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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 1986
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 F0.1 yield of 4,600 t under
the assumption of a flat-topped PR while the projection assuming the "50%
rule" level is 7,000 t. Under the assumption of a dome-shaped PR, F0.1
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 F0.1.

Resume

La presente evaluation de la population d'aiglefin de la division 4X
offre une vision aussi pessimiste que celle de Van dernier en ce qui
concerne l'etat de la ressource. Elle differe toutefois de ' etude de Van
dernier par la technique utilise (cadre de reference ADAPT) pour calibrer
1'ASP. Le taux de mortalite par peche de plein recrutement pour 1987 a ete
evalue a 0,59. A 47 000 t environ, la biomasse totale actuelle atteint un
bas niveau comparable a ceux du debut des annees 1970. Les faibles classes
d'age de recrutement depuis 1984, en particulier celle de 1986, donneront
vraisemblablement lieu a une diminuation de la biomasse et du rendement au
cours des trois a cinq prochaines annees. Les classes d'age les plus
anciennes disparaissent du stock de peche a un taux que 'exploitation
commerciale ne peut seule expliquer. De ce fait, on a connu un vecteur de
recrutment partiel en forme de dome au cours des derni.eres annees. Les
projections pour 1989 revalent un taux F0,1 de 4 600 t, dans l'hypothase
d'une courbe RP plat, et un taux F 0.1 de 7 000 t si Von suit la "regle de
50 V. Dans l'hypothese d'une courbe RP en forme de dome, les projections
donnent un taux F 0 , 1 de 9 400 t pour 1989. La biomasse a atteint un niveau
tres bas, comparable a ceux du debut des annees 1970. I1 y a surpeche a la
croissance et il se peut fort bien qu'il y ait egalement surpZche au
recrutement. C' est pourquoi il conviendrait de reduire l' of fort de peche
de 1989 a son plus bas niveau possible, voire de l' amener en dessous de
F0, 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 (O'Boyle and
Wallace, 1987) assessment, the survey data was left untransformed i.e.
arithmetic scale, when used in the calibration models.

O'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). O'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 1981 with rates of
approximately one 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). In 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 O'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. In 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 42% 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 F0.1 and Fmax (Figure 5). Since 1972, the average age in the
catch has been below that expected, not only of a population exploited at
F0. 1, but also at Fmax. The average weight in 1987 was 1. 3 kg and below
the Fmax 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 (O'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 longliners in 4Xmnop (Table 6c, Figure 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,

In (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).



- 5 -

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 variation. Conversion factors for the different
vessels used in these surveys are contained in O'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. Indeed 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 Analysis

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:

Ua,t - qa • Na,t • Ea,t
	

(2)

where Ua , t is the summer survey catch numbers at age a in year t;
qa is the age a catchability of the survey or slope of the
relationship;
Na , t is the mid-year age a, year t SPA abundance estimate; and
Ea , t 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 O'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.
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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. O'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-classes 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 industry representatives and result in a dome-shaped partial
recruitment, contrary to previous assumptions. This necessitated an
analysis of the F0.1 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 . L3.07669)
	

(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:

Age
Weight at
age (kg)

PR
flat-topped
(1970-84)

PR
dome-shaped
(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

F0. 1
	 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 yield per recruit analysis using the historical flat-topped partial
recruitment was last conducted in 1981 and is the basis for the F0.1 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:

Age

1988 beginning of
year population
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 F0.1 appropriate for flat-topped exploitation. The second option
assumed that the dome-shaped PR is a lasting phenomenon and thus used the
F0.1 appropriate for this pattern of exploitation. Both used the PR as
observed in the 1987 fishery thus implicitly assuming that the low
availability of the older age groups will continue in the short term.

Avg. population
Year 	 F5_6 	 Catch 	 biomass

kt 	 kt

Option 1
Flat-topped 1988 0.55 12.4 47.2

1989 0.25 (FO.1) 4.6 50.5
1989 0.40 (F50) 7.0 49.3

Option 2
Dome-shaped 1988 0.55 12.4 47.2

1989 0.57 (FO.1) 9.4 48.0



- 10 -

If the flat-topped assumption is wrong (i.e. exploitation will
continue in the long-term to be a dome) then fishing at F0.1 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 11%
(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. In 1972-73, ICNAF imposed TACs of 9,000 t and
closed the fishery in 1974. The strategy followed was F max not F0.1 which
was introduced in 1977. Given the poor recruitment entering the fishery,
biomass can be expected to decline, even under F0.1• 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 O'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 Reported1 CLOSURE

Year Date Fleet Allocation Catch % 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 FG. < 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. 6.100' 7050 648 9

Total 32000 20012

1985 31/12 FG. < 65' 4000 4496 112 16/11 - 31/12

MG. < 65' 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 	 Reportedl 	 CLOSURE

Year 	 Date 	 Fleet 	 Allocation 	 Catch 	 DATES

1986 	 31/12 	 FG.< 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 	 FG.< 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 1/1-30/4 1000 05/03

1/5-31/8 1500

1/9-31/12 850 2729 111

FG. 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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Otter Trawls
4Xm-p 	 4Xq-r

TC 1-3 	 TC 4+ 	 TC 1-3
	

TC 4+

3026 	 4749-266 219 	 (1121-77) 108 	 0
667 	(1132-55)	 51965 	 (3174-84)

442
163
42 1271(1801-124) 	 3

384 	 089 	 69 (200-25)

Quarter

1
2
3
4

- 16 -

Table 4a. 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. The boxes represent the aggregation
used in age/length key formation.

1
2
3
4

1
2
3
4

Longliners

2161 1797-151 	 0 	 26 0
366 (711-89) 	 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



1
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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
4Xm-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+

	

1239 (1542-143) 	 0

305 	 0
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Table 5a. Annual landings numbers (a), weight at age (b), percent by numbers (c), and

percent by weight (d) of NAFO Division 4X (excluding 4Xs) haddock. Note

that age 13 represents all individuals 13 and over.

TOTAL ANNUAL LANDINGS (000S) AT AGE OF HADDOCK CAUGHT IN 4XMHQPQR

A • 	 1 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1974 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

1 1 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0	 0 41 150 	 1 37 18 	 2 	 0 	 0 16 	 1 	 0 	 0	 2 	 0 	 0 	 0
2 I 139 713 155 70 219 	 22 665 	 10 1055 780 22 3077 694 2175 1296 1285 75 81 161 1182 491 64 708 198 290 39
3 1 4524 2013 1272 3038 18341 515 297 2016 724 1617 3434 113 4653 4568 1644 3126 3354 1158 2445 2215 3639 3294 1108 1956 1170 913
4 11415 7185 4286 1981 9796 20380 1164 1968 1502 788 1841 2247 309 5164 4261 2019 7014 6709 3008 6219 2474 5476 4680 2261 4378 2868
5 1 1778 3087 9337 3153 3167 9148 17448 1621 379 1422 509 1067 1779 485 3682 3193 2094 3881 5413 4199 4628 3733 3439 4516 3923 4186
6 11708 1649 3018 5409 2149 1039 4684 11243 524 404 645 527 509 1103 434 2881 2832 1070 3499 3195 1703 2232 2396 1463 1476 1931
7 1 1648 1415 1492 1973 3747 735 713 3220 4536 69 90 600 189 247 807 360 1040 1244 527 1163 1457 940 948 464 246 252
8 1 973 593 1370 1000 840 1052 518 455 1863 3316 57 322 269 172 154 389 137 263 623 357 340 395 340 132 116 56
9 I 645 478 612 745 409 187 672 249 133 1020 1166 259 186 62 71 107 107 57 169 323 183 187 110 53 40 	 2
10 I 232 152 416 288 424 102 190 194 96 163 512 614 269 32 95 72 26 68 34 97 94 119 77 16 28 	 2
11 I 205 113 297 '203 	 88 	 90 131 	 172 175 181 26 55 552 165 39 23 	 9 11 21 	 14 45 69 36 	 6 	 9 	 5
12 1 	 64 59 168 114 	 62 	 23 	 65 	 94 27 146 193 13 24 229 103 	 8 	 6 	 1 	 3 23 16 25 20 	 1 	 4 	 0
13 1 100 43 36 113 	 84 	 81 	 89 	 69 37 105 92 	 6 	 4 11 157 87 48 18 10 	 9 14 25 12 	 1 	 2 	 0

B.
HEAR ANNUAL WEIGHT (KG) AT AGE OF HADDOCK CAUGHT IN 4XMNOPQR

1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

I 10.290 0.290 0.290 0.290 0.290 0.290 0.290 0.290 0.290 0.290 0.290 0.270 0.180 0.230 0.230 0.280 0.290 0.290 0.160 0.230 0.000 0.000 0.250 0.000 0.000 0.000
2 10.560 0.500 0,500 0.360 0.310 0.320 0.3700.5600.5700.500 0.450 0.510 0.460 0.520 0.520 0.460 0.440 0.510 0.522 0.593 0.493 0.394 0.527 0.553 0.523 0.615
31 0.750 0.7800.7500.6500.670 0.620 0.620 0.750 0.900 0.960 0.900 0.750 0.820 0.820 0.810 0.710 0.870 0.870 0.882 0.887 0.907 0.758 0.785 0.787 0.726 0.733
4 1 1.150 1.050 1.000 1.000 0.850 0.850 0.900 0.880 1.050 1.250 1.350 1.250 1.100 1.200 1.190 1.220 1.330 1.330 1,326 1.260 1.294 1.141 1.069 1.043 1.050 1.003
5 11.400 1.450 1.300 1.200 1.230 1.050 1.100 1.150 1.160 1.400 1.600 1.800 1.700 1.550 1.600 1.720 1.850 1.840 1.777 1.721 1.653 1.714 1.411 1.392 1.397 1.356
6 11.600 1.700 1.700 1.560 1.500 1.450 1.300 1.350 1.430 1500 1.750 2.000 2.300 2.250 2.100 2.200 2.330 2.360 2.355 2.219 2.130 2.146 1.932 1.942 1,867 1.800
71 2.200 1.850 1.950 1.950 1.800 1.800 1.700 1.600 1.650 1.750 1,900 2.200 2.500 2.850 2.950 2.940 2.700 2.830 2.906 2.654 2.577 2.607 2.287 2.460 2.480 2.473
8 12.120 2.350 2.040 2.200 2,180 2.050 2.050 2.000 1.950 1.950 2.100 2.300 2.600 3.000 3.500 3.300 3.390 3.300 3.278 3.134 2.947 2.869 2.683 2.901 2.615 3.077
9 1 1.900 2.250 2.500 2.300 2.500 2.360 2.300 2.450 2.300 2.300 2.300 2.500 2.800 3.200 3.600 3.570 3.770 4.030 3.811 3.608 3.470 3.108 3.054 3.341 3.399 4.095
10 12.400 2,200 2.400 2.630 2.500 2.700 2.520 2.500 2.820 2.650 2.800 2.700 2.950 3.450 3.800 3.770 4.170 4.150 4.332 3.688 4.033 3.550 3.431 3.244 3.540 4.410
11 1 2.860 2.700 2.420 2.500 2.750 2.700 3.000 2,700 2.800 3.250 3.000 3.300 3.200 3.500 4.100 3.690 4.030 4.960 4.200 4.546 3.946 3.630 3.841 4.162 3.037 3.980
12 1 2.700 3.200 3.000 2.700 2.600 2.890 2.900 3.300 2.850 3.000 3.700 3.400 3.800 3.700 4.000 3.940 3.620 6.000 4.963 4,823 4.033 3.780 4.114 4.300 3.110 0.000
13 1 3.990 3.250 3.610 3.300 3.000 2.800 2.950 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

C . PERCENT LANDINGS AT AGE BY NUMBERS

1 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
-+-- ------- ------------------°^----- ----- ------------------------ -------------------°--
11 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 	 1 1 4 1 0 1 0 2 0 10 8 0 34 7 15 10 9 0 1 1 6 3 0 5 2 2 0
3 	 1 34 12 6 17 47 2 1 9 7 16 40 1 49 32 13 23 20 8 15 12 24 20 8 18 10 9
4 	 1 11 41 19 11 25 61 4 9 14 8 21 25 3 36 33 15 42 46 19 33 16 33 34 20 37 28
5 	 1 13 18 42 17 8 27 66 8 3 14 6 12 19 3 29 24 13 27 34 22 31 23 25 41 34 41
6 	 1 13 9 13 30 5 3 18 53 5 4 7 6 5 8 3 21 17 7 22 17 11 13 17 13 13 19
7 	 1 12 8 7 11 10 2 3 15 41 1 1 7 2 2 6 b 6 9 3 6 10 6 7 4 2 2
81 7 3 6 6 2 3 2 2 17 33 1 4 3 1 1 3 1 2 4 2 2 2 2 1 11
9 	 1 5 3 3 4 1 1 3 1 1 10 14 3 2 0 1 1 1 0 1 2 1 1 1 0 0 0

10 2 1 2 2 1 0 1 1 1 2 6 7- 3 0 1 1 0 0 0 1 1 1 1 0 0 0
111 2 1 1 1 0 0 0 1 2 2 0 1 -6 1 0 0 0 0 0 0 0 0 0 0 0 0
12 	 1 0 0 1 1 0 0 0 00 1 2 0 0 2 1 00 0 0 0 0 0 0 0 0 0
13 	 1 1 0 0 1 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

D 	 PERCENT LANDINGS AGE BY WEIGHT

1 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---+
ii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 	 0
2 	 1 0 2 0 0 0 0 1 0 4 2. 0 13 2 7 4 3 0 0 0 2 1 0 2 1 1 	 0
31 18 7 3 8 31 1 1 5 4 10 24 1 29 22 7 11 11 4 8 6 14 10 4 10 6 	 5
4 	 1 9 33 13 8 21 52 3 6 10 6 19 23 3 36 27 12 35 36 14 25 13 25 25 16 31 	 21
5	 1 13 20 38 15 10 29 60 7 3 12 6 16 23 4 32 27 14 29 34 23 32 26 25 42 36 	 42
6 	 1
7	 1

14
19

12
11

16
9

33
15

8
17

4
4

19
4

53
18

5
46

4
1

9
1

9
11

9
4

14 5
13

31 25 10 29 23 15 19 24 19 18 	 26

11 6 9 8 5 6 3 3
-2

40
4 5 10 14 5 10 16

3

10 11
5

8
3

4 	 5
2 	 1

9 	 1  5 3 7 3 1 2 4 5 1 1 2 2 1 2 4
5

2 1 1 	 0
10 	 1 3 1 3 3 3 1 2 2 2 3 11 14 6 1 2 1 0 '1 1 1 2 2 1 0 1 	 0
11 	 I 3 1 2 2 1 1 1 2 3 4 1 2 14 3 1 0 0 0 0 0 1 1 1 0 0 	 0
12 	 1 1 1 2 1 00 1 1 0 3 5 0 1 5 2 0 0 0 0 0 0 0 0 0 0	 0
13 	 1 2 1 0 1 1 1 1 1 1 2 2 0 0 0 4 2 1 0 0 0 0 0 0 0 0	 0
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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.

