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B. Abstract

The consistency of population estimates from seven northwest Atlantic groundfish
stock assessments was investigated using a combined case study and simulation
approach. The stocks investigated were 2J3KL cod, 3PndRS cod, 4Tvn cod, 4vsW
cod, 4TVW haddock, 4X haddock, and 52 haddock. For each stock & series of
assessments were performed using an cbjective and automated calibration technique
(ADART} . 'The assessments contained progressively shorter time series of input
data and yielded several estimates of the same populations. The variability of
the resulting estimates of the same population was investigated in terms of both
range and trend when compared to those obtained from the assessment with the
longest data aeries (the reference). For several stocks there was a tendency for
the annual estimates to bhe higher than the reference estimates. Different
formulations of the calibration medel were attempted to eliminate this trend in
selected case studies. Simulations of model Grror and Statistical SrrOor3’ were
also used to ipvestigate possible causes for the obscrved. trends. The tendancy
for annual assessments to overéstimate the reference estimates was reproduced in
cases of catch misreporting and misspecification of natural mortality in the
presence of a trend in fishing mortality. .




I Introduction

Virtual population analysis (vPA} {Gulland 1965) and cohort analysis (Pope 1972)
have keen used extensively for estimating fiah stock size for management
purpoaes. The method basically consistas of adding up the catches of a cochorts
of fish while adjusting for non-fishing or natural mortaility (M) during the life
of the gohort (Ulltang 1977). An estimate of the number of surviving fish in the
last year of the time series is required to begin the process., We have called
this process sequential populatlion analysis (3PA). These eatimates can be derived
by calibrating the analysis with an independent index of stock size. Calibration
conaists ¢of choosing the set of survivor estimates that produce the best match
betweon the SPA population estimates and the index. While the SPA estimates from
the most recent time are highly sensitive to the assumed number of survivors,
those from earlier years are not, provided that fishing mortality is high encugh
(Pope 1972). Thus the pepulation estimates are said te converge to values that
are ingensitive to the input values. After deing assessments for several years
it is possible to compare the most recent estimates of the populations in years
gone by to those that were obtained annually in previous assesaments. This is
what we have called retrospective analysis.

A working group was formed in 1986 by the Canadian Atlantic Fisheries Scientific
advisory Comittee (CAFSAC) to investigate the consistency of the northwest
Atlantic finfish stock assessments which used SPA. It was noted that, for
several stocks, the yearly assessments generated population estimates more
optimistic than those from the reference yosar (l.e. the most recent assessment)
(Gascon 1988, Anncn. 1%87). The pattern was age structured with the deviations
from the current assessment increasing with age. However, the assessments of
the day employed a wide variety of ad hoc calibration techniques, too many to
allow the systematic examination of the asgsessment deviations in relation to
agsessment method.

Thus a more objective calibration framework was developed and this has become the
main analytical tool of recent Atlantic Canadian stock assessments. We like to
call it the adaptive framework, or ADAPT for short (Gavaris 1988 a). With ADAPT
one treats the independent index as observed values and SPA is used as a model
produce predicted values. Functicnal relationships between the observations and
the model results are defined, uwsually in the form of linear relationships on an
age-by~age basis. The calibration process conaists of defining an gbjective
function, usually in terms 6f minimizing residuals between observed and predicted
values, and then using non-linear technigques t¢ choose the set of input
parameters for SPA and the regreasien c¢oefficients that satisfy the objective
function. The residuals may be treated in different ways to account for scale,
relative error of the chservation, and their distribution, Two common treatments
are a log transformation and standardization by the inverse standard error of the
observation. The method addresses many of the technical problems noted in other
ad hoc calibration procedures previously used (e.g. the basis for choosing the
best estimate, determination of functional relationships, appropriate treatment
of errors). ’

CAFSAC then directed its Statistics, Sampling, and Surveys Subcommittee to
evaluate the use of retrospective analysis as a tool for measuring the accuracy
of past stock sjze estimates, A workshop was held in Halifax, N.S. in February
1989, Two main issues were considered, how reliable are the reference (those
obtained from the most recent 5PA for the complete time series) and the assessed
{all other) stock size estimates, and what i3 the best way to do a retrospective
analysis. The discussions centered on population size estimates and did not
consider catch projections. This was done in order to focus attention on the SPA.
Population estimates are important to the accuracy of catch projections, but
other factors such as target fishing mortality, weights at age, and partial
recruitment in the projection years are also important.

I1 Pravicus Usa of Retrospectiva Analyslis. D. Gascon

SPA is a compaslte of at least three independent models: 1)A model relating
population numbers, fishing mortality {F), and catch ({(the Baranov catch
aquation}. This model includes a major assumption about natural mortality (M),
which is a rather untractable parameter. 2) A model about age aspecific
susceptibility (or relative catchabilities) to the fishery: the partial
recruitment. 3) A model relating other independent indicies of stock size to
those obtained from model 1,

The problem with model 1, is that one has n observations to estimate n+l
independent parameters (the n+l1*" parameter being F or population numbers in the
last year: therefore, model 3 1s used to estimate the absolute value of F or
population numbers in the last year, whereas model 2 is usgsed to partiticn F
amongst ages. The latter model may not be required if age specific indicies are
available, although it is usually included in ¢one form or another to estimate
terminal fishing mortalities of historical cohorts.

In spite of its widespread use, SPA has received little attenticn of either
theorists of field biclogists, with perhapa the exception of the so-called tuning
techniques (see review in Anon. 1988a), whose aim is to relate the three models,
The use of "Retrospective analysis™ in assessing the performance of SPA is
examined in this section of the report.

Gascon (1988) has examined the ratios between average F estimated in the final
year of SPA with the F's in the converged part of the most recent SPA, for




several gadold stocka assesaad at CRFSAC, NAFQ, and ICES. It was found that the
range waa gulte large (x0.4 and %2.0 of coenverged V), but alse that there waa a
definite bias toward underestimacing F (6 overestimatues wva 44 undereatimates
after 3 years) and therefore overestimating population size.

Rivard (1981} did & similar analysis but on a shorter data set. HNo bias was
vigible from his data; however, since he was working on a much shorter time
series {in the unconverged part of the §PA), bilas may not have yet become
apparent. Rivard and Foy (1987) undertook the most comprehensive study of errors
in catch projections in which they attempted £o partition errors amongst the
various scurce of input. In all cases, initial stock size in the projections was
the most important scurce of errcr, folleowed by partial recruitment and target
fishing mortality, and by weights at age in projected years., Variation in stock
glze was estimated by means of retrospectlve analysis: they found an average
absolute difference of 42.7% in the stock slzes estimated for 1980 and of 49.8%
for 1982 veraus the reference estimates {as of 1985 asseassments}. There again,
there 1s an evident bias toward overstimating stock sizea (26 overestlimates vs
% underestimates), and amcngst the underestimates, 4 occured for atccks which
have a poor or inappropriate database (i.e. 3NO cod, 4RST redfish}. Population
estimates for herring stocks are extremely imprecise (%8% absolute error) and
unbiased (4 under/3 over). For gadeoids and pleuronactids, bias toward
overestimating is systematic (19 over/3 uader).

Similar analyses have appeared in Anon. (1984), describing the errors in
asgessmants of the ICES and have been preduced systematically in some assessments
(Ancn 1985, 1%88b), but owing to the difficulty of their interpretaticn, these
. analyses have tended to disappear recently. ! :

Pope and Gray (1983) examined the precision of catch projection of North Sea
groundfish stocks using Mconte Carle simulations. The relative importance of the
sources of variation {i.e. fishing effort, recruitment, and catch at age) varied
from stock to stock.  Coefficlents of variation were smaller when F in the
projection year was set equal to F in the previcus year {ie. the status-~quo),
thar when F is set te a specific target, since in the first case, errors in F
tend to cancel put. Brander (1%87) compared nominal catches to status-quo
projections made by various ICES working groups. He found a 14% error for one
year projections and a 21% error for two year projections with no bias. However,
nominal catches may be taken at different F's than the one used in proijections,
adding another scurce of variability. These studies may be of limited relevance
in the context of Atlantic Canadian stock assessments where status-quo TAC's are
not used, Rather, projections are made at a specific target fishing mortality
{F,,,) and thua the precisicn and accuracy of population estimates la of greater
importance.

In SPA, there are three majors assumptions postulated or required: 1) That catch
estimates are unbilased. 2) - That catches and population numbers are related
according te model 1. 3) That natural mortality is known {and error free), We
briefly examine some studies that attempt to assess the impacts of biases in
these assumptions.

Catch at age.

Catch at age is usually the only measured parameter that intervenea in the 8PA
gensus stricte, and the variation (in the population or due to sampling) can be
dealt with by standard statlstical techniques. Pope (1972} and Sampaon (1987)
have derived variance formulas for population numbers given the variances in
catch and F.

In addition, systematic errors can be lntroduced by misreporting, discarding, or
unrepresentative sampling. Mesnil (1%80) was unable to assess the effect of such
biases, but he emitted serious doubt about the usefulness of the technigue under
such circumstances. Sampson (1988) has shown that convergence (i.e. stability
in the initial estimate of cohort size) was not maintained when errors in catch
at age were added simultaneously tc errors in other parameters.

Medel errors.

