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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 F0. 1=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.

Resume

Les prises de 1988 totalisaient 37 489 t, soit une r&duction de pres de 7 900 t par
rapport A 1987. Les prises r&duites sont - dues A des mesures de gestion destinees k
atteindre une TPA de 38 000 t. Le taux de prise commerciale a diminue de pres de 50 %
par rapport A 1987 et les releves des bateaux de recherche indiquent une diminution
continuelle des stocks de poissons matures (4 ans et plus).

Deux series de releves saisonniers ont ete analysees en plus de la serie de relevds
de juillet (1971-1988). La serie d'automne (sept.- oct.) va de 1978 a 1984, alors que la
serie du printemps (fevr. - mars) couvre la periode de 1979 A 1988, A 1'exception de 1985.

L'ASP a ete raffinee a l'aide du modele ADAPT et des valeurs de populations .
obtenues A 1'aide des bateaux de recherche en juillet correspondant A l'age et au taux de
prise commerciale normalise pour les chalutiers. Le taux de mortalite par peche du groupe
entierement recrute 6tait de 0,3 et it s'est maintenu A un niveau relativement stable depuis
trois ans.

Si l'on prend pour base le TPA de 1989 de 35 000 t, on obtient un taux de
mortalite par peche de 0,221 et les prises projetees au niveau F Q ,=0,2 seraient de 34 000 t
en 1990. L'application de la regle de 50 % donnerait, en 1990, un F cible de 0,21 et les
prises qui en resultent seraient de 35 000 t en 1990.
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Introduction

The preliminary catch reported for 1988 was 37,489 t (Table 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 4th 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° d or 3'd 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
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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 CIE (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 the 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 TC5 stem
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 Ohs	 Observed	 Observed	 Observed	 Observed

Reported	 Domestic	 TC5	 Directed	 Directed	 Directed

Catch	 Catch	 Catch	 TC5 Catch	 TC5 Effort	 TC5 CPUE

Jan-June 16584 1732 886 780 713 1.094

July-Dec 20797 2251 1955 1865 2049 0.910

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.
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The estimates of population numbers at age from each RV survey (Table 12a, b, c) 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 years 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.
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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 to 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
Assessed

Teats
Averaged 	 1 2

nvn

3 4 5 6 7+

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 ADAPTS (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.
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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 concerns 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 o., 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 F0•, 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:
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Age 	 Numbers m 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 1644 1
9 	 8005 3.455 1

10 	 4297 4.406 1

11 	 1575 5.707 1

12 	 688 6.467 1

13 	 414 7.774 1

14 	 164 10.543 1

15 	 28 10.742 1

set as described in text

If the 1989 TAC of 35,200 t is taken it will generate a fishing mortality of 0.221 and the
projected Fo., 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 (millions)
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 44 43 (61)

1987 .35 74 	 87 54 48 43

1988 .28 85 	 101 62 57 31 	 (31)

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 22956 -

1961 19697 3252 2321 40884 113 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 711 68525 27177 41348 -

1967 18464 77 102 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 -

1971 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 35 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 11 57062 48189 9266 55000

1986 1 51248 - - - 28 34 51306 43819 7487 48000

1987 1 45292 - - - 352 452
192

45372 39647 5725 44000

1988 1 37381 - - - 892 37489 32933 4556 38000

1989 35200

1 Preliminary Interzonal

2 I^



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

4Vs 4W 4VsW
YEAR 0Th LL SDN MIS TOTAL OTB LL SDN MIS TOTAL 0Th 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 71 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 11 1923 19987

1973 6392 82 3 - 6477 4723 3173 20 1536 9452 11115 3255 23 1536 15929

1974 4644 56 - - 4700 1335 2512 5 2148 6000 5979 2568 5 2148 10700 	 ,r

1975 1824 63 - - 1887 3566 2558 11 1917 8052 5390 2621 11 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 3171 72 2023 9890

1978 9561 294 19 - 9874 7997 4321 839 1611 14768 17558 4615 858 1611 24642

1979 14853 438 86 - 15377 137.84 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 171 - 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 671 - 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 1 34515 8145 250 880 43791 2206 2700 626 1925 7457 36721 10845 875 2807 51248

1987 1 32770 6218 254 385 39627 1337 2404 542 1382 5665 34107 8622 796 1767 45292

1988 1 26165 5446 611 707 32929 1109 1698 383 1262 4452 27274 7144 994 1969 37381

Preliminary Interzonal



11

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

Allocations at Specific Dates Total Catch
Gear Sector Jan 1 June 1 Oct 1 Nov 15 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 304 	 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



12

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

MG 45-65' 	 January 1 9000
February 11 1500
March 19 9000
April 8 4500
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.

Period length- weight c:oetticient 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 0113, OTM, PTB, SNU Q, - July-Sept 0.0064 3.0398 Summer 2368 253 4081
4 OTB, OTM, PTB, SNU Q4 - Oct-Dec 0.0064 3.0959 Fall 6502 446 9207
5 LL, LH 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. + Q2 QQ 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 44 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
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Table 7. 4V_W cod commercial removal= at age ('000).

	

I 	 1968 	 1969 	 1970 	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 1977 	 1978
---+----------------------------------------------------------------------------

	1 1	 2495 	 1426 	 1293 	 2311 	 2383 	 1418 	 1482 	 1792 	 728 	 - 2 	 177

	

2 I 16045 	 9097 	 8631 15218 17738 12142 	 8451 	 9979 	 4061 	 24	 153

	

3 I 17413 	 7684 	 8886 12582 14227 14881 12885 	 9485 	 3587 	 386 	 1004

	

4 I 17783 13724 14802 	 9146 13361 	 7507 	 9947 	 4341 	 3713 1073 	 3650

	

5 I 15633 10248 13673 	 8809 	 9661 	 9755 	 7130 	 4549 	 4818 1559 	 4621

	

6 I 	 8297 	 6073 	 4539 10262 	 8780 	 3823 	 2766 	 2594 	 2412 	 871 	 2441

	

7 I 	 3482 	 2144 	 1942 	 5160 	 3432 	 2996 	 944 	 2627 	 1426 	 501 	 768

	

8 I 	 895 	 510 	 759 	 1849 	 1919 	 3724 	 1323 	 612 	 611 	 220 	 213

	

9 I 	 816 	 237 	 236 	 496 	 358 	 1166 	 413 	 497 	 184 	 128 	 112

	

10 I 	 361 	 50. 	 72 	 114 	 393 	 273 	 369 	 650 	 49 	 35 	 80

	

11 1 	 152 	 95 	 137 	 131 	 79 	 299 	 15 	 153 	 22 	 44 	 26

	

12 1 	 211 	 58 	 56 	 72 	 2 	 3 	 5 	 126 	 107 	 55 	 28

	

13 I 	 33 	 12 	 9 	 98 	 37 	 7 	 0 	 36 	 1 	 11 	 26

	

14 1 	 17 	 7 	 12 	 12 	 0 	 5 	 0 	 9 	 4 	 3	 9

	

15 1 	 1 	 2 	 4 	 51 	 1 	 5 	 0 	 9 	 1 	 2	 4
---+----------------------------------------------------------------------------
1+1 83634 51367 55051 66311 72371 58004 45730 37469 21724 4914 13312
2+1 81139 49941 5375E 64000 69988 56586 44248 35677 20996 4912 13135
3+1 65094 40844 45127 48782 52250 44444 35797 25698 16935 4888 12982
4+1 47681 33160 36241 36200 38023. 29563 22912 16213 1334E 4502 11978
5+1 29898 19436 21439 27054 24662 22056 12965 11872 9635 3429 8328

	

1979 	 1930 	 1991 	 1982 	 1983 	 1984 	 1965 	 1986 	 1987 	 1988
---+ ----------------------------------------------------------------------

	I 1	 12 	 31 	 3 	 5	 0 	 0 	 0. 	 0 	 0 	 0

	

2 I 	 81 	 152 	 348 	 149 	 0 	 2 	 4 	 2 	 0 	 9

	

3 I 	 1629 	 2034 	 3742 	 2500 	 3048 	 378 	 154 	 121 	 36 	 215

	

4 I 	 6164 	 5119 	 9724 	 7664 	 8251 	 6034 	 2323 	 4121 	 832 	 1555

	

5 i 	 9145 	 7112 	 7276 	 9953 	 7368 	 9434 	 8353 	 7.566 	 5388 	 2359

	

6 I 	 4871 	 614 77 	 4852 	 3449 	 5967 	 6141 	 7782 	 9026 	 5584 	 4510

	

7 I 	 1162 	 2929 	 2991 	 2408 	 1938 	 4192 	 3922 	 3527 	 5718 	 4086

	

8 1 	 371 	 1066 	 1455 	 1273 	 999 	 1318 	 2224 	 1518 	 2585 	 3207

	

9 I 	 76 	 319 	 393 	 674 	 576 	 579 	 978 	 1105 	 1055 	 1681

	

10 I 	 23 	 88 	 126 	 304 	 229 	 297 	 427 	 437 	 581 	 616

	

11 I 	 10 	 47 	 62 	 156 	 140 	 156 	 274 	 282 	 228 	 269

	

12 I 	 5 	 26 	 32 	 67 	 50 	 63 	 i68: 	 106 	 129 	 162

	

13 I 	 4 	 4	 21 	 57 	 22 	 34 	 65 	 65 	 60 	 64

	

141 	 1 	 1 	 2 	 51 	 16 	 17 	 19 	 11 	 10 	 ii

	

15 I 	 0 	 4	 6 	 19 	 6 	 2 	 16 	 19 	 15 	 11
---4------------------------- ---------------------------------------------

1+1 23554 25079 31033 28728 28610 28647 26709 27846 22221 18754
2+1 23541 25048 31030 28723 28610 28647 26709 27846 22221 18754
3+1 23460 24896 30682 28574 28610 28645 26705 27844 22221 18745

-4+1 21831 22862 26940 - 26074 25562 28267 26551 27723 22185 18530
5+1 15666 17743 17216 18409 17311 22233 24228 23602 21353 16975
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Table 8. 4VsW co mean weights at age in the commercial catch.

1 1970 1971 1972 	 1973 1974 1975 1976 1977 1978 1979 1980
---------------------------------------------------------------------------

1 	 I .02 .01 .05 	 .08 .13 .10 .10 .10 .20 .07 .007

2 	 1 .15 .11 .18 	 .22 .33 .27 .28 .28 .62 .53 .57

3 	 I .45 .32 .44 	 .45 .62 .53 .57 .81 .95 .76 .80

4 	 1 .91 .64 .81 	 .79 1.02 .89 .96 1.09 1.25 1.06 1.15

5 	 1 1.50 1.07 1.29 	 1.21 1.53 1.34 1.46 1.67 1.68 1.70 1.60

6 	 1 2.19 1.56 1.85 	 1.72 2.13 1.87 2.03 2.36 2.47 2.39 2.21

7 	 I 2.94 2.09 2.48 	 2.28 2.82 2.47 2.66 3.17 3.61 3.13 3.08

8 	 1 3.73 2.65 3.14 	 2.90 3.58 3.12 3.35 4.58 5.23 3.71 4.31
9 	 1 4.51 3.21 3.83 	 3.54 4.41 3.81 4.07 4.14 5.59 4.77 5.26

10 	 1 5.28 3.75 4.52 	 4.22 5.28 4.53 4.80 5.33 6.54 6.84 6.92

11 	 I 6.02 4.28 5.20 	 4.90 6.19 5.27 5.55 4.65 7.92 7.96 7.56

12 	 I 6.71 4.77 5.87 	 5.59 7.13 6.01 6.29 4.91 9.21 9.41 10.19

13 	 I 7.36 5.23 6.52 	 6.28 8.09 6.76 7.02 7.14' 10.40 10.63 7.92

14 	 I 7.95 5.65 7.14 	 6.96 9.05 7.51 7.74 8.59 9.75 10.03 8.13

15 	 I 8.49 6.04 7.73 	 7.62 10.01 8.24 8.43 10.60 8.68 11.45 14.45

1 1981 1982 1983 1984 1985 1986 1987 1988

---4-------------------------- -----------------------------

1 	 I .07 .07 .12 .07 .07 .07 .07 .07

2 	 1 .62 .58 .39 .56 .64 .26 .21 .32

3 	 1 .83 .81 .81 .72 .70 .69 .50 .51

4 	 1 1.14 1.07 1.08 1.00 1.04 .96 .95 .85

5 	 I 1.69 1.58 1.55. 1.42 1.46 1.27 1.33 1.21

6 	 1 2.13 2.39 2.10 1.91 1.98 1.68 1.61 1.69

7 	 I 2.97 2.78 3.10 2.49 2.49 2.42 1.97 1.97

8 	 1 3.94 4.07 3.53 3.44 3.17 2.77 2.76 2.40

9 	 I 5.70 5.49 4.38 3.78 3.93 3.40 4.07 2.89

10 	 I 7.16 7.08 5.76 4.96 5.11 5.02 4.32 3.85

11 	 I 7.67 3.74 6.99 6.84 6.37 5.25 6.75 5.08

12 	 1 9.26 9.10 9.04 8.10 6.12 6.84 6.64 5.92

13 	 I 11.87 11.43 10.63 8.95 9.94 10.05 7.54 5.73

14 	 I 8.65 10.59 11.71 	 10.23 11.17 9.42 12.59 9.62

15 	 I 9.84 12.48 12.69 	 11.$5 11.26 11.73 13.11 7.39
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Table 9. 	 Data selection in recent years for standardization of 4VsW cod OTB 1, 2 catch
rates.

