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1. Abstract

We address the problem of estimating stock dynamics parameters with partial information on catches at age. We
use models assuming separability of fishing mortality by year and by age, and apply these in either maximum-
likelihood or Bayes statistical frameworks incorporating a random walk in fishing mortality. We use three
approaches to estimating selection parameters, either assuming these are fixed parameters estimable from selectivity
experiments, or estimating them from either Canadian or total international catches at age for the years in which
these data are available. Results are generally similar, indicating that fishing mortality increased about threefold
during the early 1990s but has returned to approximately its previous level since 1994. Biomass declined from 1978
until about 1994 and increased afterwards, concomitant with an increase in recruitment snce 1994. Corresponding
forecasts of F-status quo catches in 2001 range from 30 000t to 55 000t.

2. Introduction

The assessment of Greenland halibut (Brodie et al. 1998) is presently beset by a number of problems of missing
data and complicated structure. This results in an essentially subjective decision being made about the state of the
stock and about any suitable catch option.

It could be helpful to bring together beliefs about the stock, and the available data, in a modelling framework that
allows joint inference to be made about interest parameters such as trends in biomass and in fishing mortality. This
approach is conceptually similar to the 'stock synthesis' approach, where a case-specific model and likelihood
function are written to describe the available data.

We explore a number of models in which uncertainty is admitted and in which prior beliefs about various
parameters are stated explicitly. A Bayes MCMC approach is used to evaluate the precision of the various estimates.
We begin with a simple model based on the approach of de Cardenas et al. 1999, and from this base we further
develop model complexity and also inculde additional sources of information. We also report on some trials made
using a similar model in a maximul-likelihood approach, where we incorporate the latest information.



3. Model Development

We begin by formulating a model similar to that of de Cardenas et al. 1999, but in a Bayes time-series framework
and with a slightly different parameterisation. Due to the large computational overhead of the method, we also
investigate a maximum-likelihood approach with a similar structural model.

To fit our models, we take observations of survey abundaces at age and weights at age from Table 22 of Brodie et al.
1999, for ages 1 to 16 only and for years 1978 to 1998. Zero observations were treated as missing values. Records of
catches are taken from table 1a form the same source. Canadian catches at age were taken from Table 6 of Brodie et
al. 1998. Total international catches at age are taken from Table 4 of Bowering et al. (1996). Standardised survey
data for 1999 were kindly provided by R. Bowering (pers comm.).

We have conventionally assumed a natural mortality of 0.2 for all ages and for both sexes and all areas.

For the Bayes models, we computed posterior distributions by MCMC numerical integration using the "WinBUGS"
software package (Spiegelhalter et al. 1995). For the simpler model, a single chain was run for 12000 iterations and
the first 6000 iterations were discarded as a "burn-in period". This choice was made by visual inspection of the chain
only. Further diagnostics of the application of the methods are relegated to a technical appendix.

3.1 Bayes TS approach, Structural model for Survey and Landings Data, Selection assumed known

Denote the annual fishing mortality as F, , the selection at age (=partial recruitment) as S, and mean weights at age
in the catch as W,,. Abundance at age is represented by N, , ,natural mortality as M, , catches at age by C,, and
total yield in weight by Y. The survey catchability is represented by q,. Population dynamics are then modelled

according to the conventional model assuming constant selection in the commercial fishery (Fournier and Archibald,
1982):

Nowyu=N..exXp -F.,-M.,)

F..,=F.,S.
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Expected values from an age-structured survey U are calculated as

l}a,y = qa N“,,V

This approximation only holds where fishing mortality changes little between years, and is made to reduce the
computational burden in the Bayes calculation. In the years 1992 to 1995 the assumption may introduce some bias.
We add the structural assumption that F by year varies according to a random walk having lognormal distribution
with variance T*:

F.=F, expy } w-Nb )

where N(mean,variance) represents the normal distribution. Note that the plus-group is not included in the above
formulation. The approach is generally similar to that of Cook (1997), although rather than fixing an arbitrary
smoothing parameter here we estimate probability distributions conditional on the assumption that the 'smoothing
parameter' has unknown value but describes a random walk process with lognormal errors.



3.1.1 Observation Model

De Cérdenas (1999) used data on two sources : landings and age-structured surveys. In the simplest case, we assume
landings are measured precisely but we admit uncertainty in the survey observations and in the variance of these
observations. As is conventional, a lognormal error-distribution model is assumed. The logarithm of the likelihood
of the data given the structural model is modelled as:

3.1.2 Constraints

In the formulation of de Cardenas et al. (1999) survey catchability are not estimated, but selection at age by the
commercial fishery are not estimated. Here however, in the first step of the analysis we assume that selection at age
is known from the characteristics of the commercial fishing gear in operation. This assumption is introduced early
for simplifying purposes, the intention being to relax this assumption later. Values for selection are initially taken
from Table 1 of de Céardenas et al. (1999).

We further constrain S(16) = 1.

3.1.3 Priors for the analysis

We have chosen uniform priors on a logarithmic scale for the parameters qa, N, 1973 and N, , with the intention of
representing prior ignorance about these values. We assign a prior for the logarithm of fishing mortality in F in 1978
as as having mean -1.2 and variance 1, being also very weakly informative.

Unrestrictive, reciprocal priors were chosen for both variance terms 1> and 0%

3.2 Bayes TS approach,Structural model for Survey and Partial Catch-At-Age Data, Selection Estimated
Selectivity as measured in a trawling experiment may not adequately reflect the effective selectivity of the fishing
fleet due to diversity of gear types, targeting practices, and size-selective migration of the fish. We attempt to relax
the assumption that selectivity is known precisely by introducing a structural model of selectivity and associated
observations, and to estimate the selection parameters. To do so, we introduce observations of catches at age from
the Canadian fleet from 1988 to 1994 (from Table 2 of Bowering et al. 1996). The structural model of selection is a

simple separable model, with a weighted-normal approximation to a multinomial distribution (Haist et al. 1993;
Patterson, 1998). The contribution to the likelihood function is :

(\Pa»y_]ga,y)Z
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in which the weighting term & is given as

¢ =d'lp. L-p Jr0.01)

where P, , represents the proportion by number of fish in the commercial catches at age, from 1988 to 1994 and
from ages 5 to 16.

In addition a small change was made to the fishing mortality model, in that instead of assuming a simple random
walk in F (with zero expectation in the error term) an underlying linear trend in the F process was assumed:



F,=Fu*y 0-1979exp (¢ )

where v is an additional estimated parameter and v is assumed distributed with mean zero and variance t°.

However, as landings are taken as fixed in both models, the cosntraining effects of the landings would tend to
overwhelm the relatively weak structural assumptions about F that are made here.

In this formulation we introduce new parameters: a term representing the variability of the catch-at-age
observations c.’, (with unrestrictive prior a 1/ 6.> [but see appendix 1]) and a selection vector S (with unrestrictive
uniform priors).

3.3 Maximum-Likelihood Approach, Structural model for Survey and International Catch-At-Age Data,
Selection Estimated

Shortly before the meeting, survey data for 1999 became available. Due to computational time constraints it was
impractical to repeat the Bayes analyses as above. Instead, a similar model was written and fitted in a maximum-
likelihood framework. With the same structural model, a nonlinear least-squares approximation to maximum
likelihood was used. The term minimised was :

An adaptation of the ICA' programme (Patterson and Melvin, 1996) was used. Standard outputs and residual plots
are given in Appendix 2. The factor 10 is used to constrain modelled landings to reported landings for the period in
which catch-at-age data are not available. Two variants were used, one, as described above fitted to the total
international catches at age from 1978 to 1988, to the survey information from 1978 to 1999 and to landings from
1978 to 1998. In the second, the model was fitted to Canadian catches at age (raised to the level of reported
international landings) from 1988 to 1997, the remaining information being used in the same way. A, are weighting
factors subjectively chosen as =0.1 for age 1, O.5 for age 2, to represent a belief that time-trends in recruitment
indices may be less reliable than for other ages, on account of possible uncertainty in the standardisation of research
vessel indices after a change in fishing gear.

4. Results
4.1. Results Using Only Catch and Survey Data (Bayes TS model)
A summary of the principal stock dynamic parameters estimated using the simple model is given in Figure 1. This
indicates generally similar trends in biomass and fishing mortality to those estimated by de Cardenas et al., albeit

with considerably narrower confience intervals than were calculated using the Monte-Carlo simulation used therein.

The percentiles of the distributions of the estimated process (1) and observation-error (0°) parameters were:

5% 25% Median 75% 95%
Process error 31.75 0.26 0.18 0.15 0.12
)
Observation 0.92 0.81 0.76 0.72 0.62
error (07)




This indicates that the log. variance of the survey is estimated to be of the order of about 0.6 to 0.9, which is an
unexceptional range for an age-structured assessment. The log-scale process error estimate has 50th percentile range
0.26 to 0.15, suggesting an interannual variability in F of the order of 15 to 25%. This value also seems
unexceptionable.

4.2. Results Using Catch, Survey Data, and Catch-at-age Data (Bayes TS Model)

Results obtained by relaxing the assumption of known selectivity are given in Figure 2. These results are generally
similar to those obtained with the simple model, but the computational overhead was significantly greater.

The posterior distribution of catches in 1999 corresponding to F-status quo fishing mortality based on this model are
given in Figure 3; some percentiles of this distribution are also given in the text table below:

Expected | 5% 25% Median 75% 95%

F-status-quo 19 300 18 500 19200 | 19 800 20400 21 300
catch

This model returns apparently reasonable results in that :
- Recruitment estimates are somewhat higher in 1994-1996 at age 1.
- F-status quo catches are estimated to be slightly higher than recent catches, as these recruitments enter
the fishery.
- The pattern of fishing mortality generally follows the pattern of catches
- Biomass shows a declining trend over the period of the data, which is reversed when quota controls were
imposed and recruitment improved.

These trends concord with previous belief about the dynamics of this stock.
4.2. Results Using Catch, Survey Data, and International Catch-at-age Data (ML Model)

Summary results are provided in Figure 4. Compared with the foregoing models, this model fit shows some
similarities and some differences. As in the foregoing models, fishing mortality is stable in the period 1978 to 1985,
then increases rapidly, followed by a decline after 1994 to the levels observed previously. Trends in recruitment and
biomass are similar, but more extreme: the decline in biomass is much more pronounced, and the strength of the
1994 to 1997 year-classes is relatively greater. This greater variability in the results compared with the foregoing
may be due to the lack of integration over the observation-error and process-error terms, which will tend to 'smooth'
the results - introducing a process error is somewhat akin to 'shrinkage'.

Summary results are shown in Figure 4 and in detail in Appendix 2. Estimates of F-status quo catches from this
model are 31 000t in 1999, 41 000t in 2000 and 55 000t in 2001.

4.3. Results Using Catch, Survey Data, and Canadian Catch-at-age Data (ML Model)

The above analysis was repeated using the Canadian catch-at-age data for the period 1988 to 1997. Detailed results
are given in Appendix 3 and summary results are given in Figure 5. Trends in results are similar to those obtained
with the Bayes-TS model, but are more "noisy". The estimate of F-status-quo catches are 20 600t in 1999; 24 900t
in 2000 and 30, 000t in 2001. Scaling of fishing mortality is however very different, suggesting the assessment is
very sensitive to assumptions made about selection at the oldest ages.

5. Discussion

This exercise introduces a class of simple Bayes time-series models and maximum-likelihood separable models with
missing observations with apparently plausible results. We do not claim this approach has yet been thoroughly tested
nor evaluated, but we indicate that this class of modelling approach may prove useful in data-poor situations.

The modelling approach used here is based on the assumption that selection remains constant. In this fishery,
selection is likely to depart from a simple flat-topped exploitation pattern and also is liable change markedly over
time. This is because different gill-net fisheries operating with various mesh sizes have developed in different
regions. Under such circumstances, there is significant risk that perceptions of long-term trends in biomass may be
strongly dependent on selection pattern assumptions. It would be highly preferable to develop this approach by



fitting separate selection models to separate fleets which are known to have operated homogeneously for particular
periods of time.

We have investigated the implications of using each of two data sources that provide information on selection - the
historic international catches at age from 1978 to 1988 and the Canadian catches at age from 1988 to 1997. The
implications of assuming that either of these represent the selection by the fishery both historically and in 1999 and
2000 are rather different. Both the Bayes-TS and ML models using the Canadian catches at age indicate an F-status
quo catch of about 20 000t in 1999, and plausibly also some 25 000t in 2000 and 30 000 in 2001. In contrast, the
model representing fishery selection using the historic international catches at age indicates F-status quo catches of
31 000t in 1999, 41 000t in 2000 and 55 000t in 2001. Both models indicate that increasing recruitment will lead
to increasing catches at constant fishing mortality, but the rate and extent of the increase depends strongly on the
selection pattern which is estimated.

