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Abstract

This evaluation of the 4X haddock population is similar to the previous two assessments in
terms of the pessimistic view it presents of the resource status. It is similar to the 1988
assessment in terms of the calibration technique used to generate the models -- the ADAPT
framework. The 1988 nominal catch of 4X haddock was 10,976 t. The major gear components
in the fishery (MG < 65'; FG < 65') caught their allocations although misreporting appears to
remain a widespread problem. The 1988 fully recruited fishing mortality is estimated to be
0.49. Total stock biomass is currently about 34,000 t which is below 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.
Projections to 1990 indicate an F 0.1 yield of 4,600 t. The 1990 fishery should be reduced to its
lowest- possible level, even below F0. 1 .

RESUME

Les r6sultats peu encourageants de cette evaluation de la population d'aiglefm de la
zone 4X vont dans le meme sens que ceux des deux dernieres evaluations de ce stock.
Nous avons utilise la meme technqiue d'6talonnage que celle de 1988 pour 6laborer les
modeles, la methode ADAPT. Les prises nominales d'aiglefin de la zone 4X ont 6t6 de 10
976 t en 1988. Les bateaux de moins de 65 pieds 6quip6s d'engins de peche mobiles et
les bateaux de meme taille 6quipes d'engins de peche fixes, lesquels representent les deux
principaux types d'6quipement utilise pour cette peche, ont pech6 les quantites de Poisson
qui leur 6taient allouees, mais les inexactitudes en mati6re de prises d6clarees semblent
encore constituer un probleme largement repandu. La mortalit6 par peche de 1988 dans le
groupe "de poissons pleinement recrute est estim6e A 0,49. La biomasse totale du stock est
actuellement d'environ 34 000 t, ce qui est inferieur aux valeurs du debut des annees 1970.
Comme les niveaux de recrutement ont 6t6 faibles depuis 1984, et particulierement en
1986, la biomasse et la production seront probablement inferieures au cours des 3 A 5
prochaines ann6es. Selon les projections, la production au niveau F 0.1 devrait etre de 4 600
t en 1990. En 1990, cette peche devrait etre au niveau le plus bas qu'elle peut atteindre,
peut-etre meme en decd du niveau Fo.,.



Introduction

Since 1974 population estimates and fishing mortality rates of the NAFO Division 4X haddock
stock (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. The survey data was not transformed from the arithmetic scale when used in
the calibration models.

- In keeping with the previous assessment ' of this stock (O'Boyle' et al. 1988), the ADAPT'.. w .

framework approach was utilized (Gavaris 1988). O'Boyle et al. • (1988) noted the difficulties in
determining the partial recruitment level of the older age groups. This evaluation re-examined
the assumptions used in that analysis.

The Fishery

Annual Trends in Reported Landings

The long-term (1930-83) annual catch of 4X haddock has averaged about 20,000 t. This level
was surpassed once during the late 1960s and - again during the early 1980s when landings
peaked above 30,000 t (Figure 2). The former peak, : fuelled by the *strong 1963 year - class,
resulted in high exploitation rates and low spawning stock biomass and was thus instrumental in
the imposition of a quota system and spawning area closure (Halliday, 1988) under ICNAF
authority. Total catch has been below the TAC since 1982 (except for 1986) and below the
long-term average since• 1984 (Table 1). Haddock caught in unit. area 4Xs apparently belong to

Y~' 	 -the Division -5Y"spawning stock (Halliday 1974) and therefore were not included in the analysis.
O'Boyle and Wallace (1987) reviewed the historical changes in fleet composition and size , and
the attendant problems of misreporting and discarding' during the 1977-81*-fleet expansion. period.
Discussions with industry. representatives during 1988 indicated that substantial misreporting
continues. ' Objective,information - on the extent of this problem is very difficult to obtain.

: -Comparison of trip°statistics to information collected by MFD port samplers 'may shed some
light on the misreporting levels and allow evaluation of the impact on the assessment.

The quota allocations of the stock since 1976 are given in Table 2. The general tendency
with time has been for finer and finer subdivisions of the TAC by fleet sector and season.
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 further subdivided into- three 4-month periods to extend the fishery over
the year. In addition to TACs, a variety of by-catch and trip limit regulations have been
utilized., These fine-scale fleet allocations have -resulted in significant, enforcement problems;
and stimulated implementation of an aggregate groundfish (cod, haddock, pollock) allocation in
1989 for the under 65' fleet.

During 1977-81, the TACs were consistently exceeded. The resource was recovering from the
low abundance of the mid-1970s. The main fleet component which expanded during this period
was that of mobile gear less than 65 ft. During 1982-84, this fleet's landings fell short of its
allocation but has exceeded this every year since then. Landings by the mobile gear fleet
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greater than 100 ft, which once composed the major portion of the fishery, have dropped to
small amounts (Table 3).

Landings Sampling Intensity

During the 1977-81 period of the inshore fleet expansion, sampling fell behind the exploitation
and thus the landings per sample ratio increased relative to previous levels. Since then,
sampling for this resource has been generally good with rates of approximately one . sample per
200-300 t landed (Table 3). - : Sampling of the fishery during 1988 was adequate to construct; the
catch at age, which was done following previous practices. As in previous years, due to the
lack of verified data, no adjustments were made to the total landings to account for
misreporting. This included the 2,000 t that were reported from 5Z in the first quarter of 1988

-- that were considered to have originated from 4X. .Conversely, port samplers reported that
during the third quarter of 1988 most of the 4X landings were actually from 5Z. Adjustments
for misreporting to this year's data alone were considered inappropriate.

Construction of the catch-at-age matrix for the period prior to and after 1978 is discussed in
O'Boyle (1981) and O'Boyle and Wallace (1986) respectively. The 1988 catch-at-age was
constructed using the sampling stratum-sample availability table shown in Table 4. This is in
keeping with the practice followed since 1982.

Catch Numbers and Weight at Age

r 	 . The, catch; numbers and weight at-age data.-for.,i970-88-are • given-in Table 5. .In recenttyears,
there has been a •tendency for the landings to be dominated by fewer and fewer age groups. ,, 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) dominated. During 1986-88, only three age groups (4-6) have'
t. 	 ° •, .'.' contributed significantly to the annual: landings. The .1988 fishery was dominated by the 1982

rand '1983 7 year-classes --these contributing 33% and 39% respectively by weight'to the total -
yield (Table 5).

The 1988 observed catch-at-age showed relatively good agreement to the catch-at-age projected
by O'Boyle et al. (1988) with differences of less than 5% in all age groups (Figure 3) except
that of age seven (1981 year class).

Trends in the average weight and age of haddock in the catch were examined in order to
provide an indication of the long-term (1962-88) level of exploitation experienced by the stock.
Data for the-_1962-69 period was obtained from O'Boyle and Wallace (1987).. These trendsare
shown relative to the levels. expected in populations exploited at. F 0.1 and F, ^ (Figure 4). The
average age in the 1988 catch slightly exceeded the F.,, level, with an average age of 5.2. The
average weight at age is below the F. level of 1.6 kg. Trends in these parameters are to be
expected as year-class size varies. However, the long-term average level of these parameters is
more dependent on the long-term exploitation rate. Since 1972, both the average weight and
age in the catch have been below that expected, not only of a population 'exploited at F01 but
also at F,,,, indicating that the resource is being heavily exploited.



Abundance Indices

Commercial Catch Rates

A multiplicative analysis (Gavaris, 1980) was conducted on the otter trawler catch-effort data
for all 4X unit areas combined. This analysis used year, month, tonnage class, and unit area as
categories (Table.,•6)..,The overall fit; .,of the model to the data was. good, as indicated by. the .. ,. ,.
residual analysis (Fig. 5). -Catch rates peaked during-.1978-81, =declined  sharply°to .1983, and .:;
have remained relatively stable thereafter (Figure 5). Due to concerns with the reliability of this
catch/effort data and unquantifiable effects of the regulatory system, it has not been used as an
index of 4X haddock abundance.

Groundfish Bottom Trawl Surveys

The July.research survey conducted on the Scotian Shelf from 1970 to 1988 was used to
evaluate the status of the resource. The estimated numbers and weights at age from these
surveys, all weighted by stratum area, are shown in Tables 7 and 8 "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 6) : Generallyi'low levels of
total abundance occurred during the early i 1970s and high total abundance in the early-mid
1980s Abundanc'dropped:;sharply: during: 1985-88 for.Yages,2-5rand•6-9. The 1988 survey
results confirmed the low abundance indicated in last year's evaluation. In particular, the. 1985-
86 year-classes continue to be estimated as being poor. At age 2, they exhibit (catch per. .tow in
1987-88 comparable to that of the 1970 year -class which has been the lowest on record (Table
7). R As the survey , does not, provide :reliable estimates of abundance until at least age 2, it is too-

.

early to provide indications of the 1987 and 1988 year-class size. Catch rates expressed as
biomass/tow generally paralleled the trends seen in numbers (Figure 7).

Total mortality (Z) estimates calculated using the age groups considered to be fully recruited
(ages 5-7/6-8) to the survey gear varied around 0.5 during 1970-83 but rose thereafter to a value
of 1.3 by 1987/88 (Figure 8). If natural mortality has been constant at 0.2, these calculations
indicate that recent exploitation rates have attained values in the order of 0.7-1.2, which are
significantly higher than F01 or F.,,.

Sequential Population Analysis Methods

Calibration Model

The following model as per O'Boyle et al. (1988) was used:

U,t = q, * Nac . Eac
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where • U,_, 	 is the summer survey catch numbers at age a in year t;
q, 	 is the age a catchability of the survey or slope of the relationship;
N1,,1 is the mid-year age a, year t SPA abundance estimate; and
C.	 is the error in the age a, year t estimate of the survey numbers per tow derived from the

relationship.

An intercept term was not included in the model and the error term was assumed to be
.',:-; ,multiplicative.. Attempts to. use the standard. error ; to:;wefght,the..analysis, have always proved:a 	 .

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 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. As well, the regulatory system
(closed areas, seasons,' trip limits, etc.) may have distorted the catch rates artificially. For these
reasons the practice of calibrating the SPA with survey data alone was continued.

Again, as per previous practice, , the mid-year population numbers from SPA used in the
r ' calibration model 'were 'calculated by: assuming the :'total . catch-at-age •is • caught :uniformly :. ;; } .:.

.'throughout the year. % This .is not the case and may` influence - the calibration,: although• not'
enough to invalidate the . overall result. Work is currently underway to provide seasonal catch: at
age for use. in this -assessment.

O'Boyle: et al. (1988) used - an. ADAPT . formulation that used the first half of '1988's catch'at
•age data. This allowed use of the most up-to-date information in the "September assessment.,
The currenti assessment used only full year data. 'Preliminary analysis were conducted to

• compare the results of full and half year formulations for each. year from 1980 - 1987. The
implicit assumption of a constant exploitation pattern throughout the year could not be met and
the comparison was deemed inappropriate. Upon completion of the catch at age data by gear
sector and quarter the half year - full year comparison will be re-examined.

Calibration Methodology

• The ADAPT method was used (Gavaris 1988). The input conditions, data, and model
framework are -given in Table 9. The software is' - documented"in Annex •1. Fourteen parameters
were estimated: ages 2 to 8 in 1988 and the slopes of the regression relating - SPA to RV
population numbers at ages 2, 3, 4, 5, 6, 7, and 8.

Natural mortality was assumed equal to 0.2. The fishing mortality on the oldest age group in
each year and ages 8+ in the last year depends on the partial recruitment model assumed.
O'Boyle et al. (1988) set the age 12 F in each year to the average F for ages 7-10. The Fs on
ages 8+ in the most recent year were determined as parameters from the calibration. Here, as
in that assessment, the abundance of the older age groups tends to decline faster than can be
ascribed by the landings, suggesting a decline in the partial recruitment of those age groups.
However; such a pattern would be inconsistent with historical observations. Attempts were
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• 	 made with differing calibration models to see whether or not a dome or flat-topped PR provided
a better- model fit. - The dome-shaped model.,was marginally better although the .information .:
content in the data on the older age groups is low. Such a model created large inconsistent
age-specific exploitation patterns throughout the time series. For example, these runs generated
fully-recruited fishing mortalities in the early 1980s which were substantially lower than those
calculated from the survey data. Also, the age 10 - 11 PR estimates were below 0.05. These
are, at best, an order of magnitude below historical PRs observed for these age groups. This
assessment adopted the flat-top model based on the model fit and thus historical consistency.
Further work, is ,required , to, resolve . this.-Issue.,, It is ;possible . that whereas. the :vpartial .recHotment,....
model is accurate, problems 'in the catch' at -age. are compromising , the - ability - to• - ht it `to the
data. The adoption of a flat-topped partial recruitment required re-evaluation of the yield-per-
recruit analysis presented in O'Boyle et al. (1988).

In the last assessment of this stock (O'Boyle et al., 1988), ages 2 to 12 of the catch at age
were used. In this assessment the age 12 data were dropped due to the presence of zero values
in 1987-88.

Results and Discussion

Model Fit

• The model formulation (Table 9) required six iterations to reach a stable optimum; the
^: r	 ;. r ; > > parameters- remained `'constant.' after ':removal- of. the - penalty , function.'  All • of the parameters,

associated with the age 4-8 slopes were significantly different from zero and the parameter
estimates were generally uncorrelated among themselves (Table 10). The age•by:,age diagnostic
plots for ages 2 to 8 (Figure 9) from the•ADAPT calibration show that the overall model fit
was satisfactory and ..that the residuals were randomly distributed across year, SPA population
numbers, and the predicted values. Nevertheless, local residual patterns were evident; such as
the very high values for ages 4+ in 1984-86. These may be indicative of data problems,
particularly in the catch at age.