Ulltang (1977) extended the catch equation to incorporate migration, but
migration rates are nearly impossible to meas.re in a systematic manner;
therefore they are not considered in most assessme:ts., Sims (1982) has examined
analytically and by simulations the assumption of tne model that mortality occurs
as an exponential function. He found mederately large departures (in the order
of 20%) in the worst case scenarios (fishing restricted in the first or last
month of the year), under very high M and F's. The bias was usually much lower
under more usual circumstances.

Natural meortality.

Natural mortality for groundfish is likely to be dynamic, depending on fish age,
the abundance of predators, prey, and other factors. However, M is usually nct
estimated on a routine basis in SPA. Attempts have been made to estimate M due
to predation in the North Sea (Anon. 1989} but this was based on several years
of extensive stomach contents analysis and on the existance of fisheries which
sample both predator and prey populations at juvenile and adult life history
stages. This latter condition is not present in Atlantic Canadian fisheries.
Nevertheless, the North Sea model has indicated substantial variation in
predation mortality and has yielded some interesting conclusions. Specifically,
it was suggested that increased mesh size in cod fisheries from 80mm to 120mm
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would actually decrease yield in other fisheries by increasing the predation of
juveniles by cod and whiting {Ancn. 1989). In other cases a "reasonable"” value
for M 1s assumed {0.2 or 0.3}. Consequently, it {a an additional assumption in
the model, rather than a real parameter, and it is better treated as such.

hgger et al. (1973}, Ulltang {1977}, Mesnll (1%80), Simas (19B4), Sampson [(1948),
Hilden {1988) have discussed various aspect of the effects of M on SPA. All
concur te say that higher M lead to higher esatimates of initial population
numbers, and that errcors in M could yield substantial errcors in the estimate of
population numbers. Sims (1984) found that on 10 and 20 year spans, errors of
M (mean =0.18) of +56%, +11%, -11% and -56% yielded errors in population numbers
of +91%, +13%, -11% -42% and +261%, +26%, -20% and -62% respectively. Vetter
{1988) has thoroughly reviewed the mathods of ¢atimating M and the effects of the
assumptions about it on fishery modela. He concluded that the effects of errors
in M were complex, and dependent on the errocrs Iin other parameters: in general,
the effects were generally a function of the relative values of F and M. He
provided strong evidence that M varied both from age to age, and from year to
year.

If a bias in M exists, the effects will not be uniform throughout the VPA. The
most recent years are all composed of incomplete cohorts, which will suffer
smaller cumulative effects of the errors in M, than the more ancient, complete
cohorts,

S50 far, no one has attempted a full analysis of the effects of M on the
assesament process (Vetter, 1988), from the SPA to the tuning, projectlons and
yield per recruit. A higher M would result in higher estimate of historical
populaticn size, thus changing the slopes of the tuning relationships, yielding
a lower (at least relative to the past}) current estimates of population size,
lgwer projected catches, but a higher F,, (Vetter, 1988). These effects may or
.may not cancel out, and it is difficult teo say for the time being.

IIT Report of Group 1.

'This working group carried out case studies on seven stocks; 2J3KL ¢od (Balrd and
Bishop 1988), 3Pn4RS cod (Fréchet 1%88}), 4TVn cod {Chouinard and Sinclailr 1988},
4VsW cod (Fanning et al. 1588), 4TVW haddock {Zwanenburg and Fanning 1988), 4X
haddeock (0'Boyle et al. 1988), and 5Z haddock (Gavaris 1988 b). The
retrospective analysis for each stock commenced by first re-doing the 1988
assessment. This analysis served as the reference to which all subsequent runs
were compared. Next, the assessments were conducted with progressively shorter
catch and abundance index data sets. The population estimates from each
assessment were compared to the reference esatimates. Based on previcus
observations that systematic deviations from the reference estimates varied with
age, ccmparisons were again done by age groupa. The years used and the age
groupings in the analyses are given in Table 1. All population estimates are
given in Annex II.

An index of deviation (D,,,) was calculated as the ratio between the population
estimates {(N,,,} for age group i, stock J, population year t,.andlass?ssment year
a, and the corresponding reference estimate (Nyj .. . The distribution of these
ratiocs were examined among stocks and age groups. The index was calculated as

Niju
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Plots of population size by age ¢class from the retrospective assessments indicate
that of the seven stocks examinad, 4RS3Pn cod and S2 haddock had consistent
patterns of estimates from one year to the next fer all age groups, that is to
say that by dropping one year of data there was not a tendency for the subsequent
estimates of the same populaticon to increase {Figure 1). The pattern for 4TVn cod
was also consistent for the partial!y recruited ages. For 2J3KL ceod, 4VsW cod,
and 4TVW haddock there was a discinct tendency for the estimates in the
assessment year to be higher than those in the following years. This was also the
case for 4Tvn cod and 4X haddock in the older 2 age groups.

Box and whisker plots (Tukey 1877) of Dy, in Flgure 2 give the distributien of
these ratios for all stocks by age group. For 2J3KL cod and 3Pnd4RS cod the
deviations for all age groups are the smallest and the ratios are close to 1.
The largest deviations were found for 4VW haddock and 5Z haddock. When compared
among age groups (Figure 3), it is apparent that over 75% of the population
estimates are greater than the reference estimates. The deviations were slightly
higher for the recruitment estimates than for the other two ages. If the ratios
are plotted against the lag between the assesament year and the popuation year,
one can see the effect of convergence of the SPA’s (Figure 4). After a lag of
three years 50% of the population estimates for partially and fully recruited
ages are within +- 10% of the reference estimates. However, for estimates of
recruitment, the same degree of convergence was not evident until a lag of five
to 3ix years. For the population estimates from the last year of the assessment
series (ie. lag=0) the range of ratios was 0.3 to 3.9 and the middle 50% of the
rat}os were between 1.0-1.8. This indicates considerable variation in population
estimates as more data were added to the assessments.

We considered whether the source of abundance index data, either from a research
survey or commercial catch rates, could be related to the pattern of population




estimates. The assessment of 2J3KL cod uses both indices in its callbration. Two
serles of assessments were conducted using survey and commercial catch rates
sepearately in the calibration. The results are presented in terms of fully
recrujted fishing mortality (Table 2), The calibrations with survey indices
alone gave consistently higher fishing mortalities, and thus lower populatiocn
estimates, than callbration with the commercial index although the two converged
to virtually the same reference estimate by 1983, fThe commercial catch rate
series generated assessed fishing mortalities 40-70% lewer than the reference.
The research survey index generated F's 30-40% larger than the current estimates
in the 15683-83 pericd, but aimilar estimates in the last 2 years. A significant
change in the pattern occured in 1986, the year of what now appears to be an
anomalcusly high survey estimate (Baird and Bishop 198%) .

How general this was for other stocks could not be determined due to time
constraints. However, a similar comparisons could be made for other stocks where
both research survey and CPUE time serles are available.

IV Raport of Group 2.

This group developed alternative formulations within ADAPT in an attempt to
eliminate systematic deviations in the restrospective analyses. The alternative
formulations which were considered are those related to 1) structural changes in
the underlying populaticn dynamic model, 2) the formulation of the objective
function for the minimization, or 3) the cheice of the index (or combination of
indices) for the calibration. The list of alternative formulations that were
investigated 1s as follows:

- allowing temporal changes in catchabilities for the commercial fleet:
- allowing exploitation patterns to be dome-shaped rather than assuming
full recruitment for older ages;

* - allowing natural mortality (M) to be estimated within the framework
(i.e. M as a parameter) or assuming that M is something else than 0.2;
- using alternative indices of abundance or a different combination of
them (relative weighting)
- using alternative formulations of the objective function ({e.qg.
logarithmic transformations, weighting by inverse of standard error for
indicea, etec.);
- using age disaggregated indices from the commercial fleet rather than a
single global index.

It was not possible to extenslvely explore the area of "alternative indices"
within the time available. Similarly, the question of stock definition and its
implication for the various formulationz was not addressed. The gquestions of
relative weighting of multiple indices and of using multiple indices in a single
formulation or in separate formulations of the adaptive framework (combine
estimates within or combine them after) were not g¢onsidered extensively,

Cod in the southern Gulf of St. Lawrence {4Tvn} and haddock on the eastern
Scotian Shelf (4TVW) were used as case studies. The purpose of the exercise was
to compare the retrospective analysis obtained by Group 1 with the retrospective
view obtained from the "new" formulation. The aim was to find a formulation that
provided the "most consistent" analysis. Ccnsistencv, while a desirapble property,
must not be confounded with the "truth" and there is no gquarantee that the "most

conaistent formulagion™ corregponds to the "truth™.
Ced in 4Tvn

The results for this stock ar summarized in two figures, the ratios of assesged
and reference estimates (Figure 5) and a comparison of absolute population
estimates from the different options (Figure &),

Research index at age using leg tranaformations. In this formulation, only the
research index at age was considered for the calibration. Rather than weighting
the residuals by the inverse of standard error as was done in the original
analysis, a logarithmic transformation was applied to the residuals. The results
are comparable to those of the coriginal analy31s both in terms of deviations and
absolute estimates. This is not surprising since the original fermulation
(Chouinard and Sinclair (1988)) gave very little welght (1/%) to the commercial
catch rates. The estimates for partially recruited ages were generally less
consistent and more dispersed using the RV data alone. The interannual changes
in estimates of recruitment were less using the RV data aloene,

Age-disaggregated commercial catch rates. In this formulation, only c9mmerci§l
catch rates at age {from otter trawlers) were used for the calibration, This.

formulation lead to a aystematic underestimation of recruitment and partially
recruited ages relative to the reference (Figure 5). However, for the fully
recruited ages, the stock size estimated each year was closer to the reference
than those based on the surveys. Consequently, the commercial catch rates might
be better for estimating the fully recruited ages but the research survey
information providea a more satisfactory index for cstimating recrultment and
partially recruited ages.

