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Abstract

The catch in 1988 was 37,489 t, a reduction of almost 7900 t from 1987. The reduced catch
was a result of management measures to meet a TAC of 38,000 t. The commercial catch rate
declined almost 50% compared with 1987 and the research vessel surveys indicate a continued
decline in the mature (ages 4+) stock size.

Two seasonal survey series were analyzed in addition to the July survey series (1971 - 1988).
The autumn (Sept-Oct) series runs from 1978 to 1984 while the spring (Feb-Mar) series covers
1979 to 1988 with the exception of 1985.

The SPA was tuned using ADAPT with the July RV population numbers at age and the
standardized commercial catch rate for otter trawlers. The fully recruited fishing mortality was
0.3 and has been relatively stable over the past three years.

If the 1989 TAC of 35,000 t is taken it will generate a fishing mortality of 0.221 and the
projected F,,=0.2 catch in 1990 would be 34,000 t. Application of the 50% rule would set the
target F in 1990 of 0.21 and the resulting catch in 1990 would be 35,000 t. :

Résumé

Les prises de 1988 totalisaient 37 489 t, soit une réduction de prés de 7 900 t par
rapport 2 1987. Les prises réduites sont ‘dues a2 des mesures de gestion destinées a
atteindre une TPA de 38 000 t. Le taux de prise commerciale a diminué de prés de 50 %
par rapport 2 1987 et les relevés des bateaux de recherche indiquent une diminution
continuelle des stocks de poissons matures (4 ans et plus).

Deux séries de relevés saisonniers ont été analysées en plus de la série de relevés
de juillet (1971-1988). La série d’automne (sept.- oct.) va de 1978 a 1984, alors que la
série du printemps (févr. - mars) couvre la période de 1979 a 1988, & I’exception de 1985.

L’ASP a été raffinée a I’aide du modele ADAPT et des valeurs de populations .
obtenues 2 1’aide des bateaux de recherche en juillet correspondant A ’dge et au taux de
prise commerciale normalisé pour les chalutiers. Le taux de mortalité par péche du groupe
entidrement recruté était de 0,3 et il s’est maintenu A un niveau relativement stable depuis

trois ans.

Si ’on prend pour base le TPA de 1989 de 35 000 t, on obtient un taux de
mortalité par péche de 0,221 et les prises projet€es au nivean F,,=0,2 seraient de 34 000 t
. en 1990. L’application de la régle de 50 % donnerait, en 1990, un F cible de 0,21 et les
prises qui en résultent seraient de 35 000 t en 1990.



Introduction

The preliminary catch reported for 1988 was 37,489 t (T able 1, Figure 1) approximately 500 t
short of the TAC of 38,000 t. The foreign catch was 108 t, a slight increase over 1987, mostly
from bycatch in the silver hake fishery. The decline in total catch was almost 7900 t and the
relative reduction was approximately equal between 4Vs and 4W (Figure 2).

The catches by Canadian vessels are broken down by years in Table 2 and Figure 3. The
miscellaneous gear catches are almost entirely handline and gillnet. The decline in total catch
(83% of 1987) is reflected in the proportionate declines in trawler and longline catches. The
only gears to experience increased catches were the seines and miscellaneous gears in Sub. Div.
4Vs. The offshore (vessels >100°) continued under Enterprise Allocations and took 96% of
their allocations. The 65-100° fleets, both fixed and mobile gears, failed to take their entire
allocations, however all the gear sectors under 65’ experienced varying degrees of overrun with
a maximum overrun of 18% by the fixed gear <45’ (Table 3). As in the previous year all
vessels <65’ were under a 10% bycatch limit throughout the year and a variety of trip limits at
different times in the year (Table 4).

Catch at Age

The catch at age prior to 1988 was taken from Fanning et al. (1988). A total of 8 age/length
keys were used to construct the 1988 catch at age (Table 5). Sampling was adequate enough to
construct quarterly keys for the mobile gears (all trawlers and Scottish/Danish seines) and 3
keys for long/hand lines (1* half, 3 and 4® quarter). There was little catch in the first quarter
by the long/hand lines so lack -of samples in that period is not a problem. A single key for the
full year for gillnets was used for 1988. Samples for this key were minimal (2 samples/70
otoliths), however given the relatively small catch it was considered adequate. In the past, the
practice has been to use the length/weight parameters estimated from the current July RV survey
for all age/length keys in a year. ' In 1988, mean values of a and b were calculated for the 3
seasonal survey series that are available in the 4VsW area. The seasonal surveys will be
described in more detail later. The resulting seasonal mean values were applied to
corresponding keys by using the spring values for the 1% quarter key, July values were used for
any keys covering 2™ or 3* quarter catches and the fall values were used for 4™ quarter keys.

The effect of using the seasonal mean values for the length/weight parameters was evaluated
by recalculating the catch at age for the same breakdown of keys with the July 1988 RV
estimates for all keys. The numbers at each age were lower when the July 1988 values were
used, however for the ages where catches were large, ie. ages 4-13, the percentage reduction
was less than 9% and for ages 5-10 it was less than 5%. The final formulation of ADAPT for
this assessment was used to evaluate the impact of the change in catch at age. ‘The estimate of
mean fully recruited F would have been 3.3% lower (ie. 0.29 cf 0.30). The use of seasonal
values of length/weight parameters averaged over a number of years removes annual variation in
condition and reduces sampling variation. Further investigation of appropriate spans of years to
average over is warranted, particularly with respect to the July RV series.

The resulting estimated catch at age for 1988 is given in Table 6 and is combined with- other
years in Table 7.. The totals at age in Table 6 were all adjusted upward by 0.36% to account |
for the percentage of the catch which was not represented in the sampling. The observed catch
at age in 1988 is compared with the projected catch at age for last years assessment (Fanning et



al., 1988) in Figure 4 where it can be seen that there was fairly close agreement except that
- catches of the 1981 and 1984 year classes exceeded the projected values. :

The commercial weights at age (Table 8; Figure 5) continued to decline at all ages over 7
with indications of recovery or stability at ages 2, 3, 6 and 7.

Indices of Abundance

Commercial Catch Rates

A multiplicative model was used to standardize the otter trawl catch rate series from 1968 to
1988. The model and gear categories were the same as in the previous assessment (Fanning
et al., 1988 and references therein). The 1988 data were obtained from the ZIFF data sets and
appended to the data used in the previous assessment (Table 9). The GLIM (Generalized Linear
Interaction Modelling) package (Payne, 1986) was used to estimate the model parameters
because of the greater diagnostic and modelling capabilities it offers over STANDARD (Anon,
1986). Comparisons done in the previous assessment (Fanning et. al., 1988) gave identical
results from both packages when estimating the same model. Factors for year, month,
gear/tonnage class and division were used. The standardized C/E (Table 10, Figure 6) declined
almost 50% from 1987 to 1988 and is the lowest since 1978. Unlike previous assessments
using essentially the same model, the factor for division (4Vs vs 4W) was significant (Table
11). This would be consistent with a shift of the stock from 4W to 4Vs over the past several
years. The factor for division would not become significant until there was sufficient years of
data to outweigh thé previous history of no difference in catch rate between divisions. This
implies that the fixed, non-interacting factor model currently used for catch rate standardization
is inadequate for this stock. A model utilizing nested factors may be more appropriate.

The International Observer Program (IOP) observed 2417 trawl sets from domestic TCS stern
trawlers in 4VsW during 1988; of these, 1233 sets were cod directed. The coverage level for
1988 was 11% of the total catch (table below). Directed TC5 catch rates were observed to be
marginally higher in the first half of the year.

Total Obs Observed Observed Observed Observed
Reported Domestic TCS Directed Directed Directed
Catch Catch Caich TCS Catch TCS Effort TC5 CPUE
Jan-June 16584 1732 886 780 713 1.094
July-Dec 20797 2251 1955 1865 2049 0910
Total 37381 3983 2841 2645 . . 2762 0.958

The IOP catch rates reported here is restricted to TC5 vessels which results in a somewhat
higher number than the standardized-catch rate which includes TC2-4 as well.

Research Vessel Surveys

The annual Scotian Shelf groundfish survey conducted every July since 1970 was the major
RV index used for this assessment. Two other survey series were also examined, a Fall series
conducted in September-October from 1978 to 1984 and a Spring series conducted in March
from 1979 to 1988, excluding 1985.



The estimates of population numbers at age from each RV survey (Table 12a, b, ¢) were
calculated for Div. 4W and Sub. Div. 4Vs using separate age-length keys and then summed to
the whole stock area. The variances were also calculated for 4Vs and 4W separately and were
used to generate the coefficients of variation (CV’s) (Tables 13a,b,c).

Looking at the July series, the estimated total numbers in 1988 (Figure 7) remained nearly
equal to 1987, however the age 4+ numbers declined to the second lowest value seen since
1980. In spite of the decline, the 1988 4+ value remains high relative to the years 1970 to
1980. The distribution of the age 4+ stock between 4W and 4Vs (Figure 8) was less skewed
than in the past two years with the 4W percentage increasing to 46% compared to 12% in
1987.

The population trends from the two seasonal surveys (Figure 9) were compared to the July
survey. Neither seasonal survey has the extremely high peak in abundance seen in July 1982.
The July 1982 survey had very large catches of the 1979-80 year classes. The spring survey
indicates the same two year classes to be large, but they are not as well detected until a year
later. The same year classes are predominant in the Fall surveys in 1982 and 1983, however
the total estimates for those years are relatively low. Separating the 3 seasonal survey estimates
by area, ie. 4Vs and 4W (Figures 10, 11) reveals considerable differences in the inter-annual
patterns. The most dramatic examples of this are seen in 1973 and 1982. Both of these years
have extremely high survey estimates relative to adjacent years, however the large spike in
estimated numbers in both years comes entirely from 4W. The only spike in 4Vs is in 1984
and is of much lower magnitude than either of the 4W spikes. The 1982 (4W) and 1984 (4Vs)
spikes when combined give a picture of very large recruitment (1979 & 1980 year classes) in
4W which only spread into 4Vs two yéars later (ie. 1984).

Distribution by Age in Research Vessel Surveys

To examine changes in the distribution with age, the survey catches by age groupings (0-1, 2-
3, 4-5, 6-7 and 8+) in the spring, summer and fall 1981 RV surveys are presented in a series of
maps (Figures 12, 13 and 14 respectively).

The year 1981 was chosen as an example due to the fact that all 3 surveys were available and
the very large year classes coming in to the population had not overly influenced the surveys.
It is interesting that the patterns by age are very similar for all 3 surveys. The youngest ages
seem to be more predominant in 4W and as the age increases the predominance shifts eastward
until the oldest ages, although widely scattered, appear to be more abundant in 4Vs.

Length/Weight Relationships

The three seasonal surveys were also used to estimate length/weight parameters (a’s and b’s).
The resulting estimates by year and season are used to predict the weight of a 60 cm fish
(Figure 15). All three series indicate an overall trend of decreasing weight at length, ie.
decreasing condition from the late 70’s to the end of each series. The July and March series
both indicate that condition was the lowest in 1986 and has increased in 1987 and 1988. As
reported in the section on catch at age, the mean a’s and b’s for each season for all available
years were used to construct the catch at age.



The effect of variations in the a’s and b’s on the construction of catch at age will be
investigated in future. For the spring survey, further investigation of the effect of proximity to
the spawning season is required.

Variation in Size at Age by Area

Mean length at age in the July RV survey was calculated for 4Vs and 4W separately (Table
14a and 14b) to investigate whether variation in size at age by area could potentially cause a
significant change in overall observed size at age due to the shift in the fishery from 4W to
4Vs. The question was explored graphically by plotting the ratio of mean length at age in 4Vs
over 4W by year (Figure 16). For the youngest ages (1 and 2) there is no apparent trend with
time while ages 3-5 show some indication of sequences above or below the line. Ages 6 t0 9
show a consistent pattern with the ratio above 1 for 1979 to 1985 for all 4 ages.

. When all ages are averaged together (Figure 17), there is a fairly clear trend over time,
' although 1973 stands out as an exceptional year. The magnitude of the observed trend is quite
small with the overall mean size between divisions varying by less than 10% in all years.
Thus, while there is some annual pattern between divisions, the large changes in mean size at
age observed in this stock are unlikely to be due in large part to shifts in the areal distribution

of the fishery.

