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fostract

Lancings of cod in Dive 323 by Canada increased by 6000 t in 1990 over 1989 to 14310 t, the second highest in the tise series.
fouai dzndings were 2055F t. Catch by gear type in 1990 wac sisilar to historic patterns. Catch in nunbers was dosinated by the
1987 (33%) and 980 (19 yearclasses. Catch per tow in USA spring and fall surveys hac resained stable in recent years while the
gering Canadian survey has been eore variabie with & substantial deciine in 1991 from the record 1990 estisate. Coasercial catch
retez are inconcistent with stock atundance and ere not used to estisate stock status. An ADAFT formulation using the thres
sorvey: indizates a 1990 fishing mortality of 0,42 and a stock biosass (3¢} of about 70000 t at the beginning of 1991, Catc

predections for 1995 and 1997 wider three options indicate total catches of 22000 ¢ in 1991 (assused) and 15000-22000 ¢ in 1997,
Tne fishary is highly depencent on recruiting yearclasses, Estisates for the 1990-92 yearclasses will have considerable ispact and
prodectices beyond 1997 are not concidered reliable. Partitioning of total advised catch between Canada and the USH: is required if
aanzgeeent objectives are to be achieved. '

Résuné

Les débarquements canadiens de morue provenant des divisions 5Zj,m se sont établis 3 14 310 t en 1080, ce qui
représente une augmentation de 6 000 t par rapport & 1889, Ce chiffre est le deuxidme en importance de ia série
ehx-cmoloiiquo. Les débarquements totaux étaient de 20 688 t. En 1980, les prises ‘¢ d’engin ont été
comparables sux tendances antérisures. Les classes d’dge do 1887 (51 Z) et de 1885 (16 %) aient dans les
rises. Lors des campagnes d’évaluation de printemps et d’automme réalisées par les Américains, les frius par
rait sont demeurées stables au cours des dernidres années, tandis que celles des campagnes d’évaluation de
printeaps réalisées par les Canadiens se sont avérées plus variables et ont régressé noteblement en 1891 par
rapport & l’estimation record de 1890. Les taux de prises commerciales me correspondent pas 3 1’abondance du
stock et ne sont pas utilisées dans 1°’évaluation de l'état du stock. En utilisant la mséthode ADAPT et les
résultats des trois campagnes d’évaluation, on obtient pour 1980 une mortalité due A la piche de 0,42 ot une
biomasse du stock (+3) d’environ 70 000 t au début de 1981. En prenant pour ncqoui. que 22 000 t seront
capturées en 1091, les projections de prises pour 1892 selon trois options vont de 15 000 & 22 000 t. La pdche
dépend en grande tie des classe d’ége qui seront recrutées. Les estimations relatives sux classes d’idge de
1980-1892 auront des répercussions considérables; aussi les projections au-deld de 1862 ne sont-elles pas jugées
fiables. Pour atteindre les objectifs de gestion visés, il est nécessaire de répartir les prises recoamandées
totales entre le Canada et les Etats-Unis.
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Introduction

The present report incorporates comsercial catch data and research survey results to estimate stock status of cod for the 1978~
90 time period in the two unit areas 52 and Sia. Definition of this managesent unit is based on analysis of historic tagging
results, comsercial and survey catch distribution and more recent tagging studies (Hunt, 19%0),

fod are taken by both {anada and the USA in unit areas 5Ij and 5is and all data relating to USK catches and research wvessel
surveys were provided by the National Marine Fisheries Service INFS) at the Woods Hole, Mass., Laboratory.

Trends in Reported Landings

Latches from unit areas 5Ij and Sls are thought to be under- or mis-reported prioe to 1978 and estisates of population status
prior to this tise are suspect. Catch statistics since 1977, wheo foreign fleets were excluded from the 200 aile econceic 20mes of
Canada and the US&, are thought to be more reliable, Spatial distribution of foreign fleet catches in Subdiv, Sle are unknown,
There have been np reported landings by foreign fleets since 1978,

Fishery by Country and bear

fanadian catches of cod are taken on the “Northeast Peak® of Beorges Bank primarily between fpril and Novesber. Landings have
been dominated by otter tramlers, except in 1984 and 1989 {Table 1,Fig. 1}. In 1988, otter trawlers, longiiners and
gillnetters accounted for 601, IO and 5%, respectively, of the 12700 t catch, the second highest in the twelve year series, In
1989, fixed gear (longline and gilinet) catches were 3400 t while those by otter trawl dectined to 1900 t. The below average
tatch by otter trawlers reflects early closure of the fishery when the combined quota for 4147 was exceeded,

In 1990, & 6000 t increase in Canadian landings was the result of a return to historic catches by the OTB fleet and an overall
ratch of 14310 t, the second highest in the time series. USA landings resained stable at 6378 t. Managesent of the Canadian
fishery in 1990 was changed from a TAC to individual and equal boat quotas of 280000 1b with by catch restrictions. Anecdotal
inforaation supgests that both poor weather and availability resulted in sost vessels not reaching their allowable catch,

fatches by [anada and the USR in unit area SIj and 5Is for 1978-90 are sussarized in Table 2 and in Figure 2, Catches peaked at
26000t in 1982, averaged to about 15000 t between 1983-B7 and increased to 20000 ¢ in 1988, Since 1985, Canada has taken about
b%% of the total catch, The reduction in 1989 to 14000 t was a result of decreased mobile gear catch by both Canada and the LSA,

Temporal distributior of cosbined USR and [anada catches in 51j and SIa is shown in Table 3 by sonth, About 201 of the cateh is
takes in the first quarter, 10% in the last quarter and the resaining 707 in the April-Septesber period.

