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Nominal catch and catch at age

Cod catches, along with corresponding TACs, from NAFO Div. 3N@ for a recent period are as
follows (000s t):

1981 1982 1983 1984 1985 1986 1987 1988 1989

TAC . 26 17 17 26 33 "33 33 40 - - 25
Catch - D24 32 29 27 7 51 42 43 30

Catch for 1988 ig provislonal and for 1989 only from Canada, Spain and Portugal.
TACs for 1982 and 1983 execlude expected catches by Spain.

Catches from this stock declined from a peak of about 227,000 t in 1967 to a low of about
15,000 t in 1978 (Table 1; Fig. 1). With the exception of that for 1986, catches have
averaged about 41,000 t from 1985 to 1988. Canadian catches were stable at about 19,000 t
from 1985 to 1988 but have declined to-30,000't in 1989. -In 1989 the Canadian catch was taken
from Div. 3N and 39 in similar proportions (45X and 55X respectively). Catches by Spain have
been stable at approximately 16,000 t since 1986 while those by Portugal have declined.

Sampling data available for the Canadian fishing in 198% (Table 3), as obtained by
Canadian Port Samplers, were used te adjust monthly catches (Table 2) to produce catch,
average weight, and length at age for the 1989 Canadian catch (Table 4). Average weights at
age were determined by applying a length-weight relationship (log weight = 3.0879 log length

-5.2106} to lergth frequencies and age length keys. For the Canadian fishery, the calculated
catch was less than 0.5% different than the reported catch. The catch was obtained from a
wide range of age groups (Table 4) with ages 6 to 8 dominating.

Catch at age for the Spanish and Portuguese fleets were obtained from research reports.
Catches by Spain were obtained almost entirely by pair trawl in Div. 3N. The age composition
of the catch was substantially different than that obtalned for the Canadian catch (Table 5).
Spanish catches were comprised mainly of fish aged 3 to 5. Portuguese catches were obtained
mainly by gillnets with ages 5 and 10 being most abundant ages. Average weights at age were
available only from Canadian and Portuguese sampling data (Table 5). These indicate that the
average welghts were higher for most age groups than those chserved in 1984.

Commercial catch-effort data

Catch and effort data for 1977-87 were obtained from NAFO statistical bulletins. Data
for the Canadian otter trawl fleet for 1988-89 were provided by the Department of Fisheries
and Oceans, Canada, while Spanish pair trawl data for the same years were obtained from
Spanish research reports. Seasonal patterns for the otter trawl and pair trawl fisheries are
different (Tables 7 & 10), therefore, catch rates from both fleets were analyzed separately

The provisicnal nominal catch for Div. 3N0 as reported in NAFO SCS
Doc. 90/21 was somewhat higher than that used in the current assessment: The
difference of approximately 10% resulted from an update of Spanish pair trawl
catches from 15,277 tons to 17,904 tona. This information was not provided in
sufficient time for incorporation in the current assessment, however, this

omission is likely to have only- a marginal effect on the estimation of
population size for 1989.
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using a multiplicative model (Gavaris, 1980). Weights were calculated as in
; } 2 previous anal
(Baird & Bishop, 198%9) and data with less than 10 t catch or 10 hours effort were excluded?ses

Four category types were used in the model: country/gear/tonnage class, NAFO Division, month
and year. ’

The model only expiained about 38% of the varlation in the.Canadian otter tréwl data
(Table 6), but with the exception of NAF0 Division, all categories were significant.

Regression coefficients, presented in Table 7, indicate that the best otter trawl catch rates
occur during December-January and are lowest during early summer. The catch rate trends are
given in Table 8 and Figure 3. Generally, otter trawl rates increased from 1977 to 1982 then
declined until 1986. C/E for the 1986-89 period have been stable. '

For the Spanish pair trawl data the model explained about 55% of the variation and all
category types were significant (Table 9). The highest pair trawl catch rates oceur during
summer, with the lowest C/E observed during March and April (Table 10). Pair trawl catch
rates (Table 11, Figure 4) have been variable during the 1977-8% period with three peaks
occurring (1979,1984 and 1988).  The increase in C/E during 1988 is lower than the peaks
observed for either 1979 or 1984. Catch and effort for the PT fleet given in the Spanish
Research Repert for 1988 (Vazquez & Gandaras, 1989) wvas not presented by tonnage class. This
data was included in the pair trawl standardization, coded as tonnage class 4. In recent
years TC 4 vessels have dominated the pair trawl catch in the Regulatory Area.

During the last assessment 'of this stock (NAFO SC Reports, 1989) commercial catch rate
indices, when used in calibration gave unrealistic estimates of population size and fishing
mortality, and vere not used in the final assessment calibration model. It is starting to
become apparent that commercial catch rates for Div. 3N8 have limited usefulness as
calibration indices. For a number of years the Canadian 0T index has been questioned hecause
of the uncertain definition of directed fishing effort as a consequence of the large by-catch
of cod in directed American plaice fisheries. The Spanish pair-trawl index only relates to a
portion of the stock, has been extremely variable and in jtself has not been a useful
calibration tool. Because of the problems with past commercial C/E calibration and the points
noted above commercial C/E indices are not considered further for this assessment.

Research vessgel survey data

Stratified-random research vessel surveys have been conducted by Canada in Div. 3N since
1971, with the exception of 1983, and in Div. 38 since 1973, with the exception of 1974 and
1983, Surveys from 1971 to 1982 were conducted by the research vessel A. T. CAMERON, and
those since 1984 were conducted by the sister ships A. NEEDLER and W. TEMPLEMAN. : The
stratification scheme used for the stratified-random research vessel surveys in Div. 3Ng is
shown in Figure 2. Biomass estimates by strata for these surveys are presented in Tables 12 &
13, with mean number and welght per tow values in Table 14, and Figure 5. Bicmass in both
divisions increased sharply from 1982 to 1984, was somewhat stable from 1984 to 1986, and
increased sharply again in 1987, especially in Div. 38. Estimates decreased substantially in
1988 for both Divisions with those for Div. 38 showing a further large biomass decrease in
1989. Preliminary results for 1990 indicate that both blomass and abundance showed a moderate
increase in 1990. The biomass increase was largest in Div. 3N.

As survey coverage is incomplete, mostly in the earlier period, estimates of abundance

for non-sampled strata were obtalned using an analysis of variance of the ln catch per tov for

sampled strata. As 1p recent assessments, the current analysis weights each stratum mean by
{ts stratum area in square nautical miles. Tables 15 and 16 show survey abundance estimates
for Div. 3N and 30 respectively with estimated values for strata vhich were not surveyed.
Estimated abundances for Div. 3N and 32 in 1989 were the second and third lowest in their
respective time series. The 1990 survey results show only a slight increase over the 1989
lévels. Estimates of mean no. of cod per standard tow at age are shown in Table 17 with
similar estimates adjusted for non-sampled strata shown in Table 18. Although no year class

was abundant, year classes which were present in the commercial fisheries (ages 3-5 for Spain;

ages 6-8 for Canada) were generally the most numercus.

Revised catch-at-age

Catch-at-age presented in Table 5 was revised to account for discrepancies
in the reported Spanish estimates. A sample for cne month (March) was very
small, and was included while those for two others (October and November} were
adjusted to account for some underestimation of older fish. Average weight-at-
age for the Spanish fishery were provided and were combined with that for Canada
and Portugal. The revised total catch-at-age (Table 21) also includes reported
catches by cther countries {117 tons). A sum of products check indicated that
the calculated catch in 1989 was less than 10% different than the reported catch.




Estimation of stock size

Stock size was estimated from a formulation of ADAPT which used Canadian and USSR
research vessel data for the 1977-89% period. The USSR data was taken from Bulatova
{1990). Data for all surveys in this time pericd were used even though some had been
considered anomalous in previcus assessments, It was decided to include data fo: all
years and determine anomalles from the residual pattern

The accepted formulation is as fqllows:
Parameters! .
- year-class estimates
Ni' 1989 ] 1 ﬁ.3—11
- calibration coefficients for év numbers

' K{Can) i =3-11
K{USSR) ; i = 3-11

Structure
- Natural mortality was assumed = 0,20
- Error in catch-at-age assumed negligible
- F-on oldest age (12) was calculated as 40% of the weighted ({(by populatlon
numbers) F for age-groups 7-10
- Intercepts were not fitted
Input
- Ci,t i = 3-12 t = 1977-89
- RV{Can)y ¢ i=3-12 t = 1977-82, 1984-89
r
- RV(USSR}y i = 3-12 t = 1977-89
r

Objective Function

- Minimize

Zitz fobs (ln RV(CAN);,.) - pred (ln RV{CAN);)1? +

zitz [obs {Ln RV(USSR);,) - pred (ln RV{USSR);,)}>

Summary
Number of obsgervations = 225

Number of parameters - 27

Previously, it had been establlshed that intercepts were not significant and hence
were not included in this analysis. With the exception of age 3 abundance, all estimated
parameters were significant (Table 22), however, the coefficlents of variation on most
other abundance estimates were high, ranging between 44% and 48%, All of the research
vessel slopes were estimated with CV's around 0.30. Residuals, given in Table 23 and seen
in Fig. 6 and 7, indicate a great deal of annual variation in the data for both the
Canadian and Soviet results. In some years all residuals are negative while in other
years the opposite is true. These patterns are to be expected given that a number of RV
survey years that were considered anomalous last year and deleted were left in.this year’s
analysis. Correlations between estimated parameters are glven in Table 24. Although none
of the correlations are greater than 0.50, there is some relatlonship between
catchabllities for the Canadlan and USSR RV at the same age. Population numbers at
January 1 and fishing mortality derived for this analysis are given in Table 25. The
1983-86 year-classes at age 3 are all estimated to be the lowest in the series while
fishing mortalities on younger ages are high,

Preliminary formulations of ADAPT. indicated that flat-topped partial recruitment
produced catchability estimates for RV that increased with age through the oldest age.
Table 26 shows catchability estimates for the Canadian RV index with a'flat-topped PR.
The catchabilities for the Soviet index showed a similar pattern. RV catchabllities
should be at least stable if not declining, through clder ages. It was demonstrated that
a fishing mortality on the oldest age (12}, set at about 40% at that on ages 7-10 would
produce stable catchabilities for older ages in the RV indices.
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pData for both Canadlan and Soviet research vessel indices were also analyzed in
separate formulations of the adaptive framework. The Canadian data on its own indicated
that the 1989 population (Table 28) was considerably larger than that estimated in the
combined analysis, however, none of the population estimates were significant (Table 27),
and the CV's on the estimated slopes were quite high (40%-50%).

