
0.4551
0.3651
0.2953
0.2407
0.1974
0.1629
0.1351
0.1126
0.0942
0.0782

Cwi

0.590333
0.860667
1.131
1.462
2112
2.869333
4.143
5.120333
6.426
9.050667

SpwnNosS SSBSpwn
24788 14.0657
1.739 9.005
1.2683 6.0326
0.9512 4.1822
0.7287 2.98
0.5677 21724
0.4483 1.6147
0.3581 1.2206
0.2889 0.9365
0.2349 0.7281
0.1924 0.5727
0.1586 0.4551
0.1314 0.3651
0.1095 0.2953
0.0915 0.2407
0.0768 0.1974
0.0647  0.1629
0.0547 0.1351
0.0463 0.1126
0.0393 0.0942
0.0335 0.0792
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TABLE 4. The first few lines of the Blackfin MFYPR yield-per-recruit log file describing the analysis settings

MFYPR version 2a
Run: ypr
Time and date: 23:08 06/02/02

Blackfin: assessment course. Combined sex; plusgroup.

Comments

Weights in kilograms

IndexFile C:\Vpas\Data\prediction\Blpred_standard.ind

Data files
c:\vpas\data‘prediction\blackCN.DAT
c:\vpas\data\prediction\blackCW .DAT
c:\wpas\data\prediction\blackSW.DAT
¢\wpasidata‘prediction\blackNM.DAT
c:\vpas\data\prediction\blackMQ.DAT
c:\vpas\data\prediction\blackPF .DAT
c:\vpas\data\prediction\blackPM.DAT
c'\wpas\data\prediction\f.txt
ci\vpas\data\prediction\n.txt

Averaging options
Variable Average Y:ScaleToFinalYr

1
0.244
0.362
0.666
0.461
0.407
0.271
0.399
0.264

Selection 3 0]

Natural mo 1

Catch weig 3

Stock weig 3

Maturity 1

Fleet details

Number of 1 Fleet disag #F ALSE#

Population 3 7

Reference points - SPR values

-99 -99 -99

Raw Data

Historic data

Fishing mo 1963 1994
0 0.013 0.146
0 0.005 0.245
o] 0.014 0.186
0 0.004 0.239
0 0.016 0.161
0 0.003 0.133
0 0.012 0.15
0 0.002 0.133
0 0.013 0.088

0.314

10
0.241
0.421
0.511
0.617
0.331
0.294
0.286
0.267
0.356

0.351
0.423

0.63
0.388
0.261
0.167
0.195
0.176
0.254

0.24
0.475
0.722
0.333
0477
0.224
0.227
0.133
0.202

0.571
0.211
0.562
0.204
0.393
0.231
0.247
0.113
0.303

0.39
0372
0.644

0.31
0.379
0.208
0.224
0.141
0.254

0.39
0.372
0.644

.31
0.379
0.208
0.224
0.141
0.254
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Appendix 1: Lowestoft Stock Assessment Suite

Tutorial 8
Running the PA Software Excel Add-in (PASoft)

by

Chris Darby and Mike Smith
CEFAS, Lowestoft Laboratory, Pakefield Rd.
Lowestoft (Suffolk), England NR33 OHT, United Kingdom

Abstract

This document is number eight in a series of tutorials designed to assist users of the Lowestoft
VPA Suite assessment software and the prediction programs that use the results. The tutorial
takes the user through the options required for running the PA software EXCEL add-in used to
estimate reference peints and developed for ICES at CEFAS.

Introduction

This tutorial takes the user through the options required for running the PA software EXCEL add-in. The
tutorial assumes that the user has followed the previous XSA tutorials and can run the VPA suite package to
produce the required files or has constructed the sen and sum output files resulting from the Aberdeen medium
term suite of programs.

In the following text action to be taken by the user is highlighted in bold. The symbol J is used to represent
the Return or Enter key on the keyboard.

Installing the PA Software

The software is intended to be used with Microsoft Excel Version 7 upwards. The software is an Excel add-in
and results are output as Excel workbooks.

Copy the PA soft directory to your hard drive. Enter the directory disk 1 and run the setup.exe. Follow the
instructions to install the pa add in.

Open EXCEL

From the menu bar Select '"Tools", "Add-ins"
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Sheet Plots (Fig. 3)
This sheet provides graphical output of deterministic results. 4 plots are presented:

Recruitment against SSB

Spawner per recruit and yield per recruit curves against Fbar
Equilibrium SSB against Fbar

Equilibrium yield against Fbar

In plots 1, 3 and 4 the points are linked in chronological order by a dashed line and a colored solid line
represents expected values estimated from the LOWESS smoothed stock recruitment relationship. The user
also has the option to label each point with the year when the program is run.

In plots | and 2 a number of fishing mortality reference points are indicated as labeled points on the right axis
of the stock recruit plot and at the top of the SPR and YPR chart.

Plot 1, the stock recruit plot, gives details of the LOWESS span and data transformations used for the smoother
in the top left corner. This smoother is used to estimate the expected values (the solid line} in plots 3 and 4. The
data used to plot the charts are held on the Plots sheets in columns U to AP.

Sometimes a large value for a reference point may cause the stock recruitment plot to be squashed at the bottom
of the chart. This is because Excel has scaled the chart automatically to the largest value of R. By selecting the
outlying point (which lies under the label) and deleting it the chart will re-scale more appropriately, This has
been carried out for the Floss point in the Blackfin example.

Sheet Pdist (Table 3)

This sheet provides the estimates of each reference point by iteration number. These data form the input for the
box and whisker plots on the "RefPts" sheet. The complete distributions of the reference point estimation allow
the user to check for erroneous values or to further investigate the empirical distributions.

Sheet SV (Table 4)

The SV sheet provides the user with the steady state vectors used during the PA run. For Sen_Sum file input or
XLSheet input these should be the same as the input data. For the other input formats they will be derived from
the data and as such provide a useful record of the steady state vectors.

The sheet is presented in a suitable format to be used as input for further PA runs using the XLSheet dialog and
can therefore be used as the basis for more investigative work. For example the effects of mortality, weight and
maturity at age schedules could be explored, or the effects of different CVs investigated. This may be of particular
interest where the variables or CVs are assumpticns.
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PASoft Diagnostic Output Graphs
Fig. 3 presents the diagnostic plots produced by PASoft within Excel.

The top lefi-hand chart shows recruitment (Recruits) plotted against spawning stock biomass (SSB); together
with the LOWESS fits corresponding to the two spans of 0.5 (Rhat(.5) and 1.0 (Rhat1.0). The relative difference
in G__ between the two spans can be judged by the discrepancy in fitted values corresponding to the lowest
observed SSB; i.e. the extreme left-hand points of each LOWESS fit. This graph will assist in the qualitative
assessment of the effect that span has on expected recruitment.

The top right-hand chart shows the time series of recruitment with recruitment estimates obtained from the
LOWESS fits corresponding to spans of 0.5 (Rhat0.5) and 1.0 (Rhatl.(). This graph, in conjunction with the
one described in the previous paragraph, will assist in a qualitative assessment of time trends in the level of
recruitment.

The bottom left-hand chart shows the log-normal residuals obtained from the two LOWESS fits with spans of
6.5 (LnRes0.5) and 1.0 (LnRes1.0} plotted against SSB. In addition, the residuals obtained from the LOWESS
fit with a span of 1.0 are connected through time with a dashed line. This graph will aid in the detection of
heteroscedasticity; i.e. non-constant variance, and the detection of patterns and trends with SSB/time that
might violate modelling assumptions,

The bottom right-hand chart shows an improved Akaike information criterion (Hurvich er al., 1998) for a
range of LOWESS fits obtained with spans in the interval (0.5, 1], generally thought appropriate for stocks
within the current ICES areas (O'Brien, 1999). A span is selected to minimise the bias-corrected Akaike
information criterion (AIC) but it is important to remember that any smoothing parameter selection should be
viewed as only a guideline (or benchmark), and can be adjusted based upon other factors. Such factors might
include: prior knowledge about the shape of the stock-recruitment (S—R) relationship; suitability of the S-R
relationship for deriving equilibrium plots; and sensitivity of the estimates of G, _ to outliers in the S—R data.
To give an indication of the stability of the reference point G, ., numerical estimates are shown (denoted by
Gloss) at each span calculated. In general, a LOWESS fit with a high span near to 1.0 is appropriate for the
SR relationship if the production of equilibrium plots is required, whereas a low span will track the data and
give inappropriate equilibrium values. Furthermore, a LOWESS fit with a high span near to 1.0 is likely to
produce more robust estimates of G, and this is especially true if the data are noisy.

All the LOWESS fits have been achieved by inclusion of the origin as a pseudo-data point; i.e. zero recruitment
from a non-existent $SB, and with the assumption that recruitment variation may be considered to follow a
log-normal distributicn.

For the Blackfin data set the plots show that the most appropriate span for the smoother, based on the Akaike
information criterion is 1.0, However there is no significant trend in Gloss across all values of the smoother
range.

The time series plot of the estimated recruitment with the observed values shows time series correlations in the
residual patterns which are also obvious in the residual plots against expected value. The diagnostics illustrate
that the model is a poor estimator of recruitment in the most recent time period and would not be appropriate
for the estimation of recent recruitment and the value of Gloss. The fit of the smoother and therefore the
estimate of Gloss appears to be highly dependent on the recruitment at the two lowest SSB values, which are
the first years in the assessment time series. A sensitivity analysis exploring the influence of these point on the
estimated reference points would therefore be appropriate.
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08

5th,25th,50th,75th and 95th percentiles
07+

06 +
05+

ol B L

0.1+

Foar Fmazx Fo.1 Flow Fimad Fragh F35%SPR Floss.

Referance point Deterministic Median 75th percentile 95th percentile Hist SSB <ref pt %

MedianRecnuits 26149 26148 29338 31387

MBAL 0 0.00
Bloss 1"M71

SSB9%0%R90%Surv 31674 30240 33223 37964 31.25
SPR%ofVirgin 30.31 30.47 3353 3820
VirginSPR 1407 14186 15.81 21.70

SPRloss 0.56 0.50 0.55 0.60

Deterministic Median 25th percentile 5th percentile  Hist F > ref pt %

FBar 0.18 0.18 0.16 0.15 96.88
Fmax 0.31 0.32 0.28 0.24 65.63
F0.1 0.18 0.18 0.16 0.14 96.88
Flow 0 0.24 0.21 0.17 96.88
Fmed 0.34 0.34 0.3 0.28 62.50
Fhigh 0.48 0.49 0.45 0.38 21.88
F35%SPR 0.15 0.16 0.14 0.12 100.00
Floss 0.56 0.58 0.53 0.47 18.75

For estimation of Gloss and Floss:

A LOWESS smoother with a span of 1 was used.

Stock recruit data were log-transformed

A point representing the origin was included in the stock recruit data.

For estimation of the stock recruitment relationship used in equilibrium calculations:
A LOWESS smicother with a span of 1 was used.

Stock recruit data were log-transformed

A point representing the origin was included in the stock recruit data.

Blackfin: VPA course. Combined sex; plusgroup.

Steady state selection averaged over 3 years.
FBar averaged from age 4 to 7

Number of iterations = 100
Random number seed = -99
Stock recruitment data Monte Carloed using residuals from the equilibrium LOWESS fit

Data source:

C\wpas\data\xsapadata.csv

FishLab DLL used
FLVEB32.DLL built on Jun 14 1999 at 11:53:37
PAScft 4 QOctober 1999

14/02/03 13:18:25

Fig. 1 and Table 2. The PA Reference Point estimates estimated for the Blackfin stock and listed in the RefPts sheet from the
PaSoft Excel output file.
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Spawner per recruit and yield per recruit curves against Fbar; Bottom left —

from the PaSoft Excel output file. Top left — Recruitment against S8B; Top right —
Equilibrium SSB against Fbar; Bottom right — Equilibrium yield against Fbar.

Fig. 2. The PA Reference Point plots for the Blackfin stock, presented in the Plots sheet
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TABLE 4. The input data for the estimation of the PA Reference Point for the Blackfin stock, presented in
the SV sheet from the PaSoft Excel output filefile.