#Age Cosposition of the Cossercial Catch
Sampiing Intensity

Sampling cowerage of the Canadian fishery prior to 1985 averaged about one sasple per 1000 t landed. In 1985, 1B samples were
collected, 19 in 1986 with a substantial incresse to T3 samples in 1987, 0 in 1988, 32 in 1989 and 40 in 1990. Prior to 1978,
saapling levels for Lanadian tatches were very low and it is unlikely that reliable estimates of resovals at age ctould be
obtained.

fge Composition

For the length weight relationship, values for 2 and b were derived from Canadian romsercial saspling data. With round meight in
kilograms and length in centimeters these values were 3=0.0000163 and b=2.9048 and they were used for both Canadian and ISA

saspling data.

Canagian sasples were used to obtain statistics by age. The bias introduced by applying otter trawl length frequencies to
partition longline catches may be significant in years lacking samples for this gear. The catch at age for 197890 was re-
calculated, This was required because of revised reported landings, inclusion of additional samples and standardization of eethods
used, The impact of these revisions are shown in Table 9, whith compares results of ADAPT with the previous asd current input
paraseters, The changes appear to be sinisel for the dominant age groups.

Latch at age in the USA fishery for 1978-%0 was estimated from USA sasples of 5Zj and Sim catches for sach year (Table &), Annual
sangles by sarket category and month (or less frequent intervals if samples were not available) were combined to provide
estisates of catch at age by market category. Canadian age keys were used for 1590 USR length frequencies since ageing of USA
samples was not available.

Percent ratch at age for total landings of 5Zje cod are shown in Table 5 and Figure 3. The dominant yearclasses were the 1967



1S10) and the 1985 (190, 4

Serchuk and Wigley (1988), in their review of stock status for 5le cod, discounted current Canadian estimates of catch at age for
1976-B5 based on a perception of an ageing probles. Neilson et al (this seeting) concluded that the preferred approach is to
continue using the sus of Canadian and USA derived catch at age as the best estimate of total resovals by the S1ie fishery.

Pean leogth and weight at age for Canadian sasples are given in Table 6 with the plus age group set to 115 ca and 15 kg, the
approvisate sean for ages 10-15. There appears to be no trend in size or weight at age over the 12 year time series, although
sean weight at age in 1990 appears to be above the long ters average. Mean weight at age 3 in 1990 (1987 yearclass) is well above
the average and will have a substantial impart on estimated population biomess,

Stock Abundance Trands

Research Surveys

Randoa, depth-stratified bottos traml surveys have been condurted by NS in the autuan since 1963 and a spring survey was added
in 1968, A sumser survey was conducted fros 1977 to 1981, Surveys in Subdivision Sle were cospleted by Lanada in March 1986-90,
Mo adjustsent for different gears or vessels used during the tise series has been sade. The spring survey used the larger *Yankee
41" trawl fros 1973-B! and considerable differences in catch per tow might be anticipated. Total net opening of the *41* trasl
is about 1,7 tises the opening of the *Yankee 34", New traw! doors have been used for both spring and autusn surveys since 1985,
Preliainary anaiysis of a study to develop conversion factors indicates the new trawl doors are more effective. The value of the
conversion factor has not been resolved, However, catches since 1985 do not appear to indicate a substantial change in
catchability relative to the pre-1983 catches, Consultation with USR researchers suggests a conversion factor for cod say not be
NECEESATY,

Data for USA surveys were provided by the NS and it was necessary to reforsat these data prior to their incorporation in the
survey database for analysis using STRAP software. An initial test to enswre correct loading and conversion of data was carried
out and cosparison of total abundance estimates in the Sle area showed no significant difference between STRAP estimates and the
reported USH estimates, However, sose differences in age-specific estimates was observed but this was attributed to adjusteent
of age length keys and it was concluded that STRAP estimates could replicate UBA estimates.

Hunt {1990} describes the approach used to estisate mean catch per tow specific to the 51i,a area for Canadian and ISR surveys.
The technique required selection of only sets within the 51j,s boundary and using strata areas also within the 52j,» boundary.

Results of STRAP analysis for each of the surveys are given in Table 7, The 1982 USA spring survey is influenced by one tow of
1006 #ish and the resultant high catch rate has a high standard error. This tow has been excluded by USA researchers in their
analysis, Examination of tows in the 1987 survey indicates above average catches in several sets and strata and therefore all
tows were included in the preseat study. The 1990 spring USA survey was partitiomed with USA ageing data. Cosparison of catch at
age with results used last year, based on Canadian ageing indicate sisilar ectimates,

Total catch per tow has been variable for each of the surveys and a general increase in the last 2-3 years of each survey is
evigent. However, the 1991 Lanadian survey shows a sarked decline froe the high 1990 value. Catch per tow is strongly influenced
by progression of year-tiasses over time and in particular the 1983 and 1985 yearclasses.

The fall survey is assused to be a post-fishery index and spring surveys are assued to be a pre-fishery index. Therefore the
tall survey is lagged by one year for cosparison of indices {ie. fall 1977 age one vs spring 1978 age two). In general, all
three surveys appear to track yearclass strength and provide a consistent index. The 1987 yearclass, which will be a substantial
factor in  the 1990-93 #ishery, appears to be above average in the Canadian and USA spring surveys in 3989-91. The 1990
yearclasses also appears to be above avevage in the Canadian 19) survey.

Commercial Catch Rates

Canadian C/E for the mobile gear fleet in 1989 was not considered to be a reliable index because of the presature closure of the
fishery and an updated C/E series was not possible. USA C/E was not available for 1988 or 1989. Therefore comsercial OB L/E was
not included in the analysis.