For the analysis using only the Soviet data, estimated abundance for ages 5-8 were
significant (Table 29) and all CV's on estimated slcpes were about 30%. 1In this analysis,
however, the estimated population for 1989 numbers only 17 million fish. The population
of this size in 1989 implies fishing mortalities on the same ages in excess of 2. There
has never been fishing mortalities observed for this stock at those levels.

Fishing mortallty and population estimates for a longer time perlod are given in
Tables 31 to 34. For these estimates, fishing mortality on the oldest age (12) for the
1959-76 period was set equal to the welghted ‘(by pepulation numbers} F for ages 7-10.
the year 1977-89, the F on the oldest age is from the final adapt analysis. Population
blomass at January 1 increased from about 64,000 tons in 1376 to about 250,000 tons in
1983-84 and has subsequently declined to about 100,000 tons. The large decline in biomass
is caused by the extremely weak 1983-B6 year-classes. These year-classes are all
estimated to be lower than any previously cbserved year-class. '

For

Yield-per-recruit

The most recent yield-per-recruit analysis for this stock was conducted
during the 1988 assessment, Input data included average weights-at-age from the
commercial fishery from 1977-87 and partial recruitment estimates for the period
1977-86. The latter were flat topped and the age range from 3 to 20 was
considered appropriate.

.

In the current assessment a yield-per-recruit analysis was conducted based
on a dome shaped partial recruitment. The exploitation pattern of the fishery
appeared to have changed in that younger fish were being more heavily exploited.
Input data for the analysis are indicated in Table 35. Partial recruitment and
average weights-at-age estimates used were averages over the period 1982-88. The
age 3 partial recruitment value for 1987 was not included in the average for that
age because it was a higher than normal value on a very weak year-class. Some
recent analysis of yield-per-recruit on cod stocks in Canadian waters indicated
that ages to age 15 were appropriate and these were used in the present analysis.
The reference fishing mortality levels estimates were Fy; = 0.25 and Fp,, = 0.40
(Fig. 8) with yield-per-recruits of 1.03 and 1.08 kg respectively,
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Table 1. Catch (metric tons) of cod in NAFO Divisions' 3NO.
Year Canada Spain Portugal USSR Others Total
1953 39,884 12,633 7,919 - 5,761 66,197
1954 17,392 88,674 - 24,045 - 4,650 134,761
1955 6,053 64,987 27,711 - 15,605 114,356
1956 5,363 42,624 15,505 - 1,390 64,882
1957 9,641 51,990 21,740 - 6,819 90,190
1958 4,812 29,436 11,608 - 2,195 48,051
1959 3,687 39,994 17,730 48 2,911 64,370
1960 3,408 33,972 14,347 24,204 3,746 79,677
1961 5,428 32,284 9,059 22,854 3,099 72,724
1962 3,235 17,413 3,653 17,971 2,712 34,984
1963 5,079 37,632 10,004 16,184 6,843 69,742
1964 2,882 37,185 8,095 9,510 6,789 64,461
1965 4,229 64,652 1,692 17,166 11,448 99,187
1966 6,501 52,533 5,070 39,023 5,792 108,919
1967 3,446 77,948 9,703 118,845 16,842 226,784
1968 3,287 69,752 6,752 78,820 6,900 165,511
1969 3,664 71,160 4,940 29,173 - 8,768 117,705
1970 4,771 67,034 3,185 28,338 8,233 111,561
1971 2,311 89,915 6,589 19,307 8,174 126,296
1972 1,736 76,324 11,537 12,198 1,579 103,374
1973 1,832 42,403 7,759 27,849 586 80,429
1974 1,360 38,338 6,602 26,911 178 73,389
1975 1,189 16,616 5,560 20,785 24 44,174
1976 2,065 9,880 2,620 8,992 726 24,283
1977 2,532 8,827 1,742 4,041 462 17,604
1978 6,246 5,813 641 1,819 199 14,718
1979 9,938 13,782 1,140 2,446 545 27,941
1960 5,589 8,999 1,145 3,261 997 19,993
i981 - 6,096 13,299 1,091 3,187 671 24,344
1982 10,185 14,361 2,466 3,985 608 31,605
1983 11,374 12,320 1,109 3,238 778 28,818
1984 8,705 13,590 1,071 3,306 431 27,103
1985 18,179 13,682 608 3,968 462 36,899
1986 18,035 23,395 6,890 1,181 1,144 50,645
1987 18,652 15,788 4,108 764 2307 41,619
19882 19,721 15,889 3,927 2,973 391 42,901
1989° 13,489 15,277 913 5 117 ' 29,556

qprovisional.
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Table 3., Commercial sampling by Can(N) for cod in NAFO Divisions 3NO
during 1989.

Landings (t)

No. No. Country/ Canada
~ Quarter Gear Division aged Month Measured mo. (N & 5.F,)
1 - or gy 732 Mar 232 70 1571°
2 or 30 2962 Jun 875 790 3372°€
3 oT N 226 Jul 945 1111 2350
- 3N Sept 391 381
3o 252 Jul 731 399 950
178 7067 7300
4 oT 3N 291 oct 193 491
Nov 659 733 2071
3o 213 Nov 320 74
Dec 696 1011 1521
504 1368 3537
2 Ssc 3p 142 Apr 298 116 S19
Jun 414 108 :
a " R 100°  oct 320 65 283
14 " INg 1032 945
2 GN 30 34 Apr 332 32 7094
1-4. 3INg 1527 6406 13489

aA/L keys from Quarters 1 and 2 were combined (Tet. = 545).
pA/L keys from 55c was combined with OT (Tot. = 604).
CTotal for 3N@ includes LL catches.

dTotal for year.

TABLE 4. CATCH AND AVERAGE WEIGHT AT AGE OF COD TAKEN IN DIV. 3NO
BY CANADIAN VESSELS DURING 1989.

AVERAGE CATCH

AGE WEIGHT LENGTH MEAN STD. ERR. Cc. V.
3 6.773 44.618 11 2.22 0.20
4 1.100 49.937 235 12.64 0.05
5 1.468 54.7056 260 17.35 - 0.07
6 2.166 62.046 619 31.52 0.05
7 2.932 68.331 899 34.96 0.04
8 4.005 75.310 485 ‘- 25.12 0.05
9 5.703 B4.1562 184 , 13.83 0.08
10 7.477 - 92,611 130 9.25 0.07
11 9.039 98.366 137 9.16 0.07
12 10.5974 104.661 63 5.72 0.09
13 11.980 108,158 76 6.57 0.09
14 12.751 110.086 72 6.35 , 0.09
15 13.632 112.699 47 4.90 0.10
16 15.790 118.545 156 2.83 0.19
17 16.818 120.551 8 1.73 0.22
18 17.3865 122,489 2 1.01 0.44
19 16.991 121.279 1 0.80 0.569
20 23.246 134,259 1 0.39 0.68



Table 5. Catch and average weights at age of Divisions 3IN@ cod
obtajined from Canadlan, Spanish and Portuguese fisheries during
1989. .

Canada Portugal Spain Total
Age No. Av.wt. No. Av.wt. no.'s Av. wt.

2 113 113
3 11 0.77 1583 1594 0.77
4 215 1.10 ’ 1609 1844 1.10
5 260 1.47 - 1023 1283 1.47
6 619 2.17 520 1139 2.17
7 899 2.93 1 5.19 795 1695 2.93
8 485 4.00 5 6.56 646 1136 4.03
9 184 5.70 . 21 7.68 208 413 5.90
10 130 7.48 16 9.05 38 184 7.65
11 137 9.04 11 10.26 148 9.13
12 63 10.97 6 11.57 10 79 11,92
13 76 11.98 4 13,07 12 9z 12.03
14 72 12.75 4 13.94 76 12.81
15 47 13.63 2 14.61 49 13.67
le6 15 15.79 15 15.79%
17 a 16.82 8 16.82
18 2 17.36 2 17.36
19 1 16.99 - 1 16.99
- 20 1 23.25 ) 1 23.25

# 3245 ’ 71 © 8557 9873

wt. 13489 . 673 - 15277 29439

TABLE 4 . ANALYSIS OF VYARIANCE FROM THE REGRESSION OF LN CATCH RATE FOR
CANADIAN OTTER TRAWLS OF COD IN DIY. 3INO FOR THE YEARS 1977-8%.

REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE Ro............ G.617
MULTIPLE R SQUARED.. ... 0.380

ANALYSIS OF YARIANCE

SOURCE OF SUM3S OF MEAN
YARIATION OF SQUARES SQUARES F-~VALUE
INTERCEPT 1 8.861E0Q 8.861EQ
REGRESSION 27 2.792E0 3.256E°1 9.596
TYPE 1 3 2.742E0 7.472E71 22.018
TYPE 2 | 3.312E°2 3.312872 0.976
TYPE 3 11 4 _224E0 3.840E "1 11.314
TYPE 4 12 1.495E0 1.246E71 3,670
RESIDUALS 422 1.432E1 3.394E 2
TOTAL 450 3.198EL
TYPE 1 - COUNTRY /GEAR/ TONNAGE CLASS '
TYPE 2 - NAFO DIVISION
TYPE 3 - HONTHS
TYPE 4 = YEARS

T




TABLE 7

g -

. REGRESSION GCOEFFICIENTS FROM THE REGRESSION OF LN CATCH RATE
FOR CANADIAN OTTER TRAWLS OF COD IN DIV. 3NO FOR THE YEARS 1977-89.

REGRESSION COEFFICIENTS

CATEGORY COBE

CODE
CODE
CODE
CODRE
CODE
CODE

TABLE

3124

34
L
77

3125

27124
27125

03124 -
03125 -

27124 -

27125 -
4 -

35 -

35

YARIABLE

INTERCEPT

OO0 L B N

COEFFICIENT

S 0,112
0.422
0.517
"0.054
N.341
‘0.498
0.589
"0.840
“0.803
0.686
“0.650
"0.650
"0.697
“0.309
“0.079
D.126
0.207
“0.073
0.170
0.458
0.400
0.226
0.229
0.113
0.090
0.125
0.097

CANADA-N/OTTER TRAWL/TC 4
CANROA-H/OTTER TRAWL/TC 5
CANADA-M/OTTER TRAWL/TC 4
CANADA-M/OTTER TRAWL/TC 5
DIVISION 3N
DIVISION 30

STD. ERROR

0.065
0.093
0.077
0.055
0.147
0.138
0.137
0.132
0.131
0.141
0.147
0.154
0.138
0.130
0.134
0.17%9
0.175
0.1%97
0.195
0.176
0.173
0.175
0.173
0.170
0.147
0.170
G.172

NO. OBS.

8 . COMMERCIAL CATCH RATE FOR CANADIAN OTTER TRAWLS OF COD IN
DIVISIONS 3NO FOR THE 1977-89 PERIOD.

YEAR
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Soccooco00o0Too0

AVERAGE

PREDICTED CATCH RATE

LN TRANSFORHM

MEAN

.B405
.664
L6336
.9140
L6702

3822

-4405
L6150
L6117
L7273
.7507
L7159
L7440

COoODODOoODO0O D000 Q000

S.E.

.0279
.0138
L0113
-0204
L0193
L0116
L0111
L6112
L0101
.0089

L0092
.00%4
.0100

[om B e B o . B e B o B o T o [ B Y v e

RETRANSFORMED
HEAN S.E.
433 0.072
.384 0.045
.537 0.057
404 0.057
.515% 0.071
670 0.074
.651 0,068
347 0.058
.549 0.055
.489 0.046
.478 0.046
495 0.048
L4811 0.048

CATCH

C.¥. FOR THE RETRANSFCGRMED MEAN: 0.114

EFFORT
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TABLE 9 . ANALYSIS OF YARIANCE FROM THE REGRESSION OF LN CATCH RATE FOR
SPANISH PAIR TRAWLS OF COD IN DIV, 3NO FOR THE YEARS 1977-89.

REGRESSION OF HULTIPLICATIVE MODEL

MULTIPLE Rovuivunannnns 0.743
MULTIPLE R SQUARED..... 0.552

ANALYSIS OF YARIANCE

SOURCE OF SUNS OF HEAN
YARIATION DF - SQUARES SQUARES F-VALUE
INTERCEPT 1 7.662El 2.662E1
REGRESSION - 26 2.38BEL 3.183E"1 12.060
TYPE 1 ? . 6.387E71 3.151E°L 4.190
TYPE 2 i ' 2.BO5E"L 2.BOSE "3 3.684
TYPE 3 11 - 2.850£0 2.591E 1 3.402
TYPE 4 172 1.902E: 1.585€0 20.820
RESIDUALS 254  1.934EL 7.615E72
TOTAL 281  4.983EL
TYPE 1 -  COUNTRY/GEAR/TONNAGE CLASS
TYPE 2 =~  NAFD DIVISION
TYPE 3 -  HONTHS

TYPE 4 YEARS




TABLE

COGE
COGE
CORE
CODE

CODE

TABLE

- 11 -

10 . REGRESSION COEFFICIENTS FROM THE REGRESSION OF LN CATCH RATE
FOR SPANISH PAIR TRAWLS OF COD IN D1Y¥. 3NO FOR THE YEARS 1%77-89.

19164 -
19165 -
19166 -

35

REGRESSION COEFFICIENTS

34

YARIABLE

COEFFICIENT

0.15%

0.528

0.241

0.021 "

0.077
“0.038
0.138
0.442
0.583
6.292
0.074
6,191
0.197
0.606
"1.096
1.069
0,150
0.637
0.423
0.664
1.183
0.733
©0.263
C.398
0.848
0.41%

SPAIN/PAIR TRAWL/TC 4
SPAIN/PAIR TRAWL/TC &
SPAIN/PAIR TRAWL/TC &
DIVISION IM

DIVISTON 3¢

STD. ERROR

0.073
0.252
0.12¢6
0.307
0.260
0.254
0.232
0.230
0.238
0.243
0.239
06.233
0.233
0.243
0.161
0.209
0.175
0.191
0.180
0.188
0.183
0.18%
0.177
0.19%
0.198
0.183

NO. OBS.

11 . COMMERCIAL CATCH RATE FOR SPANISH PATR TRAWLS OF COD IN
DIVISIONS 3NO FOR THE 1977-89 PERIOD.

YEAR
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Sooccooocooocokro

AYERAGE

PREDICTED CATCH RATE

LN TRAN3FORM

HEAN
L7146
.810¢6
L3542
.B651
L0773
L2917
L0502
L4684
.0184
-4518
.5167
L1336
L2957

Qo Oo0COOQOO0O0O0D00C

S.E.

L0245
L0216
L0378
L0286
.0270
0220
L0258
.0235
.0228
L0212,
.0275
L0321
.8233

RETRANS FORMED

HEAN S.E.
0.502 0.078
0.168 0.025
1.453 0.280
0.432 0.070
0.949 0.155
0.768 0.114
0.975 0.156
1.640 0.251
1.046 G.157
G.654 0.095
0.747 0.123
1.168 0.208
0.764 0.11é6

CATCH

C.¥. FOR THE RETRANSFORMED HEAN:.0.159

EFFORT
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TABLE 18 .
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|
+
11 0.00 0.01 ©0.07 0.05 O
2 1 2.82 1.15 2.47 1.26 3.
31 28.38  8.87  2.52 4.50 4.
41 3.91 18.98 1.76 0.8L 2.
5 1 2.98 1.6% 2.32 0.40 0.
6 | 0.71 0.70 0.47 0.34 0.
71 0.7%3 0.57 0.26 0.13 0.
& | 0.32 0.40 0.1% 0.04 0.
9 | 0,16 0.30 0.21 0.01 0.
101 0.02 0.17 ©0.12 0.06 0
11 | 0.05 0.08 0.06 0.03 - 0.
12 1 '0.09 0.05 0.08 0.00 O.
131 0.00 0.00 ©.13 0.00 0.
14 1 0.32 0.35 0.47 0.14 0.
141 40.50 33.33 11.11 7.75 12
240 40.50 33.32 11.05 7.70 12
34| 37.68 32.17 B.58 6.45 9.
A+l 9.30 23.30  6.06 1.95 4
S+l 5.40 4.31 4,30 1.14 2.
&+  2.41  2.62 1.98 0.74 1
11982 1984 1985 1986 1
e e e e o . ] ot i i T
11 1.54 0.01 0.01 0.02 O
2t 9.23  3.28 0.41 0,70 2.
30 1.16  6.20 4.47  0.71 2.
41 3.49 9.90 6.05 7.72 9.
S 1. 0.5 5.29 2.41 6.47 34
6 1  0.46 5.60 0.88 1.62 21.
71 0.77  1.87 0.97 0.68 8
8 | 0.57 1.00 0.73 0.5 1
9 | 0.26 1.81 0.88 0.50 1
101 0.16 1.57 1.34 0.74 0.
11t 0.07 0.8 0.98 1.20 0.
12 1 0.05 0.32 0.49 0.65 0.
13 1 0.01 0.11 0.24 0.3 0.
141 0.14 0.22 0.3%9 0.52 0
e i e e A b e A . . A 3 T I T 7o Sl T Y e 1 o S, o Sy e s o e

4+ 6.56 28
5+ 3.07 18
641 2.48 13

1971, 1972 AND

6 6,90 6,93 36,

1974 SURVEYS IN DIV.

15 1976
A4 0.57
00 3.84
46  2.85
51 1.80
56 1.64
29 0.26
57 0.07
24 . 0.13
24 0.06
.08 0.07
o1 0.02
0z 0.00
0L 0.00
14 0.05
56 11.35
12 10.78
12 6.94
.66 4.09
l6 2.29
.59 0.65
987 1988
.21 0.01
76 1.67
84 2.22
30 0.46
.75 0.41
18 1.06
.30 1.17
7 0.78
9% 0.82
69 0.87
77 D.44
71 0.55
81  0.79
A7 1.24
B0 12.49
59 12.48
83 10.81
9% 8.59
69 8.13
4 7.72
3N ONMLY

MEAN NUMBER PER TOW AT AGE OF COD FROM RV SURYEYS CONDUCTED
BY CANADA IN DIV. 3NO (SURVEY ADJUSTED FOR MISSING STRATA).
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TABLE 19. CATCH AT AGE OF COD IN DIV, 3NO FOR THE YEARS 1959-89.