Age N M CWt St Mat F FPreSpwn MPreSpwn
1 0 0.2 0590333 0.590333 0 0.000443 0 0
2 16412.25 0.2 0.860667 (.860667 0 0.106141
3 10517.84 0.2 1131 1.131 0 0.165427
4 7271.93 0.2 1.462 1.462 0 0.260107
5 3997.49 0.2 2.112 2.112 1 @.211053
6 2131.86 0.2 2.869333 2.869333 1 0.141556
7 1528.56 0.2 4.143 4.143 1 0.088364
617 0.2 5120333 5120333 1 0.085274
9 472.54 0.2 6.426 6.426 1 0.103553
10 992.17 0.2 9.050667 9.050667 1 0.103553
FbarMinAge 4
FbarMaxAge 7
M year CV 01

NCV MCV CWICV  SWICV_~ MatCV FCV

0 0.1 0.098371 0.088371 01 068172
8.75222 0.1 0.086421 0.086421 01 0.72884
0.26225 0.1 0029814 0029814 0.1 0381266
0.18439 0.1 0.09449 0.08449 0.1 0.165987
0.18015 0.1 0.087517 0.087517 0.1 0.116818

0.1817 0.1 0.0483484 0.049484 0.1 0.097805
0.18811 0.1 0.058178 0.059178 0.1 0443046
0.2105 0.1 0.045287 0.045287 0.1 0359722
0.22298 0.1 0.011354 0.011354 0.1 0.275606
0.22298 0.1 0.068573 0.068573 0.1 0.275606

Year S8B  Recruitment Yield Fbar
1963 117110.78 32415.01 6280488 (.268748
1964 17014.45 22357.53 13070.21 0420165
1965 23999.6 22889.08 18876.47 0.632308
1966 21826.96 32779.56 18836.04 0.44973
1967 30964.24 23605.62 15793.87 0.368828
1968 34441.75 38390.83 13060.77 0.238885
1969 43435.16 2725993 17454.17 0.276788
1970 56042.43 40147.54 14796.16 0.21009
1971 60518.81 36124.96 20298.13 0.281355
1972 74879.81 35679.46 29303.82 0.22157
1973 97936.71 3274765 366B6.26 0.30204
1974 93820.01 3373642 37281.2 0.28761
1975 76136.96 2503747 316207 0.36094
1976 882725 17554.59 43184.3 0.452655
1977 60282.17 18780.98 28509.34 0.445075
1978 80184.72 20692.79 32564.8 0.389535
1979 58436.55 225185 21849.07 035779
1980 55866.28 30925.31 22303.76 0.347528
1981 55837.82 30074.89 2407167 0.311733
1982 4767217 3927143 24283.43 0.376188
1983 52781.94 40946.7 28404.82 0.365575
1984 48608.76 44469.4 22082.54 0.244073
1985 59340.07 22956.38 27004.21 0.317903
1986 61470.84 31003.69 42551.18 0.65082
1987 47081.24 31370.43 29839.76 0.550345
1988 436674 22295.84 34828.51 0.6314
1989 29805.96 23007.31 27311.24 0.68496
1990 24651.49 17353.34 20885.03 0.568433
1991 21559.32 16793.23 17017.17 0.587965
1992 23878.47 20007.37 11868.62 0.370095
1993 25044.56 18950.84 14055.82 0.347048
1994 32347.56 20043.07 10528.84 0.17777
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Fig. 3. The PASeft diagnostic plots for the Blackfin stock. Top left — recruitment plotted against SSB; with the LOWESS fits
corresponding to the spans of 0.5 and 1.0, Top right - the time series of recruitment with recruitment estimates obtained
frem the two LOWESS fits. The bottom left — the log-normal residuals obtained from the two LOWESS fits.
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Appendix 2: Woods Hole Version of ADAPT/VPA Fisheries
Assessment Compilation Toolbox (FACT)

Qutlines and Data Sets
by

R.K. Mayo
National Marine Fisheries Service, Northeast Fisheries Science Center
Woods Hole, Massachusetts 02543 [USA

Abstract

FACT is the Fishery Assessment Compilation Toolbox and the Woods Hole Assessment
Toolbox's successor. Several existing assessment programs have been added to FACT making
it a powerful and user-friendly tool. The assessment programs previously existed in a DOS or
UNIX environment. These programs now have a user-friendly interface that makes editing of
inputs and analyzing data easier, and completion of assessments more intuitive.

ADAPT is an age-structured, adaptable framework for estimating historical stock sizes
of an exploited population. It is not a rigidly defined model in the mathematical sense, but
rather a flexible set of modular tools designed to integrate data that may contain useful
information on population size. The statistical basis of the ADAPTIive approach is to minimize
the discrepancy between observation of state variables and their predicted values. The observed
state variables are usualty (but are not limited to) age-specific indices of population size, e.g.
from commercial catch-¢ffort data, research surveys, mark-recapture experiments, etc. The
predicted values are a function of a vector of estimated population size (age-specific) and
catchability parameters.

This document shows how to run Adapt/VPA using a sample input file to complete a
VPA. A description of the various files containing the VPA results is given. Details on the
completion of a set of bootstrap analyses are also provided, and a description of the various
files containing the bootstrap results is given.

Introduction

The overall purpose of FACT is to develop a set of standard tools for scientists to use for stock assessment.
There is a growing need for a set of standardized and verified software for conducting stock assessments. The
toolbox allows analysts to use a variety of assessment models to select options and produce diagnostics appropriate
to a particular methodology. A suite of programs has been developed which includes modules for data input,
formatting and error checking, and exploratory data analysis for a variety of assessment approaches.

The individual models of the toolbox were stand-alone, DOS or Unix based components, which were recompiled
into dynamic link libraries and integrated with a Windows interface. At present the available models include
Virtual Population Analysis (VPA) with retrospective and bootstrapping capabilities (ADAPT), Age Projection
(AGEPRO), Yield per Recruit and Spawning Biomass per Recruit, and A Stock-Production model Including
Covariates (ASPIC) with projection, and Precautionary Approach software. A comprehensive on-line help is
also available with FACT.

In this Workshop we will use two of the modules, ADAPT and AGEPRO. This document describes the use of
the ADAPT module.
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ADAPT

This medule is the VPA implementation using the ADAPT approach towards minimizing sums of squares in a
specified objective function. In ADAPT, there is a calibration block and an estimation block.

The calibration block is the set of indices x ages which are used to 'calibrate’ the VPA terminal populations. A
value of g is estimated for each index in the calibration block.

The estimation block is the set of ages for which you are estimating a terminal population stock size. In
ADAPT, these are considered as survivors at the end (31 December) of the terminal year of the catch at age
matrix, or at the beginning (1 January) of the year following the terminal year.

Input
All of the Workshop example data files for FACT are in: C:\Workshop\Fact
The ADAPT module requires the following input:

Catch-at-age

Mean catch weights-at-age
Mean stock weights-at-age
Tuning indices

Natural mortality
Maturation ogive

There are also several initialization specifications to be set before the VPA can run.
All of these data are in a single example file: gmecod2000_base.inp
This file can be imported directly into the ADAPT module using the File dialog box.

The VPA will run using all of the data as the default. You may also wish to change the indices depending on
trends in the residuals.

Diagnostics

1. In addition to the residuals, one can look for a retrospective pattern in the estimates of F, stock size-at-age,
and SSB. The retrospective may be selected from the Diagnostics dialog box.

2. The final formulation of the VPA may be run through a bootstrap procedure in which a normalized residual
is drawn at random from the pool, and subtracted from an observed normalized survey index. This is done
for each index in the calibration block. Generally, between 500 and 1 000 bootstrap runs are performed.
This may take time, so 100 is recommended for the workshop.

Output

After the VPA has run successfully, formatted output will be written by default to a file based on the name of
the input file, in this case: gmecod2000_base.2. This file should be brought into a word processor for viewing
and printing. If a Retrospective Analysis has been selected, the results will be appended to the end of this file.

An ASCII 'Flat File' may also be output as an option. This file contains VPA results and residuals selected by
the user. This file should be brought into a spreadsheet for further analysis, tabulation, and plotting.

After the Bootstrap procedure has run successfully, formatted output containing a summary of all bootstrapped
variables will be written to a file based on the name of the input file, in this case: gmeod2000_base.2boot.
This file should also be brought into a word processor for viewing and printing.
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The Bootstrap procedure also produces 6 ‘data files' in free format containing all of the bootstrap results, in
this case:

gmcod2000_base.2bootF Fully recruited F in terminal year of the VPA
gmcod2000_base.2bootN Estimated stock sizes at age at the end of the terminal year
gmcod2000 base.2bootSSB Spawning Stock Biomass in all years of the VPA
gmcod2000_base.2bootMB Mean Stock Biomass in the terminal year of the VPA
gmeod2000 base.Zboot]B Beginning-year Biomass in the terminal year of the VPA
gmcod2000_base.2bootBWF Biomass-weighted F in the terminal year of the VPA

These files may be brought into a spreadsheet for further analysis, tabulation, and plotting. The file,
gmcod2000_base.2bootN is used as input for the forward projection program, AGEPRO. The file,
gmcod2000_base.2bootSSB, may also be required, depending on the recruitment generation model s¢lected in
AGEPRO.

The following sections are taken from the on-line HELP available in FACT.

VPA Introduction
Virtual Population Analysis (VPA) Method

ADAPT is an age-structured, adaptable framework of estimating historical stock sizes of an exploited population,
It is not a rigidly defired model in the mathematical sense, but rather a flexible set of modular tools designed
to integrate data that may contain useful information on population size.

The statistical basis of the ADAPTive approach is to minimize the discrepancy between observation of state
variables and their predicted values. The observed state variables are usually (but are not limited to) age-
specific indices of population size, e.g. from commercial catch-effort data, research surveys, mark-recapture
experiments, etc. The predicted values are a function of a vector of estimated popuiation size (age-specific) and
catchability parameters. Sequential population analysis equations (Gulland's (MS 1965} VPA) and nonlinear
least squares objective functions are employed to minimize the discrepancies.

The appellation ADAPT was introduced by Gavaris (MS 1988). However, the foundation of the method was
developed over the preceding decade under an umbrella of rescarch generally referred to as VPA tuning. Although
not generally recognized, Parks (1976) was the first to tune a VPA using auxiliary data and a least squares
objective function. He tuned VPA back-calculated fishing mortality rates (Fs) to Fs derived independently from
tagging experiments. Gray (MS 1977) suggested a least squares approach to estimate mortality rates (both F
and M)} using a commercial catch-per-unit-effort (CPUE) index of abundance as auxiliary data.

Doubleday (1981) used age-specific research survey indices of abundance as auxiliary data to estimate survivors
in the terminal year for each cohort. This appears to have been the first attempt to utilize multiple indices of
abundance in a least squares tuning procedure.

Parrack (1986) expanded upon Doubleday's work by integrating indices of abundance from widely diverse
sources into the least squares objective function. His formulation allowed indices from commercial fisheries,
research surveys, larval surveys, etc. Indices could be either age-specific or represent several age-classes.
Indices could be expressed in either population number or biomass. Indices were related to population size
either linearly or through a power function. Variance estimates were made assuming linearity at the optimal
solution. He also recognized that not all indices are of equal value in measuring population abundance. Some
indices will always be inherently more variable than others, and some may be biased. He introduced detailed
examination of residuals and correlation statistics as an acceptance/rejection filter that each index needed to
pass through in order to be used in the final tuning. The tuning procedure described by Parrack {1986) is the
kernel of the method today known as ADAPT, both in terms of the objective function employed and in terms of
the underlying philosophy.
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The ADAPTive framework developed by Gavaris (MS 1988) generalized Parrack's procedure in several ways:

1. The adaptive aspects of the method were greatly enhanced through the use of a modular model! structure
and implementation in the APL programming language. This made it possible to modify the objective
function significantly, as needed to rectify problems, even during the course of an assessment working
group meeting,

2. A Marquardt algorithm (Bard 1974) was used for optimization of the least squares objective function,
This allowed the simultaneous estimation of age-specific population sizes in the terminal year and
catchabilities (Parrack estimated only the full F in the terminal year F vector). Additionally, the use of
numerical derivatives in the Marquardt algorithm greatly enhanced the adaptive philosophy by making
objective function modifications easy to implement.

3. The more complete statistical model allowed for improved diagnostics. In addition to residual analysis,
availability of the full variance-covariance matrix (assuming linearization at the optimal solution)
provided variance estimates of all parameters, correlation among parameter estimates, and in general
a better sense of which parameters were estimable from the available information.

The integration of many diverse sources of information focused attention on objective procedures to account
for differences in the quality of information. Collie (1988) suggested that all indices of abundance should be
included in the least squares objective function rather than employing Parrack's acceptance/rejective criteria.
He recommended weighting the indices by the inverse of their variances. Vaughn ef al. (1989) used Monte
Carlo simulation to investigate the effect of weighting on the Fs estimated for bluefin tuna. They found that the
F estimates were unbiased only when the indices were weighted. Conser and Powers (1990) developed a more
general weighting procedure that allowed for two-way effects, i.e. index and year. Gavaris and Van Eeckhaute
(MS 1991) employed a similar weighting procedure using an analysis of variance approach. Gassuikov (1990)
suggested an alternative approach to weighting in ADAPT using the moving check procedure of Vapnik (1982).

The approach shows how to get started using Adapt/VPA using a sample input file to demonstrate a run. The
book Getting Started with Adapt/VPA, includes a documented input file and output file.

The Explanation of the sample output file provides links to explain the mathematical methods for the given
results.

Input File
Output File

Demonstration with Sample program

Adapt/VPA Model Overview

ADAPT is an age-structured. adaptable framework of estimating historical stock sizes of an exploited population.
It is not a rigidly defined model in the mathematical sense. but rather a flexible set of modular tools designed
to integrate all available data that may contain useful information on population size.