1984 - CAFSAC Res. Doc. 84/78

Included: 	 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

Excluded: 	 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: 	 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

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

Excluded: 	 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: 	 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

Excluded: 	 All observations of catch or effort less that 10.

All longliners.

1988 - CAFSAC Res. Doc. 88/47

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

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

1989 - This Assessment

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

Excluded: 	 As in 1988 with the addition of all OTB 2, TC 6+.
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Table 10. 4VsW cod final standardized catch rate series for OTB 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 TC5 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. 4VsW cod July research vessel survey population numbers ('000).

	1970	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 	 1977 	 1978 	 1979
---+-----------------------------------------------------------------------
0 I 	 66 	 16 	 0 	 0 	 592	 47 	 0 	 0 	 119	 695
1 I 	 1009 	 1051 	 4241 	 4391 	 3535 	 2262 	 1608 	 509 	 2085 	 829
2 I 11273 	 5245 	 6607 	 29985 22520 	 5789 	 8824 	 6561 	 8923 	 7247
3 I 	 3960 24355 	 8114 	 47138 13172 	 8964 10059 16605 21338 10957
4 1 	 6137 	 5482 21536 	 38294 	 3851 	 4203 	 6200 10785 23360 11333
5 I 	 3042 10792 	 3969 	 15352 	 1378 	 2044 	 3920 	 6721 	 6461 12344
6 1 	 1009 	 3944 	 4090 	 1274 	 1530 	 448 	 765 	 2951 	 2383 	 6182
7 I 	 1191 	 2362 	 1107 	 1983 	 254 	 548 	 367 	 635 	 607 	 1841
8 1 	 378 	 1007 	 373 	 615 	 '316 	 144 	 616 	 422 	 126	 689
9 I 	 71 	 436 	 338 	 294	 153	 279 	 0 	 99 	 62 	 280

10 I 	 167 	 48 	 105 	 351 	 110	 13 	 424 	 0 	 54 	 57
ii I 	 190 	 93 	 0 	 113 	 43 	 0 	 58 	 66 	 0 	 31
12 1 	 69 	 40 	 0 	 0 	 40 	 47 	 0 	 43 	 0 	 3
131 	 122 	 141 	 0 	 0 	 0 	 0 	 97 	 0 	 0 	 13
141 	 0 	 0 	 0 	 138 	 0 	 0 	 0 	 0 	 0 	 0
15 1 	 0 	 0 	 .0 	 18 	 39 	 0 	 0 	 0 	 0 	 0
---+-----------------------------------------------------------------------
0+I 28686 55012 50480 139948 47534 24789 32938 45396 65517 52501
1+1 28620 54997 50480 139948 46943 24742 32938 45396 65398 51806
2+1 27611 53945 46239. 135557 43408 22480 31330 44888 63313 50977
3+1 16337 48700 39632 105572 20888 16691 22506 38327 54390 43730
4+1 12378 24345 31519 58433 7716 7726 12448 21722 33052 32773
5+1 	 6240 18863 	 9982 	 20140 	 3865 	 3524 	 6247 10937 	 9693 21440

	

1980 	 1981 	 1982 	 1983 	 1984 	 1985 	 1986 	 1987 	 1988
---+-------------------------------------------------------•-----------
0 I 	 34 	 56 	 6 	 48 	 166	 0 	 65 	 105 	 163
i 1 	 471 	 3164 	 1747 	 32690 	 966	 3066 	 851 	 1536 	 140
2 i 	 4795	 8702 149955 	 31705 	 17327 	 4009 	 3157 	 3587 11204
3 I 12655 13177 125309 105944 	 30536 18777 	 3650 11851 17371
4 I 	 7007 20117 	 43770 	 45870 	 45492 22787 14686 11498 14044
5 I 11859	 7665 	 9827 	 23549 	 30825 22202 	 9258 21105 	 7783
6 I 	 8263 	 5501 	 5309 	 10537 	 14307 12191 	 7758 	 8596 	 8129
7 I 	 3274 	 2825 	 2860 	 2355 	 9836 	 6102 	 2730 	 6461 	 4653
8 I 	 889 	 1042 	 1221 	 1313 	 970 	 2401 	 1 3305 	 3512 	 2326
9 I 	 231 	 343 	 273 	 333	 792	 1154 	 574 	 812 	 520

10 I 	 181 	 386 	 27? 	 181 	 236 	 273 	 368 	 57 	 123
11 I 	 63 	 100 	 150 	 92 	 558 	 264 	 84 	 190 	 276
12 I 	 0 	 17 	 0 	 44 	 14 	 162 	 0 	 103 	 38
13 1 	 0 	 17 	 0 	 44 	 15 	 0 	 54 	 22 	 0
14 I 	 0 	 0 	 11 	 0 	 21 	 0 	 0 	 0 	 42
15 I 	 0 	 17 	 0 	 0 	 0 	 32 	 0 	 62 	 0
---+------------------------------------------------------------------
0+1 49721 63129 340715 254704. 152061 .93420 44540 69498 66814
1+1 49687 63073 340708 254656 151895 93420 44474 69393 66650
241 49216 59908 338961 221966 150928 90354 43624 67856 66510
3+1 44421 51206 189006 190261 133602 86345 40467 64269 55306
4+1 31766 38029 63697 84317 103066 67568 3681? 52418 37935
5+1 24759 17912 	 19927 	 38447 	 57574 44781 22131 40920 23891
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Table i2b. 4VsW cod spring research vessel survey population numbers ('000).

1 	 1979 	 1980 	 1981 	 1982 	 1983 	 1984 1985 	 1986 	 1987 	 1988
--------------------------------------------------

01 0 0 0 0 0 0 0 0 0 0

1 	 I 496 1645 15723 5044 1623 518 0 392 722 1253

2 	 I 4047 5164 7245 42360 6040 3550 0 22668 1915 16599

3 	 I 1700 3891 10089 34130 80314 4399 0 40512 5990 19777

4 	 I 1138 3174 14843 22560 48640 22316 " 0 49140 9369 8883

5 	 I 2615 4800 9280 13801 9453 14799 0 24312 21127 9013

6 	 I 1944 5528 10987 3792 11142 6953 0 27359 10041 10169

7 	 I 902 2718 6108 2598 2507 6039 0 13072 6928 2988

8 	 I 546 580 2920 2062 1178 1845 0 2786 2510 3897

9 	 I 124 122 338 534 550 1200 0 1531 494 965

10 	 I 189 49 258 272 182 465 0 582 218 388

11 	 1 146 28 51 120 . 71 41 0 93 74 372

12 	 I 42 3 45 59 82 205 0 104 61 86

13 	 I 51 17 0 21 28 0 0 15 61 49

14 	 1 18 9 0 0 86 13 0 15 21 0

15 	 1 19 0 0 10 0 0 0 0 0 66

---+-----------------------------------------------------------------------

0+1 13976 27728 77888 127362 161898 62342 0 182579 59530 74506

1+1 13976 27728 77888 127362 161898 62342 0 182579 59530 74506

2+1 13480 26083 62165 122318 160275 61825 0 182188 58808 73253

3+1 9433 20919 54920 79959 154235 58274 0 159520 56893 56654

4+1 7733 17028 44831 45828 73920 53876 0 119008 50904 36877

5+1 6595 13854 29988 23269 25280 31560 0 69858 41534 27994
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Table 12c. 4VsW cod fall research vessel survey population numbers ('000).

	

1978 	 1979 	 1980 	 1981 	 1982 	 1983 	 1984
---+--------------------------------------------------

	

0 I 	 149 	 183 	 1046 	 48 	 2556 	 181 	 457

	

1 I 	 680 	 1618 	 314 	 9260 	 2912 	 8256 	 309

	

2 1 	 1675 	 3211 	 3890 	 9123 	 19562 	 8377 	 15396

	

3 I 	 9496	 4897 	 16529 	 16553 	 10505 	 26196 	 36194

	

4 I 	 13950 	 8356 	 19627 	 18838 	 9073 	 11583 	 44493

	

5 I 	 11431 	 9706 	 14043 	 17504 	 7235 	 9869 	 29000

	

6 I 	 5204 	 4881 	 12661 	 6775 	 3346 	 6798 	 12220-

	

7 I 	 2642	 1562 	 9286 	 4296	 2233 	 3785 	 6533

	

8 I 	 281 	 704 	 2539 	 986 	 918 	 1354 	 1222

	

9 I 	 174 	 283 	 1096 	 478 	 367 	 723 	 895

	

10 I 	 486 	 137 	 766 	 336 	 227 	 470 	 316

	

11 1 	 140 	 61 	 366 	 89 	 44 	 84 	 0

	

12 I 	 0 	 36 	 31 	 0 	 0 	 0 	 60

	

13 I 	 134 	 0 	 0 	 0 	 0 	 0 	 0

	

14 I 	 79 	 0 	 74 	 0 	 0 	 0 	 46

	

15 I 	 35 	 0 	 40 	 0 	 27 	 0 	 0
---+--------------------------------------------------

0+1 46556 35635 82306 84284 59005 77678 147141

1+1 46407 35452 81260 84236 56449 77497 146684

2+1 45726 33834 80946 74977 53537 69241 146375

3+1 44051 30623 77056 65854 33975 60864 130979

	

4+1 	 34555 	 25726 	 60528 	 49301 	 23470 	 34667 	 94785

	

5+1 	 20605 	 17370 	 40901 	 30463 	 14397 	 23084 	 50292
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Table 13a. 4VsW cod CV from July research vessel survey numbers.

1970 	 1971 1972 1973 	 1974 	 1975	 1976 1977 1978 1979 1980
---+----------------------------------------------------------------------

0 I 	 .610 1.000 .000 .000 .697 1.000 .000 .000 .471 .552 .644

1 I 	 .283 .363 .747 .649 .405 .341 .372 .276 .151 .226 .292

2 I 	 .258 .303 .295 .771 .525 .266 .235 .174 .441 .257 .397

3 I 	 .331 .589 .661 .622 .373 .347 .170 .197 .406 .260 .368

4 1 	 .445 .466 .844 .785 .187 .253 .257 .247 .237 .220 .243

5 I 	 .454 .582 .677 .708 .343 .187 .265 .397 .295 .191 .233

6 1 	 .345 .549 .820 .775 .394 .236 .254 .504 .174 .164 .266

7 I 	 .400 .520 .806 .679 .366 .333 .265 .514 .120 .169 .256
8 I 	 .474 .344 .624 .327 .467 .402 .616 .492 .422 .177 .339

9 I 	 .797 .695 -.633 .784 .375 .464 .000 .421 .664 .187 .484
10 I 	 .541 .730 .781 .523 .580 1.000 .705 .000 .747 .522 .611
11 1 	 .844 .600 .000 .443 1.000 .000 1.000 .471 .000 .404 .688

12 1 	 1.000 1.000 .000 .000 .737 1.000 .000 .541 .000 1.000 .000

13 	 1 .476 .723 .000 .000 .000 .000 1.000 .000 .000 .885 .000

14 1 	 .000 .000 .000 .676 .000 .000 .000 .000 .000 .000 .000

15 I 	 .000 .000 .000 .713 1.000 .000 .000 .000 .000 .000 .000

1981 1982 	 1983 	 1984 1985 1986 	 1987 1988
---+----------------------------------------------------

0 	 1 .760 1.000 1.000 .534 .000 .698 1.000 .588

1 	 1 .395 .307 .905 .563 .667 .368 .346 .449

2 	 1 .316 .857 .396 .285 .326 .490 .293 .458

3 	 I .385 .826 .502 .566 .175 .286 .376 .509

4 	 I .293 .749 .443 .478 .262 .341 .274 .319

5 	 I .256 .414 .422 .491 .341 :347 .240 .307

6 	 I .224 .328 .299 .481 .337 .312 .286 .483

7 	 I .269 .350 .186 .540 .263 .290 .304 .444

B 	 1 .271 .384 .260 .357 .214 .286 .281 .393

9 	 I .450 .301 .276 .526 .198 .300 .257 .268

10 	 I .518 .469 .257 .311 .242 .291 .394 .347

11 	 I .662 .495 .727 .713 .469 .542 .395 .358

12 	 I 1.000 .000 .739 1.000 .290 .000 .531 .425

13 	 I 1.000 .000 .739 .740 .000 1.000 1.000 .000

14 	 1 .000 .858 .000 .736 .000 .000 .000 .638

15 	 I 1.000 .000 .000 .000 1.000 .000 .585 .000
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Table 13b. 4V U cod CV from spring research vessel survey numbers.