Results obtained here are conditioned on the assumption that selection pattern in the fishery during unsampled
periods can be represented using information from the sampled periods, be it using information from the Canadian
fishery 1988 to 1997 or using information from the international fishery from 1975 to 1988. This assumption is
likely to be false to a greater or lesser extent, as selection is likely to have changed due to a change in the dominant
gear used in the fishery, being a change from gillnetters to offshore demersal trawlers in the early 1990s. Such
change in selection may have resulted in a failure adequately to represent the increase in abundance seen in the
trawl surveys. Marked residual trends appear in ages up to 5 (Figures A3.1 to A.3.5). For example, the offshore
trawl fleet also catches 4 year old fish (e.g. p. 104 of Anon. 1996; Fig. 6 of de Cardenas, 1999) , and such catches
are not represented in the data sources used here

We consider our preliminary results to be indicative of historic trends in stock dynamics parameters and in
estimating "status quo" catches. This fishery exploits a stock in which older fish (and especially males, de Cardenas,
1997) appear to be lost from the fishing area. As such, parameters of selection, emigration, catchability at age and
natural mortality are extremely difficult to estimate independently. For this reason, we consider these results should
not be used as measures of absolute biomass, fishing mortality or catchability. Additionally, we have here used a
conventional value for natural mortality = 0.2 rather than the value of 0.15 which has previously been used for this
stock.

Reference points

The estimate of the absolute value of fishing mortality is strongly dependent on the assumed selection pattern and
reliable estimates cannot be provided. Estimates of absolute biomass, strongly correlated with these parameters, are
similarly unreliable. However, historic trends in biomass and fishng mortality are thought to be more reliable.

For the reason stated above we do not advocate the use of model-specific reference points as absolute values.
Changes in selection assumptions are likely to result in large changes in perceptions of absolute values of biomass.
However, we note that there was not any apparent decline in recruitment when stock size reached its lowest level in
1994, and that the biomass in 1994 could therefore serve as a reference for a biomass to be avoided.

Stock sizes appear to have declined when fishing mortality was stable in the period 1978 to 1989, but stock size also
appears to have recovered when fishing was reduced to a silimar level after 1995. It may be appropriate to use this

level as a reference value which should not be exceeded.

Calculation of other reference points is not attempted because of the uncertainties relating to the appropriate way to
estimate selection.
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Figure 1. Greenland Halibut. Summary results of fitting the simple model, which is conditioned on
knowing the selection pattem precisely.
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Figure 2. Greenland Halibut. Summary results of fitting the Bayes Time Series model in
which selection is estimated and Canadian catches at age from 1988 to 1994 are used.
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Figure 4. Greenland Halibut. Summary results of fitting a maximum-likelihood model in
which selection is estimated from international catches at age from 1978 to 1988.
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Appendix 1. Technical Details of Bayes-Time Series model implementation.
1. Model Definition and Specification of Priors

model

{

# Set up the Canadian N-at-age from reported catch at age

Nmulti<-1

for (year in 11:maxyear-1) {
CanadaSumlyear]<-sum(CanadaCN][year, ])
for (age in 1:maxage) {
CanadaMN][year,age]<-CanadaCN[year,age]/CanadaSum[year]*Nmulti }}

# the F as random walk with unknown mean, variance, around long term trend

ReferenceF[1]<-exp(StartF)

for (year in 1:maxyear-1) {
Error[year] ~dnorm(logFslope,ProcessErrorTau)

ReferenceF[year+1] <- ReferenceF[year] * exp(Error{year] )}
# define the F matrix
for (age in 1:maxage-2) {
for (year in 1:maxyear) {
F[year,age]<-ReferenceF[year] *(S[age]) 1}

for (age in maxage-1:maxage) {
for (year in 1:maxyear) {F[year,age]<- ReferenceF[year]} }

# define matrix of Z
for (age in 1:maxage) {
for (year in 1:maxyear) {
Z[year,age] <- F[year,age]+M } }

# define the starting populations to use for each cohort

for (year in 1:maxyear) {N[year,1]<-exp(Recruits[year])}
for (age in 1:maxage-1) {N[1,age+1]<-exp(BeginN[age])}

for (year in 1:maxyear-1) {
for (age in 1:maxage-1) {
N[year+1,age+1]<-N[year,age] *exp(-Z[year,age]) I
# define the landings predictions
for (age in 1:maxage) {
for (year in 1:maxyear) {
CN[year,age] <- F[year,age]*N[year,age]*(1-exp(-Z[year,age]))/ (Z[year,age])
CNCW/[year,age]<-CN[year,age] * CW[age] }}
# define the F-status quo catch forecast, assumes average recruitment

RecruitmentForecast<-mean(Recruits[])
CNForecast[1]<-F[maxyear, 1]*RecruitmentForecast*(1-exp(-Z[maxyear, 1]))/ (Z[maxyear,1])

for (age in 1:maxage-1) {
CNForecast[age+1]<- F[maxyear,age]*N[maxyear,age]*(1-exp(-Z[maxyear,age)))/ (Z[maxyear,age]) }

for (age in 1:maxage) {
ForecastCatchlnWeight[age]<-CNForecast[age]*CW/[age] }

F.StatusQuoCatch<-sum(ForecastCatchinWeight[] )

for (year in 1:maxyear){
LAPred[year] <- log(sum(CNCW|year, ]) )
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LA[year]~dInorm(LAPred[year], tau.c) }
# define the expected proportions in the total international catch at age

for (year in 11:maxyear-1) {
CNTotal[year] <-sum(CN[year, ])
for (age in 5:maxage) {
CNProportion[year,age] <-CN[year,age] /CNTotal[year] !

for (year in 11:maxyear-1) {
for (age in 5:maxage) {
ApproxTau[year,age]<-(1/(CNProportion[year,age]*(1-CNProportion[year,age])+0.01))*CNTauScaling
CanadaMN][year,age ] ~dinorm(CNProportion[year,age ], ApproxTau[year,age]) }}

# define the survey predictions
for (age in 1:maxage) {
for (year in 1:maxyear) {
Upred|[year,age]<-exp(Q[age])*N[year,age]
U[year,age]~dinorm(Upred[year,age], tau.u) }}

# define the exploitable biomass
for (year in 1:maxyear) {
BiomassAtAge[year,maxage] <- N[year,maxage]*CW[maxage]
BiomassAtAge[year,maxage-1] <- N[year,maxage-1]*CW[maxage-1]

for (age in 1:maxage-2) {
BiomassAtAge[year,age] <- N[year,age]*CW/[age]*S[age] }}

for (year in 1:maxyear) {
ExploitableBiomass[year]<- sum(BiomassAtAge[year, ])}

# priors for the parameters

StartF ~dnorm(-1.2,1)

logFslope~dunif(-0.29, 0.22)

for (age in 1:maxage) { Q[age] ~dnorm(-9.72, 0.0625) }

BeginN[1] ~dnorm
BeginN[2] ~dnorm
BeginN[3] ~dnorm
BeginN[4] ~dnorm
BeginN[5] ~dnorm
BeginN[6] ~dnorm
BeginN[7] ~dnorm(11.3,0.0012)

BeginN[8] ~dnorm(11.2,0.0012)

BeginN[9] ~dnorm(11.0,0.0013)

BeginN[10] ~dnorm(10.8,0.0013)
BeginN[11] ~dnorm(10.7,0.0013)
BeginN[12] ~dnorm(10.3,0.0013)
BeginN[13] ~dnorm(10.2,0.0013)
BeginN[14] ~dnorm(10.0,0.0013)
BeginN[15] ~dnorm(9.8,0.0017)

12.4,0.001)
12.4,0.001)
12.4,0.001)
11.9,0.001)
11.7,0.001)
11.5,0.001)

AAAAAARAADN

for (year in 1:maxyear) {
Recruits[year] ~dnorm(12.61,0.001) }

tau.c ~dunif(1000,1001)
ProcessErrorTau~dunif(0.1,50)
CNTauScaling~dunif(0.01,50)
tau.u~dunif(0.1, 50)

S[1]<-0.001
S[2]<-0.001
S[3]<-0.001
S[4]<-0.001

for (age in 5:14) {
S[age]~dunif(0.01,3)}

}
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# For reasons of space, data definitions are not printed here but are available from the author.
2. MCMC Convergence diagnostics

Figure Al.a. Time series of F status quo catch in 1999
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Figure A1.b. Time series of deviance
deviance
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Figure Al. c. Time series of the estimate of the reciprocal of the process error variance

ProcessErrorTau
20.0f
15.0f
10.0}
5.0F
0.0
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Figure Al. d. Time series of the estimate of the reciprocal of the survey observation error variance

tau.u
144
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iteration

Figure Al.e. Time series of the estimate of the scaling factor for the normal approximation to multinomial errors in
the catches at age.
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Figure A1.f. Time series of the estimate of exploitable biomass in 1998.
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Figure Al.g. Time series of the estimate of fishing mortality at age 15 in 1998.
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Figure A2. a. Matrix of correlations between Fishing mortality in 1978-1998 (Y-Axis) and Exploitable Biomass in

1978 - 1998 (X-Axis)
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Figure A2. a. Matrix of correlations between Fishing mortality in 1978-1998 (Y-Axis) and Exploitable Biomass in
1978 - 1998 (X-Axis)
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As with many MCMC processes, it is difficult to ascertain with certitude that the process has properly converged. In
this case, the remaining apparent serial correlations in exploitable biomass and fishing mortality (Figure Alf and
Alg) suggest that it would have been preferable to extend the analysis for a greater number of simulations in order
to estimate the percentiles of the distributions more accurately. This regrettably was not possible due to time
constraints. However, we note that:

- The lack of trend in deviance suggests the process is stable around a likelihood maximum;

- close positive correlations between the biomass estmates in various years (Figure A2.a) suggest that
reasonably robust statements can be made about trends in biomass, if not in the actual distributions of biomasses;

- Stationarity in the F-status quo catch estimates (Figure Al.a) suggests that reasonable reliance can be
placed on the estimated distribution of this parameter, subject of course to structural uncertainties.

It may also have been appropriate to specify a wider prior range for the CNTauScaling parameter
(Figure Al.e).
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Appendix 2. Summary Results of Maximum likelihood model fit using total international catches at age from 1975
to 1988.

Greenl and Hal i but in 2+3KLMNO

AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ e o e el
1 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
2 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
3 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
4 | 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
5 | 3.02 2.18 0.20 0.81 0.24 0.77 0.86 1.66 0.24 0.13 0.27 0. 00 0. 00 0. 00 0. 00
6 | 8.51 7.98 2.03 4.24 2.02 3.89 2.21 4. 45 1.96 1.78 2.90 0. 00 0. 00 0. 00 0. 00
7 | 9.07 11.73 8.91 9.21 5.55 10.71 5.56 4.96 5.60 10.29 7.41 0.00 0.00 0.00 0.00
8 | 7.66 5.61 9.43 10.75 5. 06 8.21 7.31 2.93 4. 45 8.36 3.99 0. 00 0. 00 0. 00 0. 00
9 | 2.90 1.07 5.26 4.04 3.11 2.51 3.89 1.16 1.28 2.65 1.17 0. 00 0. 00 0. 00 0. 00
10 | 1.45 0.44 3.73 0.84 1.48 0.76 1.20 0.43 0.41 0. 80 0.42 0.00 0.00 0.00 0. 00
1 | 0.73 0.26 0.99 0.24 0.52 0.23 0.39 0.13 0.21 0.36 0.18 0. 00 0. 00 0. 00 0. 00
12 | 0.37 0.14 0.13 0.13 0.23 0.08 0.14 0.08 0.12 0.26 0.10 0. 00 0. 00 0. 00 0. 00
13 | 0.23 0.13 0.05 0.04 0.14 0.12 0.10 0.07 0.06 0.21 0.10 0.00 0.00 0.00 0.00
14 | 0.11 0.08 0.01 0.03 0.07 0. 09 0. 06 0. 04 0. 05 0.16 0. 06 0. 00 0. 00 0. 00 0. 00
15 | 0. 06 0.08 0.01 0.02 0. 06 0.07 0.07 0. 02 0.03 0.10 0. 05 0. 00 0. 00 0. 00 0. 00
16 | 0.05 0.06 0.00 0.01 0.03 0.01 0.03 0.01 0.02 0.05 0.01 0.00 0.00 0.00 0. 00
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e
x 10 ~ 6
Catch in Nunber
______ e e e e e il
AGE | 1993 1994 1995 1996 1997 1998
______ e o e e e il
1 0.00 0.00 0. 00 0. 00 0. 00 0. 00
2 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
3 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
4 | 0.00 0.00 0. 00 0. 00 0. 00 0. 00
5 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
6 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
7 | 0.00 0.00 0. 00 0. 00 0. 00 0. 00
8 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
9 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
10 | 0.00 0.00 0. 00 0. 00 0. 00 0. 00
1 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
12 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
13 | 0.00 0.00 0. 00 0. 00 0. 00 0. 00
14 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
15 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
16 | 0.00 0.00 0. 00 0. 00 0. 00 0. 00
______ e ot e il
x 10 ~ 6
Predicted Catch in Nunber
______ e o e e E e e eiiiioo-.
AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ o e e e e e e e e e e e e e e e e e e e e e e e e e s
1 | 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0
2 | 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0
3 | 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0
4 | 0. 0. 0 0 0 0 0. 0. 0. 0. 0 0. 0 0 0
5 | 746. 570. 399. 498. 351. 519. 802. 697. 342. 748. 1089. 957. 1414. 2476. 889
6 | 4549, 3464. 2839. 3143. 2974. 2562. 4038. 3865. 4168. 4080. 4817. 3536. 10801. 9648. 15489
7 | 30211. 19549. 17083. 21132. 17892. 19911. 16942. 17784. 21608. 36819. 18334. 13834. 29068. 49080. 38944
8 | 19630. 10370. 9009. 12506. 11096. 11043. 11127. 5901. 8884. 15765. 9400. 3132. 9062. 7230. 9634
9 | 5115. 2574. 1936. 2874. 2719. 2922. 2616. 1485. 1212. 2960. 1456. 511. 922. 814. 478
10 | 1591. 1165. 762. 942. 993. 1133. 1147. 609. 493. 669. 575. 166. 255. 178. 125
1 | 511. 335. 305. 328. 291. 374. 415. 248. 183. 264. 137. 65. 81. 53. 30
12 | 262. 210. 164. 239. 190. 203. 257. 176. 140. 181. 113. 33. 59. 35. 20
13 | 165. 98. 94. 118. 126. 121. 127. 99. 90. 126. 69. 25. 28. 23. 12
14 | 118. 57. 40. 62. 57. 74. 70. 45. 47. 76. 45. 14. 19. 10. 7
15 | 51. 48. 27. 31. 35. 39. 50. 29. 25. 45. 32. 11. 12. 8. 4
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age
from 1975 to 1988.