The statistical basis of the ADAPTive approach is to minimize the discrepancy between observation of state
variables and their predicted values. The observed state variables are usually (but are not limited to) age-
specific indices of population size. e.g. from commercial catch-effort data, research surveys, mark-recapture
experiments, etc. The predicted values are a function of a vector of estimated population size (age- specific)
and catchability parameters; and standard population dynamics equations (usually Gulland's (MS 1965) VPA).
Non-linear least squares objective functions are employed to minimize the discrepancies.
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Model Overview

Adapt VPA model uses the application of a statistical technique, non-linear least squares, to determine the
most appropriate estimate of the population matrix. Gavaris (1988) initially describes the Adapt objective
function in general terms, as a minimization of the difference between observation of variables and the values
of those variables predicted as functions of the population matrix (i.e. as function of the catch-at-age). That is,

3, (0, 6, )
min -
< %
where 8, is the k, observation.

6= ][( 17,2 ) (user defined)
IT is the population matrix.
£ are the other parameters which may be required.

W, = weight for observed variable set .

K is the number of observations.

In this implementation of ADAPT the error in the catch at age is assumed to be negligible relative to error in
the indices of abundance. This appears to be reasonable. This above objective function has been used almost
exclusively in the CAFSAC and NAFQ assessments that have employed ADAPT (Gavaris, pers. comm.)

Residual Sum or Squares

The objective function employed in this ADAPT Version has the following form.

ms:ég[%—znf(k,y]z “W(k i)

where k is a general pointer that specifies a particular combination of age group index type, and tuning type.
For example £ = / might specify the age 5 survey index from an autumn survey tuned to Jan. 1
abundance in year T + 1.
K is the number of indices used, as selected by the user (Available indices tah).
j is the year and ranges from the first year to the terminal year plus one.
I(k, j) is the observed survey index with index number & in year j .
I (k, j) is the predicted index with index number % in year j .This is calculated differently

depending on the user’s choice of tuning units (Weight, Number) and tuning date (Jan 1 and Mean)
in the indices tab of the user’s interface. See indices options.

W(k,Jj) isthe weight associated with the observed indices at index number £ in year ;.

f( k ) is the average over years for an index and is defined by the equation:

Y+i

I(k)= ﬁ;m i)

When the index value is 0, that year is not included into the equation.
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The Fitting Procedure

The fitting procedure for terminal year + 1 population numbers (¥) and catchabilities (g) in ADAPT/VPA uses
the Marquardt algorithm. The algorithm uses initial guesses for stock size in year, y + [/ and catchabilities to
calculate fishing mortality (£} and population numbers using cohort equations. An iterative procedure is applied
where ¢ and N parameters are adjusted to minimize the objective function. Trial values for the parameters are
adjusted at each calculation of the residual sum of squares (RSS) and compared to the previous RSS. The
procedure is then repeated until the RSS is zero or effectively stops decreasing. For this ADAPT /VPA the
successive RSS values are recalculated until the difference between consecutive RSS values is 0.00001 or 200
iterations have been performed. The parameters with the lowest RSS value are considered the "best fit" and are
considered the most correct estimate.

One assumption in the ADAPT model is that the error in the indices is greater than the error in the catch-at-
age. Since the statistical procedure does not deal with error in both variables, the model assumes error in the
catch-at-age matrix, only in the survey indices. In addition, the model does not assume separability (F' is
represented as a fraction of catch to total stock size rather than assuming that F is a function of an age specific
and year specific exploitation pattern.)

Statistical Weighting

The weights associated with each observation are not limited to the 7/ type weights from research surveys,
but include such weighting in addition to other weighting factors. Weighting in addition to log transformation
fails to stabilize variance among the observations. Three types of weighting contribute multiplicatively to the
weight assigned to each observation.

Wik.j)=wf(k j)e x(k)*d(})

where @(k, j)are the ] /52 type weights from research surveys, multiplicative models using catch-effort
data, or other exogenous information. See Omega weights.
x( k) are weights designed to stabilize the variance across the various indices of abundance. See Chi
weights.
5( J ) are weights designed to stabilize the variance across years to counteract the convergence

properties of VPA. This process known as down-weighting allows the user to systematically assign
linear, quadratic or tricubic weights to a weighting function. See Downweighting.

The raw weights calculated by the above equation are normalized prior to use in the objective function, such
that

SW(kj)=1

For any given assessment, all of these weights, some subset of them, or none of them may be employed depending
on the available data and the structure of the heteroscedasticity.

Omega weights — Inverse Variance Weights from Exogenous data {@(k, j))

These weights are the type suggested by Gavaris (1988). Their use is intended to discount the effect of less
reliable observations on the parameter estimates and to better satisfy the usual regression assumption of
homogeneity of variance among all observations. When all observed indices of abundance are based on research
surveys that have been carried out in a consistent manner, these weights alone may be sufficient to stabilize
variance, both across years and across indices. However, when indices of abundance are derived from different
data sources (e.g. research surveys and catch-effort data), it is unlikely that variances computed from the
respective data sources will stabilize the variance across indices.
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Omega weights are user-defined weights where each index is individually weighted. A value of 1 has no effect
on the weighting. See Statistical weighting and VPA screen.

Chi weights — Inverse Variance weights from iterative re-weighting — X (k)

X (k) are weights designed to stabilize the variance across the various indices of abundance.

Chi weights are set to 1 during the initiat VPA run and are activated by Re-weighted VPA of the Run VPA
menu selection. The Re-weighting VPA option can only be enabled after an initial VPA run. The output is
appended to the VPA output file.

By invoking re-weighting, the chi weights are calculated for each index and are used to re-weight the indices
in the final residuals sum of squares (RSS) solution. The calculating procedure for weighting is as follows:

1
MSR(k )

S
2(k)=—=1 MSI;(k)

5| MSR(k
3 ()

ey

k=1
2 MSR( k)

where kis the index of indices and K is the number of indices used, as selected by the user (Available indices
tab).

MSR is the mean square residual and is defined by the following equation:

Y+/

ZRes(k,j)z
-[K+4,]

MSR(k) =

I ‘otal

k is the index of indices, K, is the total number of non-zero indices and K is the number of
catchabilities (g) estimated.

A, is the number of ages the user enters into the Ages to estimate text box.

Res is the residual or the difference between the observed survey index I¢%, j) and the predicted index

I (k,j) I ( k ) is the average over years for an index.

ln[(k J)

Res(k,j)= ~lnl(k,j)

See Residual Sum of Squares (RSS).
Down-weighting to counterbalance VPA convergence — J( j )

Assuming that error in the catch-at-age estimates is negligible relative to error in the indices of abundance
(Gavaris 1988), the residuals from any VPA-based tuning method will tend to be smaller in the more recent
years. In earlier years, where the VPA has converged, the differences between observed and predicted indices
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will not be affected greatly by various choices of the parameters in the terminal year. In contrast, the residuals
from more recent years can be reduced appreciably by the tuning process. ADAPT/VPA has options to apply
linear, quadratic or tricubic weightings to the down-weighting function.

The following expression is used to calculate the down-weighting value.

DWW \DW
Y+I1-j

Dw

8(j)=|1-
for years j=7to Y+1{.

Y,w is the number of years to down-weight (and DW specifies the type of down-weighting in which there are

several options.

a) None or uniform = 0
b) Linear =1

¢) Biquadratic = 2

d) Tricubic =3
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ADAPT/VPA Input Data

File: gmcod2000_base.inp
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WHSpr WHSpr WHSpr WHSpr WHAut  WHAut WHAut  WHAut  WHAuUt
3 4 B 1 2 3 4 5 6
1-Jan 1-Jan 1-Jan 1-Jan 1-Jan 1-Jan 1-Jan l-Jan 1-Jan
number number number number number number number number number
0.516 0.694 0.864 ¢.117 0.619 0.382 0.549 0.474 0.089
0.833 0.641 0.357 0.181 0.7 3.142 2.473 1.167 0.248
1.147 0.741 0.19 0.053 1.66 0.977 0.852 0.139 0.264
0.622 0.665 0.677 0.095 0.384 0.421 0.565 0.399 0.22
0.647 0.387 0.074 0.046 0.378 0.91 0.763 0.209 0.218
0.486 0.3 0.128 0.011 0.301 0.49 0.654 0.333 0.086
0.633 0.355 0.217 0.087 0.595% 1.324 D.E 0.257 0.061
0.79 0.632 0.08 0.077 1.9851 2.245 0.%¢ 0.528 0.11
1.327 0.627 0.167 0.032 0.416 2.391 1.356 0.294 0.174
0.355 1.477 0.268 0.024 0.029 0.367 1.643 0.623 0.278
0.24 0.28 1.31 0.22 0.142 0.142 0.221 0.632 0.079
0.8 0.33 0.08 J.48 0.2% 0.45 0.14 0.04 0.33
0.387 0.213 0.095 0.047 0.198 0.569 0.363 0.032 a
1.12 0.37 0.15 0.03 0.21 0.88 0.83 0.09 0.05
D.59 1.33 0.4 0.06 0.07 0.28 1.23 0.33 0.08
0.399 0.264 0.876 0.242 0.12 0.38 0.19 0.54 0.06
0.33 0.517 0.142 0.421 0.297 0.086 0.1le 0.182 0.149
0.713 0.344 0.315 0.134 0.097 0.32 0.115 0.1982 0.039
0.438 0.457 0.107 0.101 0.431 0.363 0.59 0.243 0.132
MASpr  MASpr  MAAut  MAAut  MAAut CM CPE CM CPE CM_CPE CM_CPE
3 4 1 2 3 2 3 4 5
1-Jan 1-Jan 1-Jan 1-Jan 1-Jan mean mean mean mean
number pumber number number number number number number number
3.418 1.147 2.018 5.652 7.29 0.07432 0.07382 0.04502 0.02168
5.331 0.501 4.667 2.346 1.005 0.04767 0.10991 0$.04215 0.02094
2.271 0.865 1.308 0.651 0.1 0.03313 0.04478 0.04418 0.0117%9
2.794 0.692 12.294 0.344 0.022 0.01372 0.04226 0.028%4 0.01783
0.887 0.426 2.832 0.419 0.018 0.00409 0.06877 0.02257 0.00661
2.268 0.257 2.478 1.15 0.833 0.00738 0.01861 0.02599%9 0.00572
2.511 1.37 389.584 2.386 D.02 0.01455 0.0492 0.02418 0.00932
6.58 0.458 4.571 20.49 0.679 0.01698 0.0637 0.03966 0.01059
17.77 2.64 2.971 2.7 0.35 0.01098 0.15953 0.0781le 0.01219
2.54 5.03 9.37 9.13 1.74 0.01943 0.04044 0.135%551 0.0217
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Fisheries Assessment Toolbox GoM Cod 2000 Base Run Run Number 1 B8/25/20009:15:13 AM

APPENDIX 2: ADAPT/VPA: Outlines and Data Sets

FACT Version 1.3.&
GoM Ced 2000 Base Run 19B2
Input Parameters and Opticns Selected

ADAPT/VPA Output
File: gmcod2000_base.2

- 2000

Natural mortality is a matrix below

Oldest age (not in the plus group) is 6
For all years prior to the terminal year {(18), backcalculated
stock sizes for the following ages used to estimate

total mortality (Z} for age

This method for estimating F on the oldest age is generally used when a
flat-topped partial recruitment curve is thought to be characteristic of the stock.
F for age 7 + is then calculated from the following

€

456

ratios of Flage 7 +] to Flage § ]

Stock size of the 7 + group is then calculated using
the follewing methed:

Chjective function is Sum w* {LOG (OBS) -LOG (PRED) } **2
Indices normalized (by dividing by mean cbserved value)

1982
1883
1984
1585
1986
1987
1988
1889
1990
1951
19352
1893
19984
1935
1956
1997
ig9s
1999

il S R R R By Ry R R i)

1

CATCH EQUATION

Fartial recruitment estimate for 2000

LA PR 6

0.0001
0.083
0.421
1

1

1

before tuning to VPA stock sizes
Down-weighting is None or Unifcrm

Biomass estimates

{other than SSB)

reflect mean stocck sizes.

