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Abstract

This evaluation of the 4X haddock population is similar to that
conducted last year in terms of the pessimistic view it presents of the
resource status. It is different with respect to the technique used (the
ADAPT framework) to calibrate the SPA. The 1987 fully recruited fishing
mortality is estimated to be 0.59. Total stock biomass is currently about
47,000 t which is comparable to the low levels observed during the early
1970s. Poor recruiting year—classes since 1984 and the especially low 1936
year—class will probably result in a lower biomass and yield in the
upcoming three to five years. Older age groups are disappearing from the
fishery at a rate that cannot be explained by commercial exploitation.
This has resulted in an apparent dome—shaped partial recruitment vector in
recent years. Projections to 1989 indicate an Fp.] yield of 4,600 t under
the assumption of a flat—topped PR while the projection assuming the "507%
rule" level is 7,000 t. Under the assumption of a dome-shaped PR, Fgq.1
yield projections in 1989 are 9,400 t. Biomass of the stock is at a very
low level, comparable to that observed in the early 1970s. Growth
overfishing is occurring and recuitment overfishing is a distinct
possibility. For these reasons, effort in the 1989 fishery should be
reduced to its lowest possible level, even below Fg. .

Résumé

La présente &valuation de la population d'aiglefin de la division 4X
offre une vision aussi pessimiste que celle de 1'an dernier en ce qui
concerne 1'atat de la ressource. Elle diff2re toutefois de 1'étude de 1'an
dernier par la technique utilisée (cadre de référence ADAPT) pour calibrer
1'ASP. Le taux de mortalit® par péche de plein recrutement pour 1987 a &été
évalué a 0,59. A 47 000 t environ, la biomasse totale actuelle atteint un
bas niveau comparable & ceux du début des années 1970. les faibles classes
d'age de recrutement depuis 1984, en particulier celle de 1986, donneront

-

vraisemblablement lieu 3 une diminuation de la biomasse et du rendement au
cours des trois 3 cing prochaines années. Les classes d'age les plus
anciennes disparaissent du stock de péche 3 un taux que l'exploitation
commerciale ne peut seule expliquer. De ce fait, on a connu un vecteur de
recrutment partiel en forme de d®me au cours des derniéres années. Les
projections pour 1989 réveélent un taux Fgp,; de 4 600 t, dans 1'hypothése
d'une courbe RP plat, et un taux Fp.] de 7 000 t si 1'on suit la "rdgle de
50 %". Dans 1'hypothdse d'une courbe RP en forme de d0me, les projections
donnent un taux Fp,; de 9 400 t pour 1989. La biomasse a atteint un niveau
trads bas, comparable 3 ceux du début des années 1970. I1 y a surpéche 3 la
croissance et il se peut fort bien qu'il y ait &galement surpéche au
recrutement. C'est pourquoi il conviendrait de ré&duire 1'effort de p@che

de 1989 3 son plus bas niveau possible, voire de 1'amener en dessous de
FO’ 1.
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Introduction

Since 1974, stock assessment of the population abundance and fishing
mortality rates of the NAFO Division 4X haddock resource (Figure 1) have
been derived using Sequential Population Analysis (SPA). Calibration of
these analyses since 1980 has been conducted using the Canadian summer
groundfish trawl survey data series. In this and last year's (0'Boyle and
Wallace, 1987) assessment, the survey data was left untransformed i.e.
arithmetic scale, when used in the calibration models.

0'Boyle and Wallace (1987) used a cohort minimization procedure to
determine the current year's fishing mortality. It was subsequently shown
that this procedure is in fact a special case of a more general formulation
(Gavaris, 1988). Consequently, the cohort minimization procedure as used
in the last assessment was dropped and the more flexible ADAPT framework
approach utilized.

Trends in Reported Landings

Annual Trends

The long—term (1930-83) annual catch of 4X haddock has averaged about
20,000 t. This level was exceeded first during the late 1960s and then
during the early 1980s when landings peaked above 30,000 t (Figure 2). The
former peak, fueled by the strong 1963 year-class, was instrumental in the
imposition of a quota system. Total catch has been below the long-~term
average since 1984 and below the TAC since 1982 with the only exception
occurring in 1986 (Table 1). 0'Boyle and Wallace (1987) reviewed the
historical changes in fleet composition and size by country and the
attendant problems of misreporting and discarding during fleet expansion in
the period 1977-81. Misreporting practices apparently remain in effect as
was indicated in recent discussions in Yarmouth (August 1988) with industry
representatives. No estimate of misreporting of landings by area and
species and/or discarding are incorporated into this assessment due to lack
of firm documentation of their degree.

The recent quota allocation of the stock is given in Table 2. During
1982~87, the fishery was regulated on the basis of five gear sectors: 1)
mobile gear less than 65 ft; 2) mobile gear 65-100 ft; 3) mobile gear
greater than 100 ft; 4) fixed gear less than 65 ft; and 5) fixed gear
65-100 ft. In 1988, the gear sectors less than 65 ft were further
subdivided into under and above 45 ft groups. Since 1986, the allocation
to the mobile gear less than 65 ft has been made on a 4-month period
basis. In addition to TACs, a variety of by-catch and trip limit
regulations have been utilized.
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During the 1977-81 period, the TACs were consistently overrun while
the resource was recovering from the low abundance observed in the
mid-1970s. The main fleet component which expanded during this period was
that of mobile gear less than 65 ft. During 1982-84, landings by this
fleet were below its allocation but exceeded the allocation during
1985-86. The 1987 landings for this fleet were again below the 1987
allocation. Since 1981, the landings of mobile gear greater than 100 ft
has dropped to negligible amounts (Table 3).

Age Composition of the Commercial Catch

Sampling Intensity

Sampling for this resource has been good since 198l with rates of
approximately ome sample per 200-300 t landed (Table 3). Coverage of the
mobile gear during the second and third quarter of 1987 was not as good as
in previous years but adequate to construct the catch at age according to
previous practices (Tables 4a, 4b). 1In contrast to the 1987 evaluation of
the haddock resource, the catch for the first half of 1988 had to be
estimated from Atlantic Quota Reports. This was due to problems in the
data processing protocols in the Statistics Branch which increased the time
lag for this year between the receipt of data and its incorporation into
the catch/effort database. The quota report statistics were compared to
the landings available from the Statistics Branch during the first half of
the year from 1982-86, Landings from quota reports generally appear to be
lower than those from Statistics Branch among the mobile and fixed gear
sectors less than 65 ft (Figure 3). The magnitude of the discrepancies
were not quantified. No adjustment to the 1988 catch was made to
compensate for this small bias.

Construction of the catch-at—age matrix prior to and after 1978 is
discussed in O'Boyle (1981) and 0O'Boyle and Wallace (1986) respectively.
The 1987 catch at age was constructed using the sampling stratum—sample
availability table shown in Table 4a. The same type of information for the
first half of 1988 is given in Table 4b. This is in keeping with the
practice followed since 1982,

Catch and Weight at Age

The catch and weight at age from 1962-87 are given in Table 5a. The
pulse of the 1963 year—class through the fishery during the late 1960s is
particularly evident. In 1982-83, five age groups (3-7) each contributed
over 10% to the total yield. 1In the following two years, four age groups
(4-7) were the predominant contributors. During 1986-87, only three age
groups (4-6) have contributed significantly to the annual landings, both in
terms of numbers and biomass. The 1987 fishery was dominated by the 1981
and 1982 year—classes which contributed 26 and 427% by weight to the total
yield. During the first half of 1988, age groups 5 and 6 (1982 and 1983
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year—classes) jointly dominated the fishery accounting for about 70% of the
landings (Table 5b).

The 1987 catch—-at-age contained a greater proportion of four year olds
and lesser proportion of age 5 fish than was projected by O'Boyle and
Wallace (1987). All other age groups showed relatively good agreement
(Figure 4).

Trends in the average weight and age of haddock in the catch were
examined in order to provide an indication of the level of exploitation
being sustained by the stock. These trends are shown for the estimates
obtained during 1962-87 relative to the levels expected in populations
exploited at Fp.] and Fpax (Figure 5). Since 1972, the average age in the
catch has been below that expected, not only of a population expleoited at
Fp.1, but also at Fpgx. The average weight in 1987 was 1.3 kg and below
the Fpax level. A steady decline in average weight has occurred since
1980. Collectively, these trends suggest high exploitation rates in the 4X
haddock fishery. Trends in these parameters can also result from variation
in year—class size although the long—term average level of these parameters
is more dependent on the long-term exploitation rate.

Stock Abundance Trends

Commercial Catch Rates

A multiplicative model (Gavaris, 1980) was conducted on catch/effort
data for otter trawlers in unit areas 4Xmnop and 4Xqr separately. The
separation is based on differences (0'Boyle et al., 1983) in the age/size
composition of haddock in the two areas. An analysis was also conducted on
the longliner data for 4Xmnop. All analyses used as categories year,
month, tonnage class and unit area. The model assumptions were met for the
4Xmnop otter trawler analysis (Table 6a, Figure 6). However, the analysis
of catch rates of haddock by otter trawlers in 4Xqr (Table 6b, Figure 7)
and 1longliners in 4Xmnop (Table 6c, TFigure 8) violated the model
assumptions in terms of non-normality of the residual distribution and were
than not used in the multiplcative model discussed below.

The catch and effort data for 1968-87 for otter trawlers operating in
4Xmnop were fitted by the full model,

1n (catch/effort) = year + tonnage class + unit area + month. (1)

The estimates for the parameters of this model are contained in Table 6 and
the catch rates series is shown in Figure 6. Catch rates peaked during
1978-81, declined sharply to 1983 and have remained relatively stable
thereafter. Ideally, catch/effort analysis should be conducted on the
otter trawler data combined for all unit areas. This will be explored in
time for the 1989 assessment. Landings at age of 4X haddock by the total
fishery and otter trawl alone in the first quarter show that otter trawler
landings comprise most of the catch among most age groups and that a
declining trend in landings has occurred since 1979 (Table 7).



Groundfish Bottom Trawl Surveys

The July research survey conducted on the Scotian Shelf from 1970 to
1987 was also used to evaluate the status of the resource. The estimated
numbers and weights at age, all weighted by stratum area, from these
surveys are shown in Tables 8 and 9 along with associated standard errors
and coefficients of wvariation. Conversion factors for the different
vessels used in these surveys are contained in 0'Boyle and Wallace (1987).
The arithmetic mean catch rates, smoothed by the Med 3R method (Tukey,
1977), from 1970-88 for ages 2-5, ages 6-9, and all age groups combined
exhibit large inter-annual variability (Figure 9). Generally low levels of
total abundance occurred during the early 1970s and high total abundance in
the early-mid 1980s as indicated by the median smoothed estimates. Catch
rates dropped sharply during 1985-88 for ages 2-5 and 6-9. 1Indeed the low
1987 survey estimate is confirmed by that in 1988. Catch rates expressed
as biomass/tow generally paralleled the trends seen in numbers (Figure 10).

Sequential Population Amalysis

Calibration Data

The survey series represents an unbiased but variable view of
abundance relative to the stable but biased view generated from the
commercial catch data. Misreporting, discarding and the like contribute to
the bias in the commercial catch rate series. For these reasons the
practice of calibrating the SPA with survey data alone was continued.

Calibration Model

Contrary to O'Boyle and Wallace (1987) the following model was used:

Uast = da « Na,t « €4,t (2)

where Uy, is the summer survey catch numbers at age a in year t;
qga 1s the age a catchability of the survey or slope of the
relationship;
Ny,t is the mid-year age a, year t SPA abundance estimate; and
€5,¢ is the error in the age a, year t estimate of the survey numbers
per tow derived from the relationship.

The intercept was dropped after analyses of residuals of preliminary runs
indicated that it was not required. The error term is assumed to be
multiplicative, as per 0'Boyle and Wallace (1987). Attempts to use the
standard error to weight the analysis proved unsuccessful. The reasons for
this are unclear and require further investigation. For the moment, as per
previous practice, the log transform was used to stabilize the variance.



Calibration Methodology

The ADAPT method was used (Gavaris, 1988)., The input conditions,
data, and model framework are given in Table 10, The software was
documented in Annex 1. Initial conditions to start this analysis were
based on the SPA of O'Boyle and Wallace (1987).