161319
141233
78791
28474

148974
132615
75840
27232

1984

1985

44475
38050
28549
17642

1986

21387 .
20716
11935
8407

1987

1988

1989

16915
16858
13905

7702

17686
17633
14668

B245
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TABLE 20. WEIGHT AT AGE OF coD 1IN ﬂlV. 3ND FOR.THE YEARS 1959-89,

} 1959 1960 1961 1962 1963 1964 1963 1966 1967 1968 1969
___+_..____.._______.un_...___________._____..__._______———-__.___——-----—_—_.._..._. ____
3} 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.48 0.48 0.48 0.48
4} 0,82 0.82 0.82 0.82 0.82 0.82 0.82 0.90 0.90 0.90 0,90
5) 1.26 1.25 t.26 1.25 1.25 1.2 1.25 1.35 1,35 1.35 1.35
6} t.95 1.95 1.95 1.9 1.95 1.9 1.95 2.14 2,14 2,14 2.14
T} 2.82 2.82 2.82 =2.82 2.82 2.82 2.82 3.16 3.16 3.16 3.16
8} 3.39 3.39 3.39 3.39 3.39 3.39 3.3% 4.21 4.2 4.21 4.2%
9}-3.98 3.98 3.98 3.98 3.98 3.98 3.98 6.34 6.34 6.34 6,34
10 } 4.68 4.68 4.68 4.68 4.68 4.68 4.68 7.69 7.69 7.69 7.69
11} 5.26 b5.25 5.25 5.26 5.256 5.26 5.25 B.46 B.46 8.46 8.46
12 ¥ 6.17 6.17 6,17 6,17 6,17 6,17 6.17 10.24 16.24 10.24 10.24

8.46 8.46 8,32 11.17 B8.40 5.27 9.14 11.70 9.48 7.9%8 10.60
10.24 10.24 10.14 13.9% 7.51 7.09 12.49 11.47 12.87 10.11 12.61

}

+
3} 0.48 0.48 0.54 0.57 0.42 0.38 0.50 90.57 0.72 0.65 0.71
4) 0.9 0,9¢ 0.97 1,00 0,73 0,89 ©0.91 1.00 1.05 0.98 1.04
5} 1.35 1.35 1.44 1.43 1.20 1.28 1.41 1.48 1.65  1.39 1.69
6} 2.14 2,14 2,08 2.19 1.96 2.13 2.33 2.48 2,25 2.09 2.50
7§ 3.16 3.1 2.9 3.63 2.86 3.14 3.25 3.51 3.74 2.87 3.69
B} 4.21 4.21 3.56 4.63 4.67 4,16 4.03 4.74 4.61- 3.70 5.49
9}, 6.3 6.34 5,95 6.25 7.32 5.53 6.67 7,17 6.19 - 4,75 7.98
10}y 7.9 7.69 7.5 9.56 5.46 6.74 B.74 B.81 7.23 7.156 9.22

)

]

} 1981 1982 1983 1984 -1985 1986 1987 1988 1989
___+ ______________________________________________________________
3} 0.90 0.94 0.85 0.79 0.48 0.39 0.49 0.74 0.51
4} 1.27 1.17 1.17 1.15 0.86 1.0% 0.82 1.00 0.97
5} 1.84 1.50 1.87 1.51 1.37 1.52 1.30 1.38 1.60
6 ] 2.69 2.20 2.63 2.28 2.05 2.16 1.83 1.79 2.24
7} 3.556 3.83 3.80 3.04 3.25 3.49 2.89 2.23 3.27
8} 5.33 5.26 5.20 4,06 4,65 5.41 4.76 3.77 4.61
9} 7.13 7.49 6.27 5.76 6.62 7.9% 7.26 5.12 7.08
10 } 9.10 B.89 8.08 7.22 B.32 9.82 8.95 6.88 8.31
11 } 9.01 9.82 B.99 8.92 9.15 9.94 9.85 9.37 9.47
t2 } 10.15 12.28 11,01 12.61 11.13 9.88 12,59 11,07 12.25
Table 21. Revised catch and average weights at age for cod in
Divisions 3NQO for 1989.
Canada Portugal Spain Total Total A1)
Age No. Wt. No. Wt. No. Wt, No., Wt. Countries
2 . 112 0.17 112 0.17 112
3 11 0.77 1586 0,51 1597 0.51 1603
4 235 1.10 - 1616 0.93 1850 0.97 1857
5 260 1.47 1028 1.63 1288 1.60 1293
6 619 2.17 519 2,33 1138 2.24 - 1143
7 899 2.93 1 5.19 800 2.65 1700 3.27 1707
8 485 4.00 5 &.58 649 5,05 1139 4.61 1143
9 184 5.70 21 7.68 228 8.14 433 7.08 438
10 130 7.48 16 " 9.056 69 9.69 215 8.31% 2186
11 137 9.04 11 10.26 t4 13.00 162 9.47 163
12 63 10.97 6 11.567 24 15,78 93 12.25 93
13 76 11.98 4 13.07 26 14.76 . 106 12.70 106
14 72 12.75 ‘4 13.94 14 15,00 ‘90 13.15 90
15 47 13.63 ., 2 14.61% 49 13.67 49
16 15 15,79 ’ 15 15.79 15
17 8 16.82 . . 8 16.82 . 8
18 - 2 17.36 | . 2 17.36, 2
19 1 16.99 . t . 16.99 1
20 1 23,25 ' 1 23.258 1
# 3245 ' 10 6684 9999 10040

wt. 13489 13 . 15277 29439 29556
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'TAELE 22. PARAMETER ESTIHATES FROM ABAPT FOR DIV. 3NO COD WSING /Y SURVEY
DATA FOR CANADA AND THE USSR IN A SIHGLE ANALYSIS.

ESTIMATED PARAMETERS AND STANDARD ERRORS
APPROXTIMATE STATISTICS ASSUMING LINEARITY MEAR SOLUTION

ORTHOGONALTTY OFFSET......... 0.071351
MEAN SQUARE RESIOUALS ....... 0.870790
AGE  PARAMETER " ESTINATE 57D. ERR. - T-BTATISTIC C.v.
3 ABUNDANCE 7.75071E3 4.7665%E3 1.462605E0 0.61
4 ARUNDANCE 7.16846E3 3. 26647E3 2.19456E0 0.46
5 ABUNDANCE 2.00431E3 5.81954E2 3.44410E0 0.29
[ ABUNDANCE 1.91492E2 6. I3BI4EZ 35.02117E0 0.33
7 ABUNDANCE 4.70166E3 2.06479E3 2.27487ED 0.44
2 ARUNDANCE 5.91582E3 2.6BTZ4F3 Z.20145E0 D.45
? - ABURDANCE 2.12253€3 1.0LZ70E3 Z.095%0C0 0.48
10 fHBUNDANCE 1. 40726E3 6. 62940E2 2.12275E0 0.47
11 ABUNDANCE 1.50033E3 - 7_25768E2 2.06724E0 0.48
3 RY1 SLOPE T 616135E74 4.6B577E75 3.44903E0 0.2%
4 RY1 SILOFE 2.22377E74 4.33556E 75 3.5099%k0 0.28
5 RY1 SLOPE 2.13336E 74 ¢.15932E75 3.46363E0 0.2%9
& RY1 SLOPE 1.48845E 74 5.02327E 5 Z.36125E0 0.30
7 RY1 310PE 1.53897E "4 4.75184E 5 3.23868E0 0.31
3 RV1 SILOPE L.37452E 74 4.31628E 75 3.128914E0 0.31
9 R¥1 SLOPE 1.56022E 4 4.98837E75 3.12772E0 0.32
10 RY1 SLOPE 2.00202E 74 5.40979E 7S 3.12337E0 0.32
11 RVl SLOPE 2.06121E 74 6.61017E75 3.11824EQ G.32
3 RYZ2 SLOPE 4.908B93E "4 L.36664E 74 3.59200E0 0.28
4 RVZ SLOPE 3.87703E 74 1.06435E 74 3.64263E0 G.27
5 RYZ SLOPE 3.36263E74 ?.36104E 5 3.59214E0 0.28
[ RVZ SLOPE 2.90720E "4 B8.34183E 75 3.48508E0 0.29
7 RYZ 3LOPE 2.63533E 74 7.84547E7S 3.35734E0 0.30
8 RYZ SLOPE 2.00482E "4 7.02Z93E°5 3.28185E0 0.30
9 RY2 SLOPE 2.49633E 74 7.70565E75 3.23960F0 0.31
10 RYZ SLOPE 2.57742E74 7.99663E 7S 3.22313E0 0.31
1i RYZ SLOPE 2.43944E 74 T.56915E75 3.22270E0D 0.31
TABLE 23, RESIDUALS FGR BOTH CAHADIAN AHD SOVIET RV SURVEY IKDICES FRON
ADAPT ANALALYSIS FOR DIV, 3K0 COD
L0G RESIDUALS FOR CAMADIAN AY SURVEY INDEX 12/ 6/90

1977 1978 197%  19B0 1981 [982 1984 1985 1936 1387 1988  198%

0.191 0218 0.309 0.933 0094 CL.143 C0.123 0.080 '0.317 1.646 0.518 0.617

!