88B calculated as in the NEFSC projection program

{see note below SSB table for description of the algorichm).
Initial estimates cf parameters for the Marguardt algorithm
and lower and upper bounds on the parameter estimates:
Upper Bnd
.Q0E+06
.Q0E+06
.00E+06
.COE+06
.Q0E+06
.Q0B+00
.Q0E+00
.C0E+00
.Q0B+00
.Q0E+00
.00E+00
.QODE+00
.Q0E+00
.Q0E+0D
.Q0E+00
.C0E+00
.COE+00
.COE+00
.CO0E+00
.00BE+00
.COE+00

P

Q0.0.00040840940.0.000000 2 %5922

ar .,

[ QN F R S PV N

WHSpr2
WHSpr3
WHSpr4
WHSpr5
WHSpre
WHAut 2
WHAuE3
WHAUL 4
WHAULS
WHAUL 6
MASpTr2
MASpr3
MASpr4
MAAutl
MAAut2
MAAULE3

Initial Est
.00E+D3
.00E+03
.00E+02
-00E+02
-0DE+D2
.00E-D2
.00E-02
.00E-02
.00E-02
.Q0E-02
.OQUE-02
.0QE-02
.00E-02
.00E-D2
.00E-D2
.Q0E-02
.0DE-02
.00E-02
.00E-02
_00E-02
1.00E-02

HHAEMHRPHERBE MBS R D)WW

Lower Bnd

0.00E+0Q0
0.00E+00
0.C0E+0Q0Q
0.00E+0C
0.00E+0D0Q
0.00E+QC
0.00E+0Q0Q
0.00E+00
0.00E+0C
0.00E+00
0.
0
0
0
0
0
0
0
0
0
0

ODE+00

.00E+00
.Q0E+00
.00E+00
.00E+00
.00E+00
.D0E+DO
.00E+00
.Q0E+00
.D0E+00
.00E+00

RFHEHRPHRPRHERERRERRHER RS2 H#HHB2 B
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g CM_CPEZ 1.00E-02 0.00E+00 1.00E+00
g CM_CPE3 1.00E-02 G.0Q0E+00 1.0CE+0Q0
g CM_CPE4 1.0CE-02 G.00E+00 1.0CE+00
g CM_CPE5 1.0QE-02 G.00E+00 1.0QE+0Q0
g CM_CPEé6 1.00E-02 0.00E+00 1.00E+00
The following indices of abundance are available

L WHSpr2

2 WHSpr3

3 WHSpr4

4 WHSpr5

5 WHSpré

] WHAULZ

7 WHAUL3

3] WHAUL4

] WHAutS

10 WHAut6

11 MASpr2 ’
12 MASPr3

13 MASpr4

14 MAAuUtLL

15 MAAULZ

16 Maaut3

17 CM_CPE2

18 CM CPE3

19 CM_CPE4

20 CM_CPES

21 CM_CPE6

The Indices that will be used in this run are:

1 WHSpr2

2 WHSpr3

3 WHSpr4

4 WHSpr5

5 WHSpré

€ WHAUEZ2

7 WHAut.3

8 WHAut4

9 WHAutS

10 WHAUES

11 MASprz

12 MASpr3

13 MASpr4

14 MAAutl

15 Mahut2

1le MAAUEZ

17 CM_CPEZ2

18 CM_CPE3

19 CM_CPE4

20 CM_CPES

21 CM_CPE&

Obs Indices (before transformation) by index and year; with Index means

1982 1983 1584 1985 1986 1987 1988
WHSpr2 1.02 0.98 1.03 0.24 0.33 0.64 1.05
WHSpr3 C.52 0.83 1.15 0.62 0.65 0.49 0.63
WHSpr4 0.69 0.64 0.74 0.67 0.3% 0.30 0.36
WHSprS 0.86 0.36 0.13 0.68 0.07 0.13 0.22
WHSpTY6 .12 0.18 0.05 ¢.10 0.05 0.01 0.45
WHAUE2 0.62 0.70 1.66 c.38 0.38 G.30 0.80
WHAUL3 0.38 3.14 0,58 0.42 0.91 .45 1.32
WHAUL 4 Q.55 2,47 0.85 0.57 0.76 0.65 0.60
WHAutS 0.47 1.17 0.14 0.40 0.21 0,33 0.26
WHAut 6 0.09 0.25 0.26 0.22 0.22 0.09 0.06
MASpr2 7.06 18.57 5.41 3.8z 3.22 7.00 11.36
MASpPI3 3.42 5.33 2.27 2.79 0.89 2.27 2.51
MASpr4 1.15 0.50 0.87 0.69 0.43 0.26 1.37
MAAuUt1l 2.02 4.67 1.31 12.30 2.83 2.48 389.58
MAAUL2 5.65 2.35 0,65 0.34 0.42 1.15 2.39
MAAULS 7,29 1.01 0.10 0.02 0.02 0.83 0.02
CM CPE2 0.07 0.05 0.03 0.01 0.00 0.01 0.01
CM_CPE3 0.07 0.11 0.04 0.04 0.07 0.02 0.05
M _CPE4 0.05 0.04 0.04 0.03 0.02 G.03 0.02
CM_CPE5 0.02 0.02 0.01 c.02 0.01 0.01 0.01
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CM_CPE& 0.0Q0 0.01 0.01 0.00 c.00 0.c0 0.00
1989 1990 1991 1582 1953 1994 1885
WHSpr2 0.65 0.19 0.21 0.23 0.50 Q.32 0.18
WHSpr3 0.7% 1.33 0.36 0.24 0.80 0.39 1.12
WHSpr4 0.63 0.63 1.48 c.28 0.33 0.21 c.37
WHSprs .09 0.17 0.27 1.31 0.09 0.10 6.15
WHSpre 0.08 0.63 Q.02 0.22 0.48 Q.05 c.03
WHAuUL 2 1,98 0.42 0.03 .14 0.29 0.20 0.21
WHAuUL3 2.25 2.39 0.37 0.14 Q.45 0.57 0.88
WHAUL4 C.96 1.36 l1.64 0.22 0.14 0.36 0.83
WHAULS 0.53 0.29 0.62 0.63 0.04 0.03 0.0%
WHAut 6 0.11 Q.17 0.28 0.08 0.33 0.00 0.05
MASpr2 25.26 6.89 3.56 6.35 7.76 5.67 1.36
MASpr3 6.58 17v.7%7 2.54 3.58 3.690 2.46 3.89
MASpr4 0.46 2.64 5.03 0.65 1.45 0.52 1.20
MAAutl 4.57 2.97 8.37 4.65 24.30 49,92 33.49
MAAUt2 20.49 2.70Q 9.13 4.,2] 2.01 3.32 14.13
MAAut3 0.68 0.35 1.74 0.81 0.11 0.61 65.37
CM CPE2 0.02 0.01 c.02 0.01 0.00 0.00 0.00
CM_CPE3 0.06 0.1l6 0.04 0.02 0.05 0.00 0.00
CM _CPE4 0.04 0.08 0.14 0.01 0.02 c.00 0.00
CM CPE5 0.01 0.01 c.02 Q.05 0.00 0.00 .00
CM_CPE6 (.00 0.01 £.00 0.01 0.01 0.00 0.00
1996 1997 15998 1989 29000 Average
WHSpr2 0.02 0.13 0.22 0.34 G.73 c.474
WHSpr3 0.59 0.40 0.33 0.71 0.44 C.651
WHSpr4 1.33 0.26 0.52 0.34 ¢.46 0.559
WHSprS 0.40 0.88 0.14 0.32 0.11 0.343
WHSpre 0.06 0.24 0.42 0.13 0.10 0.129
WHAuUt 2 0.07 6.12 0.30 0.10 0.43 0.468
WHAUL 3 Q.28 c.38 0.09 0.32 0.36 0D.848
WHAUL 4 1.23 g.18 0.16 0.12 0.5%9 0.750
WHAuUtS5 0.33 0.54 0.18 0.19 0.24 0.353
WHAUL 6 0.08 0.06 0.15 0.04 .13 0.148
MASpr2 0.97 1.00 1.17 3.558 7.34 5.701
MASpr3 2.11 1.34 0.89 3.31 4.03 3.767
MASpr4 0.81 £.20 1.17 1.32 2.3¢0 1.211
MAAUt1 2.56 T.5% 2.0z 2.70 6.63 29.787
MAAut2 0.64 .15 0.02 1.05 C.B4 3.77¢
MAALL 3 0.54 0.02 0.00 0.01 0.14 1.148
CM_CPEZ 0.00 .00 0.00 .00 0.00 0,022
CM _CPE3 0.00 C.00 0.00 .00 0.00 0.062
CM_CPE4 0.00 c.0Q 0.00 0.00 0.00 0.044
CM_CPE5 0.00 £.00 0.00 0.00 0.00 0.016
CM_CPEE 0.00 C.00 0.00 g.00 0.00 0.005
Catch at age {thousands) - D:\NAFC\SeptWs\gmcodigmcodZ000_base.2
1982 1983 1984 1985 1986 1987 1988
1 30 00 C4 00 oo 02 Q0
2 1380 B6o 446 407 84 218 160
3 1633 2357 1240 1445 2164 585 1443
4 1143 1058 1500 991 813 1109 953
5 633 638 437 630 250 277 406
6 69 422 194 128 i77 66 43
7 230 155 136 136 85 79 30
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1589 1990 1951 1592 1593 1994 1995
1 00 00 00 00 00 00 00
2 337 205 344 313 76 29 218
3 1583 3425 934 530 1487 1016 880
a 1454 2064 4161 484 641 1135 1153
5 449 430 851 2018 129 288 194
6 81 157 143 202 457 72 12
7 56 99 79 84 36 86 34
1+ 3960 6380 6512 3631 2826 2628 2451

1996 1397 1998 1999
1 00 60 co 00
2 65 53 54 00
3 584 438 130 178
4 1738 435 54z 192
5 347 832 165 30
I3 45 68 193 27
7 10 08 10 36
1+ 2789 1834 1394 523

1982 1983 1584 1885 1986 1887 1988
2075 2273 2267 1885 1335 1531 1432
1389 19390 1991 1992 13393 1994 1955
20490 2750 5234 2788 1263 1581 1393
1996 1557 1958 1989
2149 1343 210 345
Weight at age (mid year) in kg - D:\NAFO\SeptW3\gmcod\gmcod2000_base.2
1982 1983 1984 1985 1386 1987 1988
1 0.9¢0 0.500 0.900 0.9%00 0.500 0.9200 0,900
2 1.15¢6 1.164 1.159 1.260 1.304 1.313 1.268
3 1.664 1.660 1.670 1.746 1.837 1.684 1.881
4 2.764 2.475 2.721 2.840 2.823 3.283 2.426
5 4.770 3.778 3.877 4.466 4,619 4.831 5.166
6 6.739 5.9562 5.898 5.525 6.067 6.824 6.767
7 11.330 9,755 1¢.176 5.721 10.285 10.241 11.233
1989 15990 1951 1592 1993 1594 1995
1 0.90Q 0.200 0.900 0.300 0.%00 0.300 0.%00
2 1.247 1.071 1.130 1.533 1.293 1.450 1.652
3 1.776 1l.692 1.568 1.922 1.889 1.543 1.921
4 2.993 2.271 2.512 2.714 2.513 3.151 2.775
5 3.864 4.265 4.136 3.061 4,356 3.444 5.142
6 4.872 7.645 7.309 5.000 6.174 6.132 B.290
7 12.200 13.747 11.449 10.614 11.063 10.018 12.969
1356 1597 1958 1599
1 0.500 0.5%00 0.900 0.5%00
2 1.687 1.733 1.277 1.277
3 2.136 2.233 2.089 1.774
4 2.376 3.007 2.979 2.704
5 3.648 3.193 4.191 4.020
6 T.376 4.6439 4.211 5.727
7 11.647 12.479 10.262 7.901
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January 1 Biomass Weights - D:\NAFO\SeptWs\gmcod\gmcod2000_base.2

1982 1983 1984 1285 1986 1987 1988

1 0.791 0.793 0.761 0.748 0.745 0.758 0.765

2 0.965 1.024 1.021 1.0485 1.083 1.087 1.068

3 1.364 1.385 1.394 1.423 1.521 1.482 1.572

4 2.364 2.029 2.125 2.178 2.259 2.456 2.021

5 4.267 3.231 3.017 3.48¢6 3.622 3.758 4,118

6 5.670 5.333 4.720 4.507 5.20% 5.614 5.718

7 11.330 g.755 10.176 9.721 10.285 10.241 11.233
1989 1980 1991 1992 1993 1994 1955

1 0.825 0.803 0.690 0.751 0.709 0.€64 0.657

2 1.059 0.282 1.008 1.175 1.079 1.142 1.219

3 1.501 1.453 1.296 1.474 1.702 1.585 1.668

4 2,373 2.008 2.062 2.063 2.1%8 2.440 2.322

5 3.062 3.573 3.065 2.773 3.438 2.942 4.025

3] 5.017 5.435 5.583 4.548 4,347 5.168 5.343

7 12.200 13,747 11,449 10.614 11,063 10.018 12.9€9
1996 1897 1958 1999

1 0.649 0.756 0.756 0.7586

2 1.232 1.249 1.072 1.072

3 1.878 1,941 1.903 1.505

4 2.136 2.534 2.579 2.377

5 3.182 2.754 3.550 3.461

[} 5.159 4,118 3.667 4.899

7 11.647 12.479 10.262 7.901

1582 1983 1984 1985 1986 1987 1988
1 0.791 0.793 0.761 0.748 0.745 0.758 0.765
2 0.965 1.024 1.021 1.065 1.083 1.087 1.068
3 1.364 1.385 1.394 1.423 1.521 1.482 1.672
4 2,364 2.029 2.125 2.178 2.259 2.456 2.021
5 4.267 3.231 3.017 3.486 3.622 3.758 4.118
6 5.670 5.333 4,720 4.507 5.205 5.614 5.718
1 11.330 9.755 10.176 9.721 10.295 10.241 11.233

1989 1990 1551 1592 1993 1994 1595
1 0.825 0.803 3.6580 0.751 0.709 0.664 0.657
2 1.058 0.982 1.008 1.175 1.07%9 1.142 1.219
3 1.501 1.453 1.25%6 1.474 1.702 1.585 1,669
4 2.373 2.008 2.062 2.0863 2.198 2.440 2.322
5 3.062 3.573 3.065 2.773 3.438 2.942 4.025
6 5.017 5.435 5.583 4,548 4.347 5.168 5.343
7 12.200 13.747 11.449 10.614 11.063 10.018 12.969