Population Trends

The population and fishing mortality matrices for 1970-88 age are given in Table 11. In
relation to the 1970-87 geometric mean of 24 million, recruitment was low in the early-1970s,
strong during the mid- to .late .1970s, and average :in' the. ,early ,1980s - (Figure ° 10)."'c The size of.
the 1985-86 year classes were estimated to be very low; these will have a significant impact on
yield for the next three to five years. Comparison of the 1980-87 age one population numbers
(millions) from the current assessment to the one performed by O'Boyle et al. (1988), show
close agreement (Table 12), supporting their pessimistic view of the resource.

The recruitment trends alluded to above are reflected in the mid-year population numbers and
biomass which have both declined during 1979-88 (Figure 11) following the passage of the
early 1980's recruitment pulse through the population. Present levels are equivalent to the
lowest abundances on record that were seen during the early 1970s (Table 13). This assessment
provides a more pessimistic view than that.. of O'Boyle: et al.. (1988) and this is due, in part, to
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the change in the partial -recruitment model. Nevertheless, most of the current ..biomass is in the
younger -age groups and thusyield projection. is-relatively unaffected by this difference. _. .

This assessment produced a 1987 age 5-6 fishing mortality of 0.731, compared to the value of
0.591 generated last year. The pattern of consistently underestimating F in the current year is
strong for this stock and indeed was the original one which stimulated the work on the.
retrospective analysis for all the CAFSAC assessed stocks. The fishing mortality table (Table
11), shows a number of high Fs during 1983-86 which appear anomalous. These are likely an

- :..:.. artifact of • the partial - recruitment. pattern - assumed-.in -1988. -!,A, dome-shaped ,:PRprovides more
reasonable values. ' :The question as to' "what indeed is'the recent year's PR is thus µan important`'
issue. As mentioned earlier, it is considered that the PR is flat-topped but that data problems,
particularly in the -total. catch, are:influential. Simulation. studies have indicated that large-scale
misreporting of total catch could cause the so-called retrospective pattern (unpublished).

Notwithstanding the above, it is evident that the population is experiencing high exploitation
rates. Indeed, the estimates based on the survey data alone (Figure 8) indicate fully recruited
fishing mortalities of at least four times F01 in recent years, which is consistent with this
assessment (Figure 12).

' Yield Projections to 1990

A Thompson- and Bell yield-per-recruit analysis. was .conducted 'using. the software =of 'Rivard
• ^; , ^_r 	 ,: (1982). , The . weights at age-for, ages 1-16. were taken - from. O'Boyle,- et al.. (1988)... The . partial-

=t ?

	

	 ^, ?. Nrecruitment as taken E:as,,:the average of 1982-87-, assuming • that ages 6'+ are fully recruited.
Natural mortality was assumed to be 0.2. The input parameters are given in Table 14. The
resulting parameters were F0., = 0.268, '-Y/R: = 0.525 kg and average weight = .1.916 kg. A - -.
field- er-recruit analysis using. the historical flat-to ed .partial recruitment . was - last - conducted inY 	 P 	 Y ,. 	 g 	 PP P.

1981 (O'Boyle 1981) and is 'the -basis for the F01 -value of 0.25 used in - recent evaluations. The
.

	

	 = , calculations - conducted here indicates a value of 0.27 which' was not considered sufficiently
different from the 0.25. value to warrant a change. These results confirm that the recent fishery
has been exploiting the stock .above Fo. , and indeed Fm , and is thus resulting in a loss of growth
production.

The 1988 population parameters used for projection  of 1990 yield are:

1989 Beginning of Year
Age 	 Population Numbers ('000s) 	 Weight(kg) 	 PR

1 23,983 .223 .0001
2 19,636 .543 .0124
3 3,968 .749 .098
4 2,073 1.060 .256
5 5,832 1.413 .602
6 4,558 1.847 1.0
7 2,316 2.417 1.0
8 118 2.897 1.0
9 104 3.703 1.0

10 5 3.746 1.0
11 1 3.837 1.0



The weight at age is the 1986-88 average.- The partial recruitment is the 1986-88 average,
- 1 assuming full- recruitment at age-.6+. Natural mortality was.assumed-.to be 0.2.:•Age-one 	 -

recruitment in 1989-90 was set at the . 1970-87 geometric mean (23,983) with the 1989 catch.
assumed to be 4,600 t.

The projection results were:

Average Population
,Year,	 F6+ -	 - ..	 Catch ('000s) t : , .: 	 Biomass ('000s), t.,

1988 	 0.49 	 10.7 	 33.3
1989 	 0.27 	 4.6 	 37.7
1990 	 0.25 	 4.6 	 45.4

The 1989 TAC of 4600 t will be at roughly F0.1 with a similar TAC in 1990 required. Given
the low stock abundance however, we must also consider the recruitment dynamics of this
resource.

The possibility that the 4X haddock stock is suffering from recruitment overfishing was
examined.' * Recruitment overfishing requires the identification of a- spawning stock biomass

-below. which year-class strength is .directly, related to mature, female biomass.. Stock-recruitment,
(S/R) relationships generally suffer' from" large .variability and • unequal distribution of data 'across
the range of - spawning stock; biomass. - Midyear female -spawning stock biomass• was estimated
by first calculating the expected length at age (Figure 13) from a Von Bertallanfy growth-.

^i, analysis' (Table 15), conducted by O'Boyle et al: (1988)... Then using the maturity ogives
derived for -, 4X"female haddock-(Figure 14) 'by Waiwood. "and 'Buzeta-(1989) the percent maturity

• 	 at length equivalent to mid-year ages were generated (Table 16). This information was then
• 	 used to calculate the mid-year spawning stock biomass (Figure 15). - The mature female biomass

is at an historical low of 11,396 t and has 'been declining steadily :since . 1980. , Spawning stock
-biomass may be approaching a critically low level. Recruitment has been declining since 1983
(Figure 10). The relationship - between recruitment and spawning stock biomass (Figure 16)
appears to approximate a Ricker S/R curve (Ricker 1975) although the origin is not at zero.
Therefore, statements on whether or not recruitment overfishing is occurring cannot be
definitive. It is clear that caution must be exercised as data for the relationship between
spawning stock biomass and recruitment below current levels does not exist. The fear is that
recruitment overfishing is currently occurring and that stock collapse may be imminent.

Concluding Remarks

This assessment presents a pessimistic view of the 4X haddock resource consistent with the
previous two assessments of O'Boyle and Wallace (1987) and O'Boyle et al. (1988). The
resource is being heavily exploited with the belief that misreporting is widespread. Current
biomass levels are at an historical low and growth overfishing is occurring. Although a strong
case for recruitment overfishing cannot be made conclusively, it is within the harvesting
capabilities of the fleets to fish the stock to economic and possibly biological extinction. Stock
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,;_-collapse.-may be ' imminent. _=.This assessment indicates that the '1990 fishery- for haddock should :.
be -maintained at the lowest possible level, even below the .F0. 1 catch of '4,600 t.
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Table 1. 	 Reported nominal catch (t round) of haddock from NAFO Division 4X (excluding unit area 4Xs) by
country. The numbers in brackets represent the number of commercial samples collected in that year.

CANADA 	 CANADA
YEAR 	 (MQ) 	 (Nfld) 	 USA 	 USSR 	 SPAIN 	 OTHER 	 TOTAL 	 TAC

1970 15560 (26) - 1638 2 370 12 17582 18000
1971 16067 (29) - 654 97 347 1 17166 18000
1972 12391 (36) - 409 10 470 1 13281 9000
1973 12535 (30) - 265 14 134 6 12954 9000
1974 12243 (25) - 660 35 97 - 13035 -

1975 15985 (56) - 2111 39 7 2 18144 15000
1976 16293 (45) - 972 - 95 5 17365 15000
1977 19555 (79) - 1648 2 - 12 21217 15000
1978 25299 (62) 114 1135 2 - 27 26577 21500
1979 24275 (49) 268 70 3 - 15 24631 26000
1980 28209 (56) 71 257 38 - 37 28612 28000
1981 30148 (82) 117 466 - - 15 30746 27850
1982 23201 (92) 28 854 - - 4 24087 32000
1983 24428(119) 44 494 17 - 7 24990 32000
1984 19402 (97) 23 206 - - - 19631 32000
1985 14902 (86) - 25 - - 1 14928 15000
1986 14986 (78) - 401 101 - - 15036 15000
1987 13538 (82) - 172 - - - 13555 15000
1988 10921 (79) - 23 533 - - 10976 12400

Long-term averages:

1930 - 60 = 16854 t
1961 - 83 = 24217 t
1930 - 83 = 20127 t

1 - NAFO SCS Doc. 87/20
2 - NAFO SCS Doc. 88/18
3 - NAFO Circular Letters
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Table 2. 	 Recent Canadian fishery allocations and the res~tlve reported catch (t) of 4X 
haddock. I nformatlon from Atlantic Quota ReportslAQR) 

AQR Reported I CLOSURE 
Year Date Fleet Allocetlon catch S OATES 

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 
vessel s > 125' 5500 5095 93 

Toto I 28000 28680 

1981 :51 /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 
K3. > 65' 15000 12909 86 
FG. 65-100' 100 124 124 23/05 - 31 /12 
K3. 65-100' 1000 567 57 
K3. ;:.; 100' 7050 2829 40 

Total 32000 24597 

1983 31/12 	 FG. < 65' 9050 9179 104 
K3. > 65' 15000 12991 87 
FG. 65-100' 100 108 108 12/04 - 31/12 
K3. 65-100' 800 177 18 
K3. > 100' 7050 2438 35 

Total 32000 24893 

1984 31112 	 FG. < 65' 8850 6958 79 
1«;. > 65' 15000 12359 82 
FG. 65-100' 100 3 3 
1«;. 65-100' 1000 44 4 
MG. > 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 
K3. 65-100' 100 61 61 
MG. > 100' 800 541 68 

TotoJ 15000 15313 
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Table 2. (Continued).

	

Report 	 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 	 31/12 	 FG.< 65' 4126 3455 84

FG. 65-100' 75 0 0

MG.< 45' 1/1-30/4 1200 1037 86 Trip limits

1/5-31/8 1800 1540 86 Trip limits
1/9-31/12 978 839 86 21/10

MG.45-65'1/1-31/8 2500 2708 108 Trip limits
1/9-31/12 976 962 99 21/10

MG. 65-100' 85 15 17
MG.> 100' 660 408 62

Total 12400 10964

1989 	 29/03 	 FG.< 65' 1540 901 59
FG.65-100' 25 0 0

MG.< 45' 1/1-30/4 450 1281 285 22/2; 16/3

1/5-31/8 670 0 -

1/9-31/12 400 0 -

MG.45-65'1/1-30/4 370 1375 372 22/2; 16/3

1/5-31/8 560 0 -

1/9-31/12 320 0 -

MG.65-100' 25 0 0

MG. >100' 240 36 15

Total 4600 3593

1 These figures are based on hail information and thus are unofficial
and not comparable to those in Table 1.



Table 3. 	 Reported nominal catch (t round) of haddock from NAFO Division 4X (excluding unit areas 4Xs) landed in 
the Maritimes split by tonnage class and gear type. The numbers in brackets represent the mean weight 
landed per age/size sample collected. 

Tonnage Class 

TC 1-3 TC 4+ 


Year MG {OT} FG {LL) 	 Misc. 1 MG {OT} FG Misc. 

1970 4894 {1224} 3281 767 6501 (296) 114 3 
1971 4289 (858) 3475 {1158} 499 7711 (367) 94 0 
1972 2742 (686) 4396 (440) 439 4750 (216) 63 0 
1973 1822 {304} 6090 {677} 324 4228 {282} 70 0 ....1974 3949 (494) 6364 (530) 251 	 1622 {324} 55 0 "'" 1975 6085 (320) 5193 (577) 271 4408 (157) 26 0 
1976 4347 (1087) 5305 (884) 445 (223) 6144 (186) 46 6 
1977 6178 (1030) 4328 (481) 550 8343 {l30} 117 35 
1978 9413 6814 (568) 1084 (542) 7888 (164) 97 0 
1979 10171 (5086) 5127 (394) 600 (600) 8317 (252) 57 0 
1980 13043 (1186) 6911 (384) 1127 (376) 7045 (294) 82 0 
1981 14765 (328) 7846 {302} 993 (331) 6475 (809) 70 0 
1982 11670 (243) 7581 (345) 945 (79) 2972 (297) 32 0 
1983 12563 (224) 8533 (225) 754 (75-) 2535 (195) 15 0 
1984 11828 (208) 6769 (226) 193 (l93) 609 (76) 0 0 
1985 9834 (173) 4360 (182) 142 565 (113) 1 0 
1986 9201 (192) 5336 (184) 240 209 (209) 0 0 
1987 7952 (169) 4854 (270) 231 (21) 501 (84) 0 0 
1988 7074 (131 ) 3353 (152) 118 (lI8) 376 (188) 0 0 

1 - Gillnets (set. drift), traps, unspecified. 



4Xmnop
	 4Xar

TC 1 - 3 	 TC 4+
	 TC 1 - 3 	 TC 4+

2203 (4635-328) 	 77 81	 0

763 (2471-209) 	 161476 (2743-205) 	 222

	

1126 (505-53) 	 17

	

612 (301-28) 	 40 (400-49)

688 (1214-126) 	 4

125 (195-25) 	 0

Quarter

1

2

3

4

15

Table 4. Summary of commercial sampling for the 4X haddock
fishery in 1988. 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 formation.