& longline CPIE series, using Canadian vessels of TC 2 and J was examined. Data were extrarted from JIFF ¢iles and only trips
where tod were the main species were included and sonths where total catch wes greater than 10 t. Reported effort prior to June
1, 1988 was expressed in nusbers of lines, and after June 1, as thousands of hooks, The earlier values were converted to hooks
using the formula EFFORT (“000's of hooks) = (& of lines ¢ 101/20,

The progras STAKDAR was used to construct a sultiplicative sodel of longline catch and effort, Months included in the sodel were
March through October inclusive, 1977 to 1990. Reference categories within category types were Septesber and 1984, representing



periode where longline catches of tod were high,

Results of the multiplitative analyses are shown in Table B, The model r-squared is 0.3, and the year effert appears
significant.  When the retranstorsed CPLE s plotted against 3+ and 4+ biomass froa the final ADAPT formulation contained here,
there appear to be concurrent trends between CPLE and 4+ biomass {Fig. 4). However, there were several discrepancies between the
series which convinced us that the CPLE series, as currently developed, is not useful for inclusion in the ADAPT forsulation,
Note, for exasple the decline in [PE froa the highest to the lowest pbserved value between 1989 and 1990 shen other indications
are that bioaass levels are currently very high, Pending further analysis of this L/E series, it was concluded that it would be
inappropriate to include it in the ADAPT forsulation.

Estimation of Btock Size
Only research survey indices were used in the ADAPT forsulatipn,

fc noted above, tatch at age and survey indices were revised for 197B-%0 and the 1$a:t of these revisions was exained by
rerunning ADAPT. Changes in estimated population nusber appeared not be substantial (Table 9.

The ADAPT formulation used in 1989 to estimate stock status, which included all three survey indices was used to estimate
population paraseters for 1978-91 based on estimates of the following paraseters:

Year-tlass estimates "1.1991 i=l,4

Lalibration coetficients for each of the three surveys, where
l(i i=1,4 USA spring survey
K; i=0,3 ISR autumn survey
Ki i=1,4 Canadian spring survey
hssused catchability for ages greater than age 4 {age J autumn) equal
the oldest estimated for each survey, The following structure was isposed in
AT model:
- error in catch assused negligible
- F on oldest age group set to weighted F for ages 3-8
- no intercept ters fitted
~ natural mortality set to 0.2
~ logarithaic transfors for indices

Input for the scdel consisted of:
- R'H ¢ 1=l \¥: t21978-90 USA spring survey

z=(> By t=1977-90 54 fall survey
R‘J”sl t 1=1,9; t=1986-91 Canadian spring survey

and the objective function required minimization of:

{absllnmi ¢-predilaRvl, t)}g
+ {ws(lnﬁh‘ {-predil
¢ {obs(InRV3; ') -prednkYS, ))2

and a total of 21 paraseters were estimated from 134 abservatxms. Resmuals for survey indices with 2ero catch at age
{predoninantly the US4 fall survey) were excluded fros the overall sus of residuals,

Calibration coefficients and population estisstes were statistically significant fros the above run except at age 1,
Coefficients of variation were about 11-26% for USK survey catchability and the Canadian swrvey had higher [V's {19-420),
provably due to the short time series, Residuals for both USA survey indices were balanted in most cases but some  year effect
was evident for the 1982 spring, and 1983, 1986 and 1987 fall surveys. Comparison of results obtained with and without the 1982
USA spring survey indicate little difference in either the precison or sagnitude of estinated paraseters and therefore this survey
was included in the final forsulation. The 1987 and 1990 Lanadian spring survey also had a strong pattern in residuals.

The resultant residuals for the ADAPT forsulation using all three indices are given in Table 10, Paraseter estimates for stock
nusbers at age in 1990 and the slopes relating survey indices to population nusbers, with their standard error and standard
error/mean, are given in Table 11,
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Assessaent Results

Population estimates froe the above ADAFT formulation are given in Table 12 and indicate that the 1985 year-class is the largest
phserved with about 27 sillion fish at age 1, The 1980, 1983 and 1967 are also estisated to be well above the 197B-B% average
abundance, The 1989 year-tlass appears to be average in abundance at age 1. For ages 3+ abundance has increased from a low of B
sillion in 1985 to a high of 20 million in 1983 with a some decline in 1991, The 3+ biomass in 1991 is 71000 ¢ and well above the
13 year average of 49000 {. Abundance of the 1987 and 1986 yearclasses in 1990 increased substantially over the estimates sade
last year with a resultant change in 3+ biomass from 69000 t to 76000 t. Population biosass, abundance, fishing mortality for ages
3+ and recruitment at age ! are given in Figures 56,

Fully recruited {3¢) fishing sortality in 1990 is estisated to be 0.40, an increase from 0.77 in 1989 when early closwe of the
Canadian  OTB fishery in and reduced USA catches contributed to the reduced exploitation rate. The 1986 year-class continues to
have an anceolously high F of 0.62 in 1990, a reflection of the unexpected high catch at age 3 in 1989 and age 4 in 1990,
Prognosis and Catch Projection

The following input data were used for catch projections:

fge 1991 Beginning of Year Mean Meight  Partial
Fopulations Nusbers (000 's) {ky) Recruitaent

1 yees 0.696 0.004
Z 7830 1.3 0.320
3 E N 2,249 1,000
4 s 3.519 1.000
5 1020 3,012 1,000
b RSXL b 448 1.000
7 Mz 8,33 1,000
8 327 10.340 1.000
9 ] 10,748 1.000
10+ 100 15.000 1,000

Re indicated earlier, the resulte of the assesseent suggested that the 1990 year-clase was above average in abundance., However,
because the estimate is imprecise, the 1990 year-tlass was assused to be equal to the geometric sean for the 1577-89 year-
classes (9886 eiilion},