+

!

I0.280  0.018 "¢.038 CL.ETT O84S (0434 0.%66 T0.230 0.401 2,130 0,146 0.144
T 0.514 "0.204  0.437 CL.BBA4 C0.ZL1} CL.516 0,583 C0.426 0.247 2,314 0410 O.I%4
|
i
1
|
!
|

0447 0,082 0,099 CL.TAD 0532 CLLISE 0,950 T0.573 0.035 2.132 0.287 0.478
0,408 0.075 0,060 LS540 C0.79%  1.267 0.660 T0.269 70,220 2.352 0.138 0.241
0.811 1,531 0,387 C0.657 C0.200 0477 0.465 0.228 "0.093 1.296 0.576 0.091
0.285 . C1.935 C0.4%0 0639 0.628 0.655 0.157 0.348 0,124 1.287 0.814 0.36)
0.822 °L.286 L1 C0.82% C0.318 0521 0.952 0108 0.504 0.427 0,470 0.434
1405 0.3 00312 C0.14 LAY L3230 0.931 0.814 0,023 0.927 0.606 0.692

—ED MO OO e O U e Gt

—_—

SUN OF RY 1 RESIDUALS @ "0.%6J8344940 MEAN RESIDUAL : "0.00522068%8

LO6 RESIDUALS FOR SOVIET RY SURVEY INDEX 12/ 690

|

+
F170.02% 0406 T0.948 TL.06% 0,832 D102 0240 0.44%  L.415 1.4327 0.233  0.583 C.610
1 0486 0.150 71,500 (0,940 0444 D.0% 0,296 0940 1.335 1532 C0.396 C0.618 (0795
500970 0779 C0.870 CH4IS 0,747 0.878 0.239 0.988  1.93%  1.070 °1.689 1,583 °G.598
61 0.809 D933 0650 0.e60 CLLTSL D404 1,062 0455 1.553 1331 1465 CLLSTT 0.4m
TUOLI% 0,468 70,181 "0.313 CL.ISY 0625 0877 6.748 1125 1.153 D57 1749 0.828
81 L6014 D.428 Th.48B 0,201 O.956 2.042 T0.425 0.537 1057 1.2%6 0046 0.60T C0.822
91 0372 0.557 "0.283 0.582 0.B3Y 0,420 0.53% 0.BIL 0408 1,262 0065 0.151 °0.89%
101 0598 70,367 0.822 "0.067 L.463 0.7 0.460 0.025 0471 0.BL4 0,397 0.131 i.387
11 .

SUM OF RY 2 RESIDUALS @ "0.5633302010 MEAM RESIDUAL :  "0.0048147880

T~
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TABLE 74, CORRELATIONS RETHEEM ESTIMATED PARAMETERS FROM AN ADAPT ANALYSIS
FOR COD IN DIV, JNO USTHG CANADIAN AHD SOVIET RV DATA.

[
+
111,00
2100
Yoo
41 0.8
51 0.6
61 0.07
71 0.06
81 0.7
91 0.0
10.1 023
100
121 0.0
131 70.04
M1 905
151 70,05
16 1 "6.95
171 70,05
181 0.05
151 0.23
010
e
22 b 0.08
31008
M1 003
751 008
10,06
70 0.0
TBLE
(S
---t
Vio0.05
2100
I10.09
$1 0.0
51009
103
11050
§1 035
91036
0t o612
oo
121 0.5
131019
Moo
151 1,00
151 0.28
71o0.2
181 0.2
191 0.13
00013
20 0.
21 .19
3103
M0
2% 1 0.26
%1 0.2
0.

0.18 012
0.20 0.13
.05 "0.28
0,06 0,08
9.07 "0.09
0.07 70.0%
.08 "0.09
.08 0.07
.08 0.09
007 017

.06 70,22
0.06 70,08 °
0.07 70.09 °
0.08 €.0% 7
0.08 0.0%
0.68 0.09 7
0.08 0.0%

24, COMTINUED

PARAMETER CORRELATION MATRIX

.15
0.7
0.2
0.31 7
609
.21
0.22
0.23 7
0.4
018

LA
.30
0.2 7
0.2
0.2
0.24 7

0.3
0.38
0.4
0.44
0.47

PARAMETER CORRELATION HATRIX

1/ sf90

1 6%

0,13 0.13
0.14 0.14
0.16 .16
0.20 0.20
¢.25 0.2%
0.21 0.27
0.29 0.28

S 028 0.29

0.28 0.28

¢.28

0.16
0.20
0.25
0.2
0.28
0.29
.29

coococooR OO0 oOoDoOdonTaos S

20

e - T R R R R =

0.20
0.20
0.2!
0.21
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TABLE 25. POPULATION HUMBERS AND FISHING HGRTALITY DERIVED FRON &N ADAPT
USING CAMADIAN AND SOVIET RY DATA FOR COD [N DIV. 3MOD.

POPLLATION HUMBERS {000S) 12f 8f50

19971978 1979 1880 ESB1 1982 1983 1984 1985 1986 . 98T 1988  198%

[
__.’ .................................... Rk e e A . R RN M m e ————————
C3LOSTM 6550 ML 23341 33807 24654 ISIB 41204 32583 4630 3931 9026 TI9
A2 A26L0 49560 17135 (3869 27222 19509 20T 3ESOS 26430 5290 2057 7140
S1OMMEE 17283 30961 BTLM 13566 14462 20438 ISMS 21976 28927 15210 3945 1969
§1 8903 6218 LUB3L L7017 26937 9965 10401 15069 11589 12380 17971 12%9 1877
THOOESES 4299 4400, 6D LIBT4 15976 T3 T426 10235 6742 6182 11515 46T
81 833 1558 IO0 2504 5180 BODI L4972 5309 497 4100 4151 364 592
T1004 526 1183 2380 2095 BI2 SE00 1i2te 3495 33S3 413 2808 2547
100 25 83 379 %16 1BS 1541 2508 5557 B3S2 2640 2240 26227 1791
W28 158 72 195 722 42 10TL L6 2414 6356 1799 1381 1764
120 2l 151 122 36 234 554 1034 803 409 1740 4388 113 912
-.-+ ----------------------------------------------------------------------------------------------------
3198999 134996 (23850 109044 115349 111538 1UBZ7T4 136085 (35831 L0467 £9700 51705 38116
FISHING MORFALITY 12/ ¢/90
1977 1976 1979 1996 198: 1982 1983 1984 1985 (986 1937 1588 1989
B Ty gy Sy PR
310015 0,017 0,004 0,003 9,017 0.014 0.037 0.001 0.602 0.026 9.157 0,034 0,255
470,122 0,119 0.089 0.068 0,066 0.084 0.637 0.040 0.088 0,127 0,097 0,135 0.336
51 0.310 9.176 0.3%9 0.120 0.108 9.13¢ 0.198 0.10% 0.374 6.282 0,224 0.544 1.289
610274 £.155 0,301 0.160 0,059 0.11% 0,137 ¢.1B7 0.342 0.494 0,240 0.730 1.080
710.787 0.0%5 0.251 €.125 0,155 0.083 0.111 0.200 0.317 0.285 0.244 0.4¢5 0.511
§ 1 0.266 0.075 0.096 0.092 0.131 0.23% 0.089 0.162 0.195 0.198 0.151 0.324 0.238
9 ) 0.261 0,130 0,056 0.0¢4 0.107 0.194 0,180 €.D95 0.148 0.203 0,256 0,249 0.2%0
10 10317 9.093 0.051 0.038 0.057 2.164 0.111 0.188 0,073 0.172 0.279 0.195 0.142
101 6.220 0.038 0.028 0.03 0.065 0.13} 0.087 0.066 0.127 0.065 9.280 0.719 9.107
12 1 0.112 0.037 0.085 0.039 0.063 0.035 0.045 0,059 0,079 0,089 0.095 0.150 0.119

TABLE 24. PARAMETER ESTIMATES FROM ADAPT USING CAMADIAN RV DATA AS WELL
FLAT-TOPPED PR FOR COD IM DIVISIONS INO.