As in the previous assessment, the 1988 first half of the year catch
at age was included in the analysis to allow use of the 1987 survey data.
The inaccuracy in the 1988 catch data is a cause for concern. Prior to the
next assessment, a retrospective analysis will be conducted to evaluate the
benefits of including the half year data in the analysis.

A major difference in the model structure of this and last year's
calibration is that here, the age 2-12 fishing mortalities in the last year
were all independently determined. 0'Boyle and Wallace (1987) only
determined those for ages 2-7. Fishing mortalities on ages 8—13+ were set
equal to that on age 7, thus implicitly assuming a flat—topped partial
recruitment ogive. The method used this year allows the model to find the
optimum partial recruitment pattern in the last year.

Results and Discussion

Model Fit

The model formulation (Table 10) required seven iterations to reach a
stable optimum and the parameters remained constant after removal of the
penalty function. All of the parameters associated with the age 2-7 slopes
were significantly different from zero although some of parameter estimates
associated with the population sizes of the older ages were non-significant
(Table 11). Also, the parameter estimates were generally uncorrelated
among themselves. The age by age diagnostic plots for ages 2 to 7 (Figure
11) indicate that the residuals were randomly distributed across year, SPA
population numbers, and the predicted values.

Population Trends

The population and fishing mortality matrices for 1970-87 are given in
Table 12, Trends in age one beginning of year numbers (Figure 12) show
that relative to the 1970-87 geometric mean of 25 million, recruitment was
poor during the early 1970s, above average during the mid to late 1980s and
more recently poor to below average. The size of the 1985-86 year—classes
will have a significant negative impact on yield for the next three to five
years. Comparison of the 1980-87 age one population numbers (000s) from
the current assessment to the one performed by O'Boyle and Wallace (1987)
shows close agreement (Table 13), supporting their pessimistic view of the
resource. Prior to 1986, only the size of the 1982 year—class has been
changed substantially. A major revision was made to the sizes of the
1985-86 year—classés at age one. The estimates for last year were set at
the second lowest value from the 1970-87 SPA (Table 12), based on low
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abundances observed in the 1987 RV survey. The 1988 survey indicated that
these year—classes were even weaker.

The recruitment trends alluded to above are reflected in the mid-year
population numbers and biomass which have both declined during 1979-1988
(Figure 13). Present levels are equivalent to the lowest abundances on
record that were seen during the early 1970s (Table 12).

Interpretation of the exploitation on the fully recruited age groups
is difficult given the presence of an apparent strong dome in 1987
availability. Nevertheless, the age 5-6 fishing mortalities during 1970-87
estimated this year (Figure 14) show a general, gradual increase rather
than significant interannual variability as was the case in last year's
assessment. The age 5-6 estimate of fishing mortality in 1987 is 0.59.
This generates 0.67 in 1986, compared to the 0.56 determined in last year's
assessment (Table 14).

Yield Projections to 1989

The results of the calibration indicate that since 1985, fish that
were abundant in the survey and commercial catch at ages 2-7 disappear from
the population at the older age groups at a rate that cannot be explained
by commercial exploitation. These observations are consistent with those
made by dindustry representatives and result in a dome-shaped partial
recruitment, contrary to previous assumptions. This necessitated an
analysis of the Fp.j yield options assuming long-term exploitation under
flat-topped and dome-shaped exploitation of the older age groups.

A von Bertalanffy growth model was parameterized for input to the
yield per recruit analysis. Age 2-12 annual weights (g) at age were
calculated as the mean from the 1962-87 commercial fishery. These were
converted to lengths (cm) at age using the following formula:

W = (0.0077585 ., 1.3,07669) (3)

These coefficients were estimated from the summer survey data for strata
70-85 during 1970-82, They differ from those of strata 90-95 but only used
to convert the weight data to and from length in order to run the growth
model.

The von Bertalanffy model was fit to the length (cm) at age data using
software of Rivard (1982), The resulting equation was:

L = 76,573 (1-e—0.175037(Age + 1.11515)) (4)

This was used to estimate length for ages 1 and 13-16 which were then
converted to weights at ages using equation 3.

The partial recruitment was taken as the average of 1985-87, assuming
that ages 5-6 are fully recruited.
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Natural mortality was assumed to be 0.2.

A Thompson and Bell yield per recruit analysis was then conducted
using the software of Rivard (1982) with the following input parameters:

PR PR
Weight at flat—-topped dome-shaped

Age age (kg) (1970-84) (1985-87)
1 0.223 0.001 0.001

2 0.473 0.041 0.022

3 0.790 0.263 0.127

4 1.148 0.604 0.387

5 1.523 0.847 1.000

6 1.894 1.000 1.000

7 2,250 1,000 0.356

8 2,581 1.000 0.156

9 2.883 1.000 0.130
10 3.155 1.000 0.094
11 3.396 1.000 0.194
12 3.607 1.000 0.402
13 3.791 1.000 0.200
14 3.951 1.000 0.200
15 4,088 1.000 0.200
16 4,206 1.000 0.200

The resulting parameters for the flat-topped and domed exploitation
patterns are:

Flat—-topped Dome-shaped
Foel 0.242 0.567
Y/R (kg) 0.516 0.531
Avg wt (kg) 1.723 1.472

A strong dome in the exploitation does not substantially change the
yield per recruit, although the average size of a fish would decline.

A vyield per recruit analysis using the historical flat-topped partial
recruitment was last conducted in 1981 and is the basis for the FQ.1 value
of 0.25 used in recent evaluations. The calculations conducted here
indicates a value of 0.242 which was not considered sufficiently different
from the 0.25 value to warrant a change.
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The 1988 population parameters used for projection of the 1989 yield
are:

1988 beginning of
year population

Age number (000's) Weight (kg) PR
1 25,290 0.250 0.001
2 5,042 0.564 0.022
3 2,974 0.749 0.127
4 8,978 1.032 0.387
5 9,187 1.382 1.000
6 6,168 1.870 1.000
7 971 2.471 0.356
8 1,274 2.864 0. 156
9 911 3.612 0.130
10 559 3.731 0.094
11 643 3.726 0.194
12 109 3.803 0.402

Yield was projected to 1989 under the assumption of a weight at age
and partial recruitment averaged over 1985-87, full recruitment at ages
5-6, and natural mortality equal to 0.2. Age one recruitment in 1989 was
set at the 1970-87 geometric mean of 25,290 with 1988 catch assumed to be
12,400 t.

Two projections were conducted. The first option assumed that the
apparent dome in the partial recruitment is transitory and thus employed
the Fp.1 appropriate for flat-topped exploitation. The second option
assumed that the dome-shaped PR is a lasting phenomenon and thus used the
Fp.1 appropriate for this pattern of exploitation. Both used the PR as
observed in the 1987 fishery thus dimplicitly assuming that the Ilow
availability of the older age groups will continue in the short term.

Avg. population

Year Fg5-¢ Catch biomass
kt kt
Option 1
Flat-topped 1988 0.55 12.4 47.2
1989 0.25 (Fg.1) 4,6 50.5
1989 0.40 (Fs50) 7.0 49.3
Option 2
Dome-shaped 1988 0.55 12.4 47,2

1989 0.57 (Fg.1) 9.4 48,0
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If the flat-topped assumption is wrong (i.e. exploitation will
continue in the long-term to be a dome) then fishing at Fp.j will occur at
0.242 rather than 0.567. This will result in a long-term loss in yield per
recruit of 30% (1-0.371/0.531) but with 1.6 times the average catch rates.

If the dome-shaped assumption is wrong (i.e. exploitation will
continue in the long~term to be flat-topped) then fishing will occur at
0.567 rather than 0.242, This will result in a long-term increase of 117%
(1-0.575/0.516) in the yield per recruit but at 50% of the average catch
rate. However, given that the current fishery is being exploited near
0.567, the industry would not observe any long-term decline in catch rates
under this scenario.

The choice of the yield option must take into account factors other
than long~term yield and catch rate. Current biomass is as low as that
observed in the early 1970s. 1In 1972-73, ICNAF imposed TACs of 9,000 t and
closed the fishery in 1974. The strategy followed was Fpay not Fg.) which
was introduced in 1977. Given the poor recruitment entering the fishery,
biomass can be expected to decline, even under FQ.i. Although not
quantified, there may be a danger of stock collapse due to recruitment
overfishing. If fishing is allowed to continue at a high rate, most fish
will not survive to older ages, reducing our ability to measure
availability at age and thus to recommend the most appropriate long-term
exploitation strategy.

Option one is the preferred yield projection, assuming no long-term
negative effect on recruitment. However, the recent low levels of biomass
and recruitment are of major concern.

Concluding Remarks

This assessment supports the pessimistic view of the 4X haddock
resource provided by 0'Boyle and Wallace (1987). Although the techniques
are slightly different, the results are the same. This resource is being
exploited very heavily. Current biomass levels are comparable to those
observed in the early 1970s. Growth overfishing is occurring and
recruitment overfishing is a distinct possibility. This will be evaluated
in time for the next assessment. Another concern raised in this assessment
is the apparent disappearance of the older fish from the fishery. Studies
are also required to confirm this observation. If it is a longer term
feature than assumed here, it will have implications on the yield model
used to provide the biological basis for management.
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Table 2 « Recent Canadian fishery allocations and the respective reported catch (t) of 4X
haddock. Information from Atlantic Quota Reports (AQR).
AQR Reported! CLOSURE
Year Date Fleet Allocation Catch 4 DATES
1976 All Vessels 13300 15715 118
1977 All Vessels 13400 20220 151
1978 All Vessels 21500 25518 119
1979 vessels < 125! 17500 17949 103
vessels > 125! 8500 6471 76
Total 26000 24420
1980 vessels < 125! 22500 23585 105
vessels >125" 5500 5095 93
Total 28000 28680
1981 31/12 vessels <125! 22350 25102 112 24/10 ~ 31/12
vessels > 125! 5500 5380 98 02/02 - 31/12
Total 27850 30482
1982 31/12 FGe. < 65! 8850 8168 92
MG. < 65! 15000 12909 86
FG. 65=100" 100 124 124 23/05 ~ 31/12
MG. 65-100" 1000 567 57
MG. =100 7050 2829 40
Total 32000 24597
1983 31/12 FG. < 65! 9050 9179 104
MG. < 65 15000 12991 87
FG. 65=100"' 100 108 108 12/04 - 31/12
MG. 65-100"' 800 177 18
MG. > 100! 7050 2438 35
Total 32000 24893
1984 31/12 FG. < 65! 8850 6958 79
MG. < 65°' 15000 12359 82
FG. 65-100"' 100 3 3
MG. 65-100" 1000 44 4
MG. > 100! 7050 648 9
Total 32000 20012
1985 31/12 FGe < 65" 4000 4496 112 16/11 - 31/12
MG. < 657 10000 10214 102 13/08 - 31/12
FG. 65=100"' 100 1 1
MG. 65-100"' 100 61 61
MG. > 100! 800 541 68
Total 15000 15313
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Table 2-« (Continued)
AQR Repor'red1 CLOSURE
Year Date Fleet Al location Catch % DATES
1986 31/12 FGe< 65" 5000 5446 109
MG. <65' 1/1-30/4 2700 13/03
1/5-31/8 4000 18/07
1/9=31/12 2300 9202 102
FG. 65=-100" 100 0 0
MG. 65-100" 100 118 118 15/02 , 15/11
MG. > 100* 800 680 85
Total 15000 15446
1987 31/12 FGe< 65 5000 4747 95
MG. <65 1/1=30/4 2700 2998 111 13/03
1/5=31/8 4000 3481 87 18/07
1/9-31/12 2300 1380 60
FG. 65=100 100 49 49
MG. 65=100 100 121 121 15/02 , 15/11
MG. > 100 800 487 61
Total 15000 13263 88
1988 24/08 FG. < 65! 4140 1865 45
: MG. <45' 1/1=30/4 1200 1040 87 05/03
1/5=-31/8 1800 1536 85
1/9~=31/12 1090 0 0
MG.45-65'1/1-30/4 1000 05/03
1/5=31/8 1500
1/9=31/12 850 2729 "
FGe. 65-100" 80 0 0
MG. 65~100" 80 14 18
MG. > 100" 660 387 59
Total 12400 7571 61

! These figures are based on hail Information and thus are unofficial

and not comparable to those in Table 1.
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Summary of commercial sampling for the haddock fishery in 1987. The
tons landed is followed by sampling information in parentheses. The
first number represents the number of fish measured and the second

the number of otoliths read.

used in age/length key formation,

Otter Trawls

The boxes represent the aggregation

4¥m-p 4Xq-r
TC 1-3 TC 4+ TC 1-3 TC 4+

3026 (4749-266) 219 (1121-77) 108 0

1965 (3174-84) 163 667 (1132-55) 5

442 42 1271 (1801-124) 3

89 69 (200-25) 384 0
Longliners

2161 (1797-151) 0 26 0

366 (/11-89) 0 58 0

1201 (412-51) 0 42 0

995 (699-86) 0 5 0
Miscellaneous

31 0 0 0

40 0 1 0

85 (321-91) 0 0 0

74 0 0 0
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Table 4b. Summary of commercial sampling for the haddock fishery in
1988. The tons landed is followed by sampling information
in parentheses. The first number represents the number of
fish measured and the second the number of otoliths read.
The boxes represent the aggregation used in age-length key

formation.
Mobile Gear
4¥m-r
Quarter TC 1-3 TC 4+
1 2271 (4635-328) 80
2 1855 (5214-414) 271
Fixed Gear
4Xm-r
Quarter TC 1-3 TC 4+
1 1239 (1542-143) 0

2 305 0
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Annual ltandings numbers (a), weight at age (b), percent by numbers (c),
percent by weight (d) of NAFO Division 4X (excluding 4Xs) haddock. Note
that age 13 represents all individuals 13 and over.