Lateh projection for 1991-97 was rospleted using three options - # in in 1991 and 1992 equal 1990, the S0¥ rule in 1992 and a
catch i 1992 equal the catch in 1991, A 1991 catch of 22000 t was assumed. Results of projections with these options, which are
for total catch {USK and Canadal, are given below: )

Iption F{4) Biomass 3+ (000 t)  Catch {7000 t)
1991 1992 1991 1992 1993 1991 1992
LeFini92and 040 080 W0 & M z &
199 = 1990
2. 22000 t in 1991
Olrulein (992 042 0.3 % 48 O z 15
3. 2000 t in 1991
and in 1992 642 0% X &£ N z 2

If fiching mortality is not allowed to exceed that in 1992, then a catch of about 20000 t in 1992 is isplied. Cod in SIj, are
fully recruited at age 3 which seans that forecasts are heavily dependent on estimates of incoming recruiteent. The 1985 and
1987 year-classes will likely continue to contribute substantially to catches in 1991 but it is difficult to precisely forecast
tatches beyond 1992 because recruitsent is variable and unpredictable, Recruitaent in 1991 and later years will have a substantial
impact on artual catches.

Kanageaent Oonsiderations
Cod in the 57j,» managesent wnit will continue to be expioited by both the USA and Canada and it is necessary to develop 2

tonsistent managesent plan. The apparent reduction in fishing mortality in recent years indicates some isprovesent in stock
status which could be the result of reduced catches by the UBR after exclusion from SIc. Since 198BS, the USA has arcounted  for



an average of about 38Y of the total S1j,m catch.

Hunt (1990 reported on a study undertaken to estimate the ratio of the 5Ij,s cod biomass relative to the Slc/Slu {International)
boundary as a seans of determining the proportion of total biomass in 5lj,s which would be available to the Canadian +ieet. He
concluges that, given the year and Seasonal variation in the ratio of total 52j,m biomass found in the Canadian zone, it is
ditéicult to provide a precise estimate of biomass available to the Canadian fleet. The average of the three surveys over the
entire time series is 71 and B31 for the shorter tiee period from 1985, A ratio of about 701 would roughly reflect average
ronditions during the period (June-Septesber) in which most of the Canadian fleet is active in the Beorges Bank fishery. Based on
projections for catch in {1991 given above, this would isply about 14000 t for the Canadian total catch and the remaining 4000t for
the US4 catch,

#cknou! edgeent s
The authors wish to thank Drs, Fredric Serchuk and Ralph Mayo, of the NFS at the Woods Hole Laboratory, for their assistance in

providing data relating to the USA fishery and for cossents on the analysis. Peter Perley assisted in the compliation and
analyses of longliner C/E data.
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Table 2.S5ummary of total catches by Canada and the USA in
unit areas S7jim for 197B-1990.

YEAR CANADA UsA TOTAL
1978 B778 5502 14280
1979 5978 4408 12386
1980 BO&S 6418 14481
1981 8499 8094 16593
1982 17824 B8543 26389
1983 12130 BS72 20702
1984 9743 10551 16314
1985 10443 b641 17084
1986 B41l 5696 14107
1987 11845 4792 16637
1988 12932 7645 20577
1989 B0O1 5182 14183
1990 14310 6378 206BB

Table 3. Proporticnal catch by month for USA and Canada in unit areas
51im ,197B-1990.

MONTH
YEAR JAN FEE MAR AFR MAY JUN JUL AUB SEP OBCT NOV DEC
76 0,04 0.12 0.07 0,05 0.07 0.19 0.1Z 0.03 0,03 0.16 0.13 0.01
79 0,03 0,07 0,09 0,06 0,06 0,23 0,12 0.14 0.08 0,06 0.04 0.02
BO 0.04 ¢.1Z 0.07 0.06 0.05 0.19 0.19 0.11 0.08 0.05 0.01 0.02
81 0.03 0.14 0,05 0,02 0.06 0.18 0,19 0.13 0.10 0,04 0.03 0.02
B2 0.02 6.05 0,06 0.03 0.06 0.11 0,27 0.14 0,10 06.11 0.04 0.01
B3 0.03 0.09 0.05 0.03 0,00 0,23 0.14 0,16 0,13 0.04 0.03 0,02
B4 0.08 0.18 0.05 0,04 0,07 0.17 0.14 0.12 0.07 0.05 0.01 0.01
85 0,03 0.08 0,10 0.0% 0,05 0.11 0,19 0,20 0.0% 0.07 0.01 0,02
86 0.04 0.12 0.11 0.07 0.04 0.20 0.24 0.08 0,05 0.03 0.00 0.01
B7 0.04 0.02 0.04 0.06 0.06 0,20 0.30 0.15 0,06 0.02 0,02 0,03
BB 0.05 0.08 0.08 0.05 0.05 0.28 0.27 0,06 0.03 0.01 0.02 0,02
B9 0.06 0.08B 0.04 0.0& 0.09 0.2B 0.13 0,14 0.04 0.03 0.02 0.03
90 0.0% 0.03 0.07 0.06 0.09 0.25 0.19 0.15 0.09 0.03 0.00 0.0!
MEAN 0.04 0,09 ¢.07 0.05 0.06 0,20 0.19 0.12 0.07 0.05 0.03 6,02
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Table 4. Catch at age of cod in numbers (000°s} for Canada,
UsA and total, in 57im ,1978-1990.