Numbe s Weight % by % by
Age x 10 S2 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



2U

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: 1-year; 2-tonnage class; 3-unit area; 4-month.

A. 	 NEGRO 109 OF MULTIPLICATIVE MODEL

MULTIPLE R ............. 	 ...
MULTIPLE R 004SRED..... 	 .506

ANALYSIS OF VARIANCE

	

SOURCE OF 	 SUMS OF 	 MEAN

	

VARIATION 	 SF 	 SQUARES 	 SQUARES 	 F-VALUE

	

'--"---- 	 -- 	 ------- 	 ------- 	 -------

	

INTERCEPT 	 1 	 9.345E0002 	 9.34560002

	

REGRESSION 	 37 	 1.76110002 	 4.75300000 	 23.667

	

TYPE 1 	 19 	 6.172E0001 	 3.243E0000 	 16.136

	

TYPE 2 	 4 	 5.84400001 	 1.46100001 	 72.665

	

TYPE 3 	 3 	 1.39900001, 	 4.66400000 	 23.199

	

TYPE 4 	 3.01600001 	 2.74200000 	 13.636

	

RESIDUALS 	 354 	 1.71780002 	 2.011E-00i

	

TOTAL 	 892 	 1.28210003

REGRESSION COEFFICIENTS

---------- ------------

	CATEGORY CODE	 VARIABLE 	 COEFFICIENT 	 073. ERROR 	 90. OAS.
	-------- ----	 -------- 	 ----------- 	 ---- ----- 	 --- ----
	1 	 68 	 INTERCEPT 	 '0.357 	 0.133 	 892

2 	 4

1

4 	 2

1 	 69 	 1	 '0.058 	 0.107 	 36

	

70 	 2	 '0.147 	 0.119 	 25

	

71 	 3	 '0.384 	 0.123 	 22

	

72 	 4 	 0.432 	 0.130 	 19

	

73 	 5 	 0.654 	 0.147 	 13

	

74 	 6 	 -0.035 	 0.273 	 3

	

75 	 7	 0.014 	 0.104 	 46

	

76 	 3	 '0.017 	 0.105 	 44

	

77 	 9 	 0.325 	 0.096 	 69

	

78 	 10 	 0.570 	 0.102 	 53

	

79 	 11 	 0.418 	 0.095 	 79

	

30 	 12 	 0.441 	 0.094 	 89

	

81 	 13 	 0.477 	 0.097 	 75

	

82 	 14 	 0.232 	 0.098 	 71

	

83 	 15 	 0.002 	 0.101 	 59

	

84 	 16 	 '0.048 	 0.106 	 47

	

-85 	 17 	 "0.016 	 0.111 	 38

	

86 	 13 	 "0.063 	 0.116 	 34

	

87 	 19 	 -0.085 	 0.114
2 	 2 	 20 	 '0.533 	 0.058 	 242

	

3 	 21 	 '0,102 	 0.056 	 241

	

5 	 22 	 0.274 	 0.051 	 292

	

6 	 23 	 -0.396 	 0,457 	 1
a 	 2 	 24 	 "0.619 	 0.097 	 329

	

3 	 25 	 "0.646 	 0.098 	 291

	

4 	 26 	 '0.430 	 0.099 	 248
4 	 1 	 27 	 -0.223 	 0.061 	 96

	

3 	 28 	 0,131 	 0.060 	 101

	

4 	 29 	 0.004 	 0.169 	 72

	

5 	 30 	 '0.218 	 0.0S 	 80

	

6 	 31 	 -0.104 	 0.062 	 96
32 	 "0.322 	 0.069 	 69

	

8 	 33 	 '0.415 	 0.077 	 50
	9 	 34 	 '0.336' 	 0.075 	 52

	

10 	 35 	 '0.364 	 0.073 	 56

	

11 	 36 	 '0.524 	 0.082 	 42

	

12 	 37 	 -0.464 	 0.081 	 45

PREDICTED CATCH RATE

STANDARDS USED 	 VARIABLE NUMBERS: 	 4 	 1

PROP.

0.389

0.729

1.391

0.639

0.619

0.323

0.099

5.468

0.861

1.430
.776

1.940

2.386

2.950

3 .51

15.010

6.357

14.813

10.968

TOTAL

	

YEAR 	 CATCH

	

68 	 5703

	

69 	 8425

	

70 	 2474

	

71 	 3373

241

	

73 	 33127

	

74 	 521

	

75 	 336

	7 6 	 2567

3334

	

73 	 2121

	

79 	 3958

	

80 	 3203

	a 	 3274

675

2103

	

04 	 394

147

	

8 	 215

CHTCN PATE
MEAN 	 S:E,

0.767 	 0.102
0.724 	 0.095

0.662 	 3.394

0.521 	 0.077

0.497 	 .3.076

0.337 	 0.066
0.717 	 0.201
0.778 	 0.203

0.754 	 0.099

1.063 	 0.130

.350 	 0.170

1.101 	 0.139
1.194 	 0,142

1.238 	 0.145

0.909 	 0.117

769 	 0.096

0.732 	 0.094

0.756 	 0.093

0.721 	 0.':94

0.704 	 0.4 0

EFFORT

7434

11639

2228

6468

4513

-881

,26

432

3403

3607

561

3390

2682

2644

402

680

204

111

sVERRGE -:.V. FOR THE 3E0N: 	 .139
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Table 6. (Continued)

B . 	 3008039109 OF MULTIPLICATIVE MODEL

	MULTIPLE 2 ............. 	 .705

	

MULTIPLE P 0000200 ..... 	 .49%

ONALSIS OF VARIANCE

	

SOURCE OF 	 SUMS OF 	 0849

	

VARIATION 	 DF 	 SQUARES 	 '30036 	 F-V0 

	

INTERCEPT 	 1 	 7.91960002 	 7.81900092

	

REGRESSION 	 32 	 5.73400001 	 1.738E0000 	 9.503

	

TYPE 1 	 13 	 2.56350001 	 1.42400000 	 7.314

	

TYPE 2 	 3 	 1.31600031 	 4,38710000 	 24.074

	

TYPE 3 	 1 	 3.79900000 	 3.79900000 	 20.349

	

TYPE 4 	 11 	 8.38300000 	 7.621E-001 	 4.132

	

RESIDUALS 	 319 	 5.81300001 	 1..822E-001

	

TOTAL 	 353 	 8.97480002

REGRESSION COEFFICIENTS

	

CATEGORY 3000 	 VARIABLE 	 COEFFICIENT 	 STD. ERROR 	 30. OBS.
	------° ----	 -------- 	 ----------- 	 ---- ----- 	 --- ----

1 	 68 INTERCEPT 	 -0.683 	 3.206 	 353

2 	 3

3 	 5

4 	 3

1 	 69 	 1	 -0.062 	 0.251 	 9

	

70 	 2 	 '0,527 	 0.263 	 6

	

71 	 3	 '1.168 	 0.315 	 4

	

72 	 4 	 -1.348 	 0.333 	 3

	

74 	 5	 -0.674 	 0.252 	 7

	

75 	 6 	 '0.652 	 0.224 	 15

	

76 	 7	 -0.720 	 0.219 	 19

	

77 	 3	 -0.262 	 0.213 	 25

	

78 	 9	 -0.411 	 0.211 	 29

	

79 	 10 	 "0.535 	 0.211 	 27

	

80 	 11 	 -0.566 	 - 	 0.210 	 29

	

Si 	 12 	 -0.526 	 0.213 	 25

	

82 	 13 	 -0.659 	 0.213 	 24
	93 	 14 	 -0.687 	 0.210 	 31

	

84 	 15 	 -0.916 	 0.210 	 29

	

85 	 16 	 -1.175 	 3.209 	 30

	

86 	 17 	 -1.000 	 0.213 	 23

	

87 	 18 	 -0.937 	 0.228 	 13

2 	 2 	 19 	 -0.391 	 0.047 	 171

	

4 	 20 	 0.073 	 0,319 	 2

	

5 	 21 	 0.246 	 0.203 	 7

3	 6 	 22 	 -0.220 	 0.048 	 158

4 	 1 	 23 	 -0.017 	 0.238 	 4

	

2 	 24 	 0.525 	 0.170 	 3

	

3 	 25 	 0.702 	 0.164 	 9

	

4 	 26 	 0.204 	 0.123 	 17

	

5 	 27 	 -0.026 	 0.036 	 53

	

6 	 28 	 0.147 	 0.084 	 56

	

7 	 29 	 0.036 	 0.088 	 48

	

9 	 30 	 0.201 	 0.086 	 54

	

10 	 31 	 0.327 	 0.090 	 44

	

11 	 32 	 0.230 	 0,167 	 3

	

12 	 33 	 0.550 	 0.276 	 4

PREDICTED CATCH RATE

	STANDARDS USED	 VARIABLE NUMBERS: 	 3 	 5 	 3

	TOTAL	 CATCH RATE

	

YEAR 	 CATCH 	 3PRO?. 	 MEAN 	 9.0. 	 EFFORT

	

--__ 	 ___-- 	 ----- 	 ---- 	 --__ 	 _-----

	

6E 	 3661 	 0.343 	 0.542 	 0.111 	 6757

	

69 	 2401 	 0.100 	 0.512 	 0.088 	 4685

	

70 	 1195 	 0.086 	 0.321 	 0.061 	 3723

	

71 	 1109 	 0.059 	 '3.167 	 0.042 	 6653

	

72 	 924 	 00.054 	 0.187 	 0.051 	 4953

	

74 	 1696 	 0.097 	 0.278 	 0.043 	 5109

	

75 	 2254 	 0.220 	 0.286 	 13.037 	 7879

	

76 	 1545 	 0.553 	 0.267 	 0.032 	 5779

	

77 	 1353 	 1.044 	 0.423 	 0.046 	 3196

	

2173 	 1.001 	 0.365 	 2.038 	 5953

	

79 	 2213 	 1.065 	 0.034 	 5869 	 -

	

80 	 3315 	 0.877 	 0.313 	 3.032 	 10603

	

31 	 3815 	 '0.612 	 0. 325 	 0.0	 117+4

	

32 	 3588 	 0.300 	 3.285 	 .031 	 12631

	

33 	 2725 	 1.045 	 0.277 	 0.02 	 ',841

	

04 	 3290 	 0.576 	 0.220 	 0.023 	 14934

	

05 	 2139 	 0.588 	 3.170 	 .018 	 12579

	

36 	 0284 	 0.610 	 0.202 	 3	 11204

	07 	 1271 	 0,452 	 1'. 215 	 0,330	 5919

40E%40'. .. FOR THE  'EAN: 	 .143
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Table 6. (Continued)

C 	 REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE 8. 	 .......... 	 .664
MULTI PL£ R

	

1006180 ..... 	 .441

ANALYSIS OF VARIANCE

	

SOURCE OF 	 SUMS OF 	 MEAN

	

OARIATI ON 	 OF 	 SQUARES 	 SQUARES 	 F-VAL.l

INTERCEPT 	 1 	 6.241E0003 	 6.241E0003

	

REGRESSION 	 35 	 7.81180001 	 2.232E0000 	 6.811
TYPE 1 	 18 	 2.211EE0001 	 1.117E0060 	 3.410
TYPE 2 	 3 	 6.704E0000 	 2.235E0000 	 6.820
TYPE 3 	 3 	 1.06110001 	 3.53880000 	 10.798
TYPE 4 	 11 	 2.112E0001 	 1.920E0000 	 5.860

RESIDUALS 	 302 	 9.895E8001 	 3.277E-001

	

TOTAL 	 338 	 6.418E0003

REGRESSION COEFFICIENTS

	

CATEGORY CODE 	 VARIABLE 	 COEFFICIENT 	 STD. ERROR 	 90. 080.