Otter Trawls

Longliners

Quarter

1

2

3

4

4Xmnon 	 4Xar
TC 1 - 3 	 TC 4+ 	 TC 1 - 3 	 TC 4+

	

.1368 (1542-143) 	 0 	 .19 	 .0

176 	 0 	 29 	 0

	

1075 (1475-145) 	 0 	 29 	 0

	

650 (1630-163) 	 0 	 7 	 0

Quarter

1

2

3

4

Miscellaneous*

4XmnoD 	 4Xar
TC 1 - 3 	 TC 4+ 	 TC 1 - 3 	 TC 4+

25 	 0 	 0 	 0

22 	 0 	 5 	 0

45 (16-10) 	 0 	 2 	 0

19 	 0 	 0 	 0

* - Longline samples applied to miscellaneous landings.
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Table 5. 	 Annual landings numbers (A), weight at age (B), percent by number (C), and
percent by weight (D) of NAFO Division 4X haddock. Note that age 13
represents all individuals 13 and over.

Total Annual Landings (0005) at Age of 41snopgr Haddock

(

A 1 	 1 1970 1971 1972 	 1973 	 1974 	 1975
-------------------

1976
-----

1977 1978 1979
---

1980 	 1981 	 1982 	 1983
---------

1984 1985 1986 1987 1988
/ 	 ----------------.--

1I 	 0 	 0 41 	 150 	 1	 37 18
------

2 0 0 16 	 1 	 0 	 0 2 0 0 0 0
2 1 1055 788 22 	 3077 	 694 	 2115 1296 1285 75 81 161 	 1182 	 491 	 64 708 198 290 39 28
3	 1 724 1617 3434 	 113 	 4653 	 4568 1644 3126 3354 1158 2445 	 2215 	 3639 	 3294 1108 1956 1170 913 312
4 	 1 1502 788 1841 	 2247 	 309 	 5)64 4261 2019 7014 6709 3008 	 6219 	 2474 	 5476 .4680 2261 4378 2868 1341
51 379 1422 509 	 1067 	 1779 	 485 3682 3193 2094 3881 5413 	 4199 	 4628 	 3733 3439 4516 3923 4186 2852
6 	 1 524 404 645 	 527 	 509 	 1103 434 2881 2832 1070 3499 	 3195 	 1703 	 2232 2396 1463 1476 1931 1934
7 1 4536 69 90 	 600 	 189 	 247 807 360 1040 1244 527 	 1163 	 1457 	 940 948 464 246 252 452 -
Of 1863 3316 57 	 322 	 269 • 	 172 154 389 137 2638 623 	 357 	 340 	 395 340 132 116 56 76
9	 I 133 1020 1166 	 259 	 186 	 62 71 107 107 57 169 	 323 	 183 	 187 110 53 40 2 14
10 	 I 96 163 512 	 614 	 269 	 32 95 72 26 68 34 	 97 	 94 	 119 77 16 28 2 3
11 	 1 175 181 26 	 55 	 552 	 165 39 23 9 11 21 	 14 	 45 	 69 36 6 9 5 4
12 	 1 27 146 193 	 13 	 24 	 229 103 8 6 1 3 	 23 	 16 	 25 20 1 4 0 0
134 1 37 105 92 	 6 	 4 	 11 157 87 46 18 10 	 9	 11 	 25 12 1 2 0 0

Bean Annual Height (kg) at Age of 41inopgr Haddock

B \ 	 I_
1 	 I

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

1	 I 	 .290 .290 .290 	 .270 	 .180 .230 .230 .280 .290
-------------------------------------------------------------------------------------------------------------------------------------

.290 	 .160 	 .230 .000 .000 .250 .000 .000 .000 .000

2 	 I .570 .500 .450 	 .510 	 .460 .520 .520 .460 .440 .510 	 .522 	 .593 .493 .394 .527 .553 .523 .615 .491
3	 I .900 .960 .900 	 .750 	 .820 .820 .810 .710 .870 .870 	 .882 	 .887 .907 .758 .785 .787 .726 .733 .788
4 	 1 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 1.126
5 1 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 1.407
6 	 1 1.430 1.500 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 1.875
7 	 1 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 2.297 2.460 2.480 2.473 2.297

8 I 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 3.000
9 	 1 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 3.614
10 	 1 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 3.287
11 	 I 2.800 3.250 3.000 	 3.300 	 3.200 3.500 4.100 3.690 4.030- 4.960 	 4200. 	 4.546 3.946 3.630 3.841 4.162 3.037 3.980 4.495
12 	 1 2.850 3.000 3.707 	 2.4-d 	 'o.00 . 3.700 ' 4.000 3.940 3.620 6.000 	 4.963 	 4.823 4.033 3.780 4.114 4.300 3.110 .000 .000
1311 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 .000 .000

Percent Landings at Age by Buibers

( C ) 	 1 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
- ------------------------- -- -

	II	 0 	 0 	 0 	 2 	 0 	 0	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0	 0 	 0	 0 	 0

	

21 	 10 	 8 	 0 34 	 7 	 15 	 10 	 9 	 0 	 1 	 1 	 6 	 3 	 0 	 5 	 2 	 2 	 0 	 0

	

3 1 	 7 	 16 40 	 1 49 - 32 	 13 23 20 	 8 	 15 	 12 24 20 	 8	 18 	 10 	 9 	 4

	

41 	 14 	 B 21 25 	 3 36 33 15 42 46 19 33 16 33 34 20 37 28 19

	

51 	 3 	 14 	 6 12 19 	 3 29 24 	 13 27 34 	 22 31 	 23 25 41 	 34 41 	 41

	

6 1 	 5 	 4 	 1 	 6 	 5	 8	 3, 21 	 17	 7 	 22 	 17 	 II 	 13 	 17" 13 	 13 	 19 	 2B

	

7 1 	 41 	 1 	 1 	 7 	 2 	 2 	 6 	 3 	 6 	 9 	 3 	 6 	 10 	 6	 7 	 4 	 2 	 2 	 6

	

81 	 17 	 33 	 1 	 4 	 3	 1	 1 	 3 	 1	 2 	 4 	 2 	 2 	 2 	 2 	 1	 I 	 1 	 1

	

91 	 1 	 10 	 14 	 3 	 2 	 0 	 1 	 1 	 1 	 0 	 1 	 2 	 1 	 1 	 1	 0	 0	 0 	 0

	

101 	 1 	 2 	 6 	 7 	 3 	 0 	 I 	 1 	 0 	 0 	 0 	 1 	 I 	 1 	 1 	 0 	 0	 0 	 0

	

III 	 2 	 2 	 0 	 1 	 6	 I 	 0. 0 	 0 	 0 	 0 	 0 	 0 	 0	 0	 g 	 0

	

121 	 0 	 1 	 2 	 0 	 0	 2 	 1 	 0 	 0 	 0 	 0 	 0 	 0	 0 .0 	 0	 0 	 0 	 0

	

13t1 	 0 	 1 	 1 	 0	 0	 0 	 1 	 1 	 0 	 0 	 0 	 0 	 0	 0	 0 	 0 	 0	 0 	 0

Percent Landings at Age by Weight

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

	

1 I 	 0 	 0 	 0 	 0	 0 	 0 	 0 	 0 	 0' 0 	 0 	 0	 0	 0	 0	 0 	 0 	 0 	 0

	

21 	 4 	 2 	 0 	 13 	 2	 7 	 4 	 3 	 0 	 0 	 0 	 2	 1 	 0	 2	 1 	 1 	 0 	 0

	

3 1 	 4 	 10 24 	 1 	 29 	 22 	 7 	 11 	 II 	 4 	 8 	 6	 14 	 10 	 4 	 10 	 6 	 5 	 2

	

4 1 	 10 	 6 19 23 	 3 36 27 	 12 35 36 	 14 25 13 25 25 	 16 31 21 	 14

	

51 	 3 12 	 6 16 23 	 4 32 27 14 29 34 23 32 26 25 42 36 42 39

	

61 	 5 	 4 	 9 	 9 	 9 14 	 5 31 	 25 	 10 29 23 15 19 24 	 19 1B 26 33

	

71 	 46 	 1 	 1	 11 	 4 	 4 	 13	 5 	 10 	 14 	 5 	 10 	 16	 10 	 11 	 8 	 4 	 5 	 9

	

81 	 22 40 	 1 	 6 	 5 	 3 	 3 	 6 	 2 	 4 	 7 	 4 	 4 	 5	 5	 3 	 2 	 1 	 2

	

91 	 '2 14 21 	 5	 4 	 1 	 1 	 2 	 2 	 1 	 2 	 4 	 3	 2 	 2	 1 	 I 	 0 	 0

	

10 - 1 	 2 	 3 	 It 	 14 	 6 	 1 	 2 	 1 	 0 	 1 	 I 	 1 	 2	 2 	 1 	 0 	 1 	 0 	 0

	

II) 	 3 	 4	 1 	 2 	 14 	 3 	 1 	 0 	 0 	 0 	 0 	 0	 1 	 1 	 1 	 0 	 0 	 0 	 0

	

121 	 0 	 3 -5 	 0 	 1	 5 	 2 	 0 	 0 	 0 	 0 	 0	 0	 0	 0 	 0 	 0 	 0 	 0

	

13+1 	 1 	 2	 2 	 0 	 0 	 0 	 4 	 2 	 1 	 0 	 0 	 0	 0	 0	 0	 0 	 0 	 0 	 0
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Table 6. 	 Multiplicative analysis of commercial catch/effort data for otter trawlers in
4Xmnopgr. Categories: 1 	 - year, 2 - tonnage class, 	 3 - unit area, 4 	 -
month.

91 9101106 OP NULTIPLICCTIVI 	 (OIL

NULTI PLI 	 I ............. .718

(LTIPLI 11000917..... .515

ANALYSIS Of 09810901

SOUK[ 01 BUNS 01 NION
VARIATION DI 	 1020811 5000615 	 I-VGLUI

I47180977 1 	 1.70710003 1.707[0003

/1081011022 40 	 2.96010002 7.40110000 	 33.141

7571 	 1 20 	 7.73410001 3.86710000 	 17.317

TYPI 	 2 ♦ 	 7.45910001 1.96310001 	 83.503

TYPO 	 3 5 	 3.42310001 6.84610000 	 30.656

TYPO 	 4 11 	 3.27310001 2.97610000 	 13.325

818160500 1246 	 2.78210002 2.2331'001

TOTAL 1287 	 2.28210003

C6TIG017 	 CODl YAIUI 99IIBBLI 	 COIIIICIINT STD. 	 11101 40. 	 039.

- 	 1 68 INTIICIPS '0.746 0.138 1287

2 2
3 1
4
1

1
69 1969 1 '0.069 0.103 45

70 8970 2 '0.169 0.114 31

71 1971 3 -0.447 0.120 26

72 1972 4 '0.532 0.1I7 22

73 1977 5 -0.764 0.122 13

74 1974 6 '0.039 0.170 10

73 1972 7 -0.079 0.098 61

76 1976 B -0.112 0.098 63

77 8977 9 0.261 0.091 93

78 1976 10 0.416 0.094 83

79 	 . 1979 11 0.252 0.090 107

80 1960 12 0.253 0.090 118

81 1981 13 0.296 0.092 101

82 7982 14 0.083 0.093 96

83 1917 15 '0.086 0.093 90

84 1964 16 -0.164 0.097 77

81 1963 17 '0.299 0.098 68

86 1986 IB .0.269 0.103 57

87 1987 19 '0.216 0.106 48

BB 1988 20 -0.210 0.114 36

2 3 1C3 21 0.407 0.033 429

4 IC4 22 0.488 0.036 120 

5 TC5 23 0.766 0.044 308

6 TC6 24 -0.268 0.470 1

3 2 Axn 25 '0.932 0.093 341

3 40. 26 -0.882 0.094 301

4 40y 27 -0.669 0.095 159

! •y 28 -0.050 0.09: 198

6 18 29' -1.086 0.100 159

'4 2 hb 30 0.250 0.060 149
7 Mo. 31 0.371 0.065 110

4 Ay, 32 0.149 0.069 92

3 Ma, 73 '0.080 0.063 138

6 Am 34 0.103 0.062 139

7 1^1 33 "0.115 0.066 111

B A.0 36 -0.185 0.070 98

9 6.p1 3T. -0.035 0.067 112

80 C1cr 38 '0.008 0.068 100

11 N.. 39 '0.232 0.083 31

12 D.. 40 '0.170 0.084 49

PIIIICTID CATCH laps

810608821 0812 VSIIBILI NU99II11 2 	 4 2

TOTAL CATCH 7071

0188 CATCH 680?. NOAH 6.L. 911081

68 9364 0.254 0.347 0.033 26959

69 11826 0.140 0.343 0.032 34299

70 11395 0.189 0.293 0.030 30874

71 12000 0.185 0.222 0.024 54105

72 7492 0.192 0.202 0.024 37034

73 6050 0.167 0.161 0.023 37625

74 5571 0.039 0.331 0.033 16818

71 10693 0.322 0.321 0.027 32658

76 10491 0.293 0.311 0.026 33739

77 14521 0.492 0.452 0.033 32154

78 17301 0.467 0.129 0.019 32730

79 1.488 0.5{{ 0.{{8 0.022 61291

90 20088 0.323 0.448 0.031 44794
91 21240 0.516 0.468 0.033 43410

82 14642 0.573 0.378 0.027 38733

83 15098 0.539 0.319 0.022 47269

84 12437 0.508 0.295 0.022 42096

85 10399 0.435 0.258 0.019 40327

86 9401 0.380 0.266 0.001 15394

97 6453 0.352 0.280 0.023 30173

BB 7430 0.213 0.281 0.026 2.67

8VII9GI C.V. 708 761 60892 .090
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Table 7. 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 MEAN NUMBERS PER STANDARD TOW