1979 1980 1981 1982 	 1983 	 1984 1985 1986 	 1987 	 193.8
---+ ----------------------------------------------------------------

0 1 	 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

1 I 	 .305 .306 .932 .038 .5002 .491 .000 .338 .288 .288

2 I 	 .160 .457 .542 .271 .726 .259 .000 .788 .306 .705

3 I 	 .570 .400 .274 .607 .886 .266 .000 .656 .451 .805

4 I 	 .285 .307 .278 .601 .644 .409 .000 .419 .555 .509

5 	 I .221 .376 .301 .352 .460 .481 .000 .322 .549 ..542

6 	 I .232 .485 .274 .261 .386 .501 .000 .300 .536 .455

7 	 I .389 .550 .228 .242 .371 .429 .000 .311 .451 .430

8 	 I .387 .639 .240 .196 .370 .387 .000 .323 .452 .438

9 	 I .375 .343 .245 .225 .454 .551 .000 .345 .428 .501

10 	 I .438 .769 .345 .409 .801 .414 .000 .260 .538 .495

11 	 I .385 .401 .630 .477 1.109 .527 .000 .464 ,682 .592

12 	 I .500 1.000 .455 .617 .614 .463 .000 .765 .468 .715

13 	 I .702 .826 .000 .461 .960 .000 .000 .534 .468 1.000

14 	 I .612 1.000 .000 .000 .705 1.000 .000 .534 1.000 .000

15 	 1 1.000 .000 .000 1.000 .000 .000 .000 .000 .000 .777
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Table i3c. 4VsW cod CV from fall research vessel survey numbers.

1978 1979 1980 1981 1982 1983 1984
---+------------------------------------------
00 	 1 .622 1.000 .767 .586 .400 .483 .345
1 	 1 .341 .666 .476 .564 .295 .419 .328
2 	 1 .283 .236 .274 .268 .248 .266 .367
3 	 I .337 .240 .446 .256 .207 .259 .536
4 	 1 .310 .219 .267 .292 .209 .256 .541
5 	 I .327 .195 .291 .403 .219 .334 .412
6 	 I .341 .279 .276 .273 .251 .266 .406
7 	 I .459 .297 .314 .274 .255 .267 .302
8 	 I .544 .322 .347 .213 .272 .202 .303
9 	 I .626 .412 .310 .161 .302 .247 .263

10 	 I .752 .474 .384 .289 .389 .290 .435
ii 	 I .652 .445 .449 .539 1.000 .262 .000
12 	 I .000 .633 .789 .000 .000 .000 .646
13 	 I .741 .000 .000 .000 .000 .000 .000
14 	 I .705 .000 .628 .000 .000 .000 .787
15 	 1 .529 .000 .914 .000 1.000 .000 .000
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Table 14a. Mean length at age for cod in sub-division 4Vs from July RV surveys.

1970 	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 	 1977 	 1978 	 1979
---+------------------------------------------------------------------------
0 	 I 7.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
i 	 I 16.76 .00 24.59 20.62 22.60 22.89 19.50 26.66 20.39 18.85
2 	 I 29.19 30.15 33.72 33.63 31.70 34.22 32.12 30.39 37.81 31.13
3 	 1 40.84 35.15 41.31 40.33 39.49 41.80 38.00 41.01 42.21 38.62
4 	 1 48.77 46.54 43.99 46.35 46.53 47.80 45.78 48.73 48.84 47.56
5 	 I 52.79 52.69 54.03 50.51 52.64 54.37 52.14 54.69 57.85 53.50
6 	 I 57.66 57.10 58.12 65.64 57.57 5 9 .21 64.33 61.80 -61.00 64.61
7 	 1 60.08 57.96 57.82 65.58 61.16 64.44 71.52 70.65 75.05 74.43
8 	 I 62.52 63.68 67.38 60.33 66.22 68.73 68.31 82.80 79.00 83.96
9 	 ! 97.00 70.00 90.58 82.00 66.77 75.79 .00 81.70 85.00 82.56

10 	 I 82.00 70.00 61.27 .00 83.50 88.00 79.53 .00 88.00 97.00
11 	 1 68.71 .00 .00 79.71 97.00 .00 .00 80.69 .00 91.39
12 	 I .00 .00 .00 .00' .00 .00 .00 .00 .00 112.00
13 	 I 72.86 67.00 .00 .00 .00 .00 100.00 .00 .00 94.00
14 	 I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
15 	 I .00 .00 .00 82.00 115.00 .00 .00 .00 .00 .00

1980 	 1981 	 1982 	 1983 	 1984 	 1985 	 1986 	 1987 	 1938
---+------------------------------------------------------------------------
0 	 I .00 .00 .00 .00 .00 .00 10.00 .00 7.00
i 	 I 16.00 20.83 20.53 15.89 22.55 18.80 13.00 14.22 .00
2 	 1 29.77 34.31 27.69 26.41 31.70 26.23 29.26 28.48 28.79
3 	 1 40.60 41.38 38.79 41.25 38.84 37.17 35.92 38.13 36.54
4 	 1 47.22 50.87 45.62 49.41 47.33 42.87 44.70 44.96 39.10
5 	 I 53.79 56.66 55.56 55.20 54.47 50.48 50.88 52.01 51.53
6 	 1 63.14 61.89 60.90 62.45 58.30 -57.330 56.66 55.00 54.22
7 	 1 68.04 70.09 64.17 70.76 61.76 62.29 61.97 58.50 56.59
8 	 I 76.66 77.95 68.36 72.08 74.52 66.23 64.24 61.95 63.83
9 	 I 98.96 90.05 76.60 82.95 71.05 69.45 70.42 66.56 65.22

10 	 1 95.37 101.42 83.52 74.16 72.10 74.55 79.38 73.54 82.82
11 	 I 106.41 100.00 95.88 101.63 102.68 86.77 91.90 76.91 76.49
12 	 I .00 112.00 .00 109.00 115.00 71.81 .00 85.26 91.00
13 	 I .00 109.00 .00 109.00 91.00 .00 106.00 112.00 .00
14 	 I .00 .00 103.00 .00 109.00 .00 .00 .00 105.92
15 	 I .00 115.00 .00 .00 .00 133.00 .00 112.08 .00
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Table 14b. Mean length at age for cod in'division.4k► from July RV surveys.

I 	 1970 	 1971 	 1972 	 1973 	 1974 	 1975 	 1976 	 1977 	 1978 	 1979
---+ -----------------------------------------------------------------------
0 	 I 10.00 7.00 .00 .00 9.09 10.00 .00 .00 9.54 9.26
i 	 I 21.30 17.47 22.29 21.46 25.55 23.28 21.67 25.42 20.52 18.27
2 	 1 36.14 27.33 34.32 31.61 31.89 32.06 33.53 37.41 34.94 28.09
3 	 I 45.59 38.74 40.92 39.05 40.84 36.43 40.03 42.50 44.34 40.48
4 	 I 52.44 51.95 51.65 47.05 47.55 49.38 45.80 47.82 50.61 49.87
5 	 I 58.39 54.50 60.23 51.12 56.32 55.69 52.80 57.78 56.00 51.58
6 	 1 57.57 57.82 62.62 60.52 62.74 61.35 57.31 63.44 63,44 59.83
7 	 1 74.19 64.30 82.00 59.00 71.66 79.39 67.07 70.98 61.28 63.37
8 	 I 77.62 63.96 79.00 71.46 69.56 .00 .00 85.40 75.68 67.84
9 	 I 79.00 74.37 98.00 61.00 63.18 87.00 .00 .00 100.00 69.54

10 	 I 77.53 .00 .00 94.40 73.00 .00 .00 .00 118.00 .00
11 	 I .00 67.00 .00 .00 .00 .00 88.00 .00 .00 .00
12 	 I 112.00 100.00 .00 .00 88.00 100.00 .00 76.00 .00 .00
13 	 I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
14 	 1 .00 .00 .00 97.00 .00 .00 .00 .00 .00 .00
15 	 1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

1980 1981 .1982 1983 1984 1985 1986 1987 1988
---+---------------------------------------------------------------
0	 1 8.80 9.07 7.00 7.00 10.70 .00 10.00 7.00 9.58
1 	 I 20.09 19.37 19.00 18.82 21.31 19.85 19.12 16.97 20.76
2 	 I 27.50 29.66 	 _29.36 30.46 31.22 26.46 32.30 31.03 29.74
3 	 I 41.17 42.16 37.78 40.22 38.38 36.59 40.31 37.29 38.97
4	 1 50.94 48.24 44.48 49.18 45.37 41.38 44.20 42.58 45.90
5 	 1 54.13 56.28 53.58 52.40 54.39 52.41 52.31 48.06 52.52
6 	 I 61.33 58.59 59.08 58.26 57.12 57.21 57.45 51.01 55.23
7 	 I 65.03 59.81 61.20 62.31 57.80 59.45 59.59 54.69 56.42
8 	 I 73.59 61.87 64.54 60.61 58.75 62.05 64.98 55.46 57.56
9 	 1 63.82 80.61 56.89 64.00 69.18 66.67 74.07 97.00 58.86

10 	 I .00 79.00 .00 .00 70.00 .00 70.89 .00 .00
11 	 I .00 94.00 .00 .00 62.96 88.00 .00 .00 .00
12 	 I .00 .00 .00 .00 .00 100.00 .00 .00 .00
13 	 I .00 .00 .00 .00 .00 .00 .00 .00 .00
14 	 I .00 .00 .00 .00 .00 .00 .00 .00 .00
15 	 I .00 .00 .00 .00 .00 .00 .00 .00 .00
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Table 15. Summary of ADAPT formulations for 4VsW cod.

Parameters
Year class estimates: 	 N,1988 ; 	 i = 3, ... , 8
Calibration coefficients: 	 July RV 	 K; ; 	 i = 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=0.2

Input

Ci,t (catch at age); i = 1, ... ,15, t = 1971,. .. ,1988
MWT=,t (mean weight at age); i = 1, ... ,15, t = 1971,. . . ,1988
OTBi,t (otter trawler catch at age); i = 1, ... ,15, t = 1971,. . . ,1988
RV,•,t (estimated population numbers at age); i = 3, ... , 8, t = 1971,. .. ,1988
RV SE, (RV standard errors); i = 3, ... , 8, t = 1971,. .. ,1988
CPUEt (otter trawler catch rate); t = 1971,. . . ,1988
CPUESEt (CPUE standard errors); t = 1971,. . . ,1988

Objective Function

1988 	 8 
	 — K,NN, t 2 	CPUEt — K' x FBt z

N1,1988, K1, K' 
1971
1 F 

(RVi,t
 RVSE;, t ) + ( 	 CPUESEtt= 	 i=3

where FBt is the fishable biomass calculated as a function of MWT;,t and OTB;,t.
- 2 RV residuals were given 0 weight (1974 age 5; 1975 age 6)

Summary
Number of observations: 106 , RV 	 (108 — 2)

18 CPUE

Total 124

Number of parameters: 13



Table 16.
4VsW COD TUNING MAY 1989

4VsW COD

POPULATION NUMBERS (0009)

	

1 	 71
	

72

	

1 I 	 95845
	

74442
	2 I	 76290

	
76380

	

3 1 	 63904
	

48691

	

4 I 	 34251
	

40936

	

5 I 	 31002
	

19767

	

6 I 	 25030
	

17412

	

7 1 	 11737
	

11207

	

8 I 	 3404
	

4941

	

9 I 	 1709
	

1114

	

10 I 	 265
	

951

	

ii I 	 193
	

114

	

12 I 	 138
	

39

	

13 I 	 122
	

48

	

14 I 	 17
	

11

	

15 I 	 112
	

3
---4--------

1+1 344019 296055

	

73 	 74

	

64207 	 76321

	

58792 	 51285

	

46484 	 37148

	

26992 	 24593

	

21426 	 15306

	

7442 	 8715

	

6311 	 2634

	

6070 	 2456

	

2309 	 1600

	