Time-varving catchability for the commercial fleet. In this formulation, the
following modifications were used:

-logarithmic transformation was applied to the residuals;

~-commercial catch rates were disaggregated by age {this implies a relative
weighting of 1:1 for the commercial index and the research index);

~the catchabllity coefficients {g) £for the commercial fleet were
arbitrarily assumed to be time dependent, increasing at 5% per year.
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The populatlon eatimates for fully recruited ages are systematically higher than
the reference with this formulation but to a lesser extent than the results
obtalned using a formulation based on surveys only. The opposite was true for the
partially recrulted and recruitment estimales. Thia 1a similar to the pattern
obhtained when only he CPUE lIndex was used. This optlon produced the lowest
absolute population estimates.

Forcing exploitation patterns to be dome-shaped. Input parameters for VPA are
usually given as fishing mortalities (F} for all ages in the last year and for
the oldest ages for all other years. 1t has been our experiance that there are
insufficient data to estimate all these parameters. Instead, the oldest age F'sa
are estimated by assuming a relationship between F- at younger ages in the same
year and that at the oldest age. In the original formulation for this stock, F
at the oldest age was assumed to be egual to the mean (weighted by popularion
numbers) fully recruited F (ages 9 and 10), a so called flat-topped recrultment
pattern. An alternative formulaticn was used where the pattern was assumed to
be dome-shaped, that is where the oldest age F was set at 25% the fully recruited
F. ©Only the research vesael index was used for calibration, This formulation
produced a much more consistent retrospective pattern for the cldest age group
and a a2light improvement for the recruitment estimates. This option produced the
highest absolute population estimates.

Defining M a3 a parameter. When M was introduced as an additional parameter, it
was estimated to be 0.37. However, all values of the correlation matrix of the
parameters became relatively large which would indicate that while there is some
information in the data to estimate M, there is insufficient information to
estimate simultanecusly M and F {through the survivers and the calibration
coefficients).,

Haddock in 4TVW

Forcing exploitation patterns to be dome-shaped. Fishing mortality on the oldest
age group was set at 50% of the fully recruited fishing mortality in each year,
This formulation did not improve the retrospective analysis for any age group
{Figure 7).

Defining M a3 a parameter. When M was introduced as an additional parameter it
was eatimated to be 0.27. The standard error was relatively small, i.e. ¢.09, but
all values of the correlation matrix of the parameters were relatively large,
Again, as was the case for 4Tvn cod, there 1s i{nsufficlent information to
estimate slmultanecusly M and the other parameters.

Assuming M=0.4. There was nec consiatency of the restrospective analysis when M
was assumed to be 0.4, The analysis could not be completed for 1%86 and 1987,

Asguming M is age-specific. In this formulation, M was assumed to take the
following arbitrary values for each age:

AGE 1 2 3 4 5 [ 7 | 9 10 11

M .% .54 .36 .18 .18 .18 .18 .18 .18 .27 .324

With thia pattern, no improvement in the consistency of the retrospective
analysia could be detected (Figure 7).

General Comments

Adding parameters in an attempt to develop new/alternative formulations often led
to an overspecificaticon of the model. This was apparent by examination of the
correlations among parameter estimates, a useful diagnostic tool available in
ADAPT. Under these conditions, there is insufficient contrast in the data to
allow estimation of all parameters simultanecusly. This observatien is
consiastent with the general cxperiance in stock assessments, for example the
inability to estimate F on the oldest age groups.

For cne of the two stocks for which dome shaped partial recruitment was assumed,
-the retrospective analysis provided a more consistent picture than the
formulation which assumes full recruitment for the oldest age. However, by
assuming a dome, the results imply an abundance of older fish in the population
that are net found either by the research surveys or the commercial fishery. In
addition, when a dome ahaped pattern is assumed there is not complete convergence
of estimates of abundance of the oldest age groups.

The question of relative weighting of multiple indices in a single formulation
and of using multiple indices in separate formulations of the adaptive framework
{¢combine estimates within or combine them after) were only addressed in two new
formulations for the 47vn cod stock. The commercial catch rates provided a more
consistent estimation for the fully recruited ages but the research survey
information proved more consistent for estimating recruitment and partially
recruited ages. This should be explored further.

¥ Raport of Group 3.

The general appreach of this group was to use simulated data to investigate the
effects of model misspecification on population estimates, both reference and in
the assessment year. Input data for an assessment were generated with the set of
parameters: 1initial numbers at age, recruitment, fully recrulted F, partial
recruitment, and natural mortality at age. Population numbers (N) at age i and
year t were then projected using the standard equation:

Nioy, v =Ny, ce-lx,.,w,‘:)-




Cutch at. age L and !In yasr ¢ was alao ganarated ualng the Baranov catch equation:

o Fud (oo™t
i My o Fy .

The simulated population numbers were used as the index of abundance for
calibration. For the analyses, either the input data (catch at age or ‘index of
abundanc¢e) or the parameters used in the SPA (M, partial recruitment) were
adjusted to mimic systematic errors in the analytical models., The specific
deviations investigated were;

- Differences between assumed and actual natural meortallty,

- Changes in the catchabllity of the survey.

= Errors in partial recruitment assumptions (domed or flat topped).
~ Misreporting of catches.

Populations with two age spans were used, ages 1-5+ and 1-10+. Catches and
population numbers for older ages were combined. The formulations of ADAPT had
the following in common.

Parameters Estimated

~Survivors in the last year, either 1-4 or 1-8 depending on the age span of the
simulated population.

~Slopes (k'a) for the calibration relationships (to beginning of the year).
The relaticnships used the population estimates from 5PA to predict the index,
in the form;

FyemkyNy o

Structure Imposed

- For the short age span, F at age 5+ in the final year was set equal to age 4.
This was consistent with the partial recruitment used to generate the numbers.
F on the cldest age was set egual to age 4.

- For the long age span F at age 9+ in the final year was set equal to the mean
of ages 5-7, as was F on the oldest age.

- M assumed to be .2 in all casges.

- Error in catch at age was assumed to be negligible and thus the abundance index
was treated as the dependent variable in the calibration regressions. (see report
of group 4 for details)

Differences batween assumed and actual M _at age.

Four scenarios of deviaticns of M were investigated: Lrue M declining, true M
U-shaped, true M lewer than assumed, and true M higher than assumed. In all
cases M was assumed to be 0.2, The actual values used are given in Table 3.

The effects of these deviations between the true and assumed M on the resulting
population estimates are demeonstrated by the estimated slopes of the calibration

relationships (Table 4). Since the true population abundance was used as the
calibration index for each age, the true calibration slopes were 1.0, Higher.
estimated slopes indicate an underestimate of the true population (on average)

while alopes less than 1.0 indicate an overeatimate of the true population.

In the case with declining M, the older age groups were correctly estimated

(slope =~ 1.0) (Table 4} since the assumed and true MN's matched. The SPA
underestimated the true abundance for younger ages because the true M was higher
than the assumed value. The population estimates were lower than the true values
when the true M was higher than the assumed value (M=0.3 and U-shaped), while the
opposite was true when the true M was lower than that assumed {(M=0.1), The
reaiduals in the calibration were negligable (less than 0.5%) meaning that the
differences between the estimated population sizes and the index were almost
totally explained by the calibration regressions. This is probably because the
deviations between true and assumed M as well as the fully recruited fishing
mortality were constant for all years. Consequently, there was no divergence
between the reference and assessed estimates and there was no retrospective
pattern,

This was verifed by using different M's while generating the simulated data, In
a 10 year simulation with M=0.2 for 5 years and M=0.4 for 5 years the calibration
produced residuals, and these were autocorrelated with time.

We also investigated whether a trend in F accompanied by a misspecification of
M could generate a retrospective pattern similar to that observed by group 1.
Population and catch numbers were generated using M=0.1 and M=0.3 and either
continuously increasing or decreasing F for a 20 year period. Fishing mortality
trends were from .05 to 1.00 in steps of 0.05, The data were analysed assuming
an M of 0.2¢. Examination of the deviations between the reference and assessed
population estimates indicated retrospective paterns (Figure 8)., When M was
underestimated and F decreased there was a tendency for the assessed values to
exceed the reference values. The same was true when M was overestimated and #




in¢reased. It was repcrted by Lapcinte, et al. (1989) that such a situvatilon
created spurious trends in recrusitment estimates. Many groundfish stocks in the
northwest Atlantic have experianced lower fishing mortalities since the extension
of flsherles juriasclcclon in 1977.