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 15.899 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 1 4.719 11.116 0.260 19.354 23.084 3.744 6.119 33.567 5.039 13.428 6.856 28.799 28.737 4.538 23.382 6.779 8.723 0.897 1.863
3 1 1.405 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 1 2.605 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
6 1 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 1 5.775 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 1 0.807 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 10.343 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 1 0.283 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 0006 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 10.031 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, STANDARD ERROR OF MEAN NUMBERS PER STANDARD TOW

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 0.055 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 11.488 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 0.071 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 0.000
11 10.032 0,000 0.000 0,000 0.011 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 1 0.000 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

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
---+--------------------------------------------------------------------------------------
01 0 0 0 0 0 0 79 0 0 48 109 68 98 67 40 0 45 0771 	 1 25 47 44 35 57 40 25 29 35 51 64 58 39 33 46 26 12 26 40
2 	 1 30 25 50 40 35 29 23 36 31 12 42 44 28 36 48 20 28 41 56
3 	 1 23 30 28 36 32 29 15 62 30 8 39 47 27 30 36 33 27 23 24
41 29 34 19 20 27 27 16 60 26 22 31 18 23 18 34 46 23 17 16
5 	 1 40 34 17 12 26 32 15 44 29 28 30 15 20 16 25 34 22 16 13
6 	 1 40 35 16 18 29 29 13 39 32 25 28 15 17 15 20 16 27 17 22
71 33 38 17 16 28 34 13 29 26 25 23 20 20 15 19 20 38 23 36
8 	 1 36 34 18 24 29 33 0 36 0 24 18 26 28 20 18 33 37 0 60
9 	 1 37 34 17 26

.

29 40 0 22 0 44 20 27 31 24 21 0 65 0 96
10 46 59 0 25 29 57 0 35 0 0 23 44 53 26 40 0 0 0 0
11 	 1 38 0 00 21 35 0 0 0 0 039 0 0 0 0 0 0 0
12 	 1 0 52 0 0 0 31 35 65 0 0 0 0 0 46 0 0 0 0 0
13 	 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 8. 	 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.

4. 	 CANADIAN SUMMER SURVEY - STRATIFIED AR C MEAN WEIGHT ([6) PER STANDARD TOW

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
---4---------------------_-----------------_-------------------------
0 I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,002 0.000 0.004
1 I 0,554 0.011 0.467 0.635 1.087 0.765 9.629 0.694 0,434 0.132 1.798 3.408
2 I 1,894 2.880 0.052 5.543 7.224 1.397 2.226 15 -.385 2.077 4.837 2.745 11.382
3 I 1,034 3.609 2.055 0.314 21.331 3,630 2,724 31.641 8,886 8,087 11.376 5.561
4 I 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 I 1.491 •4,125 1.364 2.500 7,019 0.732 12.069 19.908 2.360 8.378 23,005 5.533
6 I 4.057 2.185 1.690 1.002 1.969 4,331 1.216 13,678 5,310 4,442 9.473 7.397
7 111.214 3.694 1.136 1,347 1,217 1.488 1.777 2.208 2.723 7.890 4.199 2.891
8 I 1,904 11.022 2.028 1,111 1.543 1.226 0.310 3,096 0,096 3.357 3.689 0.708
9 I 0.860 1.971 3.327 0.703 0.908 0.533 0.073 0.541 0,000 0.989 2.081 1.408

10 I 0.881 0.354 0.140 1.032 0,668,0.372 0.118 0,394 0.000 0,096 0,796 1.117
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
12 I 0.073 0.205 0.026 0.000 0.000 0,862 0.872 0.234 0,133 0.000 0.000 0.160
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.

1982 1983 1984 1985 1986 1987 1988

0,001 0.002 0,002 0.000 0.000 0.000 0.000
0.778 0.475 0,482 0,499 0.292 0.071 0.731
6.411 1.178 6.872 1,681 2.372 0.178 0.717
8.501 8,242 5,748 12.648 5,026 1.705 1.298
5.805 6.326 14.310 15.194 12.369 5,485 3.863

10.383 5.723 6.965 14,330 12,099 7.085 7,183
5.179 4.576 5.901 6.519 4.422 3.165 3.701
6.136 2.326 3.410 2.621 1.448 0.995 0.696
1.001 0.847 1.351 0,275 0,691 0.008 0.291
0,663 0.809 1.378 0.000 0,237 0.000 0,493
0.273 0.616 0.277 0.127 0.076 0.000 0.000
0.130 0.225 0.124 0.000 0.076 0.000 0.000
0.000 0.258 0,124 0,114 0.000 0.000 0.000
0.000 0.385 0.128 0.008 0.309 0.340 0,189

	B.	 'CANADIAN SUMMER SURVEY - AVERAGE WEIGHT (0) OF AN INDIVIDUAL

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
	- -4------------------	 --

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 10.401 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
31 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 11.015 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 12.359 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 12.507 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 13.113 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 12.355 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 9. 	 ADAPT input summary for 4X haddock.

- Year-class estimates

N,1988 	
i = 2 to 8

- Calibration constants for RV surveys

K,
i
	i=2 to8

Structure :

- Natural mortality assumed equal to 0.2

- Error in catch at age assumed negligible

- F for age 11 calculated as the weighted F for ages 7-8

- F for ages 9-11 in 1988 calculated as the weighted F for ages 7-8

- Intercepts not included

Input :

- Ci,t 	
i = 2 to 11 	 t = 1970 to 1988

- RV 1 	i = 2 to 8	 t = 1970 to 1988

- Survey numbers were related to July SPA numbers

Objective function :

- Minimize
EE(obs.(ln RV. ) - pred.(ln RV. )) 2

it

Summary:

- Number of observations = 133

- Number of parameters = 14
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	Table 10.	 (A) Final parameter estimates and T-statistics for ages 2-8 and ages 2-8
slopes; (B) correlation matrix showing interrelationships among the 14
parameters from ADAPT run and (C) standardized residuals form RV index
under assumption of log model (s.e. = 1).

(A) 	 ESTIMATED PARAMETERS AND STANDARD ERRORS
APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION

ORTHOGONALITY OFFSET......... 	 0.011853
MEAN SQUARE RESIDUALS ....... 	 0.542941

Parameter 	 PAR. EST. 	 STD. ERR. 	 T-STATISTIC

n 2 .88 	4.88597E0003	 3.70896(0003 	 1.31734(0000

n , 88 	 2.88692(0003 	 1.49709(0003 	 0.92836E0000
n , '88 	 8.63952(0003 	 3.79187(0003 	 2.27843(0000
n 5 , 88 	 8.77020E0003 	 3.47647(0003 	 2.52273(0000
n 6 , 88 	 4.99690(0003 	 2.08326(0003 	 2.39860(0000
Fl , 88 	 6.47852E0002 	 1.55660(0002 	 4.16196(0000

n 8 , 88 	 2.1262960002 	 9.92183E0001 	 2.14305(0000
q 2 	4.30828E-004	 7.73806('005 	 5.5$765E0000
q 3 	5.60798(004	 9.82804('005 	 5.70610E0000
q 4 	 6.21396E-004 	 1.07811E-004 	 5.76376(0000
q 5 	 8.46227E-004 	 1.46632E-004 	 5.77108(0000
q 6 	1.05921E-003	 1.83672E-004 	 5.76682(0000
q 	 l.24566E003 	 2.19471E"004 	 5.61575E0000
q B 	 8.48077E-004 	 1.48679E-004 	 5.70408(0000

Parneter Correlation Matrix

(L+) 	 __` 	 1 	 2 	 3	 4 	 5 	 6 	 7 	 8 	 9 	 IO 	 Il 	 12 	 13 	 14

1 	 I 1.000 .040 .032 .024 .014 .002 .001 .236 .014 .008 .005 .003 .001 .001

2 I .040 1.000 .045 .033 .020 .003 .002 .169 .178 .012 .008 .004 .001 .001

31 .032 .045 1.000 .043 .026 .004 .003 .136 .140 .156 .010 .005 .001 .001

4 	 I .024 .033 .043 1.000 .036 .006 .005 .101 .103 .119 .165 .007 .002 '.002

51 .014 .020 .026 .036 1.000 .015 .013 .058 .060 .072 .111 .184 .005 .004

6 I .002 .003 .004 .006 .015 1.000 .033 .010 .010 .012 .020 .063 .237 .100

71 .001 .002 .003 .005 .013 .033 1.000 .006 .007 .009 .018 .055 .125 .229

8 I '.236 .169 .136 .101 .058 .010 '.006 1.000 .058 .035 .023 .012 .003 .002

9 I '.014 .178 .140 '.103 '.060 -.010 '.007 .058 1.000 .036 .023 .012 .003 .002

10 	 I '.008 .012 .156 .119 .072 .012 '.009 .035. .036 1.000 .027 .014 .004 .003

11 	 1 .005 .008 .010 .165 .111 .020 .018 .023 .023 .027 1.000 .022 .007 .006

12 	 1 '.003 .004 .005 .007 .184 .063 '.055 .012 .012 .014 .022 1.000 .021 .018

13 	 1 '.001 '.001 '.001 .002 .005 .237 .125 .003 .003 .004 .007 .021 1.000 .050
14 	 I '.001 .001 .001 .002 .004 .100 '.229 .002 .002 .003 .006 .018 .050 1.000

Standardized Residuals for RV index fs.e.=1 for log model)

(C ) 	 I 	 1970 	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 	 1977 	 1978 	 1979	 1980 	 1981 	 1982 	 1983 	 1984 	 1985 	 1986 	 1987 	 1988

2 I .095 .369 	 '1.980 .324 .526 '.613 '.890 .749 	 '.591 .092 '.225 1.060 1.037 '.505 .722 '.229 .472 '.411 .000

3 I '.562 .208 ".730 1.132 .910 '.972 '.508 .977 	 '.414 .076 .225 '.173 .331 .402 .482 .785 .124 '.410 .380

4	 I ".278 .147 '.568 '.436 '.547 '.093 '.776 .871 	 1.159 '.019 .120 .055 '.289 .067 1.033 1.181 .695 .016 '.029

S I '.468 • 	 .079 '.556 ':150 .085 1.260 .159 .433 	 1.028 '.373 .529 '.404 .286 '.117 .681 1.290 .928 '.096 .043

6 1 .028 .043 .728 .827 .194 .274 '.648 .658 	 '.621 '.185 .166 '.117 .012 .055 .803 1.330 .902 .337 '.597

71 '.920 '.I10 ".653 '.567 '.322 '.226 .728 .268 	 '•351 .182 .101 '.293 .605 '.080 1.006 1.050 1.038 .133 '.119

81 '1.087 .008 '.362 .035 .590 .574 '.578 1.003 	 1.820 .888 .541 '.736 '.166 .286 1.139 .131 2.400 '2.389 '.457



.000

.037

.139

.276

.453

.396

.654

.536

.487
1.021
.632

.000

.034

.117

.254

.344

.794

.678

.784

.921
1.500
.730

.000

.004

.185

.577

.678

.933

.979
1.168
1.017
1.155
1.031

.000

.026

.079

.434

.914
1.432
1.608
1.325
1.402
2.188
1.528

Table 11. 	 Cohort analysis calibrated with RV catch per tow using RV-SPA
relationships generated from ADAPT.