AGEGROUF
1 2 3 4 5 & 7 8 9 107AL

78 CDN 2 62 2017 667 205 7B 57 12 12 3112
usa 0 59 1571 409 102 32 26 9 O 2208
TOT 2 121 35BB 1076 307 110 83 21 12 5320

79 CDN ¢ 371 328 763 302 55 1B 9% 4 1850
USA 10 443 71 1011 243 94 4 3t O 1912
TOT 10 B14 399 1774 G545 149 22 45 4 3762

80 CDN 1 775 1121 214 420 125 32 11 14 2713
UsaA O 212 374 51 496 220 77 9 19 1458
TOT 1 9B7 1495 265 916 345 109 20 33 4171

Bl CDN 2 145 40B 504 134 380 B7 351 21 1932
USA 17 458 B35 745 21 215 82 14 15 2402
TOT 19 607 1443 1249 155 595 169 63 36 4334

B2 CDN 6 12BT 1358 1105 742 164 221 97 21 4997
UBA 0 1359 328 324 324 25 124 60 16 2600
TOT & 24682 16B6 1429 1066 189 345 157 37 7597

B3 CDN 27 744 2504 1212 201 54 10 17 12 4783
USA 13 5§75 910 262 265 229 21 54 27 2356
TOT 40 1319 3416 1474 466 283 31 71 39 7139

B4 CDN O 26 118 375 340 123 72 19 1B 1091
UsA 10 243 793 971 17%1 167 158 12 53 2578
TOT 10 269 911 13446 511 290 230 31 71 3669

8% CDN 4 2146 904 3IBI 497 139 45 3 9 4165
USA B 646 317 248 444 BS 51 62 5 1866
TOT 12 2792 1221 631 941 224 956 100 14 8031

86 CDN 19 23
usp 9
70T 28 32

5 1283 365 143 215 29 19y 9 2317
1 505 148 161 1B 29 20 16 1564
& 2188 513 304 400 SB35 20 3881

87 CDN 14 2595 602 74} 81 79 117 22 15 4278
Usa 0 1071 263 35B 53 42 S50 15 9 1861
TOT 14 3646 B6T 1099 144 121 1467 37 24 6137

88 CDN 10 232 2340 324 421 69 461 111 2% 3617
usa G BB 1293 322 440 73 41 32 10 2301
TOT 10 320 3653 446 Béel 144 102 143 39 5918

B9 CDN O 318 2B4 91B 124 179 31 23 37 1914
Usa 0 422 368 919 69 135 25 2 4 1944
TOT 0 740 652 1B37 193 314 56 25 41 3BS8

90 CDN 7 339 1769 617 799 95 102 B 14 3750
USA O 339 1427 345 396 21 20 2 ¢ 25850
TOT 7 &7B 3196 962 1195 116 122 10 14 6300



Tabkle 5. Percent catch at
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o
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78
0.04
2.27

67.44
20.23
5.77
2,07
IIS&
0.39
0.23

Table 6. Mean size at age ot cod in 51 ,m derived fros Canadian

{a! Leng
Year

1978
1979
1980
1981
1982
1983
1984
1985
1984
1987
{988
1989
1990
{b) MWeig

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

79
0.27
21.64
10,61
47.16
14,49
3.96
0.58
1.20
.11

8o
0.02
23,466
35.84
6. 35
21.96
B.27
2.61
0.48
0.79

1978-89.

th

42.6

8.7

39.6

38.5

40.9

37.0

41,6
ht

0,656

0.572
0.B64
0,592
0,885

0.680
0.723
0.5600
0,790
0.5B5
0.831

53.9
50.7
49.3
49,2
49.8
50.4
50.2
49,3
51.7
51.9
48,0
48.5
54.3

1.206
1.483
1.348
1.368
1.410
1.466
1.438
1.391
1.573
1.600
1.27¢0
1.303
1.B12

B1
0.44
13.91
33.29
28.82
3.58
13.73
3.90
1.50
0.83

A

57.9
593.3
60.1
58.8
57.14
3B.4
60,4
95,3
63.5
60.3
6.3
57.6
63.1

2,121
1.723
2,427
2.312
2.128
2.265
2.477
1,950
2.897
2.506
2.489
2.178
2.829

82
0.08
35.30 1
22.19 4
18.81 2

14.03
2.49
4,54
2.07
0.49

Ag
3

3.6
9.1
b6.7
67.8
5.8
67.1
70.2
7.9
71.0
73.5
70.1
69.9
9.0

2.644
3.691
3.241
3.467
3.814
3.371
3.841
3.571
3.944
4,447
3.862
3.830
3.4699

11
age for total 51j.m landings, 1978-90

Year
B3

0.56 0.
g.48 7.
7.85 24,
0.65 3éb.
5.83 13,
3.96 7.
0.43 6.
0.99 0.
0.55 1.