- TOTAL AHMUAL LANDINGS ((0(5) AT AGE OF HADDOCK CAUGHT ;N 4XMNOPQR

A. | 1962 1963 1964 1965 1966 1967 1948 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1997
11 0 0 0 0 0 410 { ¥ 18 2 0 0 16 1 0 0 2 0 0 0
21 139 713 1535 70 219 22 665 10 1055 788 22 3077 494 2175 1296 1285 75 81 161 1182 491 64 708 198 290 39
34524 2013 1272 3038 13341 SIS 297 2016 724 1617 3434 113 4653 4568 1644 3126 3354 1158 2445 2215 3639 1294 1108 195 1170 913
41115 7 a 981 9796 20300 1154 1963 1302 788 1841 2247 309 S164 4261 2019 7014 4707 3008 6219 2474 5474 4680 2261 4378 2848
5117783 nmmmwmmmmmwmmmmmmmmmmwmmm
§ 11708 1649 3019 5409 2149 1039 4484 11243 524 404 43 527 509 1103 434 288 2832 1070 3499 3195 1703 2232 “396 1463 1476 193
71 1648 1415 1492 1973 3747 735 713 3220 4 49 90 400 189 247 807 140 1040 1244 527 1143 1457 940 244 252
81973 993 1370 1000 840 1052 SI8 455 1863 336 57 322 269 172 154 3899 137 263 623 357 M0 399 340 13’ 116 56
91 645 478 412 7AS 409 187 672 249 133 1020 1166 259 186 42 107 107 169 323 183 187 110 53 40 2
101 232 152 416 288 424 102 190 194 94 143 S12 414 269 32 95 72 26 48 34 97 4 M9 77 16 28 2
110205 13 297203 88 90 131 172 175 181 2% 55 532 165 9 23 9 Ul 2 M 45 & B & 9 5
120 64 57 168 114 & 23 65 M 27 146 193 13 24 29 103 8§ ¢ 1 3 0} 44 23 N 1 4 D
137 100 47 36 13 84 81 8 &9 I 105 92 6 4 i1 157 &7 48 8 0 9 4 25 12 ¢ 2 0

B.

NEAN AHNUAL WEIGHT (KG) AT AGE OF HADDOCK CAUGHT IN AXWNOFGR

1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1963 1984 1983 1986 1987

S0m U e

0t g poe
Lo LS Tl

T BPINI POt B33 bhpa

Bt R R

0.290 0,290 0 290 0 290 9,29

0,560 9,500 0,500 0,380 0,31
0,750 0,780 04750 0,450 0.67
1,150 1,050 1,000 1,000 0,850

823

-0
88

S
N

2828
g

O OO 3 O
Promaratanars
LS

~a
>

0,290 0,29
0,320 0
0,620 0.42
0,850 0,900 0

700 2,320 2,500

370 0,960

1,700 1,600 1.650 1,730 1 900 2 200 2,500 2,850 2,950 2,940 2,700 2.830
+050 2,050 2,000 1,95

0:290 0,290 0,290 0:290 0,270 0,180 0,230 0,230 0.280 0.290 0,290 0,140 0,230 0.000 0,000 0, 250 0.000 0 000 O 000
04570 0,500 0,430 0,510 0.460 0,520 0,520 0,440 0,440 0,510 0,522 0,593 0,493 0,394 0,327 0,553 .523 613
0.750 0,900 0.960 0,900 0,750 0.820 0.820 0,810 0.710 0,870 0,870 0.882 0,867 0,907 0.758 0 785 0.787 0,726 0.733
+880 1,050 1,250 1,350 1,250 1,100 1,200 1,190 1,220 1,330 1,330 1,324 1,260 1,294 1,141 1,069 1,043 1,050 1,003
1,150 1,160 1.400 1,500 1.800 1,700 1,350 1,600 1,720 1,830 1,840 1,777 1,731 1,653 1. 714 141t 1,392 1,397 1,356
1,350 1,330 13500 £,750 2,000 2,300 2,250 2,100 2,200 2,330 2,340 2,355 2,219 2,130 2 1,932 1,943 1.86 1,800
2,908 2,454 2,577 .¢07 2."8 2. 40 2,480 2,473

0 1,950 2,100 2,300 2,400 3,000 3,500 3,300 3,390 3.300 3,278 3.134 2,947 2,869 2,483 2,901 2'615 3.077
2,430 2,300 2,300 2, 300 2,300 2,800 3,200 3.400 3.370 3.770 4.030 3 811 3,608 3,470 3,108 3.034 3 341 34399 4,093
2,820 2,630 2,800 2,700 2,950 3,450 3.800 3.770 4,170 4,150 4,332 3,488 4.033 1,000 1,431 I.244 3,540 4,410
2,700 2,800 3.250 3,000 3.300 3 00 4,100 3,690 4,030 4,740 4,200 4,346 3,946 3,430 3,841 4 142 3,037 31980
3,300 2,850 3,000 3,700 3,400 3,800 3,700 4,000 3,940 3,620 6,000 4,963 4,623 4,033 3,780 4,114 4,300 3,110 0,000
3,060 3,600 3,000 3,300 4,200 3,900 4,400 4,200 3,910 4,630 5,680 5,711 4,680 4,908 4,064 4,000 5,700 4,410 0,000

PERCENT LANDINGS AT AGE BY NUMBERS

| 1962 1963 1964 1963 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1987 1984 1985 1984 1987

it 0 0 0 0 ¢ 0 0 0 0 ¢ 0 2 0 0 0 0 0 0 0 0 Q0 0 0 0 ¢ 9
21 4 1 0 L 0 2 0 10 8 0 M 7 15 10 % 0 t 1t & 3 0 3 2 2 0
31 3 12 6 17 4 2 1 9 7 16 40 1 4 R 133 B 20 8 15 12 24 20 B8 18 10 ¢
41 11 4 19 11 29 4 4 9 14 8 A 23 3 38 33 15 2 46 19 33 18 B U 0 T 2B
S 13 18 2 17 8 27 & 8 3 M4 6 12 19 3 22 24 13 7 W 2 U 2 B 4 B 4
61 13 % 3 W 5 3 18 W 5 4 7 & 5 8 3 o2 17 7 2 172710 133 17 833 138
71 12 8 7 #4 10 2 ¥ 504 1t ot 7 2 2 & F & 9 T & 10 & 7 4 2 2
8 7 3 ¢ & 2 3 2 2 12 ¥ 1 4 3 t t 3 4 2 4 2 2 2 2 4+ 1 1
1 5 3 3 4 ¢+ 1 3 4 1 10 4 3 2 0 1ttt 0 1t 2 1 1 1 0 0 0
0ot 2 ¢t 2 2 t ¢ 1ttt 2 4 73 0 1t 1 ¢ ¢ 0 t 1 1 t 0 0 0
41 2 1 1t + ¢ 0 0 t+ 2 2 ¢ -6 1 0 0 ¢ ¢ 0 0 ¢ 0 0 O 0 0
2t ¢ ¢ ¢+ 1+ 0 ¢ ¢ ¢ 0 1 2 0 0 2 t ¢ 0 0 ¢ 0 ¢ 0 0 0 0 0
2 2 0 06 4 0 0 0 o0 ¢ ¢ 1+ 0 0 0 f t 0 0 ¢ 0 0 0 0 0 0 ¢
PERCENT LAHDINGS AGE BY WEIGHT

| 1962 1963 1964 1963 1948 1967 1948 1969 1970 1971 1972 1973 1974 1975 1974 1977 1978 1979 1980 1981 1982 1983 1984 1985 1984 1987

ir 0 ¢ 0 0 9 ¢ 0 0 0 90 0 0 0 ¢ 0 0 O 40 2 O O 0 0 0 0 0
21 2.0 0 0 0 1 0 4 2 0 3 2 7 4 3 0 O 0 2 1 0 2 1 1 9
3o 7 3 & 3 Lt 4 9§ 4 10024 1 929 2 7 44 44 4 8§ & 14 10 4 10 & 5
41 3013 8 A §2 T & 10 & 19 2 i ¥ 27 12 3 014 2 13 0B ¥ 1N A
S 13 20 B 1§ 10 029 40 7 3 12 4 & B 4 RN VW M4 U R N W B 2 W 2
§1 14 12 (6 33 8 4 19 33 5§ 4 % ¢ 9 14 § H 2B 10 0YH F 15 19 4 19 18 2%
70019 11 9 15 17 4 4 18 4% 4 1 i1 4 4 13 5 10 14 5 10 16 10 14 8 4 3
gl s 92 3 5 6 3 I 2 4 1 & F 3 I & 2 4 7 4 4 5 5 3 2 1
¢ & 5 3 7 31 9t ¢ 2 2 #4 N 5 4 ¢ 1 2 2 { 2 4 3 2 2 1 1 9
71 3 ¢+ 3 3 3 ¢ 2 2 2 3 #H o4 ¢ 1 2 ¢t 0 7 {1 2 2 1 0 1t 0
4t 3 1 2 2 4+ 1 1 2 3 4 1 2 4 3 t 0 6 0 9 0 1 1 1 0 0 0
2+ ¢+ 1 2 1t 9 0 1 t 0 3 § 0 t 3 2.0 0 0 0 0 0 0 0 0 0 0
2y 2 ¢t ¢ ¢ ¢t t ¢ttt f 2 2 ¢ 0 0 4 2 1 0 0 06 0O 0 0 ¢ o 0

and
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Table 5b. Landings of NAFO Division 4X haddock (excluding 4Xs) for the first half of
1988. Numbers, weight, percent numbers, and percent weight at age are

shown.

Numbegs Weight % by % by
Age x 10 52 C.v. (kg) Number Weight
1 0 0 0 - 0 0
2 9 4.3 .231 .401 .22 .06
3 162 311.8 .109 .744 4,01 2.00
4 628 1900.6 .069 1.019 15.55 10.63
5 1532 4745.6 .045 1.360 37.93 34.60
6 1238 4166.6 .052 1.705 30.65 35.05
7 404 1297.0 .089 2.173 10.00 14.58
8 49 155.2 .254 2.566 1.21 2.09
9 13 12.1 .268 3.428 .32 .74
10 2 1.8 662 3.395 .05 .11
11 2 1.0 .507 4.135 .05 .14
12 0 - - - 0 0
13+ 0 - - - 0 0
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Table 6. Multiplicative analysis of commercial catch/effort data for
various fleet-area components, A, Otter Trawlers in 4XMNOP,
B. Otter Trawlers in 4XQR, and C. Longliners in 4XMNOP.
Categories: 1l-year; 2-tonnage class; 3-unit area; 4-month.

A. REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE R..... e WTE
MULTIPLE R SQUARED..... .508

ANALYSIS OF UARIANCE

S0URCE IF SUMS OF MEAN
VARIATION F SOUARES SGURRES F-VALUE
INTERCERT 1 9. 34580002 9.345E0002
REGRESSION 37 1. 76180002 4. 738E0000 23,887
TYPE 1 19 8, 17280001 3. 24350000 16,186
TYPE 2 4 5. 844 £0001 1. 461£0001 72,665
TYPE 2 3 1.399E0001. 4, 65480000 23,135
TYPE 4 o 3.016E0001 2. T42E0000 13.836
RESIDURLS s 1. 74780602 2,011E700
TOTAL 8352 1.28280003

REGRESSION COEFFICIENTS

CATEGORY CODE VARIABLE COEFFICIENT 8Th, ERROR RO, 0BS5S,

1 68 INTERCEPT 0,357 0.133 892
2 4
3 1
4 2
1 69 1 0.107 36
70 2 0.113 25
7 3 0.123 22
2 4 0.130 19
3 S 0.147 13
74 & ¢.273 3
75 7 0.104 46
76 ] 0.10% 44
7 3 0,098 83
? 10 0.102 33
79 11 0.09% 73
30 12 0.094 33
81 13 0.057 5
82 i4 0.098 71
43 15 0,104 5%
a4 i Q0.106 47
-85 17 0,111 38
86 138 0. 118 34 .
37 13 .14 35
2 P 20 ©.098 242
3 21 0,056 <41
3 22 0.051 292
6 g 0,457 1
3 2 24 .097 329
3 as 0,093 231
4 26 0.099 248
4 i 27 3.068 96
3 2i 2,080 101
4 29 0.063 Te
5 g 0,085 30
] 3 0.082 36
7 2 0.089 63
g 33 0.077 b
3 34 9.97% 52
10 33 0.073 6
11 36 09.082 42
i2 37 0.081 45
PREDICTED CATCH RRTE
STANDREDS USED VARIABLE MUMBER3: 4 1 2
TOTRL CHTCH RATE
YEHR CATCH PROF. MERN SiE. EFFORT
68 ST03 0.389 3.787 7424
63 3425 0.729 0.754 11639
7 1474 1,391 9,862 2z2%
3! 3373 0.63% .52 6468
Ta Sa4t 0.619 D457 4513
73 er 2.323 0.337 Tast
? 521 0,099 736
75 338 5.468 432
78 4567 0.361 3403
77 3834 1,430 3507
73 ala 2.77h 1961 - .
] 958 L0340 3330
20 3203 2,386 i682
31 3274 2,350 2844 ,
2 1675 3,275 172
o3 3103 .58
4 294 15.010 402
28 G4 6,357 839
ga 147 14,318 204
a7 4% 10,968 2,704 1

AVERAGE .V, FOX THE MEAN: 139
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Table 6. (Continued)

B REGRESSINN OF MULTIPLICATIVE MODEL
.

MULTIPLE Reesvvnenesnes 2708
MULTIPLE R SOUARED..... .437

ANALYGES OF VARIANCE

SO0URCE OF SUMS OF MEAN o
VARTATION OF SULARES SOUARES F-UALUE
INTERCEPT 1 7.313E0002 7.81980022
REGRESSION 33 5.73420001 1. 7360000 3.333
TP 4 19 3, 56380001 4. 4240000 7;2?&4
TYFE 2 3 1.318E0001 4, 38780000 24,074
TYPE 3 1 3.799E0000 3.733E0000 30,349
TYPE 4 i 8,333E0000 T.621ET00L 4.132
RESIDUALS 319 3. 343E000L 1.822E7001
TOTAL 353 2.97450002

REGRESSION CGEFF! CIENTS

‘CQTEGDRY CODE YARIABLE COEFFICIENT STD. ZRROR HO. B3,

t 68 [INTERCEPT 0,883 2.206 383
2 3
3 5
4 3
1 59 1 0,062 2,25t 3
70 H 0.527 0.263 5
7 3 1,168 9,315 4
72 4 1,648 3,333 3
7 5 0,674 0.252 7
75 5 0.652 0,224 15
7% 7 0.720 0.219 13
77 8 3.262 0,213 25
78 9 0,418 0,311 29
79 10 6,535 0.214 27
30 11 0,366 - 0,210 2
8t 12 0,528 2,213 25
32 13 0,659 0.213 24
33 14 0,657 0,210 3
a4 15 0.9 0,210 23
85 16 175 3.209 20
86 17 1,000 0. 213 23
&7 18 3.937 0.228 13
2 2 13 0,391 0.047 17t
4 20 0.073 0,319 2
5 2 0,245 0.203 7
3 5 22 0,220 0,048 158
4 1 23 0,047 9.238 4
2 24 0.523 0.170 3
3 25 0.702 2,164 3
4 26 0,204 0,123 17
5 27 0.026 0.086 53
6 28 0,147 0,084 56
7 29 5.036 0.088 48
3 30 0,204 0.086 54
10 31 0.227 2,090 44
11 32 0,230 0,187 3
12 33 3.550 2.276 4
PREDICTED CATCH RATE
STANDARDS USED VARTABLE NUMBERS: 303 8
TOTAL CATCH RWTE
YEAR CATEH FROP, HEAN 3.8, LFFORT
68 0,043 0,342 G4l
59 0.100 0.512 5,088
0 6.085 0. 321 0,084
71 0,053 G167 0.042
H 2.05%4 0,187
7 0.087 9,278
75 0. 220 0,285 .
78 0.558 0,267
77 1,044 0.423
k] 1,001 0. 365
72 1,065 0,383
30 3,877 13
3 D612 0.335
] 0.305 0,385 v
23 1,045 0,277
4 0.576 9,220
35 0,588 5,170
26 2,510 9.302 11284
&7 9,452 5 5913

AVERRGE .U, FOR THE MEAN: 143



Table 6. (Continued)

REGRESSION GF MULTIPLICATIVE MGDEL

MULTIPLE Booovouenin.. . 064
MULTIPLE R SGUARED..... .441
ANALYSIS OF VARIANCE
SQURCE OF SUMS OF HEAN
VARTATION DF SUUARES SOUARES
INTERCEPT t B.Z41E0003 6, 244E0003
REGRESSION 357 T.8L1E0001 2. 232E0000 6,811
TYPE 1 18 2.011E0001  1.117E0000 3.410
TYPE & 3 6.704E0000  2.235E0000 §.820
TIPE 3 ¥ 1.061E000L  3.338E0000 15,798
TYPE 4 11 2.12E000L  1.920E0000 5,860
RESIDUALS 30z 9.395E0001  3,277E7001
TOTAL 338 6.413E0003
REGRESSION COEFFICIENTS
CATEGORY CODE  VARIABLE  COEFFICIENT  5TD. ERROR  NO. OBS.
1 88 INTERCEPT 5,111 2.640 338
2 H
3 i
4 3
t 83 1 9.109 0.823 1
7 2 0.621 0.688 3
7 5 0.772 0.685 3
73 4 1,527 9.659 5
74 5 0.792 0,822 13
73 5 2,745 9,820 7
7 7 0.467 0.617 17
7 3 1.319 2,812 20
? 9 9.683 0.609 30
79 10 2.792 0.613 13
80 11 3.634 0,615 25
a1 12 0.638 0,613 2
82 13 0.452 0,610 %
a3 14 0.550 0,814 38
8 15 0.649 0.617 4
85 16 0.448 0,616 24
36 17 0.363 0.614 27
87 18 0,504 0,847 18
2 s 13 0,338 0,453 2
3 20 0.124 0.073 12
4 21 0.704 0.182 18
3 2 22 “0.286 0.149 170
3 23 .03 0.152 78
4 24 0,194 0.161 63
4 i 25 0.175 0.477 74
2 26 0.250 2,478 85
3 27 2,314 9,186 43
4 28 9.325 0.203 23
5 29 0.11% 5.292 6
6 30 1.297 0.290 5
7 3 1.342 0,294 6
3 32 0.183 0,210 17
10 33 0,216 2,206 20
1 M 9,040 0.217 18
12 35 0,058 3,159 2
PREDICTED CATCH RATE
STANDARDS USED UARIABLE NUMBERS: E 3

TOTAL CATCH RATE
{EAR CRTCH HMERN 2.E
88 2,046 0,003
53 2,017 0,005 9,003
M 9,024 D.012 9,005
T2 0.023 0,014 0.006
73 2,072 ¢, 051 0.010
74 0.013 2,004
75 2,014 2.004 114504
78 0.4 3,003 209997
77 9.9026 0.007 54310
75 0.047 U004 174974
73 3013 0,004 130243
30 3,043 4 0,903 194463
b 0.003 185247
32 40295
33
54
35 303
6 0,002
a7 G.003

LOTRART ¢ ¢




- 23 -

Table 7. Landings at age of 4X haddock by total fishery and otter trawl in
the 1st quarter.

LANDINGS AT AGE (0((S) OF 4X HADDIOCK REPORTED BY FISHERY IH FIRST QUARTER T

1968 1969 1970 1971 1972 1973 1974 1975 19756 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

]
i 0 9 0 0 0 0 O O 0 0 0 o0 0 0 O 0 0 0 0 O
20 3 9 12 9 0 0 {1 10 4 4 o0 0 0 ¥ 4 0 2 2 0 0 1
305 180 190 438 657 12 87 90 167 338 598 212 179 250 148 346 14 180 25 74 11
41 110 318 375 310 537 993 21 265 104 453 1237 2137 624 1761 340 1713 747 466 778 726 212
914279 820 135 345 182 480 217 39 975 1187 415 1141 1479 1952 1179 1192 1100 1878 1484 1898 821
6 | 2229 4438 107 159 243 206 140 170 128 1059 577 275 899 1291 G512 462 972 473 849 1146 902
70 2341977 733 0 33 177 36 36 247 120 332 234 183 447 Si1 276 438 232 154 140 314
81 153 262 262 904 13 31 26 34 46 138 39 45 96 152 111 9B 142 74 47 I Y
71 192 130 9 312 354 53 30 § 23 ¥ 57 12 S8 {14 81 &4 H_H W 246 1 10
101 76 18 23 54 107 136 37 S5 29 2B 6 5§ 7 A5 4 ¥ ¥ 8 &5 2 2
#Hti 4 27 14 £ 8 8 48 ¥ ¥ 0 t 2 4 I 2B 20 43 I 8 1 2
2y 5 3 3% 8 2 2 2 12 4 9 4 0 10 8 7 12 0 4 0§ O
21 1 1§ 133 42 + & ¢ 2 % 2 0 1 4 2 1 3 0 2 0 0
4t £ 3 ¢ 0 ¢ o0 o ¢ 2 2 1 ¢ 1 1 4 1 1 0 0 0 0
2y 9 0 0 9 0o 0 ¢ O %4 0 72 6 0 t 0 2 0 0 0 0 0
61 6 ¢ ¢ ¢ ¢ 0 ¢ o0 0 0 0 2 ¢t 1t 0 2 0 0 0 0 O
LANDINGS AT AGE {{0(5) OF 4X HADDOCK REPORTED BY OTE IN FIRST GUARTER

I 1968 1969 1970 1971 1972 1973 1974 1975 1975 1977 1978 1979 1980 1981 1982 1983 1984 1985 1984 1987 1988
tt¢ ¢ ¢ ¢ 0 0 ¢ 0 0 0 0 0 0 O & 0 0 0 0 ¢ o
20 3 ¢ 1 9 ¢ 0 1 W 2 4 0 0 0 9% 1 o4 2 2 0 0 1
31 5 172 151 549 657 12 B85 46 132 304 543 193 129 241 154 274 14 170 2 70 U
41 104 302 298 267 517 992 19 184 810 412 1044 1950 545 1512 281 1142 377 384 4Bl 411 198
314038 783 107 297 162 478 144 40 725 1021 265 1017 1235 1745 950 833 489 1355 997 1158 476
61 2095 4238 35 136 188 204 73 45 112 790 276 212 739 944 337 434 563 373 444 523 532
71 2191028 898 0 33 173 2 9 132 81 138 181 139 410 272 139 185 104 39 42 139
Bl 143 20 208 777 13 27 0 4 23 100 31 51 3% W 4 I &0 10 0 4 19
1 142 124 7 249 41 51 8 1 1% 13 13 4 28 4 {5 23 ¢ 8 I 0 4
o 74 17 18 4 52 118 4 0 14 10 0 2 1 20 1 12 18 9 4 0 1
Hur ot 2% 9% 3% 8 3 2 1 4 7 46 1 0 2 1 & & 0 2 0 1
2y 5 3 1 » 132 3 18 2 0 9 0 3 2 1 4 0 4 0 0
gy o 1 4 10 46 0 0 0 11 4 0 0 0 1 0 0 0 0 0 0 0
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4X -Haddock mean numbers at age per standard tow

mean (B), and coefficients of variation by age
surveys.