Sequential Population Analysis

The input partial recruitment was calculated as the mean partial recruitment of the penultimate
3 years assuming ages 7-10 to be fully recruited. Mean fully recruited F in each year was
calculated on ages 7-10 weighted by population numbers. The values of the input PR for ages
1 and 2 were set to 0.001 as was done last year. A flat-topped PR for the oldest ages was
assumed for all SPA calculations. Comparison of the input PR (based on 1985-87) with those
used in the past two assessments is given below:

Year Years AGE

Assessed Averaged 1 2 3 4 5 6 T+
1987 83-85 .005 .005 .060 350 800 - 1.000 1.000
1988 84-86 .001 .001 021 271 695 1.000 1.000.
1989 85-87 .001* .001* 013 245 673 1.000 1.000

* Set equal to previous year

The trend over years of decreasing PR at ages 3-5 is consistent with the decline in mean
weight at age over the same years.

Calibration

‘Natural mortality was assumed to be 0.2 for all ages and years. The SPA was calibrated
using the adaptive framework (Gavaris, 1988) implemented in the APL workspace ADAPT3 (see
Appendix 1 for listings). The 1988 population size was estimated at ages 3-8. The tuning
framework included residuals from the July RV survey from 1971-88 and the standardized catch
rate series for the same years. Residuals from each of the indices were weighted by the
reciprocal of the estimated standard errors for the index.



Table 15 summarizes the model and objective function that produced the population matrix
(Table 16), F matrix (Table 17), residual matrices (Table 18) and calibration statistics (Table
19). Terminal F in 1988 was estimated at 0.30.. The two residuals for 1974 age 5 and 1975
age 6 were deleted because they generated unacceptable patterns in the residual plots at age.
Removing the two points had very little effect on the estimates of population size, however the
RV calibration slopes changed considerably. The resulting plots (Figure 18) show the deleted
points to be extreme outliers, while the remaining points are well distributed.

The CPUE index and RV index were each used alone in ADAPT to calibrate SPA’s. The
CPUE calibration indicated that terminal F was approximately 0.35 while the RV series alone
indicated F, to be 0.22.

Other runs of ADAPT were made using the seasonal surveys with the July RV and CPUE.
The fall survey was not used because the series ended in 1984 and therefore has no information
on recent trends in the stock. The spring RV survey is not subject to the same drawbacks as
the fall series, however there are two concemns which need to be dealt with before the series can
be used as an input to the tuning process. A method of adjusting for unsampled strata is
necessary because of the relatively high frequency of ice preventing complete coverage of the
survey area. The timing of the spring survey relative to the spawning season of the cod is also
important. If the survey is conducted when the fish are highly aggregated to spawn, then it is
possible that the resulting population estimates will be artificially high. This relationship to the
spawning season will also have a considerable impact on the length/weight parameters estimated.
If the samples are collected when the fish are in late pre-spawning condition then observed
weight at length will be much higher then it would be a few weeks later when the fish have
mostly all spawned.

Assessment Results

The current stock status can be seen in perspective in the long term 1958-88 mean 3+ number
and biomass (Figure 19). The biomass and number are still well above the low levels of ‘the
1970’s, however there has been a significant decline since the 1983-85 period. The last year
class for which a reliable estimate of recruitment is available is 1984 (Figure 20). The 1984
year class seems to be small, about the size of the small 1971-77 year classes. The 1983 year
class appears to be the smallest year class since 1958 by a factor of 2. The mean fully
recruited fishing mortality (Figure 21) is 0.3 which is well above the F;, level of 0.2, however
the mortality rates for 1986-88 have been nearly stable and are well below the exploitation
experienced by this stock prior to 1977.

The ongoing fishery mortality above F,, is continuing the trend of declining numbers and
biomass since 1985. There are still no clear indications of incoming recruitment to offset the
current trend.

Prognosis

Catch projections to 1990 were made from beginning of year 1989 numbers using the average
weights at age from the years 1986-88 and the average partial recruitment from the same years.
Recruitment for the 1985-89 year classes to the age 1 population was set to the geometric mean
at age 1 of the 1970-84 year classes (83.7 million fish). This reflects a somewhat larger
estimate of the 1985 year class which had been set equal to the smallest previously observed in
the last assessment. The input data for projections are:



Age Numbers in 1989 Mean Weight Partial
Recruitment

1 83762* 0.067 0003

2 68578* 0.262 .0003

3 56122* 0.565 .014

4 45760* 0.921 206

5 34608 1.271 705

6 6941 1.661 818

7 23533 2.120 1

8 10640 2.644 1

9 8005 3455 1

10 4297 4.406 1

11 1575 5.707 1

12 688 6.467 1

13 414 1714 1

14 164 10.543 1

15 28 10.742 1

* get as descrnibed 1n text

If the 1989 TAC of 35,200 t is taken it will generate a fishing mortality of 0.221 and the
projected F,, catch in 1990 would be 34,000 t. Application of the 50% rule would set the
target F in 1990 at 0.21 and the resulting catch in 1990 would be 35,000 t.

Retrospective

The assessment results of the last 6 years for terminal F and age 3 recruitment are summarized
below: ‘ .

Year class at age 3 (millioné)

Assessment

Year F, 1979 1980 1981 1982 1983 1984 1985
1984 35 111 112 72)* 72)

1985 .40 81 69 43 (72) .

1986 30 89 71 4 ’ 43 1)

1987 35 74 87 54 48 43

1988 28 85 101 62 57 31 1)

1989 .30 . 85 94 66 76 18 54 (56)

¥ numbers in parentheses were assumed’

The perception of the 1979-81 year classes has not changed significantly over the previous
assessment, however the 1982 year class now appears substantially larger and the 1983 year
class substantially smaller than in the previous assessment.
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Table 1. 4VsW cod nominal catches by country and NAFO Divisions.

YEAR CANADA FRANCE PORTUGAL SPAIN USSR OTHERS TOTAL SUBDIV. 4Vs DIV. 4W TAC

1958 17938 4577 1095 14857 - 124 38591 23790 14801 -
1959 20069 16378 8384 19999 - 1196 66026 47063 18963 -
1960 18389 1018 1720 29391 - 126 50645 27689 22056 -
1961 19697 3252 2321 40884 13 42 66309 34237 32072 -
1962 17579 2645 341 42146 2383 60 65154 26350 38804 -
1963 13144 72 617 44528 9505 307 68173 27566 40607 -
1964 14330 1010 - 39690 7133 1094 63257 25496 37761 -
1965 23104 536 88 39280 7856 122 70986 36713 34273 -
1966 17690 1494 - 43157 5473 m 68525 27177 41348 -
1967 18464 7 102 33934 1068 513 54158 26607 27551 -
1968 24888 225 - 50418 4865 32 80428 48781 31647 -
1969 14188 217 - 32305 2783 672 50165 22316 27849 -
1970 11818 420 296 41926 2521 453 57434 28639 28795 -
197 17064 4 18 30864 4506 107 52563 24128 28435 -
1972 19987 495 856 28542 4646 7119 61645 36533 25112 -
1973 15929 922 849 30883 2918 2592 54093 23401 30692 60500
1974 10700 35 1464 27384 3097 1061 43741 19610 24130 60000
1975 9939 1867 546 15611 3041 1512 32517 11694 20823 60000
1976 9567 697 - 11090 1018 2035 24407 11553 12854 . .30000
1977 9890 68 - - 97 335 10390 2873 7517 7000
1978 24642 437 - 57 - 218 51 25405 10357 15048 7000
1979 39219 18 - 2 683 108 40030 15393 24637 30000
1980 48821 17 5 5 338 66 49252 31378 17874 45000
1981 53053 - - - 630 3% 53718 32107 21611 50000
1982 55675 - - - 45 34 55754 40110 15644 55600
1983 50898 - 1230 - 190 62 52380 33170 19210 64000
1984 51765 - 303 - 110 30 52546 42578 9968 55000
1985, 56553 - 870 - 21 1 57062 48189 9266 55000
198! 51248 - - - 28 34 51306 43819 7487 48000
1987 45292 - - - 352 452 45372 39647 5725 44000
1088 37381 - - - 892 192 37489 32933 4556 38000
1989 35200

! Preliminary Interzonal

2 1op



Table 2. Canadlan catch of 4VsW cod by gear and (sub) Division (from NAFO).
4Vs 4W 4VsW

YEAR oT8 LL SDN MIS TOTAL oTB LL SDN MIS  TOTAL oTB LL SDN MIS  TOTAL
1964 2056 42 2 - 2100 7324 708 88 4110 12230 9380 750 90 4110 14330
1965 7366 84 22 - 7472 10290 1339 159 3844 15632 17656 1423 181 3844 23104
1966 6374 143 14 - 6531 6614 1472 38 3035 11159 12988 1615 52 3035 17690
1967 6735 99 27 - 6861 6460 1453 n 3619 11603 13195 1552 98 3619 18464
1968 9501 48 18 - 9567 8360 1928 ‘89 4944 15321 17861 1976 107 4944 24888
1969 3540 43 7 - 3590 4695 2647 13 3243 10598 8235 2690 20 3243 14188
1970 3054 21 1 - 3076 3602 3039 62 2039 8742 6656 3060 63 2039 11818
1971 5827 40 - - 5867 4768 4173 26 2230 11197 10595 4213 26 2230 17064
1972 9856 115 4 - 9975 4732 3350 7 1923, 10012 14588 3465 1 1923 19987
1973 6392 82 3 - 6477 4723 3173 20 1536 9452 1115 3255 23 1536 15929
1974 4644 56 - - 4700. 1335 2512 5 2148 6000 5979 2568 5 2148 10700
1975 1824 63 - - 1887 3566 2558 11 1917 8052 5390 2621 1 1917 9939
1976 3755 42 - - 3797 937 2289 14 2530 5770 4692 2331 14 2530 9567
1977 2751 50 4 - 2805 1873 3121 68 2023 7085 4624 317N 72 2023 9890
1978 9561 294 19 - 9874 7997 4321 839 1611 14768 17558 4615 858 1611 24642
1979 14853 438 86 - 15377 13784 5577 3245 1236 23842 28637 6015 3331 1236 39219
1980 28941 2116 321 - 31378 6298 6032 3440 1673 17443 35239 8148 3761 1673 48821
1981 27662 4274 1N - 32107 9148 7660 2433 1705 20946 36810 11934 2604 1705 53053
1982 32247 7069 794 - 40110 6352 5877 1943 1393 15565 38599 12946 2737 1393 55675
1983 26817 4475 6N - 31963 - 11280 4451 1936 1268 18935 38097 8926 2607 1268 50898
1984 37270 4122 879 21 42292 3475 3067 2144 1126 9812 40745 7189 3023 1147 52104
1985 38533 7449 718 609 47309 3035 2758 1229 2222 9244 . 41568 10207 1947 2831 56553
1986! 34515 8145 250 880 43791 2206 2700 626 1925 7457 36721 10845 875 2807 51248
1987 32770 6218 254 385 39627 1337 2404 542 1382 5665 34107 8622 796 1767 45292
1988' 26165 5446 611 707 32929 1109 1698 383 1262 4452 27274 7144 994 1969 37381

1

Prel iminary Interzonat

01
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Table 3. 4VsW cod - 1988 allocations and catches.

Allocations at Specific Dates Total Catch
Gear Sector Jan1 Junel Oct 1 Nov I3 Dec 31 (Quota Report)*
Vessels >100° 25000 25000 25064 24964 25100 24176
FG 65-100" 560 560 520 595 559 458
MG 65-100° 675 675 651 676 576 219
FG 45-65’ .

" (Jan-Apr) 400 445 445 172 172 ) 157
(May-Aug) 1445 1400 1400 1121 1121 1163
(Sept-Dec) 300 300 300 300 300 1593 34 1624

MG 45-65' )
(Jan-Apr) 1020 1020 1020 1020 1020 1085
(May-Aug) 1020 1020 1020 1020 1020 1302
(Sept-Dec) 1020 1020 1020 1020 1020 3060 903 3290
FG <45’ . _
(Jan-Mar) 200 200 200 200 200 58
(Apr-May) 530 530 530 530 530 914
(June-Aug) 3450 3450 3450 3450 3450 4334
(Sept-Dec) 1065 1065 1065 1617 1617 5797 1541 6847
MG <45 : '
(Jan-Apr) 330 330 330 330 330 454
(May-Aug) 660 660 660 660 660 973
(Sept-Dec) 325 325 325 325 325 1315 38 1465
Totals 38000 38000 38079

% . preliminary
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Table 4. 4VsW cod - 1988 management regulatory measures.