Predicted Catch in Nunber

AGE | 1993 1994 1995 1996 1997 1998
______ e o e il
1 | 0 0 0 0 0 0
2 | 0 0 0 0 0 0
3 | 0 0 0 0 0 0
4 | 0. 0. 0. 0. 0. 0
5 | 474. 647. 376. 345. 642. 648
6 | 3924. 4293. 1848. 2515. 2027. 3675
7 | 51003. 22166. 10305. 10609. 12887. 10425
8 | 6287. 17220. 2485. 4800. 4301. 5459
9 | 483. 845. 532. 473. 772. 728
10 | 56. 131. 64. 172. 132. 221
11 | 16. 16. 10. 20. 45. 35
12 | 8. 9. 3. 6. 10. 23
13 | 5 4 2. 2 3 5
14 | 3 2 1. 1 1 1
15 | 2 2 0. 0 0 0
______ e o e e e el
x 10 ~ 3
Weights at age in the catches (Kg)
______ e o e e e il
AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ e o e o e e el
1 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 O0.0000 0.0000 O0.0000 0.0000 0.0000 O0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000 0.0000 O0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000
3 | 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
4 | 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220
5 | 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830
6 | 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810
7 | 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090
8 | 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640
9 | 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500
10 | 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270
11 | 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040
12 | 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960
13 | 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410
14 | 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430
15 | 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580
16 | 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000
______ o o o e o e e e e e e e e e
Weights at age in the catches (Kg)
______ e e e e il
AGE | 1993 1994 1995 1996 1997 1998
______ e e e e il
1 | 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 | 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
4 | 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220
5 | 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830
6 | 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810
7 | 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090
8 | 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640
9 | 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500
10 | 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270
11 | 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040
12 | 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960
13 | 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410
14 | 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430
15 | 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580
16 | 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Weights at age in the stock (Kg)
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Proportion of fish spawning

AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ o
1 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 | 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
4 | 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
5 | 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300
6 | 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 O0.0500
7 | 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800
8 | 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
9 | 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200
10 | 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800 0.4800
11 | 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200
12 | 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 0.7400 O0.7400
13 | 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200
14 | 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900
15 | 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200
16 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

AGE | 1993 1994 1995 1996 1997 1998
______ e e e e e e e e e eeeaaaaaas
1 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 | 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
4 | 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
5 | 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300
6 | 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
7 | 0.0800 0.0800 0.0800 0.0800 0.0800 0.0800
8 | 0.1800 0.1800 0.1800 0.1800 0.1800 O0.1800
9 | 0.3200 0.3200 0.3200 0.3200 0.3200 0.3200
10 | 0.4800 0.4800 0.4800 0.4800 0.4800 O0.4800
11 | 0.6200 0.6200 0.6200 0.6200 0.6200 0.6200
12 | 0.7400 0.7400 0.7400 0.7400 0.7400 O0.7400
13 | 0.8200 0.8200 0.8200 0.8200 0.8200 O0.8200
14 | 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900
15 | 0.9200 0.9200 0.9200 0.9200 0.9200 0.9200
16 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1]

2

3 |

4

5

6 |

7 | . . . .

8 | 19.17 9.98 11.10 15.61 41.24 39.42 27.03 17.03 22.14 25.79 12.23 9.60 6.20 2.38 1.07
9 | 9.94 4.78 4.96 7.02 16. 57 15. 22 13. 06 7.98 6.55 9.43 3.13 2.85 1.50 0.64 0.14
10 | 7.37 4.57 3.89 4.21 6.76 4.41 6.31 5.30 38 2.83 1.10 0.75 0.75 0.31 0.09
11 | 6.47 3.00 4.46 3.35 4.13 3.18 2.60 2.26 1.86 1.48 0.78 0.57 0.64 0.18 0.01
12 | 4.12 2.64 2.88 1.56 2.71 2.29 1.81 2.00 1.67 1.45 0. 46 0.15 0.39 0. 10 ***xkxx*
13 | 2.68 2.19 1.87 0. 86 1.93 1.66 1.48 0.87 0.88 0.75 0.36 0.03 0.22 0. 02 ***x*xx*
14 | 0.99 1.08 1.07 0.45 1.98 1.11 1.29 1.00 0.54 0.58 0.33 0.08 0.16 0.01 0.01
15 | 0.56 0.70 0.41 0.27 1.26 0.49 0.68 0.61 0.56 0.39 0.24 0.10 0. 09 *Hxxkxk xkxkkxk
16 | 0.36 0.62 0.23 0. 04 0.59 0.13 0. 46 0.30 0.32 0.20 0.15 0.03 0.02 0. 00 ***x*xx*
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Canada RV, ,,,.,,,,,,,,\.\,

02 **xkxxk

AGE | 1993
1 | 62.24 3
2 | 281.18 1
3 | 497.52 1
4 | 182.33 1
5 |  42.96
6 | 13.68
7 5.90
8 | 1.97
9 | 0.23
10 | 0.03
1| 0.02
12 | 0.09
13 | 0.04
14 | 0
15 | *xxerer xrxxees
16 | *rxrrr xrrxees

*okk ok ok kK

Kok ok ok kK k

*okk ok ok ok K

*okok ok ok k K

12
04

.05
-81
11

32
66
55
49
28
15
10
05

0. 01 ***xxxx

Kkkkkkk Kkkkkkk Kk kkkkk

01

*okok ok ok ok K

ok k ok kK

. 0000 0.0000
. 0000 0.0000
. 0000 0.0000
. 0000 0.0000
.0084 0.0080
. 0669 0.0634
.6821 0.6470
.0318 0.9787

.5823 0.5523
.3750 0.3557
. 4077 0.3867
. 4130 0.3918
.3798 0.3603
. 4077 0.3867
. 4077 0.3867

0
0
0
0
0
0
0
1
0.6946 0.6589
0
0
0
0
0
0
0

. 0000 0.0000
. 0000 0.0000
. 0000 0.0000
. 0000 0.0000
.0111 0.0105
.0888 0.0836
.9051 0.8528
.3693 1.2901

. 7727 0.7280
. 4976 0.4689
.5410 0.5097
.5481 0.5164
.5041 0.4749
.5410 0.5097
.5410 0.5097

1 | 0.0000 0.0000
2 | 0.0000 0.0000
3 | 0.0000 0.0000
4 | 0.0000 0.0000
5 | 0.0115 0.0085
6 | 0.0919 0.0680
7 | 0.9370 0.6933
8 | 1.4174 1.0489
9 | 0.9542 0.7061
10 | 0.7999 0.5919
11 | 0.5152 0.3812
12 | 0.5600 O0.4144
13 | 0.5674 0.4199
14 | 0.5218 0.3861
15 | 0.5600 O0.4144
16 | 0.5600 O0.4144
AGE | 1993 1994
1 | 0.0000 0.0000
2 | 0.0000 0.0000
3 | 0.0000 0.0000
4 | 0.0000 0.0000
5 | 0.0148 0.0225
6 | 0.1177 0.1792
7 | 1.2002 1.8274
8 | 1.8157 2.7644
9 | 1.2223 1.8609
10 | 1.0246 1.5600
11 | 0.6599 1.0047
12 | 0.7173 1.0922
13 | 0.7268 1.1066
14 | 0.6684 1.0176
15 | 0.7173 1.0922
16 | 0.7173 1.0922
Popul ati on
AGE | 1978 1979
1 | 108.53 137.95
2 | 119.66 88.85
3 | 98.21  97.97
4 | 90.40 80.41
5 | 71.76 74.01
6 | 57.09 58.08
7 | 53.97 42.64
8 | 27.94 17. 31
9 | 9.04 5.54
10 | 3.15 2.85
11| 1.39 1.16
12| 0.67 0.68
13 | 0.42 0.31
14 | 0.32 0.19
15 | 0.13 0.15
16 | 0.14 0.18

0
0
0
0
0
0
0
1
0.9218 0.8685
0
0
0
0
0
0
0
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Popul ati on Abundance (1 January)

Canada RV, ,,,,,,,,,,,,,,, Predicted
______ e
AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ o ol
1 60.03 76.31 94.16 106.20 54.72 61.38 83.92 141.15 112.82 174.03 59.72 43.93 39.51 49.56 42.32
2 | 123.96 92.05 117.00 144.37 162.84 83.91 94.12 128.67 216.43 172.98 266.83 91.56 67.35 60.58 75.98
3 | 183.45 133.12 98.85 125.65 155.04 174.87 90.11 101.07 138.18 232.42 185.76 286.55 98.33 72.33 65.05
4 | 112.69 100.24 99.99 74.25 94.38 116.46 131.35 67.68 75.92 103.79 174.58 139.53 215.23 73.86 54.33
5 | 80.39 83.04 73.93 73.69 54.73 69.52 85.68 96.77 49.87 55.72 76.13 128.60 102.37 157.74 54.10
6 | 48.88 50.33 52.44 46.42 46.31 34.22 43.03 53.55 60.66 30.27 33.53 47.37 77.87 61.17 93.80
7| 33.78 30.14 33.82 33.15 29.66 28.10 18.78 26.08 33.38 27.18 12.56 19.59 20.76 30.06 22.54
8 | 18.88 14.07 15.85 17.27 16.24 13.64 10.60 7.59 12.07 9.52 5.20 3.88 5.26 3.50 4.36
9 | 9.47 6.58 6.35 7.47 7.47 6.83 4.80 3.61 3.10 3.61 1.65 1.20 1.09 0.82 0.46
10 | 4.49 4.51 3.78 3.71 4.13 4.02 3.21 2.24 1.91 1.26 1.01 0.59 0. 46 0.28 0.19
11| 2.80 2.50 2.91 2.50 2.34 2.56 2.26 1.77 1.37 0.99 0.48 0.45 0.29 0.17 0.09
12 | 2.10 2.30 2.29 2.66 2.23 2.04 2.05 1.83 1.53 0.99 0.58 0.34 0.31 0. 16 **kkkxx
13 | 1.60 1.29 1.59 1.59 1.79 1.47 1.23 1.24 1.20 0.83 0.43 0.30 0.18 0. 13 ks
14 | 1.30 0.85 0.77 0.95 0.92 1.02 0.77 0.64 0.70 0.57 0.31 0.19 0.14 0.06 0.04
15 | 0.63 0.80 0.58 0.53 0.63 0. 60 0.61 0.46 0.42 0.38 0.25 0.16 0. 10 ko ok
6 | 0.46 0.65 0.03 0.15 0.36 0.11 0.24 0.13 0.23 0.31 0.06 0.10 0.09 0. 05 **kkkx
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Canada RV, ,,,,,, .\, y0000,
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| 1.0132 1.0132
| 0.9317 0.9317
| 1.0000 1.0000
| 1.0000 1.0000

| 1993 1994
| 0.0000 0.0000
| 0.0000 0.0000
| 0.0000 0.0000
| 0.0000 0.0000
| 0.0206 0.0206
| 0.1641 0.1641
| 1.6731 1.6731
| 2.5311 2.5311
| 1.7039 1.7039
| 1.4283 1.4283
| 0.9199 0.9199
| 1.0000 1.0000
| 1.0132 1.0132
| 0.9317 0.9317
| 1.0000 1.0000
| 1.0000 1.0000
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45.12
22.10
12.93
2.71
1.10
0.20
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Predi ct ed
1996 1997
24.16 112.40
22.01 190.37
51.49 238.42
03.28 113.79
38.52 76.03
27.97 23.93
12.32 15.95
4.81 4.62
0.91 1.58
0.50 0.41
0.11 0.27
0.05 0.09
0.02 0.03
0.01 0.01
0.00 ****xx%
1981 1982
0000 0.0000
0000 0.0000
0000 0.0000
0000 0.0000
0206 0.0206
1641 0.1641
6731 1.6731
5311 2.5311
7039 1.7039
4283 1.4283
9199 0.9199
0000 1.0000
0132 1.0132
9317 0.9317
0000 1.0000
0000 1.0000
1996 1997
0000 0.0000
0000 0.0000
0000 0.0000
0000 0.0000
0206 0.0206
1641 0.1641
6731 1.6731
5311 2.5311
7039 1.7039
4283 1.4283
9199 0.9199
0000 1.0000
0132 1.0132
9317 0.9317
0000 1.0000
0000 1.0000