I 1970

1971 1972

A

1973

(A),
(C) in 1970-88 summer RV

standard error of the

CAHADIAH SUMKER SURVEY - STRATIFIED MEAH HUMEBERS FER STANDARD TOW
1974 1975 197¢

1977

1978

1979

1980

1981

1982

1983

1984

1985 1986 1987 1988

00 *f O L5 b Lo $- 2410

ke e s fnns
[T R Lot~ 11

0.000 0.000 0.000
5,899 0,117 5.822
4,719 11,116 0.260
1,405 4,722 3,314
2,605 2,08t 1.389 3.060 0.934
7 4.093 044

B.

1970 1971 1972 1973

£,781 11,530 6,970 6

0,892 1,943 0,374
0,494 0,531 0,679

25 0,338 0,301 0,000

0,000 0,249 44234

0:+000 0,000 0,109 0

6,325

7,053 12 807 14,449 12,381 24,828
g8 5 828 17,691 19,104

3,107 10,480 8.036 8.401

2,527
3

+

3 0,000

0,000
0,029
0,039

3 0165

1977 1978 1979

5 4,987 12,724
g 4.377

1980

0 0,07

1981 1982 1983

1984 1985 1986 1987

23 0,029 0,478 0.271 0,349 0,307 0.000
D980 0200 09 0 069 g 285 b 0 5 3 8 21,944 4? 014 13,052 6,858 4,484 4,637

19,354 23,084 3,744 &, 119 33,367 5,039 13 428 4,854 28,799 28,737 4,538 23,182 4,779
0,434 31.804 4,874 2,866 38,796 10,300 10,040 15,330
7,932 4,228 %1.334

27 7,382 )

L]

1,8
0,597
0,444 0

11710 9,432 5 233

0.121 0,000 0,082
3,838 0,943 7,172

8,723 0,897 1,863
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0,952 0,570 0,442 0,263

0,017 0 000 0,000
0.017 0 000
0.000 0,000 0,000
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CANADIAN SUMMER SURVEY - STRATIFIED AR, STAWDAKD ERROR OF NEAN NUMBERS PER STANDARD TOW
1974 1973 1974
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1,488 0,035 2
1,394

0,12

ot ks o Pt
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4X Haddock mean biomass (kg) at age (A) per standard tow and average

weight (kg) per fish by age (B) in 1970-88 summer RV surveys.

A.
1971 1972 1973 1974 1975

1976 1977 1978

1979 1980 1981

CANADIAN SUMMER SURVET - STRATIFIED AR, MEAN WEIGHT (KG) PER STANDARD TON

1982 1983 1984

1983

1986 1987 1988
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B . CAHADIAN SUMMER SURVEY - AVERAGE WEIGHT (KG6) OF AN INDIVIDUAL ’
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0370 0 454 0,509 0.512 0,
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224 1
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Table 10. ADAPT Input Summary for 4X Haddock

Parameters:

Year class estimates

Ni, 1987 i = 2 to 12

Calibration constants for RV surveys

Ki i=2to7
Structure:
natural mortality assumed equal to 0.2
error in catch at age assumed negligible
F for age 12 calculated as the weighted

F for ages 6 - 8
intercepts were not included

Input:
- Cijsy 1 =21t0 12, t =1970 to 1987 and first half of 1988
- RVj,y 1 =2to7, t =1970 to 1988
- Survey numbers were related to

July SPA numbers

Objective function:

- Minimize

:E::E: (obs. (1n RVi,¢) - pred. (In Rvi,t))2
it

Summary:
number of observations = 114
number of parameters = 17
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Table 14. Comparison of population parameters generated by 0'Boyle and
Wallace(1987) and the current assessment.

Mid-Year Age 1-12 Fully Recruited ages (5-6)
Year Population Biomass (kt) Fishing Mortality

1987 1988 1987 1988
1970 55.1 55.4 0.193 0.185
1971 46.2 46.5 0.390 0.389
1972 50.3 50.6 0.309 0.309
1973 52.4 52.8 0.501 0.501
1974 54.7 55.0 0.393 0.391
1975 67.8 68.1 0.351 0.347
1976 77.5 79.1 0.440 0.434
1977 80.8 83.6 0.487 0.481
1978 91.8 97.0 0.528 - 0.525
1979 92.1 99.7 0.432 0.430
1980 84.9 94.6 0.668 0.571
1981 79.5 91.2 0.725 0.585
1982 71.1 82.8 0.690 | 0.554
1983 64.6 73.9 0.759 0.546
1984 63.5 69.6 1.014 0.688
1985 63.6 65.1 0.801 0.680
1986 61.3 57.1 0.558 0.674
1987 - 47.0 0.430 0.591

1988 - - - 0.550
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Figure 2. Long term trends in 4X haddock Tandings, along with annual
TAC since 1970.
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Figure. 5. Age-size characteristics of landings of 4X haddock.
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Figure 11. Age by age diagnostic plots from ADAPT tuning of SPA with RY
ages 2 to 7.
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List of functions used in the calibration of the 4X haddock assessment
AND PLOT
BLOT PLOTRVSPA
DATAGEN PNLTYAFN
DIFFAOBJ PRINTRVSPA
DIFFAPNLTY PRNT
FRGNAFN QPUT
INPUT RESI
INTERFACE RESIACPUE
ITERCOHORT RESIARV
OBJAFN Vs
ouT miniDOC
QUTPUT minipop
PARASE page
INPUT
miniboc — 0BJAFN ITERCOHORT
page — INTERFACE
PRNT — RESI T RESI ARV
FRGNAFN RESI ACPUE
MINIPOP PNLTYAFD
DIFFAPNLTY ~— PNLTYAFN
DIFFAQOBJ -—— OBJAFN
QUTPUT PLOTRVSPA PLOT — QPLOT
L OUT BLOT — QPLOT
— VS VS
L— page AND
-— DATAGEN — OBJAFN PRINTRVSPA

page
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QANDCOYY
{01 Z¢A AND B
£33 ZeC(ui+t4PBYANI0+1IABe(™2¢ 1§ ,PBIPB
€23 10(010+153¢A

VBLOTIDIV
£0) A BLOT B]C;DpE;F;B;H;I;K;Lp";N;DlD;P;SpT;U;V,X;PVAL;CDH,Q;CRTT
£1) OI0¢l ¢ CRTT+SE™1L
[2) See(, (0=DNC 2 2 P'dxdy’)¥ 2 3 P'dx*dyt'),"' e
£31 pse! +01 23456 789ABCDEFGHI JKLMNOPRSTUWXY2?
43  +(~/ 1 2 #ppBIPL2
[S3  2((2uppBI~1214PB) /12
61 Be(2,)PWUPB),B
£73 LisC1eppareL2
81 +(2 6 =PAY/L3,L7
€91 L2140,040¢' PARAMETRES NON VALIDES? ,acy
101 L3tMeld, (Kel 1ET3+(LEATZIIZ10Y, (T /BL131),L/Bl133 ¢ oLS
€15) L4HeIlPT ¢ CeDIP]
€12 Mels, (E€LIE™IH(GeATIDI25), (F/,T),1/,T¢ 1 O P
€133 LS:8¢ 10000 5000 2500 1000 500 100 50 25
£14) »(0=ML2})/L2
18]  +(0AU=/"24M) /L5A
£18) +0,040+!PAS DE VARIATION DANS X QU Y?,Acr
L17] L5A:S€SX10X" 4+ 1OBUUM{ 2]
18] Pe(MI315(I¢MI4I-SIMLA)I+MI2]IXDeV~GI V1. 25%1L1 ¢ M
£19) LEe:Xel1.5+(BL1;)-HIX10:C
£20) TelO.S5+(T-I«1LP1IxBD¢DIF]Y ¢ 2L 8
{211 L7:KeLLE"3+(L¢AL41) +10
£22] EeL1E"3+(GeAl11)48
€231 Xe(Fe(O4XITKSL+L) 7XeL £.54¢BUL; I-HeALSIIX10-CeALE]
£24)  TeF/L0. BT+ 1 O +B)-1¢AL2DIX5D+AL3)
£25) LBIME(L1081D)~0,18¢10
£26) MeML1iL (A7 (CRTTXDIS /P)2Mo. 1 Pe) I4DX ™19 E+10101)
£271 8¢ 10 "3 ¢ »UBPL+LI0BT /PIVIK™T7)I/LY
28} §¢10,07 (B-Pr1)L-M
£292 LI1QeWNGBOIDX 14 EH ) ou+, 1), 1147 [14Ve0055] "1 +y 1 +P¢5)
301 Ue((~L(U-%/pdy)<2)0(UeG+1)4dy), R
£31) XPSe(PTIPS
£32) XPSL1j1&(T14pT)PL41Pps
£33]  Xe,XPS+1000%CPTIPX
£34) T+, T
£351 L10tPVAL¢CULTI4G~P3 1), (L+1)P? ?
€361 2 (0=p8e(T=P)/XI/LI2
€371 S€(S#0, 7148} /B+8L48]
£38) PYALE(Ti4pU)+LS+1000]¢pst10001S)
£32) L12:0PUT * 7, PVAL
L[40) 2(0LPeP-12/L 10
£411 GQPUTUIEP? 1), /7, (L41)P 4mmemmee -
£42) Me(L108iC)-0,010
[43) MeMLIIL (~/ (CRTTXCET /P22 ¢10%M) 0. I P& BeH4CX " 141K+1)01)
441 Se€{0~3 ¢ »((BCPeL+L 1087 /PIYMK™7) /LIS
£45) 810,07 (B~Pl1)L-M
€461 L13:0PUT(BP’ '),S5B
£471 +(0=x/pdx)P0
(4683 GPUT OTCLF, ((18+4L0.5xL-%/fdx)P? ?),dx

VDATAGENLOlY
£01 DATAGEN PAR;RESID
L1l  RESIN<UBJAFN PAR
[21 S1:RESIDARVE((PRONS), L+7 140 )PRESID
€31 RESIDACPUE«(-P,iacpue)¢RESID

9DIFFA0BJILOlY
[0 R+DIFFAUBJ3DELTAf I3 TPAR
tl; & CALCULATES ONE SIDED DIFFERENCE OF OBJECTIVE FUNCTION
€z |23
€31 Re(N, 0L
£4)  DELTA(C.Oixpar)+0.0ixpar=0
[5] L1 TPAR¢CC(I-D)¢par), (par L1I+DELTALID), Lipar
T6)  ReR, (e~DBJAFN TPAR)+DELTAL1]
71 sLixP2le1+t

YDIFFAPNLTYIDIV
L0] ReDIFFAPNLTY;IgR13DELTA; TPAR} fonltysbpnlty
El; nIC?LCULATES FIRST AND SECOND DIFFERENCES OF PENALTY FUNCTION
2 €
€31 Re 2000
[4]1  DELTA€(0.0{XPAR) +0. 01xPAR=(Q
S]] L1:TPARC((I-1)4PAR}, (PARLII4DELTACIY), I4PAR
€61  Rie(pnlty-fpnltycalpha PNLTYAFN TPAR)-DELTALI]
71 TPAR((I-1)4PAR), (PARLII-DELTALIY), 14PAR
83 bpnltyealpha PNLTYAFN TPAR
9}  ReR,,R1, (fpnlty+bpnlty-2xpnlEy)<DELTALI]
£10) aLixp2lelst

VFRGNAFNCOI9
[0 ReFRGNaFN A
€11 Re/(Adlbnd),A<ubnd
L2} a THIS FUNCTIUN SHOULD RETURN A 1 IF THE PARAMETERS
{31 A ARE IN THE FEASIBLE REGION AND O OTHERWISE
[4] A Re¢l DEFAULT RETURNS 1
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VINPUTLOIC
£03 INPUT3ANS
€1)  ceDEX 'K’
£21  2(O=ONC "STOCKANAME?)/7?'STOCK NAME??? ¢ STOCKANAME D)’
£31  'CATCH MATRIX FOR ',STOCKANAME

L[4} «c<D
I5) ’FIRST YEAR AND YDUNGEST AGE IN CATCH MATRIX 7 *
£61  ANS«D

£73 YReCCI4ANS)~1) " 14Pc

€81  AS+(("IAANS)~1)4 140c

£91  TENTER PARTIAL RECRUITMENT VECTOR FOR ALL AGES?