588 	 835

	

423 	 234

	

22 	 76

	

31	 15

	

6 	 19

	

9 	 0

241111 221239

	

75
	

76

	

82875
	

72878

	

61146
	

66231

	

34342
	

41032

	

18756
	

19534

	

11135
	

11428

	

6080
	

5000

	

4633
	

2631

	

1302
	

1416

	

814
	

513

	

937
	

217

	

350
	

170

	

178
	

148

	

57
	

32

	

12
	

14

	

15
	

2

222632 221246

	

77 	 78 	 79

70786 109317 101090

	

59008 	 57953 	 89341

	

50551 	 48290	 47310

	

30349 	 41038 	 38628

	

12634 	 23877	 30297

	

4997 	 8933 	 15367

	

1912 	 3303 	 5105

	

864 	 1112 	 2009

	

606 	 508 	 717

	

253 	 381 	 315

	

133 	 176 	 239

	

419 	 69 	 120

	

24 	 48 	 31

	

25 	 10 	 15

	

8 	 18 	 0

232270 295032 330586

80

127488
82754
73073
37260
26048
16530
8175
.3128
1309
519
237
187

94
22
12

376836

81

139945
104350
67616
57986
25874
14891
7972
4043
1597
783
345
152
130

73
17

425774

	

82 	 83
	

84

	

98588 	 113432
	

26514

	

114575 	 80713
	

92870

	

85120 	 93671
	

66082

	

51973 	 67428
	

73933

	

38677 	 35617
	

47740

	

14600 	 22660
	

22494

	

7802 	 8833
	

13153

	

3820 	 4209
	

5478

	

1993 	 1976
	

2542

	

952 	 1022
	

1097

	

527 	 504
	

630

	

226 	 291
	

286

	

95. 	 125
	

193

	

87 	 26
	

82

	

58 	 26
	

7

419094 430532 353101

	

85 	 86

80201 103023

	

21708 	 65663

	

76034 	 17769

	

53761 	 62112

	

55071 	 41914

	

30550 	 37531

	

12860 	 17971

	

6976 	 6980

	

3292 	 3699

	

1557 	 1811

	

629 	 889

	

374 	 267

	

177 	 155

	

127 	 86

	

`2 	 87

343370 359955

87 	 88

	

40262 	 0

	

84348 	 32964

	

53758 	 69058

	

14439 	 43981

	

47124 	 11069

	

27525 	 33707

	

22560 	 17483

	

11522 	 13297

	

4341 	 7094

	

2029 	 2600

	

1087 	 1135

	

472 	 684

	

123 	 270

	

68 	 46

	

61 	 46

309718 233434

N
ko



Table 17.

4VsW COD TUNING MAY 1989
4VsW COD

FISHING MORTALITY

71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
------------------------------------------------ ---- -- 	 ----------------------------------------------------------------
i 	 I .027 .036 .025 .022 .024 .011 .000 .002 .000 :000 .000 .000 .000 ,000 .000 .000 .000 .000
2 	 1 .249 .297 .259 .201 .199 .070 .000 .003 .001 .002 .004 .001 .000 .000 .000 .000 .000 .000
3 	 I .245 .390 .437 .483 . 364 .102 .008 .023 .039 .031 .063 .033 .037 .006 .002 .008 .001 ,003
4 	 I .350 .447 .367 .592 .295 .236 .040 .103 .194 .165 .205 .178 .145 .095 .049 .076 .066 .040
5 	 I .377 .777 .700 .723 .601 .627 .147 .241 .405 .359 .372 .335 .260 .246 .183 .221 .135 .267
6 	 I .604 .315 .839 .432 .638 .762 .214 .360 .431 .529 .446 .303 .344 .359 .331 .30 9 .254 .155
7 	 I .665 .413 .744 .504 .985 .914 .342 .297 .2010 .504 .536 .417 .278 .434 .411 .245 .329 .297
8 	 1 .917 .561 1.133 .905 .733 .648 .331 .238 .228 .473 .507 .459 .304 .309 .434 .275 . 2 85 .303
9 	 I .33787 .439 .817 .336 1.124 .505 .266 .279 .124 .314 .317 .468 .389 .290 .398 .401 .313 .3301

10 	 I .644 ^1.61__ ."r 20 .670 5i 9i..,^_ .288 ,16E n.2"4 0^A3 .208,2CA ,1jE .436 .284 c.3 5 6 .3E1 .310 .381 .301
11 	 I I 	 87 51.4 	 1 5 2 .a7 3 .6t 0 5.1^5 .4.,_^55 79.i^ ,0 	 64^ 7r'4? 2' l... 395._ 	 .^ 3.7.ot^ 3^'0 .656.6^0 ^o.4^^ 2.^64 ; i1.,.,1
12 	 I .862 .058 .164 .076 1.519 1.606 .716 .595 .046 .167 .266 .397 .211 .279 .685 .576 .359 .301
13 	 1 2.194 1.954 .292 .000 1.184 .035 .693 .925 .150 .048 .197 1.094 .217 .217 .520 .625 .774 .301
14 	 1 1.545 .000 7.555 .000 1.607 .368 .141 7.410 .073 .052 .031 1.028 1.132 260 .180 152 .178 .301
15 	 I .687 .465 .909 .618 1.021 .763 .314 .281 .252 .466 .485 .436 .299 .383 .413 .274 .317 .301



Table 18.
4VsW COD TUNING MAY 1989

4VsW COD

WEIGHTED RESIDUALS FOR RV INDEX

71 72 73 74 75 76 77 78

3	 1 .725 - .308 1.299 1.246 .634 .186 1.202 1.079
4	 I - .970 .691 1.068 -1.537 - .278 .846 .878 2.227
5 	 I .280 - .221 .937 -4.799 -2.103 1.003 .941 - .564
6 	 I - .938 .124 - .278 -1.274 -9.219 -1.668 .978 - .181
7 	 1 .347 -1.159 .735 -2.403 - .470 - .089 .780 ' - .936
8 	 I 1.494 -2.147 - .762 - .266 -1.104 . 	 .996 1.193 -2.087

SUM OF RV RESIDUALS : 29.75655626 MEAN RESIDUAL : 0.2807222289

	

79 	 80 	 81 	 82 	 83 	 84 	 85 	 86 	 87 	 88

	- .242 	 -1.164 	 - .639
	

1.00✓l 1.556 	 .807 	 - .105
	

-. 771
	

- .378 	 .002

	

.602 	 -1.551 	 .925 	 .928 1.388
	

1.176 	 1.322
	

- .448
	

2.390 	 .401

	

1.551 	 1.515 	 .053
	

-.424 1.252
	

1.045 	 .559
	

-1.285
	

1.043 	 1.815

	

2.103 	 1.886 	 1.301 	 .663 1.349
	

1.178 	 .885 -1.190 	 .220 	 - .585

	

2.550 	 2.141 	 1.848
	

1.373 1.205
	

1.384 	 2.273 -1.338 	 .983 	 .522

	

2.119 	 1.019 	 1.076
	

1.076 1.316
	

- .438 .2.090
	

-. 410
	

1.136 	 - .436

RESIDUALS FROM CPUE INDEX

I 	 71 	 72 	 73 	 74 	 75 	 76 	 77 	 78 	 79 	 80 	 81 	 82 	 83 	 84 	 85 	 86 	 87 	 86

1 	 -.045 -2.589 1.658 -3.229 1.012 4.144 3.759 -1.295 1.427 1.733 -.804 - .091 	 -1.803 .748 2.624 2.977 2.099 	 -2.829
w

SUM OF CPUE RESIDUALS s 9.495104569 MEAN RESIDUAL : 0.5275058094



Table 19.

4VsW COD TUNING, MAY 1989
4VsW COD

ESTIMATED PARAMETERS AND STANDARD ERRORS

APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION

ORTHOGONALITY OFFSET......... 0.001304
MEAN SQUARE RESIDUALS ....... 2.204295

PAR. 	 EST. STD. 	 ERR. 'T-STATISTIC

6.91775E0004 5.29892E00004 0 	 1.30550E0000
4.40835E0004 1. 63342E0004 2.69884E0000
1.11363E0004 3.80475E0003 2.92694E0000
3.38523E0004 7.84490E0003 4.31521E0000
1.75982E0004 3.87022E0003 4.54708E0000
1.33874E0004 3.24326E0003 4.12776E0000
2.83009E0002 3.69098E0001 7.66758E0000
3.20225E0002 3.61037E0001 8.86958E0000
4.08069E0002 4.76761E0001 8.55920E0000
3.81398E0002 4.36373E0001 8.74019E0000
2.73260E0002 2.77512E0001 9.84678E0000
2.75566E0002 3.44549E0001 7.997866E0000
5.95966E -006 2.72436E-007 2.18755E0001

Parameter Correlation Matrix

1 2 3 4 5 6 7 8 9 10 11 12 13
---+-------------------------------------------------------------------------------------------
i 	 I 1.000 .034 .053 .058 .003 -.001 - .170 - .0113 -.009 -.005 .000 .000 - .004
2 	 1 .034 1.000 .065 .082 .012 -.002 -.201 - .150 -.014 -.009 - .002 -.002 - .009
3 	 I .053 .065 1.000 .110 - .064 - .053 - .309 - .040 -.040 .011 .023 .027 '.001
4 	 I .058 .082 .110 1.000 .040 .012 -.340 - .128 -.122 -.099 - .011 - .011 -.024
5 	 I .003 .012 -.064 .040 1.000 -.592 -.016 - .061 -.140 -.040 -.087 -.005 -.257
6 	 I - .001 -.002 - .053 .012 -.592 1.000 .005 .009 .039 -.109 - .077 -.188 -.205
7 	 I - .170 - .201 - .309 -.340 -.016 .005 1.000 .074 .053 .032 .002 .001 .023
8 	 I -.013 -.150 -.040 - .128 - .061 .009 .074 1.000 .026 .019 .011 .008 .032
9 	 I -.009 - .014 -.040 -.122 - .140 .039 .053 .026 1.000 .025 .021 .014 .062

10 	 I -.005 - .009 .011 - .099 -.040 -.109 .032 .019 .025 1.000 .030 .039 .083
11 	 I .000 - .002 .023 - .011 - .087 -.077 .002 .011 .021 ' 	 .030 1.000 .038 .093
12 	 I .000 -.002 .027 - .011 - .005 -.188 .001 .008 .014 .039 .038 1.000 .107
13 	 I - .004 - .009 .001 ".024 -.257 -.205 .023 .032 .062 .083 .093 .107 1.000

w
N
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Figure 2. Comparison of cod catches in
areas 4Vs and 4W.(X 1000)
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Figure 3. Comparison of Canadian catches
of 4VsW cod by different gears.(X 1000)

60

50

10

Ft

40
Nm
C
C

0 30
U

2 20

35

1960 	 1965 	 1970 	 1975 	 1980 	 1985 	 1990

Year



CO

as
U)

0

H

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1

36

(X 1000) 	 Figure 4. Projected and estimated catch
at aae ('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 7. Total numbers ('000) and ages
4+ for 4VsW cod from July surveys.(X 1000)
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Figure 9. Abundance of cod all ages)
in 4VsW from research vessel surveys.(X 1000)
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Figure 10. Cod abundance (all ages) in
4Vs from research vessel surveys.(X 1000)
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Figure 11. Cod abundance (all ages) in
4W from research vessel surveys.
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Figure 12. Research vessel catch distribution of 4VsW cod by
age groups in spring 1981.
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•. 	 ^ 	 I 	 ì̂t ^.'^•.^^•ic....^.

r ; -;° Qom• 	sr	 ' 	 > 	 _
% 	 G' 	 r"^' 	 ^^ 	 ti '±+^ 	 200

i jYL"^^!•^ 	 i 	 —•+ 	 +1 	 •
fr--'* 	 -2.8

62 	 81 	 so 	 69 	 58 	 57



45

Figure 13. Research vessel catch distribution of 4VsW cod by
age groups in July 1981.
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Figure 14. Research vessel catch distribution of 4VsW cod by
age groups in fall 1981.
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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 length at ages
1 to 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 18.2.
4VsW COD 7U111 NC MAY 1989
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Figure 18.5.
4VEW COD TUNINo MAY 1989
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Figure 18.6.
4VsJ CO! TIIiN6 MAY 1989
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72 	 3170 	 3.79515 	 6.735E5 	 75
73 	 2789 	 6.15415 	 7.68615 	 78,
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84 	 4070	 9.70215 	 1.122I6 	 84
85 	 4816 	 2.401E6 	 1.32616 	 85
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0 	 Figure 20. Age 1 recruits to 4VsW cod.(X 1000)
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1.2
Aure, 21. Age 7+ fishing mortality for