Gear SEctor Date Effective Trip Limit (kg)
Vessels >100° No variation orders issued
FG 65-100° No variation orders issued
MG 65-100° No variation orders issued
FG 45-65’ January 1 9000
| May 1 20400
August 23 22600
November 10 2275
i MG 45-65° ' January 1 9000
i February 11 1500
i March 19 9000
| April 8 4500
1 May 1 9000
\ May 7 1500
June 2 9000
August 1 0
September 1 9000
December 1 20000
December 14 0
FG <45’ January 1 9000
June 1 18000
June 28 11300
August 23 13600
September 22 4500
October 9 1500
October 26 4500
November 10 1500
MG <45’ January 1 9000
February 11 1500
March 19 0
April 18 4500
June 25 0

All vessels less than 65° were subject to a 10% by-catch limit throughout 1988.
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Table 5. Data used to generate 1988 age length keys for 4VsW cod.

Peniod Length-Weight Coefficient Number Number
Key Gear ) Covered a b Season Measured Aged Catch
1 OTB, OTM, PTB, SNU Q, - Jan-Apr 0.0080 3.0744 Spring 4463 335 8613
2 OTB, OTM, PTB, SNU Q; - Apr-June 0.0064 3.0398 Summer , 4227 261 6367
3 OTB, OTM, PTB, SNU Q, - July-Sept  0.0064 3.0398 Summer 2368 253 4081
4 OTB, OTM, PTB, SNU Q, - Oct-Dec 0.0064 3.0959 Fall 6502 446 9207
5 LLLH Q+Q; - Jan-June 0.0064 3.0398 Summer 4221 809 2936
6 LL LH Q, - July-Sept  0.0064 3.0398 Summer 4068 640 4579
7 LL,LH Q, - Oct-Dec 0.0064 3.0959 Fall 906 154 735
8 GN Jan-Dec 0.0064 3.0398 Summer 884 70 837

Table 6. 4VsW cod catch at age ('000) by key in 1988.

__ _OTB.OTM.PTB.SNU LL. LHP GNS

Age Q Q Q Q Q+Q Q@ Q Combined Total
1 0 0 0 0 0 0 0 0 0
2 0 0 6 3 0 0 0 0 9
3 2 23 134 55 0 0 0 0 214
4 59 176 482 784 14 28 6 0 1549
5 382 358 489 917 47 133 19 5 2350
6 885 714 963 1242 150 414 4 81 4493
7 998 1229 591 732 . 199 238 36 48 4071
8 947 583 236 622 208 454 56 89 3195
9 544 411 39 266 129 226 14 46 1675

10 184 71 38 76 98 128 13 6 614

11 66 62 4 8 62 56 8 2 268

12 7 43 0 35 45 23 7 1 161

13 19 9 0 2 16 17 1 0 64

14 0 0 0 0 8 3 0 0 11

15 0 3 0 0 6 2 0 0 11

16 0 1 0 0 7 4 1 0 13

Total 4093 3683 2982 4742 989 1726 205 278 18698




[
O 0 00 =3 U WD

[V
o3 -

i3

[V
Lo BN -« BEEN B - SN I B N B WS

—_—
(o R

Table

14

7. 4YsW cod commercial removals at age ('Q000).
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Table &. 4Vesll cod mean weights at age in the commercial catch.

1970 4874 49872 1973 1974 1975 197¢ {977 1978 {979 1980

1
+
11,02 .04 .05 .08 .13 .10 .10 .10 .20 .07 .07
21 .15 .41 .18 .22 3 .27 .22 .28 .62 .53 .57
31 .45 .32 .44 .45 .62 .53 .57 .81 .95 .76 .80
41 .91 .64 .81 .79 1,02 .89 .9 1,09 1.25 1.06 1.15
51 1.50 1,07 4.29 .21 1.53 1.34 1.46 1.67 1.68 1.70 ' 1.0
61 2.49 1.5 4.85 1.72 2,43 1,87 2,03 2.36 2.47 2.39 2.2
71 2.94 2,09 2.48 2.28 2.82 2.47 2.66 3.17 3.61 3.13 3,08
81 2.73 2.65 3.4 2.90 3.58 3.12 3.35 4.58 5.23 3.74 4.31
91 4,50 3.21 3,83 3.54 4.41 3.8 4.07 4.4 5.59 4.77 5.26
10 | 5.28 3.75 4.52 4,22 5.28 4.53 4.80 5.33 6.54 6.84 6,92
111 €.02 4,28 5.20 4.90 6.19 527 5.5 4.65 7.92 7.96 7.56
12 | €.74 4.77 5.87 5.59 7.13 6,01 6.29 4.91 9.21 9.41 10.19
13 1 7.36 5.23 €.52 6.28 B.09 6.76 7.02 7.14 10.40 10.63 7.92
14 | 7.95 5.65 7.14 6.96 9.05 7.5 7.74 €59 9.75 10.03 8.13
151 8.49 €.04 7.73 7.62 10.01 B8.24 B.43 10.60 8.68 11.45 14.45
| 4981 4982 1983 1984 1985 1986 1987 1988
e T
i1 07 .07 .12 .07 .07 .07 7 .07
21 .62 .58 .33 .56 .84 .26 .21 .32
31 .83 .84 .BL.. .72 .70 .89 .50 .54
41 1.14 1,07 1,08 1,00 1.04 .96 .35 .85
51 4,69 1.58 1,55 1.42 1.4 1.27 1.33 t.21
61 2,43 2.23 2.0 4.9 1,98 1.68 1.61 1.69
71 2,97 2,78 3.10 2.49 2.4 2.42 1.97 1,97
B! 3.94 4,07 3.52 3.44 3,47 2.77 2.76 2.40
91 5.70 5.49 4.38 2.78 3.93 2.40 4.07 2.89
10 1 7.46 7.08 5.76 4.96 5.41 5.02 4.32 3.88
11 | 7.67 8.74 6.99 6.8 6.37 5,29 6.7 5.08
121 9.26 9.10 9.04 8.10 6.12Z 6.84 6.64 5,92
13 | 11,687 11.43 10,63 8.95 9.94 10,05 7.54 5.73
14 1 8.65 10,59 11,74 10.23 11.17 9.42 12.59 9.62
15 | 9.84 12,48 12,69 11.85 11,26 11,73 13.44 7,39
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Data selection in recent years for standardization of 4VsW cod OTB 1, 2 catch
rates.

1984 - CAFSAC Res. Doc. 84/78

‘ Included:

Excluded:

1968-76 Spanish PTB TC 4, TC 5

1968-83 Canadian (M&Q) LLS TC 2-4

1974-77, 1980-83 Canadian (M&Q) OTB 1, TC 4
1974-77, 1980-83 Canadian (M&Q) OTB 2, TC 5

1968-73 Canadian (M&Q) (OTB 1, TC 4), (OTB 2, TC §5)
- these two series indicated stable or increasing’ biomass when other indications

were that there was a substantial decline in biomass.

1978-79 Canadian (M&Q) (OTB 1, TC 4), (OTB 2, TC 5)
- removed because the possibility of substantial misreporting of catch and effort.

1985 - CAFSAC Res. Doc. 85/39

Included:

Excluded:

1965-76 Spanish PTB TC 4, TC 5

1965-84 Canadian (M&Q) LLS, TC 2-4

1965-84 Canadian (N) OTB 1, TC 4

1965-84 Canadian (N) OTB 2, TC 4, TC 5

1965-84 Canadian (M&Q) OTB 1, TC 4

1965-84 Canadian (M&Q) OTB 2, TC 2, TC 3, TC 4, TC 5

All observations where catch or effort was less than 10 units.

1965-74 Canadian (M&Q) OTB 1-2 and 1978-79 Canadian (M&Q) OTB 1-2 - as
1984

7 individual points associated with abnormally large residuals were eliminated.

1986 - CAFSAC Res. Doc. 86/46

Included:

Excluded:

As in 1985 with the addition of 1985 catch and effort for Canadian (M) and
Canadian (N).

As in 1985 with the addition,' of 1985 Canadian (M) OTB 2, TC 5 - due to
biased catch rates caused by company imposed trip limits on cod.
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Table 9. (Continued)

1987 - CAFSAC Res. Doc. 87/72

Included:

Excluded:

1968-76 Spanish PTB TC 4, TC

5
1968-86 Canadian (M) OTB 1, TC 4
1968-86 Canadian (M) OTB 2, TC 2, TC 3, TC 4, TC 5
1968-86 Canadian (N) OTB 1, TC 4
1968-86 Canadian (N) OTB 2, TC 4, TC 5

All observations of catch or effort less that 10.

All longliners.

1988 - CAFSAC Res. Doc. 88/47

Included:

Excluded:

As in 1987 with the addition of 1987 catch and effort for Canadian (M) and
Canadian (N). : :

As in 1987 with the addition of all OTB 2, TC 6+.

1989 - This Assessment

Included:

Excluded:

As in 1988 with the addition of 1988 catch and effort for Canadian (M) and
Canadian (N).

As in 1988 with the addition of all OTB 2, TC 6+.



18

Table 10. 4VsW cod final standardized catch rate series for O0TB 1-5.
Year CPUE Std. Error cv Effort
1968 1.3671 0.20107 0.1471 13065
1969 1.3370 0.18887 0.1413 6159
1970 1.1942 0.17235 0.1443 5574
1971 0.8461 0.11894 0.1406 12522
1972 0.8063 0.09816 0.1217 . 18093
1973 0.7749 0.08968 0.1157 14344
1974 0.5807 0.05793 0.0998 10296
1975 0.4308 0.04507 0.1046 12512
1976 0.5743 0.05722 0.0996 8170
1977 0.5743 0.06731 0.1172 8052
1978 0.6236 0.12649 0.2028 28156
1979 1.3657 0.25648 0.1878 20969
1980 1.0592 0.10566 0.0998 33269
1981 1.0236 0.09918 0.0969 35961
1982 1.2271 0.11673 0.0951 31455
1983 1.1890 0.11919 0.1002 32041
1984 1.3199 0.12983 0.0984 30870
1985 1.6477 0.16501 0.1002 25227
1986 1.9879 0.19700 . 0.0991 18472
1987 1.4869 0.14916 0.1003 22938
1988 0.7778 0.07781 0.1000 35066
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Table 11. Estimated parameters and standard errors of 4VsW cod
trawler catch rate from a multiplicative model.
d.f. = 1158 from 1200 observations
Number Estimate Std. Err. Parameter
1 -0.4028 0.1003 1 - Mean over standards
0.000 Standard OTB1 TC4 Maritime
2 -0.6053 0.08343 OTB2 TC2 Maritime
3 -0.04930 0.06945 OTB2 TC3 Maritime
4 0.01031 0.06655 OTB2 TC4 Maritime
5 0.1607 0.06109 OTB2 TC5 Maritime
6 -0.1633 0.08628 OTB1 TC4 Newfoundland
7 0.01000 0.1046 OTB2 TC4 Newfoundland
8 0.1642 0.07625 OTB2 TCS5 Newfoundland
9 0.5058 0.08056 PTB TC4 Spain '
10 0.8979 0.08782 PTB TC5 Spain
11 0.000 Deleted OTB2 TC6+ Maritime
0.000 Standard January
12 0.09529 0.08049 February
13 0.02711 0.07733 March
14 -0.2161 0.07855 April
15 -0.4229 0.08017 May
16 -0.4686 0.08746 June
17 -0.6015 0.09459 July
18 -0.3756 . 0.08861 August
19 -0.3794 0.08732 September
20 ~0.4059 0.08429 October
21 -0.03909 0.08584 November
22 0.01871 0.09040 December
23 0.000 Deleted 1966
24 0.000 Deleted 1967
25 0.5699 0.1474 1968
26 0.5467 0.1423 1969
27 0.4343 0.1448 1970
28 0.08913 0.1409 1971
29 0.03845 0.1218 1972
30 -0.001967 0.1167 1973
31 -0.2923 0.1006 1974
32 -0.5904 0.1070 1975
33 -0.3034 0.1024 1976
34 -0.3013 0.1184 1977
35 -0.2050 0.2026 1978
36 0.5759 0.1836 1979
37 0.3088 0.09389 1980
38 0.2743 0.08934 1981
39 0.4555 0.08734 1982
40 0.4244 0.09448 1983
41 0.5287 0.09254 1984
42 0.7507 0.09236 1985
43 0.9383 0.09204 1986
44 0.6480 0.09297 1987
45 0.000 Standard 1988
0.000 Standard Subdiv. 4Vs
46 -0.09440 0.03639 Div. 4w
scale parameter taken as 0.3127
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Table 12a. 4Vsld cod July research vessel surveu porulaticon numbers ('000),

20

1977

1878

1009
14273
3960
6137
3042
1009
1194
378
I8!
167
190
€9
122

i6
10354
9245
24335
9482
10792
3944
23e2
1007
426
48

93

40
144

4394
29985
47138
38294
15352

1274

1983

€15
294
354
143
0
0
138
18

0
1608
8824

10059
6200
3920

765

367
éle

0

424
a8

909

6564

16605

10785

6721

2954
635

422

99

0

66

43

89e3
21338
23360
6464
2383
607
126
62

54

[=NoNoNoNal

950142
04897
93945
48700
24345
18863

139348
135557
105572
58433
20140

3524

32938
31330
22506
iz448

€247

43396
45386
44882
38327
21722
10937

65517
65398
63313
54390
33052

9693

11859
8263
3274

889
231
184

o
OO OO w

g702
13477
20417
7683
9504
2825
1042
343
386
100
17

17

1747
149955
125309
43770
9827
5309
2880
1224
273
277
150

48
32690
31705

105944
45870
23549
10537

2353
1313
333
i84

92

44

44

3066
4009
18777
22787
22202
12194
6102
2401
1154
273
264
162

14886
92358
7758
2730
1305
, 974

368

84

49687
4921¢
444214
31765
24759

63129
62073
59908
51206
38029
17942

340745
340708
338964
189006
62697
19927

254704 .