(101 PReQ

£11) 'ASSUMED AGES OF FULL RECRUITMENT (STARY WITH FIRST FULLY RECRUITED AGE) ? !
€121 AGEeAGLD

£13) *PRESENCE OR ABSENCE OF PLUS GROUP (P/A) ? 7

141 NUMe’P? =D

151 "NATURAL MORTALITY 2 '

€161 meO

[171 ’ENTER STARTING ESTIMATES OF AGE~SPECIFIC FS (TO BE ESTIMATED) FOR LAST YEAR *
{181 ' EXCLUDE VALUE FOR PLUS ¢ IF ANY) GROUP

{191 FLY<D

[203 'AGES IN CALIBRATION INDEX ? *

[21) ROWS+AGLAGES«D

£22) FRST«14RONS ¢ LAST¢™ 14ROMS

€233 'ENTER FIRST AND LAST AGES TO CALIBRAVE'

€243 FAG+D

(251 FRST«FAGCL]

€261 LAST«FAGL2]

€271 'STARTING ESTIMATES OF YEAR-SPECIFIC FS FOR OLDEST’
€281 ' NON-PLUS GROUP AGE (ENTER O IF NOT DESIRED)’

£29) FAG+D

(303 FVECT¢FLYL™14FRST+v 1+LAST-FRST], 14 0FAG

€313 CVECTeé,cL(T14FRST+L1+LAST-FRST); "14pc)

£32]1 #(FAG=0)/51

€331 CVECT¢CVECT,140,c(LAST;)

[34] S1:NVECT€(CVECTX(FVECT+m) )+ (FVECTX (1~%~FVECT+m))

[351 lbnde«CVECT

363 ubnde(PNVECT)P10000000

€373 'RV INDEX OF ABUNDANCE’

rasy SAME YEARS AS CATCH AT AGE MATRIX *

391 *? SAME AGES AS CALIBRATION BLOCK!

£40) TENTER O IF NO RV INDEX'

{431 INDEXATYPEe 0 O n Indicator of indices available (RV,CPUE)
£42) iArveD

143]) 9 (Ous/4/ibrv)/cpue & No RV index so go to cpue input
€441 INDEXATYPEC11e¢d ’

£45) TESTIMATES OF STANDARD ERROR OF INDEX (ENTER & IF LOG MODEL)? *
{463 isedrve(piarvie,Q

473 MASKRVe(Pisearvipt

(481 MASKRVL13191¢0

[49] WEIGHTRV¢(+isearv)XMASKRY

(5031 ?INDEX FOR WHAT MONTH ( NO. FROM & TO 12 ) ? *

{511 MNTHeO+12

[52) *STARTING AGE ~ SPECIFIC COEFFICIENTS FOR RV INDEX?
83y 1

[54]1 ' MATRIX OF AGE BY AGE COEFFICIENTS (1 OR 2 COLUMNS)'®
(551 (1#+/+/iseArv)/! MODEL 18 I = (B0} + Bl X POP '

{36) (1=+/+/imearv)/’ LOG MODEL 1S LNCI) = LNC CBO) + Bl x POP ) *
57y ! '

(581 Keli

[591 lbndelbnd, (P,K)P(~"1#PK)¢ “9000 0 A MIN SLOPE =0, MIN INTER.="9000
£6801 ubndeubnd, (P,K)P9000 A MAX SLOPE AND INTER., = 9000

61 cpues’CPUE INDEX OF ABUNDANCE' -

tez1 SANE YEARS AS CATCH AT AGE MATRIX?

{633 *ENTER O IF ND CPUE INDEX?

{64) iacpuetd

£651 (0=+/+/iscpue)/exit f No cpue index so go to exit

{661 INDEXATYPECL21¢t

€671 1117ESTIMATES OF STANDARD ERROR OF CPUE? (NO LOG MODEL ORTION) !
€681 iseacpuecd

€691 2 ((fiacpueldfisescpue)/li A nust be same length ae tacpue

(701 'ENTER MEAN WEIGHTS AT AGE - SAME YEARS AND AGES AS CATCH’

{711 MWT«D

[721 'STARTING COEFFICIENTS FOR CPUE INDEX (AGE AGGREGATED)'

731 ?

£741 +(0=ONC ’K')/norv

€753 ’ENTER ’,(8714pK),’ VALUE(S) FOR COEFFICIENT(S)’

L7681 KeK3iO

{771 sexitl

L7821 norve

1791 'ENTER 1 (SLOPE) OR 2 (INVERCEPT AND SLOPE) COEFFICIENYS®

€801 Ke(1,p,K)pKe, 0

1813 exitlilbnd¢lbngd, ((i1-"14pK)>479000),0

821 ubndeubnd, ((11-"14£K)49000) , 9000

€831 exitsinitial éNVECT, ,K

(841 alpha¢lE™IXNVECT

851 limite100

(861 WEIGHTWEIGHTRYX(+/+/MASKRY) ++/+/HEIGHTRV

€871 'Penalty constraints ON initially (Y/N)? Default is OFF'

{883 USEACONSTRAINTS¢0

(891 #(C'Y'=ANS) Yy’ sANSE¢DOINKEY) /' USEACONSTRAINTS¢t

[901 'Penalty functions turned ',(2 3 P’OFFON *)T1+USEACONSTRAINTS; )
oty ! ¢

£92)1 'Ready to run minipop’
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vINTERFACELOIV
0] INTERFACE POPN;priFRE; TAKE
{11 A Produces 1 or 2 glcobal variables FOPIND and FRIOM
€23 S(O=INDEXATYPEC11) /CPUE
£33 POPNELL; " 14PPOPNI X ( (+/87 44 ,POPNL 13 1) 2P 744 ,PDPNL13 1)
€41  TAKE«1#pPOPN
[5) CBB+TAKEACBB¢ 1E™)I0 9 162 628 1532 1238 404 49 13 2 2 1E™10
143} POPB8¢0, "1¥, ((TAKE, 1) $POPN) XX~ ((TAKE, “1)4F ) +m
[7)  POPBEMID¢(POPBB-CBBX¥m=4) Xk-m+2
£8)  POPIND¢POPNxk-(F+m)xMNTH A Adjusts SPA population to the survey month
91 POPIND¢POPIND, [ 2IPOPBBMID
(10) POPIND¢POPINDCROWS; 1 A selects calibration block
€111 CPUE: 5 (O=INDEXATYPEL2)) /EXIT
[12]1 FREe(+F (POPNXF) CAGE; 1) ++/POPNLAGE; 1 A Calculates fully vecruited F
{131 pretfFL(PF)PFRF A calculates PR matrix
(141 pr(AGE;1¢l A Sets defined fully recruited ages to 1
{151  FBIOMe+#POPNKpr xMUT
C161 EXITs

YITERCONDRTED)Y
LO3  ITERCOHORT; CATCH; J3MORT;FT;FCy ITER; 15V} X; FCNEW; DIFF L

{11  CATCHec

[21  Je"14PCATCH

£3]  MORT¢(PCATCH)Pm

(41  Fe(PCATCHPO

[51 FIefLY

(6]  »(NUM=0)/83

£71  FIeFI,"14F1

8] §3:+(FAG=0)/S2

£91  FCFAS

£103 51

£117 S2:FCe(T14PCATO ACIHFD)

1121 51117EReO

[13) OK9: 1¢pF1

£141 FLGQI);IICIAFT

€151 FLI;leJpFC

£161 ITERCITERs1

€173 >(ITER220)/0

L18] POP«(PCATCH)PO

€191 POPLCLI) 3 T3¢ ((, CATCHL (V1) § J1IXE T4, MORTE (v 1) 5339 )5F IX1~%~F 1+, MORTL (L 12§ I
€201 POPCLs1¢(C,CATCHOT; 1) XFC+(, MORTE T4 3)) SFCX1~K~FC+ (, MORTL T3 1)
£201  +(NUM=0) /SK1 '

€221 Tel-t

£231 POPLI;Je((,CATCHEI; 1IXFCH(, MORTE 15330 FOt1~%~FC+(, MORTL 13 1)
1243 Fr1jdedprec

[253 SK1sYel-1

263 AA1XeNORTELI-1;Y)

£271  POPCLI=13Y1«(CATCHEL 115 YIXKX:2) + (POPE 144 15 V41 IxEX)

£281 +(15YeV=1)/AA

£29] FOVI-13uJ-10¢(O(T1 ™) $POPLL (C14PPOPY-NUMY 31+ 1 1 +POPL CC(14APOP)I-NUMY 510~ 71 "1 #MORTW(C
C14PPOP) -NUM § 1

€301 +(FAGFO) /0

[311 FCNEMe (+/L1IPOPLAGE] IXFLAGE; 1) -4/ 1 IPOPLAGES )

€321 DIFFiel CFONEW-FC) +FCNEW

£333 FCHC 14FCNEW), “14FC

€343 »C(F /- 14DIFF1)>0.01) /0K

VOBJAFNCD}®
[01 Re¢«OBJAFN A .
[1] g¢(PNVECT)PA A survivors at designated age
[2)  FVECTe(Bs<(8-CVECTXm+2) Xkt ~m
L3} »(~/PR=1)/NDPR f skips PR if no PR was imposed
41  FRFe(+/((LEAGE) ~FRSTI$FVECTXS) =4/ ((14ABE)-FRSTI4s A fully recruited
€31  FLY¢PRXFRF .
(61 NOPRIFLYCTL+FRSTH L4LAST~FRSTI¢FVECT
€73 »(FAG=0)/S1
(81  FAG«(O(PFAR)POFVECT)
€93 S11ke((INDEXATYPET2I+PROWS) , (“14PK) )P (- CINDEXATYPEL 2J+PRONSIXT14PKIEA
£10) a k is the current calibration coefficients
{11 ITERCOMORT
[121 INTERFACE POP
£13) R«,RESI k A calculate index residuals

YOUTLD)V
[OY A OUY B;C; Dy YiPW
C1]  Ae,B(2, T14PBIP (ST 4+ (A#0) +A+LIOBLITT/LLIB), (TL4PBIPA
21 PUE20+PTITI (DPWILA++/((PAIP 1 O)/A

(3]  YeYR

43 ¢

{S)  ((7B+PHI4 CCLO.SxPU-LTITIP? *),TIT), DAY
€6) SKis? !