Changes in Catchability of the Index

As mentioned above, the simulated true pepulaticn numbers were used as the
calibration index. Thus, the true wvalues were used in a manner analogus to
having .an abundance survey with a catchability of one, A change in catchability
wags simulated by changing the index either by year or by age before carring out
the calibrations. When the calibration index was doubled after 5 years this
generated a discontinuous pattern in the residuals of the calibration regressions
with respect to time. If the calibration index was adjusted in an age dependent
manner the calibration regressieons were perfect (no residuals) and the
calibration slopes accurately eatimated the simulated catchabilities.

Partial Recruitment

In this case the true population was generated with a dome shaped PR and analysed
with a2 flat-topped PR (Table 5§). The results indicated nc deviation between the
reference and assessed estimates. However, the population estimates were
consistently lower than the true values. The resulting estimates of F indicated
an increasing trend with age {Table %). In a standard assessment, such a trend
might be interpreted as a continually increasing partial recruitment to the
figshery rather than the real dome shaped pattern. The estimated k's alsc
increased with age- (Table 5), The largest errors were for the oldest ages and
there was a convergence of the estimated and true population values toward
younger ages. However, such a pattern of k in a standard assessment might be
interpreted as an increasing trend in catchability to the survey. Only if a dome
shaped PR was assumed or if F was high (cleose to 1.0) did a dome appear in the
F matrix, The lack of residuals in the fits made dlagnosis of the
misspecification of PR very difficult, Based on these cbservations, the
interpretation of a dome-shaped pattern in an F matrix is unclear.

The same catch at age matrix was analysed with SVPA (Pope and Shepherd 1982)
and the dome shaped PR was detected.

Misreporting

In this case a simulation of annual assessments was used on a population with a
5 year age-span over a 30 year pericd. Two cases were examined:; in one
misreporting began after 10 years, in the second misreporting occured throughout
the period, The first simulation began with 10 years of perfect data. Beginning
in year 11 only half of the actual catch at age was used, thus simulating a
situation where only half of the catch was repcrted. An assessment waa done each
year and catches for the next year were projected at F=0.2. The fishery then
caught twice the TAC, and the catch at age necessary to achieve this was
estimated. But for the next year’s assessment only half the catch numbers were
used since only half the catch was reported. '

The annual assesaments of population size were consistently higher than the
reference estimates when misreporting began at year 11 (Figure 9). The assessed
values were higher than the true values in the years immediately following the
beginning of misreporting and the assessed estimates were always closer to the
truth. However, the assessments consistently indicated increasing trends in
population size contrary to the actual trends. This pattern in the retrospective
analysis was similar to that observed for several cases studied by Group 1.

When misreporting always occured the reference and assessed estimates were equal
but half the real values, Thus the retrospective pattern described above was due
to a change in aimulated reporting practices. '

VI Report of Working Group 4.

There are two fundamentally different types of data available for the
estimation of stock size, commercial catch at age and information from abundance
indicies. It is currently popular te use the catch at zge with cchort analysis
to estimate the population. An alternative approach is to use the abundance
index scaled by age specific catchabilities to estimate the population. The
cheice of approach may be based on the relative uncertainty in the two types of
data. This working group used simulated data to investigate the effects of error
migspecification on the resulting population estimates.

Three formulations of ADAPT were considered to takoe inte account the relative
importance of the uncertainty in these data.

Model I no-catch-error; assumes that the error in tha catch at
age can be ignored

Model II . no-index-grror; assumes that the error in the abundance
index can be ignored

Model III full-error; account for the error in both types of data
in ad-hoc sequential manner.




Model I is asimilar to the standard assessment approach. The c¢ohort equations
(Popa 1972} were used to generate the populatlicon matrix. ADAPT was used to
estimate the surviveors in the final year and the callbraticn conatants between
the population estimates and the abundance index. The calibratiocn eriterion used
was to minimize the residuals beLween the cbserved abundance indiclea and those
predicted from the population ¢stimates. The survivors [or the oldeat age were
calculated by assuming that the F on that age was equal to the F on fully
recruited ages., This assumption was consistent with the way the simulated data
were produced.

Model II ¢alculated the population as the product of thé abundance indicies and
age specific calibration constants. The catch at age was then predicted given
the estimated population by estlmating the total annual mortality (Z) for each
cohort, substracting the natural mortality to cobtain annual fishing mortality,
and using this to estimate annual catch at age using the Baranov equation. ADAPT

was used to estimate the callbration constants using the criterion of minimizing
the residuals between the cbserved and predicted catch at age.

Model ITT used both methods to sequentially estimate the population and produced

two estimates of the population.

2 single population matrix was generated and the resulting true catch at age and

“abundance index were calculated for the given exploitation pattern and the index

catchability. The catch at age and index were decompcosed into proportions and
total numbers before leognormal error similar to that calculated for these stocks
was added. Ten data sets were then generted for each of the the three data
classes described below. Each data class was analysed with each medel.

Data Class I True catch at age, abundance index with error

Data Class II True abundance index, catch at age with error

Data Class III Both daEa types with error

The results are summarized below. Model I performed well even when the data
violated model assumptions, l.e. there was error in the catch at age. There was
alsc a 3light tendancy to underestimate the population size in the most recent
years when there was error in the catch at age. Model II performed poorly. When
the model assumptions were met, i.e. no error in the jndex, the estimates were
unbiased but highly variable. When there was error in the index, the estimates
from thisz model were severaly biased. Medel I1I incorporated the populations from
models I and II. The poor performance of model II was reflected in the results
of model I1II. Consequently, model III did not perform as well as model I,

Data Class

Model ' I II : ITI
I good acceptable acceptable
II - biased severely " unbiased but biased severely

highly variable

II1I poor acceptable poscr

It appears that random error$ in catch at age of a magnitude similar to what has
been calculated for several finfish stocks can safely be ignored. That ia, the
performance of Model T was not severely degraded when there were erxrors in the
catch at age, All models performed relatively well when there was no error in the
index. Random error in the catch at age is easily‘’handled if the abundance index

'is precise and. accurate. However, attempts to estimate the survivors for the

oldest age with Model I ware unsuccessful with the level of error used in these
simulations. :

The CVs of the survivor estimates from Model I and 10 replications of Data Class
III ranged from 34% to 55% (Table §&). A comparison of these to the model
estimates showed that the model underestimated standard error by approximately
30%. This could be due to the nndel misspecification, i.e. the model estimates
assume that there is no error ... the catch at age. Further simulations matching
Model T and Data Class | would rovide a clearer answer,

It 1s notewerthy that Medel I, “he standard model now used, performed well if
arrors are random, b *

VII: Summary and Conclusiona

The workshop concentrated on the use of retroaspective analyses for examining the
consistency and accuracy of population estimates. While Rivard and Foy (1§87)
eatimated that population estimates accounted for 2/3 of the error in catch
projections used for TAC advice, this is only part of the input data. Partial
recruitment, weight at age, and recruitment in the projecticn year are also
important. One must be careful to interpret the results presented here only for
estimates of population size. It is expected that errors made in assumptions of
M and PR for estimates of stock size may cancel when catch projections are made.
The affecta of errors in these assumptions although important, were not examined
at this meeting and further investigaticon may be warrented.
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Most of the groundwork for this meeting was laild by the CAFSAC Working Group on
the Accuracy of Analytical Assessments {1986). Since then significant progress
has been made in several areas as recommended in that unpublished report. This
includes;

- the development of more cbjective assesument approaches

~ simulation studles of the effects of input on the converged part of SPA

- quantification of the sources of varlability in SPA
Indeed the conclusion of Group 1 are consistent with the earlier observations
that there is a tendency to overestimate the converged pcopulation estimates for
the stocks investigated. We were unable to determine a common factor responsible
for this pattern, Some improvement in the retrospective analysis was attained
for 4TVn ced if a dome shaped PR was used for assigning F to the oldest ages.
However, thia was not the case for 4TVW haddock. A misspecification of M in
concert with a trend in F produced the desired pattern. It is generally accepted
that northwest Atlantic groundfish stocks have undergone a reduction in F since
the extensicn of fisheries Jjurisdiction in 1677,  Simulations of catch
misreporting also geenerated the desired pattern of estimates if the reporting
practices changed from full to partial reporting. However, these findings need
further study before conclusions may be drawn regarding probable causes in the
case studies,

Given the present state of assessment methodelogy, it was generally concluded
that the precision of stock size estimates in the final year will only be as googd
as the precision of the abundance index. For current abundance surveys age-by-age
estimates have coefficients of wvariation of 30% or more. Coefficients of
varlation for aggregated age groups are less. While estimates of commercial catch
rates have lower CV's, there is considerable uncertainty about changes in
catchability and for several stocks such indices are currently not available. In
addition, Group 4 found, following simulations of realistic errors in basic input
data, that CV's of 35% or more on population estimates should be expected. Thus,
the development of more reliable abundance indicles 1s called for if fisheries
management plans require more precise population estimates,

The question of accuracy is another matter altogether. We must make assumptions
about several important parameters. Natural mortality is commonly assumed to be
fixed through time and at age. However, there is & dearth of information
regarding the dynamics ¢f M. Data are ugually inadequate to estimate the fiahing
mortality (or survivors) of the oldest age classes. However, faulty assumptions
regarding the F on older fish can significantly bias estimates of population size
and F in the past (Table 3). Other assessment methods such as SVPA {Pope and
Shepherd 1982} may be useful for estimating the PR of older fish. Nominal catch
data are often taken at face value when In fact there are no programs in place
to measure its accuracy on a routine bagis and there are substantial allegations
that the reported values are far from the truth, particularly for the Scotian
Shelf, Georges Bank area. The simulatien studies presented here have indicated
that population estimates may be hiased in complex ways by faulty assumptions of
these parameters. Furthermore, it was seen that in some cases the yearly assessed
populaticn sizes may be closer to the truth than the refurence estimates from the
most recént assesasment. The use of diagnostic plots (residuals) may be useful in
detecting deviations between assumed parameters and reality, howaver further
simulation studies arv needed. Thus it is clear that gstimates of population size
from the converged part of the SPA do not necessarily represent the true

.pepulation size for those years,

This mesting was asked to address three gquestions:
1. Are retrospective analyses worth doing?