254656
221966
190264
84317
36447

152061
151895
150928
133602
103066

57574

86345
67562
44781

36817
22434

40520

238%1

92504
51806
90977
43730
32773
21440
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Table 12b. 4VUsW cod spring research vessel survey porulation numbers ('000).

1979 1980 1984 1982 1983 1984 1985 1986 1987 1988

x
+
0 0 0 0 0 0 0 0 0 0 0
11 496 1645 15723 5044 1623 518 0 292 722 1253
2 1 4047 5164 7245 42360 6040 3550 0 22668 1915 16599
31 1700 2894 10089 34130 80314 4399 0 40512 5990 19777
41 1138 3174 14843 22560 48640 22316 O 49140 9369  B8RE3
S | 2615 4800 9280 13804 9453 14799 0 24312 21127 9013
6 | 1944 5528 10987 3792 1414z 6953 O 27359 10041 10169
71 90z 2748 6408 2598 2507 €039 O 13072 6928 2988
81 546 580 2920 2062 1178 1845 O 2786 2510 3897
91 124 122 33 534 550 1200 0 4531 4% 965
10 1 189 43 258 272 482 465 0 582 218 368
141 146 28 54 420 M 4 0 93 74 372
12 1 42 3 45 59 B2 205 .0 104 61 86
13 1| 5t 17 0 21 28 o 0 15 61 49
14 | 18 9 0 0 86 13 0 15 2 0
15 | 19 0 0 10 0 0 0 0 0 68
I e mm et et e e meecmememmce————————————
O+ 13976 27728 77888 127362 61898 62342 O 182579 53530 74506
1+41 13976 27728 77688 127362 161698 62342 0 182579 59530 74506
2¢1 13480 26083 62165 122318 160275 61825 O 182188 58808 73233
3+] 9433 20949 54920 79959 154235 58274 0 159520 56893 56654
441 7733 17028 . 44831 45628 73920 53876 O 119008 50904 38877
S+| 6595 43054 29982 23269 25280 31560 O 69868 4153¢ 27994
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Table i{2c. 4VsW cod fall research vessel surveu ropulation numbers ('000),

1978 1979 4980 1981 1982 1983 1384

- - - - - - - - - - - = - = - - - - -

!

+
01 145 183 1046 48  255¢ 184 437
11 680 1648 314 9260 2912 8256 309
21 1675 3241 3830 9123 149562 8377 15396
31 9496 4897 46529 16553 10505 26196 36194
4 1 13950 8356 19627 18838 9073 14583 44493
31 11434 9700 14043 17504 7235 9869 29000
6 | 5204 4884 12664 6775 3346 6798 12220
71 2842 1562 9286 4296 2233 3785 €533
8 1 281 704 2539 986 918 1354 1222
91 174 283 1096 478 367 723 895
10 1} 48¢ 137 766 336 227 470 316
141 140 61 366 89 44 24 0
12 1 0 36 2 0 0 0 €0
13 1 134 0 0 0 0 0 Q
14 1 79 0 74 0 0 0 46
15 1 35 0 40 0 27 0 0

041 460505¢ 35635 82206 84284 59000 77678 147144
141 45407 35452 84260 B4236 56449 77497 146684
2+1 45726 33834 B0946 74977 530937 69241 14€375
3+1 44051 30623 77006 65854 33975 608c4 130979
4+¢1 240500 25726 603528 49301 23470 34687 94785
541 20805 17370 40901 30463 14397 23084 50292
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Table 133. 4Vsld cod <V from July research

23

vessel survey numbere,

1977

1978

.785 .187  ,233
L7088 343 487
L7750 394 L2368
679  .366 .333
.327 467 .402
.784 .375  .464
.923 .580 1.000
.443 1,000 .000
.000  ,737 4.000
000,000 .000
.87 000 L0000
L7143 1,000 .000

L2316
. 385
293
. 256
224
. 269
2
. 430
.58
662
1,000
1.000
. 000
1,000

000 1,000 000

1.000
.000
. 585
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Table 13b. 4Veld cod CV from spring research vessel survey numbers,

]

¢
0 1 000 L00G OG0 000,000 000 000 Q00,000,000
11,305 .30e .932 038 ,302 .49 000 ,338 .zBR  .z%8
21 160 .457 042 274 .7z6 .259% ,Q00 ,7B88 ,30& .70D
31 .570 .400 ,274 .607 .8Bc .26t 000 .6%6 ,451 .80S
41 .285 .307 .27 .60% .644  .403 000 .419 558,509
51 .221 .376 .304 .352 .460 .481 000 .322 .548 542
€ | .232 .485 .274 261 .3B& .504 000 ,300 .53&6  .4%55
71 .389 .5%0 .228 .242 .371 .429 .000 ,341 .451 .430
8 | .387 .639 .240 .19¢6 .370 .387 .Q00 .323 .452 .438
91 .375 .342 .245 .225 .434 .95%1 .,000 .345 .428 ,501
10 1+ .438 .769 .345 .,408 ,801 .444 000 .2&0 .53B  .495
111 .383 .401 .530 477 4,109 527 000 464 .€82 592
12 1 .500 1,000 .455 .647 .644  ,4&3 000 768 .468 . TID
131 .702 .826 .000 481  .960 000 000 534 .468 1,000
14 1 .612 1,000 000 .000 ,705 4,000 000 .524 4,000 ,000
14,000 000 000 £,000  ,000  LQQ0 Q00 000 000 777
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Table 13c. 4VsW cod CV from fall research vessel survey numbers.

1978 1979 4980 49841 1982 4983 1984
622 1,000 767 .086 .400 .483 .345
(341 .666 .476 064 ,295 .449 328
283 .236 .274 .268 .248 .266 .367
.337 240 .4406 .256 .207 .258 ,53¢6
.30 ,249 ,267 .292 .209 .2596 .54%
.327 199 .291 .403 .219 .334 .412
279 276 .273 .2091 .2¢6 .406
459,297 .314 .274 .255 .267 .302
544 .322 ,347 213 .272 .202 .303
626 .412 310 161 ,302 .247 .263
L792  .474 .384 .289 .38% .290 .435
602 440 449 539 1.000 .282 .000
000,633 .789 .000 .000 .000 646
(741,000 000 .000 .000 .000 ,000
L705 000 .628 ,000 ,000 000 787,
.92% L0000 .914 ,000 1,000 000 .000

e e e e - o o — —— —— - — = e o e —
o
=
—

L = e Sy
L WM D D=0 U WM D
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Table 14a. Mean length at age for ced in sub-division 4Vsz . from July EV surveys,

i

+
o1 7.00 .00 . Q0 00 .00 .00 00 00 .00 00
11 16,76 00 24,59 20.62 22.€0 22.89 19.50 26.66 20.39 18,85
2 1 29.13 30.45 33,72 33.63 31.70 34,22 32.12 30.39 37.84 31.13
31 40.84 35.19 41,31 40.33 39,49 41.80 38.00 44.01 42.21 38.82
41 48.77 46.54 43.99 46.35 46,593 47.80 45.78 48.73 48.84 47,56
51 52,79 52.69 54,03 50.51 52.64 54.37 52.14 54.69 57.85 - 53.50
& | S7.66 57.40 58,42 65,64 57.57 ©59.21 64.33 61.80 -61.00 64.61
74 €0,08 957.96 57.82 65.58 61.46 64.44 T7i.52 70,83 75.00 74.43
B 1 62.92 63.68 €7.38 60.33 66,22 68.72 68,31 82.80 79.00 83.96
!t 97,00 70.00 90,58 82.00 68,77 75.79 .00 81,70 85,00 24,56
101 82.00 70.00 €1.27 .00 83.50 88.00 79.353 .0C 88.00 97.00
111 68,74 .00 00 79.71 0 97.00 .00 .00 80.69 .00 94,39
12 1 .00 .00 .00 .00 .00 .00 .00 .00 .00 142,00
13t T72.88 67.00 .00 .00 .00 .00 106,00 .00 00 94,00
14 | .00 .00 00 .00 .00 .00 .00 .00 00 .00
15 1 .00 .00 .00 82.00 1415.00 .00 .00 .00 .00 .00

|
+
0 | 00 . 00 .00 .00 .00 .00 10.00 00 7.00
11 16,00 20.83 20,53 45.89 22,55 18,80 13.00 14.22 .00
21 29.77 34.24 27.69 26,41 31,70 26.23 29.26 23.48 28.7
31 40.80 41,38 38,79 41.20 e.e 37.47 35,92 38.13  36.34
4 1 47,22 50.87 45,62 49.41 47.33 42,87 44.70 44.9% 39.40
51 53,79 56,66 55,5 55,20 54,47 - 50.48 50.88 52.04 54,33
6 i 63.14 61.89 60.90 62,45 58,30 -57.3%0 Se.e6 5L,00 04.22
71 68,04 70,09 64.17 T0.T6 6L1.7 £2.29 61,97 58.30 56,99
81 76,86 T7.95 6E.36 72,08 74,52 65,23 64,24 61,93 £3.83
| 98,96 90,05 76,60 82,95 74,05 69.45 70.42 66,58 60.22
10 | 95,37 101.42 82,52 74.16 T2.10 74,55 79.38 73.54 B2.82
11 1 106,44 400.00 95,88 104,63 102.€8 86,7 91.90  76.5%1  76.49
12 1 .00 112,00 00 109,00 145,00  71.81 .00  en.zé 91,00
13 1 L00 109,00 .00 109,00 91,00 .00 106,00 112,00 .00
14 | .00 .00 103,00 00 109,00 . 00 00 .00 1035.92
15 1 00 145,00 .00 ., 00 00 132.00 .00 142.08 .00
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Table 14b. Mean length at age for cod in 'division.4W from July RV surveys,

10.00 7.00 .00 00 9.09 10.Q0 00 .00 5.54 9.26

>

|

+

!
11 21.30 17.47 22.2% 21.46 25.50 23.28 21.67 25.42 20,32 18.27
21 36.14 27.33 34.32 31,61 31.89 32.06 33.53 37.41 24.94 28,09
31  45.59 38.74 40.92 39.05 40.84 36.43 40.03 42.50 44.34 40.48
4 1 52.44 51,95 51,605 47.059 47.55 49.38 45.80 47.82 50.61 49.87
S| 58,39 54,50 60,23 951.12 56,22 ©55.69 52,80 57.78 56.00 51.398
6 I 57.57 57.82 62.62 60.52 62.74 64,35 057.31 63.44 63.44 59.83
71 74.19 64.30 82.00 59.00 71,66 79.39 67.07 70.98 €1.28 63.37
81 77.62 63,96 79.00 T7i.46 69.56 .00 .00 85.40 75.68 €67.84
91 79.00 74.37 98.00 €1.00 63.i8 87.00 .00 .00 100.00 €9.54
101 77.83 .00 00 94,40 73,00 .00 .09 .00 118,00 .00
111 00 &7.00 00 .00 .00 .00 88,00 .00 .00 .00
12 1 142.00 100.00 .00 00 88,00 100,00 00 76,00 .00 .00
13 1 .00 .00 .00 00 .00 .00 .00 .00 .00 .09
14 1 .00 00 .00 97.00 .00 .00 .00 .00 .00 .00
151 .00 .00 .00 .00 .00 .00 .00 00 00 .00

I

+
01 8.8 9.07 7.00 7.00 40,70 .00 40,00  7.00 9,58
11 20,09 19,27 19.00 48.82 21.31 19.85 19.12 16.97 20.7¢
2| 27,50 2%.66 25.36 30.48 31.22 26.46 32.30 31.03 25.74
31 41,47 42.46 37.78 40.22 238.38 36.59 40.31 37.28 38,97
4 1 50.34 48.24 44.48 49.18 45.37 44.38 44.20 42.58 435.90
51 54,13 56.28 52,58 52,40 54.39 52.44 52.31 402,06 52.52
f 1 £1.32 58.59 959.08 58.26 S7.42 G57.21 OS7.4% 51,04 S5.22
71 €5.03 59.81 £1,20 62.31 57.80 59.45 059.59 054.69 56.42
g1 73.5% 61.87 ¢©4.,54 60.61 5B.75 €2.00 €4.98 055,486 57.56
31 €3.82 80.61 %6.89 64.00 69.18 £&6.87 74.07 97.00 56,86
101 00 75,00 .00 .00 70.00 .00 70.89 .00 00
i1 00 94,00 .00 .00 62.9 B88.00 .00 00 .00
i2 1 .00 .00 .00 .00 .00 100.00 .00 00 .00
13 1 .00 .00 .00 .00 . 00 00 00 .00 .00
14 1 .00 .00 .00 .00 .00 .00 .00 .00 .00

i

.00 00 .00 .00 .00 .00 .00 .00 .00

»

[¥N
w
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Table 15. Summary of ADAPT formulations for 4VsW cod.