O
-------- ---- 	 -------- 	 ---------- 	 ---- ----- 	 --- ____

	

66 INTERCEPT 	 -5.111 	 -3.640 	 338

2
3	 1
4 	 8

1	 69 	 1 	 -0.109 	 0.823 	 1

it 	 2 	 0.621 	 0.688 	 3

72 	 3 	 0.772 	 0.685 	 3

73 	 4 	 1.527 	 0.659 	 S

74 	 3 	 0.792 	 0.622 	 15

75 	 6 	 :).745 	 0.620 	 17

76 	 7 	 0.467 	 0.617 	 17

77 	 3 	 1.319 	 0.612 	 20

78 	 9 	 0.883 	 0.609 	 30

79 	 10 	 3.792 	 0.613 	 19

80 	 11 	 3.634 	 0.615 	 25

81 	 12 	 0.658 	 0.613 	 25

82 	 13 	 0.452 	 0.610 	 26

83 	 14 	 0.560 	 0.611 	 38

84 	 15 	 0.649 	 0.617 	 24

85 	 16 	 0.448 	 0.616 	 24

86 	 17 	 3.363 	 0.614 	 27

87 	 18 	 0.304 	 3.617 	 14

2	 0 	 19 	 -0.338 	 0.453 	 2

3 	 20 	 0.124 	 0.072 	 121

4 	 21 	 0.704 	 0.162 	 18

3	 2 	 22 	 '0.286 	 0.149 	 170

3 	 23 	 -0.013 	 0.152 	 78

4 	 24 	 0.194 	 0.161 	 68

4 	 1 	 25 	 0.175 	 0.177 	 74

	

26 	 0.250 	 0.178 	 85

3 	 27 	 0.314 	 0.186 	 43

4 	 28 	 0.325 	 0.203 	 23

5 	 29 	 0.114 	 0.292 	 6

6 	 30 	 1.297 	 0.290 	 6

7 	 31 	 1.342 	 0.294 	 6

9 	 32 	 -0.183 	 0.210 	 17

10 	 33 	 0.216 	 0.206 	 20

11 	 34 	 -0.340 	 0.217 	 18

12 	 35 	 0.056 	 .3.199 	 26

PREDICTED CATCH RATE

	

STANDARDS USED 	 06818818 NUMBERS: 	 .. 	 1 	 3

	

TDTAL 	 CATCH RATE

YEAR 	 CATCH 	 PROP. 	 0059 	 B.E. 	 EFFORT50 	559
	 .: 006 	 1).006 	 n 003 	 96647

69 	 748 	 ).017 	 0.005 	 0.003 	 144129

71 	 1384 	 0.024 	 0.012 	 0.005 	 114243
72 	 1865 	 9.023 	 0.014 	 0.006 	 131919
73 	 2541 	 0.072 	 0.031 	 0.010 	 81610

74 	 2501 	 0.131 	 0.015 	 '3.004 	 164960

	

1657 	 0.232 	 0.014 	 0.004 	 114501
76 	 2298 	 0.257 	 0.311 	 0.003 	 209997
77 	 1395 	 0.436 	 0.026 	 0.007 	 - 54310

	

2917 	 0.326 	 0.017 	 0.004 	 174974

	

2285 	 0.247 	 3.515 	 0.004 	 150243
30 	 2526 	 0.368 	 0.013 	 0.003 	 194465
81 	 2465 	 0.545 	 0.013 	 0.003 	 135317
92 	 2604 	 0.340 	 0.011 	 0.003 	 240395
33 	 2735 	 ').646 	 0._012 	 3.003 	 225748

84 	 1630 	 1.091 	 0.013 	 9.303 	 122616

95 	 1376 	 1.131 	 Ali 	 3. 303
86 	 :637 	 0.713 	 5.010 	 0.002 	 064025

87 	 :200 	 0.79 	 3.012 	 ...503 	 105010

TNR :'FIN: 	 J22
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Table 7. Landings at age of 4X haddock by total fishery and otter trawl in
the 1st quarter.

LANDINGS AT AGE (OOO ) OF 4X HADDOCK REPORTED BY FISHERY IN FIRST QUARTER

1 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

11 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0
2 1 	 3 	 0 12 	 9 	 0 	 0 	 1 	 10 	 4 	 4 	 0 	 0 	 0 	 9 	 1 	 0 	 2 	 2 	 0 	 0 	 1
3 1 	 5 180 190 638 657 12 87 90 167 338 598 212 179 260 168 346 14 180 25 74 11
4 1 110 316 375 310 537 993 21 265 1049 453 1237 2137 624 1761 340 1713 747 466 778 726 212
5 1 4279 820 135 345 162 480 217 59 975 1187 415 1161 1479 1952 1179 1192 1100 1878 1484 1898 821
6 1 2229 4438 107 159 243 206 140 170 126 1059 577 275 899 1291 512 662 972 673 849 1146 902
7 1 234 1077 753 	 0 33 177 36 36 247 120 352 234 183 647 511 276 438 232 154 160 316
8 1 153 262 262 904 13 31 26 34 46 138 39 65 96 152 111 98 142 74 67 35 39
9 1 152 130 	 9 312 354 53 50 	 8 23 37 57 12 58 114 81 64 25 30 26 	 1 	 10

10 1 76 18 23 54 107 136 37 	 5 29 28 	 6 	 5 	 7 45 44 37 37 	 8 15 	 2 	 2
11 1 	 1 27 11 42 	 8 	 8 105 37 	 19 10 	 1 	 2 	 6 	 3 23 20 13 	 3 	 8 	 1 	 2
12 1 	 5 	 3	 1 	 37 53 	 2 12 27 	 12 	 4	 0 	 0 	 0 10	 8 	 7 12	 0 	 4 	 0 	 0
131 	 10 	 1 	 5 	 13 12 	 1 	 6 	 0 28 	 9 	 2 	 0 	 1 	 4	 2 	 1 	 3 	 0 	 2 	 0 	 0
14 1 	 1 	 3 	 0 	 0 	 0 	 0 	 0 	 0 	 2 21 	 1 	 0 	 1 	 1 	 4 	 1 	 1 	 0 	 0 	 0 	 0
151 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 1 	 0 	 7 	 0 	 0 	 1 	 0 	 2 	 0 	 0 	 0 	 0 	 0
16! 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 2 	 1 	 1 	 0 	 2 	 0 	 0 	 0 	 0 	 0

LANDINGS AT AGE {400x) OF 4( HADDOCK REPORTED BY OTB IN FIRST QUARTER

1 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

1. 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0
2 1 	 3 	 0 10 	 9 	 0 	 0 	 1 10 	 2 	 4 	 0 	 0 	 0 	 9 	 1 	 0 	 2 	 2 	 0 	 0 	 1
31 	 5 172 151 549 657 12 85 46 132 304 543 193 129 241 156 274 14 170 22 70 11
41 104 302 298 267 517 992 19 184 810 412 1066 1950 545 1512 281 1142 377 386 681 611 198
5 1 4038 783 107 297 162 478 144 40 726 1021 265 1017 1255 1745 950 833 489 1355 997 1358 676
6 1 2095 4238 35 136 188 204 73 45 112 790 276 212 739 944 337 434 565 373 464 523 532
7 1 219 1028 598 	 0 33 175 	 2 	 9 152 81 158 161 139 410 272 139 185 104 39 62 139
8! 143 250 208 777 13 27 	 0 	 4 23 100 31 51 59 50 41 39 60 10 30 	 6 19
9 1 142 124 	 7 269 241 	 51 	 8 	 1 	 19 	 13 13 	 4 28 44 15 23 	 9 18 	 3 	 0 	 6

10 1 	 71 	 17 	 18 46 52 118 	 4 	 0 	 14 	 10 	 0 	 2 	 1 	 20 	 10 	 12 	 18 	 0 	 4 	 0 	 1
11! 1 	 26	 9 36 	 8 	 5 22 	 1 	 4 	 7 	 0 	 1 	 0 	 2 	1	 6	 6 	 0 	 2 	 0 	 1
12! 5 	 3 	 1 	 32 13 	 2 	 3 	 1 	 8 	 2 	 0 	 0 	 0 	 3 	 2 	 1 	 4 	 0 	 0 	 0 	 0
13 1 	 9	 1 	 4 	 11 	 6 	 0 	 0 	 0 11 	 4	 0 	 0 	 0 	 1 	 0 	 0 	 0 	 0 	 0 	 0 	 0
14 1 	 1 	 3 	 0 	 0 	 0 	 0 	 0 	 0 	 0 13 	 0 	 0 	 1 	 1 	 0 	 0 	 0 	 0 	 0 	 0 	 0
151 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0
161 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0	 0 	 1 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0
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Table 8. 4X-Haddock mean numbers at age per standard tow (A), standard error of the
mean (B), and coefficients of variation by age (C) in 1970-88 summer RV
surveys.

A . 	 CANADIAN SUMMER SURVEY - STRATIFIED HEAR NUMBERS PER STANDARD TOW

1 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
.^----------------------- ---------------------------------------------------------------------------------------------------
0 1 0,000 0.000 0.000 0.000 0.000 0.000 0.069 0.025 0.012 0.523 0.029 0.678 0,271 0.349 0,307 0.000 0.121 0.000 0,082
1 1 5,899 0.117 5.822 6,781 11,530 6.970 6.425 6,401 6.325 1.748 21.946 41,014 13,052 6,858 4.684 6,637 3.838 0.943 7,172
2 14.719 11.116 0.260 19,354 23.084 3,744 6.119 33,567 j.039 13.428 6.856 28.799 28.737 4.538 23.382 6,779 8.723 0.897 1.863
3 11.405 4.722 3.314 0,634 31.804 4.876 3.866 38.796 10,300 10.040 15.330 7.055 12,807 14,449 12.381 24,828 9,808 3,615 1,948
4 12.605 2.081 1.389 3,060 0.954 7.952 4,228 11.334 3.107 10.680 8.036 8,651 4.678 5.828 17.691 19.104 16,462 6.652 4,140
5 1 1,114 2.914 0,880 1,467 4.093 0.427 7.562 11.511 1.305 4,987 12.726 3.188 6,685 3.558 5.537 11.710 9,432 5.233 5.267
61 2.639 1.376 0.915 0,461 0.892 1,945 0.574 6.650 2.527 1.978 4.377 3.398 2,547 2.351 3,176 3,089 2.558 1.771 1.851
7 15.775 2,112 0.605 0.611 0,494 0.531 0,679 0.789 1.073 3.061 1,662 1.115 2,510 0,962 1.554 0.952 0,570 0,442 0.263
8 10.807 5,181 0.882 0,464 0,585 0,422 0,127 1.031 0,029 1.162 1.348 0.243 0,334 0.322 0,557 0.095 0.241 0.003 0,075
9 1 0.343 0,757 1.241 0,275 0.344 0,176 0,024 0.143 0.000 0.248 0,640 0.437 0,205 0.292 0.444 0,000 0.069 0,000 0.140
10 10.283 0,093 0.043 0.375 0.246 0.110 0,037 0.129 0,000 0,030 0.240 0,279 0,060 0.209 0.080 0.040 0.017 0,000 0.000
11 1 0.084 0.045 0 006 0,025 0,338 0,301 0.000 0.015 0.029 0.000 0.043 0.142 0.038 0.090 0,033 0.000 0.017 0,000 0.000
12 1 0.031 0.061 0.005 0.000 0,000 0.269 0.254 0.069 0.039 0,000 0.000 0.036 0.000 0,069 0.030 0.030 0. 000 0 ,000 0.000
13 1 0,000 0.000 0.000 0.015 0,000 0.000 0,109 0.279 0.193 0,165 0.050 0.005 0.000 0,070 0,041 0.034 0.078 0.457 0.148

B • 	 CANADIAN SUMMER SURVEY - STRATIFIED AR C STANDARD ERROR OF HEAR NUMBERS PER STANDARD TOW

I 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
---+---------------------------------------------------------------------------------------------------------- ----- --
0 10.000 0.000 0,000 0.000 0.000 0.000 0.055 0.000 0.000 0.249 0.032 0.464 0.266 0.235 0.122 0,000 0,055 0.000 0,063
1 1 1,488 0.055 2.584 2,382 6.582 2.813 1.592 1.829 2.226 0.896 14.040 23,825 5.132 2 .255 2.152 1.707 0,475 0.249 2.869
2 1 1.394 2,831 0.130 7.648 8.187 1.091 1,393 12.202 1,554 1.575 2.871 12,613 8.186 1.627 11,221 1,340 2,444 0.367 1.043
3 1 0.330 1.437 0,933 0.230 10.049 1,418 0.565 23.918 3,064 0.804 5,911 3.348 3.424 4,399 4,506 8,115 2,620 0.843 0,460
4 1 0,765 0.703 0,265 0.616 0.255 2.173 0,688 6.787 0.822 2.370 2.500 1.557 1.061 1.025 6,052 8.775 3.813 1.150 0.675
5 1 0.447 0,998 0.148 0.170 1.052 0,138 1.146 5.104 0.385 1.391 3.858 0.470 1,365 0,567 1,408 3.965 2.029 0.830 0.702
6 1 1.066 0.484 0.148 0.084 0.263 0,572 0.077 2,569 0,799 0.493 1.238 0,509 0,439 0.349 0.628 0.507 0.693 0.302 0.414
7 1 1.915 0.797 0.100 0.100 0.138 0.179 0.089 0.232 0.277 0.773 0.381 0,219 0,511 0.145 0,300 0,195 0.219 0,100 0.095
8 1 0,290 1,742 0.155 0.110 0,170 0.138 0,000 0.367 0.000 0.279 0.245 0,063 0,095 0.063 0.100 0.032 0.089 0.000 0.045
9 1 0.126 0.259 0.214 0.071 0.100 0,071 0.000 0,032 0.000 0.110 0.130 0.118 0.063 0,071 0.095 0.000 0,045 0.000 0.134
10 1 0,130 0.055 0,000 0.095 0.011 0.063 0.000 0.045 0.000 0.000 0.055 0,122 0.032 0.055 0.032 0.000 0.000 0,000 0.00011 1 0,032 0,000 0,000 0.000 0.071 0.105 0,000 0,000 0.000 0,000 0.000 0.055 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 10,000 0,032 0.000 0.000 0.000 0,084 0,089 0.045 0,000 0.000 0.000 0.000 0.000 0.032 0.000 0.000 0.000 0.000 0.000
13 1 0.000 0,000 0.000 0.000 0.000 0.000 0.032 0.063 0.071 0.055 0.045 0.000 0.000 0.032 0,000 0.032 0,063 0.358 0,130