It was agreed that analyses of the type carried out here are useful for two
purposes. First they indicate the variability, both in terms of range and
direction, of pepulaticn estimates depending on the number of years of data used.
They are alse useful for examining different assessment formulations which may
improve the consistency of estimates. COnce an improvement 3is attained the
implications of the new formulation in terms of population dynamics and bioclogy
of the resource should be inveatigated.

2. How should they ke done?

The general approach taken here was to repeat the asseasments using a common
formulation and sequentially dropping years of data. Then the variability of
estimates of the same population were examined in relation to the time span of
the analysis. Other factors not considered were trends in calibration
coefficients and the interpretation of residuals. While not available for this
meeting, the development of objective measures of variability, including
direction, of the estimates is warrented.

3. Can we use retrospective analyses to improve assessmenta?

To the extent that retrospective analyses generate gquestions and promote
investigations, cne may say that they may improve assessments. They do indicate
the scurces of variability in population estimates. However, this exercise alone
will not necessarily give more reliable estimates of true population size.
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Data characterilstice of groundfish stocks used in retrospective

Tanle ;;;lyses. For the abundance index used, RV indicates the results of
research vessel surveys while CPUE refers to commercial catch per unit
effort.

Stock Abundance Time Span Age Groups in Comparisons
ﬁﬁiﬁ; SPA Retro. . Recruits Partlally Fully
Recruited | Recruited
Cod
2J3KL RV/CPUE 1978~88 1983-86 4 5-8 9-13
3Pn4RS CPUE 197487 1980-85 4 5-9 10-15
4TVn RV/CPUE 1971-87 1978-85 3-4 5-9 10-15
4VsW RV 19871-87 1379-85 3 4-6 7-15
Haddock

4TVW RV 1970-87 1560-85 1-3 4-6 7-11
4X RV 1970-87 1980-85 1-3 4-6 7-11
52 RV 1963-87 1982-85 1 2-3 4-8

Table 2: Comparison of-terminal F'3 {age 13) obtained for the 2J3KL cod stock

when either research vessel or commercial CPUE indicies were used to
calibrate the SPA.

Year Calibration with RV Calibration with CPUE
Reference Assessed Dev%g:ion Reference Assessed Dev%:}ion

1983 0.472 0,627 32.8 0.470 0.202 , =57.0
1984 0.507 0.707 39.4 0.475 0.174 -63.3
1985 0.545 0.758 39.1 0.552 0.147 -73.4
1986 0.484 0.480 -0.80 0.422 0.165 ~60.9
1987 0.552 0.516 -6.50 0.361 0.223 -38.2
1988 0.566 0.305
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Table 3: Natural mortalities at age used to generate simulated data used by
working group 3.
True Natural Mortallty
Rge Decline U-Shaped M= 0.1 M= 0.2
1 1.00° 0.50 0.10 0,30
2 0.80 0.40 0.10 0.30
3 0.60 0.30 0.10 0,30
4 0.40 0.20 0.10 0.30
5 0.20 0.10 0,10 0.30
6 U.20 0.10 0.10 0.30
7 0.20 0.20 0.10 ¢.30
I L] 0.20 0.30 0.10 0.30
g 0.20 0.40 0.10 G.30
10 0.20 0.50 0.10 0.30

Table 4: Slepes of calibration relationships as determined for population
simulations of 20 years where various errors In M cccured. M was always
assumed to be 0.2 while the true M is indicated in the table.

Siopes of Calibration relaticnships
Age M Decline M U-Shaped M=20,1 M= 0.3
1 6.61 1.87 0.38 1.685
2 3.08 1.39 0.42 1,78
3 1.74 1.15 0.45 1.64
q 1.20 1.05 0.49 1.53
5 1.00 1.05 0.50 1.49
3 1.00 1.19 0.50 1.49
7 1.00 1.40 G.50 1.50
g 1.00 1.53 0.50 1.50

Table 5: Fishing mertallty and calibration constants (k} estimated using catch
at age generated with a dome shaped partial recruitment but assuming a
flat-topped partial recuitement.

Age Fishing Mortality Calibration Slope (k)
Estimated True Estimated True
1 0.01 0.04 1,48 1.00
2 0.03 0.08 1,49 1.00
3 0.08 0.12 1.51 1.00
4 0.23 0.16 1.56 1.00
5 0.37 0.20 1.70 1.00
4 0.46 0.20 2.02 1.00
7 0.49 0.16 2.61 1.00
8 0.53 0.12 3.63 1.00
9 0.54 0.08
10 0.42 0.04




Table 6, Compariscn of coefficient of variation for the roplications and medel

estimates.
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Age Coefficient of Variation
Replication Model
Estimates Estimates
1 0.55 0.45
2 0.39 0.33
3 0.39 0.28
4 0.40 0.28
5 0.34 0.26
[ 0.51 0.32
1 0.48 0.33
8 0.42 0.35
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for several northwest Atlantic grovndfish stocks
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time periods
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assessed and reference populatlon estimates for seven northwest
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only and forcing a dome shaped partial recruitment pattern.
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Figure 6: Effects of changes of the ADAPT formulation on

population estimates of 4TVn cod.
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Effecta of changes in the ADAPT formulation on the ratics between
asseased and reference population estimates for 4TVW haddock,
Treatments were: .1- the standard assessment, 2- calibration with

a dome shaped partial recruitment,
dependent. natural mortality.

3- calibrated with age
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Figure §: Distributicns. of ratics between assessed and reference population
- estimates for simulated data where M is misspecified and there is
a trend in F., In all cases M=(.2 was used in SPA.  In cases 1 and
2 the true M was 0.3 and in cases 3 and 4 the true M was 0.1. In
cases 1 and 3 F increased while F decreased in cases Z and 4.
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Population esatimates for two simulated misreporting situations.

In the upper graph only half the catch was reported after year 10,
In the lower graph only half the catch was reported for the entire
time series.
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Annex 1

Participants
Name

h. Sinc¢lair {Chalrman,
. Mecguinn

. Annand

Fanning

Zwanenburg

Bishop

.R. Bowering

.B. Atkinseon

.B. Brodie

Power

..Brander

0'Boyle (Leader Group 1)
Mohn

. Chouinard

Rivard {Leader Grocup 2)
Gavaris (Leader ‘Group 4)
. Gascon

lLaberge

Fréchet

Nielsen

Leader Group 3)
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Quebec
Scotia
Scotia Fundy,
Scotia Fundy,
Newfoundland
Newfoundland
Newfoundland
Newfoundland
Newfoundland
Scotia Fundy,
Scotia Fundy,
Scotia Fundy,
Gulf
Headguarters
Scotia Fundy,
Quebec
Quebec
Quebec