ESTIMATED PARAMETERS AND STAHDARD ERRORS
APPROXTHATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION

ORTHOGONALITY OFFSET......... 0.0062506
HEAN SQUARE RESIDUALS ....... 0.678606
AGE  PARAMETER ESTIMATE STD. £RR. T-3TATISTIC C.v.
3 ABUNDANCE 1.50660FE4 1.23432E4 1.2205%E0 0.82
4 ABUNDANCE 9.00256E3 5.22740E3 1.72219€0D 0.58
5  ABUNDANCE 3.15698E3 1.46831E3 2.15008E0Q 0.47
] ABUNDANCE 3.06824E3 1 4933263 2.G5471EQ 0.49
7 ABUNDANCE B.094502E3 4_35473E3 1.85905E0 0.54
8 ABUNDANCE B.02247E3 4,14445E3 1.93571ED 0.52
9 ABUNDANCE 3.82185E3 L.97180E3 1.93825E0 0.52
10 ABUNDANCE 1.84800E3 ?.75876E2 1.B9369ED 0.53
11 ABUNDANCE 1.84368E7 7.72873E2 1.89517E0 .53
3 RV SLOPE 1.44930E 74 5, B9390E "5 F.72197E0 0.27
4 RY  SLOPE 2.12151E74 5.49992E75 5.B5735E0 0.26
5 RY GLOPE 2.07R0ZE "4 5.362R0E 75 3.874B5ED - 0.26
& RY SLOPg 1.74535E "4 4.62879E 75 I.B1384E0 0.26
7 RV 3L0PE 1.81889E 4 4.85021E°5 3.75012£0 0.27
A RY SLOPE 1.86844E74 4.98784E75 $.74600E0 0.27 \
9 RY  SLOPE 2.52516F 74 6_80112E75 3.7128B4EQ .27
10 RY SLOPE 4.00535E & 1.07518E 4 3.72527E0 0.27
11 RY SLOPE 5.24513E 74, 1.41486E74 3.70718FE0 0.27
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TARLE 27. ESTIMATED PARAMETERS AND RESIDUALS FOR ADAPT USING CANADIAN
RY DATA FOR COD IN DIVISTORS 3INC.

ESTIMATED PARAMETERS AND STANDARD ERRORS
APPROXTIMATE STATISTICS ASSUHING LIMEARITY NEAR SOLUTION

ORTHOGONALITY OFFSET.._ ......
MEAN SQUARE RESIDUALS ....... :

AGE PARAMETER

UMFEN
— O D T T N B (e O T T O G B L

RY
RV
RY
RY
RY
RV
RV
RY
244

b—

He 2= oo-0o0

" ABUNDANCE
ABUNDANCE
ABUNDANCE
ABUNDANCE
ABUNDANCE
ARUNDANGE
ABUNDANCE
ABUNDANCE
ABUNDANCE

SLOPE
SLOPE
SLOPE
sLorg
SLOPE
SLOPE
SLOPE
SLOPE
SLOPE

T-3TATISTIC

0.003833
0.781374
ESTIHATE | ST0. ERR.
2604664 Z2.46408E4 1
1.58247E4 1.11075E4 1
5.93445E3 3. 59TH6ED 1
©6.80851E3 4. 20584E3 1
2.94565%E4 1.88650E4 1
2.55653E4 1.63985E4 ]
9.17254€3 6.31746E3 1
5.60335E3 T.92515E3 i
6.48256E3 4, 624R0E3 1
8.1R084E75 3.36774E 5 2
1.18641E 4 4.78116E75 £
1.09178E "4 4 47694E 75 4
7.86100E 73 5.52714E75 2
T_15211E7% 3.35215E75 2
6. 63403E 7S 3_20305E 5 V4
7.54090E 75 3.72997E 75 2
F.0%4B7E 5 4. 90881E 75 ?
1.0L130E 4 5.06404E75 1

LOG RESIDUALS

1978 1979 1580

o+~ oScaoooo

SUM OF CANADIAN

0% "0.17 0.41
42 0.02 l.60
13 0.8% "1.8%
50 0.46 1.33
31 0.30 1.2¢
36 0,23 0.41
&2 0.35 0.51
06 095 0.53
58 "0.1¢6 0.14

RY RESIDUALS :

[ = N = R s MY

.05786E0
L42469ED
.64 958E0
L61882E0
.56154E0
.55900E0
L45194E0
L42755E0
_4D170ED
.4291BE0
LAB143E0
.43867EQ
.22872E0
.13359E0
.0B677ED
.02171E0
,OL574E0
L 99702EG

f=I =R Jes B I ov B e B B v o T o = Y oo i e B o oo B o
oo
iy

FOR CANADIAN RY SURVEY INDEX

.04
.01
.25
.24
.10

S~ e T =

0.0006R37416

OO0 = OO
oo
o

= R =Rl o= W=

TABLE 28, POPULATTGN NUMBERS AND FISHING MORTALITY DERIVED FRONM &M ADAPT
ANALYSIS USING CANADIAN RV DATA FOR COD Ik DIV. IND.

| 1911
---4
1 65013
41 J1467
51 13429
&1 10432
7 3900
gl 1148
g1 1459
101 180
] 354
121 397
—amt
1121979
1917
5
{
5
1
1
g
9
¢
11
12

104688
32679
23529

8705
1184
2615
780
1006
252
253

203750

1978 1979

POPULATION NUMBERS ($00S)

195641 171827 189559 187754

FISHING MORTALITY

1980 1981 1982 1983

1982 1983
58025
12524
3113
12578
1445
11578
6550 8305
I H
738 1963
1056 2095
202851
1985 1985

100421
46440
26043
27854

9209
11042
28ll

6590

3733

1534

257674

289784 2

MEAN RESIDUAL

15469
113

35168

1890

198¢ 1987 1988 1989

]

0 -

1¢.000 0,010 0,002 0.011 0.0£0 0.008 0.023 0,001 0.001 0.0L1 0.060 0.016 0.470
10,091 0,095 0.050 0.03% 0.056 0,048 0,022 0.024 0,041 0.045 0,058 0.047 0.138
I 0.234 0,126 0.301 0.055 0.060 0,108 D060 .062 0.204 0,116 0.071 ¢.183 0.274
10,173 0,110 0.200 0.112 0,050 0,062 0,112 0,097 0.183 0.217 5,084 0.175 0,205
10,177 0.056 0.166 0,077 0.12% 0.04F 0.055 0,158 0.144 0,130 0.086 0.129 0.064
1 G187 0.043 0.054 0.057 0.076 0.141 0.041 0.675 0,147 0.074 0.07¢ 0.054 0,050
P 0.172 0,086 0.031 0,024 0.064 0.106 0.101 0.042 0.062 0.146 0.087 0.087 0.049°
10.209 0,058 0,033 0.021 0.071 0.093 0.056 0,057 0.051 0.066 0,186 0.057 0.03
10137 0,036 €.047 0.019 0,035 0.068 9.047 6.032 0.061 0.025 9.053 0.133 0.024
{0,072 0.022 0.039 9,023 0,037 0.02% 0.022 0.031 0.037 0.040 0.057 0,043 0,053

cococoococooao
)
A

183362

1987 1988
1.37 0.42
1-93 "D.56
1.85 "0.81
1.86 "1.00
2.08 "0.64
1.11 o0.07
0.95 ©.50
C.93 0.1
0.55 0.83
. 0000063307
1 6/%0
1986 1989
19557 25993
7550 15742
9930 5898
915 eI
T 29385
12273 25501
T 9450
8167 3591
B8 64eS
3689 1348
145185 132081

7/ &/50

cooorSsoodo
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TABLE 29. ESTIMATED PAPAMETERS AND RESIDUALS FOR ADAPT USING SOVIET

RV DATA FOR COD [H DIVISIONS 3RO,

ESTIMATED PARAMETERS aMD STAMDARD {RRUAS
APPROXINATE STATISTICS ASSUNIMG LINEARITY MEAR SOLUTIOM

SUM OF SOVIET RV RESIDUALS : 2.0000001485 MEAN RESIDUAL @ 0.0000000013

TABLE 30. POPYLATION XUMBERS AKD FISHING MORTALITY DERIVED FROM AN ADAPT

ARALYSIS USING SBYIET RV DATA FOR CRO IH DIV. IMD.

POPULATION HUMBERS (000S)

1§77 1978 197% 1980 1981 1982 1983
TLOS00 6685 17959 18493 292 1932 29999
£ 2307 39896 31390 14638 14500 21806 15547
51 942 15218 28740 21150 L1630 11717 LéDsd
61 SBT3 S440 (0181 15198 18179 TBEY  TT4G
11206 5L 374 SEIT 10385 13957 5543
B I3 1207 2505 22 404 6781 9504
$ 1 868 47 B3 181l 13t 28l 4202
01 M T 1 68l 00 lled 1787
109 133 L M8 w9 w6l 182
121 w07 0l 1% 3% Im

-t
3090407 113130 107189 8619 90L20 85743 9119

FIEHING HORTALLTY

0.357 0.120 0.305 0.156 0.226 0.136 0,147 0.297 9.433 0,485 0.448
0.300 0.098 0.124 0.116 0.169 ¢.279 0.144 0.227 0.527 0.336 0.39¢
0.309 0.151 0.074 0.058 0,139 ¢.266 0,228 0.163 0.221 0.394 0.572
0.366 0.114 0,660 0.052 0,077 0,223 0.161 0.251 9.134 0,282 0.739
0.267 6.069 0.015 0.036 0.08% 0.185 0.125 0.100 9.181 0.122 9.553
0,133 9,047 0,079 0,049 D.076 0,078 0,063 0.08B 0.125 0,135 0.202

36078
23446
12144
11439
5248
1918
6733
240
1231
551

27104
25486
18291
8466
1263
1193
2356
4686
1145
9i2

!