1998 1997 1958 19399
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Computed (Rivard)from midyear weights: Jan 1 Weights - D:\NAFO\SeptWS\gmcod\gncod2000_base.2

i982 1983 1584 1985 1986 1587 1988
1 0.791 0.793 0.761 0.748 0.745 0,758 0.765
2 0.965 1.024 1.021 1.0865 1.083 1.087 1.068
3 1.364 1.385 1.394 1.423 1.521 1.482 1.572
4 2.364 2.029 2.125 2.178 2.259 2.456 2.021
5 4.267 3.231 3.017 3.486 3.622 3.758 4.118
6 5.8670 5,333 4,720 4.507 5.205 5.614 £.718
7 11.330 9.755 10.176 9.721 10.295 10.241 11.233
1589 1830 1991 1992 1893 1994 1985
1 0.825 0.803 0.690 0.751 0.709 0.664 0.657
2 1.059 0.982 1.008 1.175 1.079 1.142 1.219
3 1.501 1.453 1.296 1.474 1.702 1.585 1.669
4 2.373 2.008 2.062 2.063 2.198 2.440 2.322
5 3.062 3.573 3.085 2.773 3.4238 2.942 4.025
6 5.017 5.435 5.583 4.548 4.347 5.1e8 5.343
7 12.200 13,747 11.44% 10.614 11.063 10,018 12.969
1996 1997 1998 1999 2000
1 0.649 0.756 0.756 g.756 0.741
2 1,232 1.249 1.072 1.072 1.072
3 1.878 1.941 1.903 1.505 1.521
4 2.136 2.534 2,579 2,377 2.091
5 3.182 2.754 3.550 3.461 3.076
6 6.159 4.118 3.667 4,899 4.670
? 11.647 12.479 10.262 7.901 7.901

1982 1383 1984 1985 1986 1987 1988

1 07 a7 o7 04 04 04 04

2 26 26 26 48 48 48 48

3 61 61 61 95 35 95 95

4 88 88 88 100 100 100 100

5 97 a7 97 100 100 100 1¢0

6 100 100 100 100 100 100 100

7 100 100 100 1040 100 100 100
1989 1990 1991 1892 1993 19854 1995

1 04 11 11 11 11 04 04

2 48 28 28 28 28 38 38

3 95 56 56 56 56 89 89

4 100 g1 a1 81 81 99 59

5 100 93 93 93 93 100 100

] 100 98 98 98 98 100 100

7 100 100 100 100 100 1¢0 100
1996 1997 1998 1993
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Natural Mortality  D:\NAFO\SeptWs\gmcod\gmcod2000_base.2

1582 1983 1584 1885 1986 1987 1988
1 200 200 200 200 200 200 200
2 200 200 200 200 200 200 200
3 200 200 200 200 200 200 200
4 20C 200 200 200 200 200 200
5 200 200 .200 200 200 200 200
6 200 200 .200 200 200 200 200
7 200 200 .200 200 200 200 200
1989 19980 1991 1992 1993 1994 1995
1 200 200 .200 200 200 200 200
z 200 200 .200 200 200 200 200
3 200 200 .200 200 200 200 200
4 200 200 .200 2¢0 200 200 200
5 200 200 .200 200 200 200 200
[} 200 200 . 200 200 200 200 200
7 200 200 .200 200 200 200 200
1996 1997 1928 1999
1 200 200 200 200
2 200 200 200 200
3 200 200 200 200
4 200 200 200 200
5 200 200 200 200
& 200 200 .200 200
7 200 200 .200 200
Sex Ratio (Percent Female} - D:\NAFQO\SeptWs\gmcod\gmcod2C000_base.2
1382 1983 1984 1985 1986 1987 1988
1 0.5 .5 0.5 ¢.5 0.5 Q.5 g.5
2 Q.5 c.5 0.5 c.5 9.5 0.5 0.5
3 0.5 c.5 0.5 c.5 0.t 0.5 G.5
4 0.5 ¢.5 0.5 c.5 0.5 0.5 C.5
5 0.5 0.5 0.5 c.5 0.5 0.5 g.c
6 0.5 C.5 0.5 0.5 Q.5 0.5 0.5
7 0.5 c.5 0.5 C.5 Q0.5 0.5 0.5
1945 1920 1991 1552 1983 1954 1595
1 0.5 0.5 0.5 0.5 Q.5 0.5 0.5
2 0.5 0.5 0.5 0.5 0.5 0.5 0.5
3 0.5 0.5 0.5 0.5 0.5 0.5 0.5
4 0.5 0.5 0.5 0.5 0.5 0.5 0.5
5 0.5 0.5 0.5 0.5 0.5 c.5 0.5
& 0.5 0.5 ¢.5 0.5 0.5 c.5 0.5
7 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1956 1597 1958 1999
1 0.5 0.5 0.5 0.5
2 0.5 0.5 0.5 0.5
3 0.5 0.5 G.5 0.5
4 0.5 0.5 C.5 0.5
5 0.5 0.5 0.5 0.5
6 0.5 0.5 ¢.5 0.5
7 0.5 0.5 Q.5 Q.5

pF is 0.1667
pM is 0.1667
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Residual Sum of Squares from Marquardt Algorithm
Number 1

RSS 4757.4636160016
Lambda 1.00E-02

Number 2

RSS 3659.71341037588
Lambda 1.00E-03

Number 3

RSS 2871.24006283006
Lambda 1.00E-01

Number 4

RSS 2338.80230082771
Lambda 1.00E-02

Number 5

RSS 2110.59689632427
Lambda 1.00E+0C

Number 6

RSS 1700.06987407547
Lambda 1.00E-01

Number 7

RSS 1546.94190193848
Lambda 1.00E+01

Number &

RES 1278.82209227215
Lambda 1.CQE+00

Number 9

RSS 1173.18B264217126
Lambda 1.00E+02

Number 10

RSS 992.137735859582
Lambda 1.00E+01

Number 11

RSS 917.73038579856
Lambda 1.00E+00

Number 12

RSS 792.488781270954
Lambda 1.00E+02

Number 13

RSE 286.055030653559
Lambda 1.00E+01

Number 14

RSS 246 ,.596438368479
Lambda 1.00E+00

Number 15

RSS 242.849135995446
Lambda 1.00E+D2

Number 16

RSS 242 .798374032756
Lambda 1.00E+021

Number 17

RSS 242.798341477608
Lambda 1.00E+00

Number 18

RSS 242.798341241649

Lambda 1.00E+02
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RESULTS

Approximate Statistics Assuming Linearity Near Solution
Sum of Squares: 242,798341241649
Mean Square Residuals: 0.72261

PAR. EST. STD. ERR. T-STATISTIC

C.V.
N 2 4.39E+03 1.73E+03 2.54E+00 0.39%9
N 3 2.24E+03 6.58E+02 3.41E+00 0.29
N 4 1.16E+03 3.31E+02 3.51E+00 0.28
N 5 4 .58E+(32 1.€5E+02 2.75E+00 0.36
N 6 3.03E+02 1.23E+02 2.46E+00 0.41
g WHSpr2 1.67E-04 3.31E-05 5.03E+00 0.20
g WHSpr3 2.71E-04 5.36E-05 5.06E+00 0.20
g WHSpr4 4.66E-04 9.21E-05 5.06E+00 0.20
g WHSprS %.92E-04 1.%7E-04 5.03E+00 0.20
g WHSpré 3.36E-03 6£.72E-04 5.00E+0C0 0.20
g WHAULZ 1.45E-04 2.89E-05 5.03E+00 0.20
g WHAuUL3 1.398-04 3.93E-05 G5.06E+00 O0.20
g WHAut4 3.350E-04 7.71E-05 5.06E+0C 0.20
g WHAuULS 1.06E-03 2.11E-04 G&.03E+00 0.20
g WHAuUté 4. 12E-03 8.49E-04 4.86E+00 0.21
g MASpr2 1.61E-04 3.18%E-05 5.03E+00 0.20
g MASpr3 2.32E-04 4 .58E-05 5.06E+00 0.20
g MASpr4 3.94E-04 7.79E-05 5.06E+00 0.20
g MAAutl 4.53E-05 9.25E-06 4.8S9E+00 0.20
g MARut2 B.889E-05 1.77E-05 ©5.03E+00 0.20
g MARuUL3 6.08E-05 1.23E-05 4.93E+00 0.20
g CM_CPE2 1.42E-04 3_.51E-05 4.05E+00 0.25
q CM_CPE3 2.75E-04 6.78E-05 4.05E+00 0.25
q CM_CPE4 6.16E-04 1.52E-04 4.05E+00 0.25
q CM_CPES 1.64E-03 4.04E-04 4.05E+Q0 0.25
g CM_CPE6 5.21E-03 1.28BE-03 4.05E+00 (.25
Catchability Estimates in Original Units
Estimate 5td.Err. C.V.
g WHSpr2 7.88E-05 1.57E-05% D.20
g WHSpr3 1.77E-04 3.49E-05 G.20
g WHSpr4 2.61E-04 5.15E-05 0.20
g WHSprs 3.40E-04 6.77E-05 0.20Q
q WHSpré 4.34E-04 8.69E-05 0.20
g WHAuL2 6.80E-05 1.35E8-05 0.20
q WHAut3 1.69E-04 3.34E-05 .20
g WHAut4 2.93E-C4 5.78E-05 c.20
g WHAutS 3.75E-C4 7.46E-05 0.20
g WHhuts 6.11E-C4 1.26E-04 0.21
q MASpr2 1.08E-03 2.14E-04 0.20
g MASpr3 8,74E-04 1.73E-04 0.20
q MASpr4 4.778-04 9.43E-05 0.20
g MAAutl 1.35E-03 2.76E-04 0.20
q MAAut2 31.35E-04 6.67E-05 0.20
g MAAuLL3 6.98E-05% 1.41E-0C5 0.20
g CM_CPEZ 3.CBE-06 7.60E-07 D.25
g CM CPE3 1.69E-05 4.17E-06 0.25
g CM_CPE4 2.63E-05 §.63E-06 0.25
g CM_CPES 2.65E-05 & _.53E-06 .25
gq CM_CPE6 2.69E-05 6.64E-06 G.25
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Where R is the estimated correlaticon, M is, (.25 and L is 0.5

Partial variance {(and proportion of total) by index

Index Partial Proportion
Variance

WHSpr 2 0.571 6.0¢
WHSpr 3 0.182 0.013
WHSpr 4 0.15 G.01
WHSpr 5 0.27 0.019
WHSpr 6 0.829 C.065
WHAut 2 ¢.633 0.044
WHAutE 3 0.261 g.018
WHAnE ¢ 0.295 c.02
WHAuL & 0.355 0.025
WHAut € 0.312 0.022
MASpr 2 0.321 0.022
MASpT 3 0.293 0.02
MASpr 4 6.602 0.042
MAAUE 1 1,827 0.127
MAAUE 2 2.165 0.15
MBAUL 3 4,004 0.278
CM CPE 2 0.9831 0.068
CM CPE 3 0.263 0.011
CM_CPE 4 0.041 0.003
CM_CPE & 0.028 0.002
CM CPE & 0.01 0.001