*k ok

03

ok k ok kK
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

STOCK SUMVARY

3 Year 3 Recruits 3 Total 3 Spawning® Landings 3 Yield 3 Mean F 3 SoP 3

3 3 Age 1 3 Biomass 3 Bionmss 3 3 /SSB 3 Ages 3 3
3 3 thousands 3® tonnes 3 tonnes 3 tonnes 3 ratio 3 5-12 3 (% 3
1978 108520 214676 32151 39070 1.2152  0.6609 99
1979 137950 181457 25443 34104 1. 3404 0. 4890 114
1980 170220 174416 23251 32867 1.4136  0.3848 74
1981 191990 178336 25508 30754 1.2056  0.4811 85
1982 98920 170918 24882 26278 1.0561  0.4563 99
1983 110960 170920 23803 27681  1.1629  0.5319 86
1984 151710 161735 21714 26711 1.2301 0. 6663 91
1985 255170 153915 17618 20347 1.1549 0.5128 125
1986 203950 160662 18277 17976  0.9835 0.4882 103
1987 314600 170302 19490 32442  1.6645 0.9563 98
1988 107960 144872 12100 19215 1.5880 1.0189 101
1989 79400 164390 9582 20034  2.0907 0.5302  ***
1990 71420 193639 12830 47454  3.6985 0.9838  ***
1991 89580 191679 12670 65008 5.1308 1.1180  ***
1992 76500 163499 11453 63193 5.5175  1.1704  ***
1993 150960 136443 10172 62455  6.1396  0.8465  ***
1994 166320 99416 9012 51029 5.6623 1.2889  ***
1995 261760 77407 4688 15272  3.2572  0.5940  ***
1996 224460 93651 5948 18840 3.1674 0.6384  ***
1997 203190 118775 7021 19858 2.8282 0.6015  ***
1998 283870 145827 8681 20000 2.3036 0.5505  ***

No of years for separable analysis : 21

Age range in the analysis : 1 . . . 16

Year range in the analysis : 1978 . . . 1998
Nunber of indices of SSB: 0

Nunber of age-structured indices : 1

Parameters to estimate : 86
Nunber of observations : 546

Conventional single selection vector nodel to be fitted

PARAMETER ESTI MATES

3Parm 3 3 Maxi mum 3 3 3 3 3 3 Mean of 3
3 No. 3 3 Likelh. 3 Ccv3 Lower 3 Upper 3 -s.e. 3 +s.e. 3 Param 3
3 3 3 Estimated (%3 95%CL 3 95% CL 3 3 3 Distrib.3
Separabl e nodel : F by year
1 1978 0.5600 21 0. 3654 0. 8582 0. 4504 0.6963 0.5735
1979 0.4144 21 0. 2700 0.6361 0. 3330 0. 5157 0. 4244
3 1980 0.3260 22 0.2109 0.5041 0. 2610 0. 4072 0. 3342
4 1981 0.4077 21 0. 2675 0.6213 0.3288 0. 5054 0.4172
5 1982 0.3867 21 0. 2534 0. 5900 0. 3117 0. 4797 0. 3958
6 1983 0.4507 20 0. 3000 0.6772 0. 3662 0. 5548 0. 4606
7 1984 0.5646 20 0. 3812 0. 8361 0. 4621 0.6898 0.5760
8 1985 0.4346 21 0. 2875 0. 6568 0. 3520 0. 5365 0. 4443
9 1986 0.4137 21 0.2708 0. 6320 0. 3332 0.5135 0. 4235
10 1987 0.8103 19 0. 5564 1.1802 0. 6689 0.9817 0. 8254
11 1988 0.8634 19 0.5948 1.2534 0.7139 1.0443 0.8792
12 1989 0.4493 14 0. 3357 0.6014 0. 3872 0.5214 0. 4543
13 1990 0.8336 16 0.6081 1.1428 0.7097 0.9792 0. 8445
14 1991 0.9474 17 0.6720 1. 3356 0.7951 1.1288 0.9621
15 1992 0.9917 17 0.7017 1. 4017 0.8313 1.1832 1.0073
16 1993 0.7173 17 0.5070 1.0150 0. 6009 0. 8563 0.7287
17 1994 1.0922 17 0. 7826 1.5243 0.9214 1.2947 1.1081
18 1995 0.5034 17 0. 3557 0.7122 0. 4217 0. 6009 0.5113
19 1996 0.5410 17 0. 3805 0.7692 0. 4521 0.6474 0.5498
20 1997 0.5097 19 0. 3512 0.7398 0. 4215 0.6164 0.5190
21 1998 0.4665 20 0. 3091 0. 7040 0.3781 0. 5755 0. 4769
Separ abl e Model : Selection (S) by age
22 1 0.0000 48 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
23 2 0.0000 39 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
24 3 0.0000 33 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
25 4 0.0000 30 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
26 5 0.0206 27 0.0120 0.0353 0.0156 0.0271 0.0214
27 6 0.1641 27 0. 0958 0. 2811 0. 1247 0. 2159 0.1704
28 7 1.6731 19 1.1451 2.4446 1.3788 2.0302 1.7047
29 8 2.5311 18 1.7444 3.6725 2.0933 3.0604 2.5771
30 9 1.7039 21 1.1182 2.5962 1.3744 2.1123 1.7436
31 10 1.4283 22 0.9107 2.2402 1.1353 1.7970 1. 4665
32 11 0.9199 24 0.5739 1. 4744 0.7231 1.1702 0. 9469
12 1.0000 Fi xed : Reference Age
33 13 1.0132 24 0. 6307 1. 6275 0. 7955 1. 2904 1.0432
34 14 0.9317 24 0.5813 1.4934 0.7324 1.1853 0.9591
15 1.0000 Fi xed : Last true age
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

506370
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205397
187757
95925
69351
25375
10786
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145

88

16
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219
225
148
135
157
150
160
113
100
110

. 1000+309

PEaRONNMERERENER

1625544

Separ abl e nodel : Popul ations in year
35 1 283870 57 91301
36 2 166364 38 77819
37 3 150460 31 81748
38 4 143657 26 85003
39 5 74733 24 45816
40 6 54953 23 34827
41 7 20957 19 14404
42 8 8526 23 5377
43 9 1444 29 806
44 10 495 29 276
45 11 108 28 61
46 12 66 28 38
47 13 12 27 7
48 14 2 34 1
49 15 0o o 0

Separ abl e nodel : Popul ations at age
50 1978 130 52 46
51 1979 152 38 71
52 1980 106 33 55
53 1981 100 29 56
54 1982 119 26 70
55 1983 117 25 71
56 1984 125 23 78
57 1985 89 23 55
58 1986 79 23 50
59 1987 88 22 56
60 1988 58 23 36
61 1989 31 27 18
62 1990 22 26 13
63 1991 13 27 7
64 1992 5 31 2
65 1993 3 38 1
66 1994 1 48 0
67 1995 0 193 0
68 1996 .2395E-04 *** . 0000E+00
69 1997 o o 0

Recruitment in year 1999
70 1998 169095 226 2003

Age-structured index catchabilities

Li near nodel fitted. Slopes at age
71 1 Q .6113 48 . 3833
72 2 Q 1.145 21 .9272
73 3 Q 1.502 15 1.290
74 4 Q 1.378 15 1.185
75 5 Q 1.245 15 1. 071
76 6 Q .9908 15 . 8520
77 7 Q 1.105 16 .9418
78 8 Q 1.517 18 1.268
79 9 Q 1.866 19 1.552
80 10 Q 2.351 18 1.965
81 11 Q 2.890 18 2.420
82 12 Q 4.607 18 3.844
83 13 Q 5.647 18 4.705
84 14 Q 5.892 19 4.871
85 15 Q 7.033 26 5.477
86 16 Q 4.877 26 3.782

RESI DUALS ABOUT THE MODEL FIT

Separ abl e Model Residuals
------ +
Age | 1978 1979 1980 198
------ +
1 | -0.030 0.725 0.061 0.41
2 | 0.367 0.273 0.966 -0.16
3 | -0.377 0.620 0.464 0.69
4 | 0.217 -0.058 0.878 0.25
5 | 1.397 1.342 -0.672 0.48
6 | 0.626 0.835 -0.334 0.30
7 | -1.203 -0.511 -0.651 -0.83
8 | -0.941 -0.614 0.046 -0.15
9 | -0.568 -0.879 0.999 0.34

10 | -0.090 -0.974 1.588 -0.12

11 | 0.359 -0.245 1.175 -0.31

12 | 0.348 -0.435 -0.273 -0.58

13 | 0.309 0.293 -0.593 -1.08

14 | -0.067 0.396 -1.053 -0.83

15 | 0.119 0.467 -1.110 -0.43

1998
882595 159137
355658 112903
276926 110216
242782 109914
121902 58224
86710 43545
30491 17308
13518 6739
2584 1073
890 367
192 81
116 50
21 9
5 1
0 0
362 77
327 103
204 76
179 74
203 91
191 91
201 99
142 70
125 63
136 70
94 46
53 23
38 17
23 10
9 3
6 2
3 0
8 0
. 1000+309 . 0000E+00
0 0
14274146 17590
Canada RV, ,,,,,..,,
2.580 . 6113
2.193 1.145
2.401 1.502
2.195 1.378
1. 980 1.245
1.578 . 9908
1. 809 1.105
2.635 1.517
3.292 1. 866
4. 090 2.351
4.998 2.890
8.052 4. 607
9.908 5.647
10. 59 5.892
15.21 7.033
10. 68 4.877
1 1982 1983
0 0.433 0.858 -
1 0.465 0.281
4 -0.157 0.263
9 0.765 -0.292
7 -0.396 0.389
0 -0.387 0.417 -
1 -1.170 -0.620 -
1 -0.784 -0.296 -
2 0.135 -0.152
0 0.399 -0.405
4 0.588 -0.489 -
7 0.172 -0.893 -
3 0.126 -0.039 -
5 0.202 0.231 -
9 0.441 0.635

0

335625

179346

157927

148898

77099

56461

21344

8765

1509

518

113

69

12

2

0

149
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9. 441
6.583

985 1986
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287 0.915

869 -0.333

141 -0.755

278 -1.350
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

Separ abl e Model

Resi dual s

1 | 0.08 -1.125
2 | 0.074 -0.333
3 | 0.560 -0.395
4 | 0.112 0.158
PR R S
6 | hkkkkkk hokkokokokk
7| rerreer xxerss
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1 | 0.112  0.000
2 | 0.934 0.336
3 | 0.601 -0.328
4 | 0.265 -0.678
5 |  0.122 -0.447
6 | 0.339 0.013
7 | 0.191 -0.211
8 | 0.015 -0.343
9 | 0.049 -0.320
10 | 0.495 0.014
11 | 0.836 0.181
12 | 0.671 0.137
13 | 0.515 0.528
14 | -0.270 0.238
15 | -0.119 -0.130
16 | -0.229 -0.039
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091 -1.414
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3 | 1.808 0.901
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5 | 0.074 0.372
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8 | -0.818 -1.605
9 | -1.074 -1.424
10 | -1.332 -0.927
11 | -1.106 -1.225
12 | 0.581 -0.754
13 | 0.118 -0.856
14 | 0.052 ****xxx*
15 | rEEEEAE wkAkkw
16 | *rxrrxr xrrxers
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Separabl e nodel fitted from 1978

Vari ance

Skewness test stat.
Kurtosis test statistic
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Significance in fit
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from 1975 to 1988.