—_ e o o e D
M L
—RRnESE L=

CRTHOGONALITY OFFSET......... 0.000195

KEAN SQUARE RESIOWALS ....... 0.871044

AGE  PARAMETER ESTINATE " 5TD. ERR. T-STATISTIC ¢V,

3 ABUNDANCE  3.7902%E3 2.47908E3 14147610 0.7

4 ABUNDANCE 4.82391¢3 2.85907E3 1.6872360 0.59

5 ABUMDANCE  1,51952£2 1.97980F2 7.61515€0 013

& ABUNDANCE  {.J6983E3 2. 12482 6.39718E0 0.16

1 ABUNDANCE  2.27188E3 §.98559E2 5.25223E0 0.3

B ABUNDANCE 1.84781%3 9.01094E2 2,07283E0 0.48

9 ABUNDANCE  7.02751F2 3.10%04E2 1.89470E¢ 0.3}

10 ABUNCANCE  4.82290E7 3.1483762 - L.B3EBTEO 0,65

{1 ABUNDANCE -4, 34325€7 2.91158£2 1.491T1EQ b.47

I Ry SLOPE. £ 4104574 1.764628 4 3.63288E0 0.28

4 RY SLOPE  4.B6312ET4  1.30032E74  3.73994E0 0.27

5 Y SLORt L AGB44ETY 12058072 3.6E919E0 0.27

6 RY SLOPE 410229874 1.11852E 4 1.6675980 0.27

7 RV SLOPE 4.073048 74 1.12514E 4 1.6200280 0.28

8 RV SLORE 3.MB26E 74 1.05002E 4 1.56570E0 0.28

9 RY SLOPE 4,13922674 11723284 3.53080E0 0.28

10 RV SLOPE 43086774 1.2197284  3.53252E0 0.28

{1 /Y SLopE 4157678 114829874 1,35878E4 0.7%

LG RESIDUALS FOR SOVIET RV SURVEY IMDEX
| 1977 1978 1979 1380 1981 1987 1983 1984 1985 198

S L LT LT T SRR P TPV PP PR EECE RS
I070.23 0.3 10 L0 0.8 0tz 0B 045 13 1.3
§00 0377001 L4308 Te4y 600 032 089 L3P LSO
51 0.8l 0.63 "I.06 138 0Bl 0.87 022 098 1.88 1.4
61 0.65 0.74 0.8 "0.88 172 031 103 0.42 1.5 1.3
71 097 0.26 6.43 0.53 1.49 063 0.52 070 110 1M
1 1.25 0.4 0,727 70005 T1L19 T2 M 0.4 0.3 L.o7 1M
91 ¢.03 0.20 "0.50 "0.81 "1.08 0,22 0.27 0.7 0.30 1.4
W03 048 047 028 Tleg 050 632 90 TR 08
1041 071 0.36 0.07 067 T0.23 0.37 082 003 OLTL

1L 47478 32431

1 619

1988

1989

|

t
31 0.014 0.072 0,004 0,016 0.021 0.018 0.044 0,007 0.002 0.031 0,139
4 10,137 0,128 0,120 0,083 0.084 0,106 0.047 0.048 0.117 0.154 0.111
50 0,350 0.202 0,437 0,169 0.135 0.171 0,140 0.137 0.470 0,401 0.28¢
61 0.332 0182 0,360 0,181 0.145 0.153 0.189 0,254 0.4%0 0.725 0,391
11
B

|

|

1

i

8190
1989
0.00
0,33
0,06
0.16
0.01
0.23
0.13
3.43
0.32
1} 8/30
1388 1989
§134 Iy
A AT
260 1487
9559 1316
8316 2206
194 183
1203 &n
9% 478
04l
® 11
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TABLE 3i. FISHING MORTALITY MATRIX FOR COD IN DIV. 3ND FROX ACCEPTED
FORKULATION G ADAPT USING RY INDICES FROM CAHADA AMD THE USSR

s

19991960 1961 1962 1983 194 1%65 1966 1367 I%8 1969 %D 191 1872 1973 1974
0,016 0,059 0011 0.011 0.004 0,063 0,007 0004 0.129 0.198 0.073 0.029 0.012 0.001 5,350 0.187
0.067 0.186 0123 0.067 0,076 0.314 6.102 0.167 0.515 0.645 0.254 0.257 0.620 0.377 0.893 0,42
0.119 0.469 0.504 0:084 0,235 0.393 0.5 0.416 0,913 1.023 0.6 0.313 0370 0,651 0.55 1.1
0.515 0,358 0,705 0.144 0.268 0.325 0511 0.766 D.893 1.176 0.695 0,646 0,667 0.9%0 0.794 1.062
0.434 0,395 0.41B 0.369 0.263 0,183 0.87¢ 0738 0.847 0.935-0.370 0.510 0.527 0.874 0.361 0,811
0.446 0,543 0,541 0.279 0.787 0.237 0.806 1492 1310 0.733 0.537 0,559 0.815 0.524 0.33 0.845
0.342 0.340 0.359 0430 0.896 0,357 0,383 0.852 0.252 0,445 0,622 0.417 0.328 0.193 0.435 0,35
0.358 0.294 0.182 0.314 0,912 0.650 1.766 2.232 0.1% 0,206 0.505 0.3¢1 0.262 0.250 0.250 1,012
0.903 0.713 0,027 0.329 0.403 0,117 0.525 0.365 ©.555 0.125 0.299 0.970 0.441 0.154 0.223 0.945
D413 0.434 0,420 0.342 0.568 0.23% 0,846 1.618 0.939 0,834 0.450 0.508 0.572 0.683 0,35 0.829
1975 1976 1977 1978 1979 1980 1981 (%87 1983 1984 1985 1986 1537 1988 1989
0.028 0.144 0.013 0.017 0,004 0.013 0.017 0.014 0.037 0,001 0.002 0.026 0.157 0,034 5.759
0,421 9.501 0,122 0.119 0.085 0.065 0.085 0.0B4 0.037 0.040°0.088 0.127 0.092 0.135 0.334
0.555 0.568 0.330 0.176 9.398 9,120 0.103 0.130-0.198 0.10¢ 0.374 0.281 0.224 0.844 1,239
1.029 0.326 0.2¢8 2.155.0,301 9.160 0.039 0.119 0.137.0,187 0,541 0.495 0.25% 0.790 £,080
1,051 0.205 0,286 0.093 0.250 0.125 0.195 0.088 0,111 0.700 0.317 0.284 0.245 0.454 9,81
1.272 0,195 0.265 0.075 0.093 0.091 2,131 0.230 0,085 0.1s2 0,195 0.188 0.191 0.325 ©.238
1276 0.140 0.262 0.129 0,056 0.042 0.106 0.195 0.175 0,094 0.148 0.205 0.256 0.249 0,230
9.814 0.136 0.315 0,033 0,051 0.038 0.055 0.163 0.Lil 0.187 0.073 0172 0.279 0.155 0.142
1,599 0.044 0.219 0.057 0.029 0.030 0,065 0.128 0.087 0.064 0,127 0.062 0.280 0.219 0.107
1.104 0.188 0.112 0.037 0.085 0.039 0.063 0.055 0.043 9,05% 0.07% 0.089 0.095 0.15¢ 0,119
TABLE 22, POPULATION BIDKASS AT THE BEGINNING OF THE YEAR (IOKS) FOR COD IN
DIV, 3MD FRDM ACCEPTED FORMOLATION OF ADA®T USING RV INDICES.
CO19F %0 . 1961 1%2 1961 1964 1985 (%6 197 1968 1% 1970
S e e e e e e e e e e e M mmmm e e mmmemm e mm e
SULel4) 15985 74e88 12089 23831 33821 46493 J3699 64265 35655 4S079 2834l
LhRI6e 2B ST 332 SI219 IM4B 50762 Bl366 112683 BETIY 45006 64353
SHOOU9S13 6T MM M06T4 SIS ATORE 18R4T 725 101069 92430 62417 48905
61 T26104 17761 52044 20M6  ISE12 49280 STIS6  I9A3S BRIz 0213 41540 744
THO3u7e2 18031 15277 31625 21se6  MISDA 4D79R 44674 24107 29973 19407 26228
1 13365 Z07B2 13BL 10857 240R4 IT9TS 29809 21948 25676 14977 13505 © L5386
TL10605  BZ20 - LLADS  TMY 131 10663 139D L4345 4059 034 e4 9150
W00 150U 12 53 TeE 4846 3IT8 0 TIB0 10s02 8600 S213 SO0 3761
IE 10984 3846 SORD 4416 5264 1830 L4790 1465 L4B6  6E20 1631 32%9
121 1897 4786 4443 4651 2988 30 1530 TIC 747 806 GBS 2302
e R et
208389 193053 186076 189404 228783 758037 290860 ISRS6E 403426 327826 248825 239159
119748 177068 161338 157015 205254 224211 Megs 285169 3341 292171 20306 210758
SHLO129884 152176 L3AT6T 107983 154005 1867ed 193302 J03R03 226451 205437 156740 L4ghds
Dot 1972 19T 19T NS 9% 197 1978 19T 1980 l9ml 192
B R T N
T29019 0 25064 1EIIS 11998 4820 11847 22054 3070 LTS 12391 26698 20788
GV A0S 4IS2e IS 139B4 17262 12427 15008 32988 dIT26 L4585 LIS 270d)
51 GBTOR ITSS AC064 1897 BE4T 14595 12167 2UMS  BM3S  4TEE2  I8IT1 19944
1 5134 39577 21448 30733 6386 T8 (3MeB  1I4BS 21782 31762 S759% 5005
TOMSS 0TI 19737 11165 12888 33 1265 1P 11213 19889 5426 44316
B 1 180B6 15122 13831 L4B70 5602 591 398 4285 12233 1116} 22950 B4edd
110200 8997 I0dd§ 13084 TL75 (94 5189 2859 554 31 L3157 23488
101 6706 8284 9ISS 6353 425 2241 R03S 4B 7526 6OBE 16403 1202
11 w98 482 71 695 1872 2604 2331 143 3STD 3512 4604 14095
121 L1168 U511 4586 4346 1902 463 2661 1863 1200 - 30 MM 5950
i Ao L ——
BLOMBI U0S6 189399 I35114 75386 64582 BTII6 LMLS 147922 183427 217958 3SR
4] 203354 186032 170464 125116 68865 ST L512% 96306 I36MT ISI02% 151260 223610
SHUO1TT0E9 L3BS06 13T508 109137 S1603 40308 48315 3357 95022 136444 173339 . 194662
{183 1984 1985 1%8& 1997 1988 1989
B R e e L L L T iyt
B1oo25es8 I5TSS L8l 1783 1M 5833 34ms
£1 20895 27620 IAZSIZSI BN 1% 6049
5130335 20904 2IST4 33087 22007 4200 490 ,
€1 20662 313D 20403 21785 29823 19068 3299
T1O20MS 21002 27RSG  LE0SS 15437 23278 13293
B 1 67043 2083 1874 25604 16V 13063 L9016
91 IWI Bl609 1943 20392 25955 150 12108
10119489 23959 53054 Z1O0S6 18904  18S40 L0713
W1 9574 15885 I9&BE  SROST 17709 12909 14780
121 (1168 8403 CH4020  Ls06  SAIS 11413 9179
B e
BLO235934 267049 T4BORD 24458 206057 124267 93454
441 230046 231295 2TI0L 2IT6 204304 118434 90026
S41 209151 203677 205476 214138 116508 83977