[71  Ce 1+ (OPUCAH\AL™142X10.5%PATIL

(8] De(2xCLAYIHA

£91  OI2xCLAYIe0

£103 7 17,DE(CLAYIAY

L1517 Pmmmd?, CHALT1420,C1IPP =

T12) (2 O 3(LPAG), 1DPAGY, CLIAAGY, 2081 11), ({2XCIHAIB((PAR) ,C)4B
[131  (CCOPBY-PAR) , PT 17D, ((2XCI4AYS ({(PAG) ~148B),£)4B
1141 Ae(2xCIA

1151 Be(0,C)4B

[16) YeCiy

[173  +(0#PA) /8K
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YOUTPUTIOIY

(01 OUTPUT) TIT;dxjdysagsyr
ey e
€21 *RBS Trajectory by Iteration ’,S8TOCKAMAME,?! t,ats

(31 dx«? ITERATION NUMBER!
L4}  dy+*RESIDUAL 68
(S} 20 40 PLOT rssvec VS(uPrssvec)
163 et
7] e
[(:3] ! CALIBRATION COEFFICIENTS BY AGE FOR ',STOCKANAME," T,ats
(4:2) '
£10) (" 14PK)=1) /82
[11) S147AGE ',(2 O SABESIID,* 5 I = ',(10 3 skLI31D),"* +7,(30 3 3k(132))," x POP?
(121 +((PROMGI2TeL+1) /51
[131 NEXT
[141 821'AGE *,(2 0 SAGEBLIN,? ¢ I = ',(10 3 3k[I;11)," x POP?
(S S C(PROWSI2 T I+1) /52
£16) NEXT3? ! .
{17) ' MODEL MEAN SOUARE RESIDUALS i ',%msr
{18} page ats
[191 DATAGEN par
€20)  TIT«’POPULATION NUMBERS (000S)’®
121 0 OUT POP,C13+/L1IP0P
€221 TITe'FISHING MORTALITY?
23] page ats
{241 3 ourF
[25) TITe'Standardized Residuals for RV index (s.e.=i for log model)®
(261 ag+AG
{271  yr«YR+(YRL11-1) 417 14PRESIDARV
{201 ABeAGES
129) page ats
(30) 3 OUT RESIDARV
L]

1321 *AvS, RESIDUALS BY AGE 1 ', B 3 &(+/L2IRESIDARV)++/[2IMASKRY
{331 'Ave, RESIDUALS BY YEAR t 7, 8 3 ¥(+/C1IRESIDARV)++/C1IMASKRY
£34)  'AVG. TOTAL RESIDUAL t ?, 8 3 3(+/+/RESIDARV) F+/+/MASKRV

v

T36) TIT+'PERCENT BTANDARDIZED SUM OF SGUARES OF RESIDUALS FOR RV INDEX?
€371 2 QUT 100x(RESIDARVE2) (PRESIDARV) S +/ ¢/ (RESIDARVA2Y
€381  »(INDEXATYPEL2)=0) /NDCPUE

r

1401 AGe,0

{411 TiTe'Standardized residuals for CPUE index’
£42) 3 OUT(1, PRESTIDACPLE) PRESIDACPUE

143) NOCPUE:ipage ats N
L44) 7 ¢

(431 'ESTIMATED PARAMETERS AND STANDARD ERRORS®
(461 PARASE

{473 TITe'Parameter Correlation Matrix*

C48]1 AGeYR+v1tfcore

{491 3 OUT corr

{501 AGeag ¢ YReyr

513

(523 'Output Age~by-Age Plots? (V/N) Default is ND*
€531 2(*C' Y1 =ANS)V ' y? =ANGEOINKEY) /? 507

{543 PLDTRVSPA jarv

IPARSSELDIV
{01 PARASE)N;P;HESS) deyNORM
(11 "APPROXIMAYE STATISTICS ASSUMING LINEARITY NEAR SOLUTION'
€2y v 1
131 Nepye
{41 Pep,par
{51  deeDIFFa0BJ
[6]1 HESSe2x(8de)+,xde
{71  NORM¢ (+/HESS¥2)%0.5
L8]  HESSBHESST(PHESS)PNORM
9] HESSe2xmur XHESS-O(OPHESS) ANORM
€10) parase¢(1 1 BHESS)%"0.5
11}  corr¢HESSHHESSXparsBec. Xpardse
€121 parase¢iparase
£131  TORTHOGONALITY OFFSETesecasaes?, 'F16,6° OFMT con
L14) *MEAN SQUARE RESIDUALS ...s...',,’F16.67 OFMT msr
15 » v
161 » PAR. EST
€17y o
{181 'E16.6,X3' OFMT(par)parise;parparase)

87D, ERR. T-STATISTIC *
.

vPLOTIOIY
(03 A PLOT B;C;D3E3F;GsH; 13K M3 Ny DID3P3G; TUs Vi X5 PVAL;COM3Q3CRTT; ps
(11 OI0el 4 CRTT45ET1L
[21  Se¢e(, (O=ONC 4 2 P'dxdy] ps?)/ 4 3 P'dxedysOf psé’),?? osaxvn’’?
€31 (/1 2 #PPBIAL2
£4)  2L(2=pPBY~ALPBI/LY
(51  B¢(2,W)P(rUe®),B
6T Lirs(1#PpAIPL2
€71 (2 6 =»pAI/LI, L7
181 L2:+0,040¢!PARAMETRES NON VALIDES?,acr
191 L3:1Meld, (KeLIE™F+LCAL2DT10), (T /BT ), L/BI133 ¢ 313
£10) L4tHeILP) ¢ CeDIP)
(113 MeL6, (E¢LIET3+(ACAL11)4G),(1/,T),L/,T¢ & O +B
L1271 LS:18¢ 10000 5000 2500 1000 500 100 50 25
C131 +(0=MI2D1)/L2
{141 >(0#U~/"2¢M) /L.5A
1153 »0,000+¢"PAS DE VARIATION DANS X OU ¥',acr
[16] LSAtS¢BX10%™441 10BUUMI2)
{171 Pe(MIBISCIeMI4I-BIMIADI+MI2IxDeV-GIVeL, 25xULL ¢ 9N
L1B] L6&sKel 1.5+(BI1§I-H)x10:C
191 TeLO S+ (T~LeIIPDXGDEDPI & 2LE
£20) L71Kel 1E™3+(L¢AL4D) 1D
{211 E¢LIE™3+(GeAL1)E
[22)  Xe(FE(OSX) XSL+1)/Xél 1.5+ (BL 1} 1-HeALS5I) %] 0:CeALB)
(231 TeF/L0.5+((T¢ 1 O {B)-1€A(2]1)xTiDeAL3]
£241 LB1Me(L1081D)~0,1B€10
{253 MeMCLILCA/CCRTTXDIF /7P)2Mo, I PE] T4DXT140E+1)0 1)
[261 S¢ 10 "3 ¢ S((BLPI4LI0BI /PIVIKTTIANLS
(271 S¢10,07(8-PrI)L-M "
£28] L9:Qe (VRSIBIDX"{+LE+L)0.+, 13,7 14 [1+V€00=51 " 140 1 +P¢G]
129) U+ ({-L WU-X/Pdy ) +2)0 (LG ¥dy) , @
L30]  Xe, (PTILLIPLPPSI0 +1000XX & Te,T
(313 L10tPVALE(UL1+G-P; ), (Lebdp? 7
[321 +(0=PS(T=P)/X) /.12
€33) S¢(840,7148) /5¢S{¥5]
[34)  PVALL("14PU) 4L S+10001¢psl 100015)
(33) Li2:0PUT * 1,PVAL
€361 2(0PeP-1)/L10
€373 QRUTCIER! 1), 1 /1, (LAIIP! dmmememmnunt
£381 Me(L10BIC)~0,110
£39)  MeMILEL(~/CCRTTXCIT/P)2(10%M)0, I PEIBEH+CX T4LK+100 13
140 S¢10-3 & 2({B(P+1+L 1OB /PIVIKT7I/LA3
{411 Se¢10,07 (B-PT§)L-M
£421 L13:QPUT(BA? *),S38
£43)  +(0=x/pdx)PO
[441 QPUY OTCLF, ((18+L0.8XL~X/Pdx)IP? '), dx .
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YPLOTRVSPALDIY
PLOTRVGPA INDEX;DATA; DATALN; SCALES ITER; dx; dy; SYMsRESID; 22
SCALE+ 20 40

' OVERALL STANDARDIZED RESIDUALS VERSUS PREDICYED X!

r

dy+?RV STAND, RESIDUAL®

dxe!PRED. RV INDEX?

SCALE PLOT(,RESIDARV)YAND( (P, RESIDARV)POIVS, ihatarv
L

ITERe}
YRe(YROU13-1) 4+, "1 4P INDEX
e

RESID¢RESIDARV

> CINDEXATYPEL21=0) /81

page ats

! AGGRESATE CATCH RATE RESIDUAL VS PREDICTED VALUE *
dye’CPUE RESIDUAL’

dx¢'PREDICTED CPUE’

SCALE PLOT RESIDACPUE VS ihatacpue

Sispage ats
r r

TAGE ', (BAGESLITERD)Y,” PLOTS '

DATA« (0, INDEXLITER; 1) AND (0, ihatar v ITER; 1)VS(0,POPINDLITER; 1)
YSURVEY NO. PER TOW VS SPA NUMBERS’

[

dy¢’SURVEY NO. PER TOW’

dxe!SPA NUMBERS?

L

SCALE BLOT DATA

DATA+INDEXLITER; JAND ihatarvI1TER; IVS FOPINDLITER; ]

)

SLNL
"TREND IN STANDARDIZED RESIDUAL OVER TIME'
LI

dy+"RESIDUAL®

dx+! YEAR?

SCALE PLOT(RESIDLITER; 1) ANDC(PYRIPOIVS YR
’ ' :

'STD. RESIDUAL VS PREDICTED VALUE®

L 4

dx+' PREDICTED VALUE'

SCALE PLOT RESIDCITER; JANDC((PihatarvEITER; 1IPOIVS ihatarv[ITER

LA ]

*RESIDUAL VS OBSERVED X'
r o’

dx¢! DPSERVED X'

SCALE PLOT RESIDLITER; JAND((PPOPINDCITER; 1)P0)VS POPINDLITER;
+52
LNtz

DATALN« (BINDEXT ITER; 3)AND (8i hat orvE ITER; 1)VS (BPOPINDL ITER; 3)
LN SURVEY NG, PER TOW VS LN SPA NUMBERS'

L ]

dy+'LN SURVEY NO PER TOW'

dxe?LN SPA NUMBERS?

SCALE BLOT DATALN

'

TREND IN LN RESIDUAL OVER TIME'
'

dye?LN RESIDUAL®

dx¢’ YEAR? .

SCALE PLOT(RESIDIITER; J)AND((PYRIPOIVS YR
[

TLN RESIDUAL VS LM PREDICTED VALUE®
)

dx¢*LN PREDICTED VALUE®
SCALE PLOT RESIDCITER} IANDC(PihatarvCITER; 1)POIVSBihatarviITERy D
y .

'LN RESIDUAL VS OBSERVED LN X?
L

dx¢? OBSERVED LN X*

SCALE PLOT RESIDLITER; JAND ( (PPOPINDLITER; 3)P0)VSSPOPINDLITER) 1
82y

L

*TREND IN POPULATION ABUNDANCE OVER TIME!

L

dy«? ABUNDANCE?

dx+?YEAR?

BCALE PLOT INDEXCITERjIAND ihatarviITER;IVS YR
Z21¢YR PRINTRVEPA DATA

(7 7,0 7, ((TI4PDATAI$2¢ps) ), L2)322

LI 4

ITER]ITER+1 .
SCITER=( 1P INDEX) +13 /0 -
61

YPNLTYAFNIDIY

Realpha PNLTYSFN A

ReUSEACONSTRAINTSx+/alpha+(PNVECT) ¢4

A State variable 'USEACONSTRAINTS! controls penalty function
A 1 * constraints ony 0 + constraints off
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VPRINTRVEPALDY
103  2¢INDEX PRINTRVSPA DATA;DPP;HDR;RANK;FMT;PS;LBLS; 1
(13 a PRINT DATA ARRAY USED FOR PLOTS
£2] A DATA¢>ARRAY SUITABLE FOR USE WITH THE%PLDT%FUNCTXON
(31 A (INDEX)¢>DEFAULT IS v 14PDATA
[4]) DPP¢4
{51  NeTL1+14PDATA
(6] PSe(Ntps), (N,3)p
71  PSe~30PS
€81  LBLS¢ (104" INDEX’),U13(104’ CARRIER’),[1]PS
9]  LBLSeLBLS, (11104’ RANK’ :
103 Z¢((2 2 +PDATA), 100p? *

{411 7SUMMARY GF DATA FROM FLOT’
[12] #77==mm mm omees mees seme s
ua1

[£14) 'CARRIER VARIABLE: POPULATION NOS'

[15] 'RESPONSE VARIABLE(S): SURVEY - +310BSERVED, 03PREDICTED’

[163 **

[17)  2(O0=ONC ’ INDEX?)/? INDEX€y ™ 14PDATA?