VsW cod (weighted by numbers).
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9 I NPUT; AtlS
[I1 	 c.OEX 'K'
[27 	 e(0=ONC 'STOCKANAME')/ .. 'STOCK NAME'' 'ASTOCKANAME.G'
[31 	 'CATCH MATRIX FOR '.STOCK8NAME
I4] 	 c^O
(5] 	 'FIRST YEAR AND YOUNGEST AGE IN CATCH MATRIX ?
[6) 	 ANSrO
[71 	 YR•i(1fANS)-flat"1fpc
[8] 	 AG+(( - IfANS)-I)+tlfpc
(9) 	 'ENTER PARTIAL RECRUITMENT VECTOR FOR ALL AG:S'
'101 PRO
,Il] 'ASSUMED AGES OF FULL RECRUITMENT (START NITH FIRST FULLY RECRUITED AGE) ?
[12] AGE+A6xC
(13] 'PRESENCE OR ABSENCE OF PLUS GROUP (P/A) ?
[141 NUM.'P'=D
(151 'NATURAL MORTALITY 7 IS 0.2 CHANGE ■ IF YOU DONT LIKE THIS
()61 A 0+0
[171 'ENTER STARTING ESTIMATES OF AGE-SPECIFIC FS (TO BE ESTIMATED) FOR LAST YEAR
[181 ' EXCLUDE VALUE FOR PLUS l IF ANY) GROUP
[19] FLY4O
[207 'AGES IN CALIBRATION INDEX ?
[213 ROWS►.AG%AGES.O
[22] FRST4IfROWS 0 LAST+"1fROWS
(231 A 'ENTER FIRST AND LAST AGES TO CALIBRATE'
(24) A FAG*0
[25] A FRSTSFAGII]
(261 A LASTrFAG(2]
(271 'STARTING ESTIMATES OF YEAR-SPECIFIC FS FOR OLDEST'
[281 ' NON-PLUG GROUP AGE (ENTER 0 IF NOT DESIRED)'
[29] FA6.O
[30] FVECT 4FLY["I+FRST+t1GLAST-FRST],100FA6•
[311 CVECT«,c[("I+FRST+L1►LAST-FRST); - IfpcI
[321 4(FA6=0)/Sl
[33] CVECT#CVECT,t40,c(LAST;1
(341 $I:NVECT-(CVECTx(FVECT+e))y(FVECix(I-►-FVECT45))
(35) 1bnd+CVECTx►s>2
[36] ubnde(pNVECT)pI000000O
1371 'RV IMOEX OF ABUNDANCE'
(361 	 SAME YEARS AS CATCH AT AGE MATRIX
[39) 	 SAME AGES AS CALIBRATION BLOCK'
(401 'ENTER 0 IF NO RV INDEX'
1411 INDEXATYPEf 0 0 A Indicator of indices available (RV,CF•UE)
(423 iarvx'0
(43] 4(0=+f+/ierv)/cpue A No RV index so qo to cpue input
(441 'FIRST AGE IN SURVEY'
(45] FIMS4(IRAG)-FINS•0
(461 iervti6rv(FINS+ROWS;1
[471 INDEX6TVPE[I1tf
1481 'ESTIMATES OF STANDARD ERROR OF INDEX (ENTER I IF LOS MODEL)?
(491 iseary«0
1503 t(Olppiseery)/'ise6rvfiseervLFINSSROWS;P
(51] 'INDEX FOR WHAT MONTH ( NO. FROM I TO 12 1 ? '
(52] MNTH+0=12
[531 'STARTING AGE - SPECIFIC COEFFICIENTS FOR RV INDEX'
[541
(553 ' MATRIX OF ABE BY AGE COEFFICIENTS (I OR 2 COLUMNS)'
[561 	 (lir/+/ise6rv)/' MODEL- IS 	 I = (BO] • Bl x POP '
1571 (I=4/+/ise6rv)/' LOG MODEL IS 	 LN(I) = LN( [B03 + B1 x POP 1 '
(5B1
(591 Ke0
(601 )bnd+lbnd,(p,K)p(-"1fpK)$ "9000 0 A MIN SLOPE =0, MIN INTER.='9000
1611 ubndrubnd,(p,K)p9000 A MAX SLOPE AND INTER. • 9000
(621 coue:'CPUE INDEX OF ABUNDANCE'
1631 	 SAME YEARS AS CATCH AT AGE MATRIX'
(641 'ENTER 0 IF NO CPUE INDEX'
[651 idcpuelO
[66] 4(0=+/+/iecpue)/exit A No cpue index so go to exit
1671 INDEI6TYPE[21►1
(68] 1l:'ESTIMATES OF STANDARD ERROR OF CPUE? (I FOR 106 MODEL OPTION)
[69) iseacoue►O
(70) 4((piecpuelipisescpue)/]1 A • oust be same length as iacpue
[71) 'ENTER MEAN WEIGHTS AT AGE - SAME YEARS AND AGES AS CATCH'
(721 MMTeO
[73) 'STARTING COEFFICIENTS FOR CPUE INDEX (AGE AGGREGATED)'
1741
(75) 4(0=0NC 'K')/nory
[76] 	 'ENTER '.(a"1►pK),' VALUE(S) FOR COEFF)CiENT(S)'
(771 K.K:O
[76] 4exitl
[79] nory:
(80] 'ENTER I (SLOPE) OR 2 (INTERCEPT AND SLOPE) COEFFICIENTS'
1811 K+(I.p,Y,fpK+.G
1821 exitl:lbndtlbnd,((II-"1fpK)9 - 9000).O
[831 ubnd+ubnd,((11-"19PKIf9000).9000
(841 exit:initiahNVELi., K
(85] alpha+XE - 3xNVECT
[861 lisit+100
(87] 'Penalty constraints ON initially (Y/N)? Default is OFF'
[881 USEAC0M57RAINiS►0
(691 tl('K'ANS)'y'RWS+0)NKEKl/USE8CONSTRAINTS.I'
(901 'Penalty functions turned '.(2 3 p'OFFON '1[l.USE&C0N5TRAINTSt]
[91]
(92] 'Ready to run •inipop'

9



7 minipop;BOOL:J;DIAG;G;LAMBDA;HESS;N;F;PAR;RSS; de; CAUSE;I;V;NF'HI
A NON-LINEAR LEAST SQUARES USING MARQUARDT ALGORITHM
8ts 4- 74TIMEFMT OTS
'Do You wish to document your input
4(('Y'=ANS)v'y'=ANS<OIN4:EY)/'miniDOC'
page Ats
rssvec-t.0
P+pear«PARF,initial

(+S5•._+.xe4OBJ6FN PAR A RESIDUAL SUM OF SQUARES
N'-p.e
pnitv'alpha PNLTYAFN PAR A PENALTY FOR CONSTRAINTS
NPHI<-PHI*-RSS+onity
LAM SDA 4 0.01

BOOL^(PxP)p1,Pp0 A USED TO CREATE DIAL MATRIX
con€10
J•l
PR NT
rssvec-rssvec,RSS
L3:+(1imit<J4J+1)/L6 AMAIN LOOP
PAR.-par
PHI^-NPHI
de^DIFFAOBJ
Q-2:'e+.xde A GRADIENT
HESS^2x(Rde)+,.xde A HESSIAN

dpnitv+DIFFAPNLTY A DIFFERENCE FOR PENALTY
O-Q+dpnity(1;)
DIAGF 1 1 b.HESS (-HESS+(2pP)pBOOL\dpnity[2;]
LAMBDA€9.9999999 999999E - 71LAMBDAx0.01
I'I
SHESS +HESS+(2PP)PBOOL\DIAGXLAMBDA+LAMBDA.I(! A MARQUARDT METHOD
NORMf(fISHESS+2)+0.5 A COLUMN NORMS
SHESS-SHESS+(PSHESS)PNORM A SCALE HESSIAN
oar+PAR+V+(QBSHESS)=NORM A STEP DIRECTION; STEP SIZE=1
i('FRGNAFN par)1L4
RSSfe+.xe*OFJGFN oar
Dnity"-alpha PNLTYAFN ear
^(PHiNPHI-RSS+pnity)/L6

Laa(.AMBDA LAMBDA x100

L5:pa.rFPAR+JtVx0.(*1 AINNER LOOP REDUCE STEP SIZE

"FRGNGFN oar)/L5
R'3iT-e+.<e-O°J.,FN par
onity4-aloha PNLTYAFN par
»(PHI ) NPHI•RSS+pnIty)/L6
;L5

L6;PRNT

rssvec -rssvec,RSS
msr(-RSS•'N-P
y(1=^ /CAUSE^ (1 O >-I) , (limit>_J),(IE"3,'con..(((N-F'f.IQ+
OPUT("CAUSE)/[I)ea it
A ( USEaCONSTRAINTS)/'USEACONSTRAINTS+O 0 ''TURNING
pane ets
OUTPUT

(I)
(7.)
[3]
(4)
[5l
[6]
(7)
I8]
(9]
[1U]
(11)
(12)
(13)
(14)
115]
[16]
1171
(I8)
(19]
120]
[21]
(22)
[23]
(24]
[25]
(26)
127]
[28]
(29)
(30]
(;1]
(2]
[33]
(34]
(:5)
[=6]
(. 7 )

(.38]
(39]
(401
Cat)
(42)
1431
(44)
(45)
[46]
(47)
(48)
[49]
(50)
[51]
[52]

9

PHI; pnity;dpnity; SHEDS; NORM: I;Ats;ANS

Oi
J

:V)-PAP, SS )#0 . 5),( IE -4 il ( NPHI - PNI)-PHI),( 9 .999999999999?E'E.-.;I(par-PARS<IE - 20+I PAR))/L3

CONSTRAINTS OFF "0+L:'
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V miniDQC.1;sp

(ii 	 OTCFF
[23 	 OPUT 'Input Documentation for ',STQC(ANAME, 	 Run at'.(8p' '),ats

[3] QPUT 78p"-'
[4] OPUT 78p"-'
(5) 	 QPUT ' '
[6] 	 DPUT ' 	 This Analysis was Performed Using the Following Criteria
(7) 	 QF'UT 78p' - '
[8] 	 OPUT
[9) 	 OPUT '1) 	 Catch at Age extends from ',(;YR[1]),' to ',(b - 1fYR),' and Ages ',(sAGI1))," to 	 ,1$A6
(10](10] 	 4("((NUM='P')vNUM='p'))/'QPUT '' 	 The Catch at Age did NOT contain a PLUS Group' 8+stpl

[11] OPUT
[12] OPUT 	 Age ',(a IfAG),' is a PLUS Group

(13) 	 QF'UT
1143 	 OPUT ' 	 Aoes ',(eAGES),' were assumed fully recruited'
(15] 	 OPUT
116] sto1:e("/PR=1)/'QPUT ''2) 	 No Partial Recruitment Values were Imoesed '' 04stp2'

[173 	 OFL'T '2) 	 Partial Recruitment values Imposed:

[18] 	 OPUT ' '
(19) QPUT 	 Ages 	 PR'
[20] QPUT 'X20,12.X7,F5.3' OFMT(C)(pA6),1)pAG),(UpPR).l)pPR))
[21] OPUT
[22] stp2:QPUT '3) 	 Natural Mortality was set at ',(bm)
[23] QF'UT ' '
[24] 	 OPUT '4) 	 F' s over Ages ',(SFRST),' to ',(BLAST),' will be derived stertirin from initial estimates:

(25) 	 QPUT ' '
[26] 	 sp4(FRST,FRST+t(LAST-FRSTi) 0 l+(LAST-FRST)+1
[271 	 s-(pNVECT)pinitisi
[28] FVECT^(®m (s-CVECTx+tm+2)x*-m)-m
[29] OPUT 	 Ages 	 F
[30] QPL'T 'X20.I2,X7.F5.3' QFMT((I. I1psp),((pFVECT).I pFVECT)
[31] QPUT
[32] 	 a(FAG=(^)/'QPUT ''5) 	 No Initial Estimates of F at the oldest aces were used"O+stp3'

[3) 	 OPUT '5) 	 Estimates of F at the Oldest Ages were derived from the following initial estimates'

[34] 	 QPUT ' 	 Year 	 F '

(5) 	 OPUT 'X20.I4,X7,F4.2' QFMT(t(pYR).1lpYR,!(PFAGI,1)PFAG1

(36) stO3:4(0=1ND"EX0TYPE[III/stp4

(37)
1381 	 QPUT '6) 	 Research Survey Estimates of Abundance for ages ',(SFRST).' to ',(aLAST).' were Given'
[39] 	 4(O=F0isearv)/'QFUT " 	 No standard errors were applied. Log transformation used '' '