Gulf

Gulf

Fundy,

Dartmouth
Dartmouth
Dartmouth

Dartmouth
Dartmouth
Halifax

5t. Andrews
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Annex 11t Population estimates {iom retrospect lve analyscs ol seven Atlantic
Canadian .groundfish stocka. - Population yuar refers to the year of
‘the population edtimated while Assessment yecar relers to the last
year in the assessment time series. The age groups are Sstock
specific, and these are given in Table 1 of the report. population |
nun;bers for 2J3KL cod are expressed as 10° and for other stocks as
1077,
Year Age Group
Stock Partially Fully
Population Asseasment Recruitment | Recruited Recruited =
e ——
2J3KL 78 83 - 2946 3131 99
2J3KL 78 B4 2750 3013 98
2J3KL 78 85 . 2829 30590 99
2J3KL 78 B6 2821 3049 96
2J3KL 78 87 2750 3013 95
2J3KL 78 . 88 2736 3013 96
2J3KL 79 83 2547 - 4145 85
2J3KL 79 84 2591 3886 84
2J3KL 79 85 2598 3981 86
2J3KL 79 86 2591 3974 85 -
2J3KL 79 87 2516 3887 8z
2J3KL 79 88 2463 3877 B3
2J3KL a0 83 . 1167 4580 83
2J3KL 80 84 1228 4417 81
2J3KL 80 85 1267 4500 B3
2J3KL 80 86 1349 4488 Bl
2J3KL ‘80 87 1258. 4355 8
2J3KL 80 88 1250 4304 17
2J3KL 81 83 1411 3758 154
2J3KL - ) 84 1386 3668 149
2J3KL 81 85 1315 3766 154
2J3KL 81 86 ’ 1389 . 3822 154
2J3KL 81 . a7 1316 3644 149
2J3KL Bl [:3:] 1298 © o 35%4 147
2J3KL 82 83 3456 3138 463
2J3KL 82 84 3467 3093 410
2J3KL 82 85 4326 3102 427
2J3KL ‘82 86 3317 3209 424
2J3KL 82 BY 3058 3015 409
2J3KL 82 88 3095 2961 409
2J3KL 83 83 3509 4093 574
2J3KL 83 B4 13686 4137 460
2J3KIL 83 a5 3310 4818 502
2J3KL 83, 86 3173 4084 T 498
2J3KL 83, 87 2910 3738 460
2J3KL ~83 88 2766 . 3729 455
2J3KL B4 84 4523 5195 512
2J3KL 84 85 ' 4893 5440 550
2J3KL B4 86 5330 4730 546
2J3KL 84 B7 3576 1259 486
2J3KL 84 88 3087 4154 462
2J3KL 85 85 5183 7401 411
2J3KL B3 86 67298 7147 438
2J3KL BS 87 5016 - 5358 355
2J3KL B5 88 - 4419 4875 333
2J3KL :1] 86 6071 10152 346
2J3KL B6 87 4569 7314 253
2J3KL 86 88 . 4016 6436 - 228
"2J3KL 871 Y T ZERETTT 202 373
2J3KL 87 8e 2017 7017 317
2J3KL B8 88 2069 5812 399
3Pn4RS 74 78 535 1227 228
3Pn4RS 74 79 563 1256 232
3Pn4RS 74 80 . 547 1249 230
3Pn4RS 74 81 553 1254 231
3Pn4RS 74 82 558 1265 232
3Pn4RSs 74 83 554 1262 232 -
3Pn4Rs T4 84 : 556 1265 232
3Pn4RS 74 a5 557 1266 232
3Pn4RS 74 86 557 1267 233
3Pn4RS 74 87 527 1029 296
3Pn4dR3S 15 78 308 971 280
3Pn4RS 15 .19 902 1014 288
3Pn4Rs 75 80 856 996 284
3Pn4RS 75 81 B66 1004 285
3Pn4RS 75 82 8387 1016 289
3Pn4RS 75 83 881 1011 288
3Bn4RS 75 g4 384 1014 i 289
3Pn4RS 75 85 885 1015 289
3Pr4R5 75 Bé 887 1016 289




Year Age Group
Stock . Partially Fully
Population Assessment Recruitment | Recruited Recruited

IPndRs 75 e} 824 1303 264
3Pn4RS 76 78 982 1243 . 246
3pPndRs 74 79 1040 1270 258
3Pn4aRrs 4 G 1123 1219 254
3Pn4RS 6 81 1137 1233 256
3Pn4RS T6 B2 1197 1259 261
- 3Pn4RS - 6 - - 83 T 1192 1250 259
- 3Pn4RS T6 84 1213 1256 260
3Pn4RS 76 . 85 1218 1258 261
3Pn4RS 76 * 86 1224 1260 - 261
3Pn4Rs 76 87 ' 503 1342 213
3Pn4RS 17 78 5399 1435 188
3Pnr4RS 17 79 751 1504 13%
3Pn4RS 77 80 883 1534 191
3IPn4RS 77 Bl 992 1556 194
3Pn4RS Ex B2 1062 1624 195
3Pn4RS 77 B3 980 16114 197
3Pn4RS 77 84 1001 1634 198
3Pn4RS 77 B5 1012 1640 198
3Pn4RS 77 86 1019 1647 199
3Pn4RS 77 87 1210 1155 173
3Pn4RS k] 78 389 1313 141
3Pn4RS 78 79 647 1485 156
3Pn4RS 78 g0 917 1617 1418
3Pn4RS 78 81 1213 1723 (152
3Pn4RS 78 82 1379 1835 159
3Pn4RS 78 83 1384 1759 157
3Pn4RS 8 34 1402 1793 159
3Pn4RS 78 85 1406 1806 159
3Pn4RS 78 86 1423 1817 160
3Pn4RS 8 87 1210 984 90
3Pn4Rs 79 79 593 132¢ 118
3IPn4RS 79 89 795 1660 110
3Pn4RS 19 g1 1359 1988 115
IPndRETT T T 79 TR T T 1357 - 2213 123
3Pn4RS 79 83 1424 2156 120
3Pn4RS 79 84 1528 2197 123
3Pn4RS 79 85 1557 2212 123
3Pn4RS 79 8¢ 157¢ 2234 124
3Pn4Rs 79 87 1210 1077 131
3Pn4RS 80 80 342 1533 102
3Pn4RS 80 81 778 2259 111
'3Pn4RS -] 82 953 2517 125
3Pn4RS 80 B3 1009 2445 129
3Pn4RS 80 84 1087 2563 123
3Pn4R3 80 85 1147 2598 124
3Pn4RS 80 -k 1184 2631 126
3Pn4RS 80 87 0 %16 149
3Pn4RS 81 81 3389 1863 163
3Pn4RS 81 82 3012 2195 202
3Pn4RS 81 83 2220 21814 185
3Pn4RS 81 . b4 2133 2337 206
3Pn4RS 81 85 2119 2412 209
3Pn4RsS 81 86 2205 2468 213
3Pn4Rs 81 a7 0 3714 218
"3Pn4RS 8z a2 1530 3651 289
3Pn4RS 82 83 1480 3024 253
3Pn4Rs 52 84 1350 3071 2715
3Pn4RsS 82 85 1321 3117 283
3En4RS 82 86 1344 3230 289
3Pn4RS 82 87 ¢ 3602 314
3Pn4RS 83 83 1527 3046 262
3Pn4RS B3 84 981 2971 288
3Pn4RS 83 85 111e 2984 298
3Pn4RS B3 B 1275 3084 310
3Pn4RS 83" 87 0 3103 349
‘3Pn4RS 84 B4 age 2556 408
3Pn4RS 84 85 1424 2666 426
3Pn4RS 84 (13 1625 2876 446
3Pn4RS 84 87 0 2228 406
3Pn4dRS 85 85 1530 2738 450
3Pn4RS 85 86 1426 3059 152
3Pn4RS B5 a7 0 2709 617
3Pn4Rs 86 -1 1600 2854 682
3Pn4Rs 86 87 0 3076 197
3Pn4RS 87 B7 1369 $35 38
4TVn 71 78 1316 305§ 37
4TVn 71 : 79 1275 900 37
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f, b3 :;.
Year , Age (Group.
Stock . .. Partially Fully
.Population Assessment Recruitment | Recruited Recruited

4TVn T - BO 1300 905 37,
4TVn 71 Bl 1276 904 37
4TVn 71 82 1275 897 - 37
4TVn mn Bk 1275 898 37
4TVn 71 84 1274 897 37
4TVn 71 as 1274 BY7 37
4TVn 71 86 1274 897 37
4TVn gl 47 1155 848 35
4TVn 12 78 1121 B05 34
4TV 12 73 1083 196 33
4TVn 2 80 1103 798 33
4TVn 12 [ ‘ 1071 797 a3
4TVn 72 B2 T T I06% eUergE 33
ATVR 72 a3 106% 783 33
4TVn 72 84 1068 792 33
4TVn 72 8BS 1067 791 33
47Vn 72 ;13 1067 791 33
47vVn 12 a7 803 838 35
4TVn 73 78 809 783 33
4TVn 23 79 764 154 32
4TVn 73 80 763 774 32
4TVn 73 81 755 758 3ii
4TVn 73 82 718 753 31
4TVn 13 83 717 753 3
4TVn 73 84 718 752 31
4TVn 13 BS 717 752 31
4TVn 73 86 716 752 31
4TVn 73 87 1041 579 43
4TVn 74 78 1022 527 43
4TVn 74 79 1066 497 41
1TVn 74 80 988 511 42
4TVn T4 Bl 980 490 411
4TVn 74 82 B99 483 41
4TVn T4 83 910 486 41
4TVn T4 84 899 485 41
4TVn T4 85 896 484 41
4TVn 74 86 895 484 41
4TVn 74 87 1015 561 40
"4TVn 75 78 933 534 - 34
4TVn 15 79 986 483 34
4TVn 15 BO 1000 496 34
4TVn 75 a1 998 480 33
4TVn 75 82 827 453 .32
4TVn 15 83 868 453 32
4TVn 75 84 T 827 453 32
4Tvn 75 85 823 452 32
4TVn 15 86 829 451 32
4TVn 15 B7 1461 631 32
4TV 76 78 1565 594 20
4TVn 76 79 1524 564 19
4TVn 16 80 1640 560 20
4TVn 76 g1 1685 540 20
4TVn 76 B2 1788 485 17
4TVn 16 a3 1664 492 18
4TVn 76 a4 1584 485 17