PARAMETERS OF THE DI STRI BUTI ON OF THE AGE- STRUCTURED | NDI CES

DI STRI BUTI ON STATI STICS FOR Canada RV, ,,, ., .,/ 1044,

Li near catchability relationship assuned

Age 1 2 3 4 5 6 7 8 9 10 11 12 13

14 15 16

Vari ance 0.0758 0. 3285 0. 4235 0.2742 0.1182 0.2938 0.6084 0.6794 0. 6352 0. 3326 0.5243 0. 2460 0. 8496 0. 8096 0. 1564 1.5361
Skewness test stat. -0.2882  -0.1137 1.9486 0.8356 -1.6308 -1.9932 -1.6645 -0.6223 -0.8308 -1.1493 -2.7631 -0.3815 -0.6793 -0.1071 0.5414  -0.5641
Kurtosis test statisti -0.0436 -0.9422 0.7383 0.0753  -0.0064 0. 5354 0.2040 -0.9379 -0.9703 -0.2946 1.1847  -0.8937 0.7844 0.4562  -0.2828 -0.2648
Partial chi-square 0. 1395 0. 5864 0.7713 0.5123 0.2188 0.5734 1.2728 1. 6301 1.8397 1.1832 2.2475 0.9399 3.9684 5. 0050 0.5780 6.7254
Significance in fit 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0001 0. 0006 0. 0000 0. 0552
Nunber of observations 22 22 22 22 22 22 22 22 22 22 22 20 20 20 14 15
Degrees of freedom 21 21 21 21 21 21 21 21 21 21 21 19 19 19 13 14
Weight in the analysis  0.1000 0. 5000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000

ANALYSI S OF VARI ANCE

Unwei ghted Statistics

Vari ance

SSQ Dat a Parameters d.f. Variance
Total for nodel 244. 2697 546 86 460 0.5310
Catches at age 73. 1395 205 69 136 0. 5378
Aged | ndi ces
Canada RV, ,,,, v ysrrrrss 171. 1302 331 16 315 0.5433
Weighted Statistics
Vari ance

SSQ Dat a Parameters d.f. Variance
Total for nodel 218. 1685 546 86 460 0.4743
Cat ches at age 73.1395 205 69 136 0.5378
Aged | ndi ces

Canada RV, ,,, ., :vsrrr00s 145. 0289 331 16 315 0.4604
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from
1975 to 1988.

Results of F-status quo determ nistic projection

Popul ations in the Projection

AGE | 1998 1999 2000 2001 2002 2003
______ I
1 | 147.19 147.19 147.19 147.19 147.19 147.19
2 | 166.37 120.50 120.50 120.50 120.50 120.50
3 | 150.46 136.21 98.66 98.66 98.66 98.66
4 | 143.66 123.19 111.52 80.78 80.78 80.78
5 | 74.73 117.62 100.86 91.30 66.13  66.13
6 | 54.95 60.60 95.38 81.78 74.04 53.63
7 | 20.96 41.68 45.96 72.33 62.03 56.15
8 | 8.53 7.86 15.63 17.24 27.13 23.27
9 | 1.45 14 1.98 3.93 4.33 6.82
10 | 0. 50 0.53 0.79 0.73 1.45 1. 60
1 | 0.11 0.21 0.22 0.33 0.31 0.61
12 | 0.07 0.06 0.11 0.12 0.18 0.16
13 | 0.01 0.03 0.03 0.06 0.06 0.09
14 | 0.00 0.01 0.02 0.02 0.03 0.03
15 | 0.00 0.00 0.00 0.01 0.01 0.02
16 | 0.00 0.00 0.00 0.00 0.01 0.01
______ o e e e e e e e eeaaaas
X 10 ~ 3
Fishing Mrtality in the Projection
______ o e e e e e eeaaaas
AGE | 1998 1999 2000 2001 2002 2003
______ o e e e e e e e aaas
1 | 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
3 | 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
4 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 | 0.0096 0.0096 0.0096 0.0096 0.0096 0.0096
6 | 0.0765 0.0765 0.0765 0.0765 0.0765 0.0765
7 | 0.7805 0.7805 0.7805 0.7805 0.7805 0.7805
8 | 1.1808 1.1808 1.1808 1.1808 1.1808 1.1808
9 | 0.7949 0.7949 0.7949 0.7949 0.7949 0.7949
10 | 0.6663 0.6663 0.6663 0.6663 0.6663 0.6663
11 | 0.4291 0.4291 0.4291 0.4291 0.4291 0.4291
12 | 0.4665 0.4665 0.4665 0.4665 0.4665 0.4665
13 | 0.4727 0.4727 0.4727 0.4727 0.4727 0.4727
14 | 0.4347 0.4347 0.4347 0.4347 0.4347 0.4347
15 | 0.4665 0.4665 0.4665 0.4665 0.4665 0.4665
16 | 0.4665 0.4665 0.4665 0.4665 0.4665 0.4665
______ o e e e e e e eeaaan
Natural Mortality, Maturity Qgive and Stock Weights
1 0.20000000E+00 0. 00000000E+00 0. 10000000E- 07
2 0.20000000E+00 0. 00000000E+00 0. 10000000E- 07
3 0.20000000E+00 0. 10000000E-01 0. 12600000E+00
4 0.20000000E+00 0.20000000E-01 0.22200000E+00
5 0.20000000E+00 0. 30000000E-01 0. 38300000E+00
6 0.20000000E+00 0. 50000000E-01 0.58100000E+00
7 0.20000000E+00 0. 80000000E-01 0. 90900000E+00
8 0.20000000E+00 0. 18000000E+00 0. 12640000E+01
9 0.20000000E+00 0. 32000000E+00 0. 18500000E+01
10 0.20000000E+00 0. 48000000E+00 0.24270000E+01
11 0. 20000000E+00 0. 62000000E+00 0. 31040000E+01
12 0.20000000E+00 0. 74000000E+00 0. 39960000E+01
13 0.20000000E+00 0. 82000000E+00 0.51410000E+01
14 0.20000000E+00 0. 89000000E+00 0.59430000E+01
15 0.20000000E+00 0. 92000000E+00 0. 66580000E+01
16 0.20000000E+00 0. 10000000E+01 0. 70000000E+01

s.d. of Maturity Ogive and Stock Weights
for root-arcsine and | og transforms

1 0.00000000E+00 0.54977006E- 06
2 0.00000000E+00 0.54977006E- 06
3 0.24691303E-08 0.37747872E-07
4 0.35675171E-08 0.48518241E-07
5 0.53518138E-08 0.92290261E-08
6 0.69225527E-08 0.12167044E-07
7 0.85067664E-08 0.23507537E-08
8 0.89013198E-08 0.70305602E-08
9 0.98792651E-08 0.37658152E-08
10 0.13996201E-07 0.28396940E-07
11 0.98913297E-08 0.42881312E-08
12 0.26143470E-07 0.49705062E-07
13 0.71049598E-08 0.36784294E-07
14 0.55879354E-08 0.46737178E-07
15 0.28279100E-07 0.46499025E-07
16 0.43547672E-07 0.28669007E-07
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Appendix 2 (contd.) . Summary Results of Maximum likelihood model fit using total international catches at age from
1975 to 1988.

Stock Size Trajectory

1998 0.868191818818E+04
1999 0.113187664895E+05
2000 0. 145571090265E+05
2001 0.176627699225E+05
2002 0.199601007012E+05
2003 . 204402362765E+05

0
Fl eet Catches by Wi ght
Catch Estimates by Fleet

1998 0. 000000000000E+00
1999 0. 308942618871E+05
2000 0. 406440978188E+05
2001 0. 552400622681E+05
2002 0.594504621125E+05
2003 0. 557081075375E+05
Fl eet Catches by Nunber
Catch Estimates by Fleet 1
______ e e e e e e eeaaaan
AGE | 1998 1999 2000 2001 2002 2003
______ o e e e e e e e aaas
1 0. 0 0 0. 0 0
2 | 0. 0 0 0. 0 0
3 | 0. 0 0 0. 0 0
4 | 0. 0. 0. 0. 0. 0
5 | 0. 1019. 874. 791. 573. 573
6 | 0. 4052. 6377. 5469. 4951. 3586
7 | 0. 20732. 22862. 35980. 30853. 27931
8 | 0. 5033. 10009. 11037. 17370. 14895
9 | 0. 1079. 995. 1979. 2182. 3435
10 | 0. 238. 353. 326. 648. 714
1 | 0. 67. 72. 106. 98. 195
12 | 0. 20. 38. 41. 60. 56
13 | 0. 12. 10. 20. 21. 31.
14 | 0. 2. 6. 5. 9. 10
15 | 0. 1. 1. 3. 3. 5.
16 | 0. 0. 1. 1. 2. 3
______ o e e e e e e e eeaaaan
Total Catches by Nunber
______ o e e e e s
AGE | 1998 1999 2000 2001 2002 2003
______ o e e e e e
1 0 0 0 0 0 0
2 | 0 0 0 0 0 0
3 | 0 0 0 0 0 0
4 | 0. 0. 0. 0. 0. 0
5 | 648. 1019. 874. 791. 573. 573
6 | 3675. 4052. 6377. 5469. 4951. 3586
7 | 10425. 20732. 22862. 35980. 30853. 27931
8 | 5459. 5033. 10009. 11037. 17370. 14895
9 | 728. 1079. 995. 1979. 2182. 3435
10 | 221. 238. 353. 326. 648. 714
11 | 35. 67. 72. 106. 98. 195
12 | 23. 20. 38. 41. 60. 56
13 | 5. 12. 10. 20. 21. 31.
14 | 1. 2. 6. 5. 9. 10
15 | 0. 1. 1. 3. 3. 5.
16 | 0 0. 1. 1. 2. 3.
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Figure A2.1.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 1.
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Figure A2.2.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 2.
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Figure A2.3.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 3

Canada BU. ... rvrs00000:2 Age 4
X2tock Humbers Catchability
1.8e5 1.6e5
n
#1.2e5 2
n 1.2e5 u
9 2
2 5 0.8es5
£ z
F D.6e3 4 T
i ]
L 0.4e5
o T T 1 o T 1
1978 1985 1992 1999 0.3e5 1.3e5 2 .3e5
Year Index UValue
/. Index Prediction +/- =d — UPA S Index Obserwvation — Fitted Line
1.4, 1.4 ~
- -
g g
& 0.8 & 0.8
- A -
g La y AB A
£ 0.2 &4 AN £ o.23 L op b
T 1 5T Fa)
0.4es /A 140es 1.6e5 2iPes 1978 A A Iosen p 1998
0.4 ] ﬂExﬁeé—\tqﬂ valus ‘“'4_;_\ A ‘5‘,5 Thie
-1.01 iy -1.01 &
A Index Obserwvation A Index Observation

Figure A2.4.Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A2.5.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 5
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Figure A2.6.Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A2.7.Residual plots and observed and fitted values for the Canada standardised RV series, at

age 7.
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Figure A2.9.Residual plots and observed and fitted values for the Canada standardised RV series, at

age 7
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Figure A2.10.Residual plots and observed and fitted values for the Canada standardised RV series, at

age 10
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Figure A2.11.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 11
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Figure A2.12.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 12
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Figure A2.13.Residual plots and observed and fitted values for the Canada standardised RV series, at

age 13
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Figure A2.14.Residual plots and observed and fitted values for the Canada standardised RV series, at

age 14
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Figure A2.15.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 15
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Figure A2.16.Residual plots and observed and fitted values for the Canada standardised RV series, at
age 16
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Appendix 3. Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997 to
estimate selection pattern.