C • CANADIAN SUMMER SURVEY - COEFFICIENTS OF VARIATION

1 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
- -+-----------------------------------------------------------------------------------------------0 	 I
1 	 1

0
25

0
47

0
44

0
35

0
57

0
40

79
25

0
29

0
35

48
51

109
64

68
58

98
39

67
33

40
46

0
26

45
12

0
26

77
402 	 1 30 25 50 40 35 29 23 36 31 12 42 44 28 36 48 20 28 41 563 1 23 30 28 36 32 29 15 62 30 8 39 47 27 30 36 33 27 23 244 	 1 29 34 19 20 27 27 16 60 26 22 31 18 23 18 34 46 23 17 165 	 1 40 34 17 12 26 32 15 44 29 28 30 15 20 16 25 34 22 16 136 	 1 40 35 16 18 29 29 13 39 32 25 28 15 17 15 20 16 27 17 227 	 1 33 38 17 16 28 34 13 29 26 25 23 20 20 15 19 20 38 23 368 	 1 36 34 18 24 29 33 0 36 0 24 18 26 28 20 18 .33 37 0 609 	 1 37 34 17 26 29 40 0 22 0 44 20 27 31 24 21 0 65 0 9610 	 1 46 59 0 25 29 57 0 35 0 0 23 44 53 26 40 0 0 0 011 	 I 38 0 0 0 21 35 0 0 0 0 0 39 0 0 0 0 0 0.012 	 1 0 52 0 0 0 31 35 65 0 0 0 0 0 46 0 0 0 0 013 	 1 0 0 0 0 0 0 29 23 37 33 89 0 0 45 0 93 81 78 88
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Table 9. 	 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.	 CANADIAN SUMMER SURVEY - STRATIFIED AR, MEAN WEIGHT (KG) PER STANDARD TOW
1 	 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

01 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,002 0.000 0,004 0.001 0.002 0.002 0,000 0.000 0.000 0,000
1 I 0.554 0.011 0,467 0,635 1.087 0.765 0,629 0.694 0,434 0.132 1,798 3.408 0.778 0,475 0.482 0.499 0.292 0.071 0,731
2 1 1.894 2,880 0.052 5,543 7,224 1.397 2.226 15,385 2.077 4,837 2.745 11.382 6.411 1.178 6.872 1,681 2.372 0.178 0.717
3 1 1.034 3.609 2.055 0.314 21.331 3.630 2,724 31,641 8.886 8.087 11,376 5.561 8,501 8.242 5,748 12,648 5,026 1.705 1,298
4 1 2.643 2.266 1.682 3.939 0.924 9,576 5.075 13.907 4.260 13.972 10.428 9.906 5.805 6.326 14.310 15.194 12.369 5.485 3.863
5 1 1.491 - 4.125 1.364 2.500 7.019 0,732 12.069 19.908 2.360 8.378 23.005 5.533 10.383 5.723 6,965 14.330 12.099 7.085 7.183
6 1 4.057 2.185 1.690 1.002 1.969 4,331 1.216 13.678 5,310 4.442 9.473 7.397 5,179 4,576 5.901 6.519 4.422 3.165 3.701
7 1 11.214 3.694 1,136 1.347 1.217 1.488 1,777 2,208 2.723 7.890 4.199 2,891 6.136 2,326 3.410 2.621 1.448 0,995 0.696
8 1 1.904 11.022 2.028 1.111 1.543 1.226 0,310 3,096 0.096 3.357 3,689 0.708 1.001 0.847 1,351 0,275 0.691 0.008 0.291
9 1 0,860 1.971 3,327 0,703 0.908 0,533 0.073 0.541 0,000 0.989 2,081 1.408 0,663 0,809 1.378 0.000 0,237 0.000 0,493

10 1 0,881 0.354 0.140 1,032 0,668 0.372 0.118 0.394 0,000 0.096 0,796 1,117 0.273 0,616 0.277 0.127 0.076 0.000 0.000
11 I 0,289 0.163 0.022 0,083 1,200'0,998 0,000 0.048 0.075 0.000 0,162 0.566 0,130 0.225 0,124 0.000 0.076 0.000 0.000
12 1 0.073 0.205 0,026 0,000 0,000 0.862 0.872 0.234 0,133 0.000 0,000 0,160 0.000 0.258 0,124 0,114 0.000 0,000 0.000
13 1 0.000 0.000 0.000 0,056 0,000 0.000 0.408 1.053 0.583 0,685 0.204 0,027 0.000 0.385 0.128 0.008 0.309 0,340 0.189

B. 	 CANADIAN SUMMER SURVEY - AVERAGE WEIGHT (KG) OF AN INDIVIDUAL

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1991 1982 1983 1984 1985 1986 1987 1988
----- -------------------------------------------------------------------------------------------------------------

0 10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.006 0.004 0.006 0,007 0.000 0,000 0.000 0.000
1 10.094 0.094 0,080 0,094 0.094 0.110 0.098 0.108 0.069 0.076 0.082 0.083 0.060 0.069 0.103 0.075 0.076 0,075 0.102
2 1 0,401 0.259 0.200 0.286 0.313 0,373 0,364 0.458 0.412 0,360 0.400 0.395 0.223 0.260 0.294 0.248 0.272 0.198 0.385
3 1 0.736 0.764 0.620 0.495 0,671 0,744 0.705 0.816 0.863 0.805 0.742 0.788 0,664 0,570 0,464 0,509 0.512 0.472 0,666
4 1 1.015 1.089 1,211 1.287 0.969 1.204 1.200 1,227 1,371 1,308 1,298 1.145 1.241 1.085 0.809 0.795 0.751 0,825 0.933
5 1 1.338 1,416 1,550 1,704 1.715 1.714 1,596 1,729 1.808 1.680 1.808 1.736 1.553 1,608 1,258 1.224 1.283 1.354 1.364
6 1 1,537 1,588 1,847 2,174 2,207 2.227 2.118 2.057 2.101 2,246 2.164 2.177 2.033 1.946 1.858 2.110 1,729 1,787 1.999
7 1 1.942 1.749 1,878 2.205 2.464 2,802 2.617 2.798 2.538 2,578 2,526 2,593 2,445 2.418 2,194 2.753 2,540 2.251 2.646
8 1 2,359 2,127 2,299 2.394 2,638 2.905 2,441 3,003 3.310 2.889 2.737 2.914 2,997 2.630 2,425 2,895 2.867 2,667 3,880
9 1 2.507 2,604 2.681 2.556 2.640 3.028 3.042 3.183 0,000 3.988 3,252 3.222 3.234 2.771 3,104 0.000 3.435 0.000 3.521

10 1 3.113 3.806 3,256 2.752 2,715 3.382 3.189 3.054 0,000 3,200 3.317 4.004 4,550 2,947 3,462 3,175 4,471 0.000 0.000
11 13.440 3.622 3.667 3,320 3.550 3.316 0.000 3.200 2.586 0.000 3,767 3.986 3.421 2.500 3,758 0.000 4.471 0.000 0,000
12 1 2.355 3.361 5.200 0,000 0.000 3,204 3.433 3.391 3.410 0.000 0.000 4.444 0,000 3.739 4.133 3,800 0,000 0,000 0.000
13 1 0.000 0.000 0,000 3.733 0.000 0,000 3,743 3.774 3.021 4.152 4.080 5.400 0.000 5,500 3,122 0.235 3,962 0.744 1.277
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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:

- Ci, t i = 2 to 12, t = 1970 to 1987 and first half of 1988

- RVi,t i = 2 to 7, t = 1970 to 1988

- Survey numbers were related to
July SPA numbers

Objective function:

- Minimize 	
(obs. (in RVi,t) - pred. (in RVi,t)) 2

i t

Summary:

number of observations = 114
number of parameters 	 = 17
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m^p^i^tMpMW nTONm

.^ I f ^m^mM•'+ 	 n

OOV^ 	 dmmOO^nNN M -
'N̂YN TM^.+ 	 T

-tA 117N MGM lf1a' I An C4
W 1 W 	

NOr')r-NNC- ^^U)1 Mm n A
1 NM.^•^.n. W 7 N 	 ^

r1

•r ^D 	 Y7 	 ^Qp^ 	 C4IflU] 4+nm
'r

U)('I^O C>f 	 N WhT

•r'•

N

1

N 1 V' N N N V M Q m W 	 N
a T 	 vT f Oy7 	W m	 N- n' N- 	 M

I NMN-•rO W, 	 -

S) U) I er 71flP mt^C NT^D 	 7U InNI N 	 Q- T m NMCI NN 	 -.
I^

ttt000 ^O ^++*1 MNN+•^

Q1 ^

n I• (n ^̂ m M C4 NN N Q+ N ••• NM YW!
3 .T+ 	 C,^if78N-MM 	 M
M i

i•^ W I MO^n ^O TOi 	 ^j! W MM^n
n 1 om a v nm o+^n c^ 71A ^+ 	 -

cu
N

.T•. 	
My N tM(4 tNOnN^M

^

V

In 1 ^0 m 	 IA M. n M 117 M Up M y':UU)Uo+vm i	 m=
vin^'-

U I

cC I QUO a1 VIW 	 MtOn7NcC
n I 	 W QC9̂  t0 ^tn^Q+T^^O-W 'eT
w 	 NU) 	 -. 	 NIC.N

••
1 	in M w ..• ..^ 	

.a.•

3 IA i NTIfl if^aMMC^ 	 -nO U)

ty
n I 	 N7^047 W N NOD 	 NOO)

p: I 	 7 ^ U74if)n7N.+i!)n t7
w ;-'NU)NM 	 It)U

L p
.0 • v 	I7 1 NO^T[h Pf MyV Q^OT d'

MN 	 M 	 t4h^OM
r O-

to 	 n 1 	 M V W
wW 	 ti i nm D Op CM"9 I^ncDMTZ 	 N^

M 	 O^ R C1 	 1 N 	 N
C^ 7¢

N
•r+

Z 	 M I MTMOO W EI'M NIt1NT
n 1 	 1n 	 nM W 7MMc4wNN

>)S  w 1 	 YW^^O^Nn ^^
n ^.N^ 	 O

r4 1
(
(CS Q)

a 	 N I O m OnhNnc00M W N o
h I Nll10^ W+YTY 0•)N Nip Nm

i Z
00.)

,>ti
O

I O W M N 7 N C•+Ifi 7 M t0 r
I 	 1 mNO 	 Nn7 ;Ngg N'a-, 0

W O 	Mvn NTON^ Tlncn0UMr-•NUN
I 	

to

O 1 ^O MIf1N tp WMV W N NmQ
NII ^^p M 	 NNmM nv n_ N T O

N .0. I WI mY'7NNM?^N n 	m
I N 	 - 	 N

Q) I

I •+NMI 	 ICNUTO-'C'4(
^ -+NMV Ifl tt7nmT0^^



N
O\

NU
C

c
E
N
N
N
N

U

(J,
U-

0

a)

La)
C
a)

N
O)
R

E

L
N

E
C

O
C
O
N

L
N

In
N

f-

-29-

1 1 1 1 I 1 1 I I I I N
O

1 1 1 I 1 I N o in

tp
1 1 1 1 1 1 1 1 I

O\ N O U)
N

1 1 I I 1 1 1 M N V
0) N M r a0
•- N N N

^M I 1 1 1 1 I 1 O (0 N I' O

ON O co O O O
N (( U1 -

1 I f u kO r
O' O d' U) N 0\ U1

M N N M N N

1 1 I 1 1 Q\ L( n M O\7
O\ LA 0' U) U) N

ON N M U sY M M

1 1 1 I O 0 O O C\ N
rn o n ao r rn NN

O M M M M

v^ I I i I rl pp N - UN - u U)

N Md' M N N N M

r 1 In O M U) 0) U)
rn o (o N rn orn InIn r IA c- M M V'

1 1 M O O (A N (N p O

N Nst a' M M tF M N M

U) O (f co 0 %0
O' st M M In O\ N N N N

O' (A N D O - 0) O ko

Q` 00 00 OD
M N d' (A (A ( (A v d' v ^r v

%O N Q\ N O '-O N o N N N

N N N N N (N M M M
N M N N

(N
(N N N (N N N N

In M M N M ( ILl - N
am'

In (A 1Il et Vim' d'

d N 0 In 'O 0% N - M M u
D` o 0; 9 9 9 9

(O 10 N (A v v cY v d' v

O O N LA M M N N
rn r o N (0 (o o %D ko '0

I^
U) U)• •O • (A • M M M

O' O O In ^p u^ LA u1 u^ u"^ (Au
M N M N N N N N N N N N

0

(O 0 N O^
OO\ 't In M O 00 N C

N O N M U) U) U) I)
c c r U) (0 00 CO ao O ao Do

0
+ .I.- UO

E EN N E o 0 o U UO O O Ol' -U) -U) D D D 0
D O

0
D D D O

 +-
U A (0 T V)
V1

OW
M U) UI IN Ul UI t/1 In UI U) N N

ul V) U) N N N N N N N N (1) L< O (o O io CC 0 C ( 4: O O O



- 30 -

Table 14. Comparison of population parameters generated by O'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 0.66,8 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 landings, along with annual
TAC since 1970.
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Figure. 5. Age-size characteristics of landings of 4X haddock.
A. Average age of 4X haddock: in landings.
B. Average weight (kg) of 4X haddock in-landings.
Top and bottom line in each figure indicates levels of these
parameters in populations harvested-at F 01 and FMAX respectively.
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Figure 6. Trends in catch rates (t per hour fished) of haddock by
otter trawlers in 4Xmnop using the multiplicative model.
A. Residuals versus predicted LN catch rate.
B. Normal probability plot.
C. Standardized catch rate.
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A. Residuals versus predicted LN catch rate.
B. Normal probability plot.
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Figure 10. Survey arithmetic mean catch rate (biomass/tow ) of haddock
from 4X during 1970-88 for ages 2-5 (a), 6-9 (b), and all age
groups combined (c). The solid line in each figure indicates
the trend in the median smoothed estimates.
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SUMMARY OF DATA FROM PLOT
------- -- ---- ---- ----