Parameters
Year class estimates: N; 1988 ; 1=3,...,8
Calibration coefficients: July RV K; ; 1=3,...,8

CPUE K’

Structure Imposed

- error in catch assumed neglible
- partial recruitment fixed for ages 1, 2 and 9+
- F on oldest age (15) set to weighted F on 7-10

- no intercept was fitted

-M=02

Input

Ci: (catch at age); t=1,...,15, t=1971,...
MWT;; (mean weight at age); C1=1,...,15, t=1971,...
OT B; 4 (otter trawler catch at age); t=1,...,15, t=1971,...
RV, (estimated population numbers at age); t=3,...,8, t=1971,..
RV SE;,; (RV standard errors); 1=3,...,8, t=1971,...
CPUE; (otter trawler catch rate); t=1971,...
CPUESE; (CPUE standard errors); t=1971,..

Objective Function

min 1928:8 28: RVit — KiNi ’ + CPUE; — K' x FB,
Ni1088, Ki, K' RVSE;, CPUESE;

t=1971 \ =3

where F' By is the fishable biomass calculated as a function of M WT;: and OTB; ;.

- 2 RV residuals were given 0 weight A(1974 age 5; 1975 age 6)

Sufnmary .
Number of observations: 106 RV (108 — 2)
18 CPUE
Total 124

Number of parameters: 13



Table 16.

4Vsl COD TUNING MAY 1989

112 3 9 0 15 2 8 18 0 12 17 58 26 ? 52 87 64 46

4Vsly COD
POPULATION NUMBERS ¢000S)
[ " 72 73 74 75 76 7 78 73 80 ai 82 83 84 83 86 87 88
e e e e m e e e e e e e e e R = o e e e e e e e e e e o e o e r et NeE e e ereener e rmAeera e~ E e mE e, ., . —————
11 95845 74442 64207 76321 82875 72878 70786 109317 101090 127488 41239945 98538 113432 26544 80204 103023 40262 0
2 76290 76380 58792 51285 61146 66231 59008 57953 89341 82754 104350 144575 B8O743 92870 21708 65663 84348 32964
31 63904 48691 46484 37148 34342 41032 50551 48290 47310 73073 67616  BS420 93671 66082 7A034 17769 53758 63058
4 ) 34251 40936 26992 24533 18756 19534 30349 44038  3R628 37260 57986 51973 67428 73933 53761 62412 14439 43941
51 31002 19767 23426 45306 14135 11428 12634 23877 30297 26048 25874 38677 35617 47740 55071 44914 47124 11069
6! 25030 17412 7442 8715 6080 5000 4997 89233 15367 16530 14821 14600 22660 22494 30550 37531 27525 33707
71 11737 11207 6311 2634 4633 2631 1942 3303 5105 8175 7972 7802 8833 13153 12860 17971 22560 17483
81 3404 43414 6070 2456 1302 1416 864 1142 2009 3128 4043 3820 4209 5478 6976 6980 11522 13297
91 1709 1114 2309 1600 814 913 606 508 717 1309 1597 1993 1976 2542 3292 3699 4341 7094
10 | 265 95¢ - 3588 835 937 217 253 381 315 519 7e3 952 1022 1097 1557 1814 2029 2600
11 193 114 423 234 350 170 133 176 239 237 345 527 504 630 629 889 1087 1135
i2 1 138 39 22 76 178 148 119 69 120 137 152 226 294 286 374 267 472 684
13 1 122 48 31 15 57 3z 24 48 31 94 130 93. 125 193 177 155 123 276
14 i 17 i1 6 19 12 14 29 10 15 22 73 87 26 82 127 a6 68 46
|
+
|

344019 296055 244111 221239 222632 221246 232270 295032 330586 376836 425774 419094 430532 353101 343370 359955 309748 233434

6¢



Table 17.

4Vsly COD TUNING MAY 1989
4VUsy COD

FISHING MORTALITY

|

+

| 027 .036 .025 ,022 .02 L0110 L0000 002,000 000 L000 000,000 000 LO0D L000 L0000 000
| 249,297 .259 .204  .499 070 L0000 .003 L0010 002 004  LQ01 L0000 000 000 L0000 L000 L 00D
| (24T .30 437 483,364 102 L00&  .023 .033 ,031 063,033 037 006,002 G608 L0041 003
I .350  .447  ,367 .S592 .29%% .236 .040 .103 L194 465,205 178 .145 095 .049 076 .066 040
! L3770 L7770 L7000 LT22 0 L6001 Le27  L147 L 241 L4096 372 .33% .2e0 .240 183 .28t 135,287
[ .604  ,B815 .839 .432 .638 .T62 .24  .350 .43
|

|

I

|

I

|

I

]

!

on
(S

b 929 446 302 344 .33 .33 L2305 204 157
7 665 413,744 504,985,914 342,237 220 S04 .S36  .417  .2T8 .434 411 245 329 297
8 L9170 L0581 1,433 905 . 733 648,231 L2328 L22B .4T3 ,S07  .459  ,304 ,309 .44 275 285 308
2 .387 429 a7 .336 1.124 05 L2686 L2799 LiZd4 L3440 L2017 L4830 L2389 L2390 .3%8 L4010 313 .30
10 644 810,720 LET0 1,509 .283 ,iee ,2R4 ,083 ,208 496  .436 .28 ,3%6 L3841 310 381 .3
i1 1.287 1.451 1.%22 .073 ,6e0 .4855 .45% 173 046 ,247 221 9% .367 .3E0 .6%6 .432 264 L2301
12 .862  .058  ,164 076 4.519 1,806 .Ti1&  .555 ,046 167 266 97 .21 .279 .885 576 359 304
13 .1%4 1.9%4  ,292 .000 1,184 ,03% 633 925 .10 048 4597 1,094 247 247 .320 .825 774 304
14 1,543 .000 7,553 .000 1.607 368 141 7.410 073,052 031 1.028 1.432 .260 .180 .152 .478 . 304
15 687  .465 ,909 648 1,021 762 ,314 .28 S2  .496  .43% 435,239 383 .443 274 317,304

0}



Table 18.

4VUsld COD TUNING MAY 1989

4VUsW (0D
WEIGHTED RESIDUALS FOR EY INDEX

i 71 72 73 74 75 76 7”7 78 73 30 81 82 83 84 8% 86 87 88
e e e e e e e e e e e e e e e e e e e = k= e 08 B e e o e e e e e
31 ,725  T.308 1,239 1.246 634 486 4.202  1.079  T.242 "1.164 7,639 1,007 1,556 .807 T.105 .74 C.378 , 002
41 ©.870 .691 1,068 1,537 -,278 .846  .378 z.227 802 71,051 925 .928 1.388 1.176 1.322 T.448 2.39% . 401
5 .280 T.221 <937 74,799 "2.403 4,003 .941  T.5p4 1,554 1,945 033 .42+ 41.2%2  1.045 .9%9 71,285 1,043 1,815
6! ©.938 124 T.278 71,274 T9.219 T1.668 .978 L1801 2,103 4,886  1.304 LE63 1,349 1,178 .88% 1,190 L8209 T.58%
71 .347 71,499 L7335 72,403 7,470 C,089  .780 " T.93%  2.%5% Z2.141  1.848 1,373 1.205 1,384 2,273 °1.338 .983 .322
8 | 1.494 72.147 T.762  T.266 T1.404 .99 1,492 T2.087  Z.14% 1,019 1.076 4,076 1.316 ©.438 . 2.090 o410 1,136 “.436

SUM OF RV RESIDUALS : 29.75655626 MEAN RESIDUAL : 0.2807222289

RESIDUALS FROM CPUE INDEX

i 7,043 72,589 1.6G8 73.229 1.042 4.144 3.759 71,295 {.427 1,733 ".804 T.091 1,302 .748 2.624 2,977 2.099 °2.82%8

SUM OF CPUE RESIDUALS : 9.495104569 MEAN RESIDUAL ¢ 0.5275058094

LE



Table 19.

4Usld COD TUNING MAY 1989
4VUsl) COD

ESTIMATED PARAMETERS AMD STANDARD ERRORS
APPROXIMATE STATISTICS ASSUMING LINEARRITY NEAR SOLUTIGN

A

OPTHOGONALITY QFFSET......... 0,001304

MEAN SQUARE RESIDUALE ....... 2,20429%
PAK. EST, STD. ERR. "T-STATISTIC
6. 31775E0004 5.29892E0004 1.30550E0000
4.40835E0004 1.63342E0004 2.69884E0000
1.11363E0004 3. 8047580003 2.92694E0000
2.38523E0004 7.84490E0003 4.,31521E0000
1.75982E0004 3, 87022E0003 4.34708E0000
1.236874E0004 3.24326E0003 4.12776E0000
2,83009E0002 3. 69098E0001 7.66733E0000
3, 20223E0002 3.61027E0001 8.86358E0000
4.08069E0002 4.76761E0004 2. 55920E0000
3. 81298E0002 4, 36373E0004 2. 74019E0000
2.73260E0002 2, 7734 2E0001 9. 84678EQ000
2.75566E0002 3.44549E0004 7.99786E0000
9.95966L 7006 2.7 2.18755E0001

2436E 7007

Parameter Correlation Matrix

! 1 2 3 4 3 6 7 8 9 10 i 12 12
_--‘---------------_—_-—----T ——————————————————————————————————————————————————————————————————
11 1,000 .034 .053 -.058 ,003 7,001 7,170 ,013 T,003 C.005  .000  .000 ".004
21 .034 1,000 .063 ,082 ,012 ~.002 ~,204 .450 ".014 C,009 ".002 C,002 ".009
31 .033  ,065 1.000 .110 ~.064 °,053 T,209 ".040 ".040 ,01%1  ,023 .027 .004
4 058 .082 .110 1.000 .040 ,012 ".240 ".128 ,i22 .099 C.044 L0411 C,024
3 003,012 T.0864  ,040 1,000 ".592 T.016 L0641 T.140 ,040 ,087 T,005 ",257
61 7004 ".002 C.052  .012 T.592 4,000 L005  .00%  .033 ,109 .077 ".188 ".205
71 7470 T,204 T.309 L340 L0416 005 4,000,074 ,053  .032 .002 ,004 .023
81 .013 T.150 T.040 T.428 .061 ,009 ,074 4,000 026 ,049 .04 .,008 .032
91 7.009 ".014 T.040 T.122 T.440 039,093,026 1.000 ,025  .024 .04 .062
01 7005 T.009 L0414 C,099 C.040 109,032,019 ,025 1.000  .030 039,083
111 000 7,002,023 C.041 T,087 L0077 .00Z L0110 021 - .020 1,000 .038 .93
12 1 000 7.002  .027 T.011 T,005 T,188  ,0014  .008  ,014 ,039  ,032 1.000 .107
13 1 7004 7,009,001 024,257,205 .023  ,032  .062 .083 .,093 .107 1.000
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Figure 1. Nominal catch and TAC for

(X 1000)
100 — 4VsW cod.
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Figure 3. Comparison of Canadian catches
(X 1023) of 4VsW cod by different gears.
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Figure 4. Projected and estimated catch
(X 1000) at age ('000) for 4VsW-cod in 1988.
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Figure 5. Commercial mean weights at age
for 4VsW cod ages 3 to 8.
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Figure 6. Standardized 4VsW cod catch

rates.
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Figure 7. Total numbers ('000) and ages
(X 1288) g4+ for 4VsW cod from Suly surveys.
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Figure 8. 4VsW cod ages 4+ July survey
(X 1?28) abundance by area.
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Figure 9. Abundance of cod (all ages)
(X 1288) in %sz from research vessef surveys.
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Figure 10. Cod abundance (all ages) in
4Vs from research vessel surveys.
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Figure 11. Cod abundance (all ages) in

X 1338) 4W from research vessel surveys.
250 [~ - JULY
- -o- SPRING
: - FALL
200 —
0 u
u -
& N
a2 150 —
2 ®
L — . :
- - 4
100 —
50 [ , | .
- ) /R\ ." /1 ‘-. s
-/0\. \./ " . \./: /
OF——11 1 v
1970 1974 1978 1982 1986 1990

Year



44

Research vessel catch distribution of 4VsW cod by
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Figure 13.