(18] RANK¢INDEXCADATAL1;1]

€193 201331¢(2 10 p204LBLSE151), [13(™2¢ (PDATA), 10345 ¢ 24 (PDATA), 1P INDEX
120} 1lel

€213 1PsZCI+8;41¢(2 10 P20ALBLSL1+153), [1)("24 (PDATA), 10045 (24 (PDATA), 1) PDATALL; ]
(221 (C14PDATA) 2EeI+1) /1P

(231 Z0I+1533¢(2 10 P20MLBLSI14131), L1324 (ADATAY, 10345 (724 (PDATAY, 1 3PRANK
{243 Ze(1 10 x02+0DATAIPR, 2 1 3 BZ

IPRNTIOIY
€01 PRNT; THP;FMT
[ S I
€21  *ITERATION NUMBER ’,3J
[31 ' ? ¢ 'PENALTY FUNCTION TURNED *,(2 3 P'OFFON TIC1+USEACONSTRAINTS; 2 ¢ * ¢
L4}  TMPe¢ 3 6 P'LAMBDARSS  NPHI *
{31  *10A1,E15.6" OFMY(3 10 $TMP;2 " 14,THP,?, 1)
[<-3 I
€71 * F'?’s IN LAST YEAR ; '
(81 6 3 sFLY
€91 ¢
(101 +(FAG=0) /NXT
£11) » F’'s AT OLDEST AGES & *
(121 & 3 3FAG
£131 NXT:3(O=INDEXATYPEL11) /NXTY
"

t14)
[15S) *ESTIMATED RV SURVEY CALIBRATION PARAMETERS® .
€16 * ABE ', ((2="180K)/? INTERCEPT 3,7 SLOPE NUMBERS'

(171 FMT¢'14,F14.5, 114"
181 R(2="14PKI/TFMYE? 7 [4,2F 14,5, 114" 1
£19] TMP*O(XNDEXATYPE[Z]X']’PK)O(P,K)00par
£20)  TMPe (P (~INDEXATYPE(2],03+K)PTMP
[21) FMT DFMT(((PAGES),!)PAGES),THP,((PNVECT)fpar)[((FRST-I)G&LAST)tRDHS]
€221 NXT1:9(O=INDEXATYPEL2)) /DONE
’e

£23)
[24] 'ESTIMATED CPUE CALIBRATION PARAMETER(S) *
€251 c(2="14p1> 71 INTERCEPT'),’ sLope?

[26] FMT'Fi4.5"

£27] o (2="14PK) /T FMT&1 1 2F 14,50 7 ¢

£28)  FMT OFMT (1, “14PK) 0 (~"18PK) $par

L293 DONE:78p? -1 )

vaPUTLOlY
L0] QPUT XjOIOsNTIE
£1] DI0¢1l A VERSION 2.0 11 MOD. B4.1.31 M. JOLY
121 3(0EPXI/0
£3)  XesX

[4]  2("»'=14ASORTIE)/TOFILE

51 +((3 3 P'CRTPRTRG1? )~ =ASORTIE) /LCRT,LPRT,LRST

6] ERR1:OERROR fINVALID CUTPUT DESTINATION IN ASORTIE?
£71 LCRT:0¢X ¢ 20

€81 LPRT: 3 0 3 DARBIN,X,OTCNL ¢ 20

£9) LRS1: 2 0 O 3 DARBIN, X,OTCNL ¢ 20

£10) YOFILE:

(117 (14ASORTIEYONTIE NTIE€~((120)10, 1 ONNUMSEMO

[121  (X,0TCNLOONAPFEND NTIE

[131 ONUNTIE NTIE

VRESICOlV
{0) ReRESI K
£1}  R& 0

{21 2(O=INDEXATYPEL1))/cpue A ND RV SURVEY

31 RéR,,POPIND RESIARV((-INDEXATYPE(21),0)4K

4]  +(O=aINDEXATYPEL2))/res A NO CATCH RATE SERIES
5] cpue:KeCoKIC1;]1 & get bottom row af K

(6} R¢R,,FBIOM RESIACPUE K

€71 res:
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VRESIARVLOYV
(0] RePOPIND RESIARV K
{1 +(i="14PK) /noint
€2) K¢ 3 2 1 8(62,PPOPINDIP,K
[31  ihatarve(KL1g53+K[23;IXPOPIND) A WITH INTERCEPT
[4]1  sres
[5) noint1KeS(GPPOPIND)P,K
£61  ihatarveKxPOPIND R WITHOUT INTERCEPT
£7) aAresiRetiarv-ihatarv)XWEIGHT
[8) res:Re((Biarv)-Bihatarv)XMASKRY

VRESIACPUELDlV
[0} ReFBIOM RESIACPUE K
{13 3(1=p,K)/noint
£2)  ihatacpue¢(KC11+KL2IXFBIOM) R WITH INTERCEPT
£3] dres
(4] nointsihatacpuet¢KxFBIOM 4 WITHOUT INTERCEPT
{51 resiRe¢(iacpue~ihatacpue)iseacpue

wvstoly
(01 2«A VS B
E11  Ze€(™2¢0 1t ,PBIPBIF( 20 1 ¢ 1PAIPA

vminipoplOle
:?:Atzizagop;BOUL;J;DIAG;Q;LAHBDA3HESS;NIPIPARIRSS;de;CAUSE;I;V;NPHI;PHI;pnlty;dpnlty;SHESS;NORM
[1] & NON-LINEAR LEAST SQUARES USING M
21 atse-74TIMEFNT OTS ARQUARDT ALGORITHM
£31  *Do you wish to document your input 2!
(41 + 2(C7Y?=ANS)V'y’ =ANS+OINKEY) /*miniDOC!
[5] page ats
(61 rseveceL0
{7)  Peppar«PAR¢,initial
8]  RSSte+,Xe¢0BJAFN PAR # RESIDUAL SUM OF SGUARES
£91 Nep,e
[10] pnltyealpha PNLTYAFN PAR A PENALTY
[11] NPHI€PHI¢RSS+pnlty FOR CONSTRAINTS
{121 LAMBDA+0,01
[13] BOOLe(PXP)P1,PPO & USED TO CREATE DIAG MATRIX
(141 conelO o
[151 Jei
(163 PRNT
{171 resvecerssvec,RSS
[183 L3t1+(limit<JeI+13/L6 AMAIN LOOP
191 PARé¢par
€201 PHI«NPHI
(211 de<«DIFFADBJ
£221 Q@e¢2%e+.xde A GRADIENT
{231 HESS¢2x(bde)+.xde A HESSIAN
[243 dpnltyeDIFFAPNLTY s DIFFERENCE FOR PENALTY
£25] Q«Q+dpnltyli;]
261 DIAGe 1 1 BHESSEHESS+(2PP)PBOOL\dpnltyl2;1]
£27] LAMBDA¢9.9999999999999E 7T LAMBDAX0. 01
28] 1let
[293 SHESS¢HESS+(2PP)PBODLADIAGXLAMBDALAMBDAX10 A MARQUARDT METHOD
{301 NORMe(+£SHESSX2)%0.5 A COLUMN NORMS
£31] SHESS¢SHESS+(PSHESS)PNORM A SCALE HESSIAN
£32] par¢PAR+V¢(QBSHESS) <NORM A STEP DIRECTION; STEP SIZE=l
[33) »(*“FRGNA&FN par)/L4
[34] RSS¢e+.Xe¢0BJAFN par
£35) pnlty¢alpha PNLTYAFN par
{361 +(PHI2NPHI¢RSS+pnlty)/LE
£371 L4sLAMBDA+LAMBDAX100
£381 LSi1par «PAR+VEYX0, 1X]1 AINNER LOOP REDUCE STEP SIZE
£39]1 +(10<1«I+1)/LE
40) S (“FRGNAFN par)/L3
{41] RSS¢e+,.Xe¢OBJAFN par
£42] pnltyealpha PNLTYAFN par
431 +{(PHIZNPHI¢RSS+pnlty) /L6
{441 LS
[451 LELPRNT
{46) rssvecérssvec,RSS
[47) msreRSS+N-P
€48] *(1-‘/CAUSE#(IOZX),(linitZJ),(lE'S(con*(((N-P)XQO.XV)%PXRSS)*O.S),(1E'4(I(NPH!-PHI)+PHI),(
9,9999999999999E "6V . ¢} (par -PARY T1E 20+ PARD Y /L3
£49) (“CAUSE)/{1lexit
£50) ¢ (USEACONSTRAINTS) /? USEACONSTRAINTS¢0 ¢ '?TURNING CONSTRAINTS OFF '’ ¢2L3’
{51} page ats
521 OUTPUT
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UminiDOCIDIV

01 miniDOCyljsp

£12 OTCFF

21 ! Input Documentation for *,STOCKANAME,! Run at’,(8p' 7),ats

31 7gpr-

{41 781~

5} vy
[ 423 ' This Analysis was Performed Using the following Criteria s 7 '
€73 78p7 -~

[8] 14 1]
£91  *1) Catch at Age extends from ', (SYRLLI1),’ to *,(s714YR),’ and Ages ', (3AGIID),* to ',%"
14AG

£103 e (“(NUM=1)> /717 The Catch at Age did NOT contain a PLUS Group’'’ésstpl !
£11) !

ft21 ? Age ’,(3714AG),7 is a PLUS Group !

(3
C141 Ages ', (JAGES),’ were assumed fully recruited’

sy r
[16]3 stplss(~/PR=1)/"'"'2) No Partial Recruitment Values were Imposed'’ $3stp2?
€i7y 2 Partial Recruitment values Imposed: !
[rey !
€191 ! Ages PR?

[201 7X20,12,%7,F5.3" OFMT(CCCPAR), 1)PAGY , (C(PPR)Y, 1)PPR))
£z13 * ¢
[22) stp2:'3) Natural Mortality was set at ?,(3m)
231
[241 '4) F'’g over Ages ',(3FRST),? to ', (3LAST)," will ba derived starting from initial esti
mates: ’
[25] _l v
[261 spé(FRST,FRET+L (LAST-FRST)) ¢ 1e{LAST-FRET)+1
€271 ¢ Ages Fr
[28] "X20,12,X7,FS5.2' OFMTC((}, 1)Psp), ((PFVELCT), 1)PFVELT)
291 * ¢
£30] 2(FAG=0)/7773) No Initial Estimates of F at the oldest ages were used’’¢2stp3?
€311 'S) Estimates of F at the Oldest Ages were derived from the following initial estimates’
£32) ' Year F
331 'X20,14,%7,F4.2' QFMTCCCPYRY, 1IPYR, ((PFAR), 1) PFAR)
343 stp3:+(0=INDEXATYPEL1])/stp4

€351 *
£26) '6) Regearch Survey Estimates of Abundance for ages ', (3FRST),* to ', (3LASTY,' were give
n'
€373 (O=PPisearv)/? No standard errors were applied. Log transformation used?’
£38) (OApPisedrvd/? Standard errors of abundance index applied to residuals’
€331 stpd:+(0=INDEXATYPEC2]) /5tpS
(403 '
411 73 Commercial CPUE with standard errors was calibrated on {ishable biomass’
€42) stpls’ ? .

[431 '®) The Lower Limit for Estimated Numbers at Age was the CATCH'

441 ! Upper limit for Estimated Numbers at age was ',3itubnd
451 > (0=INDEXATYPEL11)/stph

461  spe(T14PK)4 (PCVECT) 4 1bnd
fa7y
£483 ' The Lower Limit for FV survey slope was ’,% Itsp
£43) (2zpgp)r/? and for intercept was ', 31¢sp
{503 spe("14PKIH(PCVECTYdubnd
s11 ? The Upper Limit for RV survey slope was ',3 1tsp
{521 <(2=psp)/* and for intercept was ',5itsp
{531 stp61+(0=INDEXATYPELZ]) fexit
£54) spe(~"18pK)41bnd . -

£55) *10) The lLower Limit for CPUE slope was ',$ i4sp

(36 (2=psp)/* and for intercept was ',5i¢sp

{371 spel(~"13PK)4ubnd

£se1 * The Upper Limit for CPUE slope was 7,8 14sp

[59) (2=Psp)/* and for intercept was ',314sp

L1602 exit:780*~?

pageld)e

[0] page ats

€11 avcee,* ADAPTIVE FRAMEWORK TUNING WORKSHOP'

2] STOCKANAME, (45p' '), ats
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