CARRIER VARIABLE: POPULATION NOS Age 2
RESPONSE VARIABLE(S): SURVEY - +;OBSERVED, O:PREDICTED

INDEX CARRIER 0 if RANK

1 1970 9911 4.719 4.055 1997

2 1971 1.802E 11.12 7.375 1972

3 1972 4578 0.26 1.873 1970

4 1973 3.279E 19.35 13.42 1986

5 1974 3.174E 23.08 12.99 1975

6 1975 1.601E 3.744 6.55 1971

7 1976 3.465E 6.119 14.18 1983

8 1977 4.122E 33.57 16.87 1985

9 1978 2.18E4 5.039 8.921 1978

A 1979 3.187E 13.43 13.04 1980

B 1980 2.238E 6.856 9.156 1988

C 1981 2.638E 28.8 10.79 1981

D 1982 2.678E 28.74 10.96 1982

E 1983 1.82E4 4.538 7.448 1984

F 1984 2.871E 23.38 11.75 1974

G 1985 2.057E 6.779 8.415 1979

H 1986 1.313E 8.723 5.372 1973

I 1987 3248 0.897 1.329 1976

J 1988 2.378E 1.863 9.731 1977

SUMMARY OF DATA FROM PLOT
^------ -- ---- ---- ----

CARRIER VARIABLE: POPULATION NOS Age 4
RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, O:PREDICTED

INDEX CARRIER 0 r t RANK

1 1970 5519 2.605 3.202 1974
2 1971 2871 2.081 1.666 1971
3 1972 3909 1.389 2.268 1972
4 1973 7741 3.06 4.491 1970
5 1974 2790 0.954 1.619 1988
6 1975 1.424E 7.952 8.26 1977
7 1976 1.483E 4.228 8.602 1973
8 1977 7613 11.33 4.417 1985
9 1978 1.599E 3.107 9.278 1983
A 1979 2.049E 10.68 11.89 1987
B 1980 1.185E 8.036 6.875 1982
C 1981 1.552E 8.651 9.007 1980
D 1982 1.169E 4.678 6.784 1984
E 1983 1.099E 5.828 6.375 1975
F 1984 1.228E 17.69 7.125 1986
G 1985 9936 19.1 5.764 1976
H 1986 1.482E 16.46 8.596 1981
11987 1.107E 6.652 6.423 1978
J 1988 7525 4.14 4.366 1979

SUMMARY OF DATA FROM PLOT
------ -- ---- --^- ----

CARRIER VARIABLE: POPULATION NOS Age 3
RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, O:PREDICTED

INDEX CARRIER t O «t RANK

1 1970 4372 1.405 2.322 1988

2 1971 6800 4.722 3.612 1973

3 1972 1.242E 3.314 6.596 1970

4 1973 3675 0.634 1.952 1971

5 1974 2.306E 31.8 12.25 1987

6 1975 2.303E 4.876 12.23 1976
7 1976 1.143E 3.866 6.073 1972

8 1977 2.61E4 38.8 13.86 1984

9 1978 3.136E 10.3 16.65 1986
A 1979 1.715E 10.04 9.109 1981

B 1980 2.463E 15.33 13.08 1979
C 1981 1.696E 7.055 9.009 1982

D 1962 1.904E 12.81 10.11 1983

E 1983 1.981E 14.45 10.52 1985

F 1984 1.424E 12.38 7.561 1975

G 1985 2.212E 24.83 11.75 1974

H 1986 1.609E 9.808 8.546 1980

I 1987 1.012E 3.615 5.375 1977

J 1988 2536 1.948 1.347 1978

SUMMARY OF DATA FROM PLOT
------- -- ---- ---- ^---

CARRIER VARIABLE: POPULATION NOS Age 5
RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, 0:PREDICTED

INDEX CARRIER 0 t RANK

1 1970 2022 1.114 1.528 1972
2 1971 3166 2.914 2.392 1975
3 1972 1798 0.88 1.359 1973
4 1973 1986 1.467 1.501 1970
5 1974 4546 4.093 3.434 1971
6 1975 1892 0.427 1.429 1978
7 1976 7792 7.562 5.887 1974
8 1977 8862 11.51 6.696 1986
9 1978 4291 1.305 3.242 1984
A 1979 8599 4.987 6.496 1985
B 1980 1.133E 12.73 8.562 1981
C 1981 6043 3.188 4.565 1983
D 1982 7902 6.685 5.97 1988
E 1983 6415 3.558 4.846 1976
F 1984 5187 5.537 3.919 1982
G 1985 5679 11.71 4.291 1987
H 1986 4840 9.432 3.657 1979
I 	 1987 8171 5.233 6.173 1977
J 1988 6855 5.267 5.179 1980

SUMMARY OF DATA FROM PLOT
------^ -- ---- ---- ----

CARRIER VARIABLE: POPULATION NOS Age 6
RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, O:PREDICTED

INDEX CARRIER 0 't RANK

1 1970 2696 2.639 2.239 1973
2 1971 1289 1.376 1.07 1974
3 1972 1776 0.915 1.475 1976
4 1973 981.6 0.461 0.8151 1971
5 1974 999 0.892 0.8295 1987
6 1975 2502 1.945 2.077 1972
7 1976 1130 0.574 0.9383 1979
8 1977 3394 6.65 2.818 1985
9 1978 4472 2.527 3.714 1975
A 1979 2233 1.978 1.854 1986

B 1980 3538 4.377 2.937 1984

C 1981 5667 3.398 4.706 1970
D 1982 2701 2.547 2.243 1982

E 1983 3733 2.351 3.099 1977
F 1984 2590 3.176 2.151 1980
G 1985 2356 3.089 1.956 1983
H 1986 2502 2.558 2.077 1988
I 1987 1612 1.771 1.338 1978
3 1988 4403 1.851 3.656 1981

SUMMARY OF DATA FROM PLOT
------^ -- ---- ---- ----

CARRIER VARIABLE: POPULATION NOS Age 7
RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, O:PREDICTED

INDEX CARRIER 0 f RANK

1 1970 1.137E 5.775 9.009 1988
2 1971 2001 2.112 1.585 1975
3 1972 878.6 0.605 0.6959 1974
4 1973 871.2 0.611 0.69 1977
5 1974 536.3 0.494 0.4248 1973
6 1975 515.7 0.531 0.4085 1972
7 1976 1201 0.679 0.9516 1983
8 1977 563.5 0.789 0.4463 1980
9 1978 1339 1.073 1.06 1976
A 1979 2075 3.061 1.644 1985
B 1980 1187 1.662 0.9401 1981
C 1981 1231 1.115 0.9749 1978
D 1982 2810 2.51 2.226 1986
E 1983 1113 0.962 0.8812 1987
F 1984 1828 1.554 1.448 1984
G 1985 1218 0.952 '0.9644 1971
H 1986 1372 0.57 1.087 1979
I 	 1987 1482 0.442 1.174 1982
J 1988 493.4 0.263 0.3908 1970

Figure 11. Age by age diagnostic plots from ADAPT tuning of SPA with RV
ages 2 to 7.
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Figure 11. 	 (continued)
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SURVEY NO. PER TOW VS SPA NUMBERS
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Figure 	 11. 	 (continued)
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Figure 11. 	 (continued)



- 47 -

AGE 7 PLOTS
SURVEY NO. PER TOW VS SPA NUMBERS
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Figure 	 11. 	 (continued)

LN RESIDUAL VS OBSERVED LN X

.8+

to 	 o 	 o

L 	 .4+
N 	 to 	 0

o 	 e 	 o

R 	 I 	 o 	 0
E 	 1++ 	 + +oo+ ++ + 	 +

S 	 '.1+ 	 o
I 	 I
D
U 	 to 	 o

A 	 I 	 o
L 	 '.6+

o

1.0+ 	 o

/+---------+---------+---------+---------+
6.2 	 7.1 	 8.0 	 8.9 	 9.8

OBSERVED LN X

TREND IN POPULATION ABUNDANCE OVER TIME

10.0+

1+

1
7.5+

A
B
U to
N
D 	 5.0+
A
N 	 1
C
E 	 I 	 o

2.5+ 	 o
t 	 +

I 	 o..e-o-.0 o 	 0 0 0

.0+
/+---------+---------+---------+---------+

1970 	 1975 	 1980 	 1985 	 1990

YEAR

LN RESIDUAL VS LN PREDICTED VALUE

.8+

1 0	 o 	 0

L 	 .4+
N 	 1 0

1 0	 0	 0

R 	 I 	 o 	 0

E 	 I ++ 	 + +00+ +++ + 	 +

S 	 '.1+ 	 o
I
D
U 	 to 	 o
A	 I 	 o
L 	 '.6+

o

.	 i

'1.0+ 	 o
/+---------+---------+---------+--------+
1.0 	 1 	 .8 	 1.7 	 2.6

LN PREDICTED VALUE



- 48 -

60

50

40

0

30
C)
M
E

z 20

10

0
O — N M st IC) CO N- CD Q) O T N M ct U) CO N 00
f^ I^ I^. I^ I^ I^ I^ I^ i^ I^ GO 00 00 CO 00 OC) t0 00 CO
O) Of C) O) Q) Cf O) O) O), Q) C7) O) Q) O) a) a) O) Q) O
T T T T T T T T T T T T T T T T T T T

Figure 12. Trends in age one population numbers of the 4X haddock
resource. Note that the 1988 age one estimate is the
geometric mean for 1970-87.
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Figure 13. Trends in A) mid-year population biomass
and B) age 2-7 survey and SPA age 2-7 abundance
for 4X haddock resource.
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Figure 14. Trends in age 5-6 fish mortality of the 4X
haddock resource.
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ANNEX 1.

List of functions used in the calibration of the 4X haddock assessment

AND

BLOT

DATAGEN

DIFFDOBJ

DIFFFPNLTY

FRGNpFN

INPUT

INTERFACE

ITERCOHORT

OBJLFN

OUT

OUTPUT

PARSE

PLOT

PLOTRVSPA

PNLTYLFN

PRINTRVSPA

PRNT

QPUT

RESI

RESIACPUE

RESI,RV

VS

miniDOC

minipop

page

OBJ o FN 	 ITERCOHORT
page 	 INTERFACE
PRNT 	 RESI 	 —^ RESI D RV
FRGNLFN 	 RESI ACPUE
PNLTYL FD
DIFFL PNLTY 	 PNLTYLFN
DIFFLOBJ -- OBJAFN

PLOTRVSPA 	 PLOT — QPLOT
OUT 	 F BLOT — QPLOT
VS 	 VS
page 	 AND
DATAGEN — OBJ FN 	 PRINTRVSPA

page

mini
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QANOCO30
(0] Z+A AND B
[1] 	 I+((t1+1SPB)IOIO+1)^B4 ("2S 1 1 ,PB)PB
[23 	 Z[OIO+1i]+A

VBLOT[0]v
CO) A BLOT B;C;D;E;FIG;H;I;K;LIMlN;OIDIP;SiT;U;VIXIPVAL;CGM;QICRTT
(1] 	 0I0+1 • CRTT+SE - 11
123 	 S+a(,(0-[INC 2 2 P'dxdy')f 2 3 P'dx+dy+'),''' '''
C33 ps+'+0123456789ABCDEFGHIJKLMNOPRSTUVWXY2'
(43 	 +(^/ 1 2 r'PPB)PL2
(5] +((2-0P9)^1A1fPB)/LI
(6] B+(2,U)P(%U+PB),B
C73 L1:+(f/PPA)PL2
C83 +(2 6 -PA)/L3,L7
C93 L2:+0,0l0k'PARAMETRES NON VALIDES',Gcr
£103 L3:M+L4,(K+LtE-3+(LkAC2])i10),(r/BC1/3),t/BC1;3 • 4L5
[11] L4:H+ICP3 1 C+DCP3
£123 M+L6,(E+L1E -3+(G#ACi))+5),(f/,T),L/,T4 1 0 48
£133 L5:S4. 10000 5000 2500 1000 500 100 50 25
(143 +(0=M[23>/L2
115] +(0+U4--/ -2+M)/L5A
0163 •0,0}D+'PAS DE VARIATION DANS X DU Y',acr
C173 L5A:S+Sx10*"4+f10SU+U-M(23
(183 P+(M[33 (I+MC4]-SIM(4])+MC2]xD.-V-SIV+1.25xU):.1 • +M
C191 L6zX4II.5+(B[1;]-H)X10-C
(203 T+10.5+(T-I+I(P3)xS-D+D[P3 • +L8
C21] L7tK+L1E`3+(L+AC4])c10
0223 E+L1E"3+(G+ACII)-5
C231 X+(F+(01.X)^XSL+1)/X+Lt.5+(BCI;3-H+A(53)x10-C+AC6]
C243 T+F/L0.S+((T+ 1 0 4B)-I+Al23)x5+D+AI33
[253 L8:M+(4108ID)-0,,684-10
0263 M+M(11LC^/(CRTTxDr1/P)>_Mo.IP+II+Dx'1+LE+1)113
(273 84 10 -3 • +i(8<P+1+110®f/P>vM< -7)/L9
£283 5+10,Of(8-Pf1)L-M
£29] L9:Q+(VNSaO(Dx - l+yE+I)o.+,I),'I+'CI+Vk00=51 - 1+11+P+G]
130] U+((-L((J-x/Pdy)-2)ID(U+G+1)fdy),Q
(313 XPS+(PT)P1
C323 XPSCI;]F( -ISPT)P1+tPps
[33] X+,XPS+l000x(PT)PX
(343 T+,T
[35] L10:PVAL+(UC1+G-P;3),(L+1)'
£363 +(0=PS+(T=P)/X)IL12
£313 S+(S$0,'1+S)/S+S[IS3
£383 PVALC( - 14PU)+LS=10003+ps(10001S]
E393 L12:QPUT ' 	 ',PVAL
£403 +(OSP+P-1)/L10
C413 QPUT(16P' ')r'/',(L+1)P'+---------'
142] M4.(L1001C)-0,,.l0
1433 M+MC111(^/(CRTTxCr1/P)t(10#M)c.Ip+I94H+Cx - 1+tK+1)e13
0441 9410-3 • +((8<P41+(100f/P)vM< -7)/Lt3
[45] S+io,or(B-Pfi)L-M
(461 L13:QPUT(8P' '),S58
£41] +(0=x/Pdx)PO
0491 OPUT OTCLF,((18+10.5XL-x/Pdx)p' '),dx