(40) s(nsppiseerv)/'QPUT '' 	 Standard errors of abundance index applied to residuals'

(41) stc•4:+(C=INDEXLTYPE[271/stp5
[42]
(433 OPUT '7) 	 Commercial CPUE with standard errors was calibrated on fishable biomass'

(44) sto5:' '
[45] OPUT '8) 	 The Lower Limit for Estimated Numbers at Age was the CATCH'

(46) 	 QPUT ' 	 Upper limit for Estimated Numbers at age was ',bltubnd

[47] -4(0=INPEX6TYPE(l])/stp6
[48] spi( - ltpK)f;pCVECT)+Ibnd
[49]
503 	 QPUT '9) 	 The Lower Limit for RV survey slope was ',b - Ifsp

i 1] 	 e(2=psp)/'QFUT " 	 and for intercept was '' ,SItep'

[52] 	 sp'( - 1tpY)4(pCVECT)+ubnd
53) 	 QF'UT 	 The Upper Limit for RV survey slope was ',b - lfsp

(54) 	 4(2=psp)/'DPUT '' 	 and for intercept was '',b1tsp'
[55] stp6:+(0=IVDEX6TYPE[2])/exit
[56] sp*(- l4pl)tlbnd

[57] OPUT '10) 	 The Lower Limit for CPUE slope was '.b'itsp
[58] (2=psp)/' 	 and for intercept was '.blfsp
[59) 	 sp+(- - IipI)fubnd
[60] QPUT ' 	 The Upper Limit for CPUE slope was ',b"ifsp
(61) 4(2=psp)/'QF'UT ' 	 and for intercept was '' ,elfsp'
(62) exit:QPUT 78p'-'

V
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R-02JAFN A
(1)
	 si(uN'VECT)PA A survivors at designated age

[2] FVEECT+(®s+(s-CVECT � +m=2)x+-m)-in
[3] 4(^/PR1)/NOPR A skips PR if no PR was imposed
[4]
	

FRF+(+/((IkAGE)-FRST)iFVECTxs)=+/((1fAGE)-FRST)is A fully recruited F
(5]
	

a(FRST=LAST)/'FRF+FVECT'
[b]
	

FLY +PR.FRF
[7] N0r"R: FLY( - 1+FRST+t1+LAST-FRST]MFVECT
[8] +(FA6=0)/S1
(9)
	

FAG m(pF''3)f0FVECT)
(10] Sl:k+((INEEJ TYPE[2]+INDEXeTYPE[1)xpROWS),( - ItpK))p(-(INDEXATYPE(2)+INDEXeT1'PE(1i:pROWS)x - IbpK)tA
[11] 4 k is the current calibration coefficients
112]
	

ITERCOHORT
[1=]
	

INTERFACE POP
(14]
	

R',RESI k A calculate index residuals

[I]
C:]
[3]
141
[5l
[6]
17]
[8]
[9]
[10]
[11]
(123
(13]
(14]
[15]
[16]
[17]
[18]
119]
[20]
[21]
(22]
(23]
(24]
[25]
[26]
[27]
[28]
[29]
[7,0]
[ 331]
[32]
[33]
(34]

ITERCOHORT:CATCH;J;MORT;FI;FC;ITER.I;Y;X;FCNEW;DIFF!
CATCH+c
Jr - ItpCATCH
MORT+(p CATCH) pm
E (pCATCH)p0
Fl -FLY
a(NUM=O)/S3
FI+FI, - lfF[

53:4 [FAG =0)/52
FC-FAG
aSi.

S2:FC4( - 1fpCATCH)p( - 1?F!)
91:ITER-0
0V9:I^pFI
F[(ri);Jl+TpFT
F(I;PJpFC
ITER+ITER+l
+(ITER>-20)%)
POP+(pCATCH)p0
POP[(t[)sJ7-((,cATGR((d 7,J7lx:FI+(,MORT((tI);J7))'FIx1-+-FI+(,M0RTL(tll;Jl)
POPCi;I+((.CATCH[I;])AFC+(,MORT(I;ll)'FCxl-+-FC+(,MORTCI;I)
;(NUN=O)/SKl
I^I-1
POP(I;)^((,CATCH[I;])xFC+(,MORT[];]))-FCxl-+-FC+(,MORT[I;])
F(I;]FJpFC

SK1:Y-J-1
PA: X+MORT[tI-1;Y]
PDPCtI-1;Y1+(CATCH(tl-I;Y]X+X=2)+(POP[IftI;Y+llx*X)
+(1!Y+Y-lI/AA
F[tI-1J 1]'(®( 1 - 1 APOP[t((1ffPOP)-NUM);1)- 11 iPOP[t((1$PPOP)-NUM);))-
•(FAG$O)/0
FCNEW#(+/[1]POPCAGE;]xF[AGE;])=+/[1IPOP(AGE;]
DIFFIEI(FCNEW-FCI=FCNEW
FCt( - 1AFCNEW). - 1tFC
+((r/ - 1+DIFFI)>0.0t)/DK9

-! - 1 4MDRT(t((IPPPOP)-NUM);]

v INTERFACE POPN:pr;FRF
[1] a Produces 1 or 2 global variables POPIND and FBIOM
[2] 4(n=INDEXeTYPE(1])/CPUE
[3] POPIND4POPNx--(F+m)xItMNTH A Adjusts SPA population to the survey month
[4] POP[ND+POPIND[ROWS;] A selects calibration block
[5] -.11=INDEXATYPE(I3)iCPUE
[6] POPIND2-FOPN>•+-(F+m)xltliMNTH rl Adjusts SPA population to the survey month
[7]
	

POP1ND2FFOPIND2[ROWS;] A selects calibration block
(6] 	 +(2=INDEXATYPE(l]liCPUE
(9]
	

POPIND -POPNt*-(F+m)x - I+MNTH A Adjusts SPA population to the survey month
[10] PGPiNO3+P0PIND (ROWS;) A selects calibration block
[11]CPUE:+(0=!NDEXATYPE(2])/EXIT
(12)
	

FRF-(+/(POPNxFxOTBpartCAT)(AGE;)I=+/POPN[AGE;] A Calculates fully recruited Ffor OTB partial F matrix
[1-1] 	 pr'-l1F=[pF)pFRF A calculates PR matrix
(14] pr[AGE;I+l A Sets defined fully recruited ages to 1
(15] FBIOM++/POPNxprxMWI
1167 EXIT:

V
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9 R-RESI I
(1) 	 RtL0
[2l 	 4(O=INDEXaTYPE[17)/cpue A NO RV SURVEY
[3] 	 RtR,.POPIND RESIGRV K[LPROWS;]
[43 	 s(1(INDEXc;YPE[11)/ RJR„ POPIND2 RESIARV2 K[(pROWS)+tipROWS;)'
C53 	 2(2(INDEi.cTYPE(17)/' R+R .. POPIND3 RESIARV3 K((2xpROWS)+tpROWS;]
(6) 3(0= INDEXATYPE[2]1/res a NO CATCH RATE SERIES
(7) cpue:K+($K)[1;] A get bottom row of K
[B] 	 R-R..FBIOM RESI6CPUE K
[9] 	 rem:

V

V R-POPIND RESI6RV K
[I] 	 +ll= - 1+pK)/point
(27 	 k:' 3 2 1 0.(02.PPDPIND)p,K
(3) 	 ihatory (K(1;;]+K(2;;]XPOF'IND) A WITH INTERCEPT
(43 	 Wires
[5] noint:KEO(0pPOPIND)p,K
[63 	 ihaterv-k::.'POPIND A WITHOUT INTERCEPT
(7) 	 res:+("/1=,isenrv)/LOG
[8) 	 Rr(.MASKRV)!,(ierv-ihaterv)'iseAry
(9) 	 +0
[107 LOG:Rt(,MASKRV)/.(oiArv)-Sihatary

V

V R+FBIOM RESIoCPUE K
[ll 	 +(1=p,K)/neint
[23 	 ihatocpueK[1]+K[2)XFBIOM) A WITH INTERCEPT
(3] 	 +res
14] noint:ihatAcpue+K'FBIOM A WITHOUT INTERCEPT
[5l 	 re: s(^!1=iseocoue)/'Rf(loiAcpue) - @ihatocpue 0+0'
[6] R•(iAcpue-ihatAcpue)+iseAcpue

V

v R*POPIND RESIARV2 K
[I] 	 -)(1= - IfPK)/noint
i2] 	 K- 3 2 1 a(Q'2,pPOPIND2ip.K
(3l' 	 ihatArv2:-(h:[1::]+K:[2::)X:POPIND2) R WITH INTERCEPT
(4) 	 -rem
(5) 	 no: nt:Ko(pPOPIND2)p,1:
(6] 	 ihaterv24KxPOPIND2 A WITHOUT INTERCEPT
(7) 	 res:i(^/1=iseArv2)/Ioo
[8] 	 R^(,MASK2)/,(iarv2-ihaterv2)-(0=iseorv2)+iseorv2
( 9) 	 90
[10] log:RF(,MAS?i2)/.(Siarv2)-BihatAri2

v

v R-POPIND RESIARVS K
[1] ♦l1= - Ups) /noint
[2] K+ 3 2 1 0.(02,pPOPIND !P,K
(31 	 ihatorv3(K(1;:]+K[2;]XPOPIND3) A WITH INTERCEPT
[4] 	 4res
[5] noint:Ki0IOpPOPIND3)p,K
[6] ihaterv3fKxPOP[ND3 A WITHOUT INTERCEPT
[7] res:9("/1=,isedrv3)/log
[8] R€(,MASK3)/,(iorv3-ihatarv3)-(0=iseerv3)+iseArv3
[9] 	 +0
[10]Iog:R+(,MASK3:/.(8ierv3)-Sihatnrv3
[11]

0



65

v REDIFFAOBJDELTA;I;TPAR
[l] A CALCULATES ONE SIDED DIFFERENCE OF OBJECTIVE FUNCTION
[2] 1+1
[3] R+(N,0)P1
[4] A DELTA+(0.01>:par)+0.0Ixpar=0
[5] DELTAeIE"7x1E - 7+Ipar A see NASH pq 180 formula 16.5 (GNW3)
[6] L1:TPAR+((I-I)fpar),(par[I]+DELTA[I]),I+par
[7] R+R,(e-OBJAFN TPAR)+(par(I]+DELTA(Il)-par[I]
[B] A ensures ac'ual DELTA[I] is in denominator, conditions rounding error
[9] 	 +LIxP>"I+I+1

9 RFDIFFnPNLTY:I;RI;DELTA;TPAR;fpnity;bpnity
(1) A CALCULATES FIRST AND SECOND DIFFERENCES OF PENALTY FUNCTION
[2] I+1
[3] R+ 2 0 p0
[41 	 DELTA+(O.OixPAR)+0.O1XPAR=O
[5] Li:TPAR+((I-1)APAR),(PAR[I]+DELTA[I]),I+PAR
[6] R1+(pnity-fpnity+alpha PNLTYAFN TPAR)+DELTA[I]
[7l 	 TPAR+((I-1)fPAR),(PAR[I]-DELTA[I]).I4PAR
[8] bpnity+alpha PNLTYAFN TPAR
[9] R+R ., Rl,((pnity+bpnity-2xpnity)+DELTA[I]
[10] 	 +L1xP>-1+1+1

V

U RFFRGN&FN A
[I] 	 R+^/(A>lbnd).ACubnd
(2] A THIS FUNCTION SHOULD RETURN A I IF THE PARAMETERS
[33 A ARE IN THE FEASIBLE REGION AND 0 OTHERWISE
14] A R+1 DEFAULT RETURNS 1

V

v R^aipha PNLTY6FN A
[1] 	 R+USEACONSTRAINTSX+/alpha-(PNVECT)tA
[21 	 A State variable 'USEACONSTRAINTS controls penait' function
['a] 	 A 1 + constraints on 0 + constraints off

U

PRNT;TMF':FMT
QPUT
OPUT 'ITERATION NUMBER ',aJ
OPUT ' ' 0 OPUT 'PENALTY FUNCTION TURNED ',(2 3 p'OFFON ')[I+USEOCONSTRAINTS;] 0 OPUT
TMP+ 3 6 P'LAMBDARSS 	 NPHI 	 '
OPUT '10AI,E15.b' OFMT(3 10 $TMP;4"1+,TMP,',')
OPUT ' '
OPUT ' F's IN LAST YEAR
OPUT 6 3 AFLY
OPUT