Standardized residuals by index and year; with row/column/grand means

1382 1983 19584 1985 1986 1987 1288
WHSp12 0.410 1.063 1.248 -0.874 0.045 G.337 0.580
WHSpr3 -0.462 -0.323 0.788 0.075 ~-0.323 -0.18B4 -0.336
WHSpra4 -0.002 0.204 -0.044 0.548 0.070 -0.644 -0.508
WHSpr5 0.499 -0,2107 -0.322 0.743 -0.756 -0.101 0,023
WHSpI6 0.569 ~0.748 ~1.282 0.072 -1.209 -1.7580 1.011
WHALL2 -0.001 0.845% 1.981 -0.136 0.380 -0.371 0.092
WHAUL3 -0.783 1.292 0.652 -0.331 0.131 -0.121 0.585
WHAuUL4 ~-0.414 1.657 -0.016 0,.22% 0.732 0.137 -0.026
WHAULS -0.322 1.172 -0.804 0.006 0.352 0.910 06.108
WHAULE -0.155 -0.778 0.205 0.659 0.219 0.267 0.192
MASprz -0.386 1.453 0.122 ~0.681 -0.347 0.082 0.305
MASpr3 -0.11% -0.020 -0.290 -0.039 -1.833 -0.253 -0.5%596
MASpPr4 -0.122 -0.798 -0.573 -0.115 -0.528 ~1.537 0.370
MAZuUt1 -1.665 ~0.552 -2.444 0.728 -1.483 -1.987 3.049
MAAuUL2 C.724 0.391 -0.937 -2.142 -1.375 -0.671 -0.159
MARAUL3 3.745 0.990 ~0.930 -2.764 -3.444 1.542 ~3.308
M CPEZ 1.364 1.558 1.137 -0.258 -1.175 -0.955 -0.514
CM_CPE3 0.417 0.484 0.135 0.1440 0.281 ~1.020 -0.244
CM_CPE4 -0.086 0.232 -0.136 0.242 0.049 -0.233 -0.506
CM_CPES -0.419 0.175 0.082 0.14s 0.093 0.0556 0.083
CM_CPE& -0.170 -0.053 -0.089 0.208 ~-0.05%9 0.031 0.031
Col Avg 0.126 0.387 -0.075% -0.1639 -0.485 -0.,308 0.011
1989 1950 1951 1992 1983 1994 15995
WHSpr2 -0.904 -0.163 -0.056 -0.591 0.449 -0.599% -0.036
WHSpr3 -0.444 -0.74%9 -0.038 -0.432 £.252 -0.541 0.183
WHSpr4 -0.083 -0.572 ~0.482 0.268 0.137 -0.826 -0.358
WHSprsS -1.379 -0.585 -0.621 0.210 £.009 -0.240 0.366
WHSpré 0.241 ~1.622 -1.897 0.532 0.366 0.116 1.480
WHARut2 0.567 0.935 -2.204 -0.3982 -0.017 -0.374 0.321
WHAuUt3 0.837 -0.003 C.054 -0.996 -0.372 -0.035 -0.048
WHAut4 0.273 0.159 -0.493 -0.147 -1.008 -0.33% 0.456
WHAutS C.588 -0.044 0.258 -0.762 -1.059 -1.634 -0.349
WHAULG 0.259 -0.032 0.583 -1.075 ~0.477 0.00C0 1.680
MASpr2 0.331 0.989 0.207 0.240 0.602 -0.276 -0.729
MASpr3 0.1e8 0.422 0.398 0.867 0.140 -0.247 -0.233
MASpr4 -1.172 0.408 0.249 0.548 1,168 -0.487 0.315
MARutl 0.008 -0.507 0.187 -0.502 0.936 3.008 2.508
MAAUL2 1.456 1.258 2.686 1.125 0.384 0.466 3.336
MADdL3 .470 ~1.224 2,924 2.092 -0.990 1.0886 3.320
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MASpr2 0.033 0.291 0.013 0.017 0.108 0.023 0.158
MASpPr3 0.008 0.053 0.047 0.223 0.006 0.018 c.0ls
MASpr4 0.409 0.050 0.018 0.089 0.406 0.071 0.030
MAALL] 0.000 0.076 0.012 0.075 0.250 2.693 1.872
MAALL 2 0.631 0.471 2.147 0.377 0.044 ¢.065 3.432
MAALL 3 Q0.066 0.446 2.544 1.302 0.282 C.351 3.281
CM_CPE2 0.462 0.0€64 Q0.403 c.008 0.827 0.000 0.000
CM_CPE3 0.038 0.011 0.125 0.061 Q.C10 c.000 D.coo
CM_CPE4 0.001 G.015 0.Q02 0.000 0.031 0.000 p.000
CM_CPE5 0.030 0.003 0.008 0.005 0.003 0.000D 0.000
CM_CPE6 0.000 0.002 0.011 0.004 0.003 0.000 0.000
++ 3.015 2.91% 8.226 3.545 2.958 4.750 10.49¢
1996 1997 1958 1935 2000 ++
WHSpr2 2.082 C.000 0.040 {.0889 0.224 4.181
WHSpx3 0.179 0.011 0.040 0.34¢6 0.004 1.334
WHSpr4 0.046 ¢.007 0.114 0.121 0.070 1.08%
WHSpr5 0.259 0.148 0.022 0.189% 0.056 1.876
WHSpré 0.080 0.958 0.314 Q.355 0.029 6,793
WHRut 2 0.2899 c.oco 0.228 0.175 0.056 4.632
WHAuUt3 0.001 0.011 0.4902 0.011 C.001 1.912
WHAut 4 0g.o08 0.040Q 0.240 0.185 0.125 2.156
WHRUut S g.105 0.c00 C.060 0.003 0.052 2.588
WHAut 6 ¢.062 0.018 ¢.106 0.172 0.047 2.154
MASprz2 0.399 0.159 0.172 0.014 0.080 2.348
MASpPr3 ¢.046 0.020 0.036 0.300 0.214 2.143
MASpr4 0.241 0.230 0.224 0.677 0.835 4,401
MArutl 0.005 0,262 C.266 0.400 0.000 13.387
MAaRut2 0.023 0.753 5.189% 0.007 0.130 15.837
MARLL3 ¢.927 1.487 c.000Q 2.415 0.005 27.645
CM CPE2 0.000 0.000 C.000C 0.000 0.000 4.348
CM_CPE3 C.000 0.000 c.oo00 0.0C0 0.000 0.724
CM_CPE4 C.000 0.000 0.000 0.Q00 0.000 0.184
CM_CPEE 0.000 0.000 0.000 0.000 0.000 0.124
CM_CPEé& c.000 0.000 £.000 0.000 0.000 0.045
++ 4,772 4,105 7.453 5.460 1.928 100.000
STOCK NUMBERS (Jan 1) in thousands - D:\NAFC\SeptWS\gmcod\gmeod2000_base.2
1982 1983 1984 1985 198% 1987 1988
1 6l62 5534 77486 4314 7410 9954 21647
2 9108 5018 4530 6338 4023 6067 8148
3 4328 6208 3325 3306 4821 3218 4772
4 2666 20686 2950 1600 1399 1989 2096
5 1661 1149 134 1058 413 410 625
[ 166 787 363 206 296 112 85
7 547 284 250 214 156 132 38
1+ 24639 21046 19900 17636 18519 21882 37431
1989 1390 1931 1992 1993 1994 1595
1 3375 33391 5879 5283 8137 2870 2947
2 17723 2763 2776 4813 4325 6662 2350
3 6526 142086 2077 1962 3657 3472 5428
4 2601 3911 8531 855 1126 1649 1924
5 854 814 1334 3220 262 342 323
& 145 293 277 322 810 98 20
7 98 182 151 131 63 114 55

1+ 31322 25559 2102% 16587 18382 15208 13046
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19%& 1957 1998 1599 2000
1 2113 2536 3345 5363 Qo
2 2413 1730 2076 2738 4391
3 1727 1917 1369 1€15 2242
4 3648 885 1173 768 1161
5 532 1414 331 470 455
& ag 121 405 122 303
7 15 14 21 162 175
1+ 10541 8617 871% 11236 8727
FISHING MORTALITY - D:\NAFO\SeptW5\gmcod\gmcod2000_base. 2
1982 1983 1584 1985 1985 1987 1988
1 0.01 0.00 0.00 0.00 c.00 0.00 0.00
2 0.18 0.21 0.12 0.07 0.02 0.04 0.02
3 0.54 0.54 0.53 0.66 0.69 0.23 .41
4 0.64 0.83 0.83 1.15 1.03 0.96 0.70
5 0.55 0.985 1.07 1.07 1.10 1.37 1.26
& 0.61 0.80 0.88% 1.16 1.08 1.05 0.82
7 C.61 0.90 0.83 1.16 1.08 1.05 0.82
1989 1950 1981 1992 1993 1994 1995
1 0.00 0.00 0.00 0.00 0.00 0.00 3.C0
2 c.02 0.0%9 0.15 0.07 g.02 0.00 9.11
3 .31 Q.31 0.69 0.35 Q.60 0.3% 0.20
4 0.96 0.88 0.77 0.98 Q.99 1.43 1.09
5 0.87 0.88 1.22 1.18 Q.78 2.66 1.09
6 0.97 0.90 0.84 1.18 0.98 1.67 1.13
7 0.87 0.90 0.84 1.18 0.98 1.687 1.13
1396 1997 1958 1993
1 2.00 0.00 Q.00 0.00
2 0.03 0.03 Q.08 0.00
3 0.47 0.29 0.38 0.13
4 Q.75 0.78 0.71 0.32
5 1.28 1.08 0.80 0.24
6 Q.82 .97 0.75 0.28
7 0.82 0.97 0.75 0.28
1,7
1,6
2,6
4,6
Average F for 1,7 1,6 2,6 4,6
1982 1383 1984 1985 1986 1587 1988
1,7 0.45 0.62 0.62 0.76 0.71 0.67 0.58
1,6 0.42 0.57 0.57 0.69 0.65 0.61 0.54
2,6 0.51 0.69 0.8692 0.82 0.78 0.73 0.64
4,6 0.60 0.89 0.93 1.13 1.07 1.13 0.93
1989 1920 1891 1992 1993 1924 1995
1,7 .59 Q.56 0.65 0.71 Q.62 1.12 Q.68
1,6 0.52 0.51 0.61 0.63 Q.56 1.03 0.60
2,6 C.63 Q.61 D.73 D.75 0.67 1.23 Q.72
4,6 0.93 0.88 0.95 1.1 0,92 1.92 1.10
1996 1997 1998 1999
1,7 C.5% Q.58 0.45% 0.18
1,6 C.56 0.5z 0.45 Q.15
2,6 0.67 0.863 0.54 0.19
4,6 0.95 0.93 .75 0.28
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Average F weighted by W for 1.7 1.6 2,6 4,46

1982 1983 1984 1985 1986 1987 1988
1,7 0.29 0.39 0.30 0.35 0.31 0.17 0.12
1.6 0.28 0.38 0.30 0.34 0.31 0.i6 0.12
2,6 0.38 0.52 .49 0.47 0.51 g.30 0.28
4,6 0.61 0.88 0.88 1.12 1.405 1.03 0.83
1589 1930 1991 1992 1993 1994 1995
1,7 0.19 0.38 0.50 0.38 0.24 0.33 0.30
1,6 0.19 0.386 0.49 0.37 0.24 0.32 0.29
2,8 0.21 0.41 0.6% 0.54 0.43 0.3% 0.38
4,6 0.94 0.88 0.83 1.14 0.96 1.64 1.08
1996 1987 1998 1999
1,7 0.42 0.34 0.23 .06
1.6 0.41 0.34 0.23 .05
2,8 0.52 0.48 0.38 0.11
4,6 0.82 0.585 0.74 0.29%

1982 1583 1984 1985 1986 1987 1988
1.7 0.47 0.63 0.69 0.83 0.81 0.74 G0.60
1,6 0.46 0.62 0.68 0.82 0.89 0.73 G.60
2,6 0.46 0.62 0.68 0.82 c.Bo 0.73 0.60
4,6 0.61 0.88 0.88 1.13 1.05 1.04 0.87
1989 19390 1991 1992 1993 1994 1995
1,7 0.61 .55 0.79 0.94 0.75 1.16 0.69
1.6 0.61 0.54 0.79 0.93 Q.74 1.14 0.58
2,6 0.61 0.5¢ 0.79 0.93 0.74 1.14 0.68
4,6 0.92 C.BB 0.85 1.14 0.9¢6 1.68 1.0%
1996 1997 1998 1999
1,7 0.74 6.77 0.59 0.24
1,6 0.74 0.77 0.59 0.23
2,6 0.74 c.77 0.59 0.23
4,6 0.84 .96 0.74 0.29

1982 1983 1984 1985 1986 1887 1988
"""""" n e e TR T T T
1389 19%0 1991 1982 1993 1994 1995
“““““““““ P
1396 1997 1938 1939
""""""

BACKCALCULATED PARTIAL RECRUITMENT
1582 1983 1984 1485 1986 1987 1988
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1989 1990 1591 1992 1993 1554 1995
1 0.00 0.00 g.00 0.00 0.00 0.00 0.00
2 0.02 0.10 g.12 0.08 0.02 0.00 0.10
3 0.32 0.34 0.56 0.30 0.60 0.15 0.18
4 1.00 0.87 C.63 0.83 1.00C 0.54 0.5%6
5 0.50 0.98 1.00 1.00 0.79 1.C0 0.97
3 1.00 1.00 C.69 1.00 .98 0.63 1.00
7 1.400 1.00 0.69 1.00 0.98 0.63 1.00
1996 1897 1998 1989
1 .00 0.00 0.00 0.00
2 0.02 Q.03 0.06 0.00
3 .37 0.28 0.47 0.40
4 0.59 .75 0.89 1.00
5 1.00 1.00 1.c0 0.74
6 0.64 0.92 0.94 0.87
7 0.64 c,92 0.94 0.87

MEAN BIOMASS ({using catch mean weights at age)

1382 1583 1584 1985 1986 1987 1588
1 5013 4514 6317 4008 6044 8119 17658
2 8746 4788 4504 6987 4701 7081 9268
3 5090 7269 3338 3872 5877 4407 6729
4 4981 3186 5021 2490 2355 3863 3355
5 5582 2577 1528 2672 1067 297 1696
6 766 2849 1303 621 1014 437 360
7 4243 1685 1551 1137 905 170 410
i+ 34422 26868 24161 21786 21383 25680 39473
1989 1930 1991 1992 1993 1994 1995
1 2753 2766 4785 4309 6638 2341 2404
2 19827 2575 2650 6452 5021 8735 3341
3 5071 18829 2159 2834 4762 5085 8605
4 4604 5442 13693 1362 1654 2563 3004
5 2025 2125 2947 5346 728 389 933
3 416 1358 1258 B75 2941 273 20
7 708 1515 1072 757 408 517 382
1+ 39443 34609 28574 219354 22182 19912 18768
1996 19397 1958 1599
1 1724 2068 2728 4374
2 3636 2673 2344 3168
3 2690 3382 2171 2440
4 5601 1695 2289 1616
5 1013 2577 878 1529
6 411 333 1102 554
7 142 103 137 1013
i+ 15217 12831 11650 14696 oo