Research vessel catch distribution
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age groups in July 1981.
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Research vessel catch distribution of 4VsW cod by

age groups in fall 1981.

Figure 14.
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Figure 15. Predicted weight of a 60 cm.
4VsW cod from RV parameters.
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Figure 16. Length at age ratio for 4Vs to 4W cod
(tickmarks are at 0.2 intervals).
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Figure 17. Mean ratio of Ienath at ages

1.2 1 10 9 for cod in 4Vs to 4W (RV surveys)
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Figure 18. Tuning plots from ADAPT for 4VsW cod.
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Figure 18.1.
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Figure 18.2.

4VUslkl COD TUHING MRY 1989
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4Ysl! 0L TUNING MAY 1989
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Figure 18.5.

4U=d COD TUNING MAY 1989

4Usu COD
RGE 7 PLOTS
SUEVEY NO. FER TOW VS SPA NUMBERS KEZIDUAL VS OBSERVED X
100000004 . 3.5+
S t §
U | '
13 | i .
Y | i .
I 75000004 2.0+ .
Y { R | .
{ . | 4 { . .
N | . . 8 [ . .
0 | 1 ] . .
5000000+ )] S¢ .
| . b/’/,/1 1] | .
P i [ {
E i . . L 1 .
14 i ' ]
2500000+ (X3 . “1.04 .
T | . /oo/ | . .
[4 | /u |
[t | . |
| s'/ [
0+ “2.5¢ .
/+ + + + -—t Y2 T + . + ——
1000 500¢ - 3000 13000 17000 7.00 7.75 8.50 9.25 16.09
SPA NUMBERS OBSERVED X
TFEND IN STANDAEDIZED KESIDUAL OVER TIME TREND N POPULATION ABUNDANCE OVER TIME
3,54 ’ 10000300+ .
| |
| 1
{ . i
1 . t
2,04 . 7500000+
P f . [} {
£ { . . B i .
s I . . u | .
I | . . N |
¢ 54 M b 50000004
Y | I [ I .
f [ - — b—t N | ./)\\
i { . ¢ § .
i. £ I . e
1.0 . T 2500000+ . . ¢
| . . | b=t e .
i I \_
| | . ¢
| | —'/
“2.5¢ g O
Bt T femmrmcm—— tmmrmrenca b me—- + Sy ——— decccccana tececrccana L +
70 75 80 85 90 70 7% 65 &5 90
YEAR YEAR
STD. RESIDUAL VS PREDICTED VALUE SUMMARY OF DATA FROM PLOT
3.8 =sssccc =s cess o emss mees
i CARRIEE VRRIABLE: POPULATION HOS
| RESPOHSE VARIABLE(S): SURVEY - O0:0BSERVED. «:PREIJICTED
i ¢ THBEX CARKIER . R RAKK
| .
2.0¢ . 71 708% 2.362E6 1.938E6 76
R { . 72 7837 1.10706  2.142E6 77
E t 4 . 73 3639 1,983E6 9.945E5 4
S { . . 74 1747 2.539E5  4.773L% 75’
H [ . 75 2320 5.483E5  6.34ES 78
b . 5¢ . k) 1374 3.66BES 3.7S54E5 73
v i . 77 1393 6.353E5 3.808L5 79
4} R R e e 78 2472 6.074ES  6.754I5 81
L ! . 79 3836 1.84486 1.048k5 80
| 80 5421 3.274E6 1.481E6 82
1.0 . 84 5491 2.825E6 1.418E6 83
| . . 82 5443 2.86E6 1.48786 ™
t 83 6684 2.355E6 1.827E6 72
{ 84 9086 9.83¢E6 2.482I¢ BS
{ 85 9004 6.102E6  2.46[c 84
“2,5¢ 86 1.387L 2.73L¢ 3.785's €8
/4 + ¢ + ¢ 7 1.657E €.464E€ 4.52%E¢- B¢
300000 1500000 2700000 33900000 5100000 88 1.303F 4,653E6  3.576L¢ 7

PREDICTED VALUE



56

Figure 18.6.
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Figure 19. Age 3+ population ('000) and
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Figure 20. Age 1 recruits to 4VsW cod.
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Figure 21. Age 7+ fishing mortality for
VsW cod (weighted by numbers).
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FOPLI1:3%((,CATCHII; D) %FC+( MORTL1:1))2FCX1-%-FC+{(,HORT{1: 1)
FUI:1edpFC
SKi:Y=J-1
AR X«MORT{VI-1:Y]
POPCVI-15Y ¢ (CATCHEVI-1eYINEX32) +(POPL14L I Y+13xx)X)
(1L¢TeY~1) /AR

FOLI-150d-11«(B(71 71 POPLL((14pPOP)-NUM) D)= 1 1 #POPIV{(1tpPOPI-NUMI; D) - T

+(FAG40) /0

FCNEWe (+/01JPOPLAGE; IXFLAGE; 1) ++/[1IPOP{AGE;]
DIFFL1el (FCNEW-FC) :FCNEMW

FCe (TI14FONEN) T14FC

S ((f/ 14DIFF1)30.01)/0K?

INTERFAZE POPN:pr;FRF
9 Procduces 1 or 2 global variables POPIND and FBIOM
+{0=INDEXATYPE(1]) /CFPUE
POPIND=POPNxe-(F+n) x14MMTH A Adjusts SPA population to the survey month
POPIND+POPINDI{ROWS:] A selects calibration block
~{{=INDEXATYPE(11)/CPUE
POPIND2-FOPN>#-(F+n)x141¢MNTH » Adjusts SPA population to the survey month
POPIND2¢FOPIND2IROWS:] A selects calibration block .
+(2=INDEXATYPEL11) /CPUE
POPINDI«POPNXNe-(F+m)x " 14HNTH » Adjusts SPA pcoulatlon to the survey month
FGPINO3¢POPINDIL{ROWS;] A selects calibration block
CPU: 3(0=INDEXATYPEC23)/EXIT

T1 EMORTIOV((14pPOP)-NLM) ]

FRF& (+7f (POPN®Fx0TBpartCAT) (AGE: 1) #+#POPNLAGE:] # Calculates fully recruited Ffor OTE oartxal F matrix

pre{lF<{pF)YpFRF & calculates PR matrix
or{AGE:J<1 & Sets defined fullvy recruited ages to |
FRIOMe+/POPNXpr XMWT

EXIT:
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¢ R<RES] K
{11 Rer0
{2} F(0=INDEXaTYPEL11)/cpue A NO RV SURVEY
[3] ReR, .POFIND RESIARV K[vpROWS;]
[4] ¢ (1<INDEXZ/ YPE[11)}/' Re~R, POPINDZ RESIARVZ KI(pROWS) +1pROWS: 1"
{5 2 (2CINDESLTYPEL13)/ " ReR,.,FOPINDI RESIARVI K((2XpROWS)+1pROWS: Y’
4-9] S (G=INDEX4aTYPEL2))/res A NO CATCH RATE SERIES
{71 cpue:Ke(eK){1:] R get bottom row of K
81 keRk.,.FBIGH RESIaCFUE ¥
(9} res:
v

¢ R<POPIND RESIARV K
{il +(1="1¢pK}) /noint
{23 ke 32 1 B(02,pPOPIND) K
{33 ithatarvetv {13 2+KI2:3IxPOFIND) A WITH INTERCEPT
{43 “res
[5) noint:Ken(opFOPIND)P K
{61 ihatarver#POPIND o WITHOUT INTERCEPT
{7) res:3(*/1=,icearv)/LOG
(8] Re{ MASKRYI/, {iarv-ihatarv)*isesry
9] )
[10) LOG:Re(,MASKRV)/,(Biarv)-Bihatarv
9

¢ ReFRBIOM RESISCPUE K
13 3(1=p K} /neint
{23 ihatacpues (K{11+K[21xFRIOM) R WITH INTERCEPT
(3 Jres
[4) noint:ihatscpue<KxFEIOM A WITHOUT INTERCEPT
[5] res:e(~/i=iseacpue)/ ‘Re(Riacpue)-Bihatacpue 0207
{61 Re~(iacpue-ihatacpuelsisedcpue

v

9 R<POPIND RESIZRVZ K
1] 4{1="1¢2K) /noint
3} Fe 3 2 1 B(Z,pPOPINDZ2IP.K
i3y ihatarv2edk[1::2+4E02::I%POPIND2) » WITH INTERCEPT
{43 “res
{S) noint:Ke(GpPLPIND2)E K
{&1 ihatarv2¢KxFOPIND2 & WITHOUT INTERCEFT
{7} res:3("~/1=isearv2)/log
[gl R+ ( MASKZ) /, (iarv2-ihatarv2)} < (G=isearv2)i+icearv?
{93 40
[10) log:Re({ ,MASK2)/.(Biarv2)-Bihatarv2
v

9 R<POPIND RESIBRVI K
13 +{1="1¢pK) /noint
23 Ke 3 2 1 8(02,pPOPINDI) P K
£33 ihatarv3e{K{1s3I+KI2;¢IxPOPINDI! A WITH INTERCEPT
[4] sres
{531 noint:Ke¢B{opPOPINDI)p,K
£61 ihatarv3eKxPOPINDI R WITHOUT INTERCEPT
[7) res:+(#/1=,isearvi)/log
[8l Re( \MASK3) /. (iArv3-ihatarv3) =(0=isedrv3i) +isearv3
93 20
[10) 1og:Re¢(,MASKS:/,(Biarv3)-Bihatarvy
{1113
v
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¢ R¢DIFFAO0BJ:DELTA:I;TPAR
[1] A EALCULATES ONE SIDED DIFFERENCE OF OBJECTIVE FUNCTION
£21 Tel
31 Re(N,0)p1
{4) A DELTA<(0.01xpar)+0.01xpar=0
. {51 DELTA€IE 7XIE " 7+ipar A see NASH pg 180 foramula 1B.5 (GNW3)
[6) Li:TPAR«((I-t)¢par),(parlI)+DELTALL]),I¢par
{71 ReR, (e-0BJAFN TPAR)*(par{I)+DELTA[I]})-par{ll
(8] A ensures ac'ual DELTAL1] is in denominator, conditions rounding error
93 LIXP2Ie]+]
°

¢ ReDIFFAPNLTY:IiRIZDELTA;TPARsépnltysbpnlty
1} & CALCULATES FIRST AND SECOND DIFFERENCES OF PENALTY FUNCTION
£21 Tet
{31 Re 2 0 pO
[41 DELTA<(0.01xPAR)+0,.01%PAR=0
[53 Li:TPAR<((I-114FAR),(PARLII+DELTALIT),I$PAR
6] Ri¢(pnlty-fpnlty¢alpha PNLTYAFN TPAR)=DELTALI]
71 TPAR€((1~-1)¢PAR) , (PARCIJ-DELTA[I]) ,I¢PAR
£81 bpnltye¢alpha PNLTYAFN TPAR
(9] RéR, k1, (fpnltv+bpnlty-2xpnlty) sDELTALI]
{101 L1xP2lel+}
v

9 ReFRGNAFN A
(89] Re*/(A>1bnd) ,A<ubnd
[2) & THIS FUNCTION SHOULD RETURN A t IF THE PARAMETERS
[3] & ARE IN THE FEASIBLE REGION AND O OTHERWISE
(4] & Re¢l DEFAULT RETURNS 1
9

9 R<alpha PNLTYAFN A
(11 ReUSEACONSTRAINTSx+/alphas (pNVECT) ¢4
[23 A State variable 'USEACONSTRAINTS' controls penalty function
{31 A 1 + constraints on: 0 + constraints off

)