_4TVn 76 85 1516 482 17
4TVn 76 a6 1535 481 17 .
4TVn 16 87 2618 643 35
4TVn 17 78 3001 621 15
4TVn 17 19 2910 586 16
4TVn 17 8o 3162 T 603 16
4TVn 17 a1 2928 591 16
4TVn 77 82 3188 459 14
4TVn 11 83 3111 4846 14
4TVn 77 84 2877 460 14
4TVn 17 85 2779 457 14
4TVn 17 86 2662 460 i4
4TVn 17 87 4142 1084 49
4Tvm © T 8 78 7 7 1742 ZH
4TV 74 79 4588 1105 17
4TVn 78 a0 5033 1174 24
4TVn 78 B8l 4422 1196 18
4TVn 78 B2 3623 1228 16
4TVn 78 83 3663 1150 16
4TV 78 84 3589 1092 16
4TYn 78 85 3277 1044 16
4TVn 78 86 3097 1057 16
4TVn 78 87 5108 2042 32
4TVn 79 79 4381 1967 20
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Year Age Group
S5tock Partially Fully
) Popilation Assesament Recruitment | Recruited Recruited
4TVn ' L7179 . - . 80 4893 2142° 26
4TVn 79 81 3818 1985 18
ATVn 79 B2 3089 2072 16
4TVn 79 83 3099 2038 16
4TVn 19 g4 3152 1864 15
4TVn 79 85 2917 1796 15
4TVn A 86 2691 1720 15
4TVn 79 87 5160 3235 27
4TVn B0 80 5744 - 3580 32
4TVn 80 81 1930 3187 26
4TVn 80 82 2562 2682 15
4TVn 80 K] 2413 2657 15
4TVn 80 . B4 23869 2568 15
4TVn 80 BS 2385 2327 15
4TVn 80 86 2412 2215 15
47Tvn 8¢ a7 5451 4013 46
4TVn 31 i3] 2245 3190 38
4TVn 81 B2 2274 2779 17
4TVn 81 a3 2116 2761 20
4TVn 81 84 2041 2682 17
4TVn 81 a5 2141 2480 16
4TVn 81 86 2311 2278 16
4TVn 81 87 3062 2602 66
4TVn 82 82 3054 2730 17
4TVn 82 83 2177 2603 27
4TVn g2 84 1976 2524 17
4TVn 82 BS 2318 2361 16
4TVn 82 86 2832 2315 17
4TVn 82 87 6092 2498 137
4TVn 83 83 3676 2411 109
4TVn 83 ‘A4 3538 2327 87
4TVn 83 85 379% 2276 70
4TVn B3 86 4182 2249 74
4TVn 83 87 3663 2266 227
4TVn B4 84 3722 2136 163
41TVn 84 85 3815 2279 138
4TVn - 84 86 37178 2623 11¢
4TVn 84 87 4505 3063 260
4TVn T 85 a5 4522 3280 172
4TVn 85 86 2931 3564 130
4TVn BS 87 6342 3228 227
47Vn 86 86 2430 3490 153
4TVn a6 87 2810 3408 188
4TVn 87 87 65 1072 392
AVsW 86 86 281 1194 316
qval T TR T T B7 .13 1582 531
4vsy 85 85 351 1398 333
4V3W 85 85 534 1399 267
43k BS 87 296 2207 371
4VaW 84 a4 614 1306 390
4VaW 84 85 442 1640 300
AVsW 84 86 581 1456 243
4VsW 84 87 1586 1953 210
‘4VsW B3 83 1283 1942 241
4VsW a3 B4 1067 1796 258
4V3W 83 85 1188 1354 205
4VaR ‘83 86 369 1251 17
4VsW a3 a7 1311 1927 317
4vaW -82 82 1149 1607 201
4VaW 82 B3 1209 1578 196
4VaW 82 84 1122 1490 213
4VaW 82 85 879 1157 184
qVawW 82 g6 B31 1061 160
4VsW 82 87 1538 1104 294
4VsW a1 81 © 1680 1152 248
4VsW Bl 82 1133 1232 183
4VsW B1 83 1118 1210 178
AVsW g1 84 997 1226 196
VoW 81 85 718 1092 166
4vVaW’ 81 86 678 998 155
4VsW 81 87 1492 877 213
4VawW 80 80 810 985 188
qVsW 80 a1 737 105¢ 198
4VsW BO 82 996 857 150
4VsW 80 83 906 914 150
4Vaw 80 84 916 933 163
4V3W 80 B5 814 854 144
4V3W 80 a6 147 201 136
4VsW 80 87 1680 587 103
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Yo Aqge Group
Stock Partially “Fully
Population Asaeansment Recruitment. | Rocruited Recruited
AVawW .79 79 292 1181 117
4VaW 79 80 408 1192 51
AVaw 19 81 562 1100 122
qVaW 79 82 478 917 95
4VsW 79 83 558 910 91
AVauW 79 84 565 937 95
AV3W 79 85 199 893 86
4VeW 79 a6 166 851 B&
AVsW 79 87 4111 1020 15
4VsW 78 79 558 1112 59
4vsu 18 80 656 1601 54
4VsW 78 81 664 891 "Bl
4VaW 78 82 527 793 59
4vaW 78 83 524 784 59
avsw 78 84 527 818 59
4VaW 78 BS 517 764 58
4VanW 78 86 487 745 1
4VaW 78 87 684 644 27
4VaW 77 7% 826 622 36
4VaW T 80 730 574 38
4AVaW 77 81 611 572 39
§Vaw 17 82 552 501 43
EVEL T 83 LI 302 12
4VsW 77 84 559 524 43
4VaW 77 85 525 492 41
4VsH 77 86 515 478 40
4VaW 77 87 563 401 42
4Vau 76 78 523 420 43
4VaW 76 BO 514 371 S0
avVswW 76 Bl 479 409 69
4Vsun 76 B2 423 373 55
4VaW 76 83 430 369 53
avVsW 76 B4 451 376 53
avVswW 76 85 426 360 52
4vaW 76 86 408 360 52
4vV3W 76 87 403 347 76
4VswW 75 79 409 368 13
avaw 75 80 T 361 357 81
LA 1) 75 81 379 394 95
4VaW 75 B2 359 363 B4
4VswW 15 B3 351 364 BS
4van 75 84 360 263 85
4vaw 75 85 341 363 84
4Vaw 75 86 344 360 K]
4vsw 75 87 370 467 76
4VsW 74 79 383 483 76
4vawW 14 80 367 486 77
qvVswW 74 81 392 518 B2
1Vaw T4 82 372 491 80
4VsW 74 83 374 489 80
4VawW T4 84 371 491 a1
4VsW 74 85 374 38 11}
AVsW 74 8% imn 487 79 -
avswW 74 87 454 543 157
4vanW 73 79 462 554 158
4vawW 73 80 464 556 159
AVaw 73 81 476 590 15%
4V auW 73 82 465 565 158
4vawW 73 83 467 561 158
4VawW 73 84 47¢ 562 158
4vaw 13 85 466 560 158
4VsW 73 86 465 55% 158
4vaw 73 87 479 769 184
4VsW 72 79 487 774 185
4VawW 72 80 484 777 185
4vaw 12 81 505 802 185
4vswW 72 82 493 784 184
4VanW 72 A3 LET] R4 1A4
AVaw T2 84 any THYS 184
qVsW 2 85 187 783 184
4vaw 72 848 487 782 184
4VsW 12 87 630 897 177
4VawW 71 79 636 898 177
4vawW 71 a0 638 300 177
4vaw 71 81 659 909 177
avsw 71 82 640 905 177
4VaW 71 83 640 906 177
4Van 71 B4 640 906 177




‘Year - ' Age Group -
Stock . : - Partially Fully
Population Assessment Recruitment } Recruited Recruited
ENED T S £39 I 7T
4VsW 7L 86 639 904 177
4VsW T1 g7 208 151 46
AVH 70 87 208 151 46
4VW 70 BE- 208 151 46
qvw 70 85 208 151 46
4VW 70 84 208 151 46
4vw 70 83 209 151 46 -
4VW 70 82 211 151 46
VW 70 g1 211 151 46
4w 70 80 152 121 36
avw 71 87 152 121 36
4VW 71 86 152 121 ! 36
VW 71 85 152 121 36
4VW 71 84 152 121 36
4VW 71 83 154 121 36
4VH 71 B2 156 121 36
4VW 71 8l 155 121 36
VW 71 80 161 €5 14
4VW 72 87 161 65 14
4VW 72 86 161 65 14
avw 72 85 162 65 14
VW 72 84 161 65 14
4Vw 72 83 163 65 14
, 4VW 72 82 169 66 14
4VR 72 81 170 66 14
VW 72 80 165 58 10
4VW 73 47 165 58 10
4VH 73 [:13 166 5% 10
4VW 73 B5 166 29 10,
4VH 73 84 166 59 10
4VW 13 B3 170 59 10
4VW 73 g2’ 185 60 10
4VH 73 Bl 185 &0 10
4VH 73 80 145 332 4
4VH 74 87 145 33 4q
AV 74 86 146 33 4
VW 74 BS 147" 33 4
T 4vw 74 84 146 33 4
w 74 83 155¢ T34 4
aVw 74 82 176 35 5
VR 74 81 189 35 5
avVwW 74 80 282 41 4
4Vw 5 a7 282 41 4
4vW 75 26 283 41 L4
4VW 5 85 284 41 4
4VH 75 84 283 41 4
4VW 75 83 315 42 4
4VH 75 82 428 46 "4
4VH 75 81 471 416 4
4Vd 15 80 462 52 5
4VW 76 B7 463 52 3
4qVH 76 B6 463 52 5
4vw 76 a5 467 52 5
4VW 76 84 469 52 5
VW 76 83 604 54 6
EXCEER 76 B -1 I+ R [ ) [
4VW 16 81 791 £3 6
4vW 16 B0 656 56 5
4VW 17 87 655 - 56 .5
4vw 17 86 659 56 5
4vw 77 85 667 56 5
LAY 77 84 669 56 5
v 77 83 913 61 .6
qVw 77 82 1231 72 7
4VW 11 81 1201 "9 7
qVW - 77 80 789 125 6
VW 74 a7 788 125 [
uw 18 86 800 126 6
VW 78 85 833 126 6
4V 78 84 818 126 6
4VW 78 83 1317 143 7
LAY 78 82 1370, 205 9
avw 78 81 1395 229 9
LAY 78 80 601 201 9
avw 79 87 602 201 9
4vi 73 86 647 202 9
4V 79 85 686 204 ]
4V 79 84 623 205 %
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et