POPULATION NUMBERS (000S)

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

	

1 I 	 25109 	 6019 47115 	 44189 	 23775 	 48521 	 51622 	 29039 	 39102 	 27490 	 32755 	 32841 	 24015 	 36729 	 27318 17564 	 4343 	 5957 	 0

	

2 I 	 11889 20558 	 4928 	 38538 	 36043 	 19464 	 39692 	 42248 	 23773 	 32014 	 22507 	 26803 	 26887 	 19662 	 30071 	 22364 	 14380 	 3556 	 4877

	

3 I 	 5422 	 8779 16118 	 - 4015 	 28768 	 20882 	 13968 	 31324 	 33427 	 19396 	 26138 	 18281 	 20875 	 21569 	 16040 	 23980 	 18131 	 11511 	 2876

	

4 I 	 7244 	 3784 	 5725 	 10089 	 3185 	 19343 	 19513 	 9949 	 22818 	 24333 	 14832 	 19197 	 12963 	 13799 	 14678 	 12130 	 17862 	 13786 	 8598

	

5 1 	 2616 	 4572 	 2385 	 3021 	 6227 	 2328 	 11164 	 12120 	 6318 	 12335 	 13852 	 9422 	 10082 	 8375 	 6342 	 7783 	 7885 	 10663 	 8691

	

8 I 	 3231 	 1799 	 2456 	 1492 	 1508 	 3489 	 1467 	 5809 	 7034 	 3278 	 6587 	 6443 	 3915 	 4067 	 3479 	 2081 	 2286 	 2906 	 4943

	

7 1 	 16216 	 2171 	 1107 	 1427 	 745 	 174 	 1858 	 808 	 2149 	 3197 	 1716 	 2227 	 2384 	 1664 	 1310 	 680 	 380 	 535 	 632

	

8 I 	 4522 	 9172 	 1715 	 825 	 626 	 439 	 410 	 791 	 336 	 818 	 1492 	 928 	 771 	 633 	 512 	 215 	 137 	 88 	 211

	

9 I 	 1105 	 2016 	 4509 	 1353 	 384 	 269 	 204 	 197 	 296 	 151 	 432 	 657 	 437 	 324 	 161 	 111 	 56 	 8 	 21

	

10 I 	 813 	 784 	 728 	 2637 	 873 	 146 	 164 	 102 	 64 	 145 	 72 	 201 	 246 	 192 	 96 	 32 	 43 	 10 	 5

	

11 1 	 557 	 578 	 495 	 133 	 1603 	 471 	 91 	 48 	 19 	 29 	 58 	 28 	 77 	 116 	 50 	 9 	 12 	 10 	 678723 60233 87282 	 107719 	 103737 	 124126 140153 	 132436 	 135336 	 123187 	 120440 	 117020 	 102652 	 107130 100058 86950 65516 49030 30860

FISHING MORTALITY

	

1 	 1970 	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 	 1977 	 1978 	 1919
	

1980 	 1981 	 1982 	 1983 	 1984 	 1985 	 1986 	 1981 	 1988
---4-------------- --

	1'I	 .000 	 .000

	

21 	 .103 	 .043

	

31 	 .160 	 .228

	

4 I 	 .260 	 .262

	

5 I 	 .174 	 .421

	

6 I 	 .198 	 .285

	

7 I 	 .370 	 .036

	

8 I 	 .608 	 .510

	

9 1 	 .143 	 .819

	

10 I 	 .140 	 .261

	

11 I 	 .422 	 .420

	

.000 	 .001

	

.022 	 .132

	

.197 	 .192

	

.113 	 .350

	

.379 	 .262

	

.467 	 .430

	

.329 	 .435

	

.644 	 .568

	

.766 	 .294

	

.416 	 .277

.473 1 .483

	

.000 	 .000

	

.003 	 .003

	

.118 	 .061

	

.415 	 .363

	

.456 	 .427

	

.589 	 .441

	

.765 	 .564

	

.599 	 .431

	

.510 	 :539

	

.595 	 .727

	

.743 	 .537

	

.001 	 .000 	 .000

	

.008 	 .050 	 .020

	

.109 	 .144 	 .214

	

.254 	 .443 	 .237

	

.565 	 .678 	 .708

	

.884 	 .794 	 .655

	

.415 	 .861 	 1.125

	

.619 	 .554 	 .668

	

.566 	 .783 	 .622

	

.734 	 .763 	 .549

	

.510 	 .770 	 1.014

	

.000 	 .000 	 .000 	 .001

	

.010 	 .023 	 .012 	 .006

	

.094 	 .074 	 .092 	 .127

	

.231 	 .316 	 .261 	 .188

	

1.025 	 .798 	 .569 	 .445

	

1.501 	 1.251 	 1.326 	 .558

	

1.401 	 1.260 	 .734 	 1.474

	

1.141 	 2.666 	 1.218 	 .503

	

.748 	 1.560 	 .334 1.234

	

.789 	 1.272 	 .260 	 1.234

	

1.339 	 1.633 	 .802 1.234

	

.001 	 .004

	

.005 	 .092

	

.268 	 .032

	

.439 	 .283

	

.269 	 .495

	

.343 	 .495

	

.094 	 .625

	

.037 	 .564

	

.337 	 .238

	

1.502 	 .298

	

.060 	 .603



Table 12.	 Comparison of numbers (millions) at age 1 generated by CAFSAC assessments since 1977.

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

O'Boyle unpublished
assessment #1 1977 30.8 7.0 60.4 49.3 28.9 33.4 - - - - - - - - - - - 	 - 	 -

O'Boyle unpublished
assessment #2 1978 20.8 7.0 60.2 35.3 14.6 26.9 44.8 - - - - - - - - - - 	 - 	 -

Res. Doc. 78/19 33.0 10.8 75.0 56.4 34.7 43.5 83.0 29.4 - - - - - - - - - 	 - 	 -

Res. Doc. 802 26.4 7.2 50.3 53.3 28.9 56.2 73.5 41.3 50.3 - - - - - - - - 	 - 	 -

Res. Doc. 81/24 25.4 6.5 48.6 47.2 26.2 50.6 81.8 42.0 76.1 45.3 100.0 - - - - - - 	 - 	 -

Res. Doc. 82/53 25.5 6.1 47.9 46.3 25.0 54.1 63.0 39.0 61.9 31.8 97.0 - - - - - - 	 - 	 -

Res. Doc. 83113 25.4 6.4 47.74 44.6 24.6 50.1 59.4 33.5 57.0 28.2 88.0 75.5 30.7 - - - - 	 - 	 -

Res. Doc. 84/100 25.3 6.3 47.4 44.5 24.2 49.0 52.6 30.2 41.3 28.1 37.9 39.4 24.5 20.0 - - - 	 - 	 -

Res. Doc. 85/109 25.3 6.3 47.4 44.4 24.0 49.1 52.1 30.2 41.8 33.9 39.8 58.5 28.6 48.6 12.3 - - 	 - 	 -

Res. Doc. 86/98 25.3 6.2 47.3 44.2 23.7 48.8 52.1 29.6 39.9 29.4 37.9 48.3 37.5 50.2 23.2 27.4 18.7 	 - 	 -

Res. Doc. 87/97 25.3 6.2 47.3 44.1 23.7 48.6 51.6 29.1 39.1 27.5 34.1 36.9 29.1 50.5 27.8 19.5 20.0 	 - 	 -

Res. Doc. 88172 25.4 6.3 47.5 44.3 23.7 48.6 57.6 30.0 43.8 30.8 37.2 37.1 25.0 40.0 28.4 18.3 4.5 	 6.2 	 -

Present Document 25.1 6.0 47.1 44.2 23.8 48.5 51.6 29.0 39.1 27.5 32.8 32.8 24.0 36.7 27.3 17.6 4.3 	 6.0 	 '24.0

* - yGM

W
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Table 13
	 Comparison of population parameters generated by O'Boyle et al. (1988) and

the current assessment.

Mid-Year Age 1-11
	 FullyRecruited Ages (5-6)

Population Biomass (kt)
	

Fishing Mortality
Year 	 1988 	 1989

	
1988 	 1989

1970 62.5 60.1 0.185 0.187
1971 51.6 49.8 0.389 0.383
1972 51.7 52.9 0.309 0.306
1973 58.3 58.2 0.501 0.495
1974 60.3 602 0.391 0.396
1975 69.8 69.1 0.347 0.363
1976 79.6 77.8 0.434 0.447
1977 83.8 80.8 0.481 0.490
1978 97.1 91.7 0.525 0.526
1979 100.3 92.4 0.430 0.432
1980 95.3 85.0 0.571 0.668
1981 92.2 78.7 0.585 0.725
1982 83.9 68.1 0.554 0.693
1983 74.5 57.2 0.546 0.762
1984 69.9 53.1 0.688 1.098
1985 68.1 50.1 0.680 1.126
1986 59.9 43.0 - 	 0.674 0.900
1987- 50.6 34.8 0.591 0.731
1988 - 33.7 - 0.486
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.Table 14. Yield per recruit analysis for 4X haddock.

ACE HLICHT-AT-ACE PARTIAL RECRUITMENT

-- 1 	 '" .223 	 - .000

2 .473 .012

3 .790 .111

4 1.148 .291

5 1.523 .690

6 . 	 1.894 1.000

7 2.250 1.000

8 2.581 1.000

9 2.883 1.000

10 3.115 1.000

it 3.396 1.000.

12 3.607 1.000

13 3.791 1.000

14 3.951 1.000

15 4.088 1.000

16 4.206 1.000

NATURAL MORTALITY RATE : 0.2
F0.1 'COMPUTED AS 	 .2680 AT Y/R 01 	 .5246
FMAX COMPUTED AS 	 .8693 AT Y/R 07 	 .5972

YIELD PER RECRUIT ANALYSIS

FISHING CATCH YIELD AVG. WEIGHT " YIELD PER

MORTALITY (NUMBER) (KC) (KC)
-----------

UNIT EFFORT
-----------

---------

.1000
--------

.154
------
.339 2.209 1.732

.2000 .237 .478 2.019 1.221

10.1--- 	 .2680 .274 .525 1.916 1.000

.3000 .288 .539 1.874 .919

.4000 .323 .569 1.762 .727

.5000 .349 .584 1.674 .597

.6000 .369 .592 1.603 .504

.7000 .385 .595 1.545 .435

.8000 .399 .597 1.496 .381

?MAX--- 	 .8693 .407 .597 1.466 .351

• 	 .9000 .411 .597 1.454 .339

1.0000 • 	 .421 .597 1.417 .305

1.1000 .430 .595 1.385 .277

• 	 1.2000 .438 .594 1.357 .253

1.3000 .445 .592 1.331 .233

1.4000 .452 .591 1.308 .216

1.5000 .458 .589 1.286 .201
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Tables15!• Data used in derivation of Von Bertalanffy growth model for yield
per recruit analyses.

Weight at Age Length at Age (cm)
(kg) 	 1962-87 	 1w = 	 ( 0.0077585L 3 • 07669 ) Predictedt Predicted

Age AVG. 1000 Length at Age Weight at Age

1.5 - - 28.125 0.223

2.5 0.486 36.236 35.905 0.473

3.5 0.787 42.380 42.435 0.790

4.5 1.121 47.536 47.916 1.148

5.5 1.482 52.052 52.518 1.523

6.5 1.876 56.201 56.380 1.894

7.5 2.291 59.974 59.623 2.250
8.5 2.611 62.577 62.345 2.581
9.5 2.954 65.143 64.629 2.883

10.5 3.205 66.891 66.547 3.155
11.5 3.415 68.286 68.157 3.396
12.5 3.478 68.689 69.508 3.607
13.5 - - 70.643 3.791

14.5 - - 71.595 3.951
15.5 - - 72.394 4.088

16.5 - - 73.065 4.206

1 - From summer survey (Strata 70-85)

-0.175037
(t+1.11515)

2-L=76.573 [1-e 	 ]
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Table 16. 	 Percent maturity at age for 4X haddock females using length-maturity
relationship' ' from Waiwood and Buzeta (1989).

Age 	 Percent Maturity

1.5
	

0.80
2.5
	

15.90
3.5
	

49.20
4.5
	

75.40
5.5
	

88.90
6.5
	

94.90
7.5
	

97.50
8.5
	

98.70
9.5
	

99.30
10.5
	

99.60
11.5
	

99.70
12.5
	

99.80
13.5
	

99.90
14.5
	

100.00
15.5
	

100.00
16.6
	

100.00

1 	. Probit = 13.41908 log 10 L(cm) - 16.86306
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Figure 2.	 Long-term trends in 4X haddock landings, along with TACs since 1970.
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s



(A) 	 200

U) 	 150 1
cOE
0m
0 	 1001

Q0a
501

65 	 70 	 75 	 80, 	 85 	 90

Year

Ew

- - • - - Survey nos. per tow

--^— Mid-year numbers

I . 	rt

i r .t !t 	 ^^,
Y

(B)

30H
a)
Q.

N
0
Z
a)

250

200

150

100

50

0

250

150

50

0

0

E

Cl)

a)
E

Z

45

60 	 65 	 70 	 75 	 80 	 85 	 90

Year

Figure 11. 	 Trends in (A) mid-year population biomass and (B) age 2-8 survey and age
2-8 SPA mid-year numbers for the 4X haddock resource.
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Figure 12.	 Trends in age 5-6 fishing mortality of the 4X haddock resource.
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Figure 15. 	 Trends in spawning stock biomass for 1962 - 88.
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List of functions used in the calibration of the 4X haddock assessment
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VANDCO]o