1982 1983 1984 1585 1986 1587 1588
1,7 349422 26868 24161 21786 21963 25680 359473
1,6 30179 25183 22610 20650 21057 245910 39063
2,6 25186 20670 16293 16642 15013 16791 21405
4,6 11330 B613 7851 5783 4435 5303 5411
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1989 1980 1551 1992 1983 1994 1995
1,7 38403 34609 28574 21954 22152 19812 18768
1,6 38695 33094 27502 21238 21744 19385 18377
2,6 35942 30329 22707 16929 15106 17054 15573
4,86 7045 8925 17898 7583 5323 3224 4027
19586 1997 1998 1998
1,7 15217 128231 11649 14696
1,6 15075 12728 11512 13683
2,6 13351 10659 8784 2309
4,6 7025 4605 4269 3700

1282 1983 1984 1985 1986 1987 1588
1 27 co 04 00 oo 0z oo
2 1603 1013 519 514 110 284 203
3 2746 3955 2093 2555 4027 1008 2737
4 3198 2659 4144 2872 2421 3704 2343
5 3052 2452 1638 2868 1178 1370 2144
6 471 2557 1163 722 1095 459 295
7 2606 1512 1384 1322 978 809 337
1+ 13703 14149 102944 10853 sacs 7636 8060
1989 1990 19281 1992 1923 1594 1995
1 ao (1] o0 oe 00 00 0a
2 421 2240 390 481 59 42 361
3 2831 5835 1484 1026 2842 1380 1683
4 4428 4763 10604 1337 1640 3665 3262
5 1763 1864 3596 6307 570 1033 1017
6 402 1220 1062 1031 2872 454 102
7 683 1361 905 892 398 Be2 441
1+ 10527 15263 18040 11074 8420 8047 6882
19396 1997 1698 1999
1 00 jo14] 00 [of]
2 119 9z 120 Qa
3 1259 984 821 317
4 4188 1327 1637 523
5 1294 2797 T02 364
6 337 322 824 156
7 117 100 103 284
1+ 7305 5532 4207 1644

1982 1983 1984 1985 1986 1987 1988
1,7 13703 14149 10944 10853 5808 7636 8060
1,6 11087 128637 9560 8531 BB3D 5827 7723
2,6 11070 12637 9556 9531 8830 6825 T723
4,6 6721 7669 6345 6462 4633 5534 4782

1989 1990 1991 1992 1993 1994 1995
1,7 10527 15262 18040 11074 8420 8047 6882
1,6 9844 13902 17135 10183 8022 7185 6441
2,8 9844 13942 17135 10183 Bo22 7185 6441
4,6 6592 7847 15261 8675 5082 5153 4381
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19586 1997 1958 1999
1,7 7304 5532 4207 1544
1,6 7188 5432 4104 1358
2,8 7188 5432 4104 1358
4,6 5819 4356 3162 1042

1382 1983 1984 1985 1986 1987 1588
1 4874 4388 5895 3675 5520 7545 16560
2 8789 5138 4626 6751 4357 6595 8702
3 5904 8558 4635 4704 7333 4769 7501
4 6302 4152 6269 3485 3160 4886 4236
5 7088 3711 2215 3688 1497 1540 2575
5 542 4198 1714 927 1542 630 485
7 6202 2775 2549 2082 1605 1350 655
1+ 40102 33001 27903 25313 25015 27313 40714
1989 1590 1991 1952 1593 1994 1995
1 2785 2723 4056 3867 5769 1906 1936
2 18769 2714 2798 5655 4667 7608 2865
3 9796 20641 2692 2891 6225 5504 2060
4 6172 7853 17592 1765 2476 4023 4467
5 2614 2908 4090 8929 902 1667 1300
6 725 1591 1548 1467 3522 507 105
7 1198 2496 1727 1394 694 1142 707
i+ 42059 40925 34502 26068 24255 21697 20439
1996 1997 1998 1999
1 1372 1917 2529 4054
2 2972 2161 2225 2336
3 3243 3720 2605 2430
4 7732 2244 3025 1825
5 1592 3895 1176 1626
& 547 500 1485 597
7 227 175 212 1276
1+ 17845 14611 13257 14744

1982 13983 1984 1985 1986 1587 1988
1,7 40102 33001 27903 25313 25015 27313 40714
1,8 33900 30226 25354 23230 23409 25964 40059
2,6 25026 25838 19459 19555 17889 18418 234599
4,6 14333 12102 10198 8100 5199 7055 72596
1389 1980 1991 1992 1993 1994 1995
1,7 42059 40525 24502 26068 24255 21697 20439
1,6 40861 38429 32776 24674 23581 20555 18732
2.6 38076 35706 28720 20707 17792 18642 17736
4,6 5511 12352 23230 12160 6500 5537 5872
19986 1987 1298 1999
1,7 17845 1461l 13257 14744
1,6 17618 14436 13044 13468
2,6 16247 12519 10516 9413
4,6 10031 6638 5686 4048
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SSB AT THE START OF THE SPAWNING SEASON -MALES AND FEMALES (MT)} {using SSB mean weights)

1982 1983 1384 1985 1986 1987 1988
1 330 297 399 142 214 232 641
2 2144 1247 1141 3056 2015 3041 4025
3 3184 4633 2503 3872 6011 4218 €440
4 4820 3105 4650 2781 2575 4029 3647
5 6071 2971 1738 2383 1205 1184 2017
3 823 3486 1429 739 1245 511 409
7 5415 2311 2125 1659 1297 1096 552
1+ 22786 18061 13994 15272 14561 14370 17732
1989 1380 1991 1992 1983 1994 19585
1 108 290 432 422 614 T4 75
2 BG83 725 739 1513 1260 2794 1034
3 8545 10617 1300 1476 3052 4439 7546
4 5085 5317 12113 1174 1644 3035 3569
5 2187 2260 3002 6598 712 625 1048
6 557 1298 1275 1142 2837 371 B4
7 387 2078 1451 1108 570 836 567
1+ 26151 22585 20311 13432 10690 12175 13924
1996 1987 1998 1999
1 53 74 98 157
2 1087 790 811 1072
3 2582 3051 2105 2047
4 6587 1885 2571 1655
5 1322 3162 995 1511
6 462 411 1268 551
7 151 144 181 1178
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ADAPT/VPA Bootstrap Output
File: gmcod2000_base.2boot

The number of bootstraps: 100
Bootstrap Output Variable: N hat
NLLS
ESTIMATE

zZa2z=a=
LNV N N

A
DU W

4391
2242
111
455
303

BIAS
ESTIMATE

67
115
82
09
27

Bootstrap OCutput Variable: {Q_unscaled

JLo s gt e [t = I « JCo e e QY o Y « Q1 » Q% T o e T« YT e IV w 1 « Q% T o T}

WHSpr:2
WHSpr3
WHSpr4
WHSprS
WHSpreé
WHAut2
WHAUt3
WHAUC4
WHAULS
WHAuUL &
MASpr2
MASpr3
MASPr4
MAAutC1
MAAUL2
MAAUL3
CM_CPE2
CM_CPE3
CM_CPE4
CM_CPES
CM_CPE6

WHSpr2
WHSpr3
WHSpr4
WHSprs
WHSpra
WHAUEL2
WHALEL3
WHALL4
WHAULS
WHAUL6
MASDr2
MASpr3
MASpr4
MAAuUt]
MAAUE2
MAAUL3
CM_CPE2
CM_CPE3
CM_CPE4
CM_CPES

NT.LS
ESTIMATE

a.
0.
Q.
0.
0.
0.
0.
Q.
0.
0.
.0010758
. 0008737
.0004771
.0013482
.00032353
.0000698
. 0000031
.0000168
.0000269

OO0 o000

RIAS

0000789
0001766
0002607
0003404
0004341
0000680
00Dlg88
0002927
0003750
0006108

. 0000265
. 0000269

ESTIMATE

0.00000232
-0.00000080
0.00000083
-0.00000408
0.00001038
Q.00000057
0.00000172
0.00001702
0.00000200
Q0.00000857
¢.00002980
0.00001664
0.00000630
-0.00001065
Q.00000648
-0.Q0Q00012
-30.00000010
¢.¢0000038
¢G.00000086
¢.00000054

LOWER
80%CT

2564
1308
684
25
164

LOWER
80%CI

0.000057%
0.Cc001354
0.000207&
0.0002733
0.00032585
0.0000521
0.0001354
0.0002214
0.0003135
0.0004777
0.0007848
0.0006550
0.0064004
0.0011042
0.0002602
0.06005872
0.0000027
g.0000112
0.0000185
0.0000196

BOOTSTRAP BOOTSTRAP C.V. FOR
MEAN stdError NLLS SOLN
4457 1592 0.36
2357 635 0.28
1242 341 0.29
464 157 Q.35
330 124 0.41
NLLS EST C.V. FCR
BIAS PERCENT CORRECTED CCORRECTED
STD ERRCR BIAS FOR BIAS ESTIMATE
158 1.52 4324 0.368318
63 5.11 2127 0.298377
34 7.03 1079 0.315954
16 2.01 446 0.353130
12 B.76 277 0.449921
BOOTSTRAP BOCTSTRAP C.V. FCR
MEAN StdRrror NILS SOLN
0.0000813 0.0000154 0.19
0.0001758 0.0000355 0.20
0.0002616 0.0000476 0.18
0.0003363 0.0000643 0.19
0.0004445 0.0000898 0.21
0.0000&86 0.0000138 0.20
0.0001705% 0.0000328 0.19
0.00030587 0.0000618 0.21
0.0003840 0.0000754 0.20
0.0006183 0.0001095 0.18-
0.0011C56 0.0001972 0.18
0.0008904 0.0001683 0.19
0.0004840 0.0001001 0.21
0.0012375 0.0002738 0.20
0.0003417 0.0000617 .18
0.0000697 0.0000123 0.18
0.0000G30 0.0000006 0.21
0.0000173 0.0000038 0.23
0.0000277 Q.0000065 0.24
0.000Q0270 0.0000059 0.22
0.0000274 0.0000067 0.25
NLLS EST C.V. FOR
BIAS PERCENT CORRECTED CORRECTED
STD ERROR BIAS FOR BIAS ESTIMATE
0.000001536 2.941 0.000076626 0.20
0.000003546 -0.456 0.00017737% 0.20
0.000004762 0.313 0.000259914 0.18
0.000006428 -1.129 0©0.000344453 0.19
0.000008975 2,392 Q.000423735 0.21
0.000001382 0.832 G.000067432 0.20
0.000003282 1.01% 0.000167080 0.20
0.000006180 5.815 0.000275701 0.z22
0.000007539 2.401 0.000366042 0.21
0.000010947 1.403 0.000602182 c.18
0.000019721 2.770 ¢.001046014 0.19
0.000016827 1.904 0.000857091 0.20
0.000010014 1.447 Q.000470175 0.21
0.000027381 -0.7%0 0.001358838 0.20
0.000006168 1.933 0.000328775 0.19
0.000001227 -0.166 0.000069885 0.18
0.000000065 -3.180 0©.000003179 0.20
0.000000382 2.253 0.000016543 0.23
0.000000646 3.218 0.000026007 0.25
0.000000524 2.029 0.000025924 0.23
0.000000666 1.614 0.000026502 0.25

[Le = < Yo jyte Ryt s [« Q¥ s J%e = Jte BT QT+ Jte B e o B Qe R ]
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0.00000043