+(FAG=O)/NXT
OPUT ' F's AT OLDEST AGES 	 '
QPUT 6 3 ;FAG

NXT:y(O=INDEXATYPE(1))/NXTI
OPUT ' '
OPUT 'ESTIMATED JULY RV SURVEY CALIBRATION PARAMETERS'
OPUT ' AGE 	 ',((2="1fpK)!'INTERCEPT 	 '),' SLOPE 	 NUMBERS'
FMT+'14,F14.5.114'
4(2= - IfpA)/'FMT+ "I4,2F14.5.I14 ..
TMP+O(INDEXaTYPE[2)x - Itpl4(p,K)fmpar
TMP+(p(-INDEXATYPE[21,0)+)<)pTMP
QPUT FMT OFMT(((pAGES).1)pAGES),TMP[tPROWS,],((pNVECT)fpar)
+(1=INDEYCTYPE[1])/NXTI 0 OPUT 'ESTIMATED MARCH RV SURVEY CALIBRATION
OPUT FMT OFMT(((pAGES),1)pAGES).TMP[(PROWS)+tpROWS:],((pNVECT)fpar)
+(2=INDEXATYPE(1])/NXTI 0 OF -UT 'ESTIMATED SEPT. RV SURVEY CALIBRATION

OPUT FMT OFNT(((pAGES),1)pAGES),TMP[(2xpROWS)+vpROWS;],((pNVECT)fpar)
NXT1:+(0=INDEXATYPE[21)/DONE
OUT 	 -
QPUT 'ESTIMATED CPUE CALIBRATION PARAMETER(S)
QPUT((2="1fpA.)i' 	 INTERCEPT').' 	 SLOPE'
FMT-'F14.5'
A (2= - 1fp):)/'FMT+''2F14.5''
OPUT FMT DFMT(I,'1tpK)p(-"1fplfpar

DONE:OPUT 78p'-'
V

[1]
12]
[:3
(4]
151
[6]
- 7]
87

[9l
[107
[111
[127
113]
(141
[i5]
(16)
[17]
[181
[19]
[20]
(21]
[22]
1233
[24]
[25]
[26]
(27)
(28)
(29)
[30]
[31]
[32]
133]
[34]

PARAMETERS'

PARAMETERS'
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0 OUTPUT;TIT•dx:dy;ag;yr
[1] OPUT ' '
[2] OPUT 'RSS Trajectory by Iteration ',STOCK6NAME,' 	 .6ts
(3] 	 dx+'ITERATION NUMBER'
[4] dv+'RESIDUAL SS'
[5] 20 40 PLOT rssvec VS(kprssvecl
(6] 	 I+1
[7] 	 OPUT
181 	 OPUT ' CALIBRATION COEFFICIENTS BY AGE FOR ',STOCKANAME,' 	 ',6ts
[91 	 OPUT
(101 4(( - 1fPk)=1)/S2
[11] S1:QPUT 'AGE '.(2 0 ;ABES[I]1,' s 	 I 	 ',(10 3 ak[Itl]l,' 	 +',(1G 3 3k(112)),' x ('OP'
(12] 	 +((PROWS) 111+1+1)/Sl
(13) "NEXT
[14) S2:+(INDEX6TYPE(1I-0)/NEXT
1151 	 OPUT 'AGE ',(2 0 ;AGES[I]).' 	 I - '.(10 3 ;k(1;11),' x POP'
[16) +((pRONS)1+I+1)/S2
[171 NEXT:QPUT ' '
[18] OPUT ' MEAN SQUARE RESIDUALS 	 ',aasr
[191 OPUT ' 	 MEAN RESIDUAL : ',a+/e-pe
(20] OPUT ' SUM OF ALL RESIDUALS 	 ';a+/e
121] page 6ts
(22] DATAGEN par
(23) TIT+'POPULATION NUMBERS (OOOS)'
124] 0 BUT POP,[1]+/(i)F'OP
[25] TIT+'FISHING lORTALITY'
[26] page ots
[271 3 OUT F
128] aq+AG
(29] yr+i'R
'30] +(INDEXoTYPE[I]=0)/CPUE
311 +("/1=.iseerv)/LOGS

[32] A6+AGES
(33] TIT+'NEIGHTED RESIDUALS FOR RV INDEX'
[34] page Ate
[35) 3 OUT RESID6RV
1363 OPUT OTCNL.'SJM OF RV RESIDUALS 	 ',fa+/,RESIDeRV1,' MEAN RESIDUAL

	
',1+1,RESIDARV=+/,MASF:RV

(37]
(381 +(INDEXATYPE[l](2)/CPUE
(391 TIT+'WEIGHTED RESIDUALS FROM MARCH RV INDEX'
(40) YR*MASY'2[1:]/vr
[41] 3 OUT RESID6RV2+(((OtiseArv2)xiarv2-ihatorv2)-isearv2)[IMASK2(1;)/tl(pMP.5KZ]
[42] OPUT OTCNL.'SUM OF RV RESIDUALS : '.(a+/,RESIDARV2),' MEAN RESIDUAL : '.a4/.RESID6RV2.+/.MASK2
[431 +(INDEXCTYPE[1](3)/CPUE
[44) TIT+'WEIGHTED RESIDUALS FROM SEPTEMBER RV INDEX'
(45) YR+MASK3(111/yr
(46] 3 OUT RESIDARV3E(((Ofiseerv3)xierv3-ihat6rv3)+ise6rY31[;fjASK,3(l:]/ti+pMASK3]
[471 OPUT OTCNL.'SUM OF RV RESIDUALS 	 '.(a+/,RES1DARV3J,' MEAN RESIDUAL 	 ',a+1.RESIOARV3=+/.MRSK3
(48) •CPUE
(49]
1503 LOCS:AG+AGES
[51] TIT+'LOG RESIDUALS FOR RV INDEX'
(52) page Ate
[53] 3 OUT RESIDARV
(54) OPUT OTCNL,'SUM OF RV RESIDUALS : ',(a+/,RESID6RV),' MEAN RESIDUAL 	 ,a+/,RE5ID6RV++i,MASI:RV
(551 +(INDExeTYPE(l7<2)/CPUE
1563 TIT+'LOB RESIDUALS FROM MARCH RV INDEX'
(571 YR+MASK2(1;]/yr
[58] 3 OUT RESID6RV2+((Bierv2l-8ihaterv2)[:MASK2(1;]/t1+pMASK23
[59] OPUT OTCNL.'SUM OF RV RESIDUALS 	 ',(a+/,RESIDARV2),' MEAN RESIDUAL

	
',a+/.RESID8RV2++/.MASK2

[60] +IINDEXATYPE(1]<3)/CPUE
[61] TIT+'LOB RESIDUALS FROM SEPTEMBER RY INDEX'
(62] YRFMASK3C1;3/yr
[631 3 OUT RES(D6RV3E((ei6rv3)-aihaterv3)(;MASK3[1;]/t I4:PMASK3]
[641 OPUT OTCNL.'SUM OF RV RESIDUALS : ',(a+/,RESIDaRV3R^,' MEAN RESIDUAL

	
',a+/.RESIDARV3=+/.MASK3

(65]
[66] CPUE: 4 (INDEXeTYPE[2]=0)/NOCPUE
(67) YR+yr
1683 OPUT "
[69] AG+,0
[70] TIT+'RESIDUALS FROM CPUE INDEX'
(711 3 OUT(I,pRESID6CPUE)pRESIDeCPUE
1721 OPUT OTCHL.'SUM OF CPUE RESIDUALS : ',(a+/.RESlDoPUE),' MEAN RESIDUAL 	 ',s+/.RESID6LPUE=p.i6ccue
(731 NOCPUE:paae At
[74] OPUT ' '
(75] OPUT 'ESTIMATED PARAMETERS•AND STANDARD ERRORS'
(761 PARSE
(77] TIT+'Paraoeter Correlation Matrix'
(78] AG+YR+tltpcorr
[79] 3 OUT corr
[80] AB+ag 0 VR-vr
[81] '' 0 5POT!+EL
1823 'Output Age-by-Age Plots? (Y/N) Default is NO'
(83) t(•('Y'-ANS)•'y'-ANS+OINKEY)/'+0'
[84) PLOTRYSPA iery

V
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9 DATAGEN PAR;RESID

[1] 	 RESID+OBJeFN PAR
(2) 	 41INDEXATYPE[13=0)/CPUE

[4] 	 RES]DARV4(iorv-it,atorv)=ise6ry

[5) 	 4CPUE
[6] 	 LOG:RESID4P`.'<(8i1rv) -8ihatAry

(7) CPUE:4(INDE!.ATYPE(2]^0)/' RESIDACPUEe(-p.i6cpue)fRES(D'
(8)

9

V INDEX PRINTRVSPA DATA;GPP;HDR;RANK;FMT;PS;LBLS;I;Z
[l) A PRINT DATA ARRAY USED FOR PLOTS
[2] A DATA++ARRAY SUITABLE FOR USE WITH THE"PLOT"FUNCTION
(3) A (INDEX)++DEFAULT IS t - 1fpDATA
[4] GPPt4
[5] N(- - 1+14p[-ATA
(6) 	 PS-(Nfpc).(N,9)p'
[71 	 PSG - 3 PS
(8) LBLS^(1Of' INDEX'),111(10f' CARRIER').[1]PS
(9) L6L54LBLS,(l310f' RANK'
[10) 	 2+((2 2 +PDATA).10)p'
(11] OPUT 'SUMMARY OF DATA FROM PLOT'
[12] OPUT '

 ------- -- ---- ---- -----
[13] DPUT
(14] 	 OPUT 'CARRIER VARIABLE: POPULATION NOS'
(151 GFUT 'RE 'r'ONSE VARIABLE(S): SURVEY - u:DESERVED. +:PREDICTED'
[16] 	 OPUT
(17] 4!0=GNC 'INDEX')/'INDEX-. - ItpDATA'
(18] RANk.-INDEXC4tATA(I;I]
(19) 	 Z(1;;]<l2 10 p20fLBLS[1;3).(1]( - 24(pDATA).10) U ( - 2f(PDATA).1)pINDEX
[201 	 I^1
(21)1P:Z[I+1;; r(2 10 p20fLBLSCI+I;]),[1]( - 2f(pDATA),10)f3( - 2f(pDATA),I)pDATA[I;)
(22) +( ,(1tpDATA)>I+1+1)/1P
[2:] 	 2(3+1;; )(2 10 p20fLBLS[1+I;]),[1]( - 2+(pDATA),10)f6( - 24(PDATA),1)pRANI;
(241 	 QPUT(1 10 x02+pDATA)a, 2 1 3 b.Z

V PARaSE:N;P;HESS;de;NDP..M
(1) OPUT 'APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION'
(2) OPUT
(3) 	 N-p,e
(4] 	 F'-p.par
(5) 	 de=DIFFCD_^•
16] 	 HESS<2>:(b=+)+.xde
(7] 	 NORM-(+fHESS+2)*0.5
[8] 	 HESSr8HES5=CpHESS)pNORM
(9) 	 HESSt2kmsr:.HESS-4(mpHESS)pNORM
1103 	 parese-(i 1 OHESS)* - 0.5
[111 corrtHESS^HESSrparAsec•.kparn5e
(12] 	 parAee-=parase
(13) 	 OPUT 'ORTHOGONALITY OFFSET.........'„ 'F16.6' OFMT con
[14] 	 OPUT 'MEAN SQUARE RESIDUALS .......',.'F16.6' OFMT msr
[ 15) 	 QF'UT
(161 OPUT ' 	 PAR. EST. 	 STD. ERR. 	 T-STATISTIC
(17] OPUT 	 --------- 	 --------- 	 ----------- '
[16] OPUT - El6.b,x3' OFMT(par;parnse;par-parCSe)
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9 PLOTRVSF'A 1P:BEX:GATSCALE:ITER:d:::dv:SYM;RESID
(I) 	 SCALE' 20 40
(2) ITER-1
(3) YR-(YR[I]-1)+t"1+p:NDEX
(4)
(5] 	 RESID+RESIDARV
[6] 	 9(INDEXCTYPE:2i=0)"51
(7] 	 page Sts
[8] 	 OPUT 'AGGREGATE CATCH RATE RESIDUAL VS PREDICTED VALUE
C9] 	 dv+'CPUE RESIDUAL'
1103 dx•'PREDICTED CPUE'
[ll) SCALE PLOT RESIDeCF•UE VS ihat^cpue
(12]
(133 OPUT 'OBSERVED AND PREDICTED AGGRE64TE CATCH RATE BY YEAR
(1 4 ] 	 dy+'CATCH FATE'
[15]	 dx''VEAR'
[16) SCALE PLOT ihat6cpue AND iecpue VS YR
1171
(18]
(19]S1:page Ats
[20]
(21] OPUT 'AGE '.(cAGESCITERI),' PLOTS
(22] •(0=ppise6rv)/LNI
[23] DATA•INDEti[ITER;]AND ihatOrv[l7ER;]VS eOPlN0[ITER;)
[24] OPUT 'SURVEY NO. PER TOW VS SPA NUMBERS'
(253
[26] dv+'SURVEY NO. PER TOW'
:271 dx+'SPA NUMBERS'
[28]
(293 SCALE PLOT DATA -