J1=’ear Age Group
Stock . Partially Fully
Population Assessment Recruitment | Recruited Recruited
4vW 79 83 912 279 10
4VW 79 82 875 387 15
4VW 19 81 905 3a2 15
avw 79 80 509 304 11
4VH a0 a7 528 304 11
4VH a0 86 660 305 11
4VH ] 85 676 310 12
AVW 80 B4 846 311 11
4VW 8o 83 1051 445 14
4VW a0 82 921 620 21
AVW 80 81 2247 603 25
4VW 80 80 471 318 22
aw 81 87 604 317 22
4VwW 81 [:13 1028 324 22
4VW 81 85 1351 342 22
4VW Bl 84 1449 334 22
4w B1 B3 13277 608 32
4VW 81 82 2064 637 67
4VW 81 1 798 179 22
4VW *82 87 1581 " 180 22
4vw 8z 86 1499 204 22
4w 8z 85 1690 225 23
4w 82 B4 1830 191 24q
avw B2 83 1783 350 65
4V gz 82 1280 147 12
v 83 87 1798 157 12
qVW 83 86 1523 230 13
Ve 83 85 1769 239 15
VW 83 84 1608 332 16
avw 83 83 1108 172 7
4VW B4 87 1394 246 7
4VW B4 86 918 478 i1
vw B4 "85 918" 655 21
4V -7 I T S 773 316 TR
4VH 85 87 625 746 5
4VW BS 86 947 701 18
4VIW 85 85 313 532 3
VW 86 g7’ 242 816 8
4VW 86 86 522 382 5
Ve 87 87 426 131 240
4% 70 87 358 100 157
4% 71 87 690 105 52
4X 12 87 874 147 63
4X- 73 87 889 112 42
4x 74 87 370 256 28
4X 15 B7 1117 325 30
4x 76 B7 1090 281 21
ax 17 B7 1064 362 31
4% 78 a7 871 435 46°
4% 79 87 922 ‘388 40
[:b4 80 8 BH6 406 43
4X B1 87 B66 315 60
ax 82 87 1081 321 49
4x B3 87 9576, 304 52
4x ‘B4 87 813 301 46
ax 85 a7 k]: ¥ 446 49
4x 86 a7 151 406 55
9% 87 87 426 131 240
4X 70 86 358 100 157
4X At a6 690 105 92
4% 72 86 874 147 63
4x 73 86 889 112 42
[44 14 .13 975 256 28
4% 75 86 1124 323 30
4x 16 -1 1095 281 21
4% 77 [:13 1067 365 31
aX 78 g6 873 438 46
X 79 23 924 391 40
4X - RO B4 1050 104 14 ,
4% A ui RN V6 (1944
ax a2 86 1550 1273 5
4x 83 B6 1284 393 54
4% B4 86 1004 438 48
4x 85 86 365 703 51
4x 86 86 426 131 240
4x ¢ 70 85 359 100 157
4% 71 85 690 108 92.
4% 72 85 874 147 63
ax 13 85’ 900 112 42
4X 74 85 984 256 28
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Yaar Aye Group
Stock- | - : Partially Fully
Population | Atnossment Hecrultment, | Redroiloed RevezruiLand
41X 75 AS 1134 325 30
14X 76 BS - S 1099 287 21
4% B 85 1071 370 31
4x 78 85 B75 144 46
4X | 79 BS 1008 392 43
4X 80 85 1349 410 47
4x 81 85 1360 ii 317 65
qax g2 85 18¢8 - ., 369 54
4% 83 8BS 1157 558 57
% 84 85 735 572 50
4X §5 e 426 v 240-
ax 10 " B4 359 100 157 -
ax 71 84 691 105 52
4X 72 B84 900 147 63
4X 13 84 923 112 42
4X T4 B4 1005 257 28
4X 75 84 1142 339 30
4X 7€ 814 - 1105 299 21
4x 77 84 1078 381 31
4X. 78 a4 891 448 54
4X 79 B4 - 1076 396 50
4x 80 84 1476 - 413 53
4x 81 84 1316 326 Ea!
4% ;82 84 1282 406 59
4x 83 84 628 6§27 62
4% 84 84 427 132 240
4X -0 83 359 101 157
[:3 71 83 755 105 93
4X 72 83 963 148 63
4% 73 83 980 112 42
ax 74 83 1022. 292 28
4% 15 83 1163 374 31
X - 76 83 1124 330 21
4¥ 7 83 1108 391 51,
ax 78 83 875 460 73
4% 79 B3 1127 406 67
ax 80 83 1476 430 69
4x .81 83 1083 317 g8
4X. 82 B3 573 434 74
4x 83 B3 427 132 240
4% C 70 82 3£0 101 157 -
aX 71 g2 755 105 93
4% 12 82 961 148 63 -
4x - - 73 B2 978: 113 42
4% T4 B2 1021 292 28
4% 75 B2 1164 373 31
qX 76 82- 1131- 329 22 -
4X 7 82 1191 391 51
X T8 82 944 460 72
4% 79 82 1403 410 67
4x 80 g2’ 1387 476 69
(34 B1 82 967 355 B8
4X B2 82 428 132 240
ax - 70 81 358 101 157
4x 71 81 754 105 33
4% 72 81 960 148 63
4% 73 B1 579 112 42
4% T4 81 1921 291 28
41X 75 81 1187 372 31
4x 76 a1 11446 330 21
44X 17 a1 1225 391 50
4X 78 81 966 473 72
[ 79 . 81 1828 419 67
4 BO 81 1214 495 63
4X B1 51 424 131 240
4% 70 80 355 T0T 157
4X 71 80 749 105 92
4x 12 80 957 146 63
4X 13 B0 975 110 42
aX 74 g0 1032 289 28
4X 75 80 1349 370 30
4x 76 B0 1327 328 20
ax 17 80 1432 356 43
4X 78 80 886 .562 70
4X 79 80 878 518 £5
ax B0 8¢ 1052 128 64
52 76 88 . 1040 126 €4
5z 76 87 1037 126 64
52. 7'6 86 | 1008 121 62 -
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Year
Stock Age\?roup
i Partially Fully
Population Assessment Recruitment | Recruited Recruited
5Z 76 BS 1071 129 65
52 76 84 973 115 61
52 76 83 934 111 59
52 76 2 144 909 LK ]
57 T L 138 899 88
5% 77 87 137 896 87
52 ity 86 125 870 a4
5z 77 85 f127 926 89
5% 77 84 117 838 81
5Z 17 83 83 B0€ 77
52 77 82 , 61 644 95
5% 78 88 58 632 94
52 78 87 55 62% 34
5Z 78 86 13 600 89
52 78 85 61 644 96
52 78 B4 39 570 B4
57 78 83 37 524 B0
52 78 82 797 139 365
5% 79 88 785 133 357
5z 79 a1 790 130 355
5z 79 86 153 117 336
5z 79 a5 822 129 376
5z 79 84 701 103 312
5% 79 83 1300 86 288
52 79 82 99 693 277
5% BO as 94 681 2€7
5z 80 a7 86 683 265
5z 80 86 78 649 243
5% 8O 85 107 714 277
5z B0 84 148 600 220
52 B0 83 170 1089 187
5z 80 82 74 333 179
5% B1 88 67 322 170
52 g1 87 66 31% 166
52 81 86 54 288 145
5Z a1 B5 261 358 179
52 81 84 274 310 120
Sz 81 83 518 730 93
52 81 82 25 112 226
5Z 82 B8 23 i03 212
52 az 87 19 97 212
5z 82 86 78 B1 175
5z T T B2 ‘85 TTTTmeT 22 270 o 23
5z a2 84 19 308 127
52 82 83 34 523 435
52 az 82 28 56 160
52 83 LE:] 22 50 146
¥ 83 87 18 46 142
52 83 86 100 87 108
52 83 85 34 179 176
52 83 84 80 185 108
52 83 B3 225 38 99
52 a4 as 96 33 86
52 B4 87 105 27 B3
52 84 86 95 133 54
5z B4 85 388 41 210
5Z B4 84 9 202 57
5z 85 88 42 93 46
5z 85 87 28 kL 42
52 85 86 7 144 53
52 85 85 293 137 a0
52 86 B8 52 78 29
52 86 87 433 73 24
52 86 B§ 4 245 38
5% 87 88 3 70 21
52 81 87 153 180 63
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