[03 2M AND 0
[!l 	 Zo((a1+1fPB)0OIW1)%BI('24 I I ,PB)PB
[2) 	 ICOI0+II7+A

VBLOT[079
[0) A SLOT BICIDIEIFIOIHII1KJL)MINIOIOIPIS(TIUIVIXIPVALICOMIDICRTT
[1] 010.1 • CRTf+5E'11
C23 SM(,(O•DIC 2 2 P'dxdy')/ 2 3 P'dx+dyN ),err
(33 ps+'+0123456789ABCDEFOHIJKI.IYIIX'RBTIMIXYZ'
[43 •(^/ 1 2 •PPB)PL2
[sl 	 4((2-PP8)^1I1fPB)/LI
(6) B+(2.U)P(%U+PB),B
(73 L11+(I/PPA)PL2
[8] •(2 6 .PA) L3,L7
[9) L2(40,0•D.'PARAIETRES NON VALIOEB',acr
[10] L3sM.L4,cK+LIE'3+(LMC2])=l0), Q /8C11]),L/B[11) • 44.5
Cl1] L4(H*I[P3 • C+0[P]
(12) M+L6,(E.LiE-3+(B.A[1))-5),(r/,T),l/,T. 1 0 48
[133 L3(So 10000 5000 2500 1000 500 100 50 25
[14] •(041t21)/L2
[13] •(0/U+-/"21M)/LSA
[16) •0,0f6►'PAS DE VARIATION DAN9 X CN Y',Aer
[17) L3A,S+Sx10t4+f1OBLIHFM(27
[18) Pe(M[311(I+1C43-SII1[43)44IC23xDN-SIV+1.2941)t1 • •M
0193 L6tX4ll.8+(B(Ip7-H)x1O{
0203 T+L0.3e(T-I+I(P))x5^D.DCP3 • 44.8
(211 V(K+L1E'3+(L.A(4])-10
[22) E+LIE"3+(S4A[1])-5
(23] X+(F+(O1X)^X1L+1)/X+l1.5+t8Cl1-+1+AC33)x10+C+AC63
(241 T.F/L0.3+((T+ 1 0 4B)-I+At23)xS4D+A[33
1281 LBiM+(LlOBID)-0,t8+10
C263 "titL(^/(CRTTxDft/P)2Mo.IP4I I+Dx'1+%E+1)%1]
(273 8e 10 -3 • ♦((B(Po1+t10Bt/P)rMC -7)/L9
C283 S+I0,Of(8-Pfl)1-M
C293 L9t0otVSi0(Dx"1+E+1)o,+,I)'I+'[1+Vt00.S1'1+1+P+01
0303 U+((-t(U-x/Pdy)42)0(1.8+I)$dy),0
0311 XPS+(PT)PI
C321 XP6t117+("11PT)P1+tPps
[33] X+,xPS+t000X(PT)FX
[34] T+,T
[33] LIOiPVAL+(UC1+8-P)]),(L+1)P'
(363 4(O.PS.(T.P)/X)/L12
[37) 8+(610, -14S)/8+SC$93
(38] PVALC('1fPU)+L8-100014ps[1000IS]
[39] LI2(BPUf ' 	 ',PVAL
[40) •(01P+P-i)/L10
£443 OPUT(16P' ').'/',(L+1)P' • 	P
[42] M.(t101IC)-0,I0
(43) M+M[11L(^/(CRTTxCff/P)1(10*N)o.IP+IBMHCx'1+tK+t)l,13
C443 S+10-3 • +((8(Po1+L10Bf/P)v11('7)/L13
[45] 8+10,0f(S-PrI)L44
(46) L13&QPUT(8P' '),SIB
[47) •(0•x/Pdx)PO
(483 OPUT OTCt.F,((18+L0.5xL-x/Pdx)P' '),di

VDATASENC07V
[0) DATASEN PARIRESID
C13 RESID+OBJAFN PAR
(2) SthRESIDaRV+((PR(1MS),l+'1+Pc)PRESID
(3] RESIDACPUE+(-P,iecpue)$RESID

VDIFFECBICO3V
[0) R+DIFF6DBJ( DELTA; IITPAR
[1l A CALCULATES ONE SIDED DIFFERENCE OF OBJECTIVE FUNCTION
[2) I+1
[3) R+(N,0)PI
[4] DELTA+(O.Olxpar)+O.Olxpar O
[91 LIITPAR+C(I-1)•par),(par(ll+DELTA(I]),I4par
C63 R+R,(e-OBJaFN TPAR)-0ELTA(l3
[7) 	 +LI>d'lI+I+1

vDIEEoP14.TY[0l9
(0) R+DIFFoP(&TYIIIRIIDELTAITPARlfpnitylbpnity
(1) R CALCULATES FIRST AND SECOND DIFFERENCES OF PENALTY FUNCTION
(2] 	 1+1
(3) Ro 2 0 p0
(4] DELTA. (O.OIxPAR)•O.OIxPAR-0
CS) L1,TPAR+((I-I)APAR),(PARLII+DELTA[I3),IiPAR
C63 R1+(pnity-fpn1ty+alpha PNLTY4FN TPAR)-OELTA(I]
(7) TPAR+((I-1)#PAR).(PAREI]-DELTAtI)),I#PAR
(8) bpnity+alpha PNLTYaFN TPAR
[9) 	 R+R,,R1,(fpnityabpnity-2xpnity)-DELTA[I)
(10] 4Ll)PZI , 1+1

VFRGNAFNto]o
[0) R+FRONAFN A
[t] 	 R+A/(A>Ibnd),A(ubnd
(2) a THIS FUNCTION SHOULD RET18D( A I IF THE PARAMETERS
(3) A ARE IN THE FEASIBLE REGION AND 0 OTHERWISE
C43 A R+I DEFAULT RETURNS I
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vINPUTCO3v
(0] INPUTIANS
CI) 	 c.GEX 'K'
C23 t (O43NC 'BTOCXANAME')/"STOCK NAME?" •STOCKONArE+O'
(3) 'CATCH MATRIX FOR ',STOCKANAKE
[4] cw
(51 'FIRST YEAR AND YOUNGEST AGE IN CATCH MATRIX 4
[61 ANS40
[7] 	 YR+((1ANS)-1)+11c
(8] A84(VIMNS)-I)+t11Pc
[9] 'ENTER PARTIAL RECRUITMENT VECTOR FOR ALL AGES'
Cl0] PR+O
[11] 'ASSUED AGES OF FULL RECRUITMENT (START WITH FIRST FULLY RECRUITED AGE) ?
1123 ASE4A8t0
(13) 'PRESENCE OR ABSENCE OF PLUS GROUP (P/A) ?
(14) NUN'P'40
[13] 'NATtRAL MORTALITY 9
0163 ..O
(17) 'ENTER STARTING ESTIMATES OF AGE-SPECIFIC FR (TO BE ESTIMATED) FOR LAST YEAR
(18] ' EXCLUDE VALUE FOR PLUS ( IF ANY) GROUP
[19) FLY•0
120) 'AGES IN CALIBRATION INDEX ?
(21] RCINS.A8tAOES+0
[22] FRST+IfRON8 • LAST+'I$ROMB
C233 'ENTER FIRST AND LAST AGES TO CALIBRATE'
1243 FA8+0
[25] FR8T+PAGC13
[26] LAST•fA8(23
(27] 'STARTING ESTIMATES OF YEAR-SPECIFIC FS FOR OLDEST'
(283 ' NON-PLUS GROUP AGE (ENTER 0 IF NOT DESIRED)'
[29] FA8.0
£30) FVECT.FUvr1+FRSY+t1+LAST-FRST3,IACFAS
(31) CVECT.,c(c"l+PRSTKL•LAST-FRST)IfPc]
[32] +(FA8 0)/81
0331 CVECT•CVECT,IeS,cCLA8T)3
(341 S1,NVECT+(CVECTx(FVECT+.))-(FVECTx(I-t-fVECT+s))
0351 Ibnd•CVECT
(26) ubnd+(PNVECT)P10000000
0373 'RV INDEX OF ABIAVDANCE'
[38] ' 	 SAME YEARS AS CATCH AT AGE MATRIX
[39l ' 	 SAME AGES AS CALIBRATION BLOCK'
[40] 'ENTER 0 IF NO RV INDEX'
(41) INDEXATYPE. 0 0 A Indicator of indicts available (RV,CPUE)
[42] iarv+C
[43] •(t.+/+/larv)/cpu• A No RV index so go to cpu. input
[44] INDEXaTYPE(1]11
US] 'ESTIMATES OF STANDARD ERROR OF INDEX (ENTER 1 IF LAB MODEL)?
(461 1s.arv4(PiArv)P,0
[47] MASKRW(P1sSMv)P1
[48] MAGERV(* I97.O
(49] NEIONTRV+(+Is.Arv)xMASKRV
(30] 'INDEX FOR WHAT MONTH ( N0. FROM I TO 12 ) ?
0512 MNTH•0i12
1323 'STARTING AGE - SPECIFIC COEFFICIENTS FOR RV INDEX'
(33] ' ' 	 -
(S4) ' MATRIX OF AGE BY AGE COEFFICIENTS (t OR 2 CCIL(RNS)'
1633 (1/•/•/1starv)/' MODEL I9__ I - (80) • BI x POP '
[36] ([^+/+/lsse►v)/' LOG MODEL IS 	 LN(I) - Wt ISO] + B1 x PO > r
(67) r r
(S8] KW
[59] lbnd+lbnd,(P,K)P(- 11PK)f -9000 0 a MIN SLOPE -0, MIN INTER.-"9000
(601 ubnd+ubnd,(P,K)P9000 A MAX SLOPE AND INTER. - 9000
[61) cpua,'t]sUE INDEX OF ASI!(DANCE'
[62] ' 	 SAME YEARS AS CATCH AT AGE MATRIX'
[63] 'ENTER 0 IF NO CP(E INDEX'
[64] iAcpuHO
[65] +(0++/+/1acpus)/exit A No cpus index so go to exit
£66) INDEXaTYPE(21+1
[67] 11r'ESTIMATES OF STANDARD ERROR OF CP(E? (NO LOG MODEL O TION)
£68) ls.Acpu.W
(69) •((Plecpus)0Pisancpu•)/1) A must ba save length as lecpue
(701 'ENTER MEAN WEIGHTS AT AGE - SAME YEARS AND AGES AS CATCH'
£71) MNT40
(72] 'STARTING COEFFICIENTS FOP CPUE INDEX (ASE AS6REGATED)'
[73) rr

£74) •(O-ONC 'K')/nory
(75) 'ENTER ', (•1APK),' VALUE(S) FOR COEFFICIENT(S)'
1763 KM(t0
£773 •axftl
(78) narva
t793 'ENTER I (SLOPE) OR 2 (INTERCEPT AND SLOPE) COEFFICIENTS'
[80] K1(l,p rK)PK4,O
[81]axitltlbnd.lbnd,((I1— YpK)f"9000),0
(823 ubnd.ubnd,((ll- 11PK)f9000),9000
[83] •xltr/nitl.I+NYECT,,K
[84) alpha+1E -3xNYECT
1853 lldt.100
(86) NEIS)IT4IEIS4TRVx(+/+/MASKRV)=+/+/NEISNTRV
[87] 'Penalty constraints ON initially (Y/N)? Default Is OFF'
[88] USEOCONSTRAINTBW
1893 s(('Y'-ANS)•'y'■ANSWINKEY)/'USEACONSTRAINTS+1'
[90] 'Penalty functions turned ',(2 3 P'OFFCIN ')C1+USEn(XX45TRAINTS))
(91)
[92] 'Randy to run •inipop'
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mlNTLF.fACE[Oln
CO3 INTEP.FACE POPN;pr;FRF;TAKE
(1) A Produces I or 2 global variables FOPIND and TBIOM
C2] 	 +(0lNDEXaTYPE(1])/CPUE
[3] 	 POP0[1; -1fpP0F0]r.((+/s -44,FOPN[1;])'o -4h,POPN(1;))
[4)	 POPIMD# , POPNx.-(F+m)xMNTH A Adjusts SPA population to the survey month
(5] POPINDI-PGPINDCPOWS;] n selects calibration block
(6] CPUE:4(0 =1NDEXATYPE[2])/EXIT
[7] 	 FRF+(4f(POPNtF)[AGE;])++ POPN[A61;) n Calculates fully recruited F
(8) prtirF'(pF)pFPF a calculates PR matrix
(9) pr(A6E;]+1 n Sets defined fully recruited ages to I
(10) FBIOM*+rPOPNxpr , MWT
[i1] EDIT:

YIT 	 IORTt01Y
101 CTERCOOtTICATOHIJIMWlEVfOIITERgIFYIXIFOIEMIDIFFI
C13 CATCihc
[23 J+- 14PCATCH
(33 pORT.(pCATCM)P.
C43 F+(PCATCH)P0
[S1 Fl.iiY
163 •(48F0)/83
t73 FI.FI,'11F1
C83 83)+(FA8-0)/82
[93 FC.FAO
[103 +91
[113 62iFC.( - i,PCATCM)Pvi9rl)
[12) Bit [TER+O
1131 d(9, LPFI
£143 rL(ti)IJ1.[pFI
1151 FCI130.10 C
[163 [TER+ITPR+1
(17) •(ITER120)/0
RIB) POP+(PCATCIOPO
[191 POPC(1)IJI+((,CATC*1((%DIJ3)L(,0RTt(tZ)U)))+F1x1-i-F1+l,POPT((si)IJ1)
[20) POPEII)+((,CATCHt11))'C+(,lOtTC113))4 Cxl-*-rC+(,MORTRs))
(213 •(Ml$-0)/8K1
[221 1N-1
0233 POPEII)+((,CATCH(II))>¢C+(,MDRTCII3))4iCx1-*-f'C+(,IQtTt0l3)
0241 F(III+JPFC
[23) SKlsYN-1
[26) AAsXef TCtl - 11Y1
[273 POP(%1-11Y1+(CATOIE%1-11Y)x*X-2)+(P0Pt14tIIY.I3 X)
£28) •(IIY+Y-l)/AA
[29) FR1-11tJ-1).(8( -1 '1 IPOP(t((1fpPCP)-Mlbl3)- I I •POP(s((ltPPOP)-MOl3)- -1 - 1 •MORT[t(
(lfPPOP)-M )11
0303 •(FA810)/0
0311 FCNEI8i(+/(I)POP[ABEI)1F'CA8E;))'+/[11POP(A8EII
9323 DIFFt+l(FC►EW-FC)?fC1EY
[333 FC+('1,FC7El(). - I,FC
[343 •((f/'10D1FTI))0.0l)/0K9

VOBJaF►ICO)t
[03 [NOBJaFN A
[11 s+(p$VECT)PA s survivors at designated age
C23 FVECT.(Bs=(s-CVECTxts=2)x*-r)-u
C33 +(^/PR-1)/IDPR • skips PR If no PR was imposed
C43 FRF+t+/((tfABE)4RET).FVECTrs)h./((IGAGE)-FR8T)1, a fully recruited
(53 FLY+PRxFRF
663 /MRiFLY( -1KRBTM1N./1BT-FRET1+FVECT
[71 •(FAG-0)/81
(83 FAB.($(PFAO)OSPWCT)
[91 8i,k+(([PBX:XATYPEC21+PROWS),( - 11PK))P(-(INDEXATYPE[2)+PROWS)x - 1,PK),A
[101 a It Is the current calibration coefficients
£113 ITERC061RT
[121 INTERFACE POP
[133 It+,RE8I k a calculate India residuals