Greenl and Halibut in 2+3KLMNO

1 0. 0 0 0 0 0. 0 0 0 0 0. 0. 0. 0. 0.
2 0. 0 0 0 0 0. 0 0 0 0 0. 0. 0. 0. 0.
3 0. 0 0 0 0 0. 0 0 0 0 0. 0. 0. 0. 0.
4 0. 0 0 0 0 0. 0 0 0 0 0. 0. 0. 0. 0.
5 3. 2 0 0 0 0. 0 1 0 0 0. 0. 0. 0. 0.
6 8. 7 2 4 2 3. 2 4 1 1 2. 0. 0. 0. 0.
7 9.07 11.73 8.91 9.21 5.55 10.71 5.56 4.96 5. 60 10. 29 7.41 0. 00 0. 00 0. 00 0. 00
8 7.66 5.61 9.43 10.75 5. 06 8.21 7.31 2.93 4. 45 8. 36 3.99 0. 00 0. 00 0. 00 0. 00
9 2.90 1.07 5.26 4.04 3.11 2.51 3.89 1.16 1.28 2.65 1.17 0. 00 0. 00 0. 00 0. 00
10 1.45 0.44 3.73 0.84 1.48 0.76 1.20 0.43 0.41 0.80 0.42 0. 00 0. 00 0. 00 0. 00
11 0.73 0.26 0.99 0.24 0.52 0.23 0.39 0.13 0.21 0. 36 0.18 0. 00 0. 00 0. 00 0. 00
12 0.37 0.14 0.13 0.13 0.23 0.08 0.14 0.08 0.12 0.26 0.10 0. 00 0. 00 0. 00 0. 00
13 0.23 0.13 0. 05 0.04 0.14 0.12 0.10 0.07 0. 06 0.21 0.10 0. 00 0. 00 0. 00 0. 00
14 0.11 0.08 0.01 0.03 0.07 0.09 0. 06 0.04 0. 05 0.16 0. 06 0. 00 0. 00 0. 00 0. 00
15 | 0. 06 0.08 0.01 0.02 0. 06 0.07 0.07 0.02 0.03 0.10 0. 05 0. 00 0. 00 0. 00 0. 00
16 | 0. 05 0. 06 0. 00 0.01 0.03 0.01 0.03 0.01 0.02 0. 05 0.01 0. 00 0. 00 0. 00 0. 00
______ e m e il
x 10 ~ 6
Catch in Nunber
______ e e e il
AGE | 1993 1994 1995 1996 1997 1998
______ e e il
1 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
2 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
3 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
4 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
5 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
6 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
7 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
8 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
9 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
11 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
12 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
13 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
14 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
15 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
16 | 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ e mm e e e e e e e e e e e e e e e e e e e e e e e e
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
3 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
4 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220
5 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830
6 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810
7 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090
8 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640
9 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500
10 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270
11 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040
12 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960
13 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410
14 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430
15 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580
16 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000

AGE | 1993 1994 1995 1996 1997 1998
______ e e e e e
1 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
3 0.1260 0.1260 0.1260 0.1260 0.1260 0.1260
4 0.2220 0.2220 0.2220 0.2220 0.2220 0.2220
5 0.3830 0.3830 0.3830 0.3830 0.3830 0.3830
6 0.5810 0.5810 0.5810 0.5810 0.5810 0.5810
7 0.9090 0.9090 0.9090 0.9090 0.9090 0.9090
8 1.2640 1.2640 1.2640 1.2640 1.2640 1.2640
9 1.8500 1.8500 1.8500 1.8500 1.8500 1.8500
10 2.4270 2.4270 2.4270 2.4270 2.4270 2.4270
11 3.1040 3.1040 3.1040 3.1040 3.1040 3.1040
12 3.9960 3.9960 3.9960 3.9960 3.9960 3.9960
13 5.1410 5.1410 5.1410 5.1410 5.1410 5.1410
14 5.9430 5.9430 5.9430 5.9430 5.9430 5.9430
15 6.6580 6.6580 6.6580 6.6580 6.6580 6.6580
16 7.0000 7.0000 7.0000 7.0000 7.0000 7.0000
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Natural Mortality (per year)
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

AGE- STRUCTURED | NDI CES

Canada RV, ,,,,,\\viviiss

96.
55.
. 22. .
5. 7. 17. . .
1. 1. 5. 4. 5.
0. 1. 1. 1. 1.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
14 0.02 *****xx xxxxxxx 004  0.05 0.02  0.01
15 e T 0, QL ****kkx *kxrRxE KREKFAR
16 KRAKRAK KARKARE KRR KAK KARARIK KA KA 0.02 ***xkxx
______ e e il
x 10 ~ 3
Fishing Mrtality (per year)
______ e e e e e
AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ e o m e e e i
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000 O0.0000 O0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000 O0.0000 O0.0000
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000 O0.0000 O0.0000
5 0.0192 0.0171 0.0161 0.0164 0.0152 0.0180 0.0219 0.0183 0.0153 0.0314 0.0296 0.0270 0.0329 0.0516 0.0350
6 0.1468 0.1312 0.1234 0.1252 0.1165 0.1378 0.1675 0.1404 0.1172 0.2404 0.2267 0.2064 0.2517 0.3947 0.2677
7 0.6290 0.5619 0.5287 0.5363 0.4989 0.5905 0.7175 0.6015 0.5021 1.0298 0.9713 0.8841 1.0781 1.6906 1.1467
8 0.8531 0.7621 0.7171 0.7273 0.6766 0.8009 0.9732 0.8157 0.6809 1.3967 1.3174 1.1991 1.4622 2.2930 1.5553
9 0.7237 0.6466 0.6083 0.6170 0.5740 0.6794 0.8256 0.6920 0.5777 1.1849 1.1176 1.0173 1.2405 1.9452 1.3194
10 0.5690 0.5084 0.4783 0.4851 0.4513 0.5342 0.6491 0.5441 0.4542 0.9316 0.8787 0.7998 0.9753 1.5294 1.0374
11 0.4874 0.4354 0.4097 0.4155 0.3866 0.4575 0.5560 0.4660 0.3890 0.7980 0.7526 0.6851 0.8354 1.3100 O0.8885
12 0.6001 0.5362 0.5045 0.5117 0.4760 0.5634 0.6846 0.5739 0.4790 0.9826 0.9268 0.8436 1.0287 1.6131 1.0941
13 0.5396 0.4821 0.4536 0.4601 0.4280 0.5066 0.6156 0.5160 0.4307 0.8835 0.8333 0.7585 0.9249 1.4504 0.9838
14 0.5625 0.5025 0.4728 0.4796 0.4461 0.5281 0.6417 0.5379 0.4490 0.9209 0.8686 0.7907 0.9642 1.5119 1.0255
15 0.6001 0.5362 0.5045 0.5117 0.4760 0.5634 0.6846 0.5739 0.4790 0.9826 0.9268 0.8436 1.0287 1.6131 1.0941
16 0.6001 0.5362 0.5045 0.5117 0.4760 0.5634 0.6846 0.5739 0.4790 0.9826 0.9268 0.8436 1.0287 1.6131 1.0941
______ e o m e e il
Fishing Mrtality (per year)
______ e e e e
AGE | 1993 1994 1995 1996 1997 1998
______ e e e e eiieiaooo
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.0321 0.0256 0.0137 0.0145 0.0169 0.0305
6 0.2457 0.1960 0.1048 0.1107 0.1296 0.2331
7 1.0525 0.8396 0.4489 0.4743 0.5550 0.9988
8 1.4275 1.1387 0.6089 0.6433 0.7528 1.3546
9 1.2110 0.9660 0.5165 0.5457 0.6386 1.1492
10 0.9522 0.7595 0.4061 0.4291 0.5021 0.9035
11 0.8155 0.6505 0.3478 0.3675 0.4301 0.7739
12 1.0042 0.8010 0.4283 0.4525 0.5296 0.9530
13 0.9029 0.7203 0.3851 0.4069 0.4762 0.8568
14 0.9412 0.7508 0.4015 0.4242 0.4964 0.8932
15 1.0042 0.8010 0.4283 0.4525 0.5296 0.9530
16 1.0042 0.8010 0.4283 0.4525 0.5296 0.9530
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Popul ati on Abundance (1 January)

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

60.51 56. 27 56. 43 72.42 44.93 40.72 24.91 26.36 28.23 58. 07 50.13

71.41 49.54 46.07 46.20 59. 29 36.78 33.34 20. 40 21.58 23.11 47.54

53.27 58.47  40.56 37.72 37.83 48.54 30.12 27.30 16.70 17.67 18. 92

40.36  43.62 47.87 33.21 30.88 30.97 39.74 24.66 22.35 13.67 14. 47

26.52 33. 05 35.71 39.19 27.19 25.28 25. 36 32.54 20.19 18. 30 11.19

29.18 21.38 26.57 28. 60 31. 50 21.92 20. 06 20.15 25.93 15. 99 14.23

22.47 21.26 15.25 18. 40 20.35 22.94 14.11 13.09 13. 42 16.51 8.82

12.81 11.17 9. 65 6.09 8. 26 10. 09 6.71 4.37 4.43 3.74 2.49

5.99 5.33 4.11 2.98 2.21 3.42 2.04 1.47 1.08 0.84 0.31

2.64 2.76 2.21 1. 47 1.22 1.01 0. 86 0.55 0.44 0.26 0.10

1.18 1.37 1.32 0. 95 0.70 0.64 0.33 0.29 0. 20 0.13 0. 05

0. 66 0. 65 0.71 0.62 0. 49 0.39 0.23 0.13 0.12 0.07 0.03

0.39 0.34 0.31 0.29 0.29 0.25 0.12 0.08 0.04 0. 04 0.01

0.18 0.21 0.17 0.14 0.14 0.15 0.08 0.04 0.03 0.01 0.01

0. 09 0. 09 0.10 0.07 0. 06 0.08 0. 05 0.03 0.02 0.01 0. 00

0.08 0.03 0. 06 0.03 0. 06 0.09 0.02 0.02 0.02 0.01 0. 00

______ e e m ot e

January)
AGE | 1993 1994 1995 1996 1997 1998 1999
______ e e e e e oo
1 78.03 99.94 133.67 131.14 93.28 111.97 71.12
2 41.04 63.89 81.82 109.44 107.37 76.37 91. 67
3 38. 92 33. 60 52.31 66. 99 89. 60 87. 90 62.53
4 15. 49 31.87 27.51 42.82 54. 85 73.36 71.97
5 11.84 12.68 26.09 22.52 35.06  44.90 60. 06
6 8.85 9.39 10. 12 21.07 18.18 28.22 35. 66
7 8.91 5.67 6.32 7.46 15. 44 13.07 18.30
8 2.30 2.55 2.00 3.30 3.80 7.26 3.94
9 0.43 0.45 0.67 0.89 1.42 1.47 1.53
10 0.07 0.11 0.14 0.33 0. 42 0.61 0.38
11 0.03 0.02 0.04 0.08 0.17 0.21 0.20
12 0.02 0.01 0.01 0.02 0.04 0. 09 0.08
13 0.01 0. 00 0. 00 0. 00 0.01 0. 02 0.03
14 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01
15 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
16 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
______ e e e e e oo
x 10 ~ 6

Weighting factors for the catches in nunber
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Predicted Age-Structured |ndex Val ues

Canada RV,,,,,,,,,,,,,,,, Predicted

+.
AGE | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Canada RV,,,,,,,,,,,,,,,, Predicted

+.
AGE | 1993 1994 1995 1996 1997 1998 1999

29.

16. . .

11. 12. 17. .

2. 5. 7. 4.

0. 1. 1. 1.

0. 0. 0. 0.

0. 0. 0. 0.

0. 0. 0. 0.

0. 0. . 0. 0.
14 0. 01 *rxxkdr wakkrxx 0.01 0.01 0.03 0.03
15 KAEKEAE KRAAEKE RAKKERE 0, Q1 **Hkkkkn *kkkxnk ktxxxhk
16 KEREAE KRAAKKE KAKKRAE KARAAKE KK RE 0,00 ***kkxx
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

STOCK SUMVARY

3 Year 3 Recruits 2* Total 3 Spawning® Landings ® Yield 3 Mean F 3 SoP 3

3 3 e 3 Biomass 3 Bionass 3 3 /SSB 3 Ages 3 3

3 3 thousands ® tonnes 3 tonnes 3 tonnes 3 ratio 3 5-12 3 (9 3
1978 59020 148448 25090 39070 1.5571 0.5035 99
1979 73540 135512 22850 34104 1.4925 0. 4499 114
1980 79470 124501 20966 32867 1.5676 0.4233 74
1981 87220 116008 20938 30754 1.4687 0.4293 85
1982 60510 107395 20484 26278 1.2828 0.3994 99
1983 56260 102776 19563 27681 1.4149 0.4727 86
1984 56430 94486 17619 26711 1.5160 0.5744 91
1985 72410 85702 13946 20347 1.4589 0. 4815 125
1986 44920 83601 13053 17976 1.3771 0.4019 103
1987 40720 84648 13618 32442 2.3823 0.8244 98
1988 24910 64677 8556 19215 2.2456 0.7776 101
1989 26360 56961 6369 20034  3.1453 0.7078 rxk
1990 28220 52453 5542 47454 8.5626 0.8631 rEK
1991 58060 44566 4423 65008 e 1.3534  x**
1992 50120 30529 2433 63193 e 0.9180 rxx
1993 78030 30221 2191 62455 i 0. 8426 rEK
1994 99930 31243 2102 51029 ool 0.6721 xRk
1995 133660 38629 2398 15272 6.3671 0. 3594 rEK
1996 131130 52598 3608 18840 5.2203 0.3797 rxk
1997 93280 70760 5152 19858 3.8541 0. 4443 e
1998 111960 87400 6772 20000 2.9533 0. 7996 rEK

No of years for separable analysis : 21

Age range in the analysis : 1 . . . 16

Year range in the analysis : 1978 . . . 1998
Nunber of indices of SSB: 0

Nunmber of age-structured indices : 1

Paraneters to estimate : 86
Nunber of observations : 547

Conventional single selection vector nodel to be fitted.