01713



- 24 -

TRBLE 3Z. AVERASE POPULATION 8IQMASS (TONS) FOR COD IN DIV. 3ND FROM
ACCEPTED FORMULATION OF ADAPT USING RV INDICES.

1959 1960 191 1962 1963 1964 1965 1966 1967 198 1969 1970
-..-+ ------------------------------------------------------------------------------------------------
301020091 19865 31100 40809 29736 41556 61752 91291 75010 40320 54028 34706
$1 64464 28860 29333 47872 £2562 40915 61219 99499 110239 BOIT3 49957 70909
S 118844 59315 24877 32970 50604 62472 38434 64452 4078 65330 49485 4948
61 22911 17007 4217y 21503 39525 47892 1086 33418 44BT6 338 34906 31794
71 25820 17061 13704 29268 20853 331 32262 34864 IBI9L 20770 17969 22819
B I 10665 15638 10596 9459 16783 15968 20608 12929 15291 8799 11027 12444
91 8878 4884 9467 6228 5260  BB60 11329 13829 5983 7267 5341 8398
MO 12195 6208 5076 6437 3170 2253 3406 6048 TBO4 4506 4508 3195
1L 7214 6698 4BLT 3832 4177 L6l 941 1212 1094 6107 2866 2015
121 1537 3441 3587 3892 260 2886 1028 574 491  §53 4600 1815
-.--+ ------------------------------------------------------------------------------------------------
31192619 180996 175329 202132 23093i 257774 282065 360316 353147 269164 234727 234944
41172528 161131 144229 163323 201194 216217 220313 269026 278137 228344 180699 200238
St 108064 132271 114895 113451 138633 175302 159094 169327 167898 148671 130702 129329
L1970 1972 1973 1974 . 1975 1976 K97 1978 1979 1980 1981 1982
= e e e e e e e e = R = e R e o T T R R e e . m = ————
IHO3IM5 30895 16479 14482 9021 14180 27085 39934 12789 14931 27369 2088
41 395H0 SI333 31416 10604 18717 13824 20321 38330 42277 16184 21045 27744
S 53855 27450 39241 11219 8223 14934 12153 22251 32417 53806 21484 18483
61 37995 28719 . 16760 20440 5279 7791 13943 11920 19435 35777 4286 18775
T 20220 19756 19952 8042 9309 3366 7062 14290 L0199 22543 34882 66680
B0 13115 11572 13680 11771 3540 4953 3185 6298 10546 13402 23485 . 34259
91 9724 8846 10246 10827 4081 2109 575 2784 4975 17381 12914 23006
W01 596 7523 9345 3712 (38T4 2396 1828 3958 2401 7543 15457 11422
L1 1934 4243 6300 3872 853 2650 2205 1325 3360 2197 5736 12482
121895 1098 4362 2328 976 598 2560 1739 10BS 4203 2094 6028
e e e e e e e e e e e e e e R T R o o e e e e
_ 31220410 191439 168582 97299 63873 66841 96099 142828 139487 188568 227284 239762
441 184164 160543 152103 82817 54853 52661 69014 102894 126698 173657 199915 218881
SHL144654 109210 120687 72243 36135 38837 48694 64565 84421 I5T4TI 178870 191137
1983 1984 1985 1986 1987 1988 1989
..__+ _______________________________________________________
T 26803 33790 1416l 2314 1620 9954 3156
41 20760 29558 28847 22940 36l 233 536
S0 33013 20474 22899 34912 20347 3843 1470
61 23226 28510 18362 19265 26481 14275 2371
71 23667 18608 25989 18671 14409 18776 10923
§ 1 67858 18044 19123 27376 16386 11615 22140
91 271% 56168 20673 21944 24150 11607 13483
10117398 21353 61064 21417 15936 14926 12641
| 8413 14378 18902 55813 14085 10623 14426
121 10498 8977 13666 14987 53541 10406 9574
AU
341 258835 248860 243685 239640 190714 104363 95744
441232031 215070 229523 237325 189094 98410 92588
S41 201271 186512 200677 204385 185334 96071 87227
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TABLE 34. POPULATION NUMBERS AT THE BEGINNING OF THE YEAR (000s) FOR COD 1IN
DIV, 3N FHOM ACCEPTED FORMULATION OF ADAPT USING:RY INDICES.

210243 183387

82134
41869
28343
33335
6515
4425
3105
- 1305
1026
18!

107755
66511
30298

13032 .

£348¢
3511
2110
177¢
891
817

78284
87294
50942
2281¢
9239
1790
2174
1123
1062
525

112516

63810

66261

31565
14288
5813
2903
121
369
578

162762
84509
38169
36609
18677

9641
3756
1664
298
269

132

342 17H4E

61941 - 91692

24
17
6
3
?

396 34542
977 9248
369 7040
526 1173
097 1232
233 184

97 g0

191
L3l
83

714 128
970 £8
B73 56

29542 24

11

526 17

3269 3

l

555 -1
HLY
84¢
87

599 BO90S
474 1 97910
676 44348
587 22018
461 10086
701 4218
236 1
816 543
450 404
611 247

209088
155290
61489

193265
140086
31670

203336
121202
19334

240187
132432
65921

261244
182959
55666

298831
186314
122504

358355
195592
169083

1371

461
250
113

1978

1Bl 500049
931 314662
595 145214

365
263
131

127 292
413 164
443 9%

112 262470
113 181365
£39 83653

21618
11154
4548
1798
1164

605

163

52153
23767
10434
1042
2541
840
1002
266
231
260

£1588
42641
171225
6294
4408
1562
528
632
159
152

257120
170999
106664

204216
141054
11403

156038
115443
66792

1121%0
10604
48925

99185 1
14432
22665

32381
38610
21948
11600
10242
4577
3697
8386
322
1407

118397
82971
63047

136172
88949
61012

135891
103309
64699

101517
94883
68264

5115
42689
39938

35287
13600
30959

124033 |
102344
52673

09347
86002
68262

115331
81508
62635

111705
87032
59197
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Table 35. Input parameters for yield per recruit calculation for
cod in Divisions 3NO. .

PARTIAL RECRUITMENT

AGE WEIGHT AT AGE (kg)

3 0.68 0.10

4 1.04 0.36

5 1.49 0.83

6 2.14° 1.00

7 3.18 1.00

8 4.64 0.71

9 6.55 0.69

10 8.22 0.68 "

1 9.40 0.57

12 11.45 0.33 :
13 12,33 0.30 j
14 13.90 0.30 :
15 16.22 0.30 :
18 16.64 0.30 !

1967 226, 7481

{ - =

2204
2004
180 -

160 1

140 -
!20:
100:
80 1

60

40 -

20 4

83} 83 87

Fi16. 1. Catches of ¢ad in Divisions JINO for 1'953-89.




- 27 -

44 47"

1

200 Mie Lt

3L

Lo
NOSE OF THE
EANK
E
if

48

e

=
50 P 5 53 B S0 49

. 4

Fig. . Depth stratification chart of the Grand Bank, NAFOQ Div. 3LNO

43



lae R

LATLR RAIL

INDEX

CATCH RATE

TEAR
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Div. 3NO cod wsing Spanish poirtrawl data.
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100
00
80 1
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surveys in Divisions
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Jno.
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