[30]
[31] OPUT 'TREND :N STA?7_ARIIZED RESIDUAL OVER TIME'
(322
(33] dv+'RESIDUAL'
(:4)	 ds^'YEAR'
[35) SCALE PLOTIRESID[ITER;])AND((PYR)p0)VS YR
(36]	 '
(37) OPUT 'STD. RESIDUAL VS PREDICTED VALUE'
(3a]
(35) dx-'PRED1CTED VALUE'
(40) 	 SCALE PLOT CtESID[iTF.k:]AND((Aihatvr , [ITER;) ) P4 VS ihxtL.rv[ITER;)
(411
(42) OPUT 'RESIDUAL VS OBSERVEL is
43]
.44] dx+'OBSERVED !'
i4°] 	 SCALE PLOT RESID[IiERaIAND(iPPOFIND[ITER ) O)VSFrDPIfi•,(iTiN:1
i 461 +S2
[47] LNI:
i4B) 	 DATA'(BIMDER[ITERa))Al:D(Bihatery[ITEER;] ) VS(SP0F1W0[ITER:])
(49) OPUT 'LN SURVEY NO. F'ER TOW VS LW SPA NUMBERS'
(50)
[51] dv='LN SURVEY NO PER TOW'
(52) dx+'LN SPA NUMBERS
[53)
[54] SCALE PLOT DATA
(55)
(56] OPUT 'TREND IN LN RESIDUAL OVER TIME'
(571 	 ' '
(58) dv-'LN RESIDUAL'
(59) dx+'YEAR'
(60) SCALE PLOT(RESID[ITER:])AND((pVR)p0)VS YR
(Al]
(62) OPUT 'LN RESIDUAL VS LN PREDICTED VALUE'
163]
[64] dx4'LN PREDICTED VALUE'
[65] SCALE PLOT RESID(ITER:)AND((pihatery[ITER;])p0)VS9ihatdrv[1TER;I
[661 	 ' '
(67) OPUT 'LN REOIDUAL VS OBSERVED LN X'
[68] 	 ' '
(69) dx 'OBSERVED LN X'
(70) SCALE PLOT FESID[ITER:]AND((pPDPIND(ITER;))p0)VSB'OPIWD(ITER:)
[71] S2:
172] 	 ' '
[73] OPUT 'TREND IN POPULATION ABUNDANCE OVER TIME'
[74]
[75] dv+'ABUNDANCE'
[76] dx4''YEAR'
[77] SCALE PLOT INDEXCITER;IAND ihate , v(ITER;)VS YR
[78] YR PRINTP.VSPA DATA
(79] 	 ' '
[DO] 	 ITER+ITER+I
(Dl) 	 +(ITER=(1fPINDEX)+Iii0
(82) 	 +S1

V



V I+A AND B
[1] 	 Z+((til+1fPB)IOIO+1)1B+( - 2t 11 ,pB)pB
(2) 	 Z[OI0+1;1+A

V

V AXES;I;Y
[1] 	 'I+0 OGINIT 'HERCULES'
123 	 1 OBLINE 1 4 2 P 200 50 200 850 200 850 1000 850
(3) 	 I+0
(4] 	 YTIC:Y+50+100x1
151 	 1 OGLINE 1 2 2 p195,Y.200.Y
[6] 	 I+1+1
(7) 	 +(I<9)/YTIC
[8] I+1
[9] XTIC:Ye100 +100x1
(10) 1 OGLINE 1 2 2 pY,850,Y,860
(11) I4I+1
[12] 	 +(I59)/XTIC

V

V VECT+AGES AAPLUS MATRIX;FIRSTASE;LASTAGE
[1] FIRSTAGE+IfAGES
[2] LASTAGE+14AGE5
[3] +(V /(2=PAGES,AGES),(LASTAGE<FIRSTAGE),(LASTA6E>AG[pA6]))/ERROR
[4] 4 (FIRSTAGE<A6[1])/ERROR
[51 	 9 (^/( 0LASTAGE-FIRSTAGE),(2=pAGES))/OK
[6] ERROR:+0,010+'INVALID. FORMAT IS FIRSTAGE LASTAGE aeplus MATRIX'
(7) 	 OK:MATRIX 4 ((FIRSTAGE-AG[1]),0)+MATRIX
[8l 	 MATRIX+e+keMATRIX
[9] 	 VECT+((1+LASTAGE-FIRSTAGE),1+PMATRIX)$MATRIX

V

V XFDAT
[I] 	 X+11 3 0 ;100TS3fOTS
[2] 	 X(3 5]E'/'

V

v Z+FTIE FNM;MAP;FS;LIB-,OELX;DSEG;0I0
(1) 	 A Ties the named APL file and returns the tie number chosen.
[2] 	 A Behaves like VM in that FTIE is a 'slippery tie
(33 	 0104.1 0 CELX+'0ERROR(^\ODM$GTCNL)/DDM'
[4] GSEG+9 0 FS-(O 1 =OPEEK 1621/ 1 10 A Look at file-id setting

[5] MAP+^\FNMi:' 0123456789' A Map leading blanks and numbers
[6] 	 LIB4MAP/FNM 0 FNM+(8 11 It 10 tFS])t("MAP)/FNM

(71 	 i( ^/L18=' '1/L1 0 LIB+b - 48+OPEEK 97 A Get default drive if needed

(8) 	 L1:LIB'(FS,0)aOF1 LIB
[9] Z+(OFNAMES^.=LIB,' ',FNM)/OFNUMS 0 +(O$pZ)/0

[10] tLIB,' ',FNM)OFTIE Z-((t21)EDFNUMS)t0
9
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rL

v A OUT B;C;D:E;W;YPW;TEST
[1] n TRANSLATED R.C. McCRAE - I.P. SHARP ASSOCIATES 85.1.7
(21 	 4(1IppBi/HEC►:1 A 	 II MDD. 	 83.8.03 	 M. JOLY
[3l 	 BU1.pB1pE
(43 	 CHEC):1:A+,4(2, - ItyB)y(`[t+(A$01+A+(D)(I/(IIB))+11081Ic1[1]1B B - IipBiyA
[5] 	 PM+(20+pTIT)rQPPW14++/((PA)p 10)/6
(6) 	 Y+YR
[ 7 ] 	 QPUT
(8) 	 QF'UT((( - 6+PW)f((l0.5xPW - PTIT)p' '),TIT),DAT)
(9] 	 SI 1:QPUT ' '
1103 C+ - 1+(OPW{4++\A[ - 1+2yt0.5XpA])v1
[111 	 D+(2xC[PY)tA
(12) D(2xtCLpY3«0
[133 	 QPUT( 	 1'.D4(CLPY)$Y)
[14] 	 QPUT('---+'.(+iA("1+2x%C])p' - ')
(!5] 	 +(1#1fpB)/MAT
116] 	 0PUT((1 4 p' 	 1').((2<C)fA)4(1,C)fB)
(17) +CHEC(
[18] MAT:OPUT((2 0 f((pAG),1)PAG),(((DA6),2)p' I').((2xC)fA)5((pA6),C)fB)
'19] 	 +((PAS)=I$pB)/CHECY:
i203 QPUT( ---+.(+!A( 1+2xtC))p'-)
[21] 	 E+(2 0 5UUTEST,1)PAG)),(((TEST+(1fpB)-pAGI.2)p'+I')
i22] 	 OPUT E.((2^-C)fA);(((PA6)-1fpB),C)tB
1233 CHECK:A+(2=.C;4A
(24) 	 Br(0.C)16
[253 Y+C+Y
[2o] +(0PA)iSi^1

V

v A PLOT B;C;D;E;Ft6;H.I;K;L;M;N:OID;P;S;T;U;V;X(PVAL.CDM;O;CRTT;ps

(1) Di0+1 0 CRTT-5E - 11

(2) S•4(,(0=GNC 4 2 p'dxdpJ ps•)f 4 3 p'dxidY40p p), 	 'o+Ax70

[33 	 t''/ 1 2 IppB)PL2
[4] 4((2p8)1 1fPB)!L1

[5] )2.U)p(%Urp8).B

[6] 	 L1:+(11pPAipL2
[7) 	 +(2 6 =PA)/L3.L7
[83 L2:-0.445•'PARAMETF:ES NON VALIDES•.00r

[97 	 L3:M+L4.(i•:-LIE - 3+(LtA(2))=10),([/B[11]).L/B[1;] I +L5

[10] L4:H-I(P) 0 C'-D[P]

[11] ML6.(Et1E :•+G•A(1])-5).(t!.T).1/. 	 1 0 +B

(12] L5:S- 10000 5000 2500 1000 500 100 50 25

(133 	 +(0 M[2])/L2
.143 	 (.'IU+-/-2tN)/L5A

-0.040-'F'AS DE VARI TION DANS X OU Y'.ocr
b) L5:S+S10• 4+I10DL'-U+M[2]

[17] F-!1( ]<_(1+M[43 51M(411+M[2]xU+V-SiV+1.25 U)ti1 0 +M

[18] L6:Y-11.5+(8(1;3-H)'<10+C

1197 	 T+10.5+(T I*1[F])x5 D-D(P) 0 +LB
[20] L7;KL 1E 3+(L-A(4))+10

[21] E*11E+(G6(1])5

(22) 	 X-tF+(0<-X)^X<-L+I)/X 11.5+(B[1;]-H•AI5])Y30=C(-A[6]
[23] 	 T-F/10.5+((T 	 1.0 +8)-I+A[2])x5-D<A[3]
(24) L6:M^ 110SID-o,tB410

[25] MGM[11L(^/(CRTTxDrr/P)Mo.IP+II+Dx - 1+%E+1)%17

[26] St 10 - 3 0 +l(8CP+1+L1081/P)vI1< 7)/L9

[27] 	 5+10.01(8-Pr1)L-M
(28) L9:Q'(VISIe)DX - 1+tE+1)o.+.I),'i+'[1+V+m0.51 - 1+t1+P+6]
(29] 	 Ul((-L(U-x/pdy)=2)0(U^6+1)0dy).Q
(30) 	 Xe.((pT)(1)ftpp5)o.+1000xX 0 TT
(:1] L10:PVAL+(U(1+6-P;3).(L+I)p'

(323 	 •i0 pS-(T=P)/X)/L12
[333 	 S+(S00._I4S)/S+S($S]
[343 PVAL(("1fpU)+LS-1000]+ps[1000IS]

[35] L12:2PUT ' 	 '.PVAL

Z36] -(OSP+P-1)/_10
(37) 	 QPUT(16P' '),'/'.(L+IiP'+---------'

(36] 	 M•([10ElC)-0,t10
(39) M(11(/iCRT.TxCrr/F)(104M)o.IP+IB+H+Cx1+K+1)t1]
[40] S+10-3 0 +((84P+1+110br/P)vM< - 7)/L13

(41] 	 5-10.01(8-Pr1)1-M
(42) L13:QPUT(6p• '),SSB

(43) .(0=x/Pdx)p0

[44] 	 CPUT CTCLF.t(18+10.5;eL-x/pdx)p' ').dx
V
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o OFUT X:010:NTIE
II] 	 0I0-1 A 	 VERSION 2.0 	 11 MOD. 84.1.:1 	 M. JULY
[2] 	 4(O€PX)/0
(3) 	 X';X
[4] 	 4('+'=IfASORTIE)/TOFILE
(5] 	 +((3 3 p'CRTPRTRSI')".=LS0RTIE)/LCRT,LPRT.LRS1
[6] ERRI:OERRCR 'INVALID OUTPUT DESTINATION IN LSORTIE'
[7] LCP.T:O^-X 0 +0
[8] LPRT: 3 0 3 DAR8IN,XDTCNL 0 a0
(91 	 LRS1: 1 0 0 1 0A^.REIN.(S.O7CNl),GTCLF 0 a 0
[10] TOFILE:
1113 	 (1+LSDRTIE)ONTIE NTIE+-((t20)ti:).lONNUMS)t0
[12] (X,GTCNL)ONAF'PEND NTIE
[13] ONUNTIE NTIE

V

bT1MEFMT

v t-A Vs B
[1] 	 Ifc( -2f 1 1 .PBB)PB' ( - 2f I I ,PAPA

v

V page ets

[1] 	 OPUT OTCFF. 	 4VsW COD TUNING MAY 1989'
121 	 1;1'T STUCk:GNA"lE.(45P" '1.Ats

0
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