PARAMETER ESTI MATES

3Parm3 3 Maximum 3 3 3 3 3 3 Mean of 2
3 No. 3 3 Likelh. 3 CV3 Lower 3 Upper 3 -s.e. 3 +s.e. 3 Param 3
3 3 3 Estimated (%3 95%CL 3 95% CL 3 3 3 Distrib.3
Separ abl e nodel : F by year
1 1978 0.6001 15 0. 4426 0.8136 0.5138 0.7009 0.6074
1979 0.5362 15 0. 3968 0.7244 0. 4598 0. 6251 0.5425
3 1980 0.5045 15 0.3741 0. 6803 0.4331 0.5876 0.5104
4 1981 0.5117 15 0. 3800 0. 6890 0. 4396 0. 5956 0.5176
5 1982 0.4760 15 0.3543 0. 6395 0. 4094 0.5534 0.4814
6 1983 0.5634 14 0. 4201 0. 7556 0. 4851 0. 6544 0.5698
7 1984 0.6846 14 0.5111 0.9171 0. 5898 0.7947 0. 6923
8 1985 0.5739 15 0. 4270 0.7712 0. 4935 0.6673 0.5804
9 1986 0.4790 15 0. 3554 0. 6457 0.4113 0.5578 0. 4846
10 1987 0.9826 16 0.7177 1.3452 0.8371 1.1534 0. 9953
11 1988 0.9268 19 0. 6335 1.3558 0.7633 1.1253 0.9444
12 1989 0.8436 25 0.5077 1. 4017 0. 6510 1.0931 0.8724
13 1990 1.0287 25 0.6190 1.7095 0.7939 1.3330 1.0638
14 1991 1.6131 22 1.0472 2.4846 1.2940 2.0108 1. 6527
15 1992 1.0941 26 0. 6448 1. 8566 0. 8354 1.4330 1.1347
16 1993 1.0042 25 0. 6098 1.6539 0.7785 1.2953 1.0373
17 1994 0.8010 26 0.4774 1.3442 0. 6151 1.0432 0. 8295
18 1995 0.4283 30 0.2348 0.7813 0.3152 0.5821 0. 4490
19 1996 0.4525 31 0.2442 0.8385 0. 3304 0.6199 0. 4755
20 1997 0.5296 27 0.3076 0.9117 0. 4014 0. 6987 0.5503
21 1998 0.9530 17 0. 6765 1.3424 0.8001 1.1350 0. 9676
Separ abl e Model : Selection (S) by age
22 1 0.0000 28 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
23 2 0.0000 26 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
24 3 0.0000 25 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
25 4 0.0000 24 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
26 5 0.0320 23 0. 0200 0.0511 0. 0252 0. 0406 0. 0329
27 6 0.2447 23 0. 1533 0. 3904 0.1928 0. 3105 0. 2517
28 7 1.0481 20 0. 7056 1.5567 0. 8565 1.2825 1. 0696
29 8 1.4215 18 0.9864 2.0485 1.1797 1.7128 1. 4464
30 9 1.2059 20 0. 8144 1.7856 0.9871 1.4733 1.2303
31 10 0.9482 21 0.6199 1. 4502 0.7633 1.1777 0.9707
32 11 0.8121 23 0. 5153 1.2799 0. 6439 1. 0242 0.8343
12 1. 0000 Fixed : Reference Age
33 13 0.8991 22 0.5817 1.3899 0.7200 1.1229 0.9216
34 14 0.9373 21 0.6108 1.4382 0. 7533 1.1661 0. 9599
15 1. 0000 Fixed : Last true age
Separ abl e nodel : Popul ations in year 1998
35 1 111968 38 52259 239901 75901 165174 120758
36 2 76371 30 42094 138563 56355 103497 79982
37 3 87903 25 53047 145661 67935 113740 90870
38 4 73356 22 46881 114783 58376 92181 75295
39 5 44902 21 29515 68311 36249 55621 45943
40 6 28223 19 19083 41740 23114 34460 28791
41 7 13071 17 9316 18340 10997 15536 13267
42 8 7257 19 4999 10533 6000 8776 7389
43 9 1465 23 921 2329 1156 1856 1506
44 10 613 23 383 981 482 779 631
45 11 208 23 131 332 164 264 214
46 12 91 23 57 145 72 115 94
a7 13 19 24 12 32 15 25 20
48 14 5 28 2 9 3 6 5

49 15 0 107 0 2 0 0 0
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Separ abl e nodel : Popul ations at age
0 110 47

5 43 281 68 178 123
51 1979 126 35 62 254 88 180 134
52 1980 84 30 46 153 62 114 88
53 1981 74 27 43 127 56 97 77
54 1982 89 25 54 145 69 114 91
55 1983 91 23 57 144 72 115 93
56 1984 98 22 63 153 78 123 100
57 1985 70 22 45 110 56 88 72
58 1986 63 22 41 98 50 79 65
59 1987 74 21 49 111 60 91 75
60 1988 48 24 30 79 38 62 50
61 1989 27 28 15 47 20 36 28
62 1990 14 27 8 25 11 19 15
63 1991 8 32 4 15 5 11 8
64 1992 1 56 0 4 0 2 1
65 1993 0 68 0 3 0 1 1
66 1994 0 262 0 23 0 4
67 1995 0 644 0 13354 0 27 44847183
68 1996 0o 0 0 0 0 0 0
69 1997 0 206 0 7 0 1 1

Recruitnent in year 1999
70 1998 71116 65 19562 258537 36810 137394 88336

Age-structured i ndex catchabilities

Canada RV, ,,,,,y0ssssssss
Linear nodel fitted. Slopes at age :
71 1 Q 1.453 15 1. 250 2.313 1.453 1.989 1.721
72 2 Q 2.687 15 2. 320 4.227 2.687 3. 650 3.169
73 3 Q 3.462 15 2.996 5. 407 3.462 4.679 4.070
74 4 Q 3.132 14 2.715 4. 869 3.132 4.220 3.676
75 5 Q 2.814 14 2.442 4.359 2.814 3.782 3.298
76 6 Q 2.302 14 1.998 3.563 2.302 3.092 2.697
77 7 Q 2.396 15 2.068 3. 769 2.396 3.254 2.825
78 8 Q 2.318 16 1.976 3.790 2.318 3.231 2.775
79 9 Q 2.095 17 1.779 3.471 2.095 2.947 2.521
80 10 Q 2.266 17 1.922 3.766 2.266 3.194 2.730
81 11 Q 2.605 17 2.212 4.313 2. 605 3.662 3.134
82 12 Q 4.533 17 3.838 7.574 4.533 6.413 5.473
83 13 Q 6.121 17 5.176 10. 26 6.121 8. 680 7.401
84 14 Q 7.139 19 5.929 12. 66 7.139 10.51 8.827
85 15 Q 9.270 24 7.346 18.99 9.270 15.05 12.16
86 16 Q 6.680 24 5.268 13.89 6. 680 10. 96 8.821

RESI DUALS ABOUT THE MODEL FIT

Separ abl e Mbdel Residual s

1 -0.155 0.431 -0.279 0.307 0.052 0.649 -0.242 0.379 0.343 0.416 0.273 1.004 0.044 -0.434 -0.592
2 0.244 -0.025 0.509 -0.276 0.397 -0.099 0.472 -0.048 0.577 -0.358 0.492 0.385 0.823 -0.389 -0.029
3 -0.550 0.320 -0.001 0.458 -0.240 0.191 -0.331 0.611 0.096 -0.179 -0.336 0.549 0.149 0.336 -0.037
4 -0.009 -0.416 0.402 0.006 0.552 -0.388 0.018 -0.133 0.813 -0.601 -0.099 -0.221 0.372 -0.279 0.745
5 1.169 1.126 -1.010 0.419 -0.431 0.359 0.202 0.945 -0.424 -1.712 -0.914 **x¥xxk skdkkak solkkas xkkxkorx
6 0.416 0.492 -0.651 0.244 -0.366 0.441 -0.522 0.268 -0.480 -0.874 -0.244 ****xxk skdkkask sokkkas xkkxkorx
7 -0.393 -0.070 -0.278 -0.097 -0.374 0.211 -0.253 -0.429 -0.270 -0.278 -0.087 ******x skkkdak sxkakir *akrrxx
8 -0.105 -0.180 0.297 0.405 -0.131 0.374 0.280 -0.062 0.175 0.172 -0.131 ***xkxx kkksokx dackhddor dxkokxkr
9 -0.187 -0.832 0.877 0.475 0.263 0.041 0.606 -0.167 0.371 0.189 -0.079 ****xxx skdkdak drxakhr xxkkrrx
10 0.264 -0.889 1.492 0.019 0.526 -0.324 0.213 -0.276 0.011 0.344 -0.085 *****xk skiskask sokkakas xkkxkrx
11 0.380 -0.472 0.799 -0.460 0.420 -0.699 -0.289 -0.884 0.035 0.112 0. 142 *****xk skdskak sokkkas xkkxkrx
12 0.325 -0.688 -0.693 -0.772 -0.018 -1.134 -0.867 -1.097 -0.326 0.162 -0.306 ******* *xkkkdr sakhrrs Shrxass
13 0.486 0.252 -0.782 -1.056 0.153 -0.053 -0.241 -0.395 -0.407 0.457  0.451 *****xk skdskak sokkakas wkkxkrx
14 0.025 0.295 -1.287 -0.828 0.189 0.185 -0.270 -0.250 0.032 0.619  0.229 ***krxd skdkduk dkakkhh Ak krxx
15 0.231 0.454 -1.239 -0.319 0.569 0.709 0.480 -0.463 0.354 0.828  0.551 ****xkx soksdksk sokdhk skkkkxx

1 -0.256 -0.970 0.058 -0.671 0.206 -0.564
2 -0.489 -0.012 -0.327 0.021 -0.811 -1.058
3 0.020 -0.300 0.577 -0.419 -0.174 -0.742
4 0.070 0.267 0.347 0.543 -0.555 -1.433
5 KRKKEAK KKRKKAK KKKAKKE RAKRKKE KAKKEKKE KAKKAKR
6 KAKRAAK KRAAKKE KAKKRAK KKRAAAK AR E KKK RAAK
7 KAKRAAK KRAAKKE KAKKRAK KKRAAAK AR E KKK RAAK
8 KREKAAE KRRAEKE KAKKFAA KKRAAAK RAAKRRF AARRARE
9 KAKRAAK KRAAKKE KAKKRAK KKRAAAK AR E KKK RAAK
10 AREKAAE KRRAEKE KAKKRAA KKRAAAK RAAARKF AARRAAE
11 KAKRAAK KRAAKKE KAKKRAK KARAAAK AR E KKK KRR
12 KKK AAK KRAAKKE KAKKRAK KKRAAAK AR E KKK KA A
13 KREKAAE KRRAEKE KAEKFAA KKRAAAE RAAARKF AARRAAE
14 KKK AAK KRAAKKE KAKKRAK KARAAAK KKK E KKK RAAK
15 KREKAAE KRRAEKE KAKKRAA KKRAAAE RAAKRKF AARKAAE
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

AGE- STRUCTURED | NDEX RESI DUALS

Age | 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

1 -0.145 -0.237 -0.779 0.208 -0.857 -1.808 -0.846 0.706 0.752 -0.390 0.816 0.424 -1.325 0.103 -0.220
2 0.675 0.092 -1.154 0.000 -1.478 -1.244 -0.788 0.011 -0.306 -0.099 -0.125 0.658 -0.278 0. 052 0. 487
3 0.299 -0.568 -1.041 -0.344 -0.629 -0.944 -0.594 -0.591 -0.051 0.336 0.147 0.712 0.299 -0.215 0.918
4 -0.079 -0.966 -1.160 -0.796 -0.414 -0.490 -0.595 -0.551 0.178 0.121 0.019 0.916 1.030 0.979 0.843
5 -0.412 -0.781 -0.674 -0.662 -0.160 -0.160 0.137 -0.400 0.051 0.172 0.633 0.283 0.829 0. 369 0.319
6 -0.244 -0.514 -0.319 -0.197 -0.333 0.216 0.186 0.225 0.279 0.273 0. 462 0.834 0.395 0.388 -0.160
7 -0.196 -0.763 -0.480 -0.223 0.127 0.390 0. 605 0.371 0.737 0.461 0.789 0.749 0.770 -0.208 -0.029
8 -0.142 -0.678 -0.678 -0.346 0.767 0. 920 0.776 0. 695 0.586 0.897 0.519 0. 645 0.327 -0.045 -0.811
9 0.017 -0.481 -0.391 -0.169 0. 665 0.749 0.930 0. 690 0.736 0.967 0.347 0.530 0.309 0.053 -0.772
10 0.529 -0.022 -0.002 0.114  0.450 0.018 0.654 0.834 0.175 0.775 -0.024 -0.007 0.308 0.239 -0.299
11 0.904 0.194 0.474 0.356 0.591 0.210 0. 096 0. 245 0.313 0.387 0.390 0.153 0.717 0.095 -1.743
12 0.737 0.165 0.270 -0.471 0.237 0.123 -0.135 0. 042 0.061 0.400 -0.267 -0.810 0.277 -0.230 *****xx
13 0. 559 0. 548 0.218 -0.561 0.111 0.139 0.175 -0.364 -0.377 -0.152 -0.185 -2.107 0.364 -1.456 ***x*x*x
14 -0.293 0.215 0.354 -0.705 0.773 0. 082 0.501 0.408 -0.313 -0.065 -0.065 -0.822 0.288 -1.699 -0.555
15 -0.212 -0.155 -0.308 -0.600 0.748 -0.167 0.134 0.296 0.264 -0.001 -0.107 -0.426 0,132 ******* xxkxssx
16 -0.472 -0.089 2.186 -1.352 0.389 0.124 0.556 0.796 0.150 -0.511 0.683 -1.059 -1.132 -1, 897 *******
______ e e o e e e il
Canada RV, ,,,,,,ysrsrsrss
Age | 1993 1994 1995 1996 1997 1998 1999