YDATAGEN(0)V
[0] DATAGEN PAR;RESID
(1] RESID.DBJaFN PAR
C21 St RESIDaRV+((PROWS),l+ - t+Pc)PRESID
(33 RESIDGCPUE+(-P,incpue)tRESID

VOIFF60BJC07V
(0] R+DIFF60BJ;DELTA;I;TPAR
CL) A CALCULATES ONE SIDED DIFFERENCE OF OBJECTIVE FUNCTION
CZ3 	 I+1
C3] R+(N,0)Pt
[43 DELTA+(O.Olxpar)+0.01xpar=0
(53 L1:TPAR+((I-1)+par),(par[I]+DELTA[I]),13par
(63 R+R,(e-DBJAFN TPAR)-DELTA[13
C73 	 +L1xPLt+1+1

VDIFFAPNLTY(O11'
[03 R+DIFFAPNLTY;I;RIIDELTAITPARlfpnity;bpnity
Cl) A CALCULATES FIRST AND SECOND DIFFERENCES OF PENALTY FUNCTION
C23 	 1+1
[3] R+ 2 0 PO
[43 DELTA+(0.01xPAR)+O.01xPARa0
[5] L1TPARe((I-1)tPAR),(PARCI3+DELTACI]),I4PAR
(61 R14(pnity-fpnity+alpha PNLTY8FN TPAR)-DELTA(1]
[73 	 TPAR+((I-1)1PAR),(PAR[13-DELTA(I3),I+PAR
C83 bpnitykalpha PNLTYAFN TPAR
(93 R+R„ R1,(fpnity+bpnity-2xpnity)SDELTA[I3
1103 +L1xPi4I+1

9FRGNAFN[0]v
(03 R+FRGNaFN A
(13 	 R+^/(A>lbnd),A<ubnd
123 A THIS FUNCTION SHOULD RETURN A I IF THE PARAMETERS
£3] A ARE IN THE FEASIBLE REGION AND 0 OTHERWISE
143 4 Rk1 DEFAULT RETURNS 1
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9INPUTCOIo
(0] INPUTIANS
(1) 	 c(-SEX 'K'
£23 e(O-ONC 'STOCKANAME'>/" 'STOCK NAME?''1STOCKANAME+tJ'
C33 	 'CATCH MATRIX FOR ',STOCKANAME
(4) c+D
£5) 'FIRST YEAR AND YOUNGEST AGE IN CATCH MATRIX ?
[6] ANS+O
C7] 	 YR+((1+ANS>-l>+t - IAPc
(8] 	 AG+(('1$ANS)-1)+t14Pc
C93 'ENTER PARTIAL RECRUITMENT VECTOR FOR ALL AGES'
£103 PRO
[it] 'ASSUMED AGES OF FULL RECRUITMENT (START WITH FIRST FULLY RECRUITED AGE) ?
(12) AGE+AG,,O
C133 'PRESENCE OR ABSENCE OF PLUS GROUP (P/A) ?
[14] NUM+'P'=0
(15] 'NATURAL MORTALITY ?
£16] mW
[17) 'ENTER STARTING ESTIMATES OF AGE-SPECIFIC FS (TO BE ESTIMATED) FOR LAST YEAR
(103 ' EXCLUDE VALUE FOR PLUS ( IF ANY) GROUP
C193 FLY+O
(20) 'AGES IN CALIBRATION INDEX ?
[21] ROWS+ABtAGES+O
[221 FRSTCDDROWS f LAST+ - 1fROWS
£231 'ENTER FIRST AND LAST AGES TO CALIBRATE'
[24] FAG+O
C25] FRST+FAGC13
[263 LAST+FAG[2]
£273 'STARTING ESTIMATES OF YEAR-SPECIFIC FS FOR OLDEST
(281 ' NON-PLUS GROUP AGE (ENTER 0 IF NOT DESIRED)'
[29] FAG+O
[30] FVECT+FLY["1+FRST+tl+LAST-FRSTI,110FA8
0313 CVECTt,c(( - 1+FRST+tl+LAST-FRST)1 - 1+pcl
(32] •(FAG-O)/S1
(33] CVECT+CVECT,1i0,ctLAST>]
[34] SliNVECT+(CVECTx(FVECT+m))•(FVECTx(l-*-FVECT+m))
[35] Ibnd+CVECT
1363 ubnd+(PNVECT)P10000000
C371 'RV INDEX OF ABUNDANCE'
(38] ' 	 SAME YEARS AS CATCH AT AGE MATRIX
£39] ' 	 SAME AGES AS CALIBRATION BLOCK'
(40) 'ENTER 0 IF NO RV INDEX'
(411 INDEXATYPE+ 0 0 A Indicator of indices available (RV,CPUE)
(423 iery+O
(43] +(Oa+/+/iarv)/cpue R No RV index so go to cpue input
0441 INDEXATYPECt3+I
(45) 'ESTIMATES OF STANDARD ERROR OF INDEX (ENTER 1 IF LOG MODEL)?
C461 is.4rve(Piorv)P,O
1473 MASKRV+(pisenrv)P1
C481 MASKRV(Lll9]a0
(49) WEIGHTRV+(+isenrv)xMASKRV
0501 'INDEX FOR WHAT MONTH ( NO. FROM 1 TO 12 ) 7
(SI] MNTH+Oi12
1323 'STARTING AGE - SPECIFIC COEFFICIENTS FOR RV INDEX'
(531 r r
1541 ' MATRIX OF AGE BY AGE COEFFICIENTS (1 OR 2 COLUMNS>'
C551 (Iy+/+/is.Arv)/' MODEL Imo 	 I - CB03 + 91 x POP

156] (1.+/+/isearv)/' LOS MODEL IS 	 LN(1) a LN( £90] + 91 x POP > '
(371 '
(58] K+O
(59] lbnd+Ibnd,(P,K)P(- 1APK)+ "9000 0 n MIN SLOPE m0, MIN INTER.="9000
160] ubnd+ubnd,(P,K)P9000 A MAX SLOPE AND INTER. - 9000
(61) cpues'CPLIE INDEX OF ABUNDANCE'
£62] ' 	 SAME YEARS AS CATCH AT AGE MATRIX'
C633 'ENTER 0 IF NO CPUE INDEX'
(643 iccpue+O
1653 +(0=+/+/i6cpue)/exit R No cpue index so go to exit
C663 INDEXATYPEC2]+t
(67) It 'ESTIMATES OF STANDARD ERROR OF CPUF? (NO LOG MODEL (3PTION)
C68] iseecpue+O
E691 +((PLAcpue)0PiseAcpue)/l1 A must be same length as iacpue
170] 'ENTER MEAN WEIGHTS AT AGE - SAME YEARS AND AGES AS CATCH'
171] MHT+O
[72] 'STARTING COEFFICIENTS FOR CPUE INDEX (AGE AGGREGATED)'
C731 "
(74] +(0-ONC 'K')/nory
1751 'ENTER ',(s"11pK),' VALUE(S) FOR COEFFICIENT(S)'
(76] K+K;O
0771 aexitl
[78] norvr
1791 'ENTER I (SLOPE) OR 2 (INTERCEPT AND SLOPE) COEFFICIENTS'
(80] K+(1,P,K)PK+,O
C813 exitlslbnd+ibnd,((11-"1tPK)I -9000),0
(82] ubnd+ubnd,((it- - IfPK)49000),9000
(83] exitcinitiat+NVECT,, K
(84] alpha+LE"3xNVECT
[85] limit+100
[86] HEIGHT+WEIGHTRVx(+F+/MASKRV)-+/+/I4EIGHTRV
C871 'Penalty constraints ON initially (Y/N)? Default is OFF'
[88] USEACONSTRAINTS,O
C891 C(('Y'.ANS)+' y'RANS+OINKEY)/'USEACONSTRAINTStl'
[90] 'Penalty functions turned ',(2 3 P'OFFON ')[1+USEACONSTRAINTSJI
C91] '
[92] 'Ready to run minipop'
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vINTERFACEC0I7

C01 INTERFACE PDPN) pr; FRF;TAKE
113 A Produces I or 2 global variables POPIND and F810M
C23 	 +(0-INDEXATYPECi3)/CPt1£
C37 	 POPNCI; - ItPPOPN3+*.((+ /fl-4i,PDPN[1;])-p -4f,PDPN[1;7)
(47 TAKE+I+PPOPN
(33 CBB+TAKEfCBB+ 1E - 10 9 162 628 1532 1238 404 49 13 2 2 1E - 10
[63 	 POP88+0, -1((TAKE, - 1),POPN)a-((TAKE, - i),F)+m
£7) POPBSMI8+(P0P88-CSBx*mc4)x*-m+2
187 POPIND+POPNx*-(F+m)xMNTH A Adjusts SPA population to the survey month
C9] P0PIND+POPIND,C2]PDPBBMID
[10] POPIND+POPIND[ROWSI] A selects calibration block
C11] CPUE:+(0=INDEXeTYPE[2))/EXIT
1123 FRF+(+f(POPNXF)CAGE;])c+/POPNCAGEI] A Calculates fully recruited F
1133 pr+trr- (PF)PFRF A calculates PR matrix
(143 prCAGE;]+1 A gets defined fully recruited ages to I
C15] FBIOM++/PoPNxprxMWT
(161 EXIT%

mITERCOHORTC07v
[03 ITERCCIHORT;CATCHiJtMDRT;FI;FC;ITER;I;Y{X;FCNEW;DIFF1
(1) CATCH+c
(2] J+ - 1+PCATCH
(33 MORT+(PCATCH)Pm
C43 F+(pCATCH)PO
£51 FI+FLY
161 +(NUM-0)/S3
C71 FI+FI, - tfF1
[83 S3,+(FAG=0)/S2
[91 FC+FAG
(10) +31
[117 S2,FC+( - IfPCATCH)P( - 1+FI)
[123 S1':1TER+0
[133 0K9sl+PFI
(143 FC(LI);JI+IPFI
C151 F[I;7+JPFC
1163 ITER+ITER+1
1173 •(ITER>-20)/0
1183 POP+(PCATCH)p0
C191 PCPC(tl);J3+((,CATCHC(%I);J])xFI+(,Mf)RTCC,.I);J3))=FIx1-*-Fi+(,MGRT((%.I);J])
(203 P0P(L;]+((,CATCHCi;I)xFC+(,MORTCI;)))5FCxl-*-FC+(,MORTCI;])
(211 +(N11M-0)/SKI
C223 I+I-1
(233 POPCI;7+((,CATCHCI;])xFC+(,MORTCI;3))-FCx1-*-FC+(,MORT[l1l)
(243 FC1;3+JPFC
(253 SKI:Y+J-1
(26) AA:X+MORT[tt-l1Yl
0273 POP(l-1;Y7+(CATCH[tl-1;Ylx*X-2)+(P0PC14cI;Y+I)x*X)
£283 +(1<-Y+Y-1)/AA
1297 FCLI-ll J-17+(a( i -1 •POP[a((1ffPOP)-NUM);])= I I GPOPCc((itPPOP)-NUM)13)- - 1 - 1 +MORT(.(
(ItPPOP)-NUM)t]
(303 +(FAGf0)/0
(311 FCNEW+t+/Ct]POPCAGE;]xF(AGE;3)5+/I17POPCAGE;]
(321 DIFFt+I(FCNEW-FC)-FCNEW
(333 FC+(`IIFCNEW), -1+FC
(343 +((f/ - I+DIFFi))0.01),w9