TWTTCO3V
(03 A WT BICIDIWIYIPW
(Il A+,s(2, - tfpB)p(5F4, cuo)M+l10Blrr/(1)8),('l1PB)PA
[2] PW+(20NTIT)F([PW)I4++/((PA)P 10)/A
t33 Y.YR
£43 	 9 r
C53 	 (( -B.PM)f((L0.5'QY-PTIT)P' '),TIT),DAT
[63 BKls' r
[73 C+-I*(CPW4+*%A(-1+24n0.SrPA))tl
(03 D.(2 CLPY)OA
[93 D[2kNCtPY3.0
6101 0 1 "D. (a►Y)f Y
[113 e-4',(./AC1+2nC3)P'-'
(121 (2 0 ,(CP ). U►A81,(((P ),2)P' 1'),((2SC)0A)4((PA8).C)f9
[133 ((((1f►B)-PA$),4)P' 	 t'),((2xC)OA)i(((PAB)-IOPB),C)tD
3141 A►(2xC)IA
(153 B.(0,C)GB
[16] Y.CIY
[173 •(OOPA)/W1
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IQJTPUTCD]Y

101 OUTPUI[TIT[d.IdyIm9IY•
CI)
(2) 	 '1168 Traj.ctary by It.rN*o, ',BTOCKANYH,' 	 ',At%
137 ds•'ITERA7I05 MUlSEB'
[41 dy»'RESICUAL 66'
[SI 20 40 PLOT rasysc VS(alrssv.e)
(6) 	 2.3
971 	 ' '
107 ' CALIBtAT[OI C1IEPTICIEMB BY ASE FOt ',ST[CXAMA)E,• 	 '.Ats
(9)
[10] •(r *spk)-I)/82
(113 8l1•AM ' r 32 0 IA11611)),' I I • ',(10 3 Pb(Ifl)),' 	 •',(l0 3 Ck(1127),' s POP'
(121 •((P l)*I4I+1)/B1
C133 tltR
( I-I 621'	 '.(2 0 IA8t8(I)),' t 1 • ',(10 3 Gk(I117) • ' M POP'
[13) •t(I1819)6I6I•I)/82
[161 tEih'
[17) • 11000. NEIW BlXM6E RE0103!AlS 1 '.tar
0101 pa'. Ala
[19) DATASTII par
(203 TlT•'POTILATtON MlSERS (0009)•
[21) 0 WT PCP • [!!./(IIPOP
C223 T[T•'FIBHIPU MORTALITY'
(23) pa0. Ate
(241 30011
[25) 7TT•'6tarlordII.d Mnldwls for RV Ind.= (s.,.•1 for *08 eod.l)'
(26) a0M0
'27) yr.YR+(VR(13-1)htt40EBIDaRV
1281 AB.AOES
(29) pa0• Its
(301 3 0317 fiEBIDA)IV
9317
[327 •A08. RESIDUALS BY AGE ) ', B 3 t(•/(21[EBIDeRV)i•/[275021RV
(33) 'AVB. RESIDUALS BY YEAR I ', 0 3 t(./CL)NES 0ORV)+./CI]MASXRV
1341 'AVG. TOTAL RESIDUAL 	 t ', 8 3 t(./•/REBID.MV)++ •/MA90tV
C3S1
(36) TIT•'PERCENT STM®ARDIIED 591 OF SA)1RES Or RESIDUALS 108 RV INDEX'
1371 2 0317 tO04(RESIDARVI2)i(PAESIDAiV)P•/•/(GBSIDARV*2)
(38) •(INDEIAiYPE(22.0)/tDCPUE
(397 •'
(40) AO.,0
CAL) TlF*'8taodard*[sd residuals for CPIE Inds'
(421 3 Ct]T(I,PBESIOaCPUE)PRESIDOCPUE
[431 ►6KP1Xip+w ate
(N) r r
t453 '18711W (18 PARAMETERS Alm STANDARD E78(CRB'
£463 PAR105
0471 TIT.'Parasat.r Correlation 1311,1.'
1481 AO•YR•03(Ihou
1493 3 OIT c0rr
(50) A8•a0 t YR*yr
[313 '
(521 'Output *9.-by-Ipa Plots? (Y/N) Default Is ND'
(53) •( ('Y'MMB)••y'MH9wIM(EY)na•
0542 P3.075087* 1&v

QPARASE[020
(0) PAR6SEIM)PIHE881da1NdOl
[f1 'APPROXIMATE STATISTICS PS03911N8 LINEARITY NEAR SOLUTION'
C2]	 '
[3) MN,•
[A1 PN,par
CSI dHDLP1OOSJ
C61 NE8942x(sdM)..xd.
(7) MO(BI.(44MESSt2),O.8
£03 16:85.90iS8i(PHE88) PIIROL
C97 1€58.2+wrx ESS/0(6pLESS)Pt(CFN
(103 parAaht (I 1 Og€S8) *0.7
(2 * 2  corrN EBSSMESSp,,ras... xpoas•
(12) patPaw.+,OarASa
(13) '0RTNO184ALITY 06TSET.........',,'1f6.6' OFIC7 can
(*41 'NEVI BWAIM[ RESIDUALS .......'.,'r16.6' OTIT sat
(151
(16) •• PAR. EST. 	 810. FFR. 	 1-STATISTIC
C171----
[10] 'E16.6.X3r 6NT(parl par&S.ipar+parAN)

PPLOT[01v
CO) A PLOT BjC1D1E11101H1IIK[LINIMIOIOIPISITIUIV[XIPVALICCMIO)CBTTIps
CI) DID" t CRTT.05-11
127 S•4(,( 	 4 2 ••dsdyJ'ps•)P 4 3 P'ds.dy01 pa4'),' r.•y08nr
131 •(^/ 1 2 04PD)PL2
tsl •((244P0)'V1$40)/Ll
IS) B.(2,U)P(U4B),8
CB) Ll,.(IO►PA)PL2
(73 ' 4(2 6 4A)/L3,L7
CB) L21.0,Ot04'PARA)ET)E8 M[N VAL10587,6cr
(97 L3,M.e4,(K•t1E 3,cL.A(2!)cl01,(r/8(11)),LlB[lL] • •LS
(l0) L4d4I(P) t C•DI%
(II) NN.6 • (EN 16"3•(0M(17)Y5), (f/,T),l/,T+ 1 0 68
[12) 1.50• 10000 5000 2500 1000 500 100 50 25
013) +(0MI2I)/L2
(l{) •(OqU-/-2fN)/25A
(13) •0 r0$M'PAS DE VARIATION CANS I OU 9' ,60r
(16) L3A(S•04108-44fI0IUNktl(2)
0171 P.(ML3)ltIMK4I-SIN14l)NI[21 0DW-0IV'1.23)41)al I •M
(18) L611't I.S.(B(1()'tl)"IDIC
1192 T•l0.5.(T-I.l(P))s540*0CP1 6 M.B
1203 L71KH1E"3•(l.A(9))+10
1217 E•l lE ]4(8•AC11)tS
1222 X•(F•(01X)^XSL.I)IX•L1.5•(BC117-1NAI51)x105CML6]
0237 T.i/10.3.((T• 1 0 i8)-I-AC2))>o-D'A(3)
1241 L,,141(1106(D)-0,15.10
(25) MM([1f1(^/CCRTTxatf/P))1M.IWI I.0x- 1HE✓lhl)
C263 8. 10 '3 t•t(5(P•L.11003/P)•Ix !)/19
[27) S.t0,0R94-0fI)t4(
(293 L9(W('ABS6(9.InE•1)•...I),'t.'(f•W48*5Il•s l•P•G)
1297 U.((-t(U-*/Pdy)=2)ICW04Utdy),0
(30) 1•,((►T)CI7414O1)•.•t00062 t T.,T
1311 LI0•PVAL4 (Utl•1]-PI1),(L4 1)P'
[32) •(00PB•(T.P)/I)/1.12
1331 94(810, 'I.S)/S.S[tS)
'341 PVALC( - It►U).1S+I0003•ps(1000I8)
(36] 3.12103311 ' 	 ',PVAL
0361 •(O1P.P-I1I3.10
(37) 03UT(16►' '),'/', (L•1)P'---------'
1381 M4(LI061C)-0,,10
[391 M.MCIII(^/(CRTT1C1f/P) 2(IOmm)•. IP.i8•M.Cx'I•aK•l)a I]
(40) 8-10-3 • •((B(P.f *MOH /P)•N(7)/L 13
1411 8.I0,0f(8-Pf1)1 -a
(42) LI3r 1T(8►' ').Sao
143) •(0•XIPd.)40
(44) 03IIT Oft(1,((t8H0.54.-x/Pd0►' '1.d•
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9PLOTRVSPA[O3y ,

[0] PLOTRVSPA INDEXIDATAIDATALNISCALEIITERIdxpdyISYNIRE81DI11
(I] SCALE* 20 40
C23 'OVERALL STANDARDIZED RESIDUALS VERSUS PREDICTED X'
13] 	 ' r
(4) dys•RV STAND. RESIDUAL'
CS] dx.'PRED. RV INDEX'
[6] SCALE PLOT(,RESIDARV)AND((p,RESIDaRV)PO)VS,ihatary
[7l 	 • r
£83 	 ITER+l
(9] 	 YR.(YRCl)-1)+% - IiPINDEX
[10]
(11] RESID.RESIDaRV
C121 •(INDEX6TYPEt21.0)/Sl
(133 ' paps 6t5
(143 'AGGREGATE CATCH RATE RESIDUAL VS PREDICTED VALUE
0153 dy+'CPUE RESIDUAL'
1167 dx+'PREDICTED CPUE'
(171 SCALE PLOT RESID6CPUE VS thatAcpue
(18]
£19] BLpags Ats
[20] ' •
0211 'AGE •,(IASES[ITER]),' PLOTS
(223 DATA+(O,INDEX(ITERI7)AND(0, ihatarv(ITER1])VS(O,POPIN)CITERII)
[23] 'SURVEY NO. PER TOW VS SPA NUMBERS'
(243 ' •
1231 dy+'SURVEY NO. PER TOW'
[26] dx+'SPA NI)i8ERS'
[273 r r
(28] SCALE BLOT DATA
[291 DATA.INDEXCITER;]AND ihatarvtITER(IV9 POPIND[ITER;]
(301 ' '
[31] •LN1
1323 'TREND IN STANDARDIZED RESIDUAL OVER TINE'
1333 • '
1343 dye'RESIDUAL'
(351 dxG'YEAR'
[36] SCALE PLOT(RESIDtITER())AND((PYR)PO)VS YR
(37] • •
C383 'STD. RESIDUAL VS PREDICTED VALUE'
1393 • •
[40] dx+'PREDICTED VALUE'
1413 SCALE PLOT REBID[ITERIIAND((Pihatarv(ITER)7)p0)VS ihatarv[ITERI]
(421 • '
1431 'RESIDUAL. VS OBSERVED X'
144] ' •
£453 dx+'08SERVED X'
[46] SCALE PLOT REBID[ITER{]AND((PPOPIND[ITER[])pO)VS PCIPIND[ITER1]
447] +S2 
C48] LN1t
(493 DATALN+UINDEXCITER17) AND(9ihatary[[TER(])VS(BPDPIND(ITER13)
C301 'LN SURVEY NO. PER TOW VS LN SPA NUMBERS'
[31] • •
[52] dy+'LN SURVEY NO PER TOW'
0531 dxr'LN SPA NM/(BERS•
1541 • •
CBS] SCALE BLOT DATALN
(56] • '
1373 'TREND IN LN RESIDUAL OVER TIME'
1381 • •
[39) dy+'LN RESIDUAL'
0603 dx+'YEAR'
[613 SCALE PLOT(RESID(ITFRA)AND(CPYR1P0)VS YR
(62] • '
[63] 'LN RESIDUAL V8 IN PREDICTED VALUE'
(641 ► •
[63] dx+'LN PREDICTED VALUE'
(663 SCALE PLOT RESIDCITER[]AND((Pihatcry(ITFR1])P0)VSBthatarv(ITERII
(673 • •
[681 'LN RESIDUAL VS OBSERVED LN X'
[693 • '
[707 dx.'OBSERVED LN X'
[71] SCALE PLOT RESID[[TER[]AND((PPOPINDCITERI])P0)V6!POPINDt[TERl3
(72] 32,
173] • '
[74] 'TREND IN POPILATICN ABUNDANCE OVER TIME'
(75) r •
1763 dy+'ASIRIDANCE'
[771 dx+'YEAR'
(78) SCALE PLOT INDEX[UERLHAND ihatArvCI7ERVVB YR
(79] ZZ+YR PRINTRVSPA DATA
[B0] (' •,' •,(( - l4PDATA)12{ps)),C27aZZ
(817 • '
[82] ITER+ITER+1
[83] •(ITER-(ItPINDEX)+I)/0
[84] +81