1 -0.500 1.008 0.666 1.527 0.594 0.305 0.000
2 1.036 0.201 0.691 0.531 0.623 0.156 0.260
3 1.406 0.488 -0.288 0.243 0.350 -0.035 0.103
4 1.424 0.223 -0.677 -0.229 0.211 -0.098 0.110
5 0.370 0.487 -0.270 -0.024 0.014 -0.201 0.078
6 -0.176 -0.583 -0.232 -0.622 0.123 -0.311 0.310
7 -0.659 -0.589 -1.137 -0.542 -0.381 0.003 0.206
8 -0.181 -0.808 -1.215 -0.962 0.033 -0.483 0.184
9 -0.653 -1.120 -1.302 -0.121 -0.236 -0.353 -0.397
10 -0.991 -0.759 -0.816 -0.359 -0.315 -0.324 -0.179
11 -0.709 -1.029 -0.487 0.169 -0.166 -0.336 -0.825
12 0.908 -0.513 ***xxxx 0.413 0.099 -0.453 -0.853
13 0.357 -0.676 ***x**x 1.679 0.637 0.616 0.477
14 0. 511 *xxkkrx dkkrxask 1.335 1.395 -0.242 -1.101
15 AAKKKEE KKKAAEK KA IR 0,402 ****xxk kkkxxkk AxxxhEk
16 AAKKKEA KKKAAKK KAAKKKK AKKKRAA KERAAEK 1,629 *xxxkkx

PARAMETERS OF THE DI STRI BUTI ON OF | n( CATCHES AT AGE)

Separabl e nodel fitted from1978 to 1998

Vari ance 0. 4051
Skewness test stat. -2.7229
Kurtosis test statistic 0. 9236
Partial chi-square 17.9484
Significance in fit 0. 0000

*

Degrees of freedom
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997 to estimate selection pattern.

PARAMETERS OF THE DI STRI BUTI ON OF THE AGE- STRUCTURED | NDI CES

DI STRI BUTI ON STATI STI CS FOR Canada RV,

Li near catchability relati

Age
Vari ance

Skewness test stat. -
Kurtosis test statisti -
Partial chi-square
Significance in fit
Nurber of observations
Degrees of freedom
Weight in the analysis

ANALYSI S OF VARI ANCE

Unwei ghted Statistics

Vari ance

Total for nodel
Cat ches at age

Aged I ndi ces
Canada RV, ,,,,,\\v1viiiss

Weighted Statistics

Vari ance

Total for nodel
Catches at age

Aged | ndi ces
Canada RV, ., \vivivios

0.
0. 6365
0.

onshi p assuned

1
6575

3182

1.2216

0.

1.

0000

Lo

eeoro

2
4463 0.
4597 0.
1353  -0.
7923 0.
0000 0.
22
21
0000 1
SSQ
188. 6496
55. 0963
133.5533
SSQ
188. 6496
55. 0963
133.5533

3 4 5 6
3675 0. 4885 0.1826 0. 1486
5420 0.6713 -0. 1660 0.2982
2266 -0.6764 -0. 6125 -0.7513
6601 0.9191 0.3437 0.2943
0000 0. 0000 0. 0000 0. 0000

22 22 22 22
21 21 21 21
0000 1. 0000 1. 0000 1. 0000
Dat a Parameters d.f. Variance
547 86 461 0. 4092
205 69 136 0. 4051
331 16 315 0. 4240
Dat a Parameters d.f. Variance
547 86 461 0. 4092
205 69 136 0. 4051
331 16 315 0. 4240

=

ePoeo

=

eRrroo

=

erooo

=

opPooe

oRrono

=

=

opREo

=

=

e ol S

=

ocooo

=

cwoor
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Results of F-status quo deterninistic projection

Popul ations in the Projection

AGE | 1998 1999 2000 2001 2002 2003
,,,,,, o e e e e oo
1 | 61219. 61219. 61219. 61219. 61219. 61219
2 | 76373. 50122. 50122. 50122. 50122. 50122
3 | 87904. 62529. 41036. 41036. 41036. 41036
4 | 73358. 71969. 51194, 33597. 33597. 33597
5 | 44904. 60060. 58923. 41914. 27507. 27507
6 | 28224. 35661. 47698. 46795. 33287. 21845
7 | 13072. 18302. 23125. 30930. 30345. 21585
8 | 7258. 3942. 5519. 6974. 9328 9151
9 | 1466. 1533. 833. 1166. 1473. 1971.
10 | 614. 380. 398. 216. 303. 382
11 | 210. 204. 126. 132. 72. 100.
12 | 93. 79. 77. 48. 50. 27.
13 | 21. 29. 25. 24. 15. 16.
14 | 6. 7. 10. 9. 8. 5.
15 | 1. 2. 2. 3. 3. 3.
16 | 1. 1. 1. 1. 1. 1.
______ e e m e e e e e eeeiaao
Fishing Mrtality in the Projection
______ e e m e e e eieeiaao
AGE | 1998 1999 2000 2001 2002 2003
______ o e m e e eeeaas
1 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 | 0.0000 0.0000 0.0000 0.0000 O0.0000 O0.0000
3 | 0.0000 0.0000 0.0000 O0.0000 0.0000 O0.0000
4 | 0.0000 0.0000 0.0000 O0.0000 0.0000 0.0000
5 | 0.0305 0.0305 0.0305 0.0305 0.0305 0.0305
6 | 0.2331 0.2331 0.2331 0.2331 0.2331 0.2331
7 | 0.9988 0.9988 0.9988 0.9988 0.9988 0.9988
8 | 1.3546 1.3546 1.3546 1.3546 1.3546 1.3546
9 |  1.1492 1.1492 1.1492 1.1492 1.1492 1.1492
10 | 0.9035 0.9035 0.9035 0.9035 0.9035 0.9035
11 | 0.7739 0.7739 0.7739 0.7739 0.7739 0.7739
12 | 0.9530 0.9530 0.9530 0.9530 0.9530 0.9530
13 | 0.8568 0.8568 0.8568 0.8568 0.8568 0.8568
14 | 0.8932 0.8932 0.8932 0.8932 0.8932 0.8932
15 | 0.9530 0.9530 0.9530 0.9530 0.9530 0.9530
16 | 0.9530 0.9530 0.9530 0.9530 0.9530 0.9530
...... e e m e e e eiaaos
Natural Mrtality, Maturity Ogive and Stock Weights
1 0.20000000E+00 0. 00000000E+00 0. 10000000E- 07
2 0.20000000E+00 0. 00000000E+00 0. 10000000E- 07
3 0.20000000E+00 0. 10000000E-01 0.12600000E+00
4 0.20000000E+00 0.20000000E-01 0. 22200000E+00
5 0.20000000E+00 0. 30000000E-01 0.38300000E+00
6 0.20000000E+00 0.50000000E-01 0.58100000E+00
7 0.20000000E+00 0. 80000000E-01 0.90900000E+00
8 0.20000000E+00 0. 18000000E+00 0. 12640000E+01
9 0.20000000E+00 0. 32000000E+00 0. 18500000E+01
10 0.20000000E+00 0. 48000000E+00 0.24270000E+01
11 0.20000000E+00 0. 62000000E+00 0. 31040000E+01
12 0.20000000E+00 0. 74000000E+00 0. 39960000E+01
13 0. 20000000E+00 0. 82000000E+00 0.51410000E+01
14 0.20000000E+00 0. 89000000E+00 0.59430000E+01
15 0.20000000E+00 0. 92000000E+00 0. 66580000E+01
16 0.20000000E+00 0. 10000000E+01 0. 70000000E+01
s.d. of Maturity Ogive and Stock Weights
for root-arcsine and | og transforns
1 0.00000000E+00 0.54977006E- 06
2 0.00000000E+00 0.54977006E- 06
3 0.24691303E-08 0.37747872E-07
4 0.35675171E-08 0.48518241E-07
5 0.53518138E-08 0.92290261E-08
6 0.69225527E-08 0.12167044E-07
7 0.85067664E-08 0.23507537E-08
8 0.89013198E-08 0.70305602E-08
9 0.98792651E-08 0.37658152E-08
10 0.13996201E-07 0.28396940E- 07
11 0.98913297E-08 0.42881312E-08
12 0.26143470E-07 0.49705062E-07
13 0.71049598E-08 0.36784294E-07
14 0.55879354E-08 0.46737178E-07
15 0.28279100E-07 0.46499025E- 07
16 0.43547672E-07 0.28669007E-07
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Appendix 3 (contd.). Summary results of ML fit using Canadian catch-at-age data from 1988 to 1997
to estimate selection pattern.

Stock Size Trajectory

1998 0. 676996689623E+04
1999 0. 650935523748E+04
2000 0. 688638174779E+04
2001 0. 739132634933E+04
2002 0. 745853849512E+04
2003 0. 680920986207E+04

Fl eet Catches by Wi ght
Catch Estimates by Fleet

1998 0. 000000000000E+00
1999 0. 205523047653E+05
2000 0. 248659189653E+05
2001 0.300691447429E+05
2002 0. 305283814367E+05
2003 0.251534198874E+05
Fl eet Catches by Nunber
Catch Estimates by Fleet 1
______ e -
AGE | 1998 1999 2000 2001 2002 2003
______ e oo
1 0. 0 0 0. 0 0
2 0. 0 0 0. 0 0
3 | 0. 0 0 0. 0 0
4 0. 0 0 0. 0 0
5 | 0. 1634 1603 1140 748 748
6 | 0. 6748. 9025. 8854, 6298. 4133
7 | 0. 10650. 13457. 17999. 17658. 12561
8 | 0. 2709. 3793. 4793. 6410. 6289
9 | 0. 967. 525. 736. 929. 1243
10 | 0. 208. 218. 118. 166. 209
11 0. 101 62 65. 35 50
12 | 0. 45 44 27. 28 15
13 | 0. 15 13. 13. 8. 8
14 | 0. 4 6. 5 5. 3
15 | 0. 1 1. 2 2. 2
16 | 0. 0 1. 1 1. 1
______ e o e i
Total Catches by Number
______ e o
AGE | 1998 1999 2000 2001 2002 2003
______ e o e e el
1 0 0 0 0 0 0
2 | 0 0 0 0 0 0
3 0 0 0 0 0 0
4 | 0. 0 0. 0. 0. 0
5 | 1222. 1634. 1603. 1140. 748. 748
6 | 5341. 6748. 9025. 8854, 6298. 4133
7 | 7607. 10650. 13457. 17999. 17658. 12561
8 | 4988. 2709. 3793. 4793. 6410. 6289
9 | 925 967. 525. 736. 929. 1243
10 | 336. 208. 218. 118. 166. 209
11 | 104. 101. 62. 65. 35. 50
12 | 52. 45. 44, 27. 28. 15
13 | 11. 15. 13. 13. 8. 8
14 | 3. 4. 6. 5. 5. 3
15 | 1. 1. 1. 2. 2. 2.
16 | 0. 0. 1. 1. 1 1
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Figure A3.2. Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A3.3. Residual plots and observed and fitted values for the Canada standardised RV series, at
age 3
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Figure A3.4. Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A3.5 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 5
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Figure A3.7 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 7
PFeg3dP BY.print-zereen; -or any other key to cont®ige®

Ttock Humbers Catchability
18000 - 10000
0 Fa
W 12000 0 iy
[ -1
2 £ sooo
H H
Z 60004 T
i
H
o o T T T 1
1978 o 1.4e4 2.8ed 4.2e4
Year Index UValue
M Index Prediction +/- sd — UPA M Index Dbservation — Fitted Line
1.1 A 1.1 A
A oala A alap &
0.5 & o 0.5 L p
ﬁ iy
T T 1 ¥ T ALY 1
7 -0 __Df'ﬁaf; 0.%9e4 1.624 2%3.34 7 -0 19Ra A 1988 Pt 1998
-E é(pected Ualue -E Time £
w =07 o FANRAY m —0.7 {88 A A
g pit g A
-4 ©
1.3l -1.31 iy
M Index Observation M Index Observation

Figure A3.8 Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A3.9 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 9.
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Figure A3.11 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 11.
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Figure A3.12 Residual plots and observed and fitted values for the Canada standardised RV series, at
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Figure A3.13 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 13.
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Figure A3.14 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 14.
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Figure A3.15 Residual plots and observed and fitted values for the Canada standardised RV series, at

age 15.
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Figure A3.16 Residual plots and observed and fitted values for the Canada standardised RV series, at
age 16.