VOBJAFN[03v
C07 R+08JaFN A
(Il 	 s+(PNVECT)PA a survivors at designated age
[2) FVECT+(es-(s-CVECTx*m-2)X*-m)-m
£33 +(^/PR=1)/NOPR A skips PR if no PR was imposed
143 FRF+(+/((t$AGE)-FRST)4FVECTxs)4+/((t+AGE)-FRST)4p A fully recruited
C57 FLY+PRxFRF
C63 NCIPRtFLYC - I+FRST+tI+LAST-FRSTI+FVECT
[73 +(A60)/S1
(83 FAG+(4(PFAG)tOFVECT)
(93 Sl:k+(LINDEXaTYPEt23+PROWS),( - ItPK))P(-(IND£XATYPE(23+PROWS)x - 1+PK)tA
£103 A k is the current calibration coefficients
(II) ITERCOHDRT
[123 INTERFACE POP
1133 R+,RESI k A calculate index residuals

vOUTCOly
(07 A OUT B;C;D;W;Y;PW
Cl) 	 A+,o(2, - ifp8)P(5f4+(Af0)+A+L1091ff/(11B),( - ItPB)PA
(2) 	 PW+(20+pTIT)f(0PW)L4++/((PA)P 1 0)/A
(3] Y+YR
(43 	 , 0

C5] 	 ((`B+PW)f((L0.5XPW-PTIT)p' '),TIT),DAT
(6l SKif'
(73 C+"i+(IPW(4++\AC - 1+2xL0.5xPA])c1
C83 D+(2xCLPY)fA
C93 	 DC2xtiCLPV3+0
£103 ' 	 I',D5(CLPY)4Y
(113 '---+',(+/At 1+2xiC3)P'-'
(123 (2 0 ;((PAG),1>PAG),(((PAG),2)P' I'>,t(2C)fA>s((PA8),C)f8
(137 ((((llP8)-pA8),4)p' 	 1'),((2xC>+A)i(((PAG)-itPB),C>tB
(143 A+(2xC)eA
C153 B+(0,C)+B
(167 Y+C4Y
[173 •(OfpA)/SKI
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VWTPUT103V

101 OUTPUTITITidx(dylaglyr
C(1
(2] 	 •RSS Trajectory by Iteration ',STOCKANAME,' 	 •,ats
C31 dx+'ITERATION NUMBER'
(4) dy+'RESIDUAL 8S'
C53 20 40 PLOT rssvec VS(tPrssvec)
(63 	 1+1
C71
(B) 	 ' CALIBRATIIXI COEFFICIENTS BY AGE FOR ',STOCI(ANAME,' 	 ',ats
[97
(IS] •((IfPk)e1)/52
(11) Slt'AGE ',(2 O NAGES(13),' 1 I e ',(10 3 fk(lfll),' 	 +',(t0 3 sk(I12)>,' x POP'
(121 +((PRON8)61+L+()!St
C131 *NEST
[14] 821'AGE ',(2 0 BAGESCI]),' t I - ',(10 3 Ibt IfIl),' x POP'
C151 •((PRONS)(t+1+l)1S2
(163 NEXT,'
[17) ' MODEL MEAN SQUARE RESIDUALS ) ',imsr
(IS] page ata
(19] DATAGEN par
1201 TIT+' POPULATION NUMBERS (000S)'
121] 0 OUT POP, CII+/(l]POP
1221 TIT+'FISHING MORTALITY'
(23) page Ats
(241 3 OUT F
(25] TIT+•Standardizad Residuals for RV index (s...1 for log model)'
(261 ag+AG
1271 yr+YR+(YRC1]-I)+t - IfPRESIDARV
(28) AS,AGES
(29) paga At.
(30] 3 OUT RESIDARV
(313
t32] 'AVE. RESIDUALS BY AGE t ', 8 3 a(+/C2]RESIDGRV)c+/[2]MASKRV
(33] 'AVG. RESIDUALS BY YEAR 	 ', 8 3 i(+/C1IRESIDARV)r+/C1IMASKRV
(34] 'AVG. TOTAL RESIDUAL 	 t ', 8 3 a(+/+/RESIDARV)<.+/+/MASKRV
(35] '
136] TIT+'PERCENT STANDARDIZED SUM OF SQUARES OF RESIDUALS FOR RV INDEX'
[37] 2 OUT t00x(RESIDARVX2 )4(PRES(DARV)p+/+/(RESIDARV*2)
(38) +( INDEXATYPE(2]-0)/NOCPUE
(39]
(407 AG+,O
C41] TIT+•Standardized residuaIS for CPUE Index'
C421 3 OUT(1,pRESIDACPUE)pRESIDaCPUE
(43) NOCPUE(page eta
C44]
C451 'ESTIMATED PARAMETERS AND STANDARD ERRORS'
(461 PARASE
(47] TIT+'Parameter Correlation Matrix'
C481 AG+YR+tlfPcorr
(493 3 OUT ccrr
C50] A6+ag 1 YR+yr
(511
[521 'Output Age-by-Age Plote? (Y/N) Dotault Is NO'
(53) 4(•('W "ANS)"y'=ANS+QINKEY)/'+0'
(54) PLOTRVSPA I4ry

VPARASEC010
CO3 PARASE)N)P(HESS)de1NCR¢M
Ct] 	 'APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION'
C2]
C3] N+p,e
(4) 	 P+p,par
(51 de+DIFFaOBJ
(6] HESSo2x(ade)+.xde
(7) NORM+(+,'HESS*2)10.5
CS] HESS+BHESS=<PHESS)PNORM
C91 HESS+2xsar+HESS:E(ApHESS)pNORM
C103 parase+(1 1 BHESS)k"0.5
(It) Corr+HESS+HESSxparnseo.xparbaa
(121 pa,AaaA-pardse
(13) 'ORTHOGONALITY OFFSET.........•„•F16.6' OFMT con
114] 'MEAN SQUARE RESIDUALS ...... „ 'F16.6' OFMT as,
'153
(161r 	 PAR. EST. 	 STD. ERR. 	 T-STATISTIC
C17] ' 	 _-------- 	 --------_
(10] 'E16.6,X3' OFMT(par(par4se)par+parase)

VPLOT(0)0
CO3 A PLOT B[CIDIEIFiGIH;IfK(L[ MINIDIOIPIS;TIUIVIX;PVALICOM;QICRTT;ps
C11 010+1 4 CRTT+5E"11
(2] 	 S+t(,(0=ONC 4 2 P'dxdYJ pa'),' 4 3 P'dx+dy+OP pa+' ) ,' • 'e+axVO'''
(31 +(^/ 1 2 fPPD)PL2
C43 	 +((2-PPS)'I*I.P3)/LI
C51 	 9+(2,U)P(,U+PB),B
C63 L1t+(lIpPCYPL2
(71 	 +(2 6 •PA)/L3,L7
CB] L2t+0,0f0+'PARANETRES NON VALISES',ecr
(9] L3tM+L4,(K+L1E"3+(L+A(2))+l0), (C /8C1>1),L/8[fil 1 •LS
(103 L4s11+I CP] 4 C+DCP]
(Ill M+L6,(E+L1E -3+(G+A[l]l?5),(r/,T),L/,T+ 1 0 18
(121 L5tS+ L0000 5000 2500 1000 500 t00 50 25
1131 +(O-M(2]>/L2
C14] •(0/U+-/"2BM)/LSA
(157 +0,040+'PAS VE VARLATION BANS X 01) Y',Acr
(16] LSA,S+8x100"4+r108U+U1MC23
C171 P+(MC3]X(I+0147-81M(4])+0l(21xD+V-SIV+l.2SxU)Ll 4 +M
(IS] L6t X+L1.5+(B(I1 ]-H)x10rC
(197 T+10.5+(T-I+I(P1)05-D+D(P) 1 +L8
(201 L7,K+LlE"3+(L+AC4])=l0
(2l] E+L1E"3+(G+AC11)+5
C221 X+(F+(O0X)^X4L+1)/X+11.5+(BC111-H+A[51)x10+C+A(6)
123] T+F/LO.5+((T+ 1 0 +B)-(+A(21)05}D+AC3]
(241 L8,M+(tIO81D)-O,tB+IO
(251 M+MC111(!(CRTTxDCC/P)IMe.IP+II+Ox140E+1)tl]
(26] S. 10 "3 1 A<(0<P+i+1108(/P)CIi( -71/L9
C271 5+10,0r(8-P(1)L-M
C28] L9,Q+(VhD;A(Dx - I+1E+l)e,+, C),'I+'(1+V+00=S1I+t1+P+Gl
(29] U+((-I(U-'IFdy)-2)0(U+D+1)1dy),O
(30] X+,((PT) ( I]e'0pr)o.+1000nX 4 T+,T
(31) L1O,PVAL+(U(1+G-PII),(L+UP'
[32] •(0=PS+(T=P)!X)/L12
C331 S+(Si0, "1+3)/S+SCf5]
(341 PVALC( 1+PQ)+LSc1000)+paCl00018]
1357 L12t0PUT ' 	 ', PVAL
C36] •(OXP+P-I)ZUO
(371 OPUT(16P' • ),'J', (L+t)P-----------
(38) (1+(11081 C)-0,,10
C39] M+MC11((^/(CRTToCrr/P)?I1o1M)o,lP+IB+H+Cx - 1+tK+I)ti]
(40) 5+10-3 1 +((8(P+1+(10lt /P)YM<7)/L 13
(411 5+10,0[(8-Pri)L-M
142] L13,QPUT(SP' '),SOB
C431 •(0-x/Pdx)P0
1447 QPUT OTCLF,((lS+10.5+L-x/Pdx)p' '),dx
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9PLOTRYSPAE03V
1:01 PLOTRVSPA INDEX;DATA;DATALN;SCALE;ITER;dx;dy;SYM;RESID;ZZ
(I] SCALE+ 20 40
123 'OVERALL STANDARDIZED RESIDUALS VERSUS PREDICTED X'
C3]
(43 dy+'RV STAND. RESIDUAL'
C51 dx+'PRED. RV INDEX'
1:63 	 SCALE PLOT(,RESIDCRV)AND((P,RESID8RV)p0)VS,ihatery
C73 	 '
C83 	 ITER+1
(93 	 YR+(YR1:1)-I)+t"1fPIND£X
C103
(Ii] RESID+RESIDARV
C123 +(INDEXoTYPE(23=0)/S1
1131 page ats
[143 'AGGREGATE CATCH RATE RESIDUAL VS PREDICTED VALUE
C151 dy+'CPUE RESIDUAL'
[163 dx+'PREDICTED CPUE'
(17] SCALE PLOT RESIDCCPUE VS thatacpue
(183
[193 SI,page eta
1201
C213 'AGE ',(IAGES[ITER]),' PLOTS
(221 DATAe(O,INDEX(ITER;1)AND(0,ihataryCITER;])VS(O,POPIND(ITER;3)
(233 'SURVEY NO. PER TOW VS SPA NUMBERS'
[24]
(253 dy+'SURVEY NO. PER TOW'
C263 dx+'SPA NUMBERS'
C27]
(28] SCALE BLOT DATA
1293 DATA+INDEX(ITER;)AND ihatarv[ITER;3VS POPIND[ITER;]
C303
[313 +LNI
1:323 'TREND IN STANDARDIZED RESIDUAL OVER TIME'
(33]
[343 dy+'RESIDUAL'
C353 dx+'YEAR'
(363 SCALE PLOT(RESID[ITER;))AND((PYR)p0)VS YR
[371 ' 	 I

[38] 'STD. RESIDUAL VS PREDICTED VALUE'
C391
C403 dx+'PREDICTED VALUE'
1411 SCALE PLOT RESIDCITER;IAND((Pihat4rv(ITER;I)p0)VS ihatarv[ITER;]
C42]
C43] 'RESIDUAL VS OBSERVED X'
C441
(45] dx+'OBSERVED X'
(461 SCALE PLOT RESIOCITER;3AND((pPOPINDCITER;])p0)VS POPIND[ITER;]
[473 482
1481 LNtt
(493 DATALN+(OINDEX[ITER;3)AND(BihatAry(ITER;3)VS(8POPIND[ITER;])
1:503 'LN SURVEY NO, PER TOW VS LN SPA NUMBERS'
(513
(52) dy+'LN SURVEY NO PER TOW'
(533 dx+'LN SPA NUMBERS'
C54] ' '
[55] SCALE BLOT DATALN
(56] ' '
(573 'TREND IN LN RESIDUAL OVER TIME'
C583 ' '
C59] dy+'LN RESIDUAL'
[601 dx+'YEAR'
(611 SCALE PLOT(RESID[ITER;])AND((PYR)P0)VS YR
(623
1:633 'LN RESIDUAL VS LN PREDICTED VALUE'
(643
(651 dx+'LN PREDICTED VALUE'
C663 SCALE PLOT RESID[ITER;IAND((Pihatery(ITER;I)p0)VS!lihat8rvCITER;]
C673
[683 'LN RESIDUAL VS OBSERVED LN X'
(693 r '
(701 dx+'OBSERVED LN X'
1711 SCALE PLOT RESIDCITER;3AND((PPOPINDCITER17)PO)V00POPINDf[7ER;]
(72] 821
[73] ' r
(743 'TREND IN POPULATION ABUNDANCE OVER TIME'
C753 '
(763 dy+'ABUNDANCE'
[77] dx+'YEAR'
[78] SCALE PLOT INDEXCITER;SAND ihatprvCITER;]VS YR
C793 ZZ+YR PRINTRVSPA DATA
[80] (' ',r r,((-1fPDATA)f24ps)),t2)BIZ
[811
(82] ITER+[TER+1
1833 +(ITER-(3tpINDEX)+1)/0
C841 +31