€ group
5

74.6
75.3
78.0
77.4
78.6
77.8
76.9
74,8
7%.7
B2.3
79.9
77.0
77.6

-

3.540
4,730
5.116
5.113
5.335
9.210
4.977
4,742
5.623
6.148
S.662
5.128
5.221

B4 BS
27 0.20
33 46.29
B3 20.25
69 10.46
93 15.60
90 3.71
27 1.5%
B4 1.66
54 0.23

76.0
B0.4
B5.7
85.7
84.9
B4.8
83.5
B3.2
86.9
BB.1
B4.95
B2.6
84.0

5.682
5.986
6.707
b6.Bl6
b.658
6.641
6.310
5.399
7.208
7.4B4
b.641
6.348
6.657

Bé
0.72
B.40

54.38
13.22
7.83
10,31
1.49
1.00
0.64

7

B9.9
95.9
B7.4
94.5
95.0
93.0
92.2
0.1
92.8
96.2
95.3
88.1
92.0

6,141
9.5B6
7.148
9.108
9.158
B.593
8.541
B.074
8.618
9.538
9.309
7.554
B.582

B7
0.23
52.74
14,09
17.91
2,35
1.97
2.72
0.60
0.39

B

B6.O
104.4
105.6

96.90

95.8

99.3

99.7

95.6

96.2
100.3
100.1
100.4
102.90

9.268
12.058
12,324

9.575

9.574
10.428
10,486

9,644

9.512
10.759
10.765
10.799
11,227

BB

0' 17
5.41
61.73
106.92
14,55
2.43
1.72
2,42
0.66

sampl

9

93.6
99.6
105.2
7.4
107.2
104.4
101.4
98.8
94.5
106.0
102.3
162.8
107.4

8.399
10.412
12,169
10,485
12.941
11.999
11.034
10.584

9.996
12.565
11,638
11.576
10.080

B9
0.00
19.18 1

g0
0.11
0.76

16.90 50.73

47.62 1
5.00 1
8.14
1.45
0.65
1.06

es,

15.0
15.0
15.0
15.0
15. ¢
15.

15.90
15.0
15.0
15.0
15.0
15.0
15.0

502?
8.97
1'84
1'94
0.14
0.22
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Table 7. Stratified asean catch per tow in numbers for USA and Canadian
research surveys in 57j,a, 1978-90. (USA autumn 1990 estimated
using coabined 19BB/1989 USA age key).

Age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1984 1987 1988 19B% (990 1991
ish sprzng

! 0.17 0.44 0,02 1,38 0.44 0.44 0,13 0.0B 1.3 0.00 0.58 0.27 0.1B
2 - 8,01 170 1.90 1,27 9.40 2,33 0.14 3.47 0.62 2.17 0.45 L% 0.80
3 - .27 014 1.B6 1.97 20.28 4,06 0,52 1,19 2.00 0.46 5.05 0.39 4,02
£ - 0,72 1.65 0.1B 1.40 1B.09 0.B7 0,78 1.92 0,55 0.98 0.50 3,02 1.4
3 - L0 0.64 L3 0,06 13.78 0.48 0,31 2,75 0.78 0,01 0.,B4 0,38 .57
b - 6.22 0,22 0.38 0.49 0.01 0.42 0,25 0.0 0.98 0.34 0.0B 0.48 0.40
7 - 06.B8 0,11 0.08 0,25 4,50 0.1B 0.22 0,35 0.05 0.28 ©0.03 0,09 0,33
B - 0,12 0.14 0,05 0.10 1,01 0.07 0,01 0.45 0.21 0,06 0.14 0.07 0,05
¥ - 0,05 0.061 0.08 0.01 0,57 0.01 0.14 0,13 0.27 0,11 0.0 0.11 0.01
USh autuan
06,08 0,17 0.26 0,49 0,49 0.01 0.94 0,04 2.24 0.22 0.2% 0.18 0.52 0.4
10,00 2.14 2,40 1,16 3.44 0,47 0.08 1.B2 0.39 5.20 0,24 1.02 0.91 0.9
2512 0,21 2,38 0,62 1,78 0.BF 0.27 0.09 1.80 0.1 L33 0,33 2.13 1.00
31,02 4,14 0.17 0.98 1.37 0.05 0.57 0.66 0.30 0,35 0.23 2.13 0.36 1.89
4 0.28 0.5% 2,20 0.04 0,39 0.08 0,03 1.08 0.03 0.01 0.1% 0.25 0.97 0.27
50,22 0.0% 0.36 0,28 0.02 0,01 0,02 0.03 0,01 0,0f 0,01 0,44 0,13 0,47
6 0.27 0,09 0,13 0,03 0,04 0,03 06,02 0.08 0,03 0,02 0.01 0.01 0,05 0,03
70,03 0.13 0.04 0,08 ¢.00 004 0,01 0.01 0,00 0.01 0,00 0.07 0.00 0,03
B .01 .01 0,03 .04 0,00 0,01 0,03 0,01 0,00 0.01 0,00 0,09 0,01 0,01
Canadian spring
i - - - - - - - - - LBl 6,12 0.36 0.B4 0.26 2,75
2 - - - - - - - - - 8.33 431 L.08 §.00 .81 3.3
i - - - - - - - - - 1.50 1,55 12,85 1.77 7.9 3.2%
§ - - - - - - - - - .76 1,81 136 3,90 449 3,72
3 o- - - - - - - - - Ll 0,39 2,02 0,58 10.12 1.99
b - - - - - - - - - .04 0,20 0.23 0.76 1.23 2.70
7 - - - - - - - - - 0,52 0.4 0.1% 0,09 251 0.33
g - - - - - - - - - 0,08 0,21 0.43 .19 0,33 0.57
§ - - - - - - - - - 0,15 0,03 0,04 0,25 0.36 0,08
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Table B. Results of longline catch rate standardization.
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B7
4890
23481
3276
3955
574
476
612
163
92
7148

.« =

A AN A (A TN (N A e D

OO OO DO D
- P -
(30 B - N . B« LR PN B S BRI 4 RN « P

-

Be
15905
3991
15908
1900
2244
340
280
350
100
21121

0,00
0.09
0.29
0.47
0.53
0.63
0.52
0.60
0.57
0.35

estimates

1.04
1.04
1.00
1.02
0.96
1.18
1.00
1.12

0.98
1.03
1.03
0.96
1.04
0.96
1.23
1.02

g9

50

9105 11423

13013
2978
9719
971
1058
148
137
157

15188

- ® = =
NAPDU &N NNRNO O

OO ODODOCOOD
N o .
O (1 & DL mo O

Table 9. Fopulation nusbers and fishing mortality derived with ADAPT
formulation used in 1990 and revised catch at age and survey
indices, 1978-B9.