VPM.TYaFNIOlO
CO3 R'alpha PNLTYaFN A
(Il RWSEACONSTRAINTSx+/alpha4(pN)ECT)fA
[2) a State variable '(1SEaC0NSTRA[NTS' controls penalty function
(3) a 1 • constraints on( 0 4 constraints off
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9PRINTRVSP6Cmv
(0] Z+INDEX PRINTRVSPA DATAIOPPIHDRIRANKIFNTJPS1LBLSII
(1] A PRINT DATA ARRAY USED FOR PLOTS
(2] a DATA++ARRAY SUITABLE FOR USE WITH TNE'LOTpUNCTION
(3] A (INDEX)++OEFAULT 19 t'1+pDATA
[4] OPP+4
C51 N+'1+1$PDATA
C63 	 P8+(Nfps),(N,9)P'
(73 P9+ -30P9 '
[8] 	 LBLS+(10/' INDEX'),CIJ(lOfr CARRIER'),C11P8
(93 LBL8+LBL8,C1310$ RANK'
(10) Z+((2 2 •PDATA),10)P' r
(11] ' S(A91ARY OF DATA FROM PLOT'
(12] ' ------- -- ---- ---- ----^
(131
[14] 'CARRIER VARIABLE, POPULATION NOS'
1151 'RESPONSE VARIABLE(S)( SURVEY - +.OBSERVED, O,PREDICTED'
£163 r'
[17] *(0=ONC 'INDEX')/'INDEX+t - 1fPDATA'
0183 RANK+1NDEXfIDATA(tl)7
1193 211113+(2 10 P201LBLS(11]),[13( -2f(pDATA),10)ff( -2f(PDATA),1)PINDEX
C203 1+1
[21] 1P.Z[I+llll+(2 10 P20$lBLS(1+U]),t1]t2,(PDATA),10)to( -21(PDATA),1)PDATA[II]
(221 •((l4PDATA)11+I+1)/IP
0231 Z(I+11(]+(2 10 P20fLBLSC1+113),C1]( -2$(PDATA),10)fi( -2f(PDATA),1)PRANK
0241 Z+(1 10 x02+PDATA)P, 2 1 3 bZ

VPRNT[07v
C01 PRNTITMPIFMT
[1] 	 ' r
(21 	 'ITERATION NUMBER ',lJ
131 	 r ' 4 'PENALTY FUNCTION TURNED ',(2 3 P'OFFON r)[1+USEAC0NS7RAINT913 1 ' r
(41 TMP+ 3 6 P'LAMBDARSS NPHI
[5] 	 'f0A1,E1S.6' DFMT(3 10 ITMP;t - I+,TMP,',')
(61 	 r r
[71 r i" s IN LAST YEAR i
[83 6 3 .FLY
[91 	 'I
(103 +(FAG-0)/NXT
C111 ° F " s AT OLDEST AGES ,
(123 6 3 *FAO
1133 NXTs+(0=INDEXATYPE(tl)/NXT1
(14] 'r
[15] 'ESTIMATED RV SURVEY CALIBRATION PARAMETERS'
(167 ' AGE 	 ',((2--lfPK)/'INTERCEPT 	 '),' SLOPE 	 NUMBERS'
0171 FMT+'14,F14.5,114'
(183 f(2- - IfPK)P FMT+" I4,2F14.8,I14r , r
1193 TMP+9(INDEXaiYPE(23x - 14pK)j(p,K)1Opar
[20] T1P+(P(-INDEX4TYPEC2],0)4K)PTMP
[21] FMT OFMT(((pASES),1)PAGES),TMP,((PNVECT)fpar)[((FRST-I)4;LAST)tROWS]
(22] NXTIs+f0=fNDEXATYFFC2I1/DONE
(233"
1243 'ESTIMATED CPUE CALIBRATION PARAMETER(S)
C253 ((2-'14PK)/' 	 INTERCEPT'),' 	 SLOPE'
[26] FNT+'F14.5'
[27] 4(2-- 14PK)/'FMT+ " 2F14.5rr ,

(281 FMT [1FMT(1, -I4PK)P(- 14PK)fpar
[29] DONE(78P'-'

90PUTE0]v
(01 OPUT XIOIO(NTIE
£13 0I0.1 A 	 VERSION 2.0 	 II MOD. 84.1.31 M. JOLY
C21 	 •(OEPX)/0
(3) IdAX
(4) 4('+'-If6SORTIE)/TOFILE
[5] •((3 3 P'CRTPRTRS1')^.-ASORTIE)/LCRT,LPRT,LRS1
[61 ERRI(OERROR 'INVALID OUTPUT DESTINATION IN 8SORTIE'
(7) LCRT.D+X • +0
(81 LPRTs 3 0 3 0ARBIH,X,DTCNE • +0
[9] LRSIs 2 0 0 3 DARBIN,X,0TCNL 4 +0
(10] TOFILEi
[11] (11ASflR7IE)IN7IE NTIE.-((%20),,O,l05l R(S)t0
(12] (X,OTCNL)ONAPPEND NTIE
(131 [INIMTIE NTIE

RES1[O]v
CO) R+RESI K
CI] Ri 0
121 •(O-INDEX8TYPE(13)/cpus a NO RV SURVEY
C33 RNt„ POPIND RESI6RV((-INDEXATYPEC21),0)AK
C43 4(O-INDEXATYPE[2])/ras A ND CATCH RATE SERIES
151 cpu.sK4-(6K)(l13 N g.t bottom row of K
(6) R+R,, FBIOM RESI6CPLIE K
(7] rea.
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vRESIARV[Oly
[0] R+POPINO RESI6RV K
[il 	 •(I- ifPK)/noint
C23 Ks 3 2 1 o(•2,PPOPIND)P,K
C33 	 ihatarv+(K(Ir17+K[2117xPOPIND) A WITH INTERCEPT
(4] •res
[5] ninLIKs&(6PPOPIND)P,K
[6] 1hatarv+KxPOPIND a WITHOUT INTERCEPT
[7] AressRs(iarv-lhatarv)xWEIGHT
(8] res,R+((Sierv)-lihatarv)d ASKRV

VRESIaCPUEt07v
(01 R+FBIOM RESIACPUE K
[1] 4(1=P,K) /point
[2] ihat4cpue4(KCC]+K[2lxFBIOM) a WITH INTERCEPT
[31 +res
[43 nointsihatacpue+KxFBICIM A WITHOUT INTERCEPT
(51 resIR+(lacpue-thatacpue)=iseacpue

WS[o]9
(01 Z+A VS B
[)] 	 2.(( -2+ 1 1 ,PB)PB);( -2+ 1 1 ,PA)PA

voinipop[0]v
101 einipoplB00LIJIDIA81611LAMBDAIHESSINTPIPARIRS8Ide+CAUSElI1VINPHITPHI;pnity;dpn1ty1SHES6rNORM
lTT&fs1AN6
CS] A NON-LINEAR LEAST SQUARES USING MARQUARDT ALGORITHM
[2] ats+'7+TIMEFMT 078
C31 'Do you with to document your input ?'
[41 .. !(( P Y P -ANS)v'y'-ANSMINKEY)/' miniDOU
[5] page Ats
C6] rssv.cs O
[77 P+Ppar+PAR+,initial
(8] RSS+e+.xe.OBJoFN PAR A RESIDUAL SUM CIF SQUARES
C9] N+P,e
[103 pnity+alpha PNLTYCFN PAR A PENALTY FOR CONSTRAINTS
[I1] NPHI+PHI+RSS+pnity
C123 LAMBDA+0.01
[13] 0DOL+(PxP)p1,Pp0 A USED TO CREATE 0148 MATRIX
[141 conel0
[15] J+1
0161 PRNT
[17] rssv.crssv.c,RSS
£183 L3s+(lisit(J.J+I)/L6 AMAIN LOOP
[19] PARtpar
(20] PHI4PPHI
(21] da+DIFFAOBJ
[22] At2xe+.xae A GRADIENT
(23] HESS+2x(ode)+.xde A HESSIAN
[24] dpnity+DIFTAPNLTY A DIFFERENCE FOR PENALTY
[23] 9+Wdpn1ty[11]
[26] DIAL. I I b1ESSMESS+(2PP)PBOOL\dpnity(211
[271 LAMBDA49.9999999999999E -7rLAMBDAx0.01
0281 1+1
[29] SHESSFHESS+(2PP)PBDGL\DIASxLAMBDA+LAMBDAxIO A MARQUARDT METHOD
[30] NORM+(+/SHESS*2)t0.5 A COLUMN NORMS
0311 SHESS+SHESS=(PSHESS)PNORM A SCALE HESSIAN
(32] par+PAR+Y+(OBSHESS) =NORM a STEP DIRECTIONI STEP SIZE-I
[33] •('FRGNAFN par)/L4
[34] RSS+a+.xe+OBeFN par
(35] pnity+alpha PNLTYAFN par
(361 •(PHIINPHI+RSS+pnity)/L6
[37] L4, LAMGOMUJTBDAx100
(381 LSipar+PAR+V+Vx0.1*I GINNER LOOP REDUCE STEP SIZE
[39] +(10<IeI+1)/L6
(40] +('FRBNAFN par)/L5
(411 RSS,a+.x►+OBJaFN par
0421 pnity+alpha PNLTYAFN par
[43] •+(PHIINPHI+RSS+pnity)/L6
0441 4L3
[451 L6iPRNT
[46] rssvec+rssvec,RSS
(47) csr'RS84N-P
[48] 4(1.,'VCAUSE+(IOII),(IioittJ),(IE -3<conr(((N-P)xQ+.xV)=FxR66)i0 . 5 lCTE -4 < 1(NPHI -PH1) -PHI ),(
9.999999999999E-6•.<I(par-PAR)-IE -20+IPAR))/L3
[49] ('CAl1SE)/C1]exit
[50] i(USEACONSTRAINTB)/IUSEaCON6TRAINTS+O • " TuRNINS CONSTRAINTS OFT " •+L3'

(51] page Ate
[52] OUTPUT
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vminiDOCtD3v
(07 •iniDOCIIIsp
(ll OTCFF
(2) 	 'Input Documentation for ',STOCKANAME,' Run at',(8P' '),Ms
£3] 	 78P'-'
[4] 	 7BP'-'
[S3 	 ' '
[6] 	 ' 	 This Analysis was Performed Using the Following Criteria t '
C73 .78P' -'
C83 	 ' '
[9) 	 •1) 	 Catch at Age extends from ',(TYR(i ]),' to ',(I - 1fYR),' and Ages ',(IA6(13),' to •,s -

ItAO
[103 s('(NU1■I))/''' 	 The Catch at Age did WT contain a PLUS Group" tsstpl
(II]
1123 ' 	 Age ',(s'ltAB),' is a PLUS Group
0131 ' '
[14] ' 	 Ages ',(WAGES),' were assumed fully recruited'
(1S] ' '
[16] stpIsa(^/PR■1)/"'2) 	 No Partial Recruitment Values were Imposed '' 1+stp2'
0171 '2) 	 Partial Recruitment values Csposedi ' 	 -
[18]
(19) ' 	 Ages 	 PR'
0201 'X20,I2,X7,FS.3' OFMT((((PI43),1)PAG),(((PPR),1)PPR))
[21] r '
[22) stp2s'3) 	 Natural Mortality was set at ',($m)
(23] ' '
(24] '4) 	 F" s over Ages ',(;FRST),' to ',(ILAST),' will be derived starting from initial esti
sutess
[2S) .' '
[26] sp+(FRST,FRST+L(LAST-FRST)) • 1e(LAST-4RST)+l
[27] ' 	 Ages 	 F'
(293 'X20,I2,X7,F3.3' OFHT(((1,1)Pap),((PFVECT),l)PFVECT)
£293''
[301 WAS-0/ 111 5) No Initial Estimates of F at the oldest ages were used '' C+stp3'
[31] 'S) Estimates of F at the Oldest Ages were derived from the following initial estimates'
[321 ' 	 Year 	 F'
[333 'X20,14,X7,F4.2' OFMT(((PYR),1)PYR,((PFA3),l)PFAS)
(341 stp3s+(O.INDEXATYPE[1])/stp4
(35] ' '
[36] '6) Research Survey Estimates of Abundance for ages •,(IFRST),' to ',(;LAST),' were give

[373 (0.PPissarv)/' 	 No standard errors were applied. Log transformation used'
C381 (0fpPisearv)/' 	 Standard errors of abundance index applied to residuals'
C391 stp4,•(0■INDEXATYPE[2])/stp3
(40] "
(411 '7) Commercial CPtE with standard errors was calibrated on fishable biomass'
(42] stp5s' r
(43] 'B) The Lower Limit for Estimated Numbers at Age was the CATCH'
(44] ' 	 Upper limit for Estimated Numbers at age was ',ilfubnd
[451 •(0.INDEXATVPEt13)/stp6
(461 sp+( - 1CPK)•(PCVECT)CIbnd
(47] ',
[48] •9) 	 The Lower Limit for RV survey slope was ',t - tlsp
(49] (2-Psp)/' 	 and for intercept was ',e1tsp
[30] sp+( - 1fPK)t(PCVECT)iubnd
(Si] ' 	 The Upper Limit for RY survey slops was ',s"11sp
(52) (2■Psp)/' 	 and for intercept was ',slfsp
(33] stp6r+(0•INDEXATYPE[2])/exit
(543 sp+(- 1CPK)flbnd

[SS] '10) The Lower Limit for CPUE slope was ',s - ltap
(367 (2.Psp)/' 	and for intercept was ',s11sp
(37) spe(-- 11PK)fubnd
(58) ' 	 The Upper Limit for CPUE ■lope was ',t - i$sp
[391 (2-Psp)/' 	 and for intercept was ',flfsp
(60] •xiti7SP'-'

apape(03,

CO3 page Ms
Ell CDTCFF,' 	 ADAPTIVE FRAMEWORK TUNING WORKSHOP'
[2] STOCKa11ME,(43P' '),ats
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