9 PRNT:TMPIFNT

(1] @PUT -
{23 QPUT "ITERATION NUMBER ~,3J .
£33 QRPUT * * 4 0PUT "PENALTY FUNCTION TURNED *,(2 3 p'OFFON ") [1+USEACONSTRAINTE:]) ¢ GPUT

{41 TMPe 3 & #°'LAMBDARSS NFHI

(3 QPUT "10RILE15.6" OFMT(S 10 ¢TMPie™ 14 ,THP, ", ")
{6l grPuyT ©

71 QPUT * F''s IN LAST YEAR :

83 arPUT & 3 3FLY

193 QruT

{10)  2(FaE=0) /NXT

{11} CQFUT ° F'’'s AT DQLDEST ABES :

{121 QPUT & 3 sFnb

[13] NXT:+{0=INDEXATYPEC1J)/NXTL

(141 @QPUT
[i5) @PUT "ESTIMATED JULY RV SURVEY CALIERATION PARAMETERS'
{16 QFPUT * AGE o f(2="14pK) /T INTERCEPT ‘), SLOPE NUMEBERS

(173 FMT<"14,F14,5,114°

(1Bl  ¢(2="14pKi/ 'FMT& " "14,2F14.5,114"""

[19) TMP<OCINDEXATYPEL2IxT1¢pK)¢(p,K)¢0par

[20] TMPe(p{-INDEXATYPE(2],0)¢K)pTHP

(24 @PUT FMT TFNT(({(pABGES).1)pAGES) ,THP{\pROWS: ], ((pNVECT)4par)

{22} S(I=INDEYATYPE[L1])/NXTY1 ¢ QFPUT "ESTIMATED MARCH RV SURVEY CALIERATION PARAMETERS®
{231 QPUT FMT DFMTU((pAGES) 1) pABGES) . THPL (pROWS) +1pROWS: 1, ((PNVECT) tpar)

(241 +(2=INDEXoTYPEL1])})/NXTL1 ¢ QFPUT 'ESTIiMATED SEPT. RV SURVEY CALIERATION PRRAMETERS®
[251

[26) Q@PUT FMT DFMT(((pAGES), 1) PpAGES) ,THPL (2%pROKS) +\pROWS; I, ((pNVECT)tpar)

(273 NXT1:2(0=INDEXATYPE(2Z])/DONE

(281 Q@PUT
[29) @PUT "ESTINATED CPUE CALIBRATION PARAMETER(S)
{301 OQPUT({2="112K) /" INTERCERT ), SLOPE”

{311 FMT-"F14.5°
[32) e{2="14pK)}/ FNT¢ "2F14.5"""°
[33) GQPUT FMT OFHMT(1, 14pK)p(-"14pK)tpar
[34) DONE:QPUT 78p°--
v
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9 OUTPUTSTIT dx:dy;agsyr
{11 gPuT * °
23 @PUT °"RSS Trajectory by Iteration ',STOCKANAME,’ ‘Lots
{31 dx¢ ITERATION NUMBEK®
£43 dye RESIDUAL SS°
{51 20 40 PLOT rssvec VS{vprssvec)

(6] |83}

7] [ 1{V)

(8) ©@PUT * CALIBRATION COEFFICIENTS BY AGE FOR ‘,STOGCKANAME, " “ytts

{91 opruT

(101 +(("1¢pk)=1)/52

{11) S3:@QPUT "AGE °,(2 O FABESIIN), ¢ I = *,(10 3 sk{l:11)," 4, (10 3 3kEI22)), x POP°

{12] +((PROWS)21€l+1)/51

[13) NEXT

[14) S2:2(INDEXSTYPEL11=0}/NEXT

[15) @PUT "AGE ",(2 0 SAGESLIN,' ¢ I = ",¢10 3 sk(I:1)),  x POP’

£161 +((pROWS)I21el41)/52

{173 NEXT:OQPUT *© -

[1B) QPUT ° MEAN SQUARE PESIDUALS : .Emsr

[19) OQFUT ° MEAN RESIDUAL : ’,3+¢/ezpe

(203 8PUT ~ SUM OF ALL RESIDUALS : ‘:¥+¢/e

211 page sts-

{22) DATABEN par

(233 TIT¢'POPULATION NUMBERS (000S)’

£243 0 OUT POGP,(134/032F0P

{251 TITe'FISHING MORTALITY"

{26) page ots

(27 3 OUT F

(28] aq¢Ad

(293 vyrevR

"30) +(INDEXATYPE[11=0)/CPUE

€311 +(~/1=,isearv)/LOGS

{32) AG+¢AGES

{333 TIT¢'WEIGHTED RESIDUALS FOR RV INDEX"

[34] page ats

(353 3 0UT RESIDARV

(363 @PUT DTCNL, SUM OF RV RESIDUALS : °,(8+/,RESID&RV),’ MEAN RESIDUAL : ‘.8+/,KRESIDaRV:+/,MASKRY
(371

[38) +(INDEXOTYPE[1I<2)/CPUE

(39) TITe¢'WEIGHTED RESIDUALS FROM MARCH RV INDEX®

{40) VYR=MASK2[1:)/yr

[43] 3T OUT RESIDARV2€({(0Zisesrv2)xiarv2-ihatarv2)+isearv2) [iMASK2L1:3/114pNRSK2]

{42] @PUT OTCNL, SUM OF RV RESIDUALS : *,(%+/,RESIDARV2)," MEAN RESIDUAL : °.3+4/. RESIDARVZ +/ . MASK2
{43) +(INDEXaTYPE[§1C3)/CPUE

{44] TIiT« WEIGHTED RESIDUALS FROM SEPTEMEER RV INDEX:

(45] VYReMASK3I[i:1/vyr

[46) 3 OUT RESID&RVI€(((0Fisearv3)xiarvi-ihatarv3t+isearv3I)(;NASK3I{1:) v 14pNASES]

[47) @QPUT OTCNL, SUNM OF RV RESIDUALS : °,.(5+¢/,RESIDARV3}, " MEAN RESIDUAL : °.3+/.RESIDARV3:++/ MASK3
{481 +CPUE N
£49)

{50) LOGS:AG€AGES .

[51) TIT¢ LOG RESIDUALS FOR RV INDEX®

{52] oage &ts

€531 3 OUT RESIDaRV N

543 @PUT DTCNL, SUM OF RV RESIDUALS : ',(¥+/,RESIDARV),  MEAN RESIDUAL : ° .84/ ,RESIDARV:+/,MASKRV
[S5) +(INDEXAYYPE[11<2)/CPUE

{56) TITe¢'LO6 RESIDUALS FROM MARCH RV INDEX®

{S7) VYReMASK2(1;13/vyr

[58) 3 OUT RESIDARV2e((Biarv2)-Bihatarv2) [:MASK2{1;3/v14pNASK2]

[59) QPUT OTCNL. 'SUM OF RV RESIDUALS : ‘,(5+/,RESIDARV2),’ MEAN RESIDUAL : *.§+/.RESIDARV2++/,MASK2
(603 S (INDEXOTYPE[11<3)/CPUE

£631 TIT¢'LOG RESIDUALS FROM SEPTEMBER RV INDEX'

(621 VYReMASK3I{1:3/yr

(631 3 OUT RESIDARVI€((Bibrv3) !)hatdrvS)[ MASK3L1; J/thpHASDSJ : :
(64] QPUT DTCNL, 'SUM OF RV RESIDUALS : °,(§+/, RESIDARVS&. MEAN RESIDUAL : °,8+/,RESIDARV3=+¢/ ,MASK3
{651 :

[66) CPUE:+ (INDEXATYPEL2]1=0) /NOCPUE

(67)  YRevr

[68) QFUT .

{691 @B¢,0

(703 TIT«'RESIDUALS FROM CPUE INDEX"

(741 3 OUT(1,.pRESIDACPUE) pRESIDACPUE

[72) @PUT OTCHL,'SUM DOF CPUE RESIDUALS s ", (5+/,RESIDeLPUE)," MEAN RESIDUAL : " ,3+/,RESIDoLFUE+p,ibcpue
€731 NOCPUE:paqe ats

£7a) gput © -

{75] QPUT "ESTIMATED PARAMETERS AND STANDARD ERRORS®

€76) PARASE

{77) TIle¢'Paraseter Correlation Matrix’

£78) AGe¢YReritpcorr

[79) 3 OUT corr

{80) AB¢ag ¢ YReyr

(813 ' ¢ SpDTL=EL

{82) ‘Output Age-bvy-Age Plots? (Y/N) Default is ND*

(83) 2(*('Y'=ANS)Y 'y =ANS+OINKEY)/ 40’

[84) PLOTRVSPA iarv



£}
21
{31
[43
(3]

[10]
(111
[121
121
{143
(15}
{16}
i71
(18]
{191
£20]
{213

221}

23]

[24]

1]
{21
£33
{4]
{51
[¢)
(71
(81
(9]
[0}
f{11]
(121
[13]
[14]
(183
£16]
(171
(18]

9 DATAGEN PAR:IRESID
RESID+ORJAFN PAR
+ (INDEXATYPEL11=0)/CPUE
»(~/1=,icearv})/LOC
RESIDoaRVetiarv-ihatarv)sisesry

>CPLE

LOG:RESIDarY< (Bisrv)-Bihatary

CPUE: e

(INDERATYFELZI#0) /7
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RESIDACPUE« (-p,iscpue} +RESID’

9 INDEX PRINTRVSPA DATA:DFPiHDR:RANK:iFMT{FSILBLS:1I:Z
# PRINT DATA AFRAY USED FOR PLOTS
A DATA¢+ARRAY SUITAELE FOR USE WITH THE"PLOT™FUNCTION
A (INDEX)<3DEFAULT IS v 1¢pDATA

v

v

OFpPeq
Ne“ 1+

14¢DATA

PSe(Ntpe) L (N, T)p”

S«
LELS*

aruT
oPUT
QPUT
orPuT
GFUT
erPUT

¢ (0=0NC "INDEX®

30PS

(104" INDEX'),[13(10¢" CARRIER').[11PS
LBLS+LBLS, 11104 RANK'
24((2 2 +pDATA).10G}p"

‘SUMMARY

OF DATA FROM FLOT®

"CARRIER VARIARLE: POPULATION NOS’
‘REZFONSE VARIAELE(S): SURVEY - 0:0BSERVED. +:PREDICTED’

)/ INDEX&v 1tpDATH’

RANK~INDEXCHDATALL 1]
201333€(2 10 p204LBLSI1:3) (L13¢ 24 (pDATA) . 1OI4F (724 (£DATA) 1) pINDEX

I¢1

1P 2014150342 10 p204LELSTI4]1:1),

»((14pDATAI2ZT«1+1}/1F

[13¢724 (pDATA) (10) 43 (724 (pDATA)

L 1YpDRATALL]

I0I+8353-42 10 P;U‘LBLS[1+I 1), 0130724 (pDATAY (102 45 (7 ZQ(PDQTQ) 1) pRANK
QPUT{1 10 x02+pDATA)e, 2 1 3 81

PARGSEIN; Pt HESS; det NORM
"APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION®

QruT
arPuT
Nep.,e

Fep.par
de«DIFFADZL
HESSe2x (BJz) +,xde

NORM: (+/HESS#2)#0.5
HESS«BHESS: (pHESS) ANORM
HES3¢2Xmsr AHESSR(0pHESS) pNORM

parease«{i

! BHES5)#70.5

corr«HESS<HESS¥parsses . Xparase
paracsetiparase

ePUT
aPuT
QFUT
GrPUT
GPuT
eruT

PAR.

"E16.6.X3°

"ORTHOBONALITY OFFSET...... .. (,'Flb. 6"
‘MEAN SQUARE RESIDUALS ......." . 'Fl6.6"

EST. STD. ERR.