Numbers
78 79 BO B 82 B3 B4 8BS Bb

{ 11227 935399 9366 17533 6601 4731 14594 5341 28711

2 2243 9190 78BS0 7667 14338 5399 3IB37 11939 4342

3 106B3 1727 &67BB 5534 5732 9312 3227 2B98B 7249

4 3544 5500 1053 4205 3225 31467 4533 1BIB 1248

5 1024 192B 2B98 622 2312 1347 1259 2493 917

b 378 561 10B6 1543 Fe9 929 481 569 1190

7 306 210 324 377 7235 131 504 295 263

B 41 175 152 167 319  2B2 79 205 155

9 41 15 103 106 78 119 166 37 77

3416017 10115 12402 12753 12760 152B7 10450 B319 11119

Fishing mortality

1 0,00 0,00 0,00 0,00 0,00 0,01 0.00 0,00 0,00

2 0.06 0,10 0.15 0.09 0,23 0.31 0.08 0.30 0.09

3 0,46 0.29 0.28 0.34 0.39 0.852 0.37 0.63 0.4%

4 0.41 0.44 0.33 0.40 0.67 0.72 0.40 0.4B 0.59

S 0.40 0,37 0.43 06.32 0.71 0.4B 0.60 0.34 (.44

& 0.39 .35 0,43 0.56 0.8% 0.41 0.64 0.57 0.46

7 0,36 0,12 (0,486 0.39 0.7% 0.30¢ 0.70 0€.44 (.28

g 0.82 0,33 ¢,16 0.5 0.78 0,33 (.57 0.78B 0.33

g 0,39 0.35 (.44 0,47 0.75 0.45 0.64 0©.54 0.44

3+ ¢.44 0,39 0.34 0.39 0.57 0.53 0.45 0.56 0,43

Ratic of population numbers estimated in 1990 to revised
1 (.04 1,00 0.94 0.94 0.95 0.98 1.01 1.00 1.04
2 1.17 1.04 1.00 0.94 0.94 0.95% 0,99 1.01 1.00
3 1.04 1,18 1.03 1.,0f 0.93 0.85 1.04 0.99 1.01
4 1.06 1,04 1.11 1.05 0.98 0.B8 0.9%9 1.07 0.99
S 1,03 1,09 1,08 1.17 1,07 1,09 .02 1,01 1.12
6 1,06 1,05 1.17 1.12 1.25 1.20 .05 1,06 1.01
7 1,12 1,12 1.09 1.24 1.23 1.67 1.04 1.00 1,10
B 0.B2 1.1% 1.14 1,13 1.3B 1.4% 1.09 1.04 1.00
? 0,90 0.5% 1.25 1.1% 1.27 1.88 1.0B 1.09 1.08

0.98

1.17

7455
9984
1848
6295
620
o8z
70
90
19489

1.12
0.94
0.97
.87
1.03
0.%90
.11
f.11
1.48



Table 10. Resiguals for survey indices fros ADAPT

Age

7 78

{a) USA spring

N3 X3 ] O L B Gl R e

-0.56
0.00
-0.01
-1. 14
0.44
-0.09
1,51
1.52
0.66

b} USR fall

0
i
2
3
4
5
b
7
B

-1.37 -0.4p
0.00 0.65
1.28 ~0.09
0.48 1.43
0.4 0.5
1,19 =0.10
1,60 0.88
1.4 1.43
0.00 0.00

Year

79 B0 Bl B2 83 B4

0.5¢ -2.52 1.09
0.09 0,346 -0.02
-1,34 0,12 0.14
~0.75 -1.31 -0.44
-0.63 0.05 -1.88
=0.48 -0.60 ~0.69
-0,19 -0.95 -0.38
0.23 -0.66 -0.06
0.00 -0.4% 0.00

1,31
136 0.95 -1.54
2,44 0,35 -0.83
2,18 ~0.84 ~1.30
2,24 -0,23 -0.94
0.00 ~0.34 -0, 54
2,28 0.77 -0.37
1.61 -0.93 0.00
2,43 0.00 0.29

=0.01 ~0.00 0.99
0.92 0.22 0.68
0.97 -0.17 0.85

-0.09 0.27 0.B7
1,45 -1.01 -0.05
0.63 0.02 -1.18
0.82 -1.23 ~1.17
0.39 0,30 0.00 -0.22 0.00 0.00
0.5¢ 0.75 0,00 0.00 0.02 0.00

010& 0084 -1025

-0.40 -0.44 -1.47
-2.42 -0.34 0,75
-1,09 -2,00 0.%0
0.00 -1.79 -1.20

{c) Lanadian spring

O el O LR e G N e

1,24 -1.08 -0.54 0.44 0.00 0,33

0.04 ~1.78 0.23 -0.27 0,65 -0.87 -0.42

-1.63 0,00 -0.71 0. 47

0.00 ~1.49 -0.26 -0,42 -1,867 0.00

15

B5 B B7 BB B? 9

0.1} -0.35
0.61 ~0.14 -0.55 -0.56 -0.10 -0.43
0.24 -0.08 -0,75 0.09 -0.62 0.28
0.55 -0.40 -0.92 -0.82 -0.53 ~0.02
0.5 0.35 0.00 -0.50 0.04 -0.82
0.92 0.27 0.22 -1.04 0.07 0.14
0.63 -1.19 -0.31 -1.64 -0.14 -0.03
1.26 0,77 -0.52 -0.43 0.03 -0.05
1.72 1,74 0.66 0.00 0.16 0.00

1,08 0.31 -0.41 -0.35 0,65 0,00
0.00 0,05
0.64 -1.34 -0.26 -0.36 0.49 0.31
0,27 -0,67 -0,32 0.30 -0.13 0.73
-0.03 0.40
0.29 -0.29
-0,64 -0.19
0.00 -0.86