C.0000205

UPPER
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2%1%
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492
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.0000%68
.0D002192
. 0003273
.0004425
.0D05552
.0000524
.0002222
.0003767
. 0005427
. 0007361
. 0013173
.0010604
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.(018513
. 0004070
.3000895
. Q000050
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. Q000378
.0000331
.Q000347
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Bootstrap Cutput Variable: N t1l
NLLS BOOTSTRAP BOOTSTRAFP C.V. FCR
ESTIMATE MEAN StdError NLLS SOLN
Age 1 5068.4 5076 .3 156.2 0.0308
Age 2 435%0.5 4457.5 1592.5 0.3627
Age 3 2242.0 2356.6 634.8 0.2831
Age 4 1160.9 1242 .4 341.0 0.2937
Age 5 454.8 263.9 157.4 0.3460
Age b 303.2 329.8 124.5 0.4105
Age 7 175.3 175.0 44 .9 0.2562
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
Age 2 7.84 15.62 0.155 5050.58 0.03
Age 2 66.90 159.25 1.524 4323.64 0.37
Age 3 114.62 €3.48 5.112 2127.37 0.30
Age 4 81.59 34.10 7.028 1079.27 0.32
Age 5 9.13 15.74 2,008 445 .63 0.35
Age & 26 .57 12.45 8.783 276.63 Q.45
Age 7 -0.28 4,49 -0.158 175.53 0.26
Bootstrap Output Variable: F t
NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN StdError NLLS SOLN
2ge 1 0.0000 G.G0000 0.0000 0.40
Age 2 0.000C0 0.0000 0.0000 0.28
Age 3 0.1299 0.1308 0.0379 0.29
aAge 4 0.3235 0.3427 0.0903 0.28
Age 5 0.2379 0.2473 0.6870 0.37
Age 6 0.2807 0.23850 0.0649 0.23
Age 7 0.28Q07 C.2950 0.0649 0.23
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
Age 1 0.0000000 0.0000000 11.102 0.0000002 0.45
Age 2 0.0000000 0.0000000 2.061 0.0000004 .28
Age 3 0.0009154 0.0037909 0.705 0.1290096 c.29
Age 4 0.0191060 0.0090312 5.805 0.3044409 0.30
Age 5 0.0093784 0.0086969 3.5942 0.2285263 0.38
Age 6 0.0142422 0.0064933 5.073 0.2664836 0.24
Age 7 0.0142422 0.0064933 5.073 0.2664836 0.24
Bootstrap Output Variable: F full t
NLLS BOOTSTRAP BOOTSTRAF C.V. FOR
ESTIMATE MEAN StdError NLLS SOLN
0.2807 0.2950 0.0649 0.23
NLLS EST C.V. FCOR
BIAS BIAS PERCENT CORRECTED CORRECTED LOWER
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE B80%CI
0.01424 C.00649 5.07 0.26648 0,24 0.189

LOWER UPPE
80%CI 80%C
4814.2 5218,
2564 .2 6190.
1308.0 2915,
683.8 1s52.
325.4 Tal.
164.4 492.
138.6 254,
LOWER UPPER
80%CI BO%CI
0.0000 0.0000
0.0000 0.0000
0.0871 0.1965
0.1845 0.4237
0.1513 0.3723
0.1885 0.3396
0.1895 0.3396
UPPER
80%CT
5 0.3396

R
L

o o n
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C.V. FOR
NLLS SOLN
.48
0.34
0.37
.10
0.30
0.11
0.11
STIMATE 80%CI
59 0.52 0.0000
29 .33 0.0000
48 0.358 0.3019
44 0.10 0.5386
71 0.29 0.5098
57 0.10 0.7693
57 0.10 0.7693
C.V. FOR
NLLS SOLN
0.23
0.16
.11
0.04
0.10
0.06
0.06
C.V. FOR
CCRRECTED LOWER
ESTIMATE 80%CI
0.23 0.0000
Q.15 0.0012
0.11 0.3506
0.04 0.8604
0.10 0.7988
0.08 0.8411
0.06 0.8411
C.V. FOR
NLLS SOLN
0.15
C.V. FOR
CORRECTED LOWER
ESTIMATE 80%CI
0.15 10937.6621
C.V. FOR
KNLLS SOLN
0.19
C.V. FOR
CORRECTED LOWER
ESTIMATE 80%CI
0.23 2547.5296

Bootastrap Output Variable: PR t
NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN StdError
Age 1 0.0000 c.ocoo 0.0000
Age 2 0.C000 C.0000 0.0000
Age 3 0.4016 0.38585 0.1484
Age 4 1.0000 0.9549 0.1022
Age 5 0.7353 0.7079 0.2237
Age 6 0.8677 0.8314 0.0543
Age 7 0.8677 0.8314 0.0943
ESTIMATE STD ERROR BIAS FOR BIAS
Age 1 0.00000 0.000000 6.73 0.000C00
Age 2 0.00000 0.000000 -3.27 0.000001
Age 3 -0.016l11 0.014837 -4.01 0.417674
Age 4 -0.048505 0.010215 -4.51 1.045051
Age S -0.02739 0.022370 -3.73 0.762695
Age 6 -0.03622 0.009426 -4.17 0.903873
Age 7 -0.03622 0.009426 -4.17 0.503873
Bootstrap Qutput Variable: PR mean
NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN StdError
Age 1 0.0000 0.0000 0.0000D
Age 2 0.0014 0.0013 0.0002
Age 3 0.3748 0.3612 0.0410
Age 4 C.8735% 0.8494 0.0338
Age 5 0.9026 G.8759 0.0934
Age & 0.9071 C.8834 0.0587
Age 7 ¢.9071 0.8834 0.0587
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS
Age 1 C.00000 0.0000000 -0.50 0.0000005
Age 2 -0.00004 0.0000218 -2.9% 0.0014208
Age 3 -0.01356 0.0041020 -3.62 0.3883452
Age 4 -0.02408 0.0033759 -2.76 0.8975813
hge & -0.02667 0.0093355 -2.95 0.9292533
Age 6 -0.02367 0.0058667 -2.61 0.9307563
Age 7 -0.02367 0.0058667 -2.61 0.9307563
Bootstrap Output Variable: Mean Biocmass
NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN StdError
14696.3238 15227.0049 2167.2455
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STE ERROR BIAS FOR BIAS
530.6811 216.7246 3.61 14165.6427
Bootstrap Output Variable: SSB f mean
NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN StdError
3605.2593 4297 .8627 670.4795%
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS
692.603 67.048 19.21 2812.656

UPPER
80%CI
.0C00
L0000
.8742
L0000
.0000
.5848
. 9848

oo +H+HCO

UPP
80%
G.

0
0
0.
0
0
0

UPPER
80%CI
16395,

UPPER
80%CI
3711.4

ER
CI
0000

.0019
.4868

8902

.9885
.9614
.9614

5087

627
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Bootstrap Output Variable: SSB spawn t

NLLS BOOTSTRAP BOCTSTRAP
ESTIMATE MEAN StdError
8178.8261 8495.8262 1257.3919
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS
317.00 125.74 3.88 7861.83
Boctstrap Output Variable: Jan 1 biomass
NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN StdError
14743.7195 15242.0697 2036.2864
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS
498 .35 203.63 3.38 14245.37

Sci. Council Studies, No. 36, 2003

C.V. FGR
NLLS S50LN
0.15
C.V. FOR
CORRECTED LOWER
ESTIMATE 80%CI
0.16 6032.3126
C.V. FOR
NLLS SOLN
0.14
C.V. FOR
CORRECTED LOWER
ESTIMATE 80%CI
0.14 11483 .96

UPPER
80%CI
9442.0787

UPPER
BO%CI
16397.45
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Appendix 3: St. Andrews (S. Gavaris) Version of ADAPT

Estimation of Population Abundance

by

Denis Rivard
Fisheries Research Branch, Department of Fisheries and Oceans
200 Kent Street, Ottawa, ON Canada K1A 0E6

and

Stratis Gavaris
Marine Fish Division, Department of Fisheries and Oceans
Biological Station, 531 Brandy Cove Road, St. Andrews, NB, Canada E5B 2L9

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 prablem. 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 tast 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, 199%a) 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, UUSA) application, e.g. a spreadsheet, through the Windows Clipboard or they could be leaded 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.xls". 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 resuits 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
casy 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 vou 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 vou in completing the tutorial, the “completed”
spreadsheet is given in the file "ADAPT Template — Example.xls".]

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 vour 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-P359 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

BS First age-group in index

Bo6 Month of survey

B12-Bé61 Effort data (optional)

E12-561 Catch-at-age data, in number of fish. (optional)

E67-8116 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 vou 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

EI121-8170 Weight at age corresponding to your index. Required if the
index is meant as an index of biomass.

E181-8230 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 (S8B) 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:

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:

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 aplwrexe and ADAPT. W3 should

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

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.

Ll

Highlight the cells A9-K42, which contain the data.

[Note: Row 42 contains the "vear"” label followed by "blank"” entries for each age. It is important
ta 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.

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

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
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Input the indices ar age:

11.
12,
13.
14.
15.
16.
17.
18.
19,

20.

Go to Excel.

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

Highlight the cells D66-186 which contain the data.

Copy to the Clipboard.

Go to ADAPT.

Select Insert.

Select "From Clipboard™.

Select "Index”.

Select "Pop. Nambers”.

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 fo this message.

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

207

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 Black{in 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.

22.

23.

24,

25.

26.

27.

In ADAPT:

Select Setup.

Select "VPA",

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 abuadance corresponding to the cell(s) identified, b) to assign a fix value to the
abundance corresponding to these cells, or ¢) to base the calculation of abundance on the fishing
mortality-at-age.

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 caiculation of these cohorts.

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.

Click the box corrésponding te 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 500¢ 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 cach of the cells corresponding to ages 4, 5 and 6, enter the value of 1 (wmity). Select OK.
31. You will be prompted to select the method to average these fishing mortality values (unweighted
or weighted by popalation 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 preseated 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 corer of the
template and "Shifi-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 | 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 specifving 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, seiting 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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Warnings:

It is recommended that you assign fixed cohorts first, then the cohorts to be
estimaied, 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 represeated in
one of the indices. I 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 thaa the catch namber or you will get a computation error.

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

In ADAPT:

Select Setup.

Select "Catchability model”.
Select "Pop. nambers".

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

209

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 generaily takes a few seconds. The arrow cursor changes io 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:

32. In ADAPT:

53. Select "Compute".

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

55. Select "VPA bias adjusted"”.

36. 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.



APPENDIX 3: Estimation of Population Abundance with ADAPT 211

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. 1In Excel:

69. Go to the "WS-Res" sheet (Working Sheet — Residnals), 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
("TanX").

70. Go to D3. De "Cirl-Shift-Down Arrow”, followed by "Shift-F8".

71. Gao to 13. 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 83. Do "Ctrl-Shifi-Down Arrow", foliowed by "Shifi-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 te 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 mode! for some indices, ete.).

Correlation matrix of parameter estimates
77. In ADAPT:
78, Select "Output”.

79. Select "To Session log”.
30

81

. Select "Correlation (parameter)”.
. 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 “absclute 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 .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 io 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.

92,

93,
94.
935.

In ADAPT:

Select "File™.

Sclcct "Save”.

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

The ADAPT work file has been saved. The work file contains all data and results to date. Yeu 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
namber, e.g. fileX. aw?2. :

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.
97.

98.

929

160.

In ADAPT:

Select "Output”.

Select "To Clipboard”.

Select "Session log”.

The Session log will be copied fo 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"in 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

dN
L (F+MN
7 =~ P+ M)

“C_ v
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).

_(F:u"‘Ma.r )A"

Na+A:,:+Ar = Na,re

_ F;JNN&J (1 _ e‘(ﬂ,ﬁMa.: Jas )
“T (R, M, A

a

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 Ar 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.¢. the catch equation may be applied deterministically. This form of population
dynamics model oniy 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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£, :ZN,R,.E /2 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 @’. Let 4 represent the oldest non-plus group age e.g. 4 is 9 then ¢4+/)’is 10+ and
A’ is 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, y,. We can compute

_ {Fy M A, ~F a1y 1+ My 10
Noguy2 =N, e + Ny, €

and
_ ~{E M A
NA,2 = NA—l,le -

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. Soive for F A7 using C 4o and N (44T
in the catch equation. Then

FA,T‘—] = FA’.T—i (C(A+l)',]"-1 + Rr'CA‘T—l )/Rr‘CA'.T'-l

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

Niri=Cyr, (FA.'I'—I +M, ., )/FA.T—I (l_en(m'riﬁMA'ril W, )

Also FE Aty = R.F ar- therefore N( A+1y. 71 <an 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',r = qa'Pu',r

where a'is a single age or an aggregate of ages, / . is the index for age(s) a’at time ¢ and P, is the population
(numbers, biomass or spawning biomass) for age(s) ¢’ at time ¢. In addition to the more common proportional
model, two other models are implemented, a power model
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_ o
Ia"! - qa'Pa',i

and a time trend medel

1 P (qa'/B o )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.

Vg =InN ;. for survivors being estimated
Kiy= Ing s Tor each age specific or age aggregated index, s
Hyp= InM o for designated age/time blocks if M is estimated

P =InR, for designated time blocks if F ratios on plus group is estimated

Solve for the parameters by minimizing the objective function

)= 2. 0F =Xt (&, +ian,, )}

8.4t 5.8, s.at

where @ 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, N, 4 (t;, 4, f)) but for convenience, it is abbreviated by Na), .
At time ¢, the population abundance is obtained directly from the parameter estimates, Nar.,. =¢"“*  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 N, as - A Levenberg-Marquardt nonlinear minimization is used
to obtain the least squares estimates of parameters.

Statistics for model parameters and for interest parameters, ¢.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, 8, is estimated using the common linear approximation (Kennedy

and Gentle, 1980, p. 476)
covlf)= 2|7 @) 6)

where &? is the mean square residual and J (é) is the Jacobian matrix of the vector of residuals. The variance
of an interest parameter, 7j =g 9]‘) where g is the transformation function, is estimated using the Delta
approximation (Ratkowsky 1983).
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Var(f) = trlGGT cov(Q)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:

Bias(a)=-7ﬁ(gjf. At (a)]“ [; J (@)}7 (;J,. G (@)]‘H,. )

where .J, (é) =.J r(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(fi) = GTBias(é)+ ter 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 7} 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, modei-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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