OFMT (pariparase;parparoase)

DFMT con
OFMT msr

T-STATISTIC



{1
(21
(3
4]
{51
(61
(73
19:3]
91
i10]
(11
(121
(133
(14)
[151
(16}
(172
{18)
(192
(201
(211
{22)
231
{24)

{253

[26]
273
{281
293
£301
(z11
(321
{331
(24]
3351
{361
(373
{8
(391
£40]
(411
1423
1431
. 443
{4%]
1381
{47)
1483
£49)
(501
£s1)
{sz
s3]
[543
%51
1561
1571
£58)
(593
{603
(61]
162)
£63)
{64]
[451
1661
te71
681
(e51
(701
713
1721
{731
i74)
{751
{761
[771
{781
(771
(eol
[E1}
[82;]
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¢ PLOTRVSFA INDEX:DATA:SCALE:ITER:duidyiSYMIRESID
SCALE¢ 20 40
ITER~L
YR-{YRUII-1) 40 "1 42 INDEX

RESID¢RESIDARY

4 (INDEXATYPEL23=0) /31

page ats

OPUT ‘AGGREGATE CATCH RETE RESIDUAL VS FREDICTED VALUE *
dy+ CPUE RESIDUAL’

dx+ PREDICTED CPUE"

SCALE PLGT RESIDACFUE VS ihatacpue

@PUT 'OESERVED AND PREDICTED AGGREGATE CATCH RATE BY YERR'
dv¢ "CATCH FATE’ .

drue VE&4R'

SCALE PLOT ihatscpue AND iacpue VS YR

Si:page ots

OPUT "AGE . (SABESCLITER]), " PLOTS

+(0=ppisearvi/LNI

DATA«INDEX{ITER: JAND ihatarv{I1TER:IVS POPIND{ITER:)
0PUT "SURVEY NO. PER TOW VS SPA NUMBERS®

dv¢ SURVEY NO. PER TO#’
dx < SPAR NUMELRS’

SCALE PLOT DATA -
OPUT "TRERD iIN STﬁNGARDXIED RESIDUAL OVER TIME®

dy¢ RESIDUAL "
dxe YEAR'
SCALE PLOT(RESIDIITER: 1)ANDI{pYRIPOIVS YR

gPuT "STD. KESIDUAL V& PREDICTED VALUE'

dx+ "PREDICTED VALULE® .
SCALE PLOT RESIDUITER:JAND((pihaterv(ITER:IVPOIVS 1hatzrvIITER:]

gPUT CRESIDUAL VS DASERVEDL %7

dx¢ OBSERVED X~ :

SCALE FLOT RESIDIITER:IAND{{pPOFINDIITER: ) pOIVERTOPINDLITI : ]
+52
LHt:

DATA* (BINDEXLITER: HAND(BihatarvlITERI I VS(BROFINDIITER: D)
OPUT ‘LN SURVEY HO. FER TOW VS LN SFA NUMEERS'

dve LN SURVEY ND PEi TOW'
due LN SFA HUMBERS

SCALE PLOT DATH
0PUT ‘TREND 1N LN RESIDUAL OVER TIME'

dv= LN RESIDUAL"
dre YEAR®
SCALE PLOT(RESIDLITER: 1IAND((pVRIp(0IVS YR

QPUT LN RESIDUAL V3 LN PREDICTED VALUE®

dxé LN PREDICTED VALUE®
SCALE PLOT KESIDIITER: JAND((pihatervIITER:DIpOIVERihatarvIITER:]

0PUT "LN REZIDUAL VS OBSERVED LN X'

dx< "0OBSERVED LN X~
SCALE PLOT FESIDIITER: JAND((pPOPIND{ITER: I} pO)IVSBROPINDIITER:]
S2:

OPUT "TREND IN POFULATION ARUNDANCE OVER TINME®

dy¢ ABUNDANCE"

dx¢ YEAR®

SCALE PLOT INDEX{IVER;JAND ihatarv{ITER:JIVS ¥R
YR PRINTRVSPA DATA

ITER¢ITER+1

SUITER= (14 pINDEX) 453 /70

+51
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9 I¢A AND B
{1) Ze((vi+14pRI#0I0+1)%Be(72¢ 1 1 ,pB)PB
(21 1(DI0+1;1¢R

v

9 AXES:I:Y
{11 T¢0 OGINIT "HERCULES®
[z3 1 OBLINE 1 4 2 ¢ 200 50 200 850 200 850 $1000 B50
{33 1«0
(8] YTIC:Ye504100x]
{51 f OGLINE 1 2 2 p195,Y,200,Y

[61 Tel+t
€71 I /YTIC
[8) Tet

[9) XTIC:Ye100+100X]
[§03 1 DOGLINE 1 2 2 pY,B50,Y,B40
(11] Iel+f
(121 +(1¢9)/X7IC
v

v VECT<ABES RAPLUS MATRIX:;FIRSTAGE;LASTAGE
(11 FIRSTAGE«1¢AGES
[23 LASTAGE<€1+AGES
{3 3(v/(2=pABES,AGES) , (LASTAGECFIRSTAGE) , (LASTAGE>AGLPAGI) ) /ERROR
{41 "+(FIRSTAGE<AB(11)/ERROR
£S5l +(~/(0SLASTAGE-FIRSTABE) , (2=pABES) ) /0K
{61 ERROR:+0,0¢0¢ INVALID. FORMAT IS FIRSTAGE LASTAGE aaplus MATRIX’
£7) OK:MATRIX¢((FIRSTABE~ABL1)),0)¢MATRIX
8] MATRIX€eo+yeMATRIX
{91 VECT¢((1+LASTABE-FIRSTAGE) ,14pMATRIX) 4 MATRIX
9

. 9 XeDAT
{11 Xeld 3 0 $100103¢407S
[23 X{3 51e°/°

v 2¢FTIE FNM:;MAP:FS:LIB;BELX;0S8EG: 010 )
{1} A Ties the named APL file and returns the tie number chosen.
{23 n Behaves like VM in that FTIE is a ‘slippery’ tie
[33 0i0¢1 ¢ DELX« DBERROR(*\ODM#OTCNL)/0DM’
(43 GSEG+8 ¢ FS+-(0 1 =DPEEK 162}/ 1 10 8 Look at file-id setting
[31 MAPE~\FNNE' 0123456789° A Map leading blanks and numbers
(&1 LIKEMAF/FNM ¢ FNM(B 11 (1 10 vFSI)4(*MAP)/FNM
{73 S(~~/L1B=' ")/L1 ¢ LIB¢s 4B+0OFEEK 97 n Get default drive if needed
[8) L1:LIB«<(F5,0)350F1 LIB
(9] 1€ (OFNAMES.=LIE, " “FNM)/OFNUMS 9 +{0#pI1)/0
(103 (LIR,® “FNMIOFTIE Z+((121)€DFNUNS)ILO
)
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9 A OUT BiCiD:EsM;YiPW;TEST

[1]1 & TRANSLATED KR.C. McCHRAE - I.P. SHARF ASSOCIATES B85.1.7

[21 F{IFppRY/CHECKL 8 i M0D. B3.B.03 M. JOLY

(31 Be (1, eE)pR

[4) CHECK1:Q¢,G{2, J4pR)p(SI24¢(A£M)+A+(0X(L/01IE))I+T10BLF7/L13IB)Y (" 14pRIPA
{s1] PHE(ZC+pTITITOPUHLA++/ ((pRIp 1 0)/A .
[6] Ye¥R

171 QFUT i

{61 OQFUT((( E+PRISC(LO,SxPU-pTIT)p" ), TIT),DAT)

(?1 Ski:0QPUT °

{101 Ce 1+(0PNCa+¢\AL 142200, 5%pATVY

[113 Dei2xClpYItA
" {123 DI2X%CLPYIeO

[13) OQPUTC’ 1°.DE(CLAYISY)
[14) QPUTI =-=¢" ((+/AL714254,C3)p" ")

{151 s(1#1¢pB)/MAT

{16 GPUTU(L 4 p° 1°),0(2xC)4AI3 {1, CI4R)

1171 SCHECY )
[183 MAT:0FUT((2 O 8 ({pAGY  1IpRB) , (((PAB) 205" l').((2XC)4A)5((pAB),C)19[
“19)1 +{(pABI=14pB)/CHECK

201 QFUT( ==-4" (+/ALT14220CN)p ="}

1211 E«(2 O S((TEST,.1)pAG)), (C(TEST«{14pB)-pAG) ,2)p +1")

{221 QPUT E,.{(27C)tA)B(((pAG)I-14pR),CItE

{233 CHECK:A#(2=CivA

(24 Be(0.C)4E

[25]1 YeCoY

261 2{0#pAY/Si)

S A PLOY BiC:DsEsFeBsHa sk LiMIN:BIO;PeS;Te ULV XiPVAL;COM:O:CRT T ps
1 DI0«! ¢ CRTT+SE"11
{23 Seg (,(0=ONC 4 2 p'dxdyd ps')f 4 3 p'dxedyc(p pse’), " "‘osaxo0 "’
[33 {~7 | 2 #ppEIPL2
4] A{(2=ppE)~1#41¢PH) /LY
[S BE={2,U)pivU+pE) B
[6) Lisaiifpphipl2
171 +(2 & =pAI/LS LT
[83 LZ:s=0.0e0+ FARAMETRES KON VALIDES' ,pcr
[91 L3eMeif (Kol iE S+(LeAlZ2)210) (T /BT LL/BTLST & LS
{10) La:H-IL{F) ¢ C+DI[P]
[11] Mel 6 (E-LIETI#(G6-A013):5) (T/7. T} L/, Te 1 © 4F
{123 LS:8< 10000 S000 2500 1000 500 100 50 25
[12)  =t0=M[22}/L2
L14)  SiC#Ue-/T24M)/LEA
{153 -=0,040«'FAS DE VARIZSTICN DANS X DU Y .acr
2310) LBA1SeS 0T a+T 1OBUCL2N]2]
(171 Fe(KIZIC(1en{d3-5IN(4))+Mi23xDev-5iVe], 257U ¢ M
{18) Lésr-1 1.5« (BI1:3-K)x1Q=C
[19) TelO,.S+(T-1+1LF1)x5sD=DIP) ¢ +L8B
[20 L7:E-L1E"3+(L-AL4]) %10
[21) E€L1ETI+(B<Al1)):5
[22) Xe(Fe(OSX) X€L+1) /X1 1. 5+(BI13)-H-RL5DIX10=C=A[6]
[23) T+F/10.5+4((T+ 1.0 $B)-1€A[2))%5:D~AL3]
{24) LEB:M«il108ID-0,1B«10
[25) MeM{ILLC/ (CRTYTXDIT/P)2Mo APl I4DxT 14 E4L )]
[26) 5S¢ 10 "3 ¢ »((B<Pel+LI0BT/PIVNSTTI/LY
[27] S¢10,00(B-FI1)L-N
[2B) L9:0¢(VASEA(DX 14 E+ )0, +,1), 1+ ' [14Ved0=51"14114P<6]
{29) Us((-L{U-x/pdy)22)0{U<G+1)¢dy) .0
(30 Xe ((pTXI1)prpps)o,.+3000XX ¢ Te ¥
(311 L!O:PVAL*(U[1+6-P§]).(L*l)p' ‘
[32) 4:0=p8«-{T=P)/X}/L12
[33] B5¢{S#0,7145)/5¢5(¢8]
[34) PVALL(T14pU)+1521000)¢psl1000iS]

{353 L12:9FUT ° ‘PVAL
1361 -+ (0CPepP-1)/_10
(373 QPUT(16p" ") 4"/ ((L4l)p 4mcmcmnnmn !

(363 HKe(L1061C)-CG, 010
(393 MeMUIIL I~/ {IRTIXCIT/F)I2(10aMIo, [P« IBEH4CX T 141K+1)0 1]
[40) S+10-3 ¢ +{(BL{P<1+L108[/PIVN{TT7)/L13
{411 E¢310.071(8-PT1)1-N
{423 L13:QFLTiBp" ") ,.S8B
[43] (0=x/pdx)pC
[44] GPUT CTICLF, ((38410.52L-%/pdx)p" ") .dx
v
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9 QPUT X:OID:NTIE

1] 0i0+s1 & VERSION 2.¢ 11 M0D. 84.1.31 M. JOLY
23 +{0€pX) /0
£33 Xe¥x

[41 4('+°=14250RTIE) /TOFILE

(5 2((3 3 p'CRTPRTRS1 )~.=2a50RTIE) /LCRT . LPRT LRS!

[6) ERRI:DERKRCK "INVALID OUTPUT DESTINATION IN 4SORTIE®
{73 LCRT:0¢X & +0

{83 LPRT: 3 0 3 DARBIN,X . DTCNL ¢ =0

{93 LRS1: 1 0 0 1 DARBIN,!X.OTCNL) DTCLF ¢ 30

[103 TOFILE:

[133 (14ASORTIEIDNTIE NTIE«-((120)v0,I3NNUNSIO

{121 ¢X,DTCNL)ONAFPEND NTIE

[13) ONUNTIE NTIE

v
ITIMESNT
v I1-6 VS B
13 T€U{72¢ 11 (pRIPBI(T2¢ 1 L ,0A00A
v
v page ats
13 GPUT DTCFF. - 4vsh COD TUNING MAY 1989°

123 GFUT STOCKENAME, (420" ") .a's
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