0.00 0.00

0.00 0.00 0,00 0.91
0.00
0.00 0,00 0.00 1.30

0.00 0.00 0,00 1.23

0.56 -0.860 0,50
1,63 -0.70 -0.33 0.00 -0.47
0.42 -0.34 0.22 -0.32
~0.61 -0,83 -0,35 -0.90
0.55 -0.50 -0.15 -0.49
~0.19 -0.7% -0.51 -0.35
0.63 -0.38 ~0.32 -0.4b
-0.72 0.21 0.17 0,50
0.63 -1.17 -0.96 0.45

0.89 -0.34

0.5

1,32
1.864

71

0.00
0.07

0.16 -0.13
0.59 -0.39

0.60

0.74 -0.34
1,47 -0.14

0.48
0.24



16

Tatle 11, Paraseter estisates for age 1-9 population nuabers at the
beginning of 1991 and slopes for survey indites for cod in S1j,e

hge Estimate 5td. Error SE/mean

1 9.BBSSE3 2,5012€3 2,5300E-1
2 1.BBOAEZ 3.0BBOE3 3.918bE-1
3 5473283 1. 9029E3 3.4768E-1
4  5.12B4E3 2.0304E3 3.9591E-1
5 1.019%9E3 4,5974E2 4,5077E-1
6 J.529BE3 1,2674E3 3.59913E-1
7 3.4206E2 1.3724E2 4,0121E-1
B 3.2717e2 T 1427982 4, J645E-1
9 5.B354E1 3.0772E1 9. 2734E-1
USA Spring survey

[ 2.bb4bE-5 7.0039E-6 2,6285E-1
2 1.4923E-4 4, 414585 2, 60BE-1
3 3.0837E-4 7.7082E-5 2,4916E-1
4 b, 3567E-4 7.2412E-5 1. 139461
USA fall survey

0 2.BO47E-5 7.3983E-4 2.6378E-1
I 1L2190E-4 3.0B44E-5 2,5302E-1
2 1.3339t-4 3.22528-5 2,417BE-{
3 1.7744E-4 2, 2441E-3 1.2b46E-1

Canadian suryey

i 3.BOBIE-S 1.6041E-5 4, 21231
2 3.5065E-4 1.4523E-4 3.8201E-1
3 6.5007E-4 2.5986E-4 3, 7658E-1
4 1L0759E-3 2.0270E-4 1. 8B41E~1
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Table 12, Results of ADAPT foreulation using Canadian and USA spring
and USA all survey indices for cod in 31j,a.

Age 78 79
{a) Rumbers at

11214 9588
2241 9180
10679 1724
3543 5497
1024 1927
378 560
306 210
41 175

4 15

)OO SO LN e G S e

3+ 16012 10110

(b} Biomass at

6261 6493
2214 13419
18643 2817
1617 19752
2891 8BBE
1696 3126
1447 1934

Jz0 2088

276 1%

~N3 O O~ LT e Ld A e

3¢ 32897 38BEL

g0 Bl B2
age (000’s}

9350 17485 5480
7841 7634 14290
6779 5527 5724
1052 4198 3219
2895 621 2307
1085 1542 348
324 576 724
152 167 319
103 106 78

12390 12736 12733
age [t}

5346 1499% 3735
10567 10255 19842
16242 12427 11813

3410 14274 11912
14792 3104 12050
7285 10334 2408
2318 G138 6357

1871 1555 29%7

1252 1035 998

47171 478Bb 48494

{c) Fishing wortality at age

0.00 0.00
0.06 0.10
0.46 0,30
0.41 0.8
0.40 0.37
0.39 0.35
0.3 0.12
0.82 0.33
0.40 0,35

w3 OD O LN e e R e

3+ 0.43 0.39

0.00 0.00 0.00
0.15 0.09 0.23
0.28 0.34 0.39
0.33 0.40 0.&7
0.43 0.32 0.71
0.43 0.56 0.B4
0.47 0.39 0.75
0.16 0.5 0.79
0.44 0.47 0.75

0.34 0.39 0,57

Year
83 B4 B B 87 BE 89

4780 14436 D139 27236 5730 15624 9080
3300 3877 11810 4197 22273 4478 12783
9280 3146 2931 7143 3141 14919 3541
3159 4506 1751 1295 3868 1789 8909
1343 1252 2472 B&Y 5% 2173 B8O
924 678 563 1172 431 358 1000
131 500 292 256 59 244 162
280 79 202 153 159 338 107
119 165 37 78 % 97 148

90

9633
TA34
979
2309
9632
46
334
82
b5

1

9886
7880
473
5128
1020
3330
342
327
S8

15235 10327 B247 10958 BBB3 19917 14747 18963 15879

4214 9775 3428 19423 3765 12218 3316 BOOS B21S
7615 5507 15915 o493 34849 D5B34 16427 13471 14279
20454 7647 5514 200B0 7599 36090 7498 27693 15473
10422 16954 3981 5034 16630 6703 33102 B54L 1BY70
6B0Y 140 111B1 4493 3583 11904 4332 29405
6018 4220 3459 BI197T 3139 2305 6033 3435 23498
1112 4156 2271 2185 Sklé 2228 11B2 45B7 293b

2BB9  B22 1B&O 1433 14B6 3568 114}
1415 1810 371 665 1116 10BS 1B

924
833

EAYH]

3673
783

43120 41748 30547 42288 39369 63BBI SA974 75437 70437
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Fig 1. Canadian landings by gear type
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Fig 3. Parcent age compostion in 1980

60 landings of 5Zj,m cod
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Fig &. Fully recruited (3+)
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Fig 7. Fully recruited (3+) fishing
mortality for 5Zj,m cod
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