VPNLTY8PN(0)v
[03 R+alpha PNLTYAFN A
[3] R+USEACONSTRAINTSx+/alpha-CPNVECT)+A
[21 a State variable 'USEACONSTRAINTS' controls penalty function
[33 A 1 + constraints on 0 4 constraints off
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VPRINTRVSPA(O]V
10) Z+INDEX PRINTRVSPA DATA;DPP;HDR;RANKIFMT;PS;LBLS;I
[t] A PRINT DATA ARRAY USED FOR PLOTS
C2] A DATA++ARRAY SUITABLE FOR USE WITH THEIPLOT FUNCTION
C3] A (INDEX)++DEFAULT IS , - 1*('DATA
C4] OPP+4
C5) 	 NF- 1 +I+PDATA
16] 	 PS+(Nfps),(N,9)P' r
(7) PS+ -30P3
[8] 	 LBLS+(10f' INDEX'),(1)(IOf' CARRIER'),[1)PS
C9] 	 LBLS+LBLS,[1310f' RANK'
(103 Z4-((2 2 +PDATA),10)p'
C11] 'SUMMARY OF DATA FROM PLOT'
(12) ' ------- -- ---- ---- ----.
C131
£143 'CARRIER VARIABLES POPULATION NOS'
[15] 'RESPONSE VARIABLE(S): SURVEY - +:OBSERVED, O,PREDICTED'
[16]
(17) s(0=ONC 'INDEX')/'INDEX+,, - 1fPDATA'
(18) RANK4INDEXC4DATACI;]]
119] 2[1;;]4(2 10 P201 LBLSC1;]),C1]( -2f(PDATA),10)f;( -2f(PDATA),I)pINDEX
[20] 1+1
C213 1PfZCI+1;;]+(2 10 P20tLBLS(I+I;]),[1]( -2f(pDATA),10)1;( -2+(pDATA),1)PDATACI;3
(22] +((1+PDATA)2I41+1)/1P
[231 ZCI+Illl+(2 10 P20fLBLSCI+1;]),(1)( -2t(pDATA),10)$6( -24(pDATA),1)PRANK
(24] Ze(1 10 x02+PDATA)p, 2 1 3 bZ

cPRNTCOIV
(0] PRNT;TMP;FMT
[1]
(2] 	 'ITERATION NUMBER ',AJ
[3] 	 ' ' • 'PENALTY FUNCTION TURNED ',(2 3 P'OFFON ')[1+USE8CONSTRAINTS;]
C43 TMP4 3 6 P'LAMDDARSS NPHI
C5] 	 'IOA1,E15.6' CIFMT(3 10 fTMP;t - 1+,TMP,',')
C6] ' •
C7] • F''s IN LAST YEAR
[8] 6 3 *FLY
C9] 	 ' r
(10] +(FAG=0)/NXT
[11] ' F'' s AT OLDEST AGES
C12] 6 3 ;FAG
(13] NXT:+(0=INDEXaTYPECI])/NXT1
(14] ''

1153 'ESTIMATED RV SURVEY CALIBRATION PARAMETERS'
[16] ' AGE 	 ',((2--1fPK)/'INTERCEPT 	 '),' SLOPE 	 NUMBERS'
[17] FMT+ 1 14,F14.5,I14'
118] 4(2= - 1+PK)/'FMT." I4,2F14.5,114't '
(19) TMPFO( INDEXATYPEC2]x-1+PK)+(p,K)t6par
[20] TMP4 (P( - INDEXeTVPE[2],0)+K)pTMP
[21] FMT OFMT(((PAGES),1)PAGES),TMP,((PNVECT)fpar)[((FRST-1)4tLAST):ROWS]
C221 NXT1:+(0=INDEX4TYPE(2))fDONE
[23] ''
(24] 'ESTIMATED CPUE CALIBRATION PARAMETER(S)
[25] ((2n - 1+pK)/' 	 INTERCEPT'),' 	 SLOPE'
[26] FMTe'F14.5'
127] 2(2= - 1+PK)/'FMTF" 2F14.5 '' '
[28] FMT OFMT(1, - 1+PK)P(- -SfpK)fpar
C293 DONE:78p'-'

YOPUTCO]V
C0] OPUT X;OIO)NTIE
[1] 	 0I0+1 A 	 VERSION 2.0 	 II MOD. 84.1.31 M. JOLY
C2] 	 +(OEPX)/0
£33 	 X+;X
(4] 	 +('+'m1$ASORTIE)/TOFILE
C53 +((3 3 P'CRTPRTRSI')^..ASORTIE)/LCRT,LPRT,LRS1
C6] ERRIsOERROR 'INVALID OUTPUT DESTINATION IN 4SORTIE'
C7] LCRT:O+X 1 +0
CS] LPRT: 3 0 3 OARBIN,X,OTCNL • +0
[9] LRS1: 2 0 0 3 OARBIN,X,DTCNL 1 +0
(10) TOFILE:
(11) (1+ASORTIE)ONTIE NTIE+-((t20)LO,II1NNUMS)t0
(12] (X,OTCNL)ONAPPEND NTIE
C13] ONUNTIE NTIE

VRESI(D3
(0) R+RESI K
[I] 	 R+ti0
[2] +(0=INDEXATYPEC1))/cpue A NO RV SURVEY
(3] 	 R+R,, POPIND RESIORV((-INDEXATYPE(21),0)+K
C43 +(O-INDEXATVPE(2])/res A NO CATCH RATE SERIES
C5] cpua:K+C$K)C1;] A get bottom row of K
C63 R+R,,FBIOM RESI6CPUE K
C7] rae:



- 58 -

vRESIARVCO]v
CO3 R+POPIND RESI4RV K
C1] 	 +(1m- 1*PK)/noint
(2] K+ 3 2 1 b(62,PPOPIND)p,K
(33 	 ihatary+(KC1;;]+KC2;;]XPOPIND) A WITH INTERCEPT
C4] 	 +res
(53 noint:K+b($PPOPIND)p,K
C61 ihatary+KxPOPIND A WITHOUT INTERCEPT
C73 Ares:R+(inrv-ihatorv)xWEIGHT
C8] res:R+((!lierv)-sihatnrv)xMASKRV

vRESIACPUEIOly
C0] R+FBIOM RESIeCPUE K
C13 	 +(1=p,K)/noint
C23 	 ihat4cpue+(KC1]+KC2]xFBIOM) A WITH INTERCEPT
C3] 	 +res
C43 noint:ihatecpue+KxFBIOM A WITHOUT INTERCEPT
C5] res:R+(iocpue-ihatacpue)=ise6cpue

VVSW3o
C0] Z+A VS B
C1] Z+(( -2f 1 1 ,PB)PB)T( -24 1 i ,PA)PA

VminipopCO]v
C0] mini pop; B00L;J;DIAS;Q;LAMBDA;HESS;N;P;PAR;RSS;de;CAUSE;I;V;NPHI;PHI;pnity;dpnit y;SHESS;NORM
;I;ots;ANS
CI] A NON-LINEAR LEAST SQUARES USING MARQUARDT ALGORITHM
C2] ets+-7ITIMEFMT OTS
C31 'Do you wish to document your input ?'
C4] - *(('Y'=ANS)v'y'=ANS+OINKEY)/'miniDOC'
C5] page Ats
C6] rssvec+t0
(7) 	 P+Ppar+PAR+,initial
CB] RSS+e+.xeeOBJAFN PAR A RESIDUAL SUM OF SQUARES
C9] 	 N+P,e
(103 pnity+alpha PNLTYeFN PAR A PENALTY FOR CONSTRAINTS
1113 NPHI+PHI+RSS+pnity
C123 LAMBDA+0.01
113] BOOL+(PxP)pl,PP0 A USED TO CREATE DIAL MATRIX
(14] con+10
C15] J+i
C16] PRNT
0173 rssvec+rssvec,RSS
118] L3:+(limit<J+J+1)/L6 AMAIN LOOP
(19] PAR+par
(20] PHI+NPHI
C21] de+DIFFAOBJ
C22] Qr2xe+.xde A GRADIENT
(233 HESS+2x(bde)+.xde A HESSIAN
C24] dpnity+DIFFAPNLTY A DIFFERENCE FOR PENALTY
(25] Q+Q+dpnity(l;]
(26] DIAL+ I I bHESS+HESS+(2PP)PB00L\dpnity(2;]
0273 LAMBDA+9.9999999999999E -7rLAMBDAXO.01
(28] I+1
(29] SHESS+HESS+(2PP)PBOOL\DIAGXLAMBDA+LAMBDAxIO A MARQUARDT METHOD
C30] NORM+(+/SHESS*2)*0.5 A COLUMN NORMS
C31] SHESS+SHESS+(PSHESS)PNORM A SCALE HESSIAN
(32] par+PAR+V+(QSSHESS)-NORM A STEP DIRECTION; STEP SIZE-1
(33] +('FRGNAFN par)/L4
(34) RSS+e+.xe+OBJAFN par
(353 pnity+alpha FNLTYAFN par
C36] a(PHIUNPHI+RSS+pnity)/L6
C371 L4tLAMBDA+LAMBDAXIOO
(38] L5:par+PAR+V+Vx0.1*I AINNER LOOP REDUCE STEP SIZE
0393 +(10<I+I+1)/L6
C40] +(°FRGNAFN par)/L5
(41] RSS+e+.xe+OBJAFN par
(42] pnity+alpha PNLTYAFN par
(433 ,+(PHI2NPHI+RSS+pnity)/L6
(443 +L5
C453 L6tPRNT
(46] rssvec+rssvec,RSS
(47] msr+RSS=N-P
C483 +(1■"/CAUSE+(102I),(Iimit2J),(IE -3<con+(((N-P)xQ+.xV)-PxRSS)*0.5),( 1 E-4<I(NPHI -PHI ) =PHI ) , (

9.9999999999999E-6'.(1(par-PAR)--1E"20+IPAR))/L3
C49] (`CAUSE)/C1]exit
(503 e(USEACONSTRAINTS)/'USEACONSTRAINTS+O • "TURNING CONSTRAINTS OFF '' •+L3'
(51] page Ats
C52] OUTPUT
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vminiDOCCO17
(0) miniDOC{l;sp
(I] OTCFF
(2) 	 'Input Documentation for ',STOCK4NAME,' Run at',(8P' '),ets
(33 	 78P' ^'
C4] 78P'^'
C5] I ,

C63 	 ' 	 This Analysis was Performed Using the Following Criteria s
(7) 	 78P'-'
IS] 	 ' '
(93 	 '1) 	 Catch at Age extends from ',(5YR(1I),' to ',(e IfYR),' and Ages ',(5AG(I3),' to ',b -

ItAG
(10] s((NUM=1))/'' ' 	 The Catch at Age did NOT contain a PLUS Group''I+stpi
(II) 	 ' r

C123 ' 	 Age ',(f - l+AG),' is a PLUS Group
(13)
(14) ' 	 Ages ',(SAGES),' were assumed fully recruited'
(I5) ' '
0163 stpls*(^/PR=1)/ '' '2) 	 No Partial Recruitment Values were Imposed '' 1+stp2'
C17] '2) 	 Partial Recruitment values Imposed:
£18] ' r
(19) ' 	 Ages 	 PR'
(203 'X20,I2,X7,F5.3' OFMT((((PAG),1)PAG),(((PPR),l)PPR))
C21] ' r
(223 stp2s'3) 	 Natural Mortality was set at ',(am>
C233
(24] '4) 	 F'' s over Ages ',(5FRST),' to ',(5LAST),' will be derived starting from initial esti
mates:
C25] ' '
(26] sp4(FRST,FRST+s(LAST-FRST)) • l+(LAST-FRST)+l
(27) ' 	 Ages 	 F
(28) 'X20,I2,X7,F5.3' OFMT(((I,i)Psp),((PFVECT),1)PFVECT)
C291 r r

£30) s(FAR=0)I '' 'S) 	 No Initial Estimates of F at the oldest ages were used '' I+stp3'
(31] '5) Estimates of F at the Oldest Ages were derived from the following initial estimates'
(323 ' 	 Year 	 F
(33) 'X20,14,X7,F4.2' OFMT(((PYR),1)PYR,((PFAG),t)PFAG)
(34]stp3:+(0=INDEXATYPECI])/stp4
(35] ' '
(36) '6) 	 Research Survey Estimates of Abundance for ages ',(EFRST),' to ',(CLAST),' were give
n'
(37) (0-PPise4rv)/' 	 No standard errors were applied. Log transformation used'
C38] (OAPPiseAry>/' 	 Standard errors of abundance index applied to residuals'
(393 stp4:+(0-INDEXATYPEt2])/stp5
(40)
(41] '7) 	 Commercial CPUE with standard errors was calibrated on fishable biomass'
(42) stp5s'
(43] '8) 	 The Lower Limit for Estimated Numbers at Age was the CATCH'
(44] ' 	 Upper limit for Estimated Numbers at age was ',3ltubnd
0453 4 (0'INDEXATYPE(l3>/stp6
(46) sp4('IfPK)$(PCVECT)ilbnd
£473 ''
(48] '9) 	 The Lower Limit for RV survey slope was ',a"1$sp
(491 (2-Psp)/' 	 and for intercept was ',e1fsp
(50] sp+(`I+PK)P(PCVECT)iubnd
(51] ' 	 The Upper Limit for RV survey slope was ',E - 1tsp
£52] (2=PRp)/' 	 and for intercept was ',41fsp
(53] stp6a(0-INDEXATYPE(2))/exit
£54] sp4(- ltPK)flbnd

(553 '10) The Lower Limit for CPUE slope was ',4 - lisp
(563 (2=Psp)/' 	 and for intercept was t,bifsp
(57) spe(-"11PK>+ubnd
(58] '	 The Upper Limit for CPUE slope was ',s "lisp
(59] (2-Psp)/' 	 and for intercept was ',6t+sp
C603 exit:78P'^'

vpage(Oiv
C0] page 4ts
C1] OTCFF,' 	 ADAPTIVE FRAMEWORK TUNING WORKSHOP'
C23 	 STOCKONAME,(45P